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OP 01 SGLT2 inhibitors: glucose and beyond

1
Long-term efficacy and safety of dapagliflozin in patients with inad-
equately controlled type 1 diabetes: the DEPICT-2 study
G. Rudofsky1, C. Mathieu2, P. Dandona3, M. Lind4, N. Arya5, F.
Thorén6, J. Xu5, M. Scheerer7, A. Langkilde6, on behalf of the
DEPICT-2 investigators;
1Kantonsspital, Olten, Switzerland, 2University of Leuven, Leuven,
Belgium, 3Division of Endocrinology, Metabolism and Diabetes, State
University of New York at Buffalo, Buffalo, USA, 4University of
Gothenberg, Gothenburg, Sweden, 5AstraZeneca, Gaithersburg, USA,
6AstraZeneca, Gothenburg, Sweden, 7AstraZeneca, Wedel, Germany.

Background and aims: The DEPICT Phase 3 program consists of clin-
ical studies DEPICT-1 and -2 with the sodium-glucose cotransporter-2
inhibitor dapagliflozin (DAPA) as an adjunct to adjustable insulin.
Primary endpoint analyses of both studies at 24-weeks and the 28-week
extension of DEPICT-1 showed an improvement in glycaemic control
and a good safety profile in patients with inadequately controlled type 1
diabetes (T1D) (HbA1c 58−91 mmol/mol [7.5−10.5%]).
Materials and methods: Here, we describe the results of the 28-week
extension of DEPICT-2 to Week 52. Of the initially randomised 815
patients, 88% entered the extension phase and 83% completed it.
Efficacy endpoints were reduction in HbA1c and body weight. Safety
was assessed as the incidence of adverse events (AEs) over the entire
randomised study period (52 weeks).
Results: DAPA 5 mg and 10 mg led to reductions [95% CI] in both
HbA1c, of −2.2 (−3.7, −0.7) mmol/mol [−0.20% (−0.34%, −0.06%)]
and −2.7 (−4.2, −1.2) mmol/mol [−0.25% (−0.38%, −0.11)], and body
weight, of −4.42% (−5.19%, −3.64%) and −4.86% (−5.63%, −4.08%)
versus placebo, respectively. AEs, serious AEs and hypoglycaemic epi-
sodes were similar among the three treatment groups. Total events of
adjudicated definite diabetic ketoacidosis (DKA) were similar in the
long-term and short-term periods, with more events in the DAPA-
treated groups (5 mg, 4.3%; 10 mg, 3.7%) versus placebo (0.4%) over
52 weeks. Most DKA events were mild or moderate, with the primary
cause being missed insulin doses or pump failure.
Conclusion: Treatment with DAPA plus insulin improved glycaemic
control and reduced body weight. DAPA plus insulin was overall well-
tolerated, but led to a numerically higher number of DKA events over the
entire 52 week duration of the DEPICT-2-study.
Clinical Trial Registration Number: NCT02460978
Supported by: AstraZeneca
Disclosure: G. Rudofsky: Honorarium; Bristol-Myers Squibb-For
conducting the clinical trial.

2
Sotagliflozin, a dual SGLT1 and SGLT2 inhibitor, in overweight/
obese patients with type 1 diabetes: addressing unmet needs as ad-
junct therapy to insulin
T. Danne1, J. Frias2, J. Ampudia-Blasco3, P. Miossec4, R. de Cassia
Castro5, T. Zhou5, Z. Doder5, P. Banks6, S. Sawhney6, S. Edelman7,8;
1Diabetes Center Auf der Bult, Hannover Medical School, Hannover,
Germany, 2National Research Institute, Los Angeles, USA, 3Clinic
University Hospital, Valencia, Spain, 4Sanofi, Paris, France, 5Sanofi
US, Inc., Bridgewater, USA, 6Lexicon Pharmaceuticals, Inc., The
Woodlands, USA, 7University of California San Diego, San Diego,
USA, 8Taking Control Of Your Diabetes, Solana Beach, USA.

Background and aims:Up to 50% of patients livingwith type 1 diabetes
(T1D) are overweight or obese, which contributes to increased risk of
micro- and macrovascular complications. Sotagliflozin (SOTA), a dual
SGLT1 and SGLT2 inhibitor, improves glycaemic control and reduces
body weight (BW) as adjunct to insulin in T1D and can address an
important unmet need in overweight/obese patients.

Materials and methods: In the phase 3 clinical programme, SOTA
as adjunct to insulin demonstrated efficacy with appropriate safety
profile and, overall, a positive benefit-risk profile compared with
optimised insulin alone in patients with T1D. In this post hoc
analysis, main efficacy (24-weeks) and safety (52-weeks) data
from pooled inTandem1 and 2 studies were analysed in patients
with baseline BMI ≥27 kg/m2, a threshold at which pharmaco-
therapy is recommended in overweight patients with comorbidities
such as diabetes, according to guidelines.
Results: Baseline characteristics were comparable among groups (mean
[SD] in all SOTAvs placebo): age at study entry 45.7 (12.3) vs 43.3 (12.6)
years; age at T1D diagnosis 23.3 (12.7) vs 21.6 (12.8) years; BMI 32.2
(4.2) vs 32.0 (4.2) kg/m2; total daily insulin dose: 0.78 (0.36) vs 0.81
(0.37) IU/kg. SOTA 200 and 400 mg as adjunctive to insulin resulted in
greater HbA1c and BW reduction vs insulin alone (placebo) with in-
creased percentage of time-in-range by continuous glucose monitoring
(CGM) of 70-180mg/dL (3.9-10mmol/L). Systolic blood pressure (SBP)
reduction was greater than placebo with SOTA 400mg. The safety profile
tended to be consistent with data published in the entire population. There
were numerically fewer severe hypoglycaemia (SH) events and fewer
documented hypoglycaemia ≤55 mg/dL (3.1 mmol/L) events in the
SOTA arms vs placebo, but a higher incidence of diabetic ketoacidosis
(DKA) positively adjudicated in the SOTA arms as “yes with certainty”
and “yes probably” vs placebo (Table 1). Overall there was a trend for an
improved efficacy and safety profile in patients with baseline BMI ≥27
kg/m2 compared with the overall study population.
Conclusion: SOTA as adjunctive therapy to insulin in overweight/obese
patients with T1D addresses several unmet needs in this high-risk popu-
lation, improving glycaemic control while reducing weight and SBP, with
an acceptable safety profile.

Clinical Trial Registration Number: NCT02384941; NCT02421510
Supported by: Lexicon Pharmaceuticals Inc. and Sanofi.
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Disclosure: T. Danne: Employment/Consultancy; Abbott Laboratories,
Medtronic, Roche, Lexicon Pharmaceuticals, Inc., Menarini Group,
Boehringer Ingelhin, AstraZeneca, Novo Nordisk, Sanofi, Dexcom, Eli Lilly.
Grants; Abbott Laboratories, AstraZeneca, Novo Nordisk, Medtronic, Sanofi.

3
Effect of sotagliflozin on body weight and composition in adults with
type 1 diabetes
S. Sawhney1, T. Danne2, S. Ramtoola3, P. Banks1, M.J. Davies1, P.
Lapuerta1;
1Lexicon Pharmaceuticals, Inc., The Woodlands, USA, 2Hannover
Medical School, Hannover, Germany, 3East Lancashire Hospitals,
Bolton, UK.

Background and aims: In parallel to the general and type 2 diabetes
populations, the prevalence of overweight and obesity is increasing in
adults with type 1 diabetes (T1D). In the sotagliflozin (SOTA) Phase 3
studies, >60% of all randomized subjects with T1D had a baseline body
mass index (BMI) of >25 kg/m2. Based on the mechanism of action of
SOTA leading to weight loss through dual sodium glucose co-transporter
(SGLT) 1 and SGLT2 inhibition, the objective of this analysis was to
evaluate changes in total-body fat mass and lean body mass as measured
by dual-energy x-ray absorptiometry (DEXA).
Materials and methods: In two 52-week Phase 3 studies, 1575 adults with
T1Dwere randomly assigned 1:1:1 to placebo + insulin (PBO), SOTA200mg
+ insulin, or SOTA 400 mg + insulin after 6 weeks of insulin therapy optimi-
zation. Percent change from baseline in bodyweight was assessed atWeeks 24
and 52 in pooled data from both studies. In each study, a DEXA substudy was
performed. Patients (n = 243) selected for DEXA evaluation had to satisfy
additional eligibility criteria: age 30 to 80 years old and not on anymedications
that could affect bone density for at least 3 years. Data from the substudies were
prespecified to be pooled for quantitative assessment of body composition
(total-body fat and lean mass) at baseline, Week 24, and Week 52.
Results: In the pooled cohort, ~50% were male and the mean age was
~44 years, body weight was 84 kg, and BMI was ~29 kg/m2 at baseline.
Relative to PBO, SOTA significantly reduced body weight by 2.6% (200
mg; p<0.001) and 3.6% (400 mg; p<0.001) at Week 24. This was
sustained with SOTA through Week 52 with significant placebo-
adjusted reductions of 3.2% (200 mg; p<0.001), and 4.2% (400 mg;
p<0.001). In pooled DEXA substudy cohort, baseline demographics
and characteristics were similar to those for the pooled cohort. Total-
body fat mass was significantly reduced with SOTA 200 mg and
400 mg compared to PBO at Weeks 24 and 52, with smaller reduction
observed in total-body lean mass (Table). Change in fat mass accounted
for 73% to 86% of the change in DEXA body mass with SOTA.
Conclusion: SOTA led to significant and sustained reductions in body
weight over 52 weeks in adults with T1D. Consistent with weight loss with
other modalities, body composition analysis with DEXA determined that the
majority of body weight loss with SOTAwas due to loss of fat mass.

Clinical Trial Registration Number: NCT02384941; NCT02421510
Supported by: Lexicon Pharmaceuticals, Inc.
Disclosure: S. Sawhney: Employment/Consultancy; Lexicon
Pharmaceuiticals, Inc..

4
Cardiovascular and renal outcomes with combination exenatide and
open-label SGLT2 inhibitor treatment in EXSCEL
L.E. Clegg1, R.C. Penland2, S. Bachina2, D.W. Boulton1, M. Thuresson3,
H.J.L. Heerspink4, S. Gustavson5, C.D. Sjöström6, J. Ruggles7, A.F.
Hernandez8, J.B. Buse9, R.J. Mentz8, R.R. Holman10;
1Quantitative Clinical Pharmacology, AstraZeneca, Gaithersburg, USA,
2Quantitative Clinical Pharmacology, AstraZeneca, Waltham, USA,
3Statisticon AB, Uppsala, Sweden, 4Department of Clinical Pharmacy
and Pharmacology, University of Groningen, Groningen, Netherlands,
5AstraZeneca, Gaithersburg, USA, 6AstraZeneca, Gothenburg, Sweden,
7AstraZeneca, Wilmington, USA, 8School of Medicine, Duke University,
Durham, USA, 9School of Medicine, University of North Carolina, Chapel
Hill, USA, 10Diabetes Trial Unit, University of Oxford, Oxford, UK.

Background and aims: Sodium-glucose cotransporter 2 inhibitors
(SGLT2i) and glucagon-like peptide-1 receptor agonists (GLP-1 RA) im-
prove cardiovascular and renal outcomes in patients with type 2 diabetes
(T2D) through distinct mechanisms. However, evidence is lacking on clinical
outcomes in patients treated with both classes. EXSCEL, the cardiovascular
outcomes trial for the GLP-1 RA exenatide, provides an opportunity to ex-
plore CVand renal outcomes with dual GLP1-RA and SGLT2i treatment, as
~10% of participants had an SGLT2i added to their glycemic management
during the course of the trial.
Materials and methods: Cohorts of SGLT2i users in the exenatide arm
were propensity-matched to 1) users of exenatide but not SGLT2i (n=575,
“vs. exenatide”); 2) placebo arm participants that did not take SGLT2i
(n=572, “vs. placebo”), based on their last measured characteristics before
SGLT2i initiation, and the equivalent study visit in the comparator
groups. Subsequent time-to-first adjudicated major adverse cardiovascu-
lar event (MACE), all-cause mortality (ACM), cardiovascular death (CV
death), and serious hypoglycemia were compared using Cox regression
analyses. eGFR slopes were quantified in the matched cohorts using
mixed model repeated measurement (MMRM) analyses.
Results:Median time from first to last known SGLT2i usage in the trial was
9.3 months [inter-quartile range (IQR) 2.5-18.1 months]. Median follow-up
time for ACM was 14.2 months [IQR 6.1-24.1 months] in the combination
vs. exenatide cohorts and 13.5months [IQR 5.5-24.2months] in combination
vs. placebo cohorts. The combination of exenatide and SGLT2i numerically
decreased the risk of MACE following SGLT2i initiation compared to both
exenatide alone and placebo. Risk of ACMwas significantly reduced in both
comparisons, as was risk of CV death. Risk of hypoglycemia was not signif-
icantly different. The combination significantly improved eGFR slope com-
pared to exenatide alone (treatment effect +2.38 mL/min/1.73m2/year, 95%
confidence interval 1.40-3.35) and compared to placebo (+1.94 mL/min/
1.73m2/year, 95% CI 0.94-2.94).
Conclusion: This post hoc analysis supports the hypothesis that combi-
natorial exenatide and SGLT2i may provide benefit on renal function and
all-cause mortality in T2D.
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Clinical Trial Registration Number: NCT01144338
Supported by: AstraZeneca
Disclosure: L.E. Clegg: Employment/Consultancy; Employee of
AstraZeneca.

5
Empagliflozin and cardiorenal outcomes in patients with non-
proteinuric kidney disease in the EMPA-REG OUTCOME trial
C.Wanner1, B. Zinman2, J.T. George3, M.Mattheus4, M. von Eynatten3,
S.E. Inzucchi5, S.J. Hauske3,6;
1Würzburg University Clinic, Würzburg, Germany, 2Lunenfeld-
Tanenbaum Research Institute, Mount Sinai Hospital, Toronto, Canada,
3Boehringer Ingelheim International GmbH, Ingelheim, Germany,
4Boehringer Ingelheim Pharma GmbH & Co. KG, Ingelheim,
Germany, 5Section of Endocrinology, Yale School of Medicine, New
Haven, USA, 6Vth Department of Medicine, University Medical Center
Mannheim, Mannheim, Germany.

Background and aims: Proteinuria in chronic kidney disease
(CKD) is a strong risk predictor for adverse cardiorenal outcomes.
However, non-proteinuric CKD in type 2 diabetes (T2D) is rarely
studied in clinical trials despite epidemiological evidence indicat-
ing a recent shift towards this phenotype. We explored the effect
of empagliflozin (EMPA) on cardiorenal outcomes in a subgroup
of patients from EMPA-REG OUTCOME with non-proteinuric
CKD at baseline.
Materials and methods: 7020 patients with T2D and prior CV
disease were treated with EMPA 25 mg, 10 mg or placebo
(PBO) (median follow-up of 3.1 years). Post-hoc, Cox regression
assessed effects of EMPA vs PBO on the composite outcome of
CV death/HHF, CV death, HHF, a composite kidney outcome of
incident/worsening nephropathy and all-cause mortality. Non-
proteinuric CKD was defined as low eGFR and absence of overt
albuminuria (eGFR<60 ml/min/1.73 m2 and UACR<300 mg/g).
Overall, 1290 (18.4%) patients met this criterion.
Results: In this exploratory analysis, the beneficial effects of EMPA vs
PBO on cardiorenal outcomes that were observed in patients with T2D
and non-proteinuric CKDwere consistent with all other patients (Figure).
Conclusion: This result suggests that absence of overt proteinuria
may not alter the cardiorenal treatment response to EMPA. The
ongoing EMPA-KIDNEY study investigates the effects of EMPA
on cardiorenal outcomes in a broad CKD population with and
without diabetes including patients with lower proteinuria levels.

Clinical Trial Registration Number: NCT01131676
Supported by: Boehringer Ingelheim and Eli Lilly and Company
Diabetes Alliance
Disclosure: C. Wanner: Honorarium; Boehringer Ingelheim, Eli Lilly
and Company, Mitsubishi, Merck Sharp & Dohme, Janssen,
AstraZeneca.

6
Effects of dapagliflozin, metformin or exercise on glucosemetabolism
and glycaemic variability in individuals with prediabetes: the PRE-D
trial
K. Faerch1, M.B. Blond1, L. Bruhn1, H. Amadid1, D. Vistisen1, K.K.B.
Clemmensen1, C.T.R. Vainø1, T.F. Dejgaard1, K. Karstoft2, M. Ried-
Larsen2, F. Persson1, M.E. Jørgensen1,3;
1StenoDiabetes Center Copenhagen, Gentofte, 2Rigshospitalet, Copenhagen,
3University of Southern Denmark, Copenhagen, Denmark.

Background and aims:Whether sodium-glucose co-transporter 2 (SGLT2)
inhibitors are useful for improving glucose metabolism in individuals with
prediabetes is not clear. We assessed the effects of dapagliflozin, metformin,
or exercise on glycaemic variability and glucose metabolism in overweight
individuals with prediabetes defined by HbA1c 39-47 mmol/mol.
Materials and methods: 120 participants were randomised to 13 weeks of
either: 1) dapagliflozin (DAP, 10 mg daily); 2) metformin (MET, 1700 mg
daily); 3) exercise (EXE, interval training, 5x30 min/week); or 4) control
(CON, no treatment). Participants were examined at baseline and after 6
and 13 weeks of intervention. Oral glucose tolerance tests (OGTTs) with 0,
30, 60, and 120 min samples and six days of continuous glucose monitoring
(CGM) were performed at baseline and at 13 weeks. CGM measurements
were also performed at 6 weeks. DAP andMET treatments were stopped the
day before the 13-week visit and before the initiation of the CGM measure-
ment period. The EXE intervention was stopped two days before examina-
tions.Mean amplitude of glycaemic excursions (MAGE)was calculated from
CGM data. The incremental area under the curves (iAUC) for glucose and
insulin were calculated from OGTT data. Change from baseline to 13 weeks
in the treatment groups were estimated and compared with the CON group in
intention-to-treat analyses (baseline-adjusted).
Results: At baseline, median (Q1; Q3) age was 62 (54; 68) years, BMI 30.8
(28.6; 34.3) kg/m2, HbA1c 41 (39; 43) mmol/mol (5.9 (5.7; 6.1) %), fasting
plasma glucose (FPG) 5.6 (5.2; 5.8) mmol/L, fasting serum insulin (FSI) 72
(47; 99) pmol/L, and 44% were men. HbA1c decreased by 1.3 (0.3;2.3)
mmol/mol in DAP, 1.2 (0.2;2.3) mmol/mol in MET, and 1.1 (0.0;2.1)
mmol/mol in EXE at 13 weeks compared with CON. MET decreased FPG
by 0.3 (0.1;0.6) mmol/L at 13 weeks. FSI was reduced by 24 (6;39) % in
DAP and by 20 (1;35) % in MET compared with the change in CON. The
iAUCglucose increased by 112 (48;176) mmol/L in MET, whereas iAUCinsulin

decreased by 20 (1;35)% inDAP and by 18 (1;34)% in EXE comparedwith
CON.MAGEdecreased by 17 (0;30)% inDAP and by 15 (-1;29)% in EXE
compared with the change in CON (Figure 1).
Conclusion: All treatments slightly improved HbA1c. MET reduced
fasting plasma glucose, whereas DAP and EXE improved postprandial
insulin levels and glycaemic variability. Thus, exercise, metformin, and
SGLT-2 inhibition improve different aspects of glucose metabolism in
overweight individuals with prediabetes diagnosed by HbA1c.

Clinical Trial Registration Number: NCT02695810
Supported by: Novo Nordisk Foundation
Disclosure:K. Faerch:Grants; Novo Nordisk Foundation, AstraZeneca.
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7
A novel in vitro human islet platform for studying type 1 diabetes
J. Mir-Coll1, B. Yesildag1, N.R. Perdue2, A. Biernath1, A.
Neelakandhan1, F. Forschler1, C.B. Gibson2, M.G. Von Herrath2,3, J.D.
Wesley2;
1InSphero AG, Schlieren, Switzerland, 2Novo Nordisk Type 1 Diabetes
R&D Center, Seattle, USA, 3La Jolla Institute for Allergy and
Immunology, La Jolla, USA.

Background and aims: Type 1 Diabetes (T1D) is a heterogenous group
of disorders majorly characterized by autoimmune destruction of pancre-
atic β-cells, resulting in absolute insulin deficiency. Current research
models lack many functions critical for understanding the onset and pro-
gression of this disease in humans. Although isolated primary islets are
considered the standard tool for diabetes research, their experimental use
is challenging due to inherent heterogeneity in their size, cellular compo-
sition and purity, as well as rapid decline in their functionality and via-
bility ex vivo. Here we developed two robust in vitro models of varying
complexity to study T1D using standardized islets: a cytokine-induced
islet dysfunction assay and an islet-peripheral blood mononuclear cell
(PBMC) co-culture platform.
Materials and methods: Human islet microtissues, produced by opti-
mized reaggregation of dispersed primary islet cells, were cultured in a
one-islet per well format in 96-well plates. Islet cell viability and beta cell
function were studied after culturing islets in the presence of proinflam-
matory cytokines (7 days), immune cells (3 days) or a combination of
both (3-5 days).
Results: Human islet microtissues displayed uniform, long-term (>28
days), and robust viability and function enabling high-throughput and
longitudinal studies. Treatment of the islets with proinflammatory cyto-
kines resulted in decreased stimulated (43% down, p<0.05) and increased
basal (3.6-fold, p<0.05) insulin secretion, as well as lower intracellular
insulin content (49% down, p<0.05) without affects cellular viability as
assessed by ATP content. However, at higher cytokine concentrations
ATP levels were significantly reduced (51% down, p<0.001). Next,
PBMCs in their naïve form or following T-cell specific activation, were
combined in various ratios with healthy or stressed islets (preconditioned
for 2 days with a mild cytokine cocktail). Co-culturing of naïve PBMCs
and islet microtissues had only a minor impact onβ-cell function, where-
as combination of activated PBMCs and islet microtissues resulted in a
PBMC-number dependent decline in islet health shown by increased
basal insulin release (10.5-fold, p<0.001) and decreased glucose-
stimulated insulin secretion (90% down, p<0.001), insulin content (90%
down, p<0.001) and PDX-1 positive nuclei within each microtissue (70%
down, p<0.05). Observed destruction correlated with the amount of
CD3+ cells infiltrating the microtissues and was significantly augmented
by cytokine preconditioning.
Conclusion: The established platforms represent novel in vitro models
for the study of T1D and for the screening of compounds to prevent
immune-cell and cytokine-mediated destruction of pancreatic islets.
Disclosure: J. Mir-Coll: None.

8
Single cell characterisation of CD8 T-cells in type 1 diabetes patients
with high or low residual C-peptide
E.A. James, H. Nguyen, M.J. Dufort, H.A. DeBerg, C. Speake, C.J.
Greenbaum, K. Cerosaletti, A. Long, P. Linsley;
Benaroya Research Institute, Seattle, USA.

Background and aims: Type 1 Diabetes is a disease caused by immune
mediated destruction of beta cell mass, resulting in the loss of glycemic
control. Following disease onset, subjects with Type 1 Diabetes exhibit
diverse amounts of residual c-peptide, indicating varying levels of

endogenous insulin production and beta cell function. Persistence of re-
sidual c-peptide is correlated with improved glycemic control and re-
duced risk of complications and its preservation has been used as a clin-
ical endpoint in clinical trials. However, the immunologic factors that
differentiate subjects who maintain measurable levels of c-peptide (slow
progressors) from those whose levels continue to decline (rapid
progressors) are not well characterized. We sought to characterize immu-
nologic factors that differentiate patients with high or low residual c-
peptide through in depth analysis of antigen specific CD8+ T cells.
Materials and methods:We applied HLA class I tetramers to enumerate
and characterize the phenotype of beta cell specific CD8+ T cells and to
isolate antigen specific T cells to perform single cell transcriptional pro-
filing and T cell receptor analysis. Our study utilized peripheral blood
samples from a cohort of subjects, stratified into slow progressors (those
with c-peptide > 0.1ng/ml) and rapid progressors (those with undetectable
c-peptide) who were further selected based on their age, disease duration,
and HLA class I genotype.
Results: Using a pool of tetramers corresponding to an established panel
of HLA-A2 epitopes, we enumerated CD8+ T-cells that recognized dif-
ferent beta cell epitopes in the peripheral blood of slow and rapid
progressors, observing significant differences in epitope diversity be-
tween the two groups. Characterization by single cell RNA-Seq revealed
clear patterns of differential gene expression between slow and rapid
progressors indicating differences in effector, exhaustion, and regulatory
pathways. Assembly of autoantigen specific CD8 TCRs allowed analysis
of diversity, revealing differences in clonal expansion between rapid and
slow progressors.
Conclusion: Cumulatively, our analysis revealed specific immunologic
factors that differentiate subjects who maintain measurable levels of c-
peptide from those whose levels continue to decline. The specific aspects
of T cell function and repertoire that correlate with disease progression
provide important insights that will drive further studies.
Supported by: JDRF grant no 3-SRA-2014-315-M-R (to E James)
Disclosure: E.A. James: None.
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CRISPR-editing of hESCs allows for production of immune evasive
cells capable of differentiation to pancreatic progenitors for future
type 1 diabetes therapy
V.M. Sluch1, D. Swain1, W. Whipple1, M. Liao1, A. Bhoumik2, A.D.
Agulnick2, A. Rezania1;
1CRISPR Therapeutics, Cambridge, USA, 2ViaCyte, San Diego, USA.

Background and aims: Type 1 diabetes (T1D) is an autoimmune dis-
ease resulting in the demise of pancreatic beta cells. Patients livingwith
T1D require frequent exogenous insulin injections to manage their
chronic condition. Replacement of pancreatic islets with cadaver-
derived islets has proven as a successful functional cure for some T1D
patients allowing them to be independent of exogenous insulin.
However, the limited supply of human islet donors along with the chal-
lenges associated with immunosuppression have restricted widespread
access to islet transplantation. Moreover, lack of patient compliance
with strict adherence to life-long immune suppression regimens also
negatively impacts islet graft function. Human embryonic stem cells
(hESCs) represent a renewable and expandable cell source with a dem-
onstrated capacity to differentiate into insulin-producing cells for
treating insulin-dependent diabetes. Stepwise directed differentiation
approaches that mimic pancreatic development represent a viable ap-
proach to generate engraftable pancreatic lineages that can survive,
mature, and effectively control blood glucose in rodentmodels. In order
to protect these transplanted pancreatic cells from immune rejection,
hESCs can be geneticallymodified ex vivo to prevent allogeneic-rejec-
tion. In particular, we generated edited clonal hESC lines that lack the
β2-microglobulin (B2M) gene, a required component of the major his-
tocompatibility complex class I (MHC-I), and express a transgene
encoding programmed death-ligand 1 (PD-L1) to further protect them
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from autoimmune T-cell attack as shown previously in mouse studies.
Here, we describe the generation of such universal donor hESCs that
appear immune evasive and retain competence to differentiate to pan-
creatic endodermal precursor cells (PEC) in vitro.
Materials and methods: CyT49 hESCs were genome edited with
CRISPR-Cas9 to knock out the B2M gene and insert the PD-L1 cDNA
into the same locus via homology directed repair. The edited cells were
then single-cell cloned to generate cell lines which were tested for B2M/
PD-L1 and pluripotency marker expression and karyotypic stability. The
resulting edited donor hESCs were successfully stage-wise differentiated
to PEC cells. Flow cytometry and targeted RNA-sequencing were used to
assess pancreatic lineage phenotypes. These modified PEC cells were
then tested for their ability to trigger an in vitro T-cell response and
susceptibility to natural killer (NK)-mediated cell killing.
Results: B2M negative/PD-L1 positive CyT49 cells were successfully
generated and displayed a normal karyotype and pluripotency marker
expression. Upon differentiation, the edited clonal cells showed morpho-
logical appearance, cell marker expression by flow cytometry (~40-50%
NKX6.1/PDX1 double positive and CHGA negative), and gene expres-
sion characteristics of pancreatic endoderm cells equivalent to unedited
cells. These edited PEC cells were evaluated in T-cell and NK-cell killing
proliferation/lysis assays as well as in humanized rodent models.
Conclusion: Genome edited immune evasive stem cells were generated
and differentiated to PEC, suggesting these cells may serve as a future
therapy to treat diabetes in the absence of immunosuppression.
Disclosure: V.M. Sluch: Employment/Consultancy; CRISPR Therapeutics.
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IFNα kinoid is a promising vaccine against type 1 diabetes targeting
IFNα in the NOD mouse model
N. Caillot1, F. Colaone1, R. Bertrand1, J. Da Silva1, S. Hamdi1, J.
Bonnefoy1, V. Serra1, A. Lehuen2, C. Boitard3, G. Grouard-Vogel1;
1Neovacs, Paris, 2INSERM U1016 - Institut Cochin; CNRS, UMR8104,
Paris, 3INSERM U1016 - Institut Cochin, Paris, France.

Background and aims: Major elements highlight IFNα implication in
Type 1 Diabetes (T1D) pathogenesis. While there is still no cure for this
autoimmune disease, we aimed to evaluate the benefit of IFNα kinoid
(IFN-K). This conjugate vaccine consisting of IFNα coupled to Keyhole
limpet hemocyanin (KLH) as carrier protein elicits the production of
polyclonal anti-IFNα neutralizing antibodies and has shown beneficial
effects in a recent phase IIb clinical trial in lupus.
Materials and methods: Four independent studies were performed in
Non Obese Diabetic (NOD) mice to assess the effect of anti-IFNα neu-
tralizing antibodies, conveyed either by maternal transfer or by passive or
active immunization on T1D development. Glycemia was measured by a
glucometer to monitor diabetes incidence, neutralizing antibodies were
evaluated by the virus-induced cytopathic effect bioassay and H&E pan-
creas sections were examined in blind to assess leukocytic infiltration. In
the first study, we compared T1D incidence in offspring from IFN-K or
KLH immunized mothers with sentinel mice. In two other studies, mice
were passively immunized weekly with total IgG purified from sera col-
lected in NOD mice immunized with IFN-K or KLH. Finally, in a fourth
study, active immunization was performed with IFN-K, KLH or PBS in
combination with a squalene oil-in-water adjuvant. Immunizations were
started at 5, 10 or 15 weeks of age to evaluate impact of IFNα neutrali-
zation on different T1D development stages.
Results: Maternal anti-IFNα neutralizing antibodies were effectively
transmitted to offspring, and levels decreased over time to completely
disappear by month 3. In progeny from IFN-K immunized mice, despite
transient and low amounts of neutralizing antibodies, insulitis was de-
creased by half compared to control groups (44% of preserved islets
compared to 20% in control groups at 12 weeks of age) and T1D onset
was delayed by around 10 weeks. In passive immunization studies, re-
peated administrations of total IgG comprising anti-IFNα neutralizing
antibodies conferred protection from T1D development, while total IgG

from KLH-immunized mice did not. Leukocytic infiltration was also
significantly reduced at 14 weeks of age in pancreas of mice receiving
IgG from IFN-K-immunized mice in comparison with a mouse group
receiving total IgG from KLH-immunized mice (*p=0.04). Protection
was maintained provided that a sufficient amount of anti-IFNα neutral-
izing antibodies were delivered. Finally, reduction of diabetes incidence
was greater when IFN-K immunization started at week 10 of age
(*p=0.027 compared to sentinel group at week 28 of age).
Conclusion: These different elements remarkably highlighted the need to
extend IFNα neutralization throughout NOD lifetime to prevent T1D.
Anti-IFNα neutralizing antibodies provided by IFN-K immunization
conferred protection towards T1D and encourage us to evaluate IFN-K
in newly diagnosed T1D patients.
Disclosure: N. Caillot: None.
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Enteroviral mRNA detection in the pancreas of patients with type 1
diabetes
S. Geravandi, K. Maedler, nPOD virus group;
CBIB, Bremen, Germany.

Background and aims: The viral genome has been difficult to detect
in the pancreas and more sensitive and reliable methods are required
to establish the possible correlation of enteroviral infection with
Type 1 Diabetes (T1D). This study has established a single molecule
(sm)FISH based method to detect the presence of very low copies of
the virus genome in tissue samples from T1D patients, using a
previously designed panel of fluorescently labeled oligonucleotide
probes, each of 17-22 nucleotides in length with a unique sequence
to specifically bind to the enteroviral genome of the picornaviridae
family.
Materials and methods: Co-staining of small RNA probes by smFISH
was performed in parallel with classical immunostaining for CD45 and
CD68 and insulin of 16 control, 4 Auto-antibody (AAb)+ and 18 T1D
pancreata in duplicates of the well-characterized nPOD cohort.
Results: Massive enteroviral RNA with more than 10 fully infected
cells throughout the pancreas was detected with high sensitivity and
specificity in none of the control pancreata, but in 1 out of 4 AAb+
and in 10 out of 18 T1D pancreata. The mean number of infected
cells in the pancreas was significantly increased in T1D and AAb+
pancreata, compared to controls (160, 78 and 3 viral mRNA+ cells,
respectively). Together with the significant increase in viral mRNA
in AAb+ and T1D pancreata, there was a confirmed reduction in the
number of insulin+ islets/ pancreatic section (mean of 223, 185 and
49 β-cell containing islets/ section in controls, AAb+ and T1D
pancreata, respectively) together with an increase in intra-islet
CD45+ lymphocytes/ CD68+ macrophages (mean of 0.02, 0.14
and 1.33 CD45+ cells/ islet in controls, AAb+ and T1D pancreata,
respectively) as well as in the exocrine pancreas. Clear single mol-
ecule viral mRNA staining allowed the identification of virus local-
ization in the pancreas. While several virus+ cells were detected
inside the islets as well as the islets periphery, most of the virus-
containing cells were found scattered within the exocrine pancreas,
with rare co-localization or proximity with ductal and CD45+/
CD68+ cells. We observed a significantly higher number of virus+
cells in the pancreas, which were not localized to islets in T1D and
AAb+ pancreata, compared to controls (mean of 156, 73 and 3 viral
mRNA+ cells/ section, localized in the exocrine pancreas of T1D,
AAb+ and control pancreata, respectively).
Conclusion: A specific smFISH based detection method could clearly
confirm the significant correlation of viral RNAwith T1D. Virus infected
cells were localized scattered throughout the exocrine pancreas, and may
lead to β-cell destruction in a paracrine manner through their specific
sensitivity to the inflammatory cascade.
Supported by: JDRF-Juvenile Diabetes Research Foundation
Disclosure: S. Geravandi: None.
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Understanding the increased risk of infections in diabetes: compari-
son of immunological responses in subjects with type 1 diabetes and
healthy subjects
A.W.M. Janssen1, R. Stienstra1,2, N.P. Riksen1, C.J. Tack1;
1Department of Internal Medicine, Radboud University Medical Center,
Nijmegen, 2Division of Human Nutrition and Health, Wageningen
University, Wageningen, Netherlands.

Background and aims: Mainly through epidemiological evidence it has
been established that the presence of type 1 diabetes leads to an increased risk
and worse outcome of serious infections with C.albicans, S.aureus and
M.tuberculosis. Risk factors for worse outcome are older age, obesity, a
longer duration of diabetes, and a higher HbA1c. However, the underlying
mechanisms are poorly understood. We propose that this is due to abnormal
cytokine production capacity of both innate and adaptive immune cells. In
this study, we analysed functional immune responses upon pathogenic stim-
ulation in subjects with type 1 diabetes and compared this to responses in
healthy subjects.
Materials and methods: We collected blood samples from a cohort of
subjects with type 1 diabetes (n=243) and healthy subjects (n=56). Peripheral
bloodmononuclear cells (PBMCs) were isolated and exposed to different path-
ogens. Cells were incubated for 24h to measure cytokines produced by the
innate immune cells (IL-1β, IL-6 and TNF-α) and 7 days tomeasure cytokines
produced by the adaptive immune cells (IFN-γ, IL-17 and IL-22). In addition to
analyzing cytokine release and determining immune cell composition of the
PBMCs, extensive clinical phenotypic data were collected.
Results: Patients with type 1 diabetes had a median diabetes duration of 28
years [IQR 24], HbA1c was 62 mmol/mol (7.8%) (range 34-136 mmol/mol
(5.3-14.6%)) and 73% of our population suffered from diabetes complica-
tions. The diabetes group was older (53 years [IQR 25] vs 30 years [IQR 30]
p<0.01) and had a slightly higher BMI (25.3 kg/m2 [IQR 5.5] vs 23.9 kg/m2

[IQR 3.7] p<0.01) compared to the control group. Composition of the
PBMCs did not differ between the diabetes and control groups, except for
higher neutrophil counts in the control group (p<0.01). The diabetes group
showed a significantly lower IL-1β, IL-6, TNF-α, IFN-γ and IL-17 (all,
p<0.05) production upon stimulation of PBMCs with C.albicans and
S.aureus compared to healthy controls. In response to stimulation with
M.tuberculosis only IFN-γ (p<0.01) and IL-17 production (p<0.0001) were
lower in patients with diabetes.Within the diabetes group, age, BMI, duration
of diabetes and mean HbA1c had no significant effect on IL-1β, IL-6 and
TNF-α production after stimulation with C.albicans and S.aureus.
Interesting, patients with the shortest duration of diabetes (range 1-15 years)
had a significant lower IL-1β (p<0.001), IL-6 (p<0.01) and TNF-α produc-
tion (p<0.01) afterM.tuberculosis stimulation compared to the groupwith the
second shortest diabetes duration (range 15-28 years). Older patients had a
significant lower IFN-γ (p<0.05) production after stimulation with all three
pathogens.
Conclusion: Patients with type 1 diabetes demonstrate significantly low-
er cytokine production in response to several stimulations, potentially
translating into increased susceptibility for certain infections. The chang-
es in response to C.albicans and S.aureus seem to be related to the dia-
betic state as such, as we did not observe any association with PBMC
composition, BMI, duration of diabetes and mean HbA1c. The response
toM.tuberculosis seems to be related to age. Further research is needed to
unravel the exact mechanism by which diabetes affects cytokine response
to these pathogens.
Clinical Trial Registration Number: NL54214.091.15
Disclosure: A.W.M. Janssen: None.
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Suboptimal glycaemic control globally in all age groups of adults
with type 1 diabetes: results of a multinational, observational study
(SAGE)
E. Renard1, P. Pozzilli2, E.G. Wilmot3, A. Peters4, Z. Bosnyak5, R.
Castro6, F. Lauand5, V. Pilorget5, S. Brette7, H. Ikegami8, J.
Kesavadev9, A.G.D. Vianna10;
1Montpellier University Hospital, Montpellier, France, 2University
Campus Bio-Medico, Rome, Italy, 3University Hospitals of Derby and
Burton, Derby, UK, 4University of Southern California,, Los Angeles,
USA, 5Sanofi, Paris, France, 6Sanofi, Bridgewater, USA, 7Aixial,
Boulogne-Billancourt, France, 8Kindai University, Osaka, Japan,
9Jothydev's Diabetes Research Centre, Kerala, India, 10Curitiba
Diabetes Center, Curitiba, Brazil.

Background and aims: Glycaemic control is a modifiable risk fac-
tor for multiple diabetes-related complications. The Global TEENs
and US-based T1D Exchange registries demonstrated that many
people with type 1 diabetes (T1D) miss the guideline-
recommended HbA1c target. SAGE examined the degree of
glycaemic control in non-US adults with T1D.
Materials and methods: SAGE was a multinational, observational,
cross-sectional study of participants aged ≥26 years with T1D for
≥1 year. Main exclusion criterion was switch between pump and
multiple daily insulin injections. Primary endpoint: percentage of
participants in predefined age groups (26-44 years; 45-64 years;
≥65 years old) achieving HbA1c <7 % (53 mmol/mol). Secondary
endpoints included other glycaemic outcomes, hypoglycaemia,
therapeutic management of people with T1D and diabetes technol-
ogy use.
Results: SAGE included 3858 eligible participants from 17 differ-
ent countries; 54.6% female, mean (SD) age 47.4 (14.0) years,
weight 70.7 (15.2) kg, BMI 25.2 (4.5) kg/m2 and duration of
T1D 20.7 (12.6) years. Mean (SD) total insulin dose was 50.0
(24.2) U/day and most participants were on a basal-bolus insulin
regimen (68.9%). The majority were recommended to follow a
patient-driven titration protocol (57.0%) and fewer than half titrat-
ed their basal insulin at least once per week (weekly 23.7%; more
than weekly 22.4%). Insulin devices used were injections/pens
(79.9%) or insulin pump (19.9%). Mean (SD) HbA1c was 7.95
(1.42) % (63.4 [15.6] mmol/mol), similar across age groups.
Overall, 24.3% of participants achieved HbA1c <7 % (<53
mmol/mol); this proportion was lower (21.0 and 22.8%) in the
older subgroups (Table). One fifth (20.9%) reached their
individualised HbA1c target overall, while a quarter reached these
targets in the oldest subgroup (>65 years, 26.2%). Incidence of
diabetic ketoacidosis (DKA) was similar across all age groups and
consistent with previous reports (Table). In participants who ex-
perienced DKA, predisposing factors present in >20% of partici-
pants were infection (21.6%) and missing insulin dose (23.5%).
Conclusion: Glycaemic control is suboptimal in adults with T1D,
irrespective of age groups, and individualised and guideline-
recommended HbA1c targets are often not met. Notable propor-
tions of participants report infrequent insulin titration and only
20% use insulin pumps. Further action is required globally to
improve HbA1c target achievement in adults with T1D.
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Supported by: Sanofi
Disclosure: E. Renard: Employment/Consultancy; Abbott, Air Liquide,
Eli-Lilly, Novo-Nordisk, Sanofi, Roche, Medtronic. Non-financial sup-
port; Dexcom Abbott, Tandem, Roche.
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Regional differences in glycaemic control, hypoglycaemia and dis-
ease management in adults with type 1 diabetes: the SAGE study
J. Seufert1, S. Edelman2, R. Buzzetti3, R.J.McCrimmon4, V. Pilorget5, S.
Brette6, Z. Bosnyak5, R. Castro7, F. Lauand5, A. Shimada8, D. Jurišić-
Eržen9, B. Ramanathan10, J.J. Gagliardino11;
1University of Freiburg, Freiburg, Germany, 2University of
California, San Diego, USA, 3"Sapienza" University of Rome,
Rome, Italy, 4University of Dundee, Dundee, UK, 5Sanofi, Paris,
France, 6Aixial , Boulogne-Billancourt , France, 7Sanofi,
Bridgewater, USA, 8Saitama Medical University, Saitama, Japan,
9University of Rijeka, Rijeka, Croatia, 10Bharathiar University,
Coimbatore, India, 11National University of La Plata, La Plata,
Argentina.

Background and aims: The Global TEENs and US-based T1D
Exchange registries demonstrated that the majority of people with type
1 diabetes (T1D) do not achieve HbA1c targets. SAGE examined diabetes
control in adults outside of the US with T1D, across the following global
regions: Asia, Eastern Europe [EE], Western Europe [WE], Latin
America [LA] and Middle East [ME].
Materials and methods: SAGE was a multinational, cross-sectional
study of participants aged ≥26 years with T1D for ≥1 year. Data
were collected at a single study visit for each patient, from med-
ical records and interviews. This analysis evaluates the percentage
of participants achieving HbA1c <7 % (<53 mmol/mol), and
assessed other glycaemic and hypoglycaemic outcomes and thera-
peutic management of T1D.
Results: The number of eligible participants ranged from 1150 in
WE to 444 in ME (Table). Cross-sectional HbA1c <7 % achieve-
ment was highest in WE (27%) and lowest in ME (19%).
Incidence of documented symptomatic hypoglycaemia (≤3.9
mmol/L) within the last 3 months was lowest in Asia (59%)
and ME (37%). Severe hypoglycaemia incidence was lowest in
Asia (9%). Rates of diabetic ketoacidosis due to severe
hyperglycaemia within the last 6 months appeared similar to those
reported in published literature, with the highest rate in WE (7%)
where use of insulin pumps was greatest (43%). Overall,
physician-driven (rather than patient-driven) titration of any

insulin was very common in Asia (56%), LA (53%) and ME
(73%), but less so in EE (29%) and WE (31%). Regarding basal
insulin (BI) type, NPH insulin was used most frequently in EE
(22%) and LA (15%). First generation long-acting BI analogues
were used more frequently in ME (69%), while most of the pa-
tients in Asia (43%) used second-generation long-acting BI ana-
logues. BI dose adjustment often occurred more than once a week
in EE and WE (29%), while over 50% of participants in LA
titrated less than once a month.
Conclusion: SAGE identified suboptimal overall glycaemic control
across every region analysed. Eastern and Western Europe had
greater achievement of HbA1c <7 % but also a higher incidence
of symptomatic hypoglycaemia compared with other regions. The
observed regional differences could be related to variations in
treatment strategies, including type of BI and insulin pump usage,
physician- vs patient-driven titration and titration frequency, but
also ethnic, cultural and health care system-related factors.

Supported by: Sanofi
Disclosure: J. Seufert: Grants; AstraZeneca, Boehringer Ingelheim,
Bristol Myers Squibb (BMS), GI-Dynamics, Intarcia, Ipsen, Janssen,
Novartis, NovoNordisk, Sanofi Aventis and Ypsomed. Other; advisory
board member: Abbott, AstraZeneca, Boehringer Ingelheim, GI-
Dynamics, Janssen, LifeScan, Mundipharma, Novartis, NovoNordisk,
Sanofi Aventis, speaker: Abbott, AstraZeneca, Bayer, Berlin Chemie,
Boehringer Ingelheim, Bristol Myers Squibb (BMS), Janssen, Lilly,
Merck Sharp Dohme (MSD), MedScape, Novartis, NovoNordisk,
Omniamed, Sanofi Aventis.
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Identification of factors influencing the carb-counting error in the
type 1 diabetes management
C. Roversi, M. Vettoretti, A. Facchinetti, S. Del Favero, G. Sparacino,
Hypo-RESOLVE Consortium;
Department of Information Engineering, University of Padova, Padova, Italy.

Background and aims: Carb-counting is widely used in standard
type 1 diabetes (T1D) insulin therapy to calculate meal insulin
bolus size. Errors can be very critical: underestimation of meal
carbohydrates (CHO) content can lead to hyperglycemia, while
CHO overestimation can cause hypoglycemia. The aim of this
work is to quantitatively investigate which factors, related to pa-
tient and meal, affect carb-counting error most.
Materials and methods: Data come from a study involving 50 T1D
adults that estimated the CHO amount of their consumed meals in 3 days
of real life conditions. For each meal, the reference value of CHO amount
was calculated by a dietitian and the carb-counting error assessed accord-
ingly. Available patient’s and meal’s variables included subject’s level of
education, duration of insulin treatment, age, body weight, meal’s CHO,
lipids amount, energy content, proteins amount, fiber content and type
(breakfast, lunch, dinner and snack). A multiple linear regression model
approach, using as independent variables all the variables previously
selected and as dependent variable the signed carb-counting error, is
developed. The most important regressors were then identified using
stepwise variable selection. The stopping rule used is an F-test with p-
value for entering set at 0.05 and p-value for removing set at 0.1.
Results: The coefficient of determination R2 of the full linear model is 0.311.
Thismeans that the involved regressors explain about the 30%of the variance
of the carb-counting error. The performed F-test allows the rejection (p<0.05)
of the null hypothesis H0, i.e. all the slopes of the linear model are equal to 0,
proving that at least one of the regressors is needed to explain the response.
The following stepwise variable selection procedure starts with a model with
no regressors and, at each step, adds the variable that provides the best fit. At
step 1 the variable CHO is added (p-value<0.00001, R2=0.273), while the
meal’s type is added at step 2 (p-value<0.00001, R2=0.304). This suggests
that meal’s CHO and type are the most important predictors of carb-counting
error and, together, they explain almost the total variance of the error ex-
plained by the full linear model (R2=0.304 vs R2=0.311). At step 3 a
patient-specific variable, i.e. the body weight, is added to the model (p-val-
ue=0.0472, R2=0.308). No other variables are added: this means that no
strong correlation exists between the other variables and the error.
Conclusion: Meal’s CHO and type are the most important factors that
influence the carb-counting error. Future developments of the study can
be the extension of the model by non-linear terms and its incorporation in
T1D patient computer simulators aimed at performing realistic in silico
clinical trials.
Supported by: Hypo-RESOLVE
Disclosure: C. Roversi: None.
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The influence of prepubertal onset of diabetes and model of insulin
therapy on polycystic ovary syndrome in womenwith type 1 diabetes
A. Lebkowska1, A. Adamska2, A. Krentowska1, A. Uruska3, A.
Rogowicz-Frontczak3, A. Araszkiewicz3, J. Hryniewicka2, K.
Ozegowska4, E. Wender-Ozegowska5, D. Zozulinska-Ziolkiewicz3, I.
Kowalska6;
1Department of Internal Medicine and Metabolic Diseases, Medical
University of Bialystok, Bialystok, 2Department of Endocrinology,
Diabetology and Internal Medicine, Medical University of Bialystok,
Bialystok, 3Department of Internal Medicine and Diabetology, Poznan
University of Medical Sciences, Poznan, 4Department of Infertility and
Reproductive Medicine, Poznan University of Medical Sciences, Poznan,
5Department of Reproduction, Poznan University of Medical Sciences,
Poznan, 6Medical University of Bialystok, Bialystok, Poland.

Background and aims: Polycystic ovary syndrome (PCOS) is a very com-
mon endocrinopathy with higher prevalence in women with type 1 diabetes
(T1DM), in comparison to the general population. It has been suggested that
exogenous insulin, administered to T1DM women in supraphysiological
doses, affects ovarian function, resulting in higher androgen secretion, espe-
cially when T1DM occurs before menarche. The aim of this study was to
evaluate glycemic control and insulin requirement in women with T1DM
with different onset times of the disease, different models of insulin therapy
and their association with the presence of PCOS.
Materials and methods: We studied 83 women with T1DM (age - 26±5
years, BMI - 24±3 kg/m2) - 41 with PCOS (22 treated with multiple daily
insulin injections (PCOS+MDI), 19 treated with continuous subcutaneous
insulin infusion (PCOS+CSII)) and 42 women without PCOS (no-PCOS)
(18 treatedwithMDI (no-PCOS+MDI) and 24 treated with CSII (no-PCOS+
CSII)). PCOS was diagnosed using the Rotterdam criteria. Anthropometric
measurements, clinical examination, estimation of serum concentrations of
sex hormones, HbA1c, lipid profile and ultrasonographic evaluation of the
ovaries were performed in all women.
Results: The studied groups, PCOS vs. no-PCOS, PCOS+MDI vs. PCOS+
CSII, did not differ in anthropometric measurements. However, PCOS+MDI
had higher BMI, waist circumference and fat mass, in comparison to no-
PCOS+MDI (p=0.013, p=0.033, p<0.001, respectively). The most frequent
phenotype among PCOS women was hyperandrogenism and polycystic
ovarian morphology. The characteristics of PCOS, such as hirsutism, testos-
terone concentration, and ovarian parameters did not differ depending on the
method of insulin administration. We observed lower HbA1c in PCOS com-
pared to no-PCOS (p=0.006). Women with PCOS+MDI and PCOS+CSII
had comparable diabetes duration and daily insulin doses. We analysed the
results according to diabetes onset time. Daily dose of insulin and insulin
dose/kg of body weight were statistically higher in PCOS with prepubertal
onset of diabetes in comparison to other PCOS women (p=0.009, p<0.001,
respectively). Among patients with prepubertal onset of T1DM treated with
MDI, PCOS women had higher daily dose of insulin than no-PCOS patients
(p=0.024). We found a significant correlation of insulin dose/kg of body
weight and daily insulin dose with testosterone concentration among
PCOS+MDI women with prepubertal onset of T1DM (r=0.79, p=0.004;
r=0.74, p=0.021, respectively), what was not observed in PCOS+CSII.
Conclusion: Prepubertal onset of diabetes together with the model of
insulin therapy seem to be the factors associated with hyperandrogenism
and PCOS in T1DM.
Supported by: Polish Society of Diabetology Grant
Disclosure: A. Lebkowska: None.
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Efficacy and safety of fast-acting insulin aspart compared with insu-
lin aspart, both with insulin degludec with or without metformin, in
adults with type 2 diabetes
W. Lane1, K. Bozkurt2, E. Favaro2, H.C. Jang3, M.I.S. Kjærsgaard4, A.
Oviedo5, L. Rose6, P. Senior7, G. Sesti8, A. Soto Gonzalez9, E. Franek10;
1Mountain Diabetes and Endocrine Centre, Asheville, USA, 2Novo
Nordisk A/S, Søborg, Denmark, 3Seoul National University College of
Medicine and Seoul National University Bundang Hospital, Seongnam,
Democratic People's Republic of Korea, 4Novo Nordisk A/S, Aalborg,
Denmark, 5Santojanni Hospital and Cenudiab, Ciudad Autonoma de
Buenos Aires, Buenos Aires, Argentina, 6Institute of Diabetes
Research, Münster, Germany, 7University of Alberta, Edmonton,
Canada, 8University of Magna Graecia of Catanzaro, Catanzaro, Italy,
9Hospital de A Coruña, La Coruña, Spain, 10Mossakowski Clinical
Research Center, Polish Academy of Sciences, Warsaw, Poland.

Background and aims: Fast-acting insulin aspart (faster aspart) is a
mealtime insulin with more rapid absorption and greater early glucose-
lowering effect than insulin aspart (IAsp). The aim of this trial (onset 9)
was to evaluate the efficacy and safety of faster aspart compared with
IAsp, both with insulin degludec with or without metformin, in adults
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with advanced type 2 diabetes (T2D) not optimally controlled with a
basal-bolus regimen.
Materials and methods: This was a 16-week, multicentre, double-blind,
treat-to-target trial. Following a 12-week run-in period to optimise basal
insulin, participants were randomised (1:1) to mealtime faster aspart
(n=546) or IAsp (n=545), both with insulin degludec. All available infor-
mation regardless of treatment discontinuation or use of ancillary treat-
ment was used for evaluation of effect.
Results: Non-inferiority (0.4% margin) with regard to change from baseline
inHbA1c 16weeks after randomisation (primary endpoint) was confirmed for
faster aspart vs IAsp (estimated treatment difference [ETD] [95%CI] -0.04%
[-0.11;0.03]; -0.39mmol/mol [-1.15;0.37]). Faster aspart was superior to IAsp
for change from baseline in 1-h postprandial glucose (PPG) increment using a
meal test (ETD [95% CI] -0.40 mmol/L [-0.66;-0.14]; -7.23 mg/dL [-11.92;-
2.55]). Change from baseline in 1-h PPG increment based on self-measured
blood glucose profiles was statistically in favour of faster aspart after lunch,
the main evening meal and over all meals (Figure). Change from baseline in
1,5-anhydroglucitol also favoured faster aspart over IAsp (ETD [95% CI]
0.50 ug/mL [0.11;0.89]). The overall rate of treatment-emergent severe or
blood glucose (BG)-confirmed (plasma glucose equivalent <3.1 mmol/L
[56 mg/dL]) hypoglycaemia was statistically significantly lower for faster
aspart vs IAsp (estimated treatment ratio [ETR] [95% CI] 0.81 [0.68;0.97]),
as was the rate within 4 h after a meal (ETR [95% CI] 0.78 [0.63;0.98]).
Adverse event profiles were similar between treatments.
Conclusion: In combination with insulin degludec, faster aspart provided
effective overall glycaemic control, superior PPG control and a lower rate
of severe or BG-confirmed hypoglycaemia vs IAsp in adults with ad-
vanced T2D not optimally controlled with a basal-bolus regimen.

Clinical Trial Registration Number: NCT03268005
Supported by: Novo Nordisk
Disclosure:W. Lane: Employment/Consultancy; Advisory board: Novo
Nordisk, Sanofi, Insulet. Grants; Research grant support: Novo Nordisk.
Lecture/other fees; Speakers' bureaus: Novo Nordisk, Insulet, Dexcom.
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The effect of DAFNE education, CSII, or both in a population with
type 1 diabetes in Scotland
J.A. McKnight1,2, C. Mair2, O. McKnight3, F. Gibb2, H. Colhoun4, R.
Wright5, M. Strachan1, S. Ritchie1;
1Western General Hospital, Edinburgh, 2University of Edinburgh,
Edinburgh, 3NHS Greater Glasgow and Clyde, Glasgow, 4IGMM,
University of Edinburgh, Edinburgh, 5St John's Hospital, Edinburgh, UK.

Background and aims: Many people with Type 1 diabetes have high
HbA1cs compared to recommended standards. The use of structured
education packages and technologies such as continuous subcutaneous
insulin infusion (CSII) provide opportunities for patients to improve their

self-management and outcome. The recent REPOSE study described the
relative effectiveness of insulin pumps compared to multiple daily injec-
tions and structured education in a two-year cluster randomised trial. Our
aimwas to investigate the effect of theDAFNE education programme and
CSII in clinical practice.
Materials and methods: Currently, within NHS Lothian, there are 4617
people with Type 1 diabetes over the age of 18 years. A CSII service
started in NHS Lothian in 2004 and the DAFNE (Dose Adjustment For
Normal Eating) education programme was introduced in 2006. Core data
relating to the diabetes care of over 99 % of patients in Lothian is held on
the national diabetes database, SCI Diabetes. We extracted anonymised
data from this system that included all patients recorded as having a
DAFNE course or CSII start date. We also extracted all HbA1c data for
each individual.
Results: In total 910 patients (404M: 506F) have completed a DAFNE
course, 449 (170M: 279F) started insulin pump therapy. 700 of these
only completed DAFNE, 281 received pump therapy without DAFNE
and 197 received DAFNE then a pump. Median HbA1c in the 5 years
beforeDAFNEwas 68 + 16mmol/mol ((IQR) n = 910;mean number of
measurements per person = 28) and after DAFNE was 64 + 15
mmol/mol (n= 910 mean number of measurements per person = 17
(P<0.01)). Median HbA1c in the five years before pump therapy was
67 + 15mmol/mol (n= 448mean number ofmeasurements per person =
29) and after starting a pump was 62 + 12 mmol/mol (n= 449 mean
number of measurements per person = 16 (P<0.01)). HbA1c reduced
from 67 + 12 mmol/mol to 60 +12 mmol/mol following CSII introduc-
tion in those who already had received DAFNE training (n = 197;
P<0.01). The greatest HbA1c reduction was in those with the highest
HbA1c prior to intervention. In the group with HbA1c >75 mmol/mol,
HbA1c reduced from 81 + 11 to 72 + 17 mmol/mol following DAFNE
and from 81 + 12 to 68 +13 mmol/mol following CSII introduction
(both P<0.01). There was no significant change in those with an
HbA1c of 53 to 57 mmol/mol following either intervention. There
was an increase of HbA1c in 2 of the 5 years when comparing before
and after either intervention in those with an HbA1c <53 mmol/mol.
Conclusion: Both DAFNE and insulin pump therapy had the greatest
effect on HbA1c in those with higher baseline values. DAFNE before
introducing pump therapy made little clinical difference to attained
HbA1c, probably reflecting the education delivered before commencing
pump therapy in our service.
Disclosure: J.A. McKnight: None.
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Placental urocortin 2 (UCN2): a novel signal involved in islet adap-
tations to pregnancy
S.J.S. Simpson, L.I.F. Smith, P.M. Jones, J.E. Bowe;
Department of Diabetes, King's College London, London, UK.

Background and aims: The corticotropin releasing hormone (CRH)
peptide family, including CRH and the urocortins (UCN1, UCN2 and
UCN3), are neuroendocrine peptide hormones best characterised for their
involvement in the physiological response to stress acting through CRH
receptors 1 and 2 (CRHR1/CRHR2). However, there is a growing litera-
ture identifying potential extra-hypothalamic roles of these peptides in
peripheral organs, including pancreatic islets. CRH and urocortins are
also expressed by the placenta, although the physiological relevance of
this is not fully understood. This study aimed to investigate whether
CRHR signalling plays a physiological role as a signal involved in islet
adaptations to pregnancy.
Materials and methods: Circulating plasma levels of CRH and
urocortins were compared in virgin and pregnant mice using commer-
cial ELISA kits. In a separate experiment pregnant CD1 mice were
implanted subcutaneously with osmotic minipumps on day 7 of gesta-
tion, containing either saline, a non-specific CRHR antagonist (α heli-
cal CRF9-41), or receptor specific CRHR antagonists, Antalarmin hy-
drochloride or Antisauvagine-30 for CRHR1 and R2 respectively.
Intraperitoneal glucose tolerance tests (IPGTT) and insulin tolerance
tests were performed at gestational day 16 and 18, respectively. BrdU
was also administered in the drinking water from day 14-18. At day 18,
pancreas samples were collected and subsequently immunostained for
BrdU and insulin to assess β-cell proliferation. Statistical significance
was determined by students T-test or two-way ANOVA followed by
Tukey’s multiple comparisons, as appropriate.
Results: Equivalent circulating levels of CRH, UCN1 and UCN3
were seen in both virgin and pregnant mice. However, UCN2 showed
a 1.92-fold increase during pregnancy (non-pregnant: 92.87 ± 8.33 vs
pregnant: 178.23 ± 37.46 pmol/L, mean±SEM, n=6-8; p<0.001).
Pharmacological blockade of non-specific CRHR signalling in vivo
during pregnancy resulted in impaired glucose tolerance, achieving
significance 15 minutes post glucose load (Control: 13.22 ± 1.08 vs
α-helical CRF9-41: 16.83 ± 1.60 mmol/L, n= 8-19; p<0.05). A com-
parable impairment to glucose tolerance in pregnancy was also ob-
served in mice chronically administered the specific CRHR2 antag-
onist; Antisauvagine-30 (Control: 13.22 ± 1.08 vs Antisauvagine-30:
16.63 ± 1.60 mmol/L, n= 8-19; p<0.05), but not in animals treated
with the specific CRHR1 antagonist; Antalarmin hydrochloride
(Control: 13.22 ± 1.08 vs Antalarmin hydrochloride: 11.93 ± 1.30
mmol/L, n= 7-19; p>0.05). Insulin sensitivity was unaffected by any
CRHR antagonist treatment (AUC-0-60min, control: 372 ± 23;
Antisauvagine-30: 347 ± 20; Antalarmin hydrochloride: 368 ± 22,
n=7-19; p>0.5). Chronically blocking CRHR signaling during preg-
nancy had no significant effect on β-cell proliferation (% BrdU + β-
cells, Control: 3.75 ± 0.56 vs α-helical CRF9-41: 4.50 ± 0.55 %, n= 8-
9; p=0.36).
Conclusion: Circulating maternal levels of UCN2 increase during preg-
nancy, most likely due to placental release. Pharmacological blockade of
CRHR2 signaling during pregnancy impairs glucose tolerance, suggest-
ing an endogenous CRHR2 ligand, most likely UCN2, improves glucose
tolerance during pregnancy. Insulin sensitivity andβ-cell proliferation are
unaffected by blocking CRHR signaling. Thus, UCN2 may represent a
novel physiological signal produced by the placenta, involved in improv-
ing glucose tolerance in pregnancy through enhanced islet secretory
function.
Supported by: KCL MRC DTP
Disclosure: S.J.S. Simpson: None.
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The Clec11a promotes glucose stimulated insulin secretion and cell
proliferation in human islets
R. Shi1,2, Z. Sun1, J.L. Börjesson2;
1Medical School, Southeast University, Nanjing, China, 2Department of
Medical Cell Biology, Uppsala University, Uppsala, Sweden.

Background and aims: C-type lectin domain containing 11A (Clec11a)
is a secreted sulfated glycoprotein, which works as a growth factor for
primitive hematopoietic progenitor cells and a potential regulator for os-
teogenesis. Clec11a has been demonstrated to be downregulated in the
islets of high-fat diet induced obese mice by RNA-seq in our previous
report. Moreover, recombinant human Clec11a protein promoted the pro-
liferation of beta cells in mouse islets. However, the expression of
Clec11a and its function in human islets are still unknown.
Materials and methods: Immunofluorescence staining was assessed to
investigate the expression of Clec11a. Human islets and human beta cells
(EndoC-βH1 cells) were treated using recombinant human Clec11a pro-
tein with different concentrations (i.e. 10ng/ml, 100ng/ml and
1000ng/ml) for 24 hours. Functional evaluation of human islets was per-
formed with glucose stimulated insulin secretion (GSIS). The prolifera-
tion of EndoC-βH1 cells was measured by WST-1 assay.
Results: Immunofluorescent staining showed that the protein of Clec11a
expressed in the nucleus of alpha cells and beta cells in islets and
EndoC-βH1 cells. It seems that the secreted Clec11a protein also exists
in the cytoplasm. The result of GSIS showed that treatment with recom-
binant human Clec11a at 1000ng/ml improved glucose stimulated insulin
release of human islets (P=0.029). Recombinant human Clec11a promot-
ed proliferation of EndoC-βH1 cells at 1000ng/ml when compared with
the control group (2.41+0.37 vs. 1.00+0.29, P=0.011).
Conclusion: Clec11a may have a potential role in regulating pancreatic
beta cell proliferation and insulin release in human.
Disclosure: R. Shi: None.
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Effects of GLP-1R agonists on beta cell survival, function and gran-
ule motility
G. Ferri1, F. Grano2,3, M. Occhipinti2, M. Suleiman2, C. De Luca2, L.
Marselli2, V. De Tata2, F. Cardarelli1, P. Marchetti2, M. Bugliani2;
1Scuola Normale Superiore, Pisa, 2University of Pisa, Pisa, 3University of
Siena, Siena, Italy.

Background and aims: Beta cell dysfunction is crucial to the onset and
progression of type 2 diabetes (T2D).We evaluated the effects of GLP-1R
agonists on the function, ultrastructure and granule mobility of human
islets (HI) from non-diabetic (ND; n: 15, 9M/6F; age: 41-81 yrs) and T2D
(n: 8; 4M/4F; age: 64-83 yrs) organ donors.
Materials and methods: Non-diabetic HI were exposed for 48h to
16.7 mM glucose (HG) or 0.5 mM palmitate (PALM) with or without
1.0, 10 or 100 nM GLP-1. Similarly, T2D islets were cultured for 48h in
presence of increasing concentrations of GLP-1. Then, beta cell function
and ultrastructure were evaluated by batch static incubation and electron
microscopy (EM), respectively. In addition, dissociated HI were
transfected with Syncollin-EGFP in order to fluorescently mark the gran-
ules, and then exposed to control medium, PALM or PALM + 10 nM
exendin-4. By a confocal microscopy-based imaging technique (iMSD),
the granule average diffusion law and parameters describing granules
motility [i.e. the local and the anomalous (alpha) diffusion coefficients]
were defined and applied.
Results:Glucose-stimulated insulin release, that was reduced (p<0.05) in
islets exposed to HG (insulin stimulation index, ISI, from 3.3±0.8 to 1.8
±0.3) or PALM (ISI from 3.0±0.6 to 2.1±0.5), was preserved by concom-
itant exposure to 10 or 100 nM GLP-1. EM (>1,000 endocrine cells
counted) showed that the gluco- or lipotoxic conditions significantly in-
creased the amount of beta cells with signs of apoptosis and decreased the
volume density of the insulin granules, which was prevented by GLP-1.
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In T2D islets, GLP-1 treatment ameliorated (p<0.05) insulin secretion
(ISI from 1.6±0.4 to 2.2±0.3) and reduced (p<0.05) apoptotic beta cell
proportion (from 3.7±0.5 to 2.1±0.7 %). Finally, by iMSD, it was shown
that PALM exposure reduced granule directionality in response to an
acute glucose stimulation; the presence of exendin-4 was able to normal-
ize alpha values.
Conclusion: At our experimental conditions, GLP-1R agonism had sev-
eral beneficial effects on ND and T2D beta cells, including better func-
tion, survival and insulin granules motility.
Supported by: DRINN
Disclosure: G. Ferri: None.
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Increasing the cellular populations that secrete incretins improves
glucose homeostasis
M. Terasaki1,2, L. Chu1, R. Teinturier1, C.L. Mattsson1, K.-C. Liu1, Q.
Zhou3, T. Hirano2, O. Andersson1;
1Cell and Molecular Biology, Karolinska Institutet, Stockholm, Sweden,
2Diabetes, Metabolism and Endocrinology, Showa University School of
Medicine, Tokyo, Japan, 3Stem Cell and Regenerative Biology, Harvard
University, Cambridge, USA.

Background and aims: The major incretins, glucose-dependent
insulinotropic peptide (GIP) and glucagon-like peptide-1 (GLP-1), are
secreted from K-cells and L-cells in a glucose independent manner, re-
spectively. GLP-1 receptor agonists and dipeptidyl peptidase-4 (DPP-4)
inhibitors are widely used in patients with type 2 diabetes. However, their
use could lead to tonic supraphysiological levels of incretins. Therefore,
we speculated that it might be advantageous to expand the cellular pop-
ulations secreting GLP-1 and GIP, such that one has the capacity to
secrete more incretins on food ingestion, instead of constantly having
increased levels of circulating incretins.
Materials and methods: Using a transgenic zebrafish model, we
performed an in vivo screen of 1,300 small molecules for stimu-
lators of GIP expression by measuring luciferase activities. We
then evaluated whether the hit-compounds can increase the num-
ber of GIP-expressing K-cells in the intestine by using immuno-
histochemistry, and subsequently examined whether the hits also
increase L-cell numbers. The glucose levels were determined by a
glucose assay kit. We also evaluated the effect of the hit-
compounds on pancreatic β-cells in transgenic zebrafish
with/without β-cell ablation using metronidazole. Next, we ad-
ministered the hit-compounds to wild-type (C57BL/6J) mice and
diabetic db/db (C57BLKS/J Iar- +Leprdb/+Leprdb) mice, and
measured the levels of glucose, related gene expression and the
number of incretin expressing cells in intestine. Moreover, to in-
vestigate whether the effects were conserved to the human, we
evaluated the gene expression levels of incretins in duodenal
organoids.
Results: We identified small molecules that converge on a fatty acid
signaling pathway with a common downstream transcriptional regulator,
to increase the incretin-expressing cell number originating fromNeurog3-
expressing enteroendocrine progenitors. This did not only lead to an
increased number of incretin-expressing cells, but also to reduced glucose
levels and promoted β-cell regeneration. Consistent with these findings,
our identified compounds increased incretin-expressing cell numbers in
the mouse intestine (both villus and crypt) with augmented plasma levels
of GIP and GLP-1, and improved oral glucose tolerance tests. Further,
incretin mRNA levels were increased by our hits in human duodenal
organoids.
Conclusion: Treatment with our hit compounds increased incretin-
expressing cell numbers in zebrafish, mice and human duodenal
organoids, indicating that the effect is conserved across species, and cor-
relates with improved glucose homeostasis.
Supported by: EFSD/JDS Reciprocal Travel Research Fellowships
Disclosure:M. Terasaki: None.
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Effects of phylogenetically ancient NPY1 receptor specific forms of
PYY(1-36) on pancreatic beta cell function, growth and survival
P.R. Flatt1, R.A. Lafferty1, A. McCloskey1, Y. De Marinis2, N. Irwin1;
1Ulster University, Coleraine, UK, 2Lund University, Malmo, Sweden.

Background and aims: The benefits of PYY(1-36) on pancreatic beta-
cell survival, through activation of NPY1 receptors, has recently been
described. Given that both type 1 and type 2 diabetes mellitus (T1DM
and T2DM) are associated with beta-cell loss, there is obvious therapeutic
promise for PYY(1-36) in diabetes. However, PYY(1-36) is rapidly de-
graded to PYY(3-36) in the circulation, by the action of the ubiquitous
enzyme DPP-4, resulting in loss of NPY1 receptor activity. Thus, in the
present study we have screened phylogenetically ancient fish PYY(1-36)
peptide sequences and uncovered bowfin, trout, sea lamprey and sturgeon
as potential DPP-4 resistant PYY(1-36) peptide forms. The enzymatic
stability of these piscine-derived PYY(1-36) peptides was then evaluated
along with effects on pancreatic beta-cell function, proliferation and sur-
vival as well as feeding behaviour and glucose homeostasis in mice.
Materials and methods: PYY(1-36) peptides (n=4) were incubated with
purified DPP-4 (0.05 U) for 8 h and degradation profile followed by
HPLC/MS to assess enzyme stability. BRIN-BD11 beta-cells (n=8) were
used to evaluate acute (20 min) effects of PYY(1-36) peptides (10-12 -
10-6 M) on insulin release. The impact of peptides (10-8 and 10-6 M, n=4)
on beta-cell proliferation, by Ki-67 antibody staining, and protection
against cytokine-induced (IL-1β 100U/ml, IFN-γ 20 U/ml, TNF-α 200
U/ml) apoptosis, by TUNEL assay, were examined in rodent BRIN BD11
and human 1.1B4 beta-cells. Proliferative effects (10-8 and 10-6 M, n=4)
were also assessed in INS-1 beta-cells with CRISPR-Cas9 mediated
knockout of either NPY1 or NPY2 receptors. Finally, effects of PYY(1-
36) peptides (25 nmol/kg; i.p.) on food intake, glucose and insulin con-
centrations were evaluated in overnight fasted (12 h) mice (n=8).
Results: Unlike human PYY(1-36), all piscine derived PYY(1-36)
peptides were fully resistant to degradation by DPP-4. All PYY(1-
36) peptides inhibited (P<0.05 - P<0.001) glucose-stimulated in-
sulin secretion (GSIS) from BRIN-BD11 beta-cells. In addition,
human PYY(1-36), and the four related piscine-derived peptides,
protected (P<0.05 - P<0.001) BRIN BD11 and 1.1B4 beta-cells
against cytokine-induced apoptosis. In addition, all PYY(1-36)
peptides significantly (P<0.05 - P<0.001) enhanced proliferation
of BRIN BD11 and 1.1B4 beta-cells. These beta-cell proliferative
effects were entirely dependent on NPYR1 activation for the hu-
man, bowfin, sturgeon and sea lamprey PYY(1-36) forms. All
piscine-derived peptides, with the exception of sea lamprey
PYY(1-36), exhibited appetite stimulatory (P<0.05 - P<0.001) ef-
fects in mice. None of the peptides altered glucose homeostasis or
insulin secretion when administered as a bolus injection, in com-
bination with glucose, to mice.
Conclusion: The present study demonstrates that PYY(1-36) peptides
derived from phylogenetically ancient fish are N-terminally stable and
mimic the action of human PYY(1-36) at pancreatic beta-cell NPY1
receptors. Thus, the piscine-derived PYY(1-36) peptides inhibited GSIS
but promoted survival and growth of beta-cells. Sea lamprey PYY(1-36)
lacks stimulatory effects on appetite and therefore may represent a useful
lead molecule for assessment of preclinical utility in T2DM.
Supported by: INI
Disclosure: P.R. Flatt: Grants; Invest Northern Ireland.
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Free fatty acid receptors GPR120 and GPR40 are essential for oil-
induced GIP secretion

T. Kato1, N. Harada1, A. Sankoda1, E. Ikeguchi1, K. Iwasaki1, S.
Yamane1, Y. Murata1, A. Hirasawa2, N. Inagaki1;
1Graduate School of Medicine, Kyoto University, Kyoto, 2Graduate
School of Pharmaceutical Sciences, Kyoto University, Kyoto, Japan.
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Background and aims: Glucose-dependent insulinotropic polypep-
tide (GIP) is an incretin secreted from enteroendocrine K cells lo-
cated in the small intestine, and potentiates insulin secretion from
pancreatic β-cells. GIP secretion is strongly induced after fat inges-
tion, and plays a key role in high-fat diet-induced obesity and insu-
lin resistance. GPR120 and GPR40 are two major receptors for long
chain fatty acids, and are expressed in K cells. However, the effect
of the two receptors on GIP secretion remains unclear. Furthermore,
there are questions regarding K cell number in the small intestine
and gene expression in K cells under deficiency of both receptors.
In this study, we generated GPR120- and GPR40-double knockout
(DKO) mice, and investigated the effect of the receptors on GIP
secretion and K cell characteristics.
Materials and methods: Global knockout mice of GPR120 and
GPR40 were crossbred to generate DKO mice. Oral glucose toler-
ance tests (OGTTs) and oral corn oil tolerance tests (OLTTs) were
performed. Bile volume in gallbladder after oral corn oil administra-
tion was measured. For analysis of K cell number and gene expres-
sion in K cells, DKO mice were crossbred with GIP-green fluores-
cence protein knock-in (GIP-GFP) mice, which enabled visualization
and isolation of K cells.
Results: DKO mice showed normal glucose-induced GIP secretion
but no GIP secretion by corn oil. We then investigated the num-
ber of K cells and gene profile in GIP-producing K cells isolated
from GIP-GFP mice. Deficiency of both receptors did not affect
the number of K cells in small intestine or expression of GIP
mRNA in K cells. Furthermore, there was no significant differ-
ence in the expression of the genes for fatty acid transport pro-
teins (FATPs), fatty acid-binding protein 5 (FABP5), or GPR119,
which are involved in fatty acid-induced signal transduction and
fatty acid transport, between wild-type (WT) and DKO mice. The
bile volume remaining in gallbladder after oil ingestion was great-
er in DKO mice than that in WT mice, indicating impairment of
gallbladder contraction in DKO mice. G-protein-coupled bile acid
receptor (Gpbar1: TGR5) mRNA expression levels in K cells of
DKO mice were comparable to those of WT mice. Farnesoid X
receptor (FXR) is a member of the nuclear receptor superfamily,
and is activated by bile acids. Expression levels of FXR mRNA
were increased in K cells of DKO mice.
Conclusion: Free fatty acid receptors GPR120 and GPR40 are essential
for oil-induced GIP secretion.
Disclosure: T. Kato: None.

OP 05 Monitoring risk and prognosis of periph-
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Obesity and metabolic risk factors associated with non-painful and
painful diabetic polyneuropathy: a nationwide prevalence study of
5,249 patients in the Danish DD2 cohort
J.S. Nielsen1, D.H. Christensen2,3, S.T. Knudsen4, S.S. Gylfadottir5,6, H.
Beck-Nielsen1, H.T. Sørensen2, H. Andersen3,6, B.C. Callaghan3,7, E.
Feldman3,7, N.B. Finnerup5,6, T.S. Jensen5,6, R.W. Thomsen2;
1Danish Center for Strategic Research in Type 2 Diabetes (DD2),
Steno Diabetes Center Odense, Odense, Denmark, 2Department of
Clinical Epidemiology, Aarhus University Hospital, Aarhus,
Denmark, 3International Diabetic Neuropathy Consortium
(IDNC), Aarhus University, Aarhus, Denmark, 4Steno Diabetes
Center Aarhus, Aarhus, Denmark, 5International Diabetic
Neuropathy Consortium (IDNC) and Danish Pain Research
Center, Aarhus University, Aarhus, Denmark, 6Department of
Neurology, Aarhus University Hospital, Aarhus, Denmark,
7Department of Neurology, University of Michigan, Ann Arbor,
USA.

Background and aims: We investigated the association of central
and general obesity and metabolic risk factors with diabetic
polyneuropathy (DPN) in patients with early type 2 diabetes be-
longing to the prospective Danish Centre for Strategic Research in
Type 2 Diabetes (DD2) cohort.
Materials and methods: In this prevalence study, a detailed ques-
tionnaire on neuropathy symptoms was sent to 6,726 patients
(median age 65 (quartiles 57-72) years, diabetes duration 4.6
years, response rate 82%). We used the Michigan Neuropathy
Screening Instrument questionnaire (MNSI-q) to identify symp-
tomatic DPN (score ≥4) and the Douleur Neuropathique 4
(DN4) questionnaire for painful DPN (pain in both feet + score
≥3). We used log binomial/Poisson regression to estimate preva-
lence ratios (aRRs) for the association of characteristics with
DPN, controlling for age, sex, and diabetes duration.
Results: Among 5,249 patients, 21.1% (n=1,068) had any DPN,
including 10.5% (n=552) with non-painful DPN and 7.4%
(n=386) with painful DPN. Another 2.5% (n=130) had DN4-
defined painful DPN but MNSI-q <4. Increasing body mass index
(BMI), waist circumference, waist-hip ratio, and waist-height ratio
were markedly associated with any DPN (Figure). Of note, cen-
tral obesity measures (waist circumference and waist-hip ratio),
but not BMI, were more strongly associated with painful than
with non-painful DPN. Metabolic risk factors markedly associated
(1.3-fold or more) with any DPN included C-peptide ≥1550 (aRR
1.78, 95% CI 1.50-2.12), lack of physical activity (aRR 1.53,
95% CI 1.34-1.75 with 0 vs ≥3 days/week), hs-CRP ≥3.0 mg/L
(aRR 1.51, 95% CI 1.35-1.70), current smoking (aRR 1.49, 95%
CI 1.28-1.73), drug-treated hypertension (aRR 1.36, 95% CI 1.17-
1.59), and triglycerides ≥1.7 mmol/L (aRR 1.36, 95% CI 1.18-
1.56). Metabolic risk factors strongly associated with painful DPN
included dyslipidemia and smoking.
Conclusion: This large prevalence study of patients with early
type 2 diabetes provides strong evidence for an association of
DPN overall with degree of obesity, inactivity, insulin resistance,
low-grade inflammation, dyslipidemia, hypertension, and smoking.
Pain occurrence in DPN was associated with central obesity, dys-
lipidemia, and smoking.
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Higher percentages of basophils, CD4+ T cells and B cells are associ-
ated with lower nerve conduction velocity: the Maastricht study
H. Maalmi1,2, K. Wouters3,4, H.H.C. Savelberg5, J.H.P. van der Velde3,5,
J.P.H. Reulen3, W. Mess3, C.G. Schalkwijk3,4, C.D.A. Stehouwer3,4, M.
Roden1,6, D. Ziegler1,6, C. Herder1,2, N.C. Schaper3;
1German Diabetes Center (DDZ), Düsseldorf, Germany, 2German Center
for Diabetes Research (DZD), Düsseldorf, Germany, 3Maastricht
University Medical Centre+ (MUMC+), Maastricht, Netherlands,
4Cardiovascular Research Institute Maastricht (CARIM), Maastricht,
Netherlands, 5Maastricht University, Maastricht, Netherlands, 6Heinrich
Heine University, Düsseldorf, Germany.

Background and aims: Distal sensorimotor polyneuropathy (DSPN)
affects up to 30% of patients with diabetes, but can also be found in
people with prediabetes and in elderly. The mechanisms underlying
DSPN are incompletely understood, but emerging evidence indicates that
the activation of the immune system may contribute to its pathogenesis.
So far, epidemiological studies have mainly addressed the role of innate
immunity, but the association between adaptive immunity and DSPN has
not been investigated yet. Therefore, this study aimed to test the hypoth-
esis that leukocyte subsets of both the innate and adaptive immune system
are associated with nerve conduction velocity (NCV) representing a mea-
sure of peripheral nerve myelin function.
Materials andmethods:Data were obtained from theMaastricht study, a
population-based cohort enriched with individuals with type 2 diabetes
(T2D). This study is based on a subsample of 558 individuals (153 of
whom had T2D) with data for leukocyte subsets and NCV. Lymphocytes,
monocytes and granulocytes were counted and reported as percentages of
the total leukocyte count whereas B cells and T cells (total T cells, CD4+,
CD8+ and Treg) were quantified using flow cytometry and expressed as
percentages based on the corresponding gating strategy. NCV was
assessed in the peroneal, sural and tibial nerves and summed to calculate
a standardized NCV score. Associations between percentages of leuko-
cyte subsets and the NCV score (dependent variable) were estimated
using linear regression models adjusted for sex, age, body mass index,
HbA1c, glucose tolerance status, cholesterol, triglycerides, eGFR, hyper-
tension, history of CVD, smoking, alcohol consumption and medication.
Results: NCV was inversely associated with age, waist circumference and
HbA1c (all P<0.05). Lower NCV was associated with higher percentages of
basophils (β (95% confidence interval/CI) = -0.117 (-0.233; -0.001),
P=0.048), CD4+ T cells (β = -0.005 (-0.010; -0.001), P=0.020) and B cells
(β = -0.012 (-0.023; -0.001), P=0.037) in the fully adjusted model. In con-
trast, the percentage ofCD8+Tcells was positively associatedwithNCV (β=
0.005 (0.0005; 0.010), P=0.031). These associations were not modified by

diabetes status. No significant association was found for lymphocytes, mono-
cytes, eosinophils, neutrophils, total T cells and Treg cells.
Conclusion: Higher percentages of basophils, CD4+ T cells and B cells were
associated with lower NCV, whereas the association for CD8+ T cells pointed
into the opposite direction. These data may implicate a role for cells from both
the innate and adaptive immune system in the development of neuropathy.
Supported by: DZD
Disclosure: H. Maalmi: None.
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Cutaneous carbonyl stress mediated posttranslational protein modi-
fications are associated with peripheral nerve dysfunction in recent-
onset type 2 diabetes patients
G.J. Bönhof1,2, A. Strom1,3, T. Jung4, J. Szendroedi1,2, K. Müssig1,2, T.
Grune4, M. Roden1,2, D. Ziegler1,2;
1German Diabetes Center, Düsseldorf, 2Division of Endocrinology and
Diabetology, Medical Faculty, Heinrich Heine University, Düsseldorf,
3German Center for Diabetes Research (DZD), Munich-Neuherberg,
4German Institute of Human Nutrition, Potsdam, Germany.

Background and aims: Diabetes leads to distinct carbonyl stress medi-
ated posttranslational protein modifications (e.g. advanced glycation end-
products (AGEs)), oxidative stress, and inflammation all of which are
thought to contribute to the development of chronic diabetic complica-
tions. The aim of the present study was to identify and characterize novel
biomarkers for carbonyl stress mediated posttranslational protein modifi-
cations, oxidative stress, immune cell population, and endothelial cell
damage in skin biopsies of recently diagnosed type 2 diabetes patients
compared to glucose-tolerant individuals and to assess their associations
with peripheral nerve dysfunction and diabetic sensorimotor
polyneuropathy (DSPN) in a cross-sectional setting.
Materials andmethods:Weassessed skin biopsies from the distal lateral calf
in 160 participants with recent-onset type 2 diabetes and 144 glucose-tolerant
control individuals (diabetes/controls: age [mean±SD]: 54.8±7.9/56.7±9.2
years; BMI: 30.8±4.4/26.9±3.7 kg/m2; HbA1c: 6.4±1.0/5.3±0.3%; diabetes
duration: -/5.8±4.1 months) from the German Diabetes Study (GDS) baseline
cohort (diabetes duration ≤1 year). DSPN was diagnosed using modified
Toronto Consensus (2011) criteria. Immunohistochemistry was used to assess
intraepidermal nerve fibre density (IENFD), Langerhans cell density (LCD),
and CD31 as a marker of endothelial cell integrity, while immunofluorescence
was used to determine AGEs, argpyrimidine modifications, and poly(ADP-
ribose) (PAR) as a marker of DNA damage.
Results: After adjustment for age sex, and BMI, IENFD and LCD were
reduced in type 2 diabetes compared to controls (IENFD: 7.45±3.34 vs
9.78±2.95 fibres/mm; LCD: 378±165 vs 479±222 cells/mm2; both
P<0.0001), whereas the dermal CD31 and epidermal PAR areas did not
differ between the groups. The level of AGEs and specifically
argpyrimidine modifications were higher in the diabetes group compared
to controls (290±13 vs 247±12 mean intensity and 17.5±1.8 vs 11.7±1.2
mean intensity, respectively; both P<0.05). The levels of AGEs were
inversely associated with peroneal motor nerve conduction velocity
(NCV) (r=-0.346; P=0.0002), median motor NCV (-0.298; P=0.002),
and sural sensory NCV (r=-0.311; P=0.001) in the diabetes group.
Conclusion: Patients with well-controlled recent-onset type 2 diabetes show
enhanced cutaneous carbonyl stress mediated posttranslational protein mod-
ifications in association with nerve conduction slowing, but no evidence of
oxidative stress and endothelial cell alterations.
Supported by: EFSD European Research Programme in Microvascular
Complications of Diabetes
Disclosure: G.J. Bönhof: None.
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Central brainmechanisms that predict treatment response in painful
diabetic neuropathy
I. Wilkinson1, K. Teh1, F. Heiberg-Gibbons1, M. Awadh1, S. Pallai1, A.
Kelsall2, G. Sloan3, S. Tesfaye3, D. Selvarajah1;
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1University of Sheffield, Sheffield, 2Sheffield Teaching Hospitals NHS
Foundation Trust, Sheffield, 3Sheffield Teaching Hospitals NHS Trust,
Sheffield, UK.

Background and aims: Painful diabetic polyneuropathy (DPN) poses a
major treatment challenge. Many patients on the same drugs as others report
little or no analgesia and therefore remain in persistent pain. The aim of this
study was to explore the central mechanisms to explain the variance in treat-
ment response.
Materials and methods: Forty-five consecutive patients who received
intravenous lidocaine treatment for painful DPN were assessed. All sub-
jects completed a treatment efficacy questionnaire. Twenty-nine patients
(responders n=14 and non-responders n=15) along with 26 healthy con-
trols subsequently underwent underwent multimodal brain magnetic res-
onance (MR) imaging to acquire T1 weighted anatomical and resting
state functional MRI data (3T, Achieva, Phillips Healthcare).
Results: There was no significant difference in age (p=0.53), pain duration
(p=0.89), diabetes duration (p=0.19) and clinical parameters of neuropathy
(TCNS, p=0.16 and NTSS-6, p=0.61) between responders and non-
responders to intravenous lidocaine treatment. Neither was there a difference
in the use of concurrent neuropathic pain treatments. Non-responders to in-
travenous lidocaine had significantly lower mean S1 cortical volumes and
mean number of vertices compared to responders and healthy controls
(ANOVA p=0.02 and 0.02 respectively). There was no significant difference
in S1 cortical volumes or vertices between responders and healthy controls.
There was significantly greater resting state functional connectivity in lido-
caine responders between the insula cortex [F(4)(13)=10.33; p-FDR=0.01]
and the orbital frontal cortex [T(20)=3.88; p-FDR=0.02] and amygdala
[T(20)=3.65; p-FDR=0.02] on the right (Figure 1). Similarly, on the left, there
was significantly greater functional connectivity between the insula cortex
[F(4)(13)=6.46; p-FDR=0.04] and the anterior cingulate gyrus [T(20)=4.04;
p-FDR=0.01], orbital frontal cortex [T(20)=3.90; p-FDR=0.01] and nucleus
accumbens [T(20)=3.50; p-FDR=0.02].
Conclusion: These results provide, to the best of our knowledge, the first
assessment of the central mechanisms of treatment response in painful DPN.
Within the CNS key sensorimotor areas showed decreased grey matter den-
sity (S1 cortex) and reduced insula functional connectivity to other cortical
targets that may also contribute to treatment response. These central mecha-
nisms could serve as a possibleCentral Pain Signaturewhich could be used to
predict treatment response. This supports the idea of a mechanism-based,
individualised therapy for patients with painful DPN.

Supported by: EFSD/Novo Nordisk
Disclosure: I. Wilkinson: None.
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Altered motor and motor imagery task related activation in diabetic
peripheral neuropathy: insights from functional magnetic resonance
imaging
K. Venkataraman1, V. Pun1, A.Z. Mohamed2, M. Luo1, C. Wong3, F.
Zong2, E.Y.H. Khoo4, E.S. Tai4, F. Nasrallah2;
1Saw Swee Hock School of Public Health, National University of
Singapore, Singapore, Singapore, 2The Queensland Brain Institute,
University of Queensland, Brisbane, Australia, 3The Clinical Imaging
Research Center, National University of Singapore, Singapore,
Singapore, 4Department of Medicine, Yong Loo Lin School of
Medicine, National University of Singapore, Singapore, Singapore.

Background and aims: Functional deficits, including impaired bal-
ance, altered gait and higher risk of falls, are key consequences of
diabetic peripheral neuropathy (DPN); however central nervous
system (CNS) responses that may compensate or contribute to
these deficits have not yet been studied. Given emerging evidence
suggesting that DPN may also involve alterations in the central
nervous system (CNS), in this study, we aimed to examine CNS
activation in DPN patients during motor and motor imagery tasks
in comparison to patients without DPN (non-DPN), and correlate
activation patterns to patients’ functional performance outside the
scanner.
Materials and methods: Twenty-six participants, 13 DPN and 13
non-DPN, underwent functional magnetic resonance imaging
(fMRI) during 3 tasks - ankle dorsi-plantar flexion (motor task
MT), motor imagery of walking on a smooth surface (SMIT)
and rough surface (RMIT). Functional assessment included gait
analysis, muscle strength at ankle and toe, range of motion at
ankle, timed up and go test, and Activities Based Balance
Confidence scale. Blood oxygenation level dependent (BOLD)
signals were compared between DPN and non-DPN patients, and
correlated with functional performance.
Results: In both DPN and non-DPN patients, the tasks activated
the corresponding motor and sensory regions in the brain, as well
as regions related to motor preparation (premotor cortex, supple-
mentary motor area, cerebellar tonsil, inferior semilunar lobule),
visual processing (lingual gyrus, cuneus), cognition (posterior cin-
gulate gyrus, middle temporal gyrus) and decision making (supe-
rior, middle and inferior frontal gyri, middle cingulate gyrus).
BOLD signal intensities were significantly lower in DPN patients
compared to non-DPN patients during both MT and SMIT but not
RMIT (Figure 1). Sensori-motor cortex activation in DPN patients
extended beyond the foot into regions mapping to the hands and
face during SMIT and RMIT. Poor functional performance in
DPN patients was associated with greater activation in brain re-
gions related to motor planning, motor coordination and sensory
facilitation for movement, and reduced activation in the visual
processing network.
Conclusion: Our findings suggest that CNS responses in patients
with DPN are muted in comparison to patients without DPN, but
these patients retain the ability to compensate for the peripheral
neurological deficits by enhancing CNS activation when faced
with more challenging tasks, or when functional deficits are
substantial.
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Central pain signature for painful diabetic neuropathy (DN) derived
from magnetic resonance imaging
D. Selvarajah1, K. Teh2, S. Palai1, G. Sloan1, S. Tesfaye3, I. Wilkinson1;
1University of Sheffield, Sheffield, 2Academic Unit of Radiology,
University of Sheffield, Sheffield, 3Sheffield Teaching Hospitals NHS
Trust, Sheffield, UK.

Background and aims: We have demonstrated altered brain structure
and functional connectivity which could serve as a possible Central Pain
Signature (CPS) for painful DN. The challenge now is to apply this
potential biomarker at an individual level so that it can be used for diag-
nostic purposes. Using multimodal magnetic resonance imaging, the aim
of this study was to examine if the CPS can accurately classify painful DN
patients with high and low pain scores.
Materials andmethods: 53 patients with painful DN underwent detailed
clinical and neurophysiological assessments. The NTSS-6 questionnaire
was used to quantify pain severity and high pain was defined as pain
scores > 7. All subjects underwent 3D, T1 weighted and RS functional
MRI brain scan (3T, Achieva, Phillips Healthcare). We used machine
learning algorithms [support vector machines (SVM)] to differentiate
pain severity based on RS functional connectivity and structural/volume
data. Different machine learning algorithms [support vector machines
(SVM), random forest, logistic regression and ADABoost] with multiple
feature selection techniques [recursive feature elimination (RFE) princi-
ple component analysis (PCA) and weighted feature selection] was used
to differentiate pain severity based on RS functional connectivity and
structural/volume data. All classifiers were hyperparameter tuned and a
nested cross validation method applied to determine the accuracy (sensi-
tivity and specificity) and thresholded using a bootstrap test (q<0.05;
FDR-corrected).

Results: There was no age or gender difference (p > 0.05) between high
and low pain groups. The SVM classifier was able to classify painful DN
patients based on their pain intensity with 94% accuracy (AUC 0.98). The
positive and negative predictive values were 0.80 and 1.00 respectively.
The F1 scores for predicting high pain and low pain were 0.89 and 0.96
respectively. The brain regions identified as the best classifier parameters
were the left and right postcentral gyri, thalami, and anterior and posterior
cingulate cortices.
Conclusion: This proof-of-concept study demonstrates that a simple, 15-
minuteMR brain scan can accurately classify painful DN patients accord-
ing to pain intensities. The brain regions identified may serve as specific
targets for future drug trials as modulation of activation in these target
areas may provide evidence that a compound has target engagement or is
attenuating nociceptive processing. Neuroimaging tools may play an in-
creasing role in analgesic drug development and clinical decision-making
in diabetic neuropathy in the coming decade.
Supported by: EFSD/Novo Nordisk
Disclosure: D. Selvarajah: None.
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Skin autofluorescence predicts incident CVD andmortality in people
with type 2 diabetes
B.H.R. Wolffenbuttel1, H. Boersma1, A.J. Smit2, R. Graaff1, R. van
Waateringe1, M.M. van der Klauw1;
1Endocrinology, University of Groningen, University Med Ctr
Groningen, Groningen, 2Internal Medicine, University of Groningen,
University Med Ctr Groningen, Groningen, Netherlands.

Background and aims: Noninvasively-measured skin autofluorescence
(SAF) is a marker of tissue levels of advanced glycation endproducts
(AGE), reflecting glycaemic and oxidative stress levels over prolonged pe-
riods. Its measurement has been shown to improve prediction of cardiovas-
cular (CV) events in type 2 diabetes (T2D). Recently, we have demonstrated
that also in the general healthy population elevated SAF levels predict the
development of T2D, cardiovascular disease (CVD) and mortality. We
assessed whether elevated SAF predicted development of CVD and overall
mortality in people with T2D.
Materials and methods: We included all 2566 patients with T2D from
the Lifelines population-based study of whom 2260 were without clinical
CVD at baseline. 60% were already known to have diabetes (median
estimated diabetes duration 5, IQR 2-9 years), while 40% was detected
during baseline examination by elevated fasting blood glucose
(FBG)>7.0 mmol/l) or HbA1c>6.5%. Skin autofluorescence (SAF) was
measured non-invasively with the AGE Reader (DiagnOptics
Technologies BV, Groningen, Netherlands; software version 2.3).
Median follow-up duration was 4 years.
Results:Mean (±SD) agewas 57±12 years, BMI 30.3±5.4 kg/m2.Only 11%
of the known T2D was treated with diet, all other patients were treated with
oral agents, with or without insulin; 6% was using insulin only. Despite
similar HbA1c and FBG, those with newly-detected T2D had lower baseline
SAF than thosewith knownT2D (SAFZ-score 0.30±1.06 vs 0.52±1.17AU),
reflecting the longer exposure to hyperglycaemia in the latter group. Patients
with both T2D and CVD had the highest SAF Z-score: 0.70±1.38 AU.
During a 4-yr follow-up, 208 (7.2%) developed an atherosclerotic CVevent,
while 142 (4.9%) died. Incidence of newCVevents was 5x, and of death was
3.5x higher in those with T2D and CVD at baseline vs those with T2D only.
Univariate analysis showed that SAF was strongly associated with 4-year
incidence of CVD (OR 2.01, 95% CI 1.58-2.56, p=1.5x10-8) and death
(OR 2.90, 2.20-3.82, 4.3 x 10-14). SAF retained its significance when vari-
ables as gender, HbA1c, systolic blood pressure, serum cholesterol, eGFR, as
well as statin and antihypertensive treatment were added to the model.
Conclusion:We conclude that measuring SAF can assist to predict inci-
dent CVD and mortality in people with T2D. SAF is more strongly
associated with future CV events and death than blood pressure or cho-
lesterol levels.
Disclosure: B.H.R. Wolffenbuttel: None.
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Cyclophilin A level: a novel biomarker for cardiovascular disease in
patients with type 2 diabetes
M.M.M. Hussain1, A.A.A. Al Sherbiny2, A.R.E. Shehata2, E.A.A.
Mohmed2;
1Clinical Pathology Department, Ain Shams University, Cairo, 2Internal
Medicine Department, Ain Shams University, Cairo, Egypt.

Background and aims: Type 2 DM is a strong and independent risk
factor for coronary heart disease (CAD). Cyclophilin A (CyPA) is a
protein secreted from vascular smooth muscle cells (VSMCs) in
response to reactive oxygen species (ROS). It is suggested that
CyPA plays an important role in later stages of atherosclerosis and
plaque rupture. It was demonstrated that the plasma levels of CyPA
are significantly higher in patients with CAD in proportion to the

severity of the disorder .Moreover several studies demonstrated the
role of CyPA as a biomarker of CADs. Indeed studies revealed
significantly higher plasma levels of CyPA in CAD patients with
type 2 diabetes mellitus. Objective: To asses severity of CAD
among diabetic and pre diabetic patients and predict future cardio-
vascular events
Materials and methods: This study was conducted on 65 patients with
CAD diagnosed by coronary angiography stratified according to GRACE
score into low\ intermediate \High death risk categories subdivided into
diabetic and pre diabetic and non diabetic and twenty age-and-sex
matched subjects had normal angiography as control group. Blood sam-
ples were collected for determination of HbA1c, serum creatinine, cardiac
troponin, as well as assay of CyPA level. The latter was carried out using
double antibody sandwich ELISA technique.
Results: There were a significantly higher levels of CyPA among patients
than the control group (p<0.001). Also a significantly higher CyPA levels
were detected in the diabetic group when compared to normal and predi-
abetic groups (p<0.029). CyPAwas positively correlated with HbA1C in
patients groups and with diabetic group. HbA1C was negatively correlat-
ed with serum creatinine and positively with eGFR in prediabeic group
and with systolic blood pressure in diabetic group. Number of occluded
vessels were positively correlated with both CyPA and HbA1C .The
diagnostic sensitivity and specificity of CyPA were 76.92% and 95%
respectively at a cutoff value of >13ng/ml
Conclusion: Cyclophilin A can be used as an early predictor of CAD in
patients with type 2 diabetes and also in prediabetic.
Disclosure:M.M.M. Hussain: None.
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The branched-chain amino acids valine and leucine predict all-cause
mortality in cardiovascular disease patients independently from the
presence of type 2 diabetes
A. Muendlein1, A. Leiherer1, C.H. Saely2, A. Vonbank3, M.
Schindewolf4, J.F. Dopheide4, I. Baumgartner4, A. Mader3, S.
Sternbauer1, L. Sprenger3, P. Fraunberger5, H. Drexel6;
1Vorarlberg Institute for Vascular Investigation & Treatment (VIVIT),
Feldkirch, Austria, 2Private University of the Principality of
Liechtenstein, Triesen, Liechtenstein, 3Academic Teaching Hospital
Feldkirch, Feldkirch, Austria, 4Division of Angiology, Swiss
Cardiovascular Center, University Hospital Bern, Bern, Austria,
5Medical Central Laboratories, Feldkirch, Austria, 6Division of
Angiology, Swiss Cardiovascular Center, University Hospital Bern,
Bern, Switzerland.

Background and aims: Circulating branched-chain amino acids
(BCAAs) are linked with mortality in population-based studies.
Whether they also predict mortality in patients with established cardio-
vascular disease (CVD) is unclear.
Materials and methods: We therefore determined serum BCAAs by
NMR spectroscopy in 327 patients with established CVD.
Prospectively, deaths were recorded over a mean follow-up period of
8.1±3.5 years.
Results: At baseline, serum valine, leucine and isoleucine were
significantly associated with T2DM (all p-values <0.001).
Prospectively, death occurred in 49.5% of patients with T2DM
and in 37.2% non-diabetic patients (p=0.036). Table 1 shows the
associations of BCAAs with mortality univariately and after mul-
tivariate adjustment including presence of T2DM in the total
study cohort as well as separately for patients with T2DM and
for non-diabetic patients. Low valine as well as low leucine pre-
dicted mortality independently from the presence of T2DM in the
total cohort and, in subgroup analysis, specifically in patients with
T2DM.
Conclusion: We conclude that low valine and leucine serum levels pre-
dict mortality in patients with established CVD independently from the
presence of T2DM.
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MR-proANP predicts major adverse cardiovascular events and all-
cause mortality in patients with type 2 diabetes
S.I. Chisalita1, C. Östgren2, F. Nyström3;
1Department of Endocrinology and Department of Medical and Health
Sciences, Linkoping University, Linkoping, 2Department of Medical and
Health Sciences, Linkoping University, Linkoping, 3Department of
Internal Medicine and Department of Medical and Health Sciences,
Linkoping University, Linkoping, Sweden.

Background and aims: ANP (atrial natriuretic peptide) is secreted from
the atria (on cleavage of proANP) in response to myocardial stretch.
Previous studies have been shown that proANP is elevated in cardiovas-
cular disease and predicts outcome in heart failure. An assay for analyze
ofmidregional pro-ANP (MR-proANP) is now available, but clinical data
about the prognostic value of proANP for cardiovascular mortality and
morbidity are still limited. Our aimwas to test the predictive value ofMR-
proANP as a risk marker of major adverse cardiovascular events (MACE)
and all-cause mortality in patients with type 2 diabetes.
Materials and methods: MR-proANP was measured in 761 patients
with type 2 diabetes (T2D) who were recruited between 2004-2008 in
the epidemiological study CARDIPP (Cardiovascular Risk Factors in
Patients with Diabetes-a Prospective Study in Primary Care).
Conventional risk markers for vascular disease as well as non-invasive
measurements for arterial stiffness; carotid-femoral pulse-wave velocity
(PWV, with applanation-tonometry) and intima-media thickness of carot-
id arteries (IMT, with B-mode ultrasound) were estimated. Patients were
followed for incidence of major acute cardiovascular events (MACE) and
total mortality until 2016 using the national Swedish Cause and death and
Hospitalization registries.
Results: During the follow-up for a period of 9 years 91 patients died or
were hospitalized for MACE and 80 patients died due to all-cause mor-
tality. MR-proANP levels (crude) were related to MACE and all-cause
mortality with a hazard ration (HR) for each unit of MR-proANP by
1.009, CI 1.005-1.013, p<0.001 and 1.011, CI 1.007-1.015, p<0.001,
respectively. MR-proANP predicted MACE and all-cause mortality inde-
pendently of age, sex, diabetes duration and treatment, HbA1C, LDL
cholesterol, eGFR, mean ambulatory systolic blood pressure, smoking
and body mass index (HR 1.007, CI 1.001-1,012; p=0.011 and HR
1.009, CI 1.005-1.014; p<0.001, respectively). This finding of increased
MACE and all-cause mortality occurrence related to MR-proANP levels
remained statistically significant when carotid-femoral PWW and IMT
were added to the previous model (HR 1.003, CI 1.000-1.012; p=0.036
and HR 1.010, CI 1.005-1.015; p<0.001, respectively).
Conclusion: In patients with type 2MR-proANP predict the incidence of
MACE and all-cause mortality independently of cardiovascular risk fac-
tors including arterial stiffness and atherosclerosis in carotid arteries. Our
study’s find indicate that MR-proANP could be a biomarker for cardio-
vascular and all-cause morbidity and mortality in patients with type 2
diabetes.
Clinical Trial Registration Number: ClinicalTrials.gov: NCT01049737
Supported by: County Council of Östergötland
Disclosure: S.I. Chisalita: None.
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mRNA expression profile changes in adipose tissue and muscle tissue in
patients with type 2 diabetes and coronary artery disease
H. Kratochvílova1,2, A. Cinkajzlova1,2, Z. Lacinova1,2, J. Klouckova2,
M. Lips3, P. Kopecky3, M. Porizka3, J. Lindner4, M. Mraz2,5, M.
Haluzik1,2;
1Centre for experimental medicine, Institute for Clinical and
Experimental Medicine, Prague, 2Institute for Medical Biochemistry
and Laboratory Diagnostics, First Faculty of Medicine, Charles
University and General University Hospital, Prague, 3Department of
Anesthesiology, Resuscitation and Intensive Care, First Faculty of
Medicine, Charles University and General University Hospital, Prague,
42nd Department of Surgery - Department of Cardiovascular Surgery,
First Faculty of Medicine, Charles University and General University
Hospital, Prague, 5Diabetes Centre, Institute for Clinical and
Experimental Medicine, Prague, Czech Republic.

Background and aims:Coronary artery disease (CAD) is the most com-
mon cause of morbidity and mortality in patients with type 2 diabetes
mellitus (T2DM). The aim of our study was to analyze the gene expres-
sion profile in subcutaneous and epicardial adipose tissue, skeletal muscle
and myocardium in subjects with CAD and T2DM undergoing elective
cardiac surgery focusing on genes related to subclinical inflammation and
mitochondrial dysfunction.
Materials and methods: Eleven patients without CAD and T2DM (C
group), 19 patients with CAD without T2DM (CAD group) and 11 indi-
viduals with CAD and T2DM (T2DM group) were included into the
study. Peripheral blood, subcutaneous (SAT) and epicardial adipose tissue
(EAT), intercostal muscle (ICM) and myocardium (right atrium) were
examined at the beginning and end of elective cardiac surgery. mRNA
expression was determined using qRT-PCR.
Results: At baseline anthropometric and biochemical parameters were
comparable in all 3 groups except of higher fasting blood glucose (5.4 ±
0.6 vs. 6.0 ± 0.9 vs. 8.2 ± 1.8 mmol/l, p<0.001) and HbA1C (35.4 ± 3.9 vs
38.7 6.4 vs 52.4 ± 9.0 mmol/mol, p<0.001) in T2DM group. T2DM group
showed higher systemic concentrations of proinflammatory IL-6 (7.23 ±
3.39 vs. 0.88 ± 0.26 pg/ml, p=0.014) and lower levels of anti-inflammatory
IL-10 (4.31 ± 1.29 vs. 12.5 ± 3.61) pg/ml, p=0.045) compared with con-
trols. In EAT of T2DM group we found reduced mRNA expression of the
anti-inflammatory adiponectin paralog C1QTNF3 compared with C group
(0.61 ± 0.27 vs. 6.61 ± 2.33, p=0.009), while overexpressing IL-10 in SAT
and ICM (SAT: 1.06 ± 0.15 vs. 0.68 ± 0.11, p=0.014; ICM: 1.08 ± 0.49 vs.
0.53 ± 0.06, p=0.015). CADwas in EATassociated with decreased mRNA
expression of mitochondrial respiratory chain genes including citrate syn-
thase (1.24 ± 0.21 vs. 1.71 ± 0.23; p=0.030) and NADH:ubiquinone oxi-
doreductase subunit A12 (NDUFA12) (1.23 ± 0 1 5 vs. 1.81 ± 0.14;
p=0.028). The expression profile of the myocardium did not show any
differences between studied groups. Compared with other groups, in
T2DM subjects cardiac surgery resulted in the highest increase in circulat-
ing cytokines and chemokines including TNFα, IL- 8 and -10 and CCL-3
and -4.
Conclusion: CAD and T2DM are associated with both systemic and
local proinflammatory state in subcutaneous and epicardial adipose tissue
as well as reduced activity of terminal oxidative chain enzymes in EAT.
These changes may contribute to the acceleration of coronary atheroscle-
rosis in patients with T2DM.
Supported by: MH CZ – DRO (IKEM, IN 00023001”) and RVO
VFN64165
Disclosure: H. Kratochvílova: None.
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Plasma Trimethylamine N-oxide levels are associated with coronary
atherosclerotic burden in patients with type 2 diabetes
N. Yu, N. Gu, Y. Wang, D. Lu, X. Ma;
Department of Endocrinology, Peking Peking University First Hospital,
Beijing, China.
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Background and aims: Trimethylamine N-oxide (TMAO), a gut micro-
biota metabolite from dietary phosphatidylcholine, is linked to the path-
ogenic mechanism and associated with adverse outcomes of coronary
artery atherosclerotic disease (CAD). We aimed to explore the relation-
ship of circulating TMAO with the burden of CAD in the patients with
type 2 diabetes mellitus (T2DM).
Materials and methods: In total, 349 patients with T2DM were recruit-
ed, including 279 patients with CAD and 70 controls by coronary angi-
ography between 2017 and 2018. SYNTAX (Synergy Between PCIWith
Taxus and Cardiac Surgery) scores and the number of lesion vessels were
used to quantify atherosclerotic burden. Plasma TMAOwas measured by
UHPLC-MS/MS technique. Our study has been reviewed by the Ethics
Committee of Peking University First Hospital and it has therefore been
performed in accordance with the ethical standards laid down in the
Helsinki Declaration.
Results: The TMAO levels were significantly different among the four
groups which were generated according to the number of affected coro-
nary vessels (P=0.015) or the SYNTAX scores (P=0.012) (Table 1). The
patients with higher TMAO levels had higher SYNTAX scores (Syntax
score>22) compared to those with lower TMAO levels ([OR]: 1.074; p =
0.047). Similarly, the patients with higher TMAO levels had a higher risk
of triple vessel lesion compared to those with lower TMAO levels ([OR]:
1.066; p = 0.049). Furthermore, in the patients aged 65y or over, the
TMAO levels were higher in the CAD patients with intermediate-high
SYNTAX scores (SYNTAX score >22) compared to those with low
SYNTAX scores (SYNTAX score ≤22) (adjusted [OR]: 1.069; 95%
[CI] 0.995 to 1.149; p = 0.070) with a statistical tendency. By the receiver
operating characteristic curve (ROC) analysis, the AUC of TMAO levels
in discriminating a high coronary atherosclerotic burden (SYNTAX score
>22) was 0.622 (95% [CI] 0.550 to 0.694, p =0.001).
Conclusion: Plasma TMAO levels are associated with a higher coronary
atherosclerotic burden in patients with T2DM.

Supported by: National Natural Science Foundation of China
Disclosure: N. Yu: None.
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Diabeloop closed loop system is able to achieve similar day and night
good blood glucose control whatever there is or not physical daily
activities practices
G. Charpentier1,2, P.-Y. Benhamou3, S. Borot4, L. Chaillous5, B.
Delemer6, B. Guerci7, H. Hanaire8, N. Jeandidier9, A. Penfornis10, E.
Renard11, Y. Reznik12, P. Schaepelynck13, C. Simon14, C. Thivolet14, S.
Franc1,2;
1Diabetology, CH Sud-Francilien, Corbeil-Essonnes, 2CERITD (Centre
d’Études et de Recherches pour l’Intensification du Traitement du
Diabète), Evry, 3Endocrinologie, CHU Grenoble Alpes, Grenoble,
4Endocrinology, Nutrition and Diabetes, CHU Besançon, Besançon,
5Endocrinology, Diabetology, Nutrition, CHU Nantes, Nantes,
6Endocr inologie-Diabète-Nutr i t ion, CHU Reims, Reims,
7Endocrinology, Diabetology, Metabolic Diseases and Nutrition, CHU
Nancy, Nancy, 8Diabetology, Metabolic Diseases and Nutrition, CHU
Toulouse, Toulouse, 9Endocrinology, Diabetology and Nutrition, CHU
Strasbourg, Strasbourg, 10Diabetes, CH Sud-Francilien, Corbeil-
Essonnes, 11Endocrinology, Diabetes, Nutrition, CHU Montpellier,
Montpellier, 12Endocrinology, CHU Côte de Nacre, Caen,
13Diabetology, APH Marseille, Marseille, 14Endocrinology,
Diabetology, Nutrition, HCL, Lyon, France.

Background and aims: As hypoglycemic risk induced by physical ac-
tivity is a frequent issue in patients with type 1 diabetes mellitus (DMT1),
the objective was to investigate the efficacy and safety of closed loop
Diabeloop system in patients with DMT1, when practicing or not phys-
ical activities during the day in their usual environment.
Materials and methods: A multicenter clinical trial was conducted in a
home setting, using an MPC-based algorithm, a hybrid monohormonal
system (CellNovo® or Kaleido® pump and Dexcom G5® sensor) and
centralised remote monitoring. Adult patients with T1D for ≥ 2 years,
pump therapy for ≥ 6 months, HbA1c ≤ 10%, and preserved hypoglyce-
mia awarenesswere included among 12 investigation centers. Designwas
a crossover trial with a 2-week run-in period, followed by 2 sequences of
12 weeks each separated with washout. Patients were encouraged to
practice physical activities (PA) as usual, but it was recommended to
announce in advance to the system, the occurrence, intensity and duration
of PA
Results: 68 patients (27 men, age 47.2±13.4 years, HbA1c 7.6
±0.9%, duration of disease 27.9±13.2 years) were included, and
63 were analyzed (mITT) including 56 who achieved at least 1
PA. The median number of PA events per patient during the study
was 10, median duration 60 mn, intensity light (40%), medium
(42%) intense (19%). Time in range (TIR) (70-180 mg/dl) was
similar with (68.2 ± 1.1%) or without (69.1 ± 1.1%) PA, as
was TIR<70 mg/dl during the day (2.3 ± 0.2% v 2.4 ± 0.2%)
or the night (1.2 ± 0.2% v 1.6 ± 0.2%). Average glucose mea-
surement was slightly higher with PA (158.6 ± 1.6 mg/dl) com-
pared to rest (156.3 ± 1.6 mg/dl p<0.044, as was its average
coefficient of variation (32 ± 0.5 v 30.9 ± 0.5% p=0.019).
TIR<70 mg/dl was 1.9, 2.1, 1.9 and 2.0% following PA duration
<30mn, 30 to 60, 60 to 90 or >90 mn. And 1.6, 2.0 or 2.2%
following light, medium or intense PA. TIR<70 mg/dl was 2.2,
2.3 and 1.7% with announcement <30, 30 to 60 and > 60 mn
before PA and 2.3% with none. Daily amount of insulin delivered
by the system were reduced with PA (31,5 ± 1.4u v 34 ± 1.4u
p<0.001).
Conclusion: The Diabeloop closed loop system is able to maintain good
glycemic control whatever the practice or not of PA by patients with
DMT1. With such a system, duration, intensity or announcement of PA
events demonstrated modest impact on these results.
Clinical Trial Registration Number: NCT02987556
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Disclosure: G. Charpentier: Employment/Consultancy; Medical Chief
officer at Diabeloop Company and shareholder.
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Clinical evaluation of a closed-loop insulin delivery system on
glycaemic control in adults with type 1 diabetes
A. Koutsovasilis, A. Sotiropoulos, M. Pappa, V. Kordinas, M. Bourikou,
E. Bletsa, S. Bousboulas, T. Peppas;
3rd Internal Medicine Department & Diabetes Center, General Hospital
of Nikaia, Athens, Greece.

Background and aims: A challenging aspect of diabetes management is
tied to the use of diabetes technology and the all-consuming nature of glucose
monitoring and control. Using a software, which creates a closed-loop be-
tween the pump and a continuous glucose monitor (CGM) is considered as a
significant step to a hybrid closed-loop system for Type 1 Diabetes Patients
(T1DM). Open Artificial Pancreas System (OpenAPS) is such a system,
which closes the loop between glucose sensor and insulin pump. OpenAPS
means basic all-day closed loop APS technology which still require the user
to manually intervene with system functions in a number of ways such as
meal announcement. The aim of this study is to examine the effect of an
independent closed-loop insulin system using the OpenAPS system on the
glycemic control of T1DM patients.
Materials and methods: Eligible in the study were 51 T1DM patients
under treatment with insulin pump. 23 started using the OpenAPS closed-
loop system and 28 continued using the insulin pump without OpenAPS.
The effect on glycemic control (HbA1c, Fasting Blood Glucose (FBG),
pre-meal, post-meal and before bedtime glucose) was recorded before the
beginning of the study and on 12±1 and 24±1 weeks. Hypoglycemic
episodes and insulin doses were also recorded. All patients were using
the same insulin pump and CGM.
Results: Patients using OpenAPS noted a significant reduction of HbA1c on
the 3 and 6-month follow-up (7.85±0.91 vs 7.06±0.96 vs 6.70±0.98,
p<0.001). The reduction of HbA1c in the other group was significant (7.81
±1.07 vs 7.48±1.12 vs 7.37±0.98, p=0.109). A significant reduction on FBG
was noticed on the OpenAPS group (154.14±26.17 mg/dl vs 128.33
±21.41mg/dl vs 117.74±8.73mg/dl, p=0.010), while the other group’s reduc-
tion was not found to be statistically significant (p=0.112). Statistically lower
blood glucose levels before lunch (144.85±27.64mg/dl vs 139.05±18.06mg/
dl vs 112.16±15.16 mg/dl, p<0.001), after lunch (p=0.011), after dinner
(p=0.016) and before bedtime (p=0.028) were found on the OpenAPS group
while in the other group statistically significant improvement was found for
the post lunch (p=0.033) and post dinner (p=0.039) blood glucose levels.
Before the beginning of the study all of the participants had at least one
hypoglycemic episode in the last month, while after 3 months of using
OpenAPS, no patient showed nocturnal hypoglycemia or hypoglycemia dur-
ing the daytime before the meals (p<0.0001). The OpenAps group had also
less hypoglycemic events after the boluses (p=0.010). The other group’s
participants continued having more than one hypoglycemic episode every
month. Patients in the OpenAPS group had less total daily insulin (48.28
±14.59 vs 57.74±18.97, p=0.036), less total boluses insulin (23.03±12.64
vs 29.87±14.67, p=0.040) and less basal insulin daily (25.54±13.12 vs
33.08±14.94, p=0.031) compared to the other group.
Conclusion: Using a closed-loop in an insulin pump via OpenAPS sys-
tem leads to a better glycemic control, less hypoglycemic episodes and
lower daily blood glucose levels fluctuations compared to using an insu-
lin pump with no closed-loop system.
Disclosure: A. Koutsovasilis: None.
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Continuous glucose monitoring profiles in participants with type 1
diabetes of over 35 years duration in the DCCT/EDIC study
R.A. Gubitosi-Klug1, K. Farrell1, R.M. Bergenstal2, W.V. Tamborlane3,
M.L. Johnson2, I. Bebu4, D. Kenny4, L. Meadema-Mayer1, V.R.
Trapani4, E.Z. Soliman5, J.M. Lachin4, R. Pop-Busui6, B.H. Braffett4,
The DCCT/EDIC Study Group;

1Case Western Reserve University, Cleveland, 2International Diabetes
Center, St Louis Park, 3Yale School of Medicine, New Haven, 4George
Washington University, Rockville, 5Wake Forest School of Medicine,
Winston-Salem, 6University of Michigan Medical School, Ann Arbor,
USA.

Background and aims: To characterize glucose profiles via continuous
glucose monitoring (CGM) among participants enrolled in the Diabetes
Control and Complications Trial / Epidemiology of Diabetes
Interventions and Complications (DCCT/EDIC) study, compare CGM-
derived measurements between daytime and nighttime, and correlate
them with concurrent HbA1c.
Materials and methods: 771 DCCT/EDIC participants wore a blinded
CGM (Libre Pro, Abbott) for a minimum of 6.5 days and average of 12.6
±1.9 days during the CGM ancillary study. CGM-derived measurements
included mean glucose, percentage coefficient of variation (CV) for glu-
cose, percent of time in range 70-180 mg/dL (TIR70-180), percent of time
in hypoglycemia defined as <54 mg/dL (T<54) and <70 mg/dL (T<70),
and percent of time in hyperglycemia defined as >180 mg/dL (T>180) or
>250 mg/dL (T>250). Each metric was calculated separately for daytime
(6:00 AM to 11:59 PM) and nighttime (12:00 AM to 5:59 AM) periods
and correlated with HbA1c measured in the DCCT/EDIC central labora-
tory within 2 weeks of CGM wear. Diabetes management regimens in-
cluded pump use in 28% and personal CGM use in 29% of the partici-
pants. Participants (n=78) utilizing pumps with insulin-suspend features
active were excluded from these analyses.
Results: Participants were 59±7 years of age, 53% were male, diabetes
duration 37±5 years, and HbA1c 7.84±1.20 %. Daytime mean sensor
glucose was 173.2±38.4 mg/dL, CV 42.7±7.4%, TIR70-180 51.0±14.7%,
T<70 8.1±7.3%, and T>180 40.9±18.0% (Table 1). Compared to the day-
time values, nighttime mean sensor glucose was lower (159.5±43.0 mg/
dL) while CV (43.0±11.3%) and TIR70-180 (51.3±17.5%) were similar.
However, there was more nocturnal hypoglycemia (T<70 13.0±12.9%)
and less nocturnal hyperglycemia (T>180 35.7±21.5%). Clinically signif-
icant hypoglycemia (T<54) occurredmore frequently during the nighttime
(7.2±9.3%) compared to the daytime (3.5±4.6%). Correlations of mean
glucose and TIR70-180 with HbA1c were 0.66 and -0.61, respectively. On
average, a TIR70-180 of 50% corresponded to an HbA1c of 7.9%.
Conclusion: In the DCCT/EDIC cohort, CGM profiles reveal a distinct
pattern of more frequent clinically significant hypoglycemia (<54 mg/dl)
during the nocturnal period. The correlations of mean glucose and TIR70-

180 with HbA1c are moderate. These data suggest that strategies to lower
meal-stimulated hyperglycemia during the day and hypoglycemia at night
in older type 1 diabetes patients are still needed.

Clinical Trial Registration Number: NCT00360893
Supported by: NIH/NIDDK
Disclosure: R.A. Gubitosi-Klug: None.
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For type 1 diabetes, real-time CGM is more important than insulin
delivery method: 3 years of follow-up in the COMISAIR study
J. Soupal1, L. Petruzelkova2, G. Grunberger1,3, C. Parkin4, M. Flekač1,
A. Hásková1, E. Horová1, J. Škrha jr1, J. Škrha1, S. Svacina1, M. Prazny1;
13rd Department of Internal Medicine, 1st Faculty of Medicine, Charles
University, Prague, Czech Republic, 2Department of Paediatrics, 2nd
Faculty of Medicine, Charles University, Prague, Czech Republic,
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3Grunberger Diabetes Institute, Bloomfield Hills, USA, 4CGParkin
Communications, Inc, Henderson, USA.

Background and aims: This study assessed the clinical impact of using
sensor-augmented insulin regimens (real-time continuous glucose moni-
toring [rtCGM] with multiple daily injections [MDI] or sensor-
augmented insulin pump [SAP]) compared with insulin regimens (MDI
or continuous subcutaneous insulin infusion [CSII]) with self-monitoring
of blood glucose (SMBG).
Materials andmethods:This 3-year, non-randomized, prospective, real-
life, clinical trial followed 94 T1D patients (n=22, rtCGM+MDI; n=26,
SAP; n=21, SMBG+MDI; n=25, SMBG+CSII). Main endpoints were
reduction of A1C, time in range (3.9-10 mmol/L [70-180 mg/dL]), time
below range (<3.9 mmol/L [<70 mg/dL]), glycemic variability and inci-
dence of hypoglycemia.
Results: At 3 years, the SAIR groups (rtCGM+MDI and SAP) groups
had significantly lower A1C (7.0% [53 mmol/mol], p=0.0002, and 6.9%
[52 mmol/mol], p<0.0001, respectively), compared with the SMBG+
CSII and SMBG+MDI groups (7.7% [61 mmol/mol], p=0.1.000, and
8.0% [64 mmol/mol], p=0.3574, respectively) with no significant differ-
ence between the rtCGM groups. Significant improvements in percentage
of time in range were observed in the SAIR subgroups (rtCGM+MDI,
48.7% to 69.0%, p<0.0001; SAP, 50.9% to 72.3%, p<0.0001) and signif-
icant reductions in time below range (p=0.0287, p=0.0325, respectively)
but not in the SMBG subgroups. Seven severe hypoglycemia episodes
occurred: 5 in the SMBG groups; 2 in the SAIR groups.
Conclusion: Use of rtCGM was superior to SMBG in reducing A1C, hy-
poglycemia and other endpoints in individuals with T1D regardless of their
insulin delivery method. Use of rtCGM+MDI can be considered an equiva-
lent but lower-cost alternative to sensor-augmented insulin pump therapy and
superior to treatment with SMBG+MDI or SMBG+CSII therapy.

Supported by: Grant 15-26705A of the Agency for Healthcare Research
of the Czech Rep.
Disclosure: J. Soupal:Grants; Supported by the Grant 15-26705A of the
Agency for Healthcare Research (AZV) of the Czech Republic.
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Majority of persons with type 1 diabetes on multiple daily insulin
injections benefit from continuous glucose monitoring
A.F. Ólafsdóttir1,2, J. Bolinder3, T. Heise4, W. Polonsky5, M. Ekelund6,
M. Wijkman7, A. Pivodic8, E. Schwarcz9, T. Nyström10, J. Hellman11,
I.B. Hirsch12, M. Lind2,1;
1NUHospital Group, Uddevalla, Sweden, 2Department of Molecular and
Clinical Medicine, University of Gothenburg, Gothenburg, Sweden,
3Department of Medicine, Karolinska University Hospital Huddinge,
Karolinska Institutet, Stockholm, Sweden, 4Profil, Neuss, Germany,
5Department of Psychiatry, University of California, San Diego, USA,
6Department of Clinical Sciences, Lund University, Lund, Sweden,
7Department of Internal Medicine and Department of Medical and
Health Sciences, Linköping University, Norrköping, Sweden,
8Statistiska Konsultgruppen, Gotheburg, Sweden, 9Departement of
Internal Medicine, Faculty of Medicine and Health, Örebro University,
Örebro, Sweden, 10Department of Clinical Science and Education,

Södersjukhuset, Karolinska Instituet, Stockholm, Sweden, 11Department
of Medical Sciences, Clinical Diabetes and Metabolism, Uppsala
University, Uppsala, Sweden, 12School of Medicine, University of
Washington, Seattle, USA.
Background and aims: As there is little evidence as to which patient
groups have greatest benefits of using continuous glucose monitoring
(CGM), only a select few have the possibility to use CGM to helpmanage
their glucose in daily life. We evaluated to what extent patients improve
their HbA1c and reduce time in hypoglycaemia by CGM use.
Materials and methods: The analyses are based on the GOLD study,a
cross-over, multi-centre randomised clinical trial. Adults with type 1 di-
abetes (T1D), treated with Multiple Daily Insulin Injections (MDI),
HbA1c > 58 mmol/mol, were randomised to use CGM or Self
Measurement of Blood Glucose (SMBG) for 26 weeks and then switch
treatments after 17 weeks washout period. Difference between treatment
periods was measured.
Results:We found a negative correlation between those who experienced
improved HbA1c and reduction of time in hypoglycaemia <4.0mmol/l, R
= -0.52 (p< .0001), <3.0 mmol/l R= -0.38 (p<.0001).46.5% of partici-
pants had a reduction ≥4.4 mmol/mol (0.4%) in HbA1c during CGM use
compared to SMBG and 47.2% decreased their time in hypoglycaemia by
≥20 min. (1.4%)/ 24 hrs. 78.1% of all participants either improved their
HbA1c by ≥4.4 mmol/mol (0.4%) or their time in hypoglycaemia by ≥20
min./ 24 hours. 13.8% of participants experienced both benefits (see
figure). 38.2% decreased their time in hypoglycemia by ≥ 30 min.
(2.0%)/24 hrs, 74.5% decreased their HbA1c or time in hypoglycemia
≥ 30 min. and 8.9% decreased both HbA1c and time in hypoglycaemia
for more than 30 min./ 24 hrs.
Conclusion: The absolute majority of persons with T1D experience ben-
efits by using CGM but some experience a reduction in HbA1c whilst
others reduce their time in hypoglycaemia. Few patients have effects on
both variables. Care-givers, decision-makers for reimbursement and dia-
betes guidelines need to consider that the absolute majority of patients
receive a benefit of CGM and that there are no clear responders and non-
responders.

Clinical Trial Registration Number: NCT02092051
Supported by: Swedish Government (ALF agreement)
Disclosure: A.F. Ólafsdóttir: None.
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Continuous glucose monitoring reduces hypoglycaemia and im-
proves glycaemic control among older adults with type 1 diabetes
K. Miller1, L. Kanapka1, R. Pratley2;
1Jaeb Center for Health Research, Tampa, 211AdventHealth Translational
Research Institute for Metabolism and Diabetes, Orlando, USA.

Background and aims: Older adults with longstanding type 1 diabetes
(T1D) are more prone to hypoglycemia and hypoglycemia unawareness.
Continuous glucose monitoring (CGM) may reduce hypoglycemia and
its related complications. The Wireless Innovation for Seniors with
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Diabetes Mellitus (WISDM) randomized clinical trial aimed to determine
if CGM could reduce hypoglycemia compared with conventional blood
glucose monitoring (BGM). Other aims included assessment of CGM
effects on quality of life (QOL) and glycemic metrics.
Materials and methods: WISDM enrolled 203 adults ≥60 years old with
T1D from 22 endocrinology clinics in the USA (median age 68 yrs, median
T1D duration 36 yrs, 52% female, 93% non-Hispanic white, 53% insulin
pump use, mean HbA1c 7.5%)who had not used real-time CGM in previous
3 months. Participants were randomly assigned 1:1 to CGM or continue with
BGM for a 6-month period. The primary outcome was the % of time CGM
glucose values were < 70 mg/dl during follow-up. Blinded CGM was col-
lected for a minimum of 10 days during a baseline screening phase for all
participants. Real-time (Dexcom G5) CGM data from the CGM group were
matched to the blinded CGM data in the BGM group collected for 7 days at
the 8, 16 and 26 week visits for analysis. All analyses were performed using
an intent-to-treat linear model adjusted for baseline measure of interest and
clinical center; secondary analyses were adjusted for multiple comparisons.
Results: During follow-up, the CGM group experienced significant re-
ductions in hypoglycemia (time < 70 mg/dl and time < 54 mg/dl ) and
significantly lower rates of severe hypoglycemic events (1 event in CGM
vs. 11 events in BGM, P=0.02) compared with BGM group (Table).
CGM participants demonstrated significant improvements in CGM time
in range of 70-180 mg/dl, and reductions in time spent in hyperglycemia
ranges and glycemic variability (Table). The average Hemoglobin A1c at
6 months also was lower in the CGM group compared with BGM par-
ticipants (mean adjusted difference -0.3%, P<0.001). The occurrence of
diabetic ketoacidosis, hospitalizations, emergency-room visits, and
fractures/falls was similar between the two groups. No differences in
QOL measures were observed between the two groups. Similar results
with regard to hypoglycemia and glycemic control were achieved in a
pre-planned stratified analysis assessing MDI and insulin pump users
separately.
Conclusion: Use of real-time CGM over a 6-month period significantly
reduced the time spent in CGM measured hypoglycemia and the inci-
dence of severe hypoglycemic events while also improving overall glu-
cose control in older adults with T1D.

Clinical Trial Registration Number: NCT03240432
Supported by: Leona M. and Harry B. Helmsley Charitable Trust
Disclosure: K. Miller: None.
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Myeloid-CPT1a knockout leads to leaner phenotype and improved
insulin sensitivity in mice under high-fat diet feeding
Y. Gao, T. Feng, X. Hui, A. Xu;
Medicine, Hong Kong University, Hong Kong, Hong Kong.

Background and aims: The imbalance of macrophage polarization be-
tween M1 and M2 is associated with the development of obesity and
insulin resistance. Specifically, M2 macrophages are known to have
strengthened lipid uptake and β-oxidation. Thus Cpt1a could play a crit-
ical role in the respiration of M2 macrophages, as it is essential for the
beta-oxidation of long chain fatty acids. Yet whether and howCpt1a plays
a role in macrophage polarization has not been reported.
Materials and methods: Myeloid-specific CPT1a knockout mouse
model was generated by LyzM-Cre and Cpt1a-flox mice. Mice were
fed with high-fat diet and the metabolic parameters were tracked for
further analysis.
Results: Myeloid-specific CPT1a knockout mice have lowered body
weight and significantly improved glucose tolerance. Flow cytometry
results show that M1 macrophage percentage was decreased in the
scWAT and eWATof LyzM-Cpt1a KO mice. In mice fed with chow diet,
glucose tolerance was also found to be improved after 6 months feeding.
Conclusion: The ablation of CPT1a in macrophages results in improved
glucose tolerance and insulin sensitivity in mice. The detailed mechanism
is to be further explored.
Disclosure: Y. Gao: None.
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Immunotherapy with anti-inflammatory M2 macrophages for the
treatment of impaired glucose tolerance in a murine model
D. Vega Galaviz1, A. Pérez Gómez2, D.L. Rodríguez Orihuela3, G.
Escobedo1;
1Laboratory for Proteomics and Metabolomics, Research Division,
General Hospital of Mexico "Dr. Eduardo Liceaga", Mexico City,
2Psychiatric Hospital Fray Bernardino Álvarez, Mexico City,
3Pathology, National Institute of Medical Sciences and Nutrition
Salvador Zubirán, Mexico City, Mexico.

Background and aims: Impaired glucose tolerance (IGT) is an interme-
diate hyperglycemia state, 140-199mg/dl, after a OGTT. The IGT is ac-
companied by an increase of proinflammatory M1 macrophages in vis-
ceral adipose tissue while the number of anti-inflammatory M2 macro-
phages is reduced. The M1 macrophages overproduce TNF-α and con-
tribute to insulin resistance and promote IGT whereas M2 macrophages
secreted IL-10 wich increase the insulin sensitivity and glucose tolerance.
The aim of this study was to administered M2 macrophages in mice as
treatment of the IGT.
Materials andmethods: To generate an obese model mimicking IGT
we used male mice C57BL/6 aged 6 weeks old and a combination
of high-fat diet (HFD)~60% and low-dose streptozotocin (STZ).
The M2 macrophages administered were obtained from Bone
marrow-derived stem cells (BMDSC). The in vitro culture with M-
CSF/IL-3 induced the differentiation of BMDSC to macrophage and
the M2 polarization was done with IL-4/IL-13 for 3 days. The M2
phenotype was verified with the marker CD206 by flow cytrometry.
Every other day per a week, 7x106 M2 macrophages CD206+ were
administrated intraperitoneally in the mice IGT. The glucose levels
were examined with a Glucose tolerance test (GTT). Total RNA was
extracted from retoperitoneal adipose tissue and cDNA was synthe-
sized. Quantitative RT-PCR for IL-10 gene was performed with
premade primer sets. Significance between experimental groups
was determined by the p value ≤0.05, using one-way or two-way
ANOVA.
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Results: In the week 16, the body weight of the IGT group was 50%
higher (p=0.0001) compared with control. The glucose levels were 45%
higher in IGT (p=0.01). Therefore, the combination of HFD and STZ
generated a mice obese model mimicking IGT. The culture of macro-
phages with IL-4/IL-13 showed a dendritic morphology and the cells
were more attached to the plate surface. The CD206, anM2macrophages
marker was expressed in 95% of macrophages cultured. Thus, we admin-
istered anti-inflammatory M2 macrophages in IGT mice (IGT+M2). The
glucose levels decreased 89% in IGT+M2 (p=0.0001) after 9 days with
the treatment based in M2 macrophages compared with IGT group. We
also found that the upregulated expression of IL-10, an anti-inflammatory
cytokine, was associated with the administration of M2 macrophages in
adipose tissue.
Conclusion: The current study demonstrated that administration of M2
macrophages decreased the IGT in a mice obese model mimicking IGT.
These study findings may open new therapeutic options against impaired
glucose tolerance by using anti-inflammatory M2 macrophages.

Supported by: CONACYT-México grant no. CB-2016-01-286269
Disclosure: D. Vega Galaviz: Grants; Cellular immunotherapy based on
M2 macrophages for the treatment of carbohydrate intolerance: a trans-
lational research strategy Number of project: 286209. CONACYT grant.
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Cell membrane pannexin channels are releasing high levels of ATP to
extracellular medium triggering inflammation and insulin resistance
in skeletal muscle from obese mice
G. Jorquera1, R. Meneses-Valdés2, G. Rosales-Soto2, C. Campos2, P.
Llanos3, M. Casas2, E. Jaimovich2;
1Facultad de Ciencias, Universidad de Valparaíso, Valparaíso, 2Facultad
de Medicina, Universidad de Chile, Santiago, 3Facultad de Odontología,
Universidad de Chile, Santiago, Chile.

Background and aims: Skeletal muscle is a key target organ for insulin
actions and a main glycemia regulator. In obese individuals there is a
chronic low-grade inflammatory state affecting adipose tissue, liver, and
skeletal muscle. This inflammatory response has been associated to the
development of insulin resistance. We have previously described adult
myofibers can release ATP to extracellular medium (ECM) through
pannexin channels. It is also known that high concentration of ATP in
ECM can be a potent inflammatory signal. We propose myofibers from
obese subjects release high ATP levels, through pannexin channels, pro-
moting activation of gene expression associated to inflammation and
insulin resistance.
Materials and methods:We fed C57BL/6 mice with regular or high fat
diet (HFD) for 8-12weeks andwe isolatedmyofibers derived fromFlexor
Digitorium Brevis (FDB) muscle. For obtaining pannexin-1 knockdown
FDB we electroporated in vivo a sh pannexin1/mcherry or just mcherry
codifying plasmids. We analyzed ATP release in a luciferine/luciferase
assay. Gene expression was studied with RT-qPCR. Protein expression
and distribution was evaluated by WB and IIF. Insulin sensitivity was
analyzed in a 2-NBDG (fluorescent glucose analog) uptake assay.

Results: Mice fed with a HFD showed an important weight gain com-
pared with control diet fed animals. In addition, HFD-fedmice showed an
altered glucose tolerance test, elevated fasting glycemia and insulinemia.
We found TLR4, IL-6, IL-1β, and TNF-α genes, which are associated to
inflammation and insulin resistance, were upregulated in obese mice FDB
muscle. We observed higher ATP release in myofibers from obese mice
compared to control ones. Oleamide 100 μM and Carbenoxolone 5 μM,
both pannexin inhibitors, blocked ATP release in obese mice myofibers.
Gene expression linked to inflammation was inhibited using oleamide
and apyrase 2 U/ml, a nucleotidase enzyme. Using a molecular biology
approach, we knockdowned pannexin channel expression in FDB. In
knockdownmyofibers we observed a diminished ATP release and inflam-
matory gene expression was also inhibited. Pannexin-1 channel expres-
sion was upregulated in skeletal muscle fibers from obese animals com-
pared to controls showed by WB and IIF assays. We were able to induce
insulin resistance with a single pulse of 300 μM ATP incubated for 12
hours in fibers from control mice. Incubation with carbenoxolone, in-
creases 2-NBDG uptake in HFD fibers after insulin stimulation, rescuing
insulin resistance condition.
Conclusion: In this work we propose a novel mechanism for the devel-
opment of inflammation associated to insulin resistance in skeletal muscle
from obese subjects. We have found that ATP is released to ECM in an
uncontrolled way, by overexpressed pannexin channels, leading to a high
concentration of ATP in the extracellular compartment. This stimulus is
able to induce an inflammatory state leading to insulin resistance in skel-
etal muscle from obese individuals.
Supported by: FONDECYT Postdoc 3170194
Disclosure: G. Jorquera: None.
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SGLT2 inhibitors protect palmitate-induced cardiomyocytes inflam-
mation by increasing activation of AMPK and lipid oxidations
K.-W. Lee1, J. Jeon1, H. Lee1, S.-E. Choi1, Y. Kang1, T. Kim2, H.Moon1,
S. Han1, H. Kim1;
1Ajou University School of Medicine, Suwon, 2Seoul Medical Center,
Seoul, Republic of Korea.

Background and aims: Sodium-glucose cotransporter (SGLT) 2 inhib-
itors have been reported to exhibit not only anti-diabetic efficacy, but also
cardioprotective actions. SGLT2 inhibitors may offer beneficial effects on
diabetes-associated ventricular remodelingwhich includes left ventricular
hypertrophy, inflammation, increased extracellular matrix (ECM) produc-
tion, impaired cardiac metabolism, insulin resistance, and cardiomyocyte
(CMC) apoptosis. Palmitate, which is an important saturated fatty acid,
can induce diabetes-associated ventricular remodeling in cardiomyocytes.
However, there has been no report on the effect of SGLT2 inhibitors on
lipotoxicity in myocardial cells. This study was designed to evaluate the
effects of SGLT2 inhibitor on palmitate-induced lipotoxicity of
cardiomyocytes and the underlying mechanism involved with palmitate.
Materials and methods: In this study, we used H9C2 which are rat
cardiomyocytes. We checked SGLT2 expression in several muscle cells,
including H9C2, by qRT-PCR. To investigate the effects of SGLT2 in-
hibitor on diabetes-associated ventricular remodeling, H9C2 cells were
palmitate treated with/without SGLT2 inhibitor. Then, insulin resistance
was measured, 2-NBDG uptake, and immunoblotting using insulin sig-
naling pathway antibodies. Inflammation and cardiac metabolism were
analyzed several related genes by immunoblotting and qPCR.
Cardiomyocyte apoptosis was also detected using DNA fragmentations
assay and immunoblotting using cleaved caspase 3.
Results: Low doses of palmitates evoked lipotoxicity, such as inflamma-
tion, impaired cardiac metabolism, and insulin resistance in
cardiomyocytes. Although SGLT2 expression was less in myocardial
cells, treatment of SGLT2 inhibitor dramatically reduced palmitate-
induced expression levels of inflammatory cytokines, such as IL-1beta
and TNF-alpha. Immunoblotting analysis showed treatment of
cardiomyocytes, with SGLT2 inhibitor, recovered impaired insulin
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signaling, such as phospho-IR and phospho-AKT, but total IR and AKT
did not change. SGLT2 inhibitor also restored insulin-stimulated glucose
uptake, which was destroyed by lipotoxicity. Treatment with SGLT2 in-
hibitor decreased the level of endoplasmic reticulum (ER) stress markers
phospho-eIF2α, CHOP, and phospho-c-Jun N-terminal kinase, as well as
inflammatory signaling markers phospho-NF-kB and phospho-p38. In
particular, SGLT2 inhibitor stimulated phosphorylation of AMPK and
fatty acid beta-oxidation. Cardiomyocyte exposure to high doses of pal-
mitates evoked apoptotic features such as caspase 3 activation and DNA
fragmentations. But pretreatment of SGLT2 inhibitor significantly
protected palmitate-induced apoptotic features.
Conclusion: This data suggests SGLT2 inhibitors protect palmitate-
induced cardiomyocytes inflammation, impaired cardiac metabolism, in-
sulin resistance, and cardiomyocyte (CMC) apoptosis. Therefore, at-
tempts to use treatment of SGLT2 inhibitor might be a useful strategy
for preventing diabetes-associated ventricular remodeling and diabetic
cardiac complication.
Disclosure: K. Lee: None.
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Effects of second-generation antipsychotics on adipose tissue metab-
olism and inflammation
A. Sarsenbayeva1, C.M. Marques-Santos1, G. Di Nunzio2, P. Dipta3, K.
Almby1, M. Lundqvist1, J.W. Eriksson1, M.J. Pereira1;
1Department of Medical Sciences, Uppsala University, Uppsala, Sweden,
2The Center for Neuroscience and Cell Biology (CNC), University of
Coimbra, Coimbra, Portugal, 3Department of Pharmacology, Hadassah
Medical Centre, Jerusalem, Israel.

Background and aims: Up to 50% of patients taking second generation
antipsychotics (SGAs) develop type 2 diabetes (T2DM) and metabolic
syndrome (MetS). The risk varies between individual agents. For exam-
ple, olanzapine (OLA) is a high-risk drug and aripiprazole (ARI) is more
metabolically neutral. It is unclear if SGAs directly affect insulin sensitive
tissues or induce insulin resistance as a secondary effect to weight gain.
Therefore, our work aimed to study the direct effects of SGAs on human
subcutaneous adipose tissue (AT) metabolism.
Materials and methods:Needle biopsies were obtained from abdominal
subcutaneous AT from 72 healthy subjects (49F/23M; age: 19-78 yr;
BMI: 20.0-35.6 kg/m2). AT or isolated adipocytes were pre-incubated
long- (24h, 72h) and short-term (30 min) with or without OLA (0.2
μM-20 μM) and ARI (1.0 μM and 10 μM), respectively. Thereafter,
AT was snap-frozen for mRNA expression analysis of genes involved
in inflammation and mitochondrial function. Isolated adipocytes were
used to measure basal and insulin-stimulated glucose uptake and lipoly-
sis. To explore if SGAs affect the adipocyte-macrophage interaction,
isolated adipocytes were incubated for 24h with THP-1-differentiated
non-polarised macrophages that had been pre-treated for 24h with or
without SGAs.
Results: Incubation of subcutaneous ATwith OLA (0.2μM and 2.0μM)
and ARI (10 μM) for 72h reduced by 15-30% (p<0.05) the expression of
genes regulating mitochondrial activity, namely PPARGC1, CPT1B and
PDK4 (n=12), compared with control. The SGAs did not change AT gene
expression of fatty acid synthase, FASN, adiponectin, ADIPOQ, or the
master adipogenesis regulator, PPARG. Neither of SGAs at therapeutic
concentrations affected the gene expression of pro-inflammatory cyto-
kines IL6, IL1B, and TNFA in adipose tissue, compared to control.
However, ARI 1.0 μM reduced IL18 gene expression by ~15%
(p<0.05) after 72h treatment. Furthermore, co-culture of human adipo-
cytes with THP1-macrophages pre-treated with either OLA or ARI (n=3)
showed a 20-30% reduction in the gene expression of IL1B, TNFA and
IL18, compared to control, implying possible SGAs effect on adipocyte-
macrophage communication. In addition, short- and long-term incubation
with therapeutic concentrations of SGAs did not alter basal or insulin-
stimulated (25 and 100 μU/ml) glucose uptake. ARI had no effect on
basal or isoproterenol-stimulated lipolysis in adipocytes, while OLA

(0.2μM and 2.0μM) suppressed basal lipolysis by about 25-30%
(p<0.05) and OLA (20 μM) reduced by 50%, both basal and
isoproterenol-stimulated lipolysis (p<0.01).
Conclusion: Therapeutic concentrations of SGAs reduce the expression
of genes involved in mitochondrial regulation, which could influence
adipocyte key biochemical processes, such as fatty acid utilization, and
could directly impact the metabolic phenotype of mature adipocytes.
However, they had no direct effects on adipocyte glucose uptake or lipol-
ysis. Paradoxically, SGAs treatment of macrophages altered their com-
munication with adipocytes and reduced their expression of pro-
inflammatory cytokines.
Supported by: H2020 Marie Sklodowska Curie Innovative Training
Network TREATMENT
Disclosure: A. Sarsenbayeva: None.
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Proinflammatory cytokines as biomarkers of effective metformin
therapy in patients with type 2 diabetes
O. Furmanova1, N. Muz1, V. Popova1, Y. Sayenko1, V. Orlenko1, K.
Ivas’kiva1, S. Melnichenko2, K. Tronko1, K. Zak1, M. Tronko1;
1Institute of Endocrinology and Metabolism NAMS of Ukraine, Kyiv,
2Medical lab "DILA", Kyiv, Ukraine.

Background and aims: An increased level of pro-inflammatory cyto-
kines (PIC) in the blood is a characteristic feature of patients with type 2
diabetes (T2D). Previously, we and other authors have shown that the
metformin treatment of new-onset T2D leads to a decrease in a number of
PICs. Aim: To determine to what extent the determination of the content
of IL-1β, IL-6, TNFα, IL-17 in the blood can serve as a biomarker for
evaluating the effectiveness of metformin therapy in patients with new-
onset T2D.
Materials and methods: There were examined 52 patients with new-
onset T2D, of whom 30 patients were selected with a clinically homoge-
neous disease at the age of 53.8 ± 3.4 years (BMI = 33.9±1.3 kg/m2 and
HbA1с = 8.3±0.3 %), who were prescribed metformin treatment
(2.000 mg / day for 3 months). The control consisted of 42
normoglycemically healthy individuals aged 43.6 ± 3.1 years (BMI =
28.0 ± 1.8 and HbA1c = 5.8 ± 0.2). The inflammation index NLR was
calculated from the ratio of the absolute numbers of neutrophils and
lymphocytes in the blood. The immunophenotype of lymphocytes
(CD3 + T-, CD4 + T-, CD8 + T-, CD14 +, CD20 +, CD56 + cells) was
determined by the flow cytometry FACS method, and cytokine (IL-1β,
IL-4, IL-6, IL- 10, TNF and IL-17A) levels - by ELISA method.
Results: Therapy with metformin resulted in all patients with T2D
to decreasing the level of HbA1c (8.3 ± 0.3 % vs 6.8 ± 0.3 %,
p=0.03), NLR index (3.2 ± 0.2 vs 2.0 ± 0.2, p<0.01), blood
pressure (BP) (144.2 ± 2.9 vs 139.7 ± 4.4 mm Hg, p<0.01),
BMI (36.1 ± 1.6 vs 32.1 ± 1.6 kg / m2, p<0.01), which was
correlated by a significant decrease in IL-1β (2.4 ± 0.1 vs 0.3
± 0.1 pg / ml, p<0.05), IL-6 (6.4 ± 0.8 vs 2.0 ± 0.6 pg / ml,
p<0.01) and TNFα (2.6 ± 0.6 vs 0.5 ± 0.2 pg / ml, p<0.01) with
different individual degree of changes. The content of immuno-
regulatory anti-inflammatory cytokines (IL-4 and IL-10) was nor-
malized in a number of patients. The degree of reduction of IL-
1β (r=0.820) and, especially, IL-6 and TNFα was well correlated
with changes in BMI (r = 0.993) and BP (r = 0.994).
Normalization of the TNFα level in some patients with metformin
treatment was also correlated by a decrease in absolute amounts
of CD4 + T and CD14 + cells (monocytes). The data obtained
confirm the hypothesis about the significant role of obesity in the
pathogenesis of T2D through immunological and inflammatory
mechanisms.
Conclusion: Determination of PIC content in the blood of patients with
new-onset T2D can serve as an additional biomarker for assessing the
effectiveness of their treatment.
Disclosure: O. Furmanova: None.
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Efficacy of oral semaglutide according to diabetes duration: an ex-
ploratory subgroup analysis of the PIONEER trial programme
M.Haluzik1, R. Bauer2, J.W. Eriksson3, S.T. Hoff2, K. Kallenbach2, R.E.
Pratley4, J.B. Buse5;
1Institute for Clinical and Experimental Medicine and Institute for
Endocrinology, Prague, Czech Republic, 2Novo Nordisk A/S,
Søborg, Denmark, 3Clinical Diabetology and Metabolism,
Department of Medical Sciences, Uppsala University, Uppsala,
Sweden, 4AdventHealth Translational Research Institute for
Metabolism and Diabetes, Orlando, USA, 5Department of
Medicine, University of North Carolina School of Medicine,
Chapel Hill, USA.

Background and aims: Oral semaglutide is the first oral glucagon-
like peptide-1 receptor agonist for the treatment of type 2 diabe-
tes. An exploratory analysis of data from the global Phase 3a
PIONEER clinical development programme (PIONEER 1-5 and
7-8 trials) was conducted to assess the efficacy of once daily oral
semaglutide 3, 7, 14 mg versus comparators by duration of dia-
betes at baseline.
Materials and methods: Data were included from all patients who
participated in PIONEER 1-5, 7 and 8 (n=5657). Patients were
grouped according to diabetes duration (<5, 5-<10 and ≥10 years)
and by trial. In the PIONEER trials, patients were randomised to
treatment with oral semaglutide (3, 7 or 14 mg) or comparator
(placebo, empagliflozin, sitagliptin or liraglutide). Endpoints were
change from baseline in HbA1c (%) and body weight (kg) at week
26 (week 52 in PIONEER 7) and data were analysed for all
randomised patients using the trial product estimand.
Results: Mean duration of diabetes at baseline ranged from 3.5
(PIONEER 1) to 15.0 years (PIONEER 8) across the trials. At
baseline the mean HbA1c (%) was similar across the diabetes
duration subgroups within each trial, whereas the mean body
weight was higher and age was lower in the subgroup with dia-
betes duration <5 years. Reductions in HbA1c were generally
greater with increasing oral semaglutide dose but were not affect-
ed by diabetes duration (Table). Estimated treatment differences in
HbA1c (%) at week 26 (week 52 in PIONEER 7) were consistent
across the range of diabetes durations. In general, there were no
statistically significant interactions between treatment and diabetes
duration (Table). The estimated odds of achieving HbA1c target
<7.0% were greater with oral semaglutide 7 mg and 14 mg versus
comparators in all groups, irrespective of diabetes duration
subgroup.
Conclusion: Across the PIONEER trials, oral semaglutide improved
glycaemic control versus comparators, with an effect that was consistent
across subgroups of diabetes duration. These findings support the use of
oral semaglutide across a broad population of patients with type 2
diabetes.

Clinical Trial Registration Number: NCT02906930; NCT02863328;
NCT02607865; NCT02863419; NCT02827708; NCT02849080;
NCT03021187
Supported by: Novo Nordisk A/S
Disclosure: M. Haluzik: Employment/Consultancy; AstraZeneca,
Mundipharma, Novo Nordisk, Sanofi. Honorarium; AstraZeneca, Eli
Lilly, Mundipharma, Novartis, Novo Nordisk, Sanofi. Lecture/other fees;
AstraZeneca, Eli Lilly, Mundipharma, Novartis, Novo Nordisk, Sanofi.

50
Oral semaglutide improves postprandial glucose and lipid metabo-
lism and delays first-hour gastric emptying in subjects with type 2
diabetes
K. Dahl1, J. Blundell2, C. Gibbons2, A. Brooks3, F. Almazedi3, S.T.
Hoff1, S. Lövdahl1, T.A. Bækdal1;
1NovoNordisk A/S, Søborg, Denmark, 2University of Leeds, Leeds, UK,
3Covance Clinical Research Unit Ltd, Leeds, UK.

Background and aims: Subcutaneous (s.c.) administration of
semaglutide, a glucagon-like peptide-1 analogue, improves postprandial
glucose (PPG) and postprandial lipid (PPL) metabolism and delays first-
hour gastric emptying (GE) in subjects with obesity and without type 2
diabetes (T2D). In this trial, the effects of a novel once-daily oral formu-
lation of semaglutide on postprandial metabolism and GE was investigat-
ed in subjects with T2D.
Materials and methods: In this double-blind, cross-over trial, male and
female subjects with T2D were randomised to a treatment sequence of
two 12-week periods with oral semaglutide/placebo or placebo/oral
semaglutide, separated by a washout period of 5-9 weeks. Oral
semaglutide was dose-escalated to steady-state at 14 mg via two 4-
week dosing steps of 3 mg and 7 mg. At the end of each treatment period,
PPG metabolism was assessed following a standardised breakfast, PPG
and PPL metabolism were assessed following a standardised fat-rich
breakfast, and GE was assessed (by a paracetamol absorption test) fol-
lowing a standardised lunch. Primary endpoint was serum glucose AUC
from 0 to 5 hours (AUC0-5h) after start of standardised breakfast.
Results:A total of 15 subjects were randomised (13 male/2 female, mean
age 58.2 years, mean HbA1c 6.9%, mean BMI 30.8 kg/m2), two of whom
withdrew before completing the trial. After 12 weeks of treatment, fasting
levels of glucose were significantly lower and C-peptide levels signifi-
cantly higher with oral semaglutide vs placebo. After a standardised
breakfast, postprandial glucose (AUC0-5h) and mean postprandial incre-
ments in glucose (mean incremental area under the 0-5-hour curve
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[iAUC0-5h]) were significantly lower with oral semaglutide vs placebo
(Table). Postprandial glucagon was also significantly reduced with oral
semaglutide. No significant differences were shown in fasting or post-
prandial serum insulin levels. Similar results for glucose metabolismwere
observed after a standardised fat-rich breakfast. Fasting levels of total,
LDL, and VLDL-cholesterol, triglycerides (TG) and apolipoprotein B48
were significantly lower with oral semaglutide vs placebo after 12 weeks
of treatment. In addition, postprandial TG (AUC0-8h) and mean postpran-
dial increments in TG (iAUC0-8h) were significantly lower for oral
semaglutide vs placebo. Postprandial VLDL-cholesterol and apolipopro-
tein B48 were also significantly reduced with oral semaglutide. During
the first hour after a meal, GE was delayed (31% decrease in paracetamol
AUC0-1h) with oral semaglutide vs placebo, which could explain at least
part of the effect on PPG and PPL.
Conclusion: Oral semaglutide significantly improved fasting and post-
prandial glucose and lipid metabolism, and delayed GE during the first
postprandial hour, results consistent with those seen with s.c.
semaglutide.

Clinical Trial Registration Number: NCT02773381
Supported by: Novo Nordisk A/S
Disclosure: K. Dahl: Employment/Consultancy; Novo Nordisk A/S.
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Efficacy of oral semaglutide according to baseline HbA1c: an explor-
atory subgroup analysis of the PIONEER trial programme
J.J. Meier1, R. Bauer2, T.M. Blicher2, I. Lingvay3, M.B. Treppendahl2,
B. Zinman4, J. Rosenstock5;
1St Josef Hospital, Ruhr-University Bochum, Bochum, Germany, 2Novo
Nordisk A/S, Søborg, Denmark, 3University of Texas Southwestern
Medical Center at Dallas, Dallas, USA, 4Lunenfeld-Tanenbaum Research
Institute, Mount Sinai Hospital, University of Toronto, Toronto, Canada,
5Dallas Diabetes Research Center at Medical City, Dallas, USA.

Background and aims: The efficacy and safety of oral semaglutide, a
glucagon-like peptide-1 receptor agonist, has been investigated in patients
with type 2 diabetes in the global PIONEER Phase 3a trial programme.
This exploratory subgroup analysis of the PIONEER programme evalu-
ated the effect of baseline HbA1c values on the overall HbA1c and body
weight reductions achieved during each trial.
Materials and methods: Data were included from all patients who partic-
ipated in PIONEER1-5, 7 and 8 (n=5657). Patientswere grouped by trial and
according to baseline HbA1c (≤8.0%, >8.0-≤9.0% and >9.0%). In the
PIONEER trials, patients were either randomised to once daily treatment with
oral semaglutide (3, 7 or 14 mg, or flexibly dosed) or at least one comparator
(placebo, empagliflozin 25 mg, sitagliptin 100 mg or liraglutide 1.8 mg).
Endpoints were change from baseline in HbA1c and body weight at week
26 (week 52 in PIONEER 7), and data were analysed for all randomised
patients using the trial product estimand.

Results:Reductions from baseline in HbA1c and bodyweight were great-
er with increasing oral semaglutide dose. HbA1c reductions were also
greater with higher baseline HbA1c, but there was no consistent relation-
ship between change in body weight and baseline HbA1c. Reductions in
HbA1c were greater with oral semaglutide 7mg and 14mg versus placebo
and versus active comparator in all subgroups (Table). Significant inter-
actions by baseline HbA1c were observed for oral semaglutide vs the
comparator in PIONEER 3 (14 mg), PIONEER 4 (14 mg vs placebo),
and PIONEER 8 (7 and 14 mg). The proportion of patients achieving an
HbA1c target of <7% was greater with oral semaglutide 7 mg and 14 mg
versus comparators in all trials and all subgroups. Across the trials, an
HbA1c target of <7% was achieved with oral semaglutide 14 mg by 71-
90% in the lowest HbA1c subgroup (≤8%), by 49-71% in the middle
HbA1c subgroup (>8.0-≤9.0%) and by 29-62% in the highest HbA1c

subgroup (>9%).
Conclusion: Oral semaglutide consistently showed improved glycaemic
control across baseline HbA1c subgroups in the PIONEER trials with greater
reductions in HbA1c with oral semaglutide 7 and 14 mg versus all compara-
tors in all subgroups. Reductions in HbA1c were greater with higher oral
semaglutide dose and higher baseline HbA1c.

Clinical Trial Registration Number: NCT02906930; NCT02863328;
NCT02607865; NCT02863419; NCT02827708; NCT02849080;
NCT03021187
Supported by: Novo Nordisk A/S
Disclosure: J.J. Meier: Grants; MSD, Novo Nordisk, Sanofi. Lecture/
other fees; AstraZeneca, Boehringer-Ingelheim, Bristol Myers Squibb,
Eli Lilly, MSD, Novo Nordisk, Sanofi, Servier.

52
Once-weekly semaglutide vs canagliflozin in type 2 diabetes: results
of the SUSTAIN 8 trial
I. Lingvay1, A. Catarig2, J.P. Frias3, H. Kumar4, N.L. Lausvig2, C.W. le
Roux5, D. Thielke2, A. Viljoen6, R.J. McCrimmon7;
1UT Southwestern Medical Center, Dallas, USA, 2Novo Nordisk A/S,
Søborg, Denmark, 3National Research Institute, Los Angeles, USA,
4Amrita Institute of Medical Sciences, Kochi, India, 5University College
Dublin, Dublin, Ireland, 6Borthwick Diabetes Research Centre, Lister
Hospital, Stevenage, UK, 7University of Dundee, Dundee, UK.

Background and aims: SUSTAIN 8 was a randomised, double-blind,
double-dummy phase 3 trial assessing the efficacy and safety of semaglutide,
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a glucagon-like peptide-1 receptor agonist, vs canagliflozin, a sodium-glucose
cotransporter-2 inhibitor, in subjects with type 2 diabetes (T2D) uncontrolled
on metformin.
Materials and methods: Adults with T2D (HbA1c 7.0-10.5%) on stable
metformin were randomised to once-weekly subcutaneous semaglutide
1.0 mg or daily oral canagliflozin 300 mg for 52 weeks (N=788). Primary
endpoint was change in HbA1c. Secondary endpoints included achievement
of prespecified HbA1c targets and change in body weight, and safety assess-
ments. Primary hypothetical estimandwas treatment difference (semaglutide vs
canagliflozin) at week 52 for all randomised subjects, if all subjects completed
treatment without rescue medication. Primary analysis was an ANCOVAwith
treatment, stratification, region and baseline as fixed effects. Missing data were
handled by multiple imputation using observed data from subjects in the same
treatment group.
Results: Baseline characteristics were comparable across treatment groups
(Table). Semaglutide led to superior reductions in HbA1c from baseline vs
canagliflozin (mean, -1.5% vs -1.0%; estimated treatment difference [ETD] -
0.49; 95% confidence interval [CI]: -0.65;-0.33; p<0.0001). More semaglutide-
vs canagliflozin-treated subjects achieved HbA1c targets of <7.0% (66.1% vs
45.1%; odds ratio [OR] 2.77 [95% CI: 1.98;3.85]) and ≤6.5% (52.8% vs
23.6%; OR 4.19 [95% CI: 2.97;5.92]) (p<0.0001 for both). Semaglutide dem-
onstrated superior reductions in body weight vs canagliflozin (-5.3 vs -4.2 kg;
ETD -1.06 [95% CI: -1.76;-0.36]; p=0.0029). Overall, 22.3% achieved ≥10%
weight loss with semaglutide vs 8.9% for canagliflozin (OR 2.99 [95% CI:
1.89;4.75]; p<0.0001); similar proportions in each group achieved ≥5%weight
loss (Table). More subjects taking semaglutide vs canagliflozin achieved com-
posite outcome of HbA1c <7.0%, no weight gain and no severe or blood
glucose-confirmed hypoglycaemia (59.9% vs 39.9%; OR 2.56 [95% CI:
1.84;3.54]), and HbA1c reduction ≥1.0% point and ≥5% weight loss (39.2%
vs 24.3%; OR 1.99 [95% CI: 1.43;2.76]) (p<0.001 for both). Gastrointestinal
adverse events (AEs) were the most common AEs with semaglutide (46.9%,
n=184); infections and infestations were the most common with canagliflozin
(34.5%, n=136). Overall, 9.7% and 5.1% discontinued studymedication due to
AEs in semaglutide vs canagliflozin, respectively. There were no unexpected
safety findings.
Conclusion: Semaglutide 1.0 mg once weekly led to superior reductions
in HbA1c and body weight vs daily canagliflozin 300 mg.

Clinical Trial Registration Number: NCT03136484
Supported by: Novo Nordisk A/S research support
Disclosure: I. Lingvay: Employment/Consultancy; NovoNordisk,
AstraZeneca, BI, Lilly, Sanofi, MannKind, Valeritas, Intarcia. Grants;
NovoNordisk, Novartis, Pfizer, Merck, Mylan, GI Dynamics.
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Efficacy and safety of semaglutide 1.0 mg once weekly vs liraglutide
1.2 mg once daily as add-on to 1-3 oral glucose-lowering drugs in
subjects with type 2 diabetes (SUSTAIN 10)
M.S. Capehorn1, A.-M. Catarig2, J.K. Furberg2, A. Janez3, H.C. Price4,
S. Tadayon2, B. Vergès5, M. Marre6;

1Rotherham Institute for Obesity, Clifton Medical Centre, Rotherham,
UK, 2Novo Nordisk A/S, Søborg, Denmark, 3Department of
Endocrinology, Diabetes and Metabolic Diseases, University Medical
Center Ljubljana, Ljubljana, Slovenia, 4West Hampshire Community
Diabetes Service, Lyndhurst, UK, 5CHU, Dijon, France, 6Bichat-Claude
Bernard Hospital, Paris, France.

Background and aims: Semaglutide and liraglutide are glucagon-like
peptide-1 analogues for the treatment of type 2 diabetes (T2D). SUSTAIN
10 compared the efficacy and safety of the anticipated most frequent
semaglutide dose (1.0 mg) vs the most frequently prescribed liraglutide
dose in Europe (1.2 mg).
Materials and methods: In this phase 3b, open-label trial, 577 adults
with T2D (HbA1c 7.0-11.0%) on 1-3 oral glucose-lowering drugs (met-
formin, sulphonylurea, sodium-glucose cotransporter-2 inhibitors) were
randomised 1:1 to semaglutide 1.0 mg once weekly or liraglutide 1.2 mg
once daily, both administered subcutaneously. Primary and confirmatory
secondary endpoints were change in HbA1c and body weight, respective-
ly, from baseline to week 30. Supportive secondary efficacy endpoints
included other glycaemic and weight parameters. Treatment satisfaction
(change from baseline in Diabetes Treatment Satisfaction Questionnaire
status version [DTSQs] scores) was also assessed.
Results:Mean HbA1c (baseline 8.2%) decreased by 1.7%-point with
semaglutide vs 1.0%-point with liraglutide (estimated treatment dif-
ference [ETD] -0.69%-point; 95% CI -0.82 to -0.56; p<0.0001;
Table); 80.4% vs 45.9% of subjects achieved HbA1c <7.0% (odds
ratio [OR] 5.98; p<0.0001) and 58.5% vs 24.8% achieved HbA1c

≤6.5% (OR 4.84; p<0.0001). Mean body weight (baseline 96.9 kg)
decreased by 5.8 kg with semaglutide vs 1.9 kg with liraglutide (ETD
-3.83 kg; 95% CI -4.57 to -3.09; p<0.0001); 55.9% vs 17.7% of
subjects achieved weight loss ≥5% (OR 5.89; p<0.0001) and 19.1%
vs 4.4% achieved weight loss ≥10% (OR 4.99; p<0.0001). HbA1c

<7.0% without severe or blood glucose-confirmed symptomatic
hypoglycaemia and no weight gain was achieved by 75.6% of sub-
jects on semaglutide and 36.8% on liraglutide (OR 6.07; p<0.0001).
The DTSQs summary score improved in both treatment arms (ETD
0.63; p=0.0814). Overall, 70.6% and 66.2% of exposed subjects re-
ported treatment-emergent adverse events (TEAEs) with semaglutide
and liraglutide, respectively; 5.9% and 7.7% reported serious TEAEs.
No fatal TEAEs were reported. The most frequently reported TEAEs
with semaglutide (43.9%) and liraglutide (38.3%) were gastrointes-
tinal (GI) disorders. The proportion of subjects with TEAEs leading
to premature treatment discontinuation was 11.4% with semaglutide
and 6.6% with liraglutide; 7.6% and 3.8% discontinued due to GI
AEs.
Conclusion: Semaglutide 1.0 mg was superior to liraglutide 1.2 mg in
reducing HbA1c and body weight. Safety profiles were generally similar,
except for a higher proportion of subjects with GI TEAEs with
semaglutide.
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Supported by: Novo Nordisk research support
Disclosure: M.S. Capehorn: Grants; NovoNordisk, Novartis, BI, Eli
Lilly, GSK, Leo, Abbott. Honorarium; NovoNordisk, BI, Eli Lilly,
Janssen, MSD. Lecture/other fees; Lighterlife, NovoNordisk, BI, Eli
Lilly, Janssen. Stock/Shareholding; Partner of Clifton Medical Centre,
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Effects of once-weekly semaglutide vs canagliflozin on body compo-
sition in type 2 diabetes: a substudy of the SUSTAIN 8 trial
R.J. McCrimmon1, A. Catarig2, J.P. Frias3, N.L. Lausvig2, C.W. le
Roux4, D. Thielke2, I. Lingvay5;
1University of Dundee, Dundee, UK, 2Novo Nordisk A/S, Søborg,
Denmark, 3National Research Institute, Los Angeles, USA, 4University
College Dublin, Dublin, Ireland, 5UT Southwestern Medical Center,
Dallas, USA.

Background and aims: SUSTAIN 8 was a randomised, double-blind,
double-dummy, phase 3 trial of semaglutide 1.0 mg once weekly vs
canagliflozin 300 mg once daily over 52 weeks in adults with type 2
diabetes (T2D) on stable treatment with metformin. In SUSTAIN 8, treat-
ment with semaglutide led to superior reductions in HbA1c and body
weight vs daily canagliflozin. Because these two agents have different
mechanisms for weight loss, whole-body dual-energy X-ray absorptiom-
etry (DXA)was performed in a subset of subjects to investigate the effects
of semaglutide vs canagliflozin on body composition.
Materials and methods: A total of 178 subjects underwent DXA to
assess change in total fat mass. Prespecified supportive secondary mea-
sures of body composition included changes in total lean mass, ratio of
total fat mass to total lean mass and visceral fat mass. Additional param-
eters such as waist circumference were also assessed post hoc. Data from
the on-treatment without rescue medication period were analysed using
ANCOVA with treatment, region and baseline values as fixed effects
using multiple imputation for missing data where missing values were
imputed using observed data from subjects in the same treatment group.
Results: In this subset of the SUSTAIN 8 population (n=178/788), the
overall reduction in total fat plus lean mass was 5.7 kg with once-weekly
semaglutide vs 4.1 with canagliflozin once daily (Table). Total fat mass
decreased by 3.4 and 2.6 kg in the semaglutide and canagliflozin groups,
respectively (estimated treatment difference [ETD] -0.79 kg [95% confi-
dence interval (CI): -2.10;0.51]). Similarly, total lean mass decreased by
2.3 and 1.5 kg (ETD -0.78 kg [95% CI: -1.61;0.04]). These changes
resulted in slight decreases in the ratio of total fat mass to total lean mass
in both groups; similar reductions were observed for visceral fat mass in
both treatment arms (Table).
Conclusion: Both once-weekly semaglutide 1.0 mg and canagliflozin
300 mg once daily showed beneficial effects on body composition, in-
cluding reduction in total and visceral fat mass, after 52 weeks treatment
in subjects with T2D. There was no statistically significant difference
between the arms for any of the body composition endpoints.

Clinical Trial Registration Number: NCT03136484
Supported by: Novo Nordisk A/S research support
Disclosure: R.J. McCrimmon: Honorarium; Sanofi, Eli Lilly,
NovoNordisk. Lecture/other fees; Sanofi, NovoNordisk.
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Modelling the metabolic reprogramming of diabetic nephropathy
using hESC-derived 3D kidney organoids
C. Hurtado del Pozo1, E. Laplaza1, P. Prado1, A. Gavalda-Navarro2, E.
Garreta1, F. Villaroya2, N. Montserrat1;
1IBEC, Barcelona, 2Universitat de Barcelona, Barcelona, Spain.

Background and aims:More than 40% of patients with diabetes develop
diabetic nephropathy (DN). To date, there is no validated therapy able to
stop the progression towards renal failure. Recently, several studies sug-
gested an important role for DNAmethylation in the pathogenesis of DN.
There is increasing evidence that the cellular metabolic state is an impor-
tant regulator of its epigenetic status. Together with the hypothesis which
suggest that nutritional environment may influence the development of
chronic kidney disease in adulthood (Brenner-Barker) we hypothesized
that DN is promoted by the metabolic alterations during kidney
development.
Materials and methods: Kidney organoid differentiation: Differentiation
protocol was developed in our lab. Isolation of tubular epithelial cells from
organoids (TEC): To isolate tubular epithelial cells using flow cytometry, the
organoids were cultured with fluorescein-conjugated LTL diluted 1:500 for
five hours, dissociated with Accumax and resuspened in sorting buffer (2%
FBS in PBS). LTL+ cells were cultured in REGM media (Lonza).
Purification of Total RNA and Quantitative RT-PCR: Isolation of total
RNAwas performed using Tri-Reagent followingmanufacturer´s recommen-
dations. TrichomeMasson Staining: Trichrome Stain (Masson) Kit was used
to stain kidney organoids
Results: In order to test our hypothesis, we cultured kidney organoids
under experimental conditions mimicking a diabetic microenvironmen
(DN-conditions). Preliminary results showed that kidney organoids under
DN conditions have (a) higher mRNA levels of core pro-fibrotic genes
(COL1A1, COL3A4, COL4A1, ACTA2), (b) higher collagen deposition
when measured by Masson´s trichrome staining and (c) lower oxygen
consumption rate in association with a dysregulation of KEY glycolytic
enzymes at the mRNA level. To check if the exposure to a DN microen-
vironment can contribute to the metabolic memory in our system, we
compared tubular renal cells from diabetic and non-diabetic patients vs
tubular renal cells isolated from kidney organoids challenged to DN con-
ditions. Our results show a similar metabolic profile IN both experimental
samples by Seahorse and Real Time quantitative PCR analysis.
Fur the rmore , we ana lysed to t a l DNA methy l a t ion and
hydroxymethylation in tubular renal cells isolated from organoids chal-
lenged to DN conditions vs control regime. Preliminary results confirmed
differences between both experimental conditions in total DNA methyl-
ation and hydroxymethylation. Of note, TET1 mRNA and protein levels
were downregulated in tubular renal cells isolated from diabetic patients
and kidney organoids exposed to DN conditions.
Conclusion: The information gained from this work shows that kidney
organoids from human pluripotent stem cells may offer a suitable model
for the study of the molecular mechanisms implicated in DN gestation
and progression. Specifically, changes in TET1 mRNA levels in tubular
cells isolated from diabetic patients and kidney organoids exposed to DN
regime highlight the interrelation between DNA methylation and meta-
bolic function.
Supported by: EFSD/Boehringer Ingelheim European Research
Programme in Microvascular Comp
Disclosure: C. Hurtado del Pozo: None.
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Urinary metabolites detected by nuclear magnetic resonance (NMR)
predict progression of diabetic nephropathy in type 1 diabetes
S. Mutter1,2, E. Valo1,2, V. Aittomäki3, N. Sandholm1,2, C. Forsblom1,2,
P. Würtz3, P.-H. Groop1,4, FinnDiane Study Group;

1Folkhälsan Research Center, Helsinki, 2Research Program for Clinical
and Molecular Metabolism, Faculty of Medicine, University of Helsinki,
Helsinki, 3Nightingale Health Ltd, Helsinki, 4Abdominal Center
Nephrology, University of Helsinki and Helsinki University Hospital,
Helsinki, Finland.

Background and aims:As type 1 diabetes (T1D) usually manifests early
in life, the affected individuals are at high life-time risk to develop dia-
betic nephropathy (DN) that can substantially shorten their life span. No
targeted cure exists. However, when detected early, progression in DN
can be slowed down. NMR metabolomics have successfully identified
new serum biomarkers for diseases. The novel application to urine has the
potential for new and powerful biomarkers for DN progression.
Materials and methods: The present study is part of the Finnish nation-
wide FinnDiane Study. The outcome measure was progression in DN
status. Such a DN status was defined by two out of three AER measure-
ments indicating either normoalbuminuria (AER < 30 mg/24h),
microalbuminuria (AER > 30 mg/24h and AER < 300 mg/24h),
macroalbuminuria (AER ≥ 300 mg/24h) or end-stage renal disease
(ESRD) for individuals on dialysis or with a kidney transplant.
Progressors had a persistent transition from a DN status with lower
AER to one with a higher AER or to ESRD. Individuals with a stable
DN status or with at least one regression event were defined as non-
progressors. We included 2,531 individuals with T1D with baseline mea-
surements of 18 urinary metabolites by NMR metabolomics and with
follow-up data available. Individuals with ESRD at baseline or those
whose baseline DN status was inconsistent with their baseline AERmea-
surement were excluded. The urinary metabolites were first scaled rela-
tive to urine creatinine and then scaled to SD units. In separate Cox
regression analyses for each of the urine metabolites, individuals were
followed up (9.0 years ± 5.1 years) until they progressed to their most
severe DN status (334 events) or the latest known DN status for non-
progressors. A Bonferroni-corrected p-value below 2.78 × 10-3 was con-
sidered significant.
Results: Among 2,531 individuals with T1D, 5 out of the 18 urine me-
tabolite were robustly associated with risk for DN progression. In unad-
justed Cox models, individuals with elevated urine concentrations of
valine (HR = 1.23 [1.12, 1.35] per 1-SD metabolite concentration, p =
2.51 × 10-5) and pseudouridine (HR = 1.29 [1.15, 1.46], p = 3.46 × 10-5)
showed higher DN progression rates, whereas progressors had lower
levels of urinary glycine (HR = 0.51 [0.38, 0.68], p = 6.27 × 10-6), 3-
hydroxyisobutyrate (HR = 0.41 [0.27, 0.63], p = 3.87 × 10-5), 3-
hydroxyisovalerate (HR = 0.34 [0.22, 0.54], p = 4.06 × 10-6) and urea
(HR = 0.44 [0.28, 0.69], p = 3.76 × 10-4) compared to non-progressors.
After adjusting for sex, year of diabetes diagnosis and the baseline mea-
surements of age, DN status, BMI and eGFR, individuals with elevated
urinary levels of alanine (HR = 1.49 [1.26, 1.77], p = 2.84 × 10-6), valine
(HR = 1.34 [1.22, 1.48], p = 4.41 × 10-9), 2-hydroxyisobutyrate (HR =
1.48 [1.30, 1.67], p = 1.14 × 10-9), cis-Aconitate (HR = 1.17 [1.06, 1.28],
p = 9.84 × 10-4) and pseudouridine (HR = 1.45 [1.24, 1.69], p = 4.34 ×
10-6) showed higher DN progression rate.
Conclusion: Urinary biomarkers predicted DN progression in T1D.
Importantly, their prediction remained significant after adjusting for base-
line DN status and eGFR.
Supported by: Novo Nordisk Foundation, Folkhälsan, Stockmanns stift.,
Academy of Finland
Disclosure: S. Mutter: Non-financial support; Nightingale Ltd.
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Circulating metabolites are associated with present and future renal
impairment in type 1 diabetes
N. Tofte1, T. Suvitaival1, K. Trost1, I.M. Mattila1, S. Theilade1, S.A.
Winther1, T.S. Ahluwalia1, M. Frimodt-Møller1, C. Legido-Quigley1, P.
Rossing1,2;
1Steno Diabetes Center Copenhagen, Gentofte, 2Univeristy of
Copenhagen, Copenhagen, Denmark.
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Background and aims: There is a need for identification of novel bio-
markers for diabetic nephropathy (DN) and better understanding of the
underlying pathophysiology. The aim of the current study was to identify
novel associations between serum metabolites and measures of present
and future renal impairment.
Materials and methods: In total, 637 persons with type 1 diabetes (297
with normoalbuminuria, 158 with microalbuminuria and 182 with
macroalbuminuria) were included Mean eGFR at baseline was 81 ± 26 ml/
min/1.73m2. Non-targeted serum metabolomics analyses were performed
using two-dimensional gas chromatography coupled to time-of-flight mass-
spectrometry (GC×GC-ToF-MS).Cross sectional associations between single
metabolites, eGFR and urinary AER were analysed by linear regression,
whereas differences between groups (normo-, micro- and macroalbuminuria)
were assessed by analysis of covariance. Longitudinal data at follow-up on
development of renal events were obtained from National Danish Health
registries over a median of 5.5 years. A composite renal endpoint consisted
of eGFR decline from baseline (≥30%), development of end-stage renal
disease (eGFR < 15 ml/min/1.73 m2 or renal transplantation/dialysis) and
all-cause mortality. Metabolites with significant associations (p<0.05) in
cross-sectional analyses were analysedwithCox proportional hazardsmodels
for either composite or specific endpoints. Adjustments included traditional
cardiovascular risk factors and correction for multiple testing.
Results:A total of 75metabolites were included in the analyses. In cross-
sectional analyses, 3,4-dihydroxybutanoic acid was positively associated
with both logUAER, microalbuminuria and macroalbuminuria vs.
normoalbuminuria and inversely associated with eGFR (p<0.04).
Ribonic acid, myo-inositol, 2,4-dihydroxybutanoic acid and 4-
hydroxybenzeneacetic acid were positively associated with
macroalbuminuria vs. normoalbuminuria and inversely associated with
eGFR (p<0.04). Additionally, 24metabolites primarily from amino acids,
carboxylic acids and free fatty acids, were significantly associated with
eGFR (p<0.05). In longitudinal analyses isoleucine, leucine and valine
were associated with lower risk and ribonic acid with a higher risk of the
composite renal endpoint (p<0.02, Figure 1). Ribonic acid (HR 2.2, CI
[1.6-3.0], p=3.0×10-6) and myo-inositol (HR 2.7, CI [1.6-4.3], p=0.001)
were both associated with higher risk of eGFR decline ≥30%.
Conclusion: Alterations in several serum metabolites were associated with
measures of kidney impairment in type 1 diabetes, indicating broad changes in
the metabolome in individuals with DN. Further, metabolites having significant
associations to events of renal disease progression during follow-up were iden-
tified, unravelling potential therapeutic targets for DN in Type 1.

Supported by: NNF14OC0013659
Disclosure: N. Tofte: Grants; Novo Nordisk Foundation grant
NNF14OC0013659 “PROTON Personalising treatment of diabetic nephropa-
thy”.
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Sparse panels of biomarkers in serum and urine predict rapid pro-
gression of renal disease in type 1 diabetes and out perform albumin
creatinine ratio
M. Colombo1, S. McGurnaghan1, I. Thoma1, D. Dunger2, N. Dalton3,
P.M. McKeigue1, Scottish Diabetes Research Network Type 1
Bioresource Investigators (SDRNT1BIO), H.M. Colhoun1;
1University of Edinburgh, Edinburgh, 2University of Cambridge,
Cambridge, 3Guy’s and St Thomas’ National Health Service
Foundation Trust, London, UK.

Background and aims: Identifying biomarkers predictive of progression of
renal disease in type 1 daibetes (T1DM)would be useful for risk stratification
into clinical trials and for intensification of prevention efforts.
Materials and methods: The Scottish Diabetes Research Network Type 1
Bioresource (SDRNT1BIO n=6129 persons) comprises a representative one
third of adults with T1DM in Scotland. Participants were recruited from
diabetes clinics and primary care. Study day data were linked retrospectively
and prospectively to electronic health care records including laboratory re-
sults. From this cohort we selected a random 50% of those with eGFR <75
ml/min/1.73m2 on the day of recruitment and 25%of thosewith eGFR above
this. Of 25 putative biomarkers, 9 were measured in non-fasting random
serum and 16 in spot urine samples using multiplexed ELISA and single
molecule array (SIMOA). Progression of renal disease was evaluated by
fitting a linear slope to each patient’s trajectory of eGFR results in the health
record. A rapid progressors category was defined by dichotomizing the linear
slope at a threshold of loss ofmore than 3ml/min/1.73m2 per year. Univariate
associations of each biomarker rapid progression were evaluated in logistic
regressionmodels adjusted for age, sex, diabetes duration, eGFRat biosample
date and length of follow-up (basic covariates). Significance was declared at
p<0.002. Further adjustment was made for albumin/creatinine ratio (ACR) at
baseline. The predictive performance of Bayesian regression models with
shrinkage priors was evaluated by 10-fold cross-validation using the C-
statistic and the expected information for discrimination expressed in bits.
Results: Mean age was 48.3 years with a mean duration of diabetes of
22.4 years. Overall 19% showed rapid progression over a median 5 years
follow up. Six of nine serum biomarkers and nine of 16 urinary bio-
markers showed highly significant associations with rapid progression
(all at p<0.002) adjusted for basic covariates. Of these Kidney Injury
Molecule-1 (KIM-1), Tumor Necrosis Factor Receptor-1 (TNFR1),
CD27, and syndecan-1 in serum and monocyte chemoattractant protein-
1 (MCP-1), alpha-1-microglobulin, interleukins 8 and 18 and the ratio of
epidermal growth factor to MCP-1 in urine were also independent of
ACR (all at p<0.002). Adding serum biomarkers to a model with basic
covariates increased the C-statistic from 0.56 to 0.68 and the information
for discrimination from 0.04 to 0.40 bits (p<0.000001). Adding urine
biomarkers to a model with basic covariates increased the C-statistic to
0.64 and the information for discrimination to 0.23 bits, p=0.000002).
These increments were greater than the increase in AUC from adding
ACR onto basic covariates (C-statistic 0.60 0.18 bits). More than 90%
of the additional information in serum biomarkers was accounted for by
KIM-1 (measured by SIMOA) and TNFR1, and in urinary biomarkers by
epidermal growth factor/ MCP-1 ratio, interleukins 8 and 18 and epider-
mal growth factor receptor.
Conclusion: Sparse panels of biomarkers in non-fasting random serum
and urine samples improve the prediction of rapid progression of renal
disease in T1DM and outperform albumin creatinine ratio.
Supported by: CSO, DUK, JDRF
Disclosure:M. Colombo: None.
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Prognostic value of plasma concentrations of betaine, choline, carni-
tine and TMAO for end-stage renal disease in type 2 diabetes pa-
tients: the SURDIAGENE cohort
P. Saulnier1, M. Croyal2,3, E. Gand1, B. Cariou2, S. Ragot1, M.
Krempf2,3, S. Hadjadj2;
1Poitiers University CHUPoitiers INSERM, Poitiers, 2Institut du Thorax,
Nantes, 3Mass spectrometry core facility of CRNH, Nantes, France.

Background and aims: Trimethylamine-N-oxide (TMAO) is a by-product
of dietary choline and carnitine metabolism coming from gut microbiota.
TMAO was shown to be associated with an increased risk of cardiovascular
disease, even though data are scarce in populationwith type 2 diabetes (T2D).
No such data are available to establish these biomarkers as relevant regarding
renal risk. The aim of this study was to assess the prognostic effect of plasma
concentrations of betaine, choline, carnitine and TMAO on end-stage renal
failure.
Materials andmethods:Weprospectively followed-up 1357 (571women/
786 men) type T2D participants of a French single-centre hospital-based
cohort (SURDIAGENE)with baseline GFR≥30ml/min/1.73m2 and no renal
replacement to onset of end-stage renal disease (ESRD), or December 31,
2015, whichever came first. Our primary endpoint was a composite renal
outcome: development of ESRD requiring renal replacement therapy
([RRT] dialysis or renal transplantation) or sustained (over one month) dou-
bling of baseline serum creatinine. Plasma concentration of betaine, choline,
carnitine and TMAO were determined using a high-throughput LC/MS-MS
method. Cox models were used to estimate the risk of ESRD for each bio-
marker at baseline after adjustement for usual renal risk factors: age, sex,
diabetes duration, HbA1c, systolic blood pressure, estimated glomerular fil-
tration rate (eGFR), urine albumin-to-creatinine ratio (ACR). Hazard ratios
were reported per 1 SD increment of the logarithm of the biomarker
concentration.
Results: At baseline, mean±SD age was 64±11 years, diabetes duration 14
±10 years, HbA1c 7.8±1.6%, and eGFR 77±21 ml/min/1.73m2, and median
(IQR) ACR 3 (1-11) mg/mmol. During a median follow-up of 7.2 years, 75
patients developed ESRD (20 RRT and 55 sustained doubling of serum
creatinine) occurred. After adjustment, betaine and choline remained signifi-
cantly associated with risk of ESRD (HR 1.33, [IC95%1.04-1.70] and 1.29
(1.03-1.62), respectively [table]).
Conclusion: Choline and betaine are independent risk factors for renal
outcomes. Whether dietary manipulation targeting choline and betaine
will translate to decreased severe renal outcomes in patients with T2D
needs to be assessed in prospective interventional trials.

Supported by: PHRC, GEMMS
Disclosure: P. Saulnier: None.
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The utility of plasma concentration of Trimethylamine-N-Oxide in
predicting cardiovascular and renal complications in individuals
with type 1 diabetes
S. Winther1,2, J. Øllgaard1, N. Tofte1, L. Tarnow3, Z. Wang4, T.
Ahluwalia1, A. Jorsal5, S. Theilade1, H.-H. Parving6, T. Hansen1, S.
Hazen4, O. Pedersen7, P. Rossing1,8;
1StenoDiabetes Center Copenhagen, Gentofte, Denmark, 2NovoNordisk
A/S, Maaløv, Denmark, 3Steno Diabetes Center Zealand, Zealand,
Denmark, 4Lerner Research Institute and Heart and Vascular Institute,
Cleveland Clinic, Cleveland, USA, 5Department of Cardiology, Aarhus
University Hospital, Aarhus, Denmark, 6Department of Endocrinology,
Rigshospitalet, University of Copenhagen, Copenhagen, Denmark,
7Novo Nordisk Foundation Center for Basic Metabolic Research,
University of Copenhagen, Copenhagen, Denmark, 8University of
Copenhagen, Copenhagen, Denmark.

Background and aims: Individuals with type 1 diabetes are at
increased risk of developing micro- and/or macrovascular compli-
cations, including heightened mortality. In recent years, the gut
microbiota has shown to play a role in human health and disease,
including cardiovascular disease. The gut microbiota derived me-
tabolite Trimethylamine-N-Oxide (TMAO) is suggested as an in-
dependent risk factor for cardiovascular and renal disease. The
aim was to investigate associations between plasma TMAO con-
centrations and cardiovascular renal outcomes in a prospective
study of individuals with type 1 diabetes.
Materials and methods: Plasma TMAO was measured at baseline in
1159 individuals with type 1 diabetes. The individuals were 58% male,
had an age of 46 ± 13 (mean ± SD) years and diabetes duration of 27 ± 12
years. Endpoints were all-cause and cardiovascular mortality, cardiovas-
cular disease (CVD) and renal events tracked from Danish national reg-
istries. Associations between TMAO and endpoints were tested using
Cox regression models.
Results: After 15.0 (6.7-19.3) (median, interquartile range (IQR))
years follow-up, we recorded all-cause and cardiovascular mortal-
ity (n=406 and n=120, respectively), combined CVD (n=406),
coronary outcome (myocardial infarction and coronary interven-
tion; n=163), stroke (n=115), hospitalization for heart failure
(n=81) and end-stage renal disease (n=144). In univariate analysis
higher TMAO concentrations was associated with all endpoints
(p≤0.005). Except for stroke and heart failure, all endpoints
remained significantly associated with higher TMAO concentra-
tions after adjustment for conventional cardiovascular risk factors
(p≤0.003). Further adjustment for baseline estimated glomerular
filtration rate (eGFR) became insignificant for all endpoints.
TMAO was inversely associated with baseline eGFR (R2:0.29;
p<0.001).
Conclusion: In individuals with type 1 diabetes, higher concentrations of
plasma TMAOwas associated with mortality, CVD events and poor renal
outcome, independent of conventional risk factors. However, the associ-
ation became insignificant after further adjustment for baseline eGFR.
This could reflect TMAO as a renal function marker or a risk factor for
micro- and macrovascular complications mediated through impaired re-
nal function.
Supported by: Novo Nordisk Foundation, grant no. NNF 14OC0013659
Disclosure: S. Winther: None.
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Glucose tolerance status and beta and alpha cell mass in community-
based autopsy samples of Japanese: the Hisayama study
J. Inaishi1,2, Y. Saisho2, N. Mukai1,3, Y. Hirakawa1,3, D. Yoshida1, J.
Hata1,3, Y. Watanabe2, Y. Oda4, H. Itoh2, T. Ninomiya1;
1Department of Epidemiology and Public Health, Graduate School of
Medical Sciences, Kyushu University, Fukuoka, 2Department of
Internal Medicine, Keio University School of Medicine, Tokyo,
3Department of Medicine and Clinical Science, Graduate School of
Medical Sciences, Kyushu University, Fukuoka, 4Department of
Anatomic Pathology, Pathological Sciences, Graduate School of
Medical Sciences, Kyushu University, Fukuoka, Japan.

Background and aims: Type 2 diabetes (T2DM) is characterized by
insulin resistance and beta cell dysfunction. However, the change in beta
cell mass during the development of T2DM is not fully investigated. In
this study, we aimed to explore the changes in beta and alpha cell mass in
individuals with different glucose tolerance status assessed by 75g oral
glucose tolerance test (OGTT) by using community-based autopsy sam-
ples of Japanese.
Materials and methods: We selected autopsy cases of Hisayama
residents who died after 2002 and had undergone 75g OGTT
within 5 years prior to death. Among 643 autopsy cases (autopsy
rate 58.8 %) of the deceased residents in the town of Hisayama
from June 2002 to August 2016, 181 cases had undergone 75g
OGTT within 5 years prior to death. After excluding 25 cases
with pancreatic diseases, 1 with the use of insulin, 15 who did
not undergo an autopsy within 36 hours after death, and 37 with-
out pancreatic tissue stored that was of adequate size and quality,
the remaining 103 cases were enrolled in the current study.
Pancreatic sections were stained for insulin or glucagon, and frac-
tional beta (BCA) or alpha cell area (ACA) was measured.
Associations of BCA and ACA with glucose tolerance status were
analyzed. In addition, their relationships with glycemic markers,
beta cell function and diabetes susceptibility genes (TCF7L2,
CDKAL1, FTO, KCNQ1, WFS1, KCNJ11, CDC123-CAMK1D,
SLC30A8, IGF2BP2) were also assessed among 103 subjects, 52
with the measurement of beta cell function and 98 with the ge-
notype data, respectively.
Results: Among 103 cases enrolled, 40 cases (38.8%) were in normal
glucose tolerance (NGT), 31 (30.1%) in prediabetes (PDM) and 32
(31.1%) in T2DM. There was a significant declining trend in BCA from
1.85 ± 0.72% in NGT to 1.59 ± 0.65% in PDM to 1.17 ± 0.36% in T2DM
(p for trend <0.001), whereas there was no significant association of ACA
with glucose tolerance status (0.37 ± 0.35%, 0.30 ± 0.24% and 0.36 ±
0.32% in NGT, PDM and T2DM, respectively, p for trend = 0.80). BCA
was inversely correlated with fasting and 2 h plasma glucose levels during
OGTTand HbA1c (R = -0.26, -0.46 and -0.30, respectively, all P <0.01),
and positively correlated with disposition index, index of beta cell func-
tion (R = 0.38, P <0.01). ACAwas only correlated with HbA1c (R = 0.32,
p = 0.001) and this correlation was significant in subjects with T2DM (R
= 0.59, p < 0.001), but not in those with NGTor PDM (R = 0.21 and 0.26,
p = 0.18 and 0.14, respectively). With regard to diabetes susceptibility
genes, there were no significant correlations between the polymorphism
of susceptibility loci associated with T2DM and BCA or ACA. However,
BCA decreased significantly with elevating number of risk alleles of
KCNQ1 rs163184 in 32 non-diabetic non-obese individuals (p for trend
= 0.02).
Conclusion:Beta cell mass gradually declined during the development of
T2DM. Although both beta and alpha cell mass may influence the long-
term glycemic control for T2DM, no increase in alpha cell mass with
glucose tolerance status was observed.
Supported by: MEXT/JSPS KAKENHI
Disclosure: J. Inaishi: None.

62
The transcription factor ZBED6 affects beta cell mass and glucose
tolerance in high-fat diet treated mice
X. Wang, S. Younis, C. Krizhanovskii, L. Andersson, N. Welsh;
Uppsala University, Uppsala, Sweden.

Background and aims: ZBED6 encodes a transcription factor unique to
placental mammals that mainly functions as a repressor of IGF2. ZBED6
is highly expressed in human islets comparing to muscle, liver and fat
tissue, and negatively regulates insulin production in beta-cells. The aim
of the study is to investigate specifically the effects of ZBED6 and IGF2
on beta-cell function and glucose tolerance in-vivo.
Materials and methods: Zbed6+/+ Igf2G/G (WT G), Zbed6-/- Igf2G/G (KO
G), Zbed6+/+ Igf2 pA/mG (WT A) and Zbed6-/- Igf2pA/mG (KO A) C57BL/6
mice were generated. TheG>Amutation in the Zbed6 binding site in the Igf2
intronic CpG island abolished Zbed6 binding and was present on the paternal
chromosome as Igf2 is only paternally expressed. For high-fat diet (HFD)
study, KOG andWTGmice were given a normal diet (ND) or a HFD since
Week 5. After 10 weeks on ND or HFD, MicroCT was applied and the
amount of fat and muscle between the vertebrae L6-L4 was analyzed.
Glucose tolerance test and insulin sensitivity test were performed. Alpha
and beta-cell mass and cell proliferation (Ki67 staining) were quantified.
RNA-seq and PCR were performed on isolated islets.
Results: The average islet size, as well as the beta-cell area per
total pancreas area, were reduced in both KO G (23.5% reduced
of beta-cell / pancreas area, n=5, P<0.05) and KO A (17.6%
reduced, n=5, P<0.05) mice but not in WT A mice. Thus, the
reduced beta-cell mass occurred in response to Zbed6 KO and
independently from Igf2 expression. Staining of active caspase-3
in beta-cells indicated no altered rates of apoptosis. As knock-out
of Zbed6 independently reduced beta-cell mass, we next investi-
gated whether Zbed6 KO affected the response to a HFD. The
weight of KO mice was higher than that of WT mice at start of
the HFD. The HFD increased the weight of WT mice, but not of
KO mice. Using micro-CT we observed an augmented muscle
mass of KO ND as compared to WT ND at the L6-L4 level. In
HFD mice, however, this effect was abolished. ZBED6 KO sig-
nificantly worsened the glucose tolerance in HFD mice (AUC in
arbitrary units: WT ND: 1751±198, WT HFD: 2250±238, KO
ND: 1785±188, KO HFD: 2790±211, n=5, P<0.05 by ANOVA).
No differences of insulin sensitivity were observed, supporting the
notion that Zbed6 KO affected mainly beta-cell function. Through
RNA sequencing of islets, we found that the cell cycle gene Pttg1
was reduced by almost 90% in the KO islets and the results was
confirmed by PCR. In addition to Pttg1, we also observed a
lowered expression of cyclin C. Thus, a diminished beta-cell pro-
liferation observed in KO ND mice was associated with a lowered
cell cycle gene expression. Beta-cell transcription factors, Nkx6-1,
FoxO1 and Pax6, were increased in KO islets. Interestingly, im-
portant beta-cell autoantigens in Type 1 diabetes (Ins1/2, Slc30a2,
Ica1, Gad1, Pptrn2) were expressed at higher levels in Zbed6 KO
islets. DAVID analysis of the DE genes at HFD conditions indi-
cated that the oxidative phosphorylation pathway was upregulated
in KO mice. This was paralleled by increased expression of Ucp2
and Romo1, two genes involved in mitochondrial ROS
production.
Conclusion: Knock-out of Zbed6, independently from its effects on Igf2
expression, reduced beta-cell mass and proliferation, possibly leading to
an impaired glucose tolerance at high-fat diet conditions. In addition,
Zbed6 knock-out affected the expression of genes involved in mitochon-
drial function and ROS production, which may also have contributed to
the impaired glucose tolerance.
Disclosure: X. Wang: None.
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Defining the transcriptome of a successful beta cell compensation to
insulin resistance
D. F De Jesus, A. El Ouaamari, E. Dirice, R.N. Kulkarni;
Joslin Diabetes Center, Boston, USA.

Background and aims: Type 2 diabetes (T2D) is characterized by a poor
β-cell compensation to insulin resistance. Individuals who develop insu-
lin resistance are at high risk of developing T2D, however, their progres-
sion to overt diabetes is not uniform; thus, while some individuals are able
to mount a robust β-cell compensation and delay the development of
overt disease, others fail to compensate. Thus, a precise understanding
of the transcriptomic signatures responsible for the physiological adapta-
tion of β-cells to states of high metabolic demand is desirable. We aimed
to dissect the transcriptomic signatures of a successful adaptation of β-
cells to insulin resistance.
Materials and methods: We conducted RNA-sequencing in FACS-
sorted pancreatic β-cells from control mice on a chow diet (Control-C)
and littermate animals in 3 models of insulin resistance: a) a dietary model
(60% high-fat diet: Control-HF), b) a genetic model (liver-specific insulin
receptor KO mouse on chow: LIRKO-C), and c) a combined dietary and
genetic model of insulin resistance (LIRKO on a high fat diet: LIRKO-
HF). We subsequently intersected candidate genes using datasets of
single-cell RNA seq. in human β-cells from T2D versus controls.
Results:Diet influenced body weight trajectories independently of geno-
type. Control-HF and LIRKO-HF groups presented similar body weight
trajectories and gained more weight as compared to chow-diet fed ani-
mals (p<0.001). Control-HF, LIRKO-C and LIRKO-HF presented in-
creased random-fed blood glucose levels as compared to Control-C and
at age 3 months (p<0.05). Random-fed serum insulin levels were higher
in Control-HF, LIRKO-C and LIRKO-HF as compared to Control-C at
age 3 months (p<0.001). Control-HF, LIRKO-C and LIRKO-HF present-
ed increased insulin resistance and glucose intolerance compared to
Control-C. In vivo glucose-stimulated insulin secretion analysis revealed
altered first phase insulin secretion in Control-HF, LIRKO-C and
LIRKO-HF compared to Control-C. LIRKO-HF, despite presenting the
highest fasted insulin levels compared to all groups (7.9 ng/mL;
P<0.001), exhibited a robust insulin secretion capacity in response to
glucose (T2 min. vs T0 min. after glucose challenge; p<0.001).
Pancreas morphometry revealed a graded increase in β-cell mass in re-
sponse to insulin resistance (0.99mg in Control-C; 3.2mg in Control-HF;
6.1mg in LIRKO-C; 10.8mg in LIRKO-HF). Regression analyses of β-
cell transcriptomic signatures with β-cell proliferation, β-cell mass and
serum insulin levels identified 1970 positively correlated genes
(FDR<0.05). Intersection of positively correlated genes with β-cell pro-
liferation, β-cell mass and serum insulin levels in mice with downregu-
lated genes in human β-cells from single-cell RNA-seq. datasets per-
formed in islet cells of T2D versus controls identified 506 genes
(FDR<0.05) enriched for pathways related to extracellular matrix organi-
zation, MAPK signaling, cell-cycle, and VEGF signaling among others.
Conclusion: These data provide important insights into alterations in the
transcriptome during the adaptive β-cell response that may assist in iden-
tifying targets to therapeutically expand β-cell mass.
Supported by: R01 DK067536; R01 DK103215; UC4 DK116278.
Disclosure: D. F De Jesus: None.
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Deletion of Drp1 gene in pancreatic beta cells leads to islet hyperpla-
sia and diet-induced obesity in mice
Y. Ohtsuka1, N. Hasuzawa1, K. Uchida2, Y. Nakanishi2, M. Kabashima1,
R. Tokubuchi1, K. Ashida1, Y. Tajiri1, M. Nomura1;
1Division of Endocrinology and Metabolism, Kurume University School
of Medicine, Fukuoka, 2Department of Medicine and Bioregulatory
Science, Kyushu University, Fukuoka, Japan.

Background and aims:Mitochondria have essential roles in the aerobic
generation of ATP by oxidative phosphorylation as well as in variety of
cellular processes, such as apoptosis and Ca2+signaling. The mitochon-
drial morphology changes dynamically by a balanced fusion and fission
processes that occur in response to cellular energy demands, differentia-
tion, or pathogenic conditions. In vertebrates, dynamin-related GTPase
protein (Drp1) is essential for mitochondrial fission. Drp1 in the cyto-
plasm is recruited to mitochondrial fission factor (Mff), a receptor on the
mitochondrial outer membrane, and leads to mitochondrial fission.
Although mitochondrial fission has shown to be essential for regulation
of insulin secretion via cytoplasmic Ca2+handling, its implication in type
2 diabetes has not been fully understood. In order to clarify the roles of
mitochondrial fission in pancreatic β cells, we have performed analysis
with pancreasβcell-specific Drp1-/- (Drp1βKO) mice.
Materials and methods: Drp1βKO mice weregenerated by crossing a
conditional allele of Drp1 (Drp1flox/flox) with the transgenic mice express-
ing cre recombinase under the control of rat insulin gene regulatory ele-
ments (TgN(ins2-cre)25Mgn). Metabolic parameters including body
weight, food intake, locomoter activity, and glucose tolerance were ana-
lyzed. Mitochondrial membrane potential and cellular ATP level in islets,
and Ca2+influx into β cells were analyzed. In addition, histological anal-
yses of the pancreas islets were performed in comparison with Drp1βKO
and control mice.
Results: A significant weight gain was found after 15 week-old in
Drp1βKO mice with increase of food intake and decrease of locomotor
activity. Drp1βKO mice showed impaired glucose tolerance during an
intraperitoneal glucose challenge due to impairedinsulin secretion.
Cytosolic Ca2+observation in isolated β cells revealed the delayed peak
and prolonged recovery time of the Ca2+level after glucose stimulation in
Drp1βKOβ cells. However, there was no change in mitochondrial mem-
brane potential and cellular ATP level, suggesting that mitochondrial
fission in βcells plays important role in glucose responsive-insulin secre-
tion through the regulation of cytosolic Ca2+handling. On electron mi-
croscopy, extendedmitochondria with active cristae structures aggregated
in cytoplasm, while no reduction of insulin granules was observed in
Drp1βKO β cells. Histological analysis of the pancreas revealed signif-
icant hyperplasia of islets in Drp1βKO from as early as 5 week-old. The
expression of LC3-II was found decreased in Drp1βKO β cells, indicat-
ing that defect in autophagy might be also involved in insulin secretion
and islet hyperplasia.
Conclusion: Drp1βKO showed not only impaired insulin secretion but
also islet hyperplasia and diet-induced obesity. This phenotype has dis-
tinction of the early phase of type 2 diabetes. Given that reduced mito-
chondria fission rate and increased number of hyperfused mitochondria
are known to be associated with aging, dysregulation of mitochondrial
fission via Drp1 is likely to be involved in deterioration of diabetes as
well.
Disclosure: Y. Ohtsuka: None.
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Loss of Hippo kinase LATS2 preserves beta cell survival and func-
tion in diabetes
K. Annamalai1, T. Yuan1, B. Lupse1, D. Lim2, K. Maedler1, A.
Ardestani1;
1Islet Cell biology, Centre for Biomolecular Interactions Bremen,
Bremen, Germany, 2Department of Biological Sciences Kaist, Daejeon,
Republic of Korea.

Background and aims:Diabetes is characterized by a progressive loss of
β-cell function and/or mass. Pancreatic β-cell death is the hallmark of β-
cell failure in both type 1 and type 2 Diabetes (T1/T2D). The molecular
mechanisms underlying these pathological defects still require detailed
investigation. Large-tumor suppressor 2 (LATS2), a central kinase of the
Hippo pathway, is activated under diabetic conditions and its overexpres-
sion induced β- cell apoptosis and dysfunction. Conversely, inhibition of
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endogenous LATS2 promotedβ-cell survival in vitro. Our aim was to test
whether genetic LATS2 disruption selectively in β-cells restores
normoglycemia, β-cell function and survival in two diabetic mouse
models in vivo as well as in human and mouse primary islets ex vivo.
Materials and methods: Cellular LATS activation under diabetic condi-
tions was analysed by a recently developed bioluminescence-based bio-
sensor (LATS-BS) that monitors the activity of LATSkinase by phosphor-
ylation of its own established target YAP on S127, which exposes the
docking site for binding of 14-3-3 proteins leading to YAP cytoplasmic
sequestration. β-cell specific LATS2-KO mice (β-L2-KO) were generat-
ed by intercrossing Rip-Cre with LATS2-flox mice and diabetes progres-
sion analyzed in the multiple low dose streptozotocin model (MLD-STZ)
of β-cell destruction as well as in the high fat/high sucrose diet (HFD)
mousemodel of T2D. Blood glucose levels, glucose and insulin tolerance
and insulin secretion were monitored during diabetes progression in con-
trol and β-LATS2-KO mice; β-cell mass, survival and proliferation were
analyzed at the end of the study. Isolated mouse (from β-L2-KO and
controls) as well as human islets (transduced with shRNA targeting
LATS2 and control shRNA) were exposed to a complex diabetic milieu
(cytokines IL-1β/IFNγ or increased glucose/palmitate) and β-cell apo-
ptosis was analyzed by TUNEL/insulin double staining.
Results: Metabolically stressed β-cells treated with high glucose or its
combination with palmitate presented a higher LATS activity than un-
treated control β-cells. Subsequent ex vivo analyses show that LATS2
knockout/knockdown in isolated mouse and human islets treated with
diabetic conditions improved β-cell survival. To assess whether β-L2-
KO mice might be protected against β-cell injury and diabetes, we in-
duced hyperglycemia and diabetes in two mouse models; by five subse-
quent MLD-STZ injections and by high fat/ high sucrose diet (HFD)
feeding for 17 weeks. Pancreatic β-cell-specific ablation of LATS2 di-
minished hyperglycemia and improved glucose tolerance and insulin se-
cretion in MLD-STZ as well as in HFD fed mice. Subsequent IHC and
morphometric analysis revealed that β-L2-KOmice showed increasedβ-
cell proliferation, reduced β-cell apoptosis and increased β-cell mass
compared to MLD-STZ-treated Rip-Cre control mice. Consistent with
the improved metabolic phenotype in the HFD model, β-L2-KO mice
had a lower β-cell apoptosis and elevated β-cell proliferation in pancre-
atic sections of β-L2-KO, compared to RIP-Cre control mice.
Conclusion: Our results show that β-L2KO mice are protected against
diabetes progression with restored β-cell mass, survival and function.
These in vivo and ex vivo studies support the important role of the
Hippo pathway; specifically of LATS2 in β-cell failure and diabetes.
Supported by: JDRF -Juvenile Diabetes Research Foundation
Disclosure: K. Annamalai: None.

66
PHLPP1/2 phosphatases are keymediators of beta cell failure in type
2 diabetes
B. Lupše, A. Ardestani, K. Annamalai, K. Maedler;
University of Bremen, Bremen, Germany.

Background and aims: Pancreatic β-cell failure is the key pathogenic
element of the complex metabolic deterioration in type 2 diabetes (T2D).
Despite the fundamental importance of impaired β-cell survival in the
pathogenesis of diabetes, mechanistic insights into the control of β-cell
death programs in response to multiple cellular stress are still elusive.
Serine-threonine phosphatases (STPs) such as PHLPP1/2 (PH domain
leucine-rich repeat protein phosphatase-1/2) regulate cell death and serve
as potential targets for drug development. Notably, a PHLPP single-
nucleotide polymorphism (SNP) has been recently associated with
T2D. Consistently, PHLPP1 expression is elevated in adipose tissue and
skeletal muscle of obese individuals and in patients with T2D and corre-
lates with defective AKT signaling and insulin resistance. This indicates
an important role of PHLPP1 in diabetes progression. Our aim was to
investigate whether PHLPP1/2 upregulation is detrimental for β-cell

survival in diabetes, and to test whether inhibition of PHLPP1/2 prevents
β-cell destruction and diabetes in vitro and in vivo.
Materials and methods: PHLPP1/2 regulation was investigated in iso-
lated human islets and the rat β-cell line INS-1E exposed to increasing
glucose concentrations as well as isolated islets from patients with T2D
and from two obesity associated mouse models of T2D (high fat/high
sucrose diet (HFD) and db/db). PHLPP1/2 levels, their downstream tar-
gets (pAKT, pMST1), β-cell apoptosis (cleaved Caspase 3 & PARP) as
well as mTORC1 signaling were analyzed by western blotting. PHLPPs
were overexpressed by adenoviruses and silenced by siRNAs targeting
human or rat PHLPP1/2. PHLPP1 knockout (PHLPP1-KO) mice were
used as in vivomodel to study the role of PHLPP1 in glucose homeostasis
and β-cell failure in HFD-induced diabetic mice.
Results: PHLPP1 and PHLPP2 were highly upregulated in human islets
and β-cells under glucotoxic conditions in vitro, in islets isolated from
human T2D as well as from HFD and db/db diabetic mice. PHLPP1/2
overexpression itself was sufficient to trigger β-cell death and dysfunc-
tion. Strikingly, the apoptosis inducing effects of PHLPP1/2 in β-cells
were mediated not only through the inactivation of AKT pro-survival
signaling but also through the activation of pro-apoptotic MST1 kinase,
two established PHLPP substrates. PHLPPs directly dephosphorylated
and regulated activities of β-cell survival kinases AKT (at S473) and
MST1 (at T387) constituting a regulatory triangle loop to control β-cell
survival. Chronic hyper-activation of mammalian target of rapamycin
complex 1 (mTORC1) was identified as primary mechanism of PHLPP
upregulation linking metabolic stress to ultimate β-cell death.
Pharmacological and genetic inhibition of mTORC1 signaling reduced
PHLPPs protein levels and β-cell apoptosis suggesting an mTORC1-
dependent regulation of PHLPP1/2. Additionally, systemic PHLPP1 in-
hibition in PHLPP1-knockout mice (P1-KO) protected against glucose
intolerance and defective insulin secretion and promoted β-cell survival,
β-cell proliferation and compensatory β-cell mass expansion in the HFD
mousemodel of diabetes. Correspondingly, siRNA-mediated knockdown
of PHLPPs restored β-cell function and survival in human T2D diabetic
islets ex vivo.
Conclusion: These findings define an important mechanism of β-cell
failure in T2D and demonstrate the functional significance of targeting
PHLPPs in restoring pancreatic β-cell mass in diabetes.
Supported by: DFG, German Research Foundation
Disclosure: B. Lupše: None.
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MicroRNA 146a is associated with diabetic complications in patients
with type 1 diabetes from the EURODIAB PCS
F. Barutta1, G. Bruno1, G. Matullo1, C. Schalkwijk2, C.D. Stehouwer2,
N. Chaturvedi3, B. Corbetta1, S. Bernardi1, S.S. Soedamah-Muthu4, G.
Gruden1;
1University of Turin, Turin, Italy, 2Maastricht University, Maastricht,
Netherlands, 3University College London, London, UK, 4Tilburg
University, Tilburg, Netherlands.

Background and aims: MicroRNAs (miRNAs) are small non-protein-
encoding RNAs that post-transcriptionally regulate gene expression via
suppression of target mRNAs. MiRNAs are critically involved in many
biological processes in health and diseases. MicroRNA-146a (miR-146a)
plays an important role in suppressing inflammatory processes.
Expression of miR-146a is altered in target tissues of diabetic complica-
tions and miR-146 deficiency has been implicated in the pathogenesis of
the micro/macrovascular damage in diabetes. Whether circulating miR-
146a levels are associatedwith chronic vascular complications of diabetes
is yet undetermined. Therefore, our aim was to assess if high serum miR-
146a levels lowered odds ratios (ORs) of microvascular and
macrovascular complications in a nested case-control sample of subjects
with type 1 diabetes from the EURODIAB PCS.
Materials and methods: We performed a cross-sectional nested case-
control study from the EURODIAB Prospective Complications Study. A
total of 462 DM1 patients, diagnosed at <36 years of age, were studied.
Cases (n=318) were defined as those with one or more complications of
diabetes and control subjects (n=144) were those with no evidence of any
complication. Total RNA was extracted from individual serum samples
using the Triazol reagent. Synthetic C. elegans miR-39 was added to all
samples prior to RNA extraction. Total RNAwas reverse transcribed and
pre-amplified. qPCR was performed using a miR-146a specific Taqman
MicroRNA Assay on an Applied Biosystems 7900HT thermocycler.
Relative expression was calculated using the comparative Ct method
(2-ΔΔCt). Results were standardized to both U6 snRNA and the spike-in
cel-miR-39. Values were excluded if Ct for miR-146a andU6were both ≥
35 or undetermined.
Results: MiR-146a was measurable in all 462 samples with a right-
skewed distribution of values. In logistic regression analysis, miR-146a
levels in the upper quartile were associated with a significant reduced
odds ratio (OR) of all complications (OR 0.45 [95% CI 0.21-0.97]),
cardiovascular diseases (CVD) (OR 0.26 [95% CI 0.09-0.75]), and reti-
nopathy (OR 0.31 [95% CI 0.11-0.86]), independently of age, sex, A1c,
diabetes duration, TNF-α, AER, hypertension, NT-proBNP, and eGFR.
Conclusion: In this large cohort of subjects with type 1 diabetic, we
report an independent and inverse association of miR-146a with chronic
diabetic complications, particularly CVD and retinopathy. This is the first
study suggesting that miR-146a may be a novel biomarker of vascular
protection in diabetes complications.
Disclosure: F. Barutta: None.
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sIL-2R plasma levels as a potential marker for progression to vascu-
lar complications in patients with type 1 diabetes
M. Keindl1,2, A. Fedotkina1, E. du Plessis1, R. Jain3, B. Bergum2, H.
Falhammar4, T. Nyström4, S.-B. Catrina4, L. Groop5,6, M. Eliasson7, B.
Eliasson8, P.M. Nilsson3, T.J. Berg9, S. Appel2, V. Lyssenko1,3;
1Center for Diabetes Research, Department for Clinical Science,
University of Bergen, Bergen, Norway, 2Broegelmann Research
Laboratory, Department for Clinical Science, University of Bergen,
Bergen, Norway, 3Genomics, Diabetes and Endocrinology, Lund
University Diabetes Center, Malmö, Sweden, 4Karolinska Institute,

Stockholm, Sweden, 5Dept. of Clinical Science, Lund University
Diabetes Centre, Malmö, Sweden, 6University of Helsinki, Helsinki,
Finland, 7Umeå University, Umeå, Sweden, 8University of Gothenburg,
Gothenburg, Sweden, 9University of Oslo, Oslo, Norway.

Background and aims: Type 1 diabetes (T1D) is characterised by
autoimmune-mediated destruction of insulin-producing pancreatic β-cells.
Diabetic patients are at greater risk of developing macro- and microvascular
complications. To what extent inflammation and adaptive immune responses
contribute to the development of complications is yet unknown. We
hypothesise, that a particular immunometabolic phenotype can be protective
in patients with long-term T1D with more than 30 years of disease duration,
who did not progress to vascular diabetic complications. The aimof this study
was to investigate towhat extent inflammation contributes to the development
of diabetic vascular complications.
Materials and methods: A panel of 14 cytokines (Invitrogen) was mea-
sured in plasma from the Norwegian T1D patient cohort DIALONG
(n=79) using Luminex technology. The most differentially expressed cy-
tokines (p<0.05; sIL-2R, MCP-1, Eotaxin) were then measured in plasma
from the Scandinavian T1D cohort PROLONG (PROtective genes in
diabetic complications and LONGevity; n=393). Peripheral blood mono-
nuclear cells (PBMCs) from PROLONG patients (n=61) were
immunoprofiled using 14- and 15-colour flow cytometry.
Results: We found that soluble interleukin-2 receptor (sIL-2R) levels were
significantly elevated in PROLONG T1D patients who rapidly progressed to
microvascular complications (retinopathy and nephropathy), as compared to
those who never developed complications (p=0.0064). In the DIALONG
study, a particular association of sIL-2R was observed with cardiovascular
disease (p=0.019). In line with previous reports, T1D patients had significant-
ly increased sIL-2R levels (p=0.0011) compared to healthy controls
(DIALONG). Surface expression of IL-2R (CD25) on T cells did not show
differences between patients with and without complications (micro- and
macrovascular). However, the cell surface marker analysis on T1D patients
showed a shift from naïve to effector Tcells for both CD8+ and CD4+ Tcells
in patients with complications compared to those without (p<0.05).
Furthermore, we detected a strong association of IL2RA SNPs with sIL-2R
plasma levels (p<0.001), which previously have been causally linkedwith the
disease risk for autoimmune-diseases. Associations of IL2RA SNPs with
complications in larger T1D cohorts are currently ongoing.
Conclusion: Present findings from patients with long-term T1D suggest
that sIL-2R plasma levels may serve as a biomarker of diabetes severity,
and thereby in earlier detection of diabetic complications.
Supported by: SRC, NNF, SDCC, BRF, UIB, ODRC, NDC
Disclosure:M. Keindl: None.
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Autoantibodies against methylglyoxal modified ApoB100 and
ApoB100 peptide are associated with less coronary artery atheroscle-
rosis in long-term type 1 diabetes
K.A. Sveen1,2, K.B. Holte1, J. Nilsson3, M. Svanteson4, K.F. Hanssen2,
E. Bengtsson3, T.J. Berg1;
1Endocrinology, Morbid Obesity and Preventive Medicine, Oslo
University Hospital, Oslo, Norway, 2Clinical Medicine, University of
Oslo, Oslo, Norway, 3Clinical Sciences, Skåne University Hospital,
Lund University, Malmø, Sweden, 4Radiology and Nuclear Medicine,
Oslo University Hospital, Oslo, Norway.

Background and aims: Advanced glycation end products (AGEs) are
increased in diabetes. These modifications are recognized by the immune
system, resulting in formation of anti-AGE-specific autoantibodies. The
associations of these immune responses with atherosclerosis in type 1
diabetes remains to be clarified. We investigated the association between
circulating autoantibodies agains methylglyoxal (MGO) modified
ApoB100 and ApoB100 peptide 5 (MGO-p5) and coronary atheroscle-
rosis in type 1 diabetes.
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Materials and methods: We measured autoantibodies against MGO-
ApoB100 and MGO-p5 in plasma from 103 type 1 diabetes patients with
a diabetes duration > 45 years and 63 controls. Coronary artery calcium
(CAC) imaging and evaluation of coronary stenosis was performed in 88
type 1 diabetes patients and 60 controls without known coronary artery
disease using electron beam computed tomography(CTCA). Normal cor-
onary arteries were defined as no detected plaque in any of the coronary
arteries on CTCA. Significant artery stenosis was defined as having
>50% stenosis in any coronary segment. Immunoglobulin M (IgM) and
IgG levels recognizing MGO-ApoB100 and MGO-p5 were determined
by enzyme-linked- immunosorbent assay (ELISA).
Results:Anti-MGO-ApoB100 and anti-MGO-p5 IgM levels were higher
in the diabetes group with no coronary artery stenosis (n=14) compared to
those with significant (>50%) stenosis (n=43), 96.2 (71-126.7) median
(IQR) vs. 53.9 (36-85), p=0.02, for anti-MGO-ApoB100 and 77.4 (58-
106) vs 47.8 (33.9-69) for anti-MGO-p5, p=0.02. Levels of anti-MGO-
ApoB100 and anti-MGO-p5 were associated with coronary artery steno-
sis (r=-0.17, p=0.04) and (r=-0.25, p=0.004), and anti-MGO-p5 with
calcium score (r=-0.27, p=0.006) in type 1 diabetes. In logistic regression
analysis anti-MGO-ApoB100 and anti-MGO-p5 were significantly asso-
ciated with stenosis after adjusting for confounders, OR 0.2 (0.05-0.6)
(95% CI), p= 0.01 and OR 0.22 (0.06-0.75), p= 0.02, respectively.
Conclusion: Our findings may suggest that high levels of anti-MGO
ApoB100 IgM and anti-MGO-p5 IgM can be protective in coronary
atherosclerosis in long-term type 1 diabetes.

Supported by: European Union Seventh Framework Programme (FP7-
PEOPLE-2013-COFUND)
Disclosure: K.A. Sveen: None.
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Predicting cardiovascular disease from fundus images using deep
learning
J. Mellor, A. Storkey, H.M. Colhoun, P. McKeigue, on behalf of the
SDRNT1BIO Investigators;
University of Edinburgh, Edinburgh, UK.

Background and aims: Recent estimates have shown that Type 1
Diabetes confers a two to four-fold increased risk of incident cardiovas-
cular disease (CVD) and its subtypes. A recent study has shown that deep
learning based on fundus images can predict CVD in the general popu-
lation though the increment in prediction compared with a model using
clinical risk factors alone was small. The Scottish Type 1 Diabetes
Bioresource is a consented cohort linked to both clinical data and fundus
images from the Scottish Diabetic Retinopathy Screening programme.
The objective of this study was to establish whether using deep learning
on retinal images can predict incidence of CVDwithin 5 years in a cohort
of people with Type 1 Diabetes in Scotland. Moreover, we establish if
deep learning on retinal images improves predict over prediction models
based on common CVD risk factors.

Materials and methods: We considered 4,782 people in the Scottish
Type 1 Diabetes Bioresource linked to clinical data for the years 2007
to 2017 who had no history of CVD before their recruitment into the
resource. Within 5 years of recruitment 266 people had a CVD-related
incident. Fundus images from the Scottish National Screening pro-
gramme nearest and preceding date of recruitment were used to train a
Resnet deep learning model, taking a single image as input, to predict
whether the person had CVD-related incident within 5 years of recruit-
ment. An Inceptionv4 model was also trained to predict retinopathy grade
using the Kaggle Diabetic Retinopathy dataset. Individual CVD and ret-
inopathy predictions for both eyes were combined via logistic regression
to produce a final deep learning prediction. This deep learning model was
compared to (1) a model using restricted covariate (age, gender, and
duration of diabetes) (2) a model using all available covariates: HbA1c;
smoking status; total, low-density, and high-density cholesterol; body
mass index; systolic blood pressure; diastolic blood pressure; triglycer-
ides, use of anti-hypertensive drugs; serum creatinine; albumin:creatinine
ratio; retinopathy and maculopathy grades. Further, deep learning predic-
tions were combined with the covariates of the 2 baseline models to form
2 further models to evaluate the predictive improvement of deep learning
over baseline. We performed 5-fold cross-validation for all models using
the same folds across models.
Results: The deep learning model using only fundus images attained a
mean AUROC of 0.77 (mean information for discrimination 0.8 bits).
Adding deep learning features to the restricted baseline model increased
the mean AUROC from 0.78 (0.7 bits) to 0.80 (1.0 bits) and increased the
test log-likelihood by 30.8 natural log units (p<10-14). Adding deep learn-
ing features to the full baseline model increased the mean AUROC from
0.83 (1.2 bits) to 0.84 (1.3 bits) and increased the test log-likelihood by
8.2 natural log units (p<10-4).
Conclusion:We have shown that there is useful information predictive of
CVD on a Scottish cohort of people with Type 1 Diabetes that can be
extracted from fundus images using deep learning. We show that this
additional information when combined with clinical covariates may im-
prove prediction over models that use only the clinical covariates. The
cohort is small by deep learning standards - which often improves with
large data sizes - and so the study suggests benefit in expanding the
analysis to a much larger cohort.
Supported by: CSO
Disclosure: J. Mellor: None.
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Low serum adiponectin is associated with the metabolic syndrome
and adds to cardiovascular risk in individuals with type 1 diabetes
without nephropathy
L.M. Thorn1,2, E. Lindroos1,2, C.M. Forsblom1,2, V. Harjutsalo1,2, F.J.
Jansson1,2, M. Saraheimo1,2, J. Frystyk3,4, A. Flyvbjerg5, P.-H. Groop1,2,
the FinnDiane Study Group;
1Folkhälsan Institute of Genetics, Folkhälsan Research Center, Helsinki,
Finland, 2Abdominal Center Nephrology, University of Helsinki and
Helsinki University Hospital, Helsinki, Finland, 3Department of
Clinical Medicine, Aarhus University, Aarhus, Denmark, 4Department
of Endocrinology, Odense University Hospital, Odense, Denmark,
5Steno Diabetes Center Copenhagen, The Capital Region of Denmark,
University of Copenhagen, Copenhagen, Denmark.

Background and aims: In individuals without diabetes, low circulating
adiponectin levels associate with the metabolic syndrome and an in-
creased cardiovascular risk. Noteworthy, in type 1 diabetes, circulating
adiponectin levels are elevated, but the role of adiponectin in the meta-
bolic syndrome, as well as the potential effect of both on cardiovascular
risk is unclear. Thus, the aim was to study the association between serum
adiponectin and the metabolic syndrome in type 1 diabetes, and also to
assess their roles as cardiovascular risk factors in individuals without
diabetic nephropathy.
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Materials andmethods:All 1,444 individuals participated in the Finnish
Diabetic Nephropathy Study between 1994 and 2004. Inclusion criteria
were normal urinary albumin excretion, and data available on the meta-
bolic syndrome and serum adiponectin. Mean age was 34.1±11.5 years,
48% were men, median serum adiponectin was 10.8 (8.0-14.8) mg/l, and
32% fulfilled the criteria for the metabolic syndrome according to the
Joint Statement criteria. Follow-up data on cardiovascular events (myo-
cardial infarction, coronary revascularization, or cardiovascular death)
were retrieved from the national Care Register for Health Care and from
death certificates by end of 2014.
Results: Serum adiponectin concentrations decreased with numbers of
fulfilled criteria of the metabolic syndrome: 12.1 (8.8-15.7), 11.6 (8.5-
15.5), 10.0 (7.3-13.3), 8.8 (6.5-13.0), and 6.3 (4.4-8.9) mg/l for one, two,
three, four, and five criteria, respectively, p<0.001. The prevalence of
metabolic syndrome was 44%, 32%, and 21% in lowest, middle, and
highest adiponectin tertiles, respectively, p<0.001. The adjusted OR of
individual metabolic syndrome components with the lowest tertile of
serum adiponectin, compared to the highest, was for the triglyceride com-
ponent 4.38 (95% CI 2.62-7.34), p<0.001, waist circumference 4.01
(2.28-7.05), p<0.001, low HDL-cholesterol 2.85 (1.98-4.11), p<0.001,
and for hypertension 0.97 (0.68-1.38), p=0.861, after adjustment for
age, sex, HbA1c, insulin dose, retinopathy, and macrovascular complica-
tions. During median 14.5 (13.2-15.2) years of follow-up, 69 (4.8%)
individuals suffered an incident cardiovascular event. Those with meta-
bolic syndrome and serum adiponectin below median had an increased
risk of cardiovascular events, adjusted HR 2.62 (95% CI 1.38-4.99),
p=0.003, compared with those without the metabolic syndrome and
adiponectin above median. Other independent risk factors were age, pres-
ence of retinopathy, stroke, or peripheral artery disease at baseline.
Conclusion: In type 1 diabetes, low serum adiponectin is associated with
the metabolic syndrome and its individual components, except hyperten-
sion. Individuals with the metabolic syndrome and serum adiponectin
below median have increased cardiovascular risk, even after adjustment
for confounders.
Supported by: Folkhälsan Research Foundation, Academy of Finland,
Stockmann foundation
Disclosure: L.M. Thorn: None.
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Coronary artery disease is common in very long-term type 1 diabe-
tes: associations with the collagen oxidation product methionine sulf-
oxide and the AGE glucuronidine/LW-1
K.B. Holte1, M. Svanteson2, K.F. Hanssen3, K. Sveen1, I. Seljeflot4, S.
Solheim4, D.R. Sell5, V.M. Monnier5, T.J. Berg1;
1Department of Endocrinology, Morbid Obesity and Preventive
Medicine, Oslo University Hospital, Oslo, Norway, 2Department of
Radiology and Nuclear Medicine, Oslo University Hospital, Oslo,
Norway, 3Institute of Clinical Medicine, University of Oslo, Oslo,
Norway, 4Department of Cardiology, Oslo University Hospital, Oslo,
Norway, 5Department of Pathology and Biochemistry, Case Western
Reserve University School of Medicine, Cleveland, USA.

Background and aims:Type 1 diabetes is a risk factor for coronary heart
disease. The underlying mechanism behind the accelerated atherosclero-
sis formation is not fully understood, but may be related to the formation
of oxidation products and advanced glycation end-products (AGEs). We
aimed to examine the associations between the collagen oxidation prod-
uct methionine sulfoxide (MetSO); the collagen AGEs methylglyoxal
hydroimidazolone (MG-H1), glucosepane, pentosidine, glucuronidine/
LW-1; and serum receptors for AGE (RAGE) with measures of coronary
artery disease (CAD) in patients with long-term type 1 diabetes.
Materials and methods: In this cross-sectional study, 99 participants
with type 1 diabetes of ≥ 45-year duration and 63 controls without dia-
betes had either established coronary heart disease or underwent
Computed Tomography CoronaryAngiography (CTCA)measuring total,

calcified and soft/mixed plaque volume. Normal coronary arteries were
defined as no plaque in any of the coronary arteries on CTCA. Non-
obstructive CAD was defined as ≥ 1 stenosis of 1 - 50% but none >
50%, and undiagnosed obstructive CAD as ≥ 1 stenosis > 50% in any
of the coronary arteries. Skin collagen MetSO and AGEs were measured
by LC-MS/MS and serum sRAGE/esRAGE by ELISA.
Results: In the diabetes group, only 14% of the participants had normal
coronary arteries, 51% had non-obstructive CAD, 20% had undiagnosed
obstructive CAD and 15% had established coronary heart disease. This
compared to 48%, 38%, 10% and 5% in the control group, respectively
(p<0.001). In the diabetes group, low levels of MetSO (adjusted for age,
sex and mean 30 years HbA1c) were associated with normal coronary
arteries, OR 0.48 (95% CI 0.27-0.88) in multiple logistic regression anal-
ysis. Glucuronidine/LW-1 was associated with established coronary heart
disease, OR 2.0 (1.16-3.49). MG-H1 and glucuronidine/LW-1 correlated
with calcified plaque volume in univariate Spearman correlation analyses
(r=0.23-0.28, p<0.05), while pentosidine correlated with soft/mixed
plaque volume (r= 0.29, p=0.008), also in the adjusted analysis.
Conclusion:Coronary artery disease is common in very long-term type 1
diabetes. Low levels of collagen-bound MetSO were associated with
normal coronary arteries while glucuronidine/LW-1 was positively asso-
ciated with established coronary heart disease in long-term type 1 diabe-
tes, suggesting a role for metabolic and oxidative stress in the formation
of atherosclerosis in type 1 diabetes.

Disclosure: K.B. Holte: None.
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OP 13 Nephropathy: mechanisms of renal inju-
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FoxO1-mediated inhibition of STAT1 alleviates tubulointerstitial fi-
brosis and tubule apoptosis in diabetic kidney disease
G. Qin, F. Huang, L. Ji, T. An;
Department of Internal Medicine, The First Affiliated Hospital of
Zhengzhou University, Zhengzhou, China.

Background and aims: Tubulointerstitial fibrosis (TIF) plays an im-
portant role in the progression of diabetic kidney disease (DKD).
Forkhead box O1 (FoxO1), a prominent member of the forkhead
box family and subfamily O of transcription factors encoded by
the FKHR gene, is involved in the regulation of metabolism, cell
proliferation, oxidative stress, and cell death. However, its function
in renal TIF and tubular apoptosis is less well understood. Signal
transducer and activator of transcription 1 (STAT1) is a member of
the STAT family and functions as a signal messenger and transcrip-
tion factor, participates in multiple cellular processes, including cell
proliferation, differentiation, and apoptosis activated by cytokines
and diabetes factors, it remains unknown whether FoxO1 regulates
renal TIF and tubular apoptosis through STAT1.
Materials and methods: In this study, we generated transgenic mice (TG)
expressing 3aFoxO1 specifically in kidney, in which three conservative
serine/threonine sites were mutated (Thr-24→Ala-24, Ser-253→Ala-253,
Ser-319→Ala-319), and diabetes was induced by streptozotocin. Fasting
blood glucose (FBG), blood urea nitrogen (BUN), serum creatinine (Scr)
and 24h urine total protein (UTP) were measured respectively. Histology
was assessed by PAS, masson’s trichrome, picrosirius red staining and im-
munohistochemistry. Apoptosis were detected by In Situ Cell Death
Detection Kit in the kidney of diabetic mice. In vitro, 3aFoxO1 knock-in
(KI) and FoxO1 knock-down (KD) human renal proximal tubular epithelial
(HK-2) cells were constructed by CRISPR/Cas9 genome editing technology.
PCR and western blot were used to detect related mRNA and protein expres-
sions, and HK-2 cells apoptosis were furture confirmed by flow cytometry.
Results: The results demonstrated that 3aFoxO1 overexpression effec-
tively improved renal function in STZ-induced diabetic mice, as evi-
denced by reduced 24h UTP, Scr and BUN (p<o.o5). Meanwhile, the
pathological changes indicated that TG mice were partially protected
from the development of renal TIF, and TUNEL analysis demonstrated
tubule apoptosis was significantly decreased in TG diabetucmice. In HK-
2 cells, the apoptosis and Epithelial-mesenchymal transdifferentiation
(EMT) induced by high glucose were reversed by 3aFoxO1-KI, and
enhanced by FoxO1-KD (p<o.o5). ChIP analysis suggested that
FoxO1-binding sites in STAT1 are highly active in3aFoxO1-KI HK-2
cells (p<o.o5).
Conclusion: We demonstrate that 3aFoxO1 overexpression ameliorates
EMT, extracellular matrix protein deposition and tubule apoptosis
through STAT1 signaling pathway in diabetic mice and HK-2 cells,
resulting in improved renal TIF and renal function. These data imply
the potential participation of the FoxO1/STAT1signalling pathway, at
least in part, in the pathogenesis of TIF and apoptosis in DKD.
Supported by: NFSC
Disclosure: G. Qin: None.
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TGFβ3 in the kidney: implications in lipid metabolism and fibrosis
E. Escasany1, B. Lanzón1, A. Izquierdo-Lahuerta1, P. Corrales1, A.
García-Carrasco1, L. Torres1, Y. López1,2, P. Petrus3, E. Maldonado2, C.
Martínez Álvarez2, M. Ros1, P. Arner3, M. Rydén3, G. Medina-Gómez1;
1Universidad Rey Juan Carlos, Alcorcón, Spain, 2Universidad
Complutense de Madrid, Madrid, Spain, 3Karolinska Institutet,
Stockholm, Sweden.

Background and aims: Obesity is associated with development of
lipotoxicity in important organs such as the kidney leading to fibrosis and
chronic kidney disease (CKD) progression. Renal fibrosis is the reversible
common final pathological feature of CKD making it an appealing target of
study for both finding new biomarkers and developing therapeutic strategies.
Transforming growth factorβ1 (TGFβ1) has long been associated with renal
fibrosis; however, the role for TGFβ3 is not so clear.
Materials andmethods:We have used heterozygous (HZ) TGFβ3mice,
due to lethality of the homozygous TGFβ3 mutant mice. These mice
were subjected to either a control (CD) or a high fat diet (HFD) and
sacrificed at 16 weeks of age. All results were obtained using histology,
RT-PCR, flow cytometry and MET as well as metabolomics (GC-MS)
techniques.
Results: : In HZmice, lower levels of TGFβ3 did not affect bodyweight;
however, under HFD, HZmice showed glucose intolerance but no insulin
resistance, with higher basal levels of glucose and insulin. Despite similar
renal hypertrophy index, glomerular area or blood pressure, HZ mice
under CD already showed decreased 24h urine volume and a tendency
towards higher albumin/creatinine ratio under both diets, which was ag-
gravated under HFD. Histological analysis (PAS and α-SMA IHC)
showed renal fibrosis in HZmice under both diets confirmed by increased
fibronectin, osteopontin and N-cadherin and decreased E-cadherin andβ-
catenin mRNA levels. Partial lack of TGFβ3 leads to higher oxidative
stress (ROS), thickening of the glomerular basement membrane (GBM),
foot process effacement and loss of podocytes, as observed by electronic
microscopy and flow cytometry. Kidneys of HZ mice showed altered
expression of lipid metabolism genes, with an increase in lipid synthesis
genes (ACC and SREBP1) and a decrease inβ-oxidation genes (PPARα,
CPT1, PGC1α and PGC1β). This translated into an accumulation of
lipids inside the kidney as observed histologically (Oil Red) and by flow
cytometry experiments (Bodipy staining). Moreover, metabolomics re-
sults show that HZ mice under CD have an increase in metabolites such
as fumaric and malic acid, involved in the Krebs cycle and in the mito-
chondrial electron transport chain. Interestingly, the metabolic profile in
WT HFD kidneys is very similar to HZ CD kidneys. It is also worth
noting that the mechanisms that are activated in WT HFD mice are ob-
served in the HZ HFD, suggesting that TGFβ3 could play an important
role in the management of renal lipids. Moreover, we observe a decrease
in proline and hydroxyproline, metabolites involved in collagen turnover.
Conclusion: These data suggest a possible important role of TGFβ3 as
anti-fibrotic in the development of renal fibrosis. Metabolomics analyses
suggest that renal metabolism is turning from lipid oxidation to carbohy-
drates, which agrees with the decrease in β-oxidation observed by RT-
PCR. This could also explain the increase in ROS observed. Very inter-
estingly, the profile of HZ CD samples is in general very similar to that of
WT HFD mice, suggesting that mice with low levels of TGFβ3 do not
deal with fat in a physiological manner. Altogether, these data suggest a
tight link between TGFβ3 and renal lipid metabolism as well as a possi-
ble important role of TGFβ3 as anti-fibrotic.
Supported by: BFU2016-78951-R, B2017BMD-3684, BFU2017-90578-
REDT, Karolinska Institute.
Disclosure: E. Escasany: None.
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The relative roles of pro-oxidant enzymes Nox4 versus Nox5 in dia-
betic kidney disease
J.C. Jha1, A. Dai1, E.L. Ekinci2, M.E. Cooper1, R. Touyz3, C.R.
Kennedy4, K. Jandeleit-Dahm1;
1Department of Diabetes, Monash University, Melbourne, Australia,
2Repatriation Campus, Endocrine Centre, Austin Health, Melbourne,
Australia, 3Institute of Cardiovascular and Medical Sciences, University
of Glasgow, Glasgow, UK, 4Department of Medicine, Ottawa Hospital
Research Institute, Ottawa, Canada.
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Background and aims: Renal oxidative stress plays an important role in
mediating kidney injury in diabetes. Recent studies have identified that
Nox5 could be a main culprit in the context of human diabetic kidney
disease (DKD). Nox5 is present in humans and rabbits but not in mice or
rats. Thus, there is a paucity of information about Nox5 in conventional
mice/rats models of DKD. We examined the role of Nox5 in human
DKD, in human renal cell populations as well as in a high fat fed and
alloxan rabbit model of DKD. In addition, in vivo, we also examined the
relative role of Nox4 vs. Nox5 in the pathogenesis of DKD using Nox5
transgenic mice in the absence of Nox4 expression.
Materials and methods: Protein expression of Nox5 was examined by
immunostaining in human kidney biopsies. In vitro, human mesangial cells
and podocytes were exposed to high glucose and Nox4 and Nox5 were
knockdown in these renal cells. Cellmorphology, gene and protein expression
of markers of fibrosis and inflammation as well as putative signalling path-
ways and the level of ROS were assessed. In addition, we have developed a
novel rabbit model of diabetic complications, which expresses Nox5 and the
other Nox isoforms as in humans. We have exposed the rabbits to high fat
feeding (as a model of type 2 diabetes) as well as inducing insulin deficient
diabetes (type 1 diabetes) using alloxan. As a world first, we have generated a
Nox5 knockout rabbit using CRISP/Cas9. We examined expression of pro-
fibrotic and inflammatory genes in the renal cortex by next generation se-
quencing (NGS) and RT-PCR as well as assessed renal injury and ROS
formation in the rabbits. We have also generated a unique humanised Nox5
transgenic mouse with concomitant Nox4 KO with the aim to definitively
delineate the relative effects of Nox4 versus Nox5 in DKD.
Results: Expression ofNox5was increased in kidney biopsies obtained from
diabetic individuals when compared to non-diabetic individuals. Nox5 shows
the highest upregulation in response to high glucose in comparison to other
Nox isoforms. Silencing of Nox5 reduces ROS formation and expression of
proinflammatory and profibrotic cytokines and growth factors as well as
putative elements that are implicated in DKD. Our data also suggest that
Nox5 is upstream of Nox4 and that Nox5 inhibition also downregulates
Nox4, but not vice versa. High fat feeding and alloxan induced diabetic
rabbits showed increased renal Nox5 expression in associationwith increased
mesangial area and ECM accumulation along with upregulation of CTGF,
fibronectin andMCP-1 as well as enhanced ROS production in the kidney. In
addition, expression of Nox5 in mesangial cells of Nox4 KO diabetic mice
demonstrated 30% increase in albuminuria, mesangial expansion, increased
renal injury and inflammation via enhanced ROS production.
Conclusion: These studies will for the first time explore in a comprehen-
sive manner the role of Nox5 in recently generated rabbit models of
diabetes (type 1 and type 2) as well as delineate the relative role of
Nox4 versus Nox5 in DKD. These studies will provide evidence if
Nox5 blockade alone or combined with Nox4/Nox5 blockade is the op-
timal approach to treat and prevent diabetic nephropathy.
Supported by: JDRF, NHMRC
Disclosure: J.C. Jha: None.
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Disparate effects of the combined therapy of empagliflozin and
linagliptin versus metformin and insulin glargine on renal
haemodynamics in type 2 diabetes
C. Ott1, S. Jung1, D. Kannenkeril1, K. Striepe1, A. Bosch1, M. Korn1, P.
Bramlage2, R.E. Schmieder1;
1Department of Nephrology and Hypertension, Friedrich-Alexander
University Erlangen-Nürnberg, Erlangen, 2Institute of Pharmacology
and Preventive Medicine, Mahlow, Germany.

Background and aims: In type 2 diabetes (T2DM) sodium-glucose
cotransporter type 2 (SGLT-2) inhibitiors induce an acute decline of
(estimated) glomerular filtration rate ([e]GFR), which, however, returns again
to pretreatment levels after discontinuation. Nowadays, combination of insu-
lin with oral antidiabetic drugs is still a valid option, but oral combination
therapy emerged as an alternative treatment in T2DM. However, the renal

hemodynamic profile of 2 combination therapies (metformin + insulin versus
empagliflozin + linagliptin) has not been evaluated so far.
Materials andmethods: In this investigator-initiated prospective, open-label,
randomized, controlled parallel-arm single center study 101 patients with
T2DM (on metformin for at least 3 months) were consecutively enrolled
and randomized to receive either empagliflozin 10mg and linagliptin 5mg
(E+L group) orally or metformin and insulin glargine (M+I group, with dose
adjustments according to glucose levels), for 3 months. Renal hemodynamics
were assessedwith the “gold-standard”, namely constant-infusion input-clear-
ance techniquewith para-aminohippuric acid and inulin for renal plasma flow
(RPF) and GFR, respectively. Renal vascular resistance was calculated as
mean arterial pressure (MAP) X (1 - hematocrit) / RPF.
Results:Glycemic parameters (fasting glucose andHbA1c)were significant-
ly reduced in both groups. Due to the multiple dose adjustment of insulin
glargine, reduction in HbA1c was greater in M+I than in E+L group (-0.41
±0.7 vs. -0.084±0.6 %, p=0.001), hence all analyses between M+I and E+L
wereHbA1c-adjusted to evaluate the glucose independent effects between the
2 combination therapies. In E+L group, we observed a reduction of body
weight (-2.5±2.5 vs. 0.3±1.6 kg, p<0.001), body mass index (-0.83±0.8 vs.
0.1±0.5 kg/m2, p<0.001) and both ambulatory 24-h systolic and diastolic BP
(-4.5±8.2 vs 0.7±6.2 mmHg/-1.9±5.1 vs 0.0±4.8 mmHg, p=0.004/0.036)
compared to M+I group. Treatment with E+L reduced GFR (127±13 vs.
120±14 ml/min, p=0.003), but RPF remained unchanged (623±114 vs. 615
±115 ml/min, p=0.536). In contrast, treatment with M+I not only reduced
GFR (127±15 vs. 120±13ml/min, p=0.001), but also resulted in a significant
reduction of RPF (653±150 vs. 600±121 ml/min, p<0.001) that was different
between the 2 groups (p<0.001). Of note total RVR decreased with E+L
(p=0.001), but increased with M+I (p=0.001), again significantly different
between the 2 groups (p<0.001).
Conclusion: As expected combination therapy with E+L reduced GFR,
whereas M+I resulted in both reduction of GFR and RPF. Total RVR
decreased with E+L, but increased withM+I that might be of in particular
clinical importance in patients with chronic kidney disease.
Clinical Trial Registration Number: NCT02752113
Disclosure: C. Ott: None.
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Dapagliflozin improves the urinary CKD273 proteomic score when
added to renin-angiotensin blockade in patients with type 2 diabetes
and nephropathy
M.K. Eickhoff1, M. Frimodt-Møller1, H. Mischak2, P. Rossing1,3, F.
Persson1;
1Steno Diabetes Center Copenhagen, Gentofte, Denmark, 2Mosaiques
Diagnostics GmbH, Hannover, Germany, 3University of Copenhagen,
Copenhagen, Denmark.

Background and aims: The urinary proteomic pattern score CKD273 is
based on the abundance of 273 peptides in the urine primarily originating
from extracellular matrix components and collagens. It predicts diabetic kid-
ney disease before presence of albuminuria in post hoc evaluations.We aimed
to evaluate effect of the sodium-glucose cotransporter 2 inhibitor
dapagliflozin on the CKD273 score in patients with type 2 diabetes (T2D)
and albuminuria.
Materials and methods: A double-blinded, randomized, placebo-con-
trolled, crossover trial of 12weeks dapagliflozin (10mg) ormatching placebo
in random order added to standard of care. Participants (n=40) had T2D and
albuminuria (UACR≥30 mg/g). At baseline and end of treatment periods
HbA1C was measured, spot urine for urinary proteomics and three consecu-
tive morning spot urines for albuminuria were collected and 24h blood pres-
sure and glomerular filtration rate (GFR) (51Cr-EDTA) were performed.
High-risk of diabetic kidney disease was defined using a previously deter-
mined cut-off of in theCKD273 score of 0.154. Results were compared using
mixed model analysis adjusted for age, sex, systolic blood pressure, HbA1c,
albuminuria and GFR. Chi-square analysis was used to examine change in
risk category based on proteomics.
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Results: Baseline values for the 36 participants completing the study:
Geometric mean urinary albumin creatinine ratio (UACR) = 147 (IQR 82-
330) mg/g, mean eGFR = 84 ml/min/1.73 m2 (SD±19.3), HbA1c = 73
mmol/mol (SD±15) and 24h blood pressure = 147/82 mmHg (SD±12.0/
8.1). Dapagliflozin reduced UACR by 44% (95% CI 17-78%, p<0.01),
GFR by 10.6 (6-15) ml/min/1.73m2 (p<0.01), HbA1c by 7.4 (5-10)
mmol/mol (p<0.01) and 24h blood pressure by 4.1/2.9 mmHg (p=0.058/
p<0.01). The CKD273 proteomic score improved from mean 0.457 with -
0.217 (p<0.01) and renal risk category improved from 72% at high risk after
placebo to 47% after dapagliflozin (p=0.032).
Conclusion: Dapagliflozin added to standard care in T2D patients with
albuminuria significantly reduced the urinary CKD273 proteomic score and
renal risk. This indicates a possible direct beneficial effect on the kidneys,
which may explain part of the renal benefit of SGLT2i seen in clinical trials.
Clinical Trial Registration Number: NCT02914691
Supported by: AstraZeneca provided a grant and study medication for
this study
Disclosure:M.K. Eickhoff: Grants; Steno Diabetes Center Copenhagen
recieved support from AstraZeneca for this study. Non-financial support;
The study medication was provided by AstraZeneca.
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GLP-1 alleviatesDKD through activation of autophagy by regulating
AMPK/mTOR pathway
X. Zhuo1, L. Yang1, C. Lin1, S. Yang1, Q. Li1, S. Rao2, Y. Cheng1;
1Zhujiang Hospital of Southern Medical University, Guangzhou, 2School
of Biomedical Sciences, Chinese University of Hong Kong, Hong Kong,
China.

Background and aims: Glucagon-like peptide-1 (GLP-1) is a novel
antidiabetic agent used in clinical practice. Recently it was reported to
exert a renoprotective effect in theHK-2 cells and kidneys of diabetic rats,
which was induced by one kind of GLP-1 analogues liraglutide in the
presence of high glucose. However, most of the previous findings mainly
focused on the indirect effect in inhibiting the advanced glycation end
products. The present study aimed to investigate the underlying mecha-
nism in which the GLP-1 exerts the renoprotective effect.
Materials and methods: Pathological examinations were conducted to
evaluate the effect of GLP-1 on renal tissues. The effect of GLP-1 on expres-
sion of LC3 and P62 in glomerulus of diabetic rats was analyzed using
immunohistochemistry analysis. Furthermore, the expression of proteins in
the AMPK/mTOR pathway was analyzed using RT-PCR and western blot-
ting. Finally, intracellular ROS levels was assessed with flow cytometry and
fluorescent probe dichloro-dihydrofluorescein diacetate (DCFH-DA) stain-
ing, and the effect of GLP-1 on distribution of Nrf2 in the cells was detected
using immunofluorescence assay.
Results: In diabetic rats, the renoprotective effect was demonstrated by sig-
nificantly decreasing urinary albumin and ameliorating renal pathological
changes. Proliferating Hkc8 and HEK293 were increased by treated with
exendin-4, a GLP-1 receptor agonist. Notably, the GLP-1 could positively
regulate the progression of autophagy through the AMPK/mTOR signaling
pathway and the up-regulation of the following protein in vivo and in vitro.
Simultaneously, it could also suppressed oxidative stress, then reversed Nrf2
translocation into the nuclei. In terms of mechanism, the renoprotective effect
of the GLP-1 may be exerted via the GLP1R-AMPK-mTOR-autophagy-
ROS signaling axis.
Conclusion:Our study not only illustrated the renoprotective effect of the
GLP-1 in DKD rats but also in the first time elucidated the underlying
mechanism that was independent of controlling glucose, which implied
that the GLP-1 might be a novel therapeutic strategy for the prevention
and treatment of DKD.

Supported by: SMU Clinical Research Startup Program
(LC2016YM007); NSFG(2017A030313519)
Disclosure: X. Zhuo: None.
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The contrasting phenotypes of type 2 diabetes at diagnosis: a cross-
section study of 100,000 individuals from South India and the United
Kingdom
M.K. Siddiqui1, V. Baskar2, S. Jebarani2, R.M. Anjana2, C.N.A.
Palmer1, E.R. Pearson1, V. Mohan2;
1Population Health & Genomics, University of Dundee, Dundee, UK,
2Dr. Mohan's Diabetes Specialty Centre, Chennai, India.

Background and aims: While it has been established that Indian
Asian diabetes is characterised by young age of onset with a rel-
atively low BMI, there have been no large-scale studies undertak-
en to comprehensively characterise the phenotype of Indian Asians
living in India at or close to diagnosis, and to compare with a
similarly characterised cohort of white Europeans. Here, we report
the first study to compare the anthropometric, physiological and
biochemical characteristics of patients with new onset diabetes in
nearly 100,000 patients from India and Scotland.
Materials and methods: We compared the clinical phenotype, an-
thropometry, lipids, blood pressure, and fasting and stimulated c-
peptide or HOMAB/S where available in 42,551 patients from
Tayside, East Scotland (ES) and 55,148 patients attending Dr
Mohan’s Diabetes Centres (DMDSC), India, who were at or close
to diagnosis using t-tests. Further, we performed a comparative
analysis of relative contribution to the variance in age of onset
using traditional variables using generalized linear models.
Finally, we explored and developed an Indian Asian-specific mod-
el for prediction of variance in age at diagnosis.
Results: Compared to white Europeans, age at onset of diabetes
was 15 years earlier for Indian Asians, who were diagnosed on
average at 47 years of age. Most parameters differed at time of
diagnosis between the populations. Indian Asians had lower BMI
[median 26, IQR (5.4)] compared to white Europeans, [32, IQR
(6.6) kg/m2). Waist circumference was 25 cm lower in Indian
Asians on average, (median 93, IQR: 14). Indian Asians had lower
systolic blood pressure, [122 mmHg, (IQR:18)] compared to white
Europeans [140, (IQR:23)], similarly high-density lipoproteins
(HDL) were lower in Indian Asians [1.00 (0.3)] compared to
[1.14 (0.38) mmol/L] respectively. HbA1c was 7.1% (IQR:2.5) in
white Europeans and 8.3 (IQR:3.4) in Indian Asians at diagnosis.
All differences were significant, with p values < 0.001. Models
containing sex, BMI, SBP, DBP, LDL and HDL-cholesterol ex-
plained 27% of the variance in age at onset in white Europeans
compared to 12% in Indian Asians. An Indian Asian specific mod-
el using traditional variables with the addition of waist circumfer-
ence, HOMA-B and Neutrophil-Lymphocyte Ratio (NLR) was
able to predict 20% of the variance in age at onset in females
and 22% in males.
Conclusion: The Indian Asian and white European phenotypes
differ markedly, especially the absence of hypertension, low
HDL and early beta-cell failure. The average young onset patient
diagnosed under 40 years, from Scotland has marked obesity, cen-
tral adiposity and diastolic hypertension. By contrast a patient
from south India diagnosed under the age of 40, has a lower
BMI, lower waist measurements, has a relatively normal blood
pressure but has a low HDL-Cholesterol. In Indian Asians, but
not white Europeans, young onset diabetes is driven by beta-cell
failure. Traditional risk factors for type 2 diabetes explain less
than half the variance in age of onset in Indian Asians compared
to white Europeans. The results suggest the aetiology of type 2
diabetes is likely to be different in these two ethnicities.
Supported by: ODA INSPIRED 16/136/102
Disclosure:M.K. Siddiqui: None.
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Associations between markers of childhood body composition and
type 2 diabetes in adulthood
M.T. Hudda1, J. Aarestrup2, C.G. Owen1, D.G. Cook1, T.I.A.
Sørensen3,4, A.R. Rudnicka1, J.L. Baker2,3, P.H. Whincup1, C.M.
Nightingale1;
1Population Health Research Institute, St. George's, University of
London, London, UK, 2Center for Clinical Research and Prevention,
Bispebjerg and Frederiksberg Hospital, Copenhagen, Denmark,
3Department of Public Health, University of Copenhagen, Copenhagen,
Denmark, 4Novo Nordisk Foundation Center for Basic Metabolic
Research, University of Copenhagen, Copenhagen, Denmark.

Background and aims: Childhood obesity is a major global public
health issue. Childhood BMI, the most widely used marker of obe-
sity, is associated with type 2 diabetes (T2D) in adulthood, but there
is limited information on how more direct measures of childhood
body composition, including fat mass (FM) and fat free mass
(FFM), are associated with T2D risk. We assess the associations
between three height-standardised childhood body composition in-
dices (BMI, fat mass index [FMI] and fat free mass [FFMI]) and
T2D in adulthood, using recently developed prediction equations to
estimate FM and FFM from height, weight, sex and age
Materials and methods: Analyses were based on data from a cohort of
Danish schoolchildren, born 1930-85, with available height and weight
measurements at 7y, 10y or 13y. FM and FFM were estimated (using
equations derived in a separate study of 2375 children with deuterium
dilution measurements) and standardised for height at each age. T2D
diagnoses in adulthood were ascertained by linkage to national registers.
Sex-specific Cox regressionmodels were fitted within birth cohort groups
and the hazard ratios for the associations between each of the childhood
indices and T2D were ascertained and pooled via random-effects meta-
analyses. Models were fitted separately at BMI values above and below
the mean and by age at diagnosis.
Results: Analyses were based on a minimum of 131181 males
(13156 T2D cases) and 130334 females (8697 T2D cases).
Based on proportional hazards assumption tests, analyses were
restricted to those at early T2D risk (before 42y in males &
47y in females). Amongst those with above-average childhood
BMI, all three indices had positive associations with early T2D
diagnoses, which were stronger amongst females than males
(Table 1). The associations between FFMI and T2D in both sexes
were systematically stronger than those of FMI and BMI, which
showed similar strengths of associations. The strengths of the
associations were greater at ages 10y and 13y compared with 7y
(Table 1). Among those with below-average childhood BMIs, as-
sociations were weaker, but most remained positive.
Conclusion: In this cohort of children born up to 1985, the childhood
body composition markers, particularly FFMI, were positively associated
with T2D in adulthood. There was a suggestion that the FFMI component
of BMI is more strongly associated with T2D risk than the FMI compo-
nent. However, further evidence is needed in more contemporary cohorts
more affected by the recent rise in obesity prevalence, for whom the FM
to FFM balance is likely to be different.

Supported by: BHF PhD Studentship & EFSD Albert Renold Travel
Fellowship
Disclosure:M.T. Hudda: None.
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Early stages of type 2 diabetes: cohort study linking genetic liability
with repeated metabolomics across early life
J.A. Bell1, C.J. Bull2, M.J. Gunter3, D. Carslake1, G. Davey Smith1, N.J.
Timpson1, E.E. Vincent2;
1MRC Integrative Epidemiology Unit (IEU), University of Bristol,
Bristol, UK, 2MRC IEU & School of Cellular and Molecular Medicine,
University of Bristol, Bristol, UK, 3Section of Nutrition and Metabolism,
International Agency for Research on Cancer, Lyon, France.

Background and aims: Type 2 diabetes develops for many years
before diagnosis. Clinical disease is characterised by numerous
metabolic perturbations in circulation, but which of these reflect
the developmental stages of type 2 diabetes, as opposed to inde-
pendent causes or markers of other disease processes, is unknown.
We aimed to reveal early stages of type 2 diabetes by examining
genetic liability to adult type 2 diabetes in relation to detailed
metabolic traits measured repeatedly across early life.
Materials and methods: Data were from up to 4,765 offspring
participants of the Avon Longitudinal Study of Parents and
Children (ALSPAC) birth cohort study. Linear regression models
were used to examine effects of a genetic risk score (GRS, in-
cluding 162 genetic variants) for adult type 2 diabetes on 4 re-
peated measures of 229 traits from targeted nuclear magnetic res-
onance metabolomics. These traits included lipoprotein subclass-
specific cholesterol and triglyceride content, branched chain and
aromatic amino acids, fatty acids, inflammatory glycoprotein ace-
tyls, and others, and were measured in childhood (age 8y), ado-
lescence (age 15y), young-adulthood (age 18y), and adulthood
(age 25y).
Results: Participants (49.7% male) had higher body mass index
(BMI) at later ages (mean, standard deviation (SD) BMI in kg/
m2 was 16.2 (2.0) at age 8y and 24.8 (4.9) at age 25y, respec-
tively). The prevalence of type 2 diabetes was low across time
points (< 5 cases when first assessed at age 15y; 7 cases (0.4%)
when assessed at age 25y). At age 8y, type 2 diabetes liability
(per SD-higher GRS) was associated with lower lipids in high-
density lipoprotein (HDL) particle subtypes - e.g. -0.03 SD (95%
CI=-0.06, 0.00; P=0.03) for total lipids in very-large HDL. At age
15y, associations remained strongest with lower lipids in HDL
and became stronger with pre-glycemic traits including citrate (-
0.06 SD, 95% CI=-0.09, -0.02; P=0.001) and with glycoprotein
acetyls (0.05 SD, 95% CI=0.01, 0.08; P=0.01). At age 18y, asso-
ciations were stronger with branched chain amino acids (BCAA)
including valine (0.06 SD; 95% CI=0.02, 0.09; P=0.001), while at
age 25y, associations had strengthened with very-low density li-
poprotein (VLDL) lipids and remained consistent with previously
altered traits including HDL lipids. These patterns are shown in
Figure 1.
Conclusion: Early metabolic stages of type 2 diabetes likely in-
volve lower HDL lipids, followed by higher BCAA and inflam-
matory glycoprotein acetyl levels. These perturbations are appar-
ent in childhood as early as age 8y, decades before the clinical
onset of disease. Knowledge of traits specific to type 2 diabetes
development may inform the targeting of key pathways or the
prediction of individuals on course to more debilitating stages of
disease.
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Supported by: CRUK; Diabetes UK; EBI & Wellcome Trust; MRC
Disclosure: J.A. Bell: None.
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Temporal trend in young-onset type 2 diabetes: comorbidities,
macrovascular and mortality risk: study of UK primary care elec-
tronic medical records
D. Koye1, J. Ling2, J. Dibato1, K. Khunti3, S. Paul1;
1University of Melbourne, Melbourne, Australia, 2Royal Melbourne
Institute of Technology (RMIT), Melbourne, Australia, 3University of
Leicester, Leicester, UK.

Background and aims: The temporal patterns, comorbidities and long-
term outcomes in young-onset T2DM compared to older people with
T2DM are not well studied. The aims were to evaluate temporal pattern
of young-onset T2DM, risk factor control, comorbidities and the risk of
macrovascular disease (MVD) and all-cause mortality (ACM) in young
people compared to older people with T2DM.
Materials and methods: Using nationally representative UK primary
care electronic medical records, 343,714 people diagnosed with T2DM
from January 2000 were identified. We extracted data on anthropometric,
clinical and laboratory measures and comorbidities at diagnosis (Dx) of
T2DM, and MVD and ACM during median 7 years follow-up. The
temporal trend in the proportion of people at Dx in the age groups 18-
40, 41-50, 51-60, 61-70 and 71-80 were evaluated from 2000 to 2017.
The temporal trend of rate / 1000 person years for MVD and ACM were
evaluated.
Results: Overall 343,714 incident cases of T2DM were identified; mean
age 53 years, 11% and 16%were in the 18-40 and 41-50 years age groups
respectively. Proportion of people in these age groups marginally in-
creased from 9.5% to 12.5% and 14% to 17.5% respectively over 17
years (Fig 1A). The youngest group had significantly higher BMI (mean:
35 kg/m2, 69% obese) and LDL-C (74% with LDL-C ≥ 100 mg/dL)
compared to older people, 51% had SBP ≥ 130 mmHg, and 2 / 4 %
had microvascular disease / MVD at diagnosis. With mean (SD)
HbA1c of 9.2 (2.1)% (73% with A1c ≥ 7.5%), the youngest people had
consistently higher HbA1c temporal trends with little decline, while the
HbA1c level at diagnosis has declined over time in people aged ≥ 60
years (Fig 1B). The temporal patterns of incidence rates of MVD (Fig
1C) remained similar for all age groups from around 2005 onwards.
However, the ACM rate (Fig 1D) declined over time for people aged
>60 years (by ~ 20% in 60-70 years group and ~ 30% in 70-80 years
group), but remained unchanged in the 18-40, 41-50 and 51-60 years
groups.

Conclusion: The proportion of young-onset T2DM has increased from
2000 to 2017. Young people with T2DM have a higher cardiovascular
risk factor burden. The cardiovascular morbidity and mortality risks have
declined substantially over the years for older people with T2DM but
remain unchanged for younger people. Young-onset diabetes has a more
aggressive phenotype compared to older-onset diabetes. More intense
strategies are required to improve longer term cardiovascular and mortal-
ity outcomes in this population.

Disclosure: D. Koye: None.
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A pragmatic life style modification programme reduces cardio-
metabolic disease and predictors of type 2 diabetes in young South
Asians aged 10 to 18 years
N. Fountoulakis1, L. Gnudi1, M. Wijesuriya2, J. Karalliedde1;
1King's College London, London, UK, 2Diabetes Association of Sri
Lanka, Colombo, Sri Lanka.

Background and aims: There is a growing incidence of type 2 diabetes
(T2DM) and associated cardio-metabolic risk in young South Asian per-
sons. There is limited data on the impact of lifestyle modification inter-
ventions and programs on cardio-metabolic endpoints and risk factors in
those aged below 18 years of age. The aim of this study was to evaluate in
post hoc analyses the impact of a pragmatic trimonthly lifestyle modifi-
cation (LSM) programme (P-LSM) versus a less-intensive 12-monthly
control LSM (C-LSM) intervention on a primary composite endpoint of
predictors of cardio-metabolic disease (new onset T2DM, hypertension,
impaired glucose tolerance (IGT), impaired fasting glycaemia (IFG) in
participants aged 6-10, 10 to 14 and 14 to 18 years with risk factors for
T2DM.
Materials and methods: DIABRISK-SL was a randomised controlled
trial performed at the National Diabetes Centre, Sri-Lanka. We have pre-
viously reported the main results of the study which demonstrated a
significant benefit of P-LSM on primary and secondary cardio-
metabolic endpoints. All participants received either trimonthly (P-
LSM) or 12-monthly (C-LSM) individualised one to one peer educator
advice aimed at reducing weight, improving diet, reducing psychological
stress and increasing physical activity. In post hoc analyses we now report
the age differentiated (6-10, 10 to 14 and 14-18 years) results of the 1725
participants (P-LSM n = 850, C-LSM n = 875) aged below 18 years on
the primary cardio-metabolic composite endpoint, new onset
dysglycaemia (T2DM, IGT ,IFG) and the individual components of the
primary composite endpoint.
Results: The number of participants in each age sub group 6-10, 10 to 14
and 14 to 18 years were (P-LSM n=77C-LSMn=59), (P-LSM n=534 , C-
LSM n=556), (P-LSM n=239 , C-LSM n=260) respectively. No
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statistically significant effect of P-LSM on cardio-metabolic endpoints
was observed in participants aged below 10 years. Participants in the 10
to 14 years of age subgroup assigned to the P-LSM group had a lower
incidence of the primary combined endpoint (87 vs 106 new cases) inci-
dent rate ratio (IRR) and 95% confidence intervals (CI), IRR =0.85
(95%CI 0.72-1.01) p=0.07, driven mainly by the lower incidence of
new onset hypertension in the P-LSM group (24 vs 37 new cases),
IRR=0.67 (95%CI 0.49-0.91), p=0.012, compared to the C-LSM group.
Participants in the 14 to 18 subgroup assigned to the P-LSM intervention
arm had a lower incidence of the composite end-point (36 vs 54 cases),
IRR 0.73 (95%CI 0.57-0.94) p=0.015 as well as a lower incidence of
impaired glucose tolerance (12 vs 21 cases, IRR=0.6 (95%CI 0.39-
0.92) p=0.02, new onset hypertension (6 vs 15 cases, IRR=0.43,
(95%CI 0.25-0.76) p=0.004, and new onset dysglycemia (30 vs 46 cases,)
IRR=0.74 (95%CI 0.56-0.97) p=0.03 compared to those assigned to the
C-LSM intervention arm.
Conclusion: In young South-Asian's at risk of T2DM, a pragmatic life-
style modification programme significantly reduces the incidence of pre-
dictors of diabetes and hypertension in those aged 10 to 18 years of age.
Our results emphasise the need for further style modification studies
focused in younger populations to evaluate the impact and feasibility of
interventions to reduce the burden of diabetes and associated cardiovas-
cular risk.
Clinical Trial Registration Number: SLCTR/2008/003
Supported by: BRIDGESGrant from IDF andDiabetes Association of Sri
Lanka
Disclosure: N. Fountoulakis: None.
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Efficacy and safety of liraglutide vs placebo in children and adoles-
cents with type 2 diabetes: the ellipse randomised trial results
T. Barrett1, W.V. Tamborlane2, U. Fainberg3, H. Frimer-Larsen3, M.
Hafez4, P.M. Hale5, M.Y. Jalaludin6, M. Kovarenko7, I. Libman8, P.V.
Rao9, N. Shehadeh10, S. Turan11, D. Weghuber12, M. Barrientos-Pérez13;
1Institute of Cancer and Genomic Sciences, University of Birmingham,
Birmingham, UK, 2Yale University, New Haven, USA, 3Novo Nordisk
A/S, Søborg, Denmark, 4Cairo University, Cairo, Egypt, 5Novo Nordisk
Inc., Plainsboro, USA, 6Faculty of Medicine, University of Malaya,
Kuala Lumpur, Malaysia, 7Novosibirsk Medical University,
Novosibirsk, Russian Federation, 8UPMC Children’s Hospital of
Pittsburgh, Pittsburgh, USA, 9Diabetes Research Society, Hyderabad,
India, 10Rambam Health Care Campus, Haifa, Israel, 11Marmara
University School of Medicine, Istanbul, Turkey, 12Paracelsus Medical
University, Salzburg, Austria, 13Angeles Hospital of Puebla, Puebla City,
Mexico.

Background and aims: Despite theT2D burden in children and adoles-
cents, metformin and insulin are the only agents currently approved for
this age group. The ellipse trial assessed the efficacy and safety of
liraglutide vs placebo when added to metformin, with or without basal
insulin, as a new treatment option for youth with T2D.
Materials and methods: In ellipse, children aged 10 to <17 years were
randomised 1:1 to liraglutide up to 1.8 mg/day (or max. tolerated dose) or
placebo for a 26-week, double-blind period, followed by a 26-week open
label extension for additional data collection (total 52 weeks). Inclusion
criteria: BMI >85th percentile of the general age- and gender-matched
population; HbA1c ≥7.0% and ≤11% if diet- and exercise-treated or
≥6.5% and ≤11% if treated with metformin and/or basal insulin.
Primary endpoint: HbA1c change from baseline at 26 weeks. Secondary
endpoints included change in fasting plasma glucose (FPG). Safety was
assessed throughout the trial.
Results: Of 135 children randomised, 134 were exposed to treatment
(liraglutide 66; placebo 68). Mean age: 14.6 yrs (SD: 1.7 yrs; range:
10.0-16.9 yrs; 30% aged 10-14 yrs), 62% were female. Demographics
were similar in both groups. At 26 weeks (primary endpoint), HbA1c

decreased from 7.87% to 7.13% with liraglutide and increased from
7.69% to 8.19% with placebo (estimated treatment difference [ETD]: -
1.06%; 95% CI -1.65, -0.46; p<0.001; Figure). Similarly, after 52 weeks,
HbA1c decreased with liraglutide and increased with placebo (ETD: -
1.30%; 95% CI -1.89, -0.70; p<0.001; Figure). Liraglutide also decreased
FPG at 26 and 52 weeks (-1.1 and -1.0 mmol/L, respectively) versus
increases with placebo (+0.8 and +0.8 mmol/L respectively). The per-
centage of children who reported an adverse event (AE) was similar in
both groups (84.8% vs 80.9% with liraglutide vs placebo, respectively).
Gastrointestinal AEs were more frequent with liraglutide (33.3%) than
placebo (13.2%).
Conclusion: Liraglutide at doses up to 1.8 mg/day (when added to met-
formin ± basal insulin) offers a new, efficacious and durable treatment
option, with an acceptable safety profile, for children and adolescents
with T2D in need of improved glycaemic control.

Clinical Trial Registration Number: NCT01541215
Supported by: Novo Nordisk
Disclosure: T. Barrett: Employment/Consultancy; consultancy fees as
part of the NovoNordisk Paediatric Type 2 Diabetes Global Expert Panel.
Lecture/other fees; Lecture honoraria fromNovo Nordisk, Servier. Other;
Investigator for trials in paediatrics by Novo Nordisk, Bristol-Myers
Squibb, MSD, AstraZeneca.
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C-peptide micro-secretion is associated with lower rates of
hypoglycaemia on flash glucose monitoring in people with type 1
diabetes
F.W. Gibb1, J.A. McKnight1, C. Clarke2, M.W.J. Strachan1;
1Edinburgh Centre for Endocrinology & Diabetes, Edinburgh, 2Clinical
Biochemistry, Western General Hospital, Edinburgh, UK.

Background and aims: Persistent secretion of C-peptide in type 1 dia-
betes (a measure of endogenous insulin production) has been associated
with fewer self-reported episodes of hypoglycaemia (including severe
hypoglycaemia), as well as lower rates of complications and lower
HbA1c. There is a broad range of C-peptide secretion in Type 1 diabetes,
ranging from virtual absence of C-peptide (<10 pmol/l) to secretion of
significant amounts (>200 pmol/l). We sought to explore whether C-
peptide micro-secretors had objectively lower rates of hypoglycaemia
on flash glucose monitoring (FM).
Materials and methods: We conducted a retrospective cohort study. In
the past 2 years, we have routinely measured non-fasting plasma C-
peptide (and paired glucose) in people with T1DM (>3 years duration)
attending our centre. From this cohort, we included all individuals linking
FM data to our centre using the ‘LibreView’ portal, where at least 75%
data capture was obtained during a 2-week period. ‘Micro-secretors’were
defined as C-peptide 10 - 50pmol/l. Data are median (IQR).
Results: Median age was 43 (33 - 53) years and did not differ between
groups, however C-peptide micro-secretors were older at diagnosis (22
[14 - 29] vs. 15 [9 - 25] years, p = 0.001) and had shorter duration of
diabetes (17 [11 - 26] vs. 27 [16 - 35] years, p = 0.001). There was no
difference in CSII use between groups (24.4% vs. 27.6%, p = 0.067).
Univariate analysis of differences in FM glucose data are presented in the
table. In multivariate analysis (adjusting for duration of diabetes, estimat-
ed HbA1c and CSII use), % glucose below 3.9 mmol/l (p = 0.007),
coefficient of variation of glucose (p = 0.014) and number of low glucose
events (p = 0.006) remained significantly associated with C-peptide mi-
cro-secretor status; duration of diabetes was not independently associated
with any of these measures.
Conclusion: Persisting low levels of C-peptide were associated with less
time below target, reduced glucose variability and fewer hypoglycaemic
events, independent of duration of diabetes. We did not observe signifi-
cant differences in ‘time in range’ or estimated HbA1c, suggesting C-
peptide secretion may be specifically protective against hypoglycaemia,
as opposed to simply representing a biomarker for superior long-term
glycaemic control. These data imply that C-peptide could be used to
better stratify glycaemic targets in type 1 diabetes and, specifically, that
lower HbA1c targets may be more safely achieved in C-peptide micro-
secretors.

Disclosure: F.W. Gibb: Honorarium; Dexcom. Lecture/other fees;
Abbott Diabetes Care.
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Restoration of hypoglycaemia awareness alters brain activity in type
1 diabetes
M. Nwokolo1,2, S.A. Amiel1,2, O. O'Daly3, M.L. Byrne1, F.O. Zelaya3, P.
Choudhary1,2;
1Department of Diabetes, School of Life Course Sciences, King's College
London, London, 2King's College Hospital NHS Foundation Trust,
London, 3Department of Neuroimaging, Institute of Psychiatry,
Psychology and Neuroscience, King’s College London, London, UK.

Background and aims: Impaired awareness of hypoglycemia (IAH) in
type 1 diabetes is associated with atypical responses to hypoglycemia in
brain regions involved in arousal, decision-making andmemory.Whether
restoration of subjective awareness can alter these responses is unknown.
We evaluated the impact of awareness restoration using structured edu-
cation (Dose Adjustment for Normal Eating, DAFNE UK) and technol-
ogy (insulin pumps and sensors) on regional cerebral blood flow (CBF)
responses to hypoglycemia.
Materials and methods: 12 adults with type 1 diabetes and IAH (Gold
and Clarke scores >4) and severe hypoglycemia (SH), underwent arterial
spin labelling functional MRI (ASL-fMRI) during a sequential 5 mmol/L
- 2.6mmol/L glucose clamp before and after a hypoglycemia avoidance
programme of education, technology and clinical support. Hypoglycemic
responses were compared between groups by means of exploratory
whole-brain analysis (flexible factorial ANOVA) and hypothesis-led
analysis (small volume correction) using predefined regions of interest,
the thalamus, anterior cingulate cortex (ACC), orbitofrontal cortex (OFC)
and hippocampus.
Results: There was a reduction in Gold and Clarke scores (6.0±1.0 to 4.0
±1.6, p=0.0002; 5.7±1.7 to 3.4±1.8, p=0.0008) and SH rates (1.5±2 to 0.3
±0.5, p=0.03) post-intervention. Peak symptom scores increased post-
intervention (27.3±12.7 from 18.8±6.3 p=0.02), with a 12.1±7.4 vs 6.5
±6.9-fold increase in peak adrenaline (p=0.05). Post intervention, greater
activation was seen in the ACC (p=0.01, peak voxel coordinates 6,40,-2
)and greater deactivation was seen in the hippocampus (p=0.023, peak
voxel coordinates -28,-34,4 ) in response to hypoglycemia. Thalamic and
OFC activity did not significantly change between the pre and post-
intervention sessions.
Conclusion: This is the first study to show that restoration of awareness,
using education, technology and support, is associated with greater acti-
vation of brain pathways involved in internal self-awareness and motiva-
tion (ACC), and greater deactivation in regions involved in memory
(hippocampus), suggesting partial recovery of the brain responses lost
in IAH. Resistance of fronto-thalamic pathways may explain why not
all individuals with IAH achieve awareness restoration with technology
and education alone.
Clinical Trial Registration Number: CRN 15921
Supported by: Diabetes UK
Disclosure:M. Nwokolo: None.
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Number of preceding episodes of severe hypoglycaemia determine
subsequent acute death in people with type 1 diabetes: a retrospective
cohort study
O. Moser1, J. Rafferty2, M.L. Eckstein1, O. McCarthy2,3, R.M.
Bracken2,3, H. Sourij1, S.C. Bain2, R.L. Thomas2;
1Division of Endocrinology and Diabetology, Medical University of
Graz, Graz, Austria, 2Diabetes Research Unit Cymru, Swansea
University, Swansea, UK, 3A-stem, Swansea University, Swansea, UK.

Background and aims: The 30 year-follow-up of the Diabetes Control
and Complications Trial (DCCT) and Epidemiology of Diabetes
Interventions and Complications (EDIC) study detailed that a preceding
episode of severe hypoglycaemia (SH) was the most powerful predictor
of subsequent episodes of SH. Equivocal findings have been reported
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between the relationship of SH and mortality in people with type 1 dia-
betes (T1D). However, the relationship between the number of episodes
of SH and acute death has never been investigated in detail. Therefore,
this retrospective cohort study examined if the number of preceding ep-
isodes of SH determines subsequent acute death in people with T1D.
Materials andmethods: Individuals with T1Dwere identified from prima-
ry care data for 80% of the population of Wales (UK) in the Secure
Anonymised Information Linkage (SAIL) databank. Characteristics were
available for age, gender, glycated haemoglobin (HbA1c) and admission to
hospital (hospitalisation) with the cause recorded as SH. Data were stratified
for occurrence of SH hospitalisation without death, death from any cause
more than 10 days following SH hospitalisation as well as death from any
causewithin 10 days followingSHhospitalisation. Continuous variables such
as age and HbA1c data from within 6 months of the SH hospitalisation were
used. Data are presented as median (lower quartile-upper quartile) and group
differences were analysed by Kruskal-Wallis, Mann-Whitney and Chi
squared test (p≤0.05).
Results: 8626 people diagnosed with T1D between 2000 and 2018 (age
31.6 years [20.3-50.5], 44% females), HbA1c=74 mmol/mol [61-89
mmol/mol] [8.9% (7.7-10.3%]) were identified. In total during the study
period there were 1550 episodes of hospitalisation due to SH recorded.
There were a total of 801 (9.3%) deaths from any cause recorded within
this population with at least one episode of SH hospitalisation in 215
(2.5%) of these deaths. There were 1335 (18%) people with SH
hospitalisation who were alive at the end of the study, 194 (2%) with
SH hospitalisation who died >10 days after the admission event and 21
(0.2%) with an episode of SH hospitalisation and died within 10 days of
the admission. People who died following an episode of SH requiring
hospitalisation had a higher number of preceding episodes of SH requir-
ing hospitalisation (<10 days mean 2.3; >10 days 2.1) compared to those
who had SH hospitalisation and are alive (mean 1.8) (median <10 days
2.0 [1.0-3.0]; >10 days 1.0 [1.0-2.0]; alive 1.0 [1.0-2.0], p<0.05). Those
who died within 10 days after an episode of SH had lower HbA1c levels
(65 mmol/mol; 48-77 mmol/mol) compared to those who had an episode
of SH and are still alive (77 mmol/mol; 65-93 mmol/mol) and those who
had an episode of SH and died at least 11 days afterwards (74 mmol/mol;
62-92 mmol/mol) (p=0.046). Females had a greater occurrence of epi-
sodes of SH (females 19%, males 13%) but more males died within and
after 10 days following an episode of SH (females 2%, males 3%)
(p<0.001).
Conclusion: This retrospective cohort study demonstrated that frequently
occurring episodes of SH might impact the risk of acute death in people
with T1D. Intriguingly, in this analysis those with a higher risk of acute
death had lower HbA1c levels.
Disclosure: O. Moser: None.
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Can computational modelling explain the dead in bed syndrome?
A. Bernjak1, S.R. Heller1,2, R.H. Clayton1;
1University of Sheffield, Sheffield, 2Sheffield Teaching Hospitals NHS
Foundation Trust, Sheffield, UK.

Background and aims: The ‘dead in bed syndrome’ characterizes the
death of young and otherwise healthy patients with type 1 diabetes in an
undisturbed bed. Sudden cardiac death due to arrhythmias during noctur-
nal hypoglycaemia has been implicated but the precise mechanism re-
mains unclear. In observational studies, we and others have reported
increased risk of arrhythmia during hypoglycaemia in patients with dia-
betes. We have also shown that cardiac autonomic modulation during
sustained experimental hypoglycaemia varies with time. The aim of the
study was to explore whether the combined effects of hypoglycaemia and
parasympathetic or sympathetic stimulation could lead to abnormal pace-
maker activity in a computational model of a human sinoatrial cell.
Materials and methods: A computational model of the spontaneous
electrical activity of a human sinoatrial node (SAN) cell was used.

Changes in pacemaker activity during hypoglycaemia and coincident
stimulation of the autonomic nervous systemwere investigated bymodel-
ling the effects of low extracellular glucose concentration, hypokalaemia -
low extracellular potassium (to 3.5 mmol/l) and activation of the sympa-
thetic or parasympathetic system. Cycle length (CL) of pacemaker action
potential pulses was compared separately and in combination under the
above conditions. The effect of low glucose (at and below 2.5mmol/l) has
been implemented by decreasing the conductivity of the HERG ion chan-
nel, which is a major component of the delayed rectifier potassium current
(to -30%) and a negative shift in its voltage-current relationship (to -
3mV).
Results: At baseline, the CL was 0.92s (65 cycles per minute). Reduced
conductivity of the HERG channel by 30% shortened the CL to 0.75s. A
shift in the voltage-current relationship by -3mV prolonged the CL to
1.18s. Combining both above effects of low glucose resulted in shortened
CL vs normoglycaemia (CL = 0.89s) but adding hypokalaemia prolonged
the CL to 0.95s (see Table). Sympathetic activation during
normoglycaemia increased the pacemaker rate and shortened the CL by
25% (CL = 0.69s). This effect was stronger at low glucose (CL = 0.60s)
but was similar to normoglycaemia when combined with hypokalaemia
(CL = 0.67s). Parasympathetic activity during normoglycaemia
prolonged the CL to 1.27s. The prolongation was similar at low glucose
(CL = 1.27s) but was considerably bigger when adding hypokalaemia
(CL = 1.43s, 51% increase).
Conclusion: Hypoglycaemia enhanced the effect of autonomic stimula-
tion, especially the parasympathetic activity, on the pacemaker activity of
the heart. The resulting imbalance could explain bradycardia that has been
reported during clinical hypoglycaemic episodes and could contribute to
increased risk during hypoglycaemia. Computational modeling has the
potential to identify mechanisms that could lead to abnormal cardiac
activity during hypoglycaemia which would not be possible in clinical
studies.

Supported by: NIHR Senior Investigator Award awarded to SR Heller
Disclosure: A. Bernjak: None.
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Improved counter regulatory response to hypoglycaemia after
dishabituation with high intensity exercise in people with type 1 dia-
betes and impaired hypoglycaemia awareness
C.M. Farrell1, D.J. West2, S. Hapca1, P. Fournier3, T.W. Jones3, A.D.
McNeilly1, R.J. McCrimmon1;
1School of Medicine, University of Dundee, Dundee, UK, 2University of
Newcastle, Newcastle, UK, 3University of Western Australia, Perth,
Australia.

Background and aims: Impaired awareness of hypoglycaemia (IAH)
affects approximately 20-25% of all people with Type 1 diabetes (T1D)
and is a major risk factor for severe hypoglycaemia.We recently proposed
that IAH may develop as a form of adaptive memory to repeated
hypoglycaemia; referred to as Habituation. Consistent with this hypothe-
sis, we demonstrated restoration of defective counterregulatory responses

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S46



(CRR) to hypoglycaemia in a non-diabetic rodent model of IAH follow-
ing introduction of a novel stress stimulus [high intensity exercise (HIT)];
referred to as Dishabituation. In this study we sought to further test our
hypothesis by examining whether a single episode of HITwould amplify
counterregulatory response to subsequent hypoglycaemia in people with
T1D who had IAH (assessed by Gold score ≥4, Modified Clark score≥4
or DAFNE hypoglycaemia awareness rating 2 or 3).
Materials and methods: Twelve participants with T1D and IAH were
recruited to a single-centre, randomised, cross-over study. Individuals
were randomised to one episode of HIT (4 x 30 s cycle sprints [2 min
recovery] at 150% of max Watts achieved during VO2peak assessment) or
rest (control). The following day they underwent a 90-minute
hyperinsulinaemic hypoglycaemic clamp study at 2.5 mmol/l with mea-
surement of hormonal CRR and symptom scores. Participants also
underwent cognitive testing [4-choice reaction time (4CRT) and digit
symbol substitution test (DSST)] during the clamp study. Each interven-
tion and subsequent clamp study was separated by at least 2-weeks.
Results: All participants (6 male and 6 female, age 19-54 years, median
(IQR) duration of type 1 diabetes 24.5 years (11.75), HbA1c 56.5 (19)
mmol/mol) completed the study (both interventions and 2 clamps). In
comparison to the control study, a single episode of HIT led to a 30%
increase in the epinephrine response [mean (SEM) 541.1 +/- 70.5 pg/ml
vs. 418.8 +/- 62.84; p<0.05], a significant increase in total symptom
scores (Edinburgh Hypoglycaemia scale: 27.5 +/- 3.95 vs. 24.25 +/-
2.96; p<0.05), and a significant prolongation of 4CRT (659.9 +/-
39.86 ms vs. 591.8 +/- 22.51; p<0.05] during equivalent hypoglycaemia
induced the following day.
Conclusion: These findings are consistent with the hypothesis that IAH
develops in people with T1D as a habituated response and that introduc-
tion of a novel stressor can restore, at least partially, the adapted CRR
hormonal, symptomatic and cognitive responses to hypoglycaemia. HIT
may represent a novel therapeutic intervention for people with IAH.
Clinical Trial Registration Number: ISRCTN15236211
Supported by: DUK, JDRF
Disclosure: C.M. Farrell: None.

90
Reduced risk of hypoglycaemia and lower HbA1c with degludec com-
pared to glargine U300 in insulin-treated patients with type 2
diabetes
A. Philis-Tsimikas1, D.C. Klonoff2, K. Khunti3, H.S. Bajaj4, L.A.
Leiter5, D. Tutkunkardas6, L. Nørgård Troelsen6, B.A. Bak6, S.R.
Heller7, T.R. Pieber8;
1Scripps Whittier Diabetes Institute, La Jolla, USA, 2Diabetes Research
Institute, Mills-Peninsula Medical Center, San Mateo, USA, 3Diabetes
Research Centre, University of Leicester, Leicester, UK, 4LMC
Diabetes and Endocrinology, Brampton, Canada, 5Li Ka Shing
Knowledge Institute, Division of Endocrinology & Metabolism, St
Michael’s Hospital, University of Toronto, Toronto, Canada, 6Novo
Nordisk A/S, Søborg, Denmark, 7Academic Unit of Diabetes,
Endocrinology and Metabolism, University of Sheffield, Sheffield, UK,
8Division of Endocrinology and Diabetology, Department of Internal
Medicine, Medical University of Graz, Graz, Austria.

Background and aims:Minimising hypoglycaemia is an important aim
of insulin therapy. Long-acting basal insulins, degludec and glargine
U300 have been shown to have a lower risk of hypoglycaemia than
glargine U100. A head-to-head trial was conducted to evaluate the risk
of hypoglycaemia with degludec compared with glargine U300 in
insulin-treated patients with type 2 diabetes (T2D).
Materials and methods: This randomised (1:1) open-label, treat-to-tar-
get, multinational trial, included T2D patients ≥18 years with HbA1c

≤9.5% and BMI ≤45 kg/m2. Patients were previously treated with basal
insulin ± oral antidiabetic drugs (excluding insulin secretagogues) and
fulfilled at least one criterion that placed them at a risk of hypoglycaemia.

Both degludec and glargine U300 were similarly titrated to a fasting
blood glucose (BG) target of 4.0-5.0 mmol/L. All endpoints related to
hypoglycaemia were assessed during a 36-week maintenance treatment
period and the total treatment period of up to 88 weeks.
Results: Of 1609 randomised patients, 703 patients in the degludec arm
and 706 patients in the glargine U300 arm completed the treatment.
Baseline characteristics were comparable between the treatment arms.
The rate ratio (RR) of severe or BG-confirmed symptomatic
hypoglycaemia with degludec compared to glargine U300 was 0.88
(NS) during the maintenance period and a statistically significant RR of
0.77 was seen during the total treatment period (Figure). During the
maintenance and total treatment periods, the RR was statistically signif-
icant in favour of degludec for severe hypoglycaemia (RR: 0.20 and 0.38,
respectively) and for nocturnal hypoglycaemia (RR: 0.63 and 0.57, re-
spectively). The proportions of patients with hypoglycaemia were statis-
tically significant in favour of degludec during both periods for all
hypoglycaemic endpoints (Figure). The post-hoc assessed change from
baseline to end of treatment in HbA1c was statistically significantly great-
er in patients treated with degludec compared to glargine U300 (estimated
treatment difference [95% CI]: -0.10% [-0.18; -0.02]).
Conclusion: Degludec showed an overall lower risk of hypoglycaemia
compared to glargine U300 accompanied by significantly lower HbA1c.

Clinical Trial Registration Number: NCT03078478
Supported by: Novo Nordisk
Disclosure:A. Philis-Tsimikas: Grants; Novo Nordisk, Eli Lilly, Sanofi,
Voluntis, AstraZeneca. Lecture/other fees; Novo Nordisk, Eli Lilly,
Sanofi.
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Type 1 diabetes and obesity: Could bariatric surgery be a safe and
beneficial option?
G. Höskuldsdottir1, J. Ekelund2, M. Miftaraj2, V. Wallenius3, J.
Ottosson4, I. Näslund4, S. Gudbjörnsdottir2, N. Sattar5, A.-M.
Svensson2, B. Eliasson6;
1Department of Medicine, Sahlgrenska University Hospital, Gothenburg,
Sweden, 2National Diabetes Register, Centre of Registers, Gothenburg,
Sweden, 3Department of Gastrosurgical Research and Education,
University of Gothenburg, Gothenburg, Sweden, 4Department of
Surgery, Örebro University, Örebro, Sweden, 5The Institute of
Cardiovascular and Medical Sciences, University of Glasgow, Glasgow,
UK, 6Department of Molecular and Clinical Medicine, University of
Gothenburg, Gothenburg, Sweden.

Background and aims: The long-term effects and complications of bar-
iatric surgery in patients with type 1 diabetes have not been studied.
Materials and methods: In this register-based nationwide cohort study
individuals with type 1 diabetes and obesity that underwent Roux-en-Y
gastric bypass surgery were compared with matched patients with type 1
diabetes and obesity that did not undergo surgery. Individuals were in-
cluded between January 2007 and December 2013 using data from the
Swedish National Diabetes Register and Scandinavian Obesity Surgery
Registry. The main outcome measures were all cause mortality, cardio-
vascular mortality, cardiovascular disease as well as serious hypo- or
hyperglycaemic events.
Results: 387 individuals with type 1 diabetes that had undergone gastric
bypass surgery were identified and matched with 387 controls with type 1
diabetes with regards to sex, age, BMI and calendar time. Follow-up for
endpoints was up to 9 years (mean 4,7 years) and all-cause mortality 10 years
(mean 5,8 years) for both groups. Our findings show risk reductions for
cardiovascular death (HR 0.15, 95% CI 0,03-0,68; p= 0,013), heart failure
(HR 0.32, 95%CI 0.15-0.67; p=0.0026), stroke (HR 0.18, 95%CI 0.04-0.82;
p=0,026) and cardiovascular disease (HR 0.43, 95% CI 0.20-0.9; p=0,026)
for the surgical group in comparison with their nonsurgical counterparts. In
terms of risk, there was an increased risk for serious hyperglycaemic evens in
the gastric bypass group (HR 1.99, 95% CI 1.07-3.72, p=0,0300), the differ-
ence between the groups becoming apparent during the first postoperative
days. There was a numerical but not significant increase in serious
hypoglycaemic events in the surgically treated group.
Conclusion: Our results meaningfully extend earlier research to suggest
potentially sizeable benefits of gastric bypass surgery on cardiovascular
events and death and all-cause mortality and death in individuals with
type 1 diabetes.
Disclosure: G. Höskuldsdottir: None.
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Are early dumping and postprandial hypoglycaemia after Roux-en-
Y gastric bypass related events?
C.C. Øhrstrøm1, D.L. Hansen2, J.J. Holst3, U.L. Kielgast1, D. Worm4;
1Department of Medicine, Zealand University Hospital, Køge, 2Steno
Diabetes Center, Copenhagen, 3Department of Biomedical Sciences,
University of Copenhagen, Copenhagen, 4Department of Medicine,
Amager Hospital, Copenhagen, Denmark.

Background and aims: Postprandial hypoglycemia (PH) and early dump-
ing (ED) are often addressed as two separate complications after Roux-en-Y
gastric bypass (RYGB) although symptoms overlap. Symptoms of ED are
strongly correlated with the postprandial heart rate (HR) response, and an
increase in HR ≥10 beats per minute (bpm) within the first hour after meal
intake is considered diagnostic of ED. We investigated the postprandial HR

response in RYGB-operated individuals with PH and potential underlying
mechanisms, with and without treatment intervention.
Materials and methods: In a cross-over study, 11 RYGB-operated
women with confirmed PH (blood glucose <3.9 mmol/L)
underwent three separate 4-hour 300-kcal liquid mixed meal tests
(MMT): a baseline MMT without treatment and two MMTs pre-
ceded by 50 mg acarbose and 300 μg pasireotide respectively.
Continuous HR recording was obtained by Holter monitoring
and blood samples were collected for the analysis of glucose,
albumin, insulin, glucagon-like peptide-1 (GLP-1) and norepi-
nephrine levels. HR was averaged over 5 min intervals, and cal-
culated as the peak value and the incremental change from fasting
to peak HR (ΔHR). Changes in HR, albumin and norepinephrine
levels were tested by a paired t-test. Peak times and the effects of
drug intervention were compared using linear mixed models.
Correlations were tested by the Spearman rank-order correlation.
Results: At baseline, all participants had ΔHR ≥ 15 bpm within
the first 35 min of the MMT (peak 90 ± 4 bpm vs fasting 65 ± 2
bpm, p<0.0001). Nine out of eleven participants reached a hypo-
glycemic nadir glucose value (<3.9 mmol/l) between 90 to 180
minutes after meal intake. Changes in HR and glucose levels are
shown in Figure 1. HR increases were accompanied by a signif-
icant increase in serum albumin levels (peak 37.1 ± 0.6 vs fasting
35.7 ± 0.7 g/l, p=0.002). HR peaked at the same time as glucose,
albumin and GLP-1 (26 ± 2, 31 ± 2, 29 ± 8 and 30 ± 2 min;
p>0.3) whereas insulin peaked later (41 ± 2 min, p=0.01). Plasma
norepinephrine doubled from fasting to 30 minutes after meal
intake (2.0 ± 0.4 nmol/l vs 4.0 ± 0.4 nmol/l, p<0.0001). HR
values were positively correlated with glucose, albumin insulin,
GLP-1 and norepinephrine levels (r=0.44, r=0.31, r=0.41,
r=0.43, r=0.61; p<0.0005). Intervention with pasireotide and
acarbose both reduced ΔHR (10 ± 3 and 19 ± 3 vs 26 ± 3
bpm; p<0.001). Moreover, pasireotide reduced peak insulin,
GLP-1, and norepinephrine levels but increased peak glucose;
acarbose reduced peak glucose, insulin and norepinephrine levels
but did not affect GLP-1.
Conclusion: RYGB-operated individuals with PH have postprandial HR
increments suggestive of ED, indicating that PH and ED constitute a
combined post-surgical complication. Insulin, GLP-1 and norepinephrine
are potential mediators driving the HR increments.

Clinical Trial Registration Number: NCT02527993
Disclosure: C.C. Øhrstrøm: None.
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Metabolic surgery improves brain glucose metabolism, cognitive
function and neuroplasticity in obese non-diabetic subjects
G. Daniele1, D. Angela1, D. Volterrani1, L. Giusti1, A. Ciccarone2, G.
Aghakhanyan1, G. Ceccarini1, F. Santini1, C. Moretto2, P. Binda1, C.
Lunghi1, C. Morrone1, S. Del Prato1;
1University of Pisa, Pisa, 2Azienda Ospedaliero-Universitaria Pisana,
Pisa, Italy.

Background and aims:Obesity is associated with risk of cognitive dys-
function, neurodegenerative disorders and impaired neuroplasticity. We
evaluated the effect of metabolic surgery (RYGB) on brain glucose utili-
zation, cognitive function, visual neuroplasticity (VNP) and peripheral
glucose metabolism.
Materials and methods: Thirteen non-diabetic obese subjects (BMI 46
±4.9 kg/m2; HbA1c 40.1±5.9 mmol/mol; age 42.4±9.8 yrs) with no his-
tory of psychiatric illness, psychoactive drug use and major brain disor-
ders were recruited. Subjects underwent a 75 gr OGTT during a 60 min
FDG dynamic brain PET study, standardized neurocognitive tests and
VNP by psychophysical technique at baseline and 6-months after
RYGB. Plasma glucose, insulin, GLP-1, GIP, VIP, BDNF, and leptin
were measured during OGTT.
Results: After RYGB, BMI declined (45.7±1.6 to 34.3±1.6 kg/m2;
p<0.001) and insulin sensitivity improved (HOMA-IR 4.7±0.9 to 1.6
±0.4; P=0.006). Cerebral glucose metabolic rate (CMRg by voxel-wise
paired analysis) declined in several brain regions (p=0.005, kE>50).
Token and Trail Making Test score change correlated with CMRg change
in orbitofrontal (r=0.6 and r=-0.81), parietal (r=0.64, r=-0.77), temporal
(r=0.6, r=-0.78) and visual cortex (r=0.64, r=-0.75), hippocampus (r=0.6,
r=-0.71) and caudate/putamen (r=0.64, r=-0.80; all p=0.03 or less). After
RYGB, VNP increased (0.01± 0.03 to 0.11±0.04; p=0.008) and correlat-
ed with CMRg change in orbitofrontal cortex (r=0.59; p=0.03) and hip-
pocampus (r=0.58; p=0.03). CMRg of several cortical and subcortical
areas correlated with HOMA-IR (p<0.001) but not with BMI. GLP-1/
GIP levels increased (P<0.002) with no correlation with CMRg, VIP or
BDNF levels. Fasting leptin decreased (73.8±45.5 to 14.3±5.9 pmol/l;
p<0.008) and correlated with CMRg change in hippocampus (r=0.6;
r=0.03).
Conclusion: These results show that metabolic surgery modulates CMRg

in brain areas involved in cognitive function and neuroplasticity
Clinical Trial Registration Number: NCT03414333
Disclosure: G. Daniele: None.
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Brain FFA uptake is higher in morbidly obese as compared to lean
subjects, and is attentuated after bariatric surgery: a positron emis-
sion tomography study
E. Rebelos1, L. Pekkarinen1, J. Hannukainen1, P. Iozzo2, M. Bucci1, P.
Nuutila1;
1TURKU PET Center, Turku, Finland, 2National Research Council,
Institute of Clinical Physiology, Pisa, Italy.

Background and aims:Whereas several studies have demonstrated that
brain glucose uptake is enhanced during insulin stimulation, and higher in
obese as compared to lean subjects, less is known about brain FFA me-
tabolism in morbid obesity. Preclinical studies have shown that brain FFA
handling can be involved in the control of whole body homeostasis.
Previously, we have shown that in subjects with metabolic syndrome
brain fatty acid uptake (BFAU) is higher as compared to lean controls.
In this study we aimed to investigate whether there are differences in
BFAU between morbidly obese and lean subjects, and to investigate the
effect of significant weight loss following bariatric surgery. Associations
between BFAU and peripheral markers were also addressed.
Materials and methods:Wemeasured BFAUwith 14(R, S)-[18F]fluoro-
6-thia-heptadecanoic acid (FTHA) and positron emission tomography in

23morbidly obese and 15 lean controls. All studied subjects were women
to avoid between genders differences. Obese subjects were re-studied 6-
months after bariatric surgery. Brain volume was measured with MRI.
Circulating metabolites were measured with nuclear magnetic resonance
(NMR). Statistical analysis was performed with statistical parametric
mapping. Additional statistical analysis was performed with JMP.
Results: Obese had higher BFAU as compared to lean subjects (1.24
±0.35 vs. 0.79±0.33 μmol/100g/min, p=0.0005), driven by higher FFA
availability. In the pooled data of obese and lean subjects together, BFAU
correlated positively with BMI (p=0.006, r=0.48), whole body fatty acid
oxidation (p=0.006, r=0.47), and with several metabolites including glyc-
erol (p<0.0001, r=0.73), and β-OH butyrate (p=0.048, r=0.35), and with
leptin levels (p=0.001, r=0.54). Interestingly, when including in the same
model BFAU, leptin, and BMI, the association between BFAU and leptin
was the strongest. Six months after bariatric surgery, obese subjects
achieved significant weight loss (-10 units of BMI). BFAU was attenuat-
ed but not normalized (1.20±0.39 vs. 1.07±0.37 μmol/100g/min, ns),
probably due to the catabolic state induced after bariatric surgery. Total
brain volume was not statistically different between obese and lean sub-
jects (1459±101 vs. 1475±69 ml, ns), but it increased slightly but signif-
icantly in obese 6 months after surgery (1459±101 vs. 1473±91 ml,
p=0.02).
Conclusion: BFAU is increased in morbidly obese as compared to lean
subjects, and six months after bariatric surgery BFAU is attenuated. The
fate of BFAU in the brain is not completely understood and preclinical
studies are needed to determine whether FTHA is mainly taken up by the
cells (neurons, astrocytes), and/or used also for other purposes (e.g. struc-
tural needs).

Clinical Trial Registration Number: NCT01373892
Supported by: Finnish Diabetes Foundation
Disclosure: E. Rebelos: None.
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Relationship between markers of white adipose tissue browning and
early diabetes resolution after bariatric surgery
M. Clemente-Postigo1, L. Coin-Aragüez1, S. Lhamyani2, A.-M.
Gentile2, J. Alcaide-Torres1, L. Garrido-Sanchez1, F.J. Tinahones1, R.
El Bekay3;
1UGC Endocrinologia y Nutricion, Hospital Universitario Virgen de la
Victoria, Instituto de Investigacion Biomedica de Malaga (IBIMA)/
Universidad de Malaga, CIBER Fisiopatologia de la Obesidad y
Nutricion (CIBERobn), Malaga, 2UGC Endocrinologia y Nutricion,
Hospital Regional Universitario, Instituto de Investigacion Biomedica
de Malaga (IBIMA)/Universidad de Malaga, Malaga, 3UGC
Endocrinologia y Nutricion, Hospital Regional Universitario, Instituto
de Investigacion Biomedica de Malaga (IBIMA)/Universidad de
Malaga, CIBER Fisiopatologia de la Obesidad y Nutricion
(CIBERobn), Malaga, Spain.

Background and aims: Bariatric surgery usually leads to an early met-
abolic improvement independently of weight loss, even within the few
days from intervention. However, the early diabetes remission does not
occur in all the patients. The factors which determines this inter-
individual variability in diabetes remission after surgery remain unclear.
White adipocyte conversion to thermogenically active beige adipocytes
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has been related to positive outcomes regarding weight management and
glucose metabolism. Taking into account that functional state of adipose
tissue has been suggested as a determinant factor in the development of
obesity co-morbidities, baseline adipose tissue state may define the met-
abolic response to bariatric surgery. Thus, the aim of this study was to
analyze the relationship between the expression of markers of white ad-
ipose tissue browning and early diabetes resolution after bariatric surgery.
Materials and methods: Gene expression of browning markers
were analyzed in visceral (VAT) and subcutaneous (SAT) white
adipose tissue from diabetic morbidly obese patients under treat-
ment for type 2 Diabetes Mellitus (T2DM) with metformin who
underwent bariatric surgery (gastric bypass, sleeve gastrectomy or
biliopancreatic diversion). Patients were classified according to
whether they were still being treated with metformin 45 days after
bariatric surgery (T2DM+) or not (T2DM-).
Results: Patients who continued with treatment for T2DM after bariatric
surgery had significantly lower SAT PGC1α gene expression levels than
patients who disrupted the treatment for T2DM (p<0.05). TMEM26 and
UCP1 gene expression levels in SAT showed a similar trend (p<0.1).
Concordantly, SAT and VAT browning gene expression correlated signif-
icantly and negatively with BMI, blood pressure, and plasma glucose and
triglycerides levels (p<0.05). Moreover, SAT PGC1α gene expression
were independently and significantly associated with T2DM resolution
45 days after surgery in a logistic regression model (R2=0.312; p=0.027).
No significant differences were found in gene expression according to
bariatric surgery procedure.
Conclusion: Higher gene expression of markers of white adipose tissue
browning is positively associated with the early T2DM resolution after
bariatric surgery. These results raise the hypothesis of improved metabol-
ic response to bariatric surgery by enhancing white adipose tissue
browning before surgery.
Supported by: CIBERobn 06/03/0018.ISCIII PI18/00785,PI18/01160.
NM C0030-2016. FEDER.
Disclosure:M. Clemente-Postigo: None.
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Adipose tissue mast cell infiltration is indicative of a metabolically-
favourable obese sub-phenotype, particularly among dys-glycaemic
obese patients
A. Rudich1, N. Goldstein1, Y. Kezerle1, Y. Gepner2, Y. Haim1, M.
Bluher3, V. Polischuk1, I.F. Liberty1;
1Ben Gurion University, Beer Sheva, Israel, 2Tel Aviv University, Tel
Aviv, Israel, 3University of Leipzig, Leipzig, Germany.

Background and aims: Identification of human obesity sub-types may
improve the clinical management of patients with obesity, and uncover
previously-unrecognized obesity mechanisms. Adipose tissue (AT) in-
flammation has been implicated as a feature of a more metabolically-
adverse obesity phenotype. Here we hypothesized that AT-mast cells
(MC) estimation could contribute to human obesity sub-phenotyping be-
yond current clinical-based stratification, both cross-sectionally and
prospectively
Materials and methods: A human cohort of 65 persons with obe-
sity who underwent elective abdominal (mainly bariatric) surgery
was established. Abdominal visceral AT (VAT) and subcutaneous
(SAT) MC infiltration was estimated by immunohistochemistry
and gene expression, and association with cardiometabolic risk
factors, and the response to bariatric surgery were assessed.
Results: VAT-MC (but not in SAT) numbers and gene expression
(KIT, TPSB2, CMA-1) were associated with a better metabolic
profile, especially in persons with obesity and type 2 diabetes:
higher expression of MC genes ('MChigh') associated with health-
ier metabolic phenotype (fasting glucose, HbA1c, HOMA-β, tri-
glycerides and alkaline-phosphatase) compared to people with low
expression ('MClow'). To test whether this represented a MC-

related, AT-liver functional axis, we treated HepG2 cells with
conditioned media (CM) from VAT explants MChigh versus
MClow. VAT-MClow-CM-treated hepatocytes were more insulin re-
sistant, compared to AT-MChigh-CM-treated hepatocytes. Finally,
VAT-MChigh patients prospectively lost 1.8-fold more weight six
months after bariatric surgery compared to VAT-MC-low patients
(p<0.008).
Conclusion: High VAT-MC infiltration may define an obesity sub-phe-
notype, which is associated with a “healthier” cardiometabolic risk profile
and a better treatment response to bariatric surgery.
Supported by: DFG (German Research Foundation) – Projektnummer
209933838 – SFB 1052
Disclosure: A. Rudich: None.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S50



OP 17 Are we making progress in diabetic neu-
ropathy?

97
Risk factors for peripheral and cardiovascular autonomic neuropa-
thy in type 1 diabetes: 30 years of follow-up in DCCT/EDIC
B.H. Braffett1, R.A. Gubitosi-Klug2, J. Albers3, E. Feldman3, C.L.
Martin3, N.H. White4, T.J. Orchard5, M. Lopes-Virella6, P. Raskin7,
J.M. Lachin1, R. Pop-Busui3, The DCCT/EDIC Study Group;
1George Washington University, Rockville, 2Case Western Reserve
University, Cleveland, 3University of Michigan Medical School, Ann
Arbor, 4Washington University School of Medicine in St. Louis, St
Louis, 5University of Pittsburgh, Pittsburgh, 6Medical University of
South Carolina, Charleston, 7University of Texas Southwestern Medical
Center, Dallas, USA.

Background and aims: The Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions and Complications
(DCCT/EDIC) study reported that intensive glucose control
resulting in lower hemoglobin A1c (HbA1c) reduced the risk of
diabetic peripheral neuropathy (DPN) and cardiovascular auto-
nomic neuropathy (CAN) in type 1 diabetes (T1D), with long
lasting benefits. We evaluated additional clinical parameters and
risk factors that are associated with DPN and CAN in this cohort,
independent of HbA1c.
Materials and methods: DPN was assessed at three different times
and defined as a composite of symptoms, signs, and nerve con-
duction abnormalities in ≥2 nerves; CAN was assessed seven
different times and defined based on R-R variation <15, RR 15-
20 plus Valsalva maneuver <1.5, or postural changes in blood
pressure (decrease of diastolic BP>10 mmHg). We used general-
ized estimating equation models to evaluate the association of
DPN and CAN with individual risk factors over repeated time
points spanning 30 years. Covariates are listed in the order of
significance as indicated by the Z-value (Table 1).
Results: There were 1,386 participants with at least two DPN
assessments and 1,434 participants with at least two CAN assess-
ments during DCCT/EDIC follow-up. Among those, 32% devel-
oped DPN and 44% CAN. Higher mean HbA1c was the most
significant risk factor for DPN (OR=1.56 per 1%, 95% CI
1.41,1.72). In multivariate analysis, DPN was also associated with
older age (1.43 per 5 years, 95% CI 1.31,1.55), longer duration of
T1D, higher albuminuria, β-blocker use, higher mean diastolic
blood pressure, and higher HbA1c at DCCT eligibility. The most
significant risk factor for CAN was older age (1.51 per 5 years,
95% CI 1.40,1.63). In multivariate analysis, other risk factors
associated with CAN were longer duration of T1D (1.07 per 1
year, 95% CI 1.05,1.10), any sustained microalbuminuria (AER
≥30 mg/24 hour on two consecutive visits), higher mean
HbA1c, higher mean and current pulse rate (likely as an indirect
measures of CAN), higher mean systolic blood pressure, β-
blocker use, any eGFR <60 mL/min/1.73 m2, higher HbA1c at
DCCT eligibility, and current cigarette smoking.
Conclusion: Higher mean HbA1c was the strongest correlate of
DPN, but not of CAN, which was most strongly associated with
age, duration of diabetes, and microalbuminuria. These findings
may help identify patient phenotypes and modifiable risk factors
for personalized approaches to neuropathy prevention.

Clinical Trial Registration Number: NCT00360893
Supported by: NIH/NIDDK
Disclosure: B.H. Braffett: None.
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Relative hypoxia in both supine and standing position in type 1 dia-
betes: Impaired autonomic cardiorespiratory control around the
clock?
J.C. Laursen1, C.S. Hansen1, M. Bordino2, E.H. Zobel1, S.A. Winther1,
P.-H. Groop2,3, M. Frimodt-Møller1, L. Bernardi2, P. Rossing1;
1Steno Diabetes Center Copenhagen, Gentofte, Denmark, 2Folkhälsen
Institute of Genetics, Helsinki, Finland, 3Abdominal Center
Nephrology, University of Helsinki, Helsinki, Finland.

Background and aims: Blood oxygen saturation levels are lower in
individuals with type 1 diabetes (T1D) compared to healthy controls
(CON) in supine position. Our aim was to investigate oxygen levels in
peripheral blood (SpO2), forearm tissue (SarmO2) and the brain (SbrainO2)
in standing position, in individuals with T1D compared to healthy con-
trols, as this is the dominant daytime position. To explore potential path-
ogenic mechanisms, we investigated associations between SpO2 and au-
tonomic function.
Materials and methods: One-hundred-and-seventeen individuals with
T1D and normal albumin excretion rate (AER) were compared to 55
healthy controls. SpO2 was measured with pulse oximetry and SarmO2

and SbrainO2 were measured with near-infrared spectroscopy. All sub-
jects were fasting and abstinent from alcohol and tobacco since midnight
before the examination. Measurements were obtained in supine position
for one minute and subsequently in the upright position for five minutes.
Results: Mean age (SD) was: CON: 42.7 years (12.6); and T1D: 44.0
years (11.3). In T1D,mean duration of diabetes (SD)was 23.9 years (8.9).
At baseline and compared to CON, T1D had lower mean RR-interval
(SD) (CON: 1033.6 ms (144.84) vs. T1D: 968.6 ms (176.22), p = 0.02
(after adjusting for age), lower mean log baroreflex sensitivity (SD)
(CON: 2.6 (0.6) vs. T1D: 2.3 (0.8), p = 0.02 (after adjusting for age)
and lower mean log heart rate variability (SD) (CON: 3.1 (0.5) vs.
T1D: 2.8 (0.8), p = 0.02 (after adjusting for age). In supine position in
T1D and compared to CON, we observed a lower SpO2 (SD): T1D:
97.0% (1.4) vs. CON: 97.5% (1.4), p = 0.03 after adjusting for age.
SarmO2 and SbrainO2 were not significantly different after adjusting for
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age (p>0.05). After standing upright for fiveminutes, in T1D compared to
CON, the difference in SpO2increased further: T1D: 97.2 (1.1) vs. CON:
98.0 (0.9) after adjusting for age (p<0.001); and SarmO2 was significantly
lower in T1D: T1D: 64.3 (2.2) vs. CON: 64.9 (2.4) after adjusting for age
(p=0.02). SbrainO2 was not significantly different. In all participants com-
bined, log baroreflex sensitivity correlated positively to SpO2 (β-coeffi-
cient = 12% / unit (%) SpO2, p = 0.02 after adjusting for age). In T1D
alone, SpO2 correlated negatively to age (p<0.001) and diabetes duration
(p<0.01), but not to glycosylated hemoglobin (HbA1c) (p = 0.48). In a
combined model including age, diabetes duration and HbA1c, only the
correlation to age remained significant (age: p = 0.03; diabetes duration: p
= 0.11; HbA1c: p = 0.20).
Conclusion: Blood oxygen saturation is lower in individuals with T1D
and normal AER than in healthy controls, in supine and standing position.
Low baroreflex sensitivity in T1D might be explained by low saturation,
suggesting impaired autonomic cardiorespiratory control. In T1D, age
seems the most important factor for low saturation. Our findings suggest
impaired autonomic cardiorespiratory control due to- or related to sub-
clinical hypoxia in T1D around the clock.
Supported by: Novo Nordisk Foundation
Disclosure: J.C. Laursen: None.
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Neuropeptide regulation of endothelial progenitor cell function in
diabetic wound healing
E.C. Leal1, A. Figueiredo1, E. Carvalho1,2;
1Center for Neurosciences and Cell Biology, University of Coimbra,
Coimbra, Portugal, 2Department of Geriatrics, University of Arkansas
for Medical Sciences, Little Rock, USA.

Background and aims: The diabetic foot ulcer is a leading cause of
hospital admissions for people with diabetes in the developed world.
Patients with diabetic sensory neuropathy have significant risk of chronic
ulcers. Diabetes is associated with reduced vascular repair and neovascu-
larization in wound areas. Neuropeptides are able to improve angiogen-
esis at the wound site. In addition, endothelial progenitor cells (EPCs) are
known important regulators of wound angiogenesis, however, the role of
neuropeptides in EPC function is unknown. We therefore aimed to eval-
uate the role of a neuropeptide, Neurotensin (NT), known to improve
wound healing, on EPC function in diabetic wound healing.
Materials and methods:We used streptozotocin(STZ)-induced diabetic
mice (STZ, intraperitoneal injection, 50 mg/Kg, for 5 consecutive days).
The animals were kept 6 weeks diabetic prior to bone marrow-EPC iso-
lation or wound healing experiments. The 7-day cultured EPCs were
identified by 1,1′dioctadecyl-3,3,3′,3′-tetramethylindocarbocyanine
perchlorate-labeled acetylated LDL/lectin (Dil-acLDL/lectin) double
staining. EPCs from normal mice were cultured in high glucose (25
mM) or normoglicemia (5.5 mM) and treated with NT (25-400 nM).
Moreover, EPCs were isolated from diabetic mice and treated with NT
(100 nM). EPC function was evaluated by using a viability assay (MTT
reduction), an adhesion assay and a reactive oxygen species (ROS) for-
mation (dihydroethidium assay). In regard to the wound healing mouse
model, 6 mmwounds were created in the dorsum and wound progression
was evaluated up to day 10 post wounding. The wounds edges were
injected with ex-vivo diabetic bone marrow-derived EPCs treated in cul-
ture with NT (100 nM) for 3 days, or EPCs without treatment, or vehicle.
Angiogenesis was evaluated by immunohistochemistry with CD31, an
endothelial cell marker.
Results: EPC cell viability was decreased in high glucose and NT, in
concentrations over 100 nM, was able to restore cell viability to normal
levels. The EPCs isolated from diabetic mice also showed decreased
viability (73% of control EPCs, p<0.05) compared to normal EPCs which
was restored by NT treatment (100 nM). Moreover, diabetic EPCs also
showed decreased adhesion (58% of control, p<0.05) and increased ROS
levels (148% of control, p<0.05) when compared to control EPCs, which

were reverted by NT treatment. In addition, wounds injected with NT-
treated diabetic EPCs improved wound closure (day 10, 4% of original
wound size) when compared with diabetic EPCs or vehicle (day 10, 32%
and 35% of original wound size, respectively, p<0.05). In addition, NT-
treated diabetic EPCs increased neovascularization at the wound site
(153% of vehicle, p<0.05) when compared with diabetic EPCs (115%
of vehicle) and vehicle.
Conclusion: These results show that neurotensin is able to significantly
improve EPC viability in diabetic or high glucose conditions. This effect,
in addition to the ability of neurotensin to decrease the diabetes-induced
ROS formation, restore diabetic EPC function and improve wound
healing by increasing the neovascularization at the wound site. The func-
tional restoration of diabetic EPCs could improve their therapeutic effect
for the treatment of chronic diabetic wounds.
Supported by: FCT, SPD, EFSD/Albert Renold Travel Fellowship
Disclosure: E.C. Leal: None.
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Negative pressure wound therapy may affect circulating plasma
microRNAs after patients with diabetic foot ulceration
P. Kapusta1, J. Hohendorff2, J. Toton-Zuranska1, S. Borys2, P.
Konieczny1, B.M. Kiec-Wilk2, P. Wolkow1, M.T. Malecki2;
1Center for Medical Genomics OMICRON, Jagiellonian University
Medical College, Krakow, 2Department of Metabolic Diseases,
Jagiellonian University Medical College, Krakow, Poland.

Background and aims: Negative pressure wound therapy (NPWT) has
been successfully used as a treatment for diabetic foot ulceration (DFU).
Molecular processes, potentially initiated by the state of chronic inflam-
mation and by NPWT treatment outside of the wound site, are not fully
understood. Therefore, we assessed the effect of NPWT on microRNAs
expression levels in plasma in patients with type 2 diabetes (T2DM) and
DFU.
Materials and methods: We included a cohort of 33 T2DM patients
treated with either negative pressure wound therapy (NPWT, n=23) or
standard therapy (ST, n=10). Group assignment was not random and
based on clinical criteria as well as local practice. MicroRNAs enriched
RNAwas extracted from plasma from a total of 66 samples (each patient
provided one sample pre- and one after 8 days of therapy). Prepared small
RNA libraries were sequenced on NextSeq 500 sequencer (Illumina).
Generated reads were aligned to mirBase 21 and counted using
miRDeep2 software. Statistical analysis of differentially expressed
microRNAs was performed via the ‘umap’, ‘glmnet’ and ‘edgeR’ pack-
ages in the R environment.
Results: Control individuals were similar to the NPWT group the
in terms of age (68.2±3.8 versus 68.4±8.4, p=0.89), BMI (30.4
±6.0 versus 27.5±4.3, p=0.19) and HbA1c level (7.8±1.8% versus
6.9±1.3%, p=0.1), however they differed by mean wound area
(3.31 cm2 versus 16.98 cm2, p<0.001). In our analysis, which
includes the change of microRNA after NPWT or ST treatment
we observed only upregulation of let-7f-2 (logFC=1.77,
FDR=0.01) in the NPWT group. Since there were differences in
wound size between groups, we analysed the effect of treatment
regardless of the group, which resulted in increased expression of
miR-9 (logFC=5.13, FDR=0.03). Let-7 miRNAs family are
expressed in T-cell progenitors, and they play a potentially impor-
tant role in T-cell-mediated immune responses, whereas miR-9
expression is induced by TLR2, TLR4 and TLR7/8 agonists and
by the proinflammatory cytokines TNF-alpha and IL-1beta. We
also analysed pre-treatment differential expression between ST
and NPWT groups (possible effect of wound size), which resulted
in downregulation of 12 different miRNA, including let-7f-2
(logFC=-2.39, FDR=0.001), while post-treatment analysis revealed
28 differentially expressed miRNA.
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Conclusion: We found initial evidence that the NPWT in patients with
T2DM complicated by DFU affects miRNA expression in plasma, which
may partially be a result of the promotion of immune system factors at the
wound surface.
Supported by: Grant funded by the NSC in Poland (2013/11/B/NZ5/
03298) to MTM.
Disclosure: P. Kapusta: Grants; Grant by National Science Centre
(Decision No. 2013/11/B/NZ5/03298) to MTM.
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Inhibition ofmiR-29a andmiR-146a accelerates thewound closure in
a mouse model of type 1 diabetes
M. Petkovic1, E.C. Leal1, A.E. Sørensen2, J.T. Ottesen2, P.T. Jørgensen3,
J. Wengel3, E. Carvalho1,4, L.T. Dalgaard2;
1Center for Neuroscience and Cell Biology, University of Coimbra,
Coimbra, Portugal, 2Department of Science and Environment,
University of Roskilde, Roskilde, Denmark, 3Department of Physics,
Chemistry and Pharmacy, University of Southern Denmark, Odense,
Denmark, 4Department of Geriatrics, University of Arkansas for
Medical Sciences, Little Rock, USA.

Background and aims: The hallmark of chronic diabetic ulcerations
(DFUs) is impaired wound healing resulting from elevated inflammation
levels, poor vascularization and compromised re-epithelialization. The role
ofmicroRNAsmiR-146a andmiR-29a, both upregulated by inflammation, is
not known in wound healing. The aim was to assess the effect of miR-146a
and miR-29a inhibition on human keratinocyte (HaCAT) cell migration. In
addition, the effect of topical dermal treatments of miR-146a and miR-29a
inhibitors on angiogenesis, reactive oxygen species (ROS) formation, tissue
regeneration and inflammation during wound healing in diabetic mice was
evaluated.
Materials and methods: Diabetes was induced in C57BL/6 mice using a
multiple low-dose streptozotocin injections for 5 consecutive days. Six weeks
after diabetes induction, 6 mm full-thickness excisional wounds were made,
and wounds were treated twice a day for up to day 3 with the scramble
controls, miR-146a or miR-29a inhibitors individually and with both inhibi-
tors. The skin wound biopsies were harvested at days 0, 3- and 10 post-
wounding. Wound-healing kinetics were evaluated up to day 10.
Cryopreserved skin samples were used for histological analysis. In vitro
scratch assays in HaCAT cells were made after transfection with miR-146a
and miR-29a inhibitors separately. Predicted target genes in skin were inves-
tigated usingTargetScan 7.1 and filtered using anmRNAexpression array (E-
GEOD-23006) and analyzed for Gene Ontology (GO) enrichment using
DAVID tools.
Results: Relative to negative controls (scramble miRs, 2.5nmol), treatments
with a combination of miR-146a and miR-29a inhibitors (2.5 nmol) had
significant effect on wound closure kinetics (p<0.003 on day 8; p<0.02 on
day 9) compared to individual inhibitors at 2.5nmol miR-29a or 2.5nmol
miR-146a. Angiogenesis is improved with miR inhibitor combination treat-
ment. No changes were observed in ROS formation detected by
dihydroethidine (DHE) with miR-29a inhibition, increased levels with miR-
146a inhibition (p=0.04) while a reduction was observed with the combina-
tion treatment (p=0.04). HaCAT cell migration was greater after 24hrs when
either miR-146a or miR-29a was inhibited. Gene Ontology (GO) analysis
showed that predicted target genes of miR-29a were over-represented in the
GO category 0030199~collagen fibril organization (p=0.045).
Conclusion:MicroRNAsmiR-146a andmiR-29a are dynamically regulated
by wounding and differentially regulated during wound healing in a diabetic
mouse model. Inhibition of miR-146a and miR-29a when applied in combi-
nation, accelerated wound closure compared to individual inhibition treat-
ments. Moreover, combination increased angiogenesis while decreasing the
ROS formation. Angiogenesis and migration of HaCAT keratinocytes were
increased with the individual inhibition treatment. These findings suggest that
inhibition of miR-146a and miR-29a in diabetic wounds could improve
healing, however, more studies are needed.

Supported by: EFSD/GLAXOSMITHKLINE PROGAMME, FCT, SPD,
DAAD
Disclosure:M. Petkovic: None.
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Administration of secretome derived from human mesenchymal
stem cells prevents diabetic neuropathy progression in an animal
model of type 2 diabetes
F. Ezquer1, C. De Gregorio1, D. Contador1, M. Campero2, D. Santapau1,
M. Ezquer1;
1Center for Regenerative Medicine, Universidad del Desarrollo,
Santiago, 2Department of Neurology and Neurosurgery, Universidad de
Chile, Santiago, Chile.

Background and aims: Diabetic neuropathy (DN) is characterized by pro-
gressive degeneration of peripheral nerves. Reduced availability of neuropro-
tective factors in combination with a chronic pro-inflammatory and oxidative
microenvironment contributes to its pathogenesis. DN is the key contributor
for the development of diabetic foot ulcers (DFU), which could lead to the
amputation of affected limbs. Nowadays, there is no effective treatment for
DN. Mesenchymal stem cell (MSC)-based therapy represents an emerging
approach for the treatment of multifactorial disorders, as they act secreting a
broad range of antioxidant, neuroprotective and immunomodulatory factors
(known as secretome). We hypothesize that the systemic administration of
MSC-derived secretome to a mouse model of type-II diabetes could prevents
DN progression and improves DFU closure.
Materials and methods: Leptin receptor-deficient (BKS db/db) mice de-
velop severe obesity and hyperglycemia at 4 weeks of age. At 18 weeks of
age, diabetic mice were treated with 4 biweekly doses of MSCs-derived
secretome or vehicle by tail vein injection. A healthy non-diabetic group
was included as control. Mice were assessed for behavioral and electrophys-
iological parameters at 18, 22 and 26 weeks of age. Then, mice were eutha-
nized and hind limb paws and sciatic nerves were removed for intraepidermal
nerve fiber density and nerve morphology determinations, respectively. For
DFU assay, after the last secretome or vehicle administration, a skin rectangle
was surgically removed from the hind limb foot and ulcer closure was daily
quantified. After 14 days skin biopsies were obtained from the wound region
to evaluate re- epithelialization by H&E and trichromemasson staining. Data
were expressed as mean ± S.E.M. and analyzed using ANOVAwith Tukey
post-hoc test.
Results: The administration of 4 biweekly doses of MSC-derived
secretome reversed the main functional alterations associated to
DN, including thermal and mechanical sensitivity loss (35% re-
duction in plantar test response and 31% reduction in Von Frey
withdrawal latency in secretome-treated mice compared to vehicle-
treated mice; p<0.001). Furthermore, secretome-treated mice
showed 64% increase in intraepidermal nerve fiber density
(p<0.05); 61% reduction in Schwann cell apoptosis in sciatic
nerves (p<0.05) and 49% reduction in CD3+ cell infiltration in
sciatic nerve (p<0.05) compared to vehicle- treated mice.
Additionally, secretome-treated mice showed a significant reduc-
tion in DFU closure time and a better re-epithelialization com-
pared to vehicle-treated mice (p<0.05).
Conclusion: The administration of MSC-derived secretome reversed the
progression of major functional and structural DN alterations through the
control of the diverse mechanisms associated to peripheral nerve degen-
eration. Furthermore, secretome-treated mice showed an enhanced
wound closure and re-epithelialization, similar to that observed in control
non-diabetic mice. Taken together, these results indicated that MSC-
derived secretome treatment could be a new therapeutic approach to re-
duce the main alterations associated to DN and to prevent the develop-
ment of severe DFU formation.
Supported by: FONDECYT 1170712 to FE
Disclosure: F. Ezquer: None.
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Pancreatic alpha cell mass across the adult human lifespan
A.S.M. Moin1, M. Cory2, T. Gurlo2, R.A. Rizza3, Y. Saisho4, A.E.
Butler1;
1Qatar Biomedical Research Institution, Hamad Bin Khalifa University,
Doha, Qatar, 2Medicine/Endocrinology, University of California, Los
Angeles, Los Angeles, USA, 3Endocrinology, diabetes, Metabolism and
Nutrition, Mayo Clinic College of Medicine, Rochester, USA, 4Internal
Medicine, Keio University School of Medicine, Tokyo, Japan.

Background and aims: This study had two objectives (1) to establish
pancreatic alpha-cell mass in lean non-diabetic humans over the adult life
span (2) to determine if alterations in alpha cell distribution occur within
islets as a consequence of age-related changes in islet morphology.
Materials and methods: Human pancreatic autopsy tissue was ex-
amined from 66 lean non-diabetic individuals aged from 30-102
years, grouped into deciles: 3rd (30-39 years), 4th (40-49 years),
5th (50-59 years), 6th (60-69 years), 7th (70-79 years), 8th (80-89
years) and 9th deciles (90+ years). Sections of pancreas were
immunostained for glucagon and analyzed for fractional alpha-
cell area, islet density and alpha cell distribution within islets.
Population based pancreatic volume data was used to calculate
alpha-cell mass.
Results: With advancing age, the exocrine pancreas undergoes at-
rophy demonstrated by increased fat area (% of exocrine area)
(2.3 ± 0.8 vs 0.05 ± 0.007 % mean fat area of total exocrine
pancreas, 9th vs 3rd decile, p < 0.05). As a consequence of this
exocrine tissue atrophy, the density of pancreatic islets increases
with advancing age (11±4.3 vs 1.3±0.08 islets/μm2, 9th vs 3rd

decile, p < 0.05). In concert, the pancreatic alpha-cell fractional
area increases with advancing age (0.73 ± 0.26% vs 0.34 ±
0.05%, 9th vs 3rd decile, p = 0.05). However, alpha-cell mass remains
remarkably constant at ~190mg throughout the adult human lifespan in lean
non-diabetic humans. We further investigated the distribution of alpha cells
within islets as a function of age, finding no alteration in alpha-cell density in
the periphery versus in the central core of islets across the human lifespan
(0.002 ± 0.0001 vs 0.002 ± 0.0002 α-cells in islet periphery /μm2 islet area,
9th vs 3rd decile, and 0.0015 ± 0.0001 vs 0.002 ± 0.0001 α-cells in islet core
/μm2 islet area, 9th vs 3rd decile, p = ns), suggesting that human islets may not
coalesce even under conditions of extreme exocrine atrophy as occurs with
advanced age.
Conclusion: Consistent with the previous findings for beta-cell mass
with advanced age in non-diabetic humans, this study found that alpha-
cell mass remains remarkably constant throughout adult life, even in
advanced age. Pancreatic endocrine cells are therefore much more robust-
ly preserved than exocrine cells in aged humans.

Disclosure: A.S.M. Moin: None.

104
Novel spatiotemporal analysis for exploring alpha cell neogenesis and
differentiation
M. Himuro1, T. Miyatsuka1, L. Suzuki1, T. Katahira1, M. Takahashi1, Y.
Nishida1, S. Oshima2, R. Okamoto2, H. Watada1;
1Metabolism & Endocrinology, Juntendo University Graduate School of
Medicine, Tokyo, 2Gastroenterology and Hepatology, Tokyo Medical
and Dental University, Tokyo, Japan.

Background and aims: Uncovering the development of pancreas has
helped us to explore efficient methods to generateβ cells to cure diabetes.
Recently, it has been demonstrated that pancreaticα-cells have potency to
transdifferentiate into insulin-producing β cells, which could lead to po-
tential therapy. Although such findings highlight the need for better un-
derstanding of α-cell biology, it remains to be elucidated where α cells
originate andwhat regulatesα cell fate:α cell neogenesis, maturation and
dedifferentiation. To address this issue, we generated a novel reporter
mouse “Gcg-Timer” mouse.
Materials and methods:We have previously generated Neurog3-Timer
mouse, in which newborn endocrine cells can be sorted by FACS sepa-
rately from differentiated cells. However, we failed to obtain spatiotem-
poral information of newborn cells due to the low fluorescent intensity of
DsRed-E5. To overcome this difficulty, we used a new reporter construct
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eGFP-IRES-mRFP and inserted it into the proglucagon gene. In thisGcg-
Timermouse, green fluorescence can be detected first, because mRFP
expression is controlled by IRES and therefore lower than eGFP expres-
sion. As a result, newly-generated α cells exhibit green fluorescence and
can be distinguished from more differentiated α cells exhibiting both
green and red fluorescence.
Results: Microscopic analysis and flow cytometry revealed that
green-fluorescent cells without red fluorescence, which mean newly-
generated α cells, were observed in Gcg-Timer mice at embryonic
and neonatal stages until postnatal day 5 (P5), but not after P7.
These results suggest that α-cell neogenesis occurs specifically during
embryogenesis and early neonatal stages under physiological condi-
tion. Transcriptome analysis by RNA-sequencing demonstrated that
the expression levels of Pou3f4 (Brn4) were comparable between
newly differentiated and more differentiated α cells, whereas the
expression levels of Irx1 and Irx2 mRNAs were higher in more
differentiated α cells. Intriguingly, microscopic analysis demonstrated
the existence of red dominant cells, which were negative for gluca-
gon staining at P14, indicating that α-to-non-α transition occurs at
this stage.
Conclusion: Gcg-Timer mice enabled us to label not only newly-
generated α cells but also dedifferentiated or transdifferentiated α cells
in a time-dependent manner, which would enhance our understanding of
α-cell neogenesis and maturation.
Disclosure:M. Himuro: None.
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xBCL-XL, but not complement C3, protects alpha cells against met-
abolic stress- or proinflammatory-induced apoptosis
L. Marroqui1,2, A. Nadal1, D.L. Eizirik2, R.S. dos Santos1,2;
1Universidad Miguel Hernandez de Elche, IDiBE, CIBERDEM, Elche
(Alicante), Spain, 2ULB Center for Diabetes Research, Université Libre
de Bruxelles (ULB), Brussels, Belgium.

Background and aims: Diabetes is a chronic disease that affects
glucose metabolism, either by autoimmune-driven beta-cell loss
(type 1 diabetes, T1D) or by progressive loss of beta-cell function
due to continued metabolic stresses (type 2 diabetes, T2D).
Although both alpha- and beta-cells are exposed to the same
stressors, such as saturated free fatty acids (e.g. palmitate), viruses
and, proinflammatory cytokines (e.g. IL-1β, IFN-γ, and TNFα),
only alpha-cells survive. The mechanisms underlying this alpha
cell resistance still need to be clarified. In the present study we
investigated whether a member of the BCL-2 family of proteins,
namely BCL-XL, and complement C3 are part of these alpha cell
defence mechanisms.
Materials and methods: Primary rat alpha- and beta-cells as well
as human insulin-producing EndoC-βH1 cells were exposed to
cytokines (IL-1β + IFN-γ) and/or palmitate to model stresses
present in T1D and T2D, respectively. Cell viability was evaluat-
ed by Hoechst/Propidium Iodide staining. Small interfering RNAs
(inhibition of >50%) were used to inhibit gene expression, while
adenoviral vectors were used to overexpress BCL-XL and C3.
mRNA and protein expression were evaluated by quantitative
RT-PCR and Western blot, respectively.
Results: Primary rat alpha-cells presented higher mRNA expression
of BCL-XL and C3 compared to beta-cells (6-fold and 70-fold
change, respectively; n=4-6, p<0.05). C3 expression was induced
by cytokines (70-fold increase; n=6, p<0.01) in beta- but not in
alpha-cells. On the other hand, palmitate did not change BCL-XL
expression in both cell types. BCL-XL inhibition augmented
palmitate-induced alpha-cell apoptosis, whereas its overexpression
protected beta-cells against palmitate- and cytokine-induced cell death
(40 and 30% protection, respectively; n=3-4; p<0.001). C3 inhibition
did not change cytokine-induced alpha-cell death. In line with this,

C3 overexpression failed to protect INS-1E or human EndoC-βH1
cells against cytokine-induced apoptosis.
Conclusion:Our findings suggest that BCL-XL, but not C3, is part of the
mechanisms of defence used by alpha-cells to avoid metabolic stress- or
proinflammatory-induced cell death in models of T1D and T2D. These
observations may explain, at least in part, the increased resistance of alpha
cells to apoptosis in the context of diabetes. These characteristics of alpha
cells may be beneficial if novel therapies to transdifferentiate alpha into
beta cells become a reality.
Supported by: SEJI/2018/023; IJCI-2015-24482
Disclosure: L. Marroqui: Grants; SEJI/2018/023, Generalitad
Valenciana, Spain.
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Suppression of Stat3 signalling promotes α-to-β reprogramming
within the adult pancreas
Y. Wakabayashi, T. Miyatsuka, L. Suzuki, M. Himuro, T. Katahira, M.
Miura, H. Watada;
Department of Metabolism and Endocrinology, Juntendo University
Graduate School of Medicine, Tokyo, Japan.

Background and aims:As diabetes mellitus results from the absolute
or relative deficiency of insulin secretion from pancreatic β cells,
the generation of surrogate β cells has attracted a lot of attention for
the cure of diabetes. To date, insulin-producing cells have been
generated from differentiated cell types in the pancreas, such as
acinar cells and α cells, by inducing the exogenous expression of
pancreas-specific transcription factors. However, it still remains un-
clear as to how surrogate β cells can be efficiently generated toward
establishing future regenerative therapies for diabetes. STAT3 has
been demonstrated to play a role in maintaining cellular identities in
the pancreas, and we have reported that the activation of STAT3
signaling is required for acinar-to-ductal transition, whereas the sup-
pression of STAT3 signaling efficiently promotes acinar-to-β
reprogramming. Therefore, we hypothesized that regulating STAT3
signaling may control the efficiency of α-to-β reprogramming.
Materials and methods: To address this, we generated transgenic mice
that exogenously express Pdx1, Mafa and Ngn3 specifically in α cells,
and deleted Stat3 in a tamoxifen inducible manner (Stat3KO; Gcg-
CreERT2; Pdx1;Ngn3;Mafa mice: αStat3KO;PNM mice). It is noted that
the Flag-, Myc-, or HA- tagged sequence is attached to each transgene, so
that the exogenous expression of each transcription factor can be distin-
guished from the endogenous expression of the genes. FLAG-tag/insulin
double-positive cells were defined as α-cell-derived insulin-producing
cells and α-to-β reprogramming ratio was calculated by dividing
FLAG-tag/insulin double-positive cells by FLAG-tag positive cells. In
addition, we analyzed Stat3KO; Gcg-CreERT2; Pdx1 mice:
(αStat3KO;Pdx1mice) .
Results: Immunohistological analysis demonstrated that Stat3 deletion
significantly increased the number of α-cell-derived insulin-producing
cells in αStat3KO;PNM mice, compared with control mice (28.2±2.7 vs
8.6±3.1%, p<0.05). Notably, 61.2±8.8% of α-cell-derived insulin-
producing cells were negative for glucagon in αStat3KO;PNM mice,
which was higher compared with controls (36.4±18.0%). Surprisingly,
α-to-β reprogramming ratio in αStat3KO;Pdx1 mice was 31.1±5.1%
which was comparable to that in αStat3KO;PNM mice.
Conclusion: These results suggest that the suppression of STAT3 signal-
ing efficiently promotes α-to-β reprogramming as well as acinar-to-β
reprogramming in mice.
Disclosure: Y. Wakabayashi: None.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S55



107
Paracrine control of alpha cell glucagon exocytosis is compromised in
human type 2 diabetes
M. Omar Hmeadi, P.-E. Lund, N.R. Gandasi, A. Tengholm, S. Barg;
Uppsala University, Uppsala, Sweden.

Background and aims: Glucagon from pancreatic α-cells plays an im-
portant role in maintaining glucose homeostasis via its regulatory effect
on hepatic glucose production. Circulating glucagon is increased in type-
2 diabetes, which is increasingly being recognized as a contributor to the
hyperglycemia associatedwith the disease. Today themechanisms behind
type 2 diabetic hyperglucagonemia, and even the mechanisms by which
glucose control glucagon secretion are poorly understood, but have been
suggested to involve α-cell-intrinsic mechanisms and paracrine control
through insulin from β-cells, and somatostatin from δ-cells.
Materials and methods: We have employed high resolution total inter-
nal reflection fluorescence (TIRF) microscopy to investigate the mecha-
nisms of exocytosis in isolated α-cells from 56 non-diabetic (ND) and 15
T2D human donors.
Results: Surprisingly, exocytosis of glucagon granules is impaired in α-
cells of type-2 diabetics, and anti-correlated with the donor’s glycated
hemoglobin (HbA1C). In the absence of paracrine effectors, we found a
slow and non-physiological U-shaped dose response of exocytosis to
glucose, indicating that intrinsic regulation alone cannot explain the phys-
iological glucagon response. Instead the paracrine factors insulin and
somatostatin inhibit exocytosis within seconds. Remarkably, α-cells of
type-2 diabetics were insensitive to this inhibition, both at the level of
exocytosis and electrical activity.
Conclusion: Intrinsic mechanisms do not inhibit glucagon secretion at
hyperglycemia, and elevated glucagon levels in human T2D reflect an
insensitivity of α-cells to paracrine inhibition
Supported by: Swedish Science Council, Diabetes Wellness Network
Sweden, the Swedish Diab
Disclosure:M. Omar Hmeadi: None.
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Glucose-induced changes of the ATP/ADP ratio in alpha and beta
cells
D. Brüning, E. Früh, C. Bütefisch, I. Rustenbeck;
TU Braunschweig, Braunschweig, Germany.

Background and aims: To explain the inverse glucose dependence of
glucagon secretion a number of hypotheses have been put forward. The
question is whether the increase of glucagon secretion is an intrinsic
function of the alpha-cell and if so, whether the inversion of the signal
is at the level of the glucose metabolism or at the level of the electrical
events of the plasma membrane. Here we have compared the glucose
metabolism of isolated alpha- and beta-cells using the fluorescent adenine
nucleotide indicator PercevalHR.
Materials and methods: Insulin and glucagon were determined by
ELISA (Mercodia) from the fractionated efflux of batch-perifused
NMRI mouse islets. To obtain single alpha-cells, islets were incubated
with Alloxan for 20 min before dissociation in Ca2+-free solution. The
same procedure without Alloxan treatment was used to isolate beta-cells.
Immunofluorescence showed that about 70% of Alloxan-surviving cells
are alpha-cells. Alpha-cells and beta-cells were adenovirally transduced
with PercevalHR, MIN6 cells were transiently transfected with lipofecta-
mine. Directly before the experiment the cells were loaded with the fluo-
rescent pH-indicator SNARF.
Results: Since PercevalHR is pH-sensitive, the experiments were per-
formed by measuring the PercevalHR fluorescence ratio and the
SNARF fluorescence ratio. The PercevalHR/SNARF ratio (PS ratio)
was used as a semiquanitative measure of the ATP/ADP ratio. In the first
set of experiments the PS ratio in beta-cells perifused with 5 mM glucose
was about 3.0 ± 0.6 (n =5). When glucose was lowered to 0 mM it

decreased to 2.6 within 5 min and remained stable at this value until
glucose was increased to 30 mMwhereupon the PS ratio reached a value
of 3.3 at which it remained stable. Lowering glucose again to 0 mM led to
a continuous decrease to 2.1 and azide decreased further to 1.0. The same
reaction pattern was observed with MIN6 cells which had a somewhat
lower starting value (2.3 ± 0.6, n =5). To compare beta-cells with alpha-
cells the sequence of glucose concentrations was 5-1-30-1 (mM). Upon
lowering the glucose concentration from 5 to 1 mM alpha-cells showed
an increase of the ratio value by about 0.5, this effect lasted for about 6
min. In beta-cells no such transient increase was seen, only a monotonous
decrease as already observed in the preceding experiments. Raising glu-
cose from 1 to 30 mM resulted in the increase of the ratio value by ca. 1.1
in alpha-cells. After an initial peak an elevated plateau lasted as long as
30 mM glucose was present. In beta-cells the fast increase caused by
30 mM glucose had a threefold larger amplitude, followed by a slow
further increase. Intriguingly, the transient increase of the ratio value in
alpha-cells upon lowering of the glucose concentration was paralleled by
a transient increase of the glucagon secretion in perifused islets. This
increase had a similar duration and occurred well before the insulin se-
cretion decreased.
Conclusion: For reasons yet to be explored alpha-cells respond to the
lowering of the ambient glucose concentration with a transient moderate
increase of the ATP/ADP ratio at the same time when the glucagon se-
cretion was transiently stimulated. So, the paradox glucagonotropic effect
of lowering the glucose concentration may be an intrinsic property of the
alpha-cell.
Supported by: DDG
Disclosure: D. Brüning: None.
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ADO09, a co-formulation of the amylin-analogue pramlintide and
the A21G human insulin analogue, lowers postprandial blood glu-
cose versus insulin lispro in type 1 diabetes
G. Meiffren1, G. Andersen2, C. Seroussi1, A. Ranson1, S. Famulla2, M.
Gaudier1, R. Soula1, O. Soula1, R. Eloy1, T. Heise2, Y.-P. Chan1, R.
Charvet1, J. DeVries2;
1Adocia, Lyon, France, 2Profil, Neuss, Germany.

Background and aims: Pramlintide as an adjunct to insulin has been shown
to improve postprandial blood glucose (ppBG) mainly through delaying gas-
tric emptying, reducing glucagon secretion, and promoting satiety. So far,
pramlintide and insulin had to be injected separately as combination in one
pharmaceutical formulation has not been possible. ADO09 is the first co-
formulation of pramlintide and an insulin analog (A21G human insulin)
which is stable at pH 4. This double-blind, double-dummy, randomised,
cross-over trial compared the safety, pharmacokinetics and pharmacodynam-
ics of ADO09 with those of insulin lispro (LIS) and those of separate injec-
tions of human insulin and pramlintide (Ins&Pram) in a meal test in 24
patients with T1D.
Materials and methods:At three dosing visits, participants received single
doses of either ADO09, Ins&Pram or LIS immediately before eating a
standardised mixed meal (618 kcal, 53% carbohydrate, 19% protein, 26%
fat, 2% fibres) together with 1g paracetamol to evaluate the kinetic of gastric
emptying. Pre-meal BGwas adjusted to 126mg/dl±10% bymeans of insulin
and glucose infusions. The insulin dose was 7.5 U and the pramlintide dose
45 μg.
Results: Compared with LIS, ADO09 reduced ppBG excursions by more
than 95% in the first hour post-meal (mean ±SD ΔAUC BG 0-1h: 1.4±9.9
mg*h/dL vs 43.5±15.3 mg*h/dL p<0.0001) (Figure). Maximum ppBG was
significantly improvedwithADO09 (ΔBGmax 87.0±35.5mg/dl) versus both
LIS (109.2±31.1 mg/dl, p=0.0133) and Ins&Pram (109.4±44.3 mg/dl,
p=0.0357). Total ppBG over 8 hours was numerically lower with ADO09
(ΔAUC BG 0-8h: 325±260 mg*h/dL) versus LIS (420±256 mg*h/dL,
p=0.0726) and Ins&Pram (436±275 mg*h/dL p=0.0535). Gastric emptying
with ADO09 was similar to Ins&Pram (Tmax_paracetamol: 2.30±1.49h vs 2.38
±1.36h, p=NS) and significantly slower than with LIS (0.76±0.73h,
p<0.0001) leading to a later occurrence of maximum BG (4.42±1.61 h vs
3.44±2.98 h; p=0.0004). All treatments were well tolerated and both adverse
events (3 with ADO09, 2 with Ins&Pram) and hypoglycaemic events (2 each
with ADO09 and Ins&Pram) were rare during the meal test procedures.
Conclusion: ADO09 was well tolerated, had similar effects on gastric
emptying as Ins&Pram and markedly reduced ppBG compared to insulin
lispro. These positive results warrant further investigations with ADO09.

Clinical Trial Registration Number: 2018-003058-25
Disclosure: G. Meiffren: Employment/Consultancy; Employee of
Adocia. Stock/Shareholding; Shareholder of Adocia.
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The role of glucagon-like peptide 1 for the postprandial effects of
metformin in type 2 diabetes
L.S. Hansen1, L.S. Gasbjerg1,2, A. Brønden1,2, N.B. Dalsgaard1, E.
Bahne1, S. Stensen1, P.H. Hellmann1, J. Rehfeld3, J.J. Holst2,4, T.
Vilsbøll5,6, F.K. Knop1,4;
1Center for Clinical Metabolic Research, Gentofte Hospital, Hellerup,
Denmark, 2Department of Biomedical Sciences, University of
Copenhagen, Copenhagen, 3Department of Clinical Biochemistry,
University of Copenhagen, Copenhagen, 4Novo Nordisk Foundation
Center for Basic Metabolic Research, University of Copenhagen,
Copenhagen, 5Department of Clinical Medicine, University of
Copenhagen, Copenhagen, 6Steno Diabetes Center Copenhagen,
Gentofte, Denmark.

Background and aims: Metformin, widely used blood glucose-lowering
drug, has been shown to increase endogenous glucagon-like peptide 1 (GLP-
1) levels. It remains unknown whether metformin-induced GLP-1 secretion
contributes to the beneficial effects of metformin on postprandial glucose
metabolism. We investigated the effect of metformin-induced GLP-1 secre-
tion during meal ingestion in patients with type 2 diabetes using the GLP-1
receptor antagonist exendin(9-39)NH2 (Ex-9).
Materials and methods: In a double-blinded, placebo-controlled,
randomised, cross-over study, patients with type 2 diabetes (14 metformin-
treated, 1 diet-controlled, medians: age 71 years, BMI 30.1 kg/m2, HbA1c 50
mmol/mol) were subjected to 14 days’ of metformin and placebo treatment,
respectively, in a randomised order with a minimum of 2 week’s washout
before treatment periods.At the end of each treatment period, two randomised
4-hour mixed meal tests with either concomitant Ex-9 (450 pmol/kg/min) or
saline infusion, were carried out.
Results: Metformin lowered fasting plasma glucose (p < 0.0001) and post-
prandial plasma glucose excursions (p = 0.0003 (saline infusions) p = 0.0008
(Ex-9 infusions)) compared to placebo.Metformin reduced postprandial plas-
ma glucose excursions equally during saline and Ex-9 infusions (p = 0.3583).
Metformin lowered fasting C-peptide (p= 0.0134) and Ex-9 infusion reduced
postprandial C-peptide excursions (only after placebo treatment (p=0.0065)).
Metformin increased fasting plasma glucagon (p = 0.0072), postprandial
glucagon excursions (p = 0.0593 for saline infusions, p = 0.0246 for Ex-9
infusions), fasting plasma GLP-1 (p = 0.0075) and increased postprandial
GLP-1 excursions (p=0.0221 (Ex-9 infusions) p=0.0673 (saline infusions)).
Baseline GIP and postprandial GIP excursions were similar on all 4 study
days. Gallbladder refilling was slower and postprandial CCK levels were
higher after metformin treatment compared to placebo (p = 0.0116 and p =
0.0192, respectively).
Conclusion:Metformin lowered postprandial glucose excursions equally
during placebo and Ex-9 but increased fasting and postprandial GLP-1 as
well as glucagon concentrations. Increases were more pronounced with
Ex-9, while C-peptide responses decreased. Thus, Ex-9 did not abolish
the postprandial glucose-lowering effect of metformin, and our findings
suggest that metformin-induced elevations of fasting GLP-1 may play a
role for the glucose-lowering effect of metformin.
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Clinical Trial Registration Number: NCT03246451
Supported by: NNF, CBMR Synergy Grant, HGH scholar stipend
Disclosure: L.S. Hansen: Grants; The Novo Nordisk Foundation,
Synergy Grant (The Novo Nordisk Foundation Center for Basic
Metabolic Research, Scholar Stipend (Herlev and Gentofte Hospital).
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Cotadutide (MEDI0382) promotes dose-dependent increases in gas-
tric emptying time
D. Robertson1, V.E. Parker1, P.D. Ambery1, M. Petrone1, T. Wang2, T.
Heise3, L. Plum-Moerschel4, L. Jermutus1, B. Hirshberg2, J.J. Meier5;
1AstraZeneca, Cambridge, UK, 2AstraZeneca, Gaithersburg, USA,
3Profil, Neuss, Germany, 4Profil, Mainz, Germany, 5St. Josef-Hospital,
Ruhr-University, Bochum, Germany.

Background and aims: Cotadutide, a dual receptor agonist with bal-
anced glucagon-like peptide (GLP)-1 and glucagon receptor activity, is
under development for type 2 diabetes mellitus (T2DM), obesity, and
non-alcoholic steatohepatitis. GLP-1 and glucagon promote delayed gas-
tric emptying, and GLP-1 tolerance has been described.
Materials and methods: This exploratory part of a double-blind phase 2a
study measured gastric emptying time (GET) in T2DM patients randomized
to daily s.c. cotadutide (n = 20) or placebo (n = 6) for 49 days. Doseswere up-
titrated fortnightly from 50 to 300μg. GETwasmeasured after 13C-octanoate
ingestion via serial breath collection with plasma sampling for glucose, insu-
lin, and cotadutide Ctrough levels. GET (t½ = time for 13C retention to decline
50%; tlag = time when percent excreted 13C dose peaks) was measured at
baseline; 15, 29, 43, 50 days; and 28 days post last dose.
Results: GET t½ was significantly prolonged from baseline, by 117.2 min
(90% CI: 56.2, 178.3) vs placebo (-42.9 min; 90% CI: -152.0, 66.2; P =
0.039), at cotadutide 200 μg after 43 days of dosing. Also, at 43 days,
GET tlag was significantly prolonged from baseline by 46.5 min (90% CI:
16.9, 76.0) vs placebo (-27.3min; 90%CI: -80.0, 25.4;P=0.048). Numerical
increases in t½ and tlag were seen at all dose levels; tlag increased with expo-
sure, as exposure increasedwith dose up to cotadutide 200μg. Lesser delay in
GET occurred on day 50 with cotadutide 300 μg with similar exposure, but
alongside significant reduction in glucose AUC of -25.3% (90% CI: -28.2, -
22.4; P < 0.0001). Postprandial insulin levels were unchanged on day 50
despite marked glucose reduction; delay in peak insulin levels was evident.
Conclusion: Cotadutide promoted dose-dependent increases in GET.
Although tolerance to this effect may be evident from day 50, reduced
postprandial glucose levels were observed concurrently and may indicate
an insulinotropic effect. This unique profile displays characteristics of
both short- and long-acting GLP-1 agonism, suggesting that these effects
may be mediated by both glucagon and GLP-1 receptor agonism.
Clinical Trial Registration Number: NCT02548585
Supported by: This study was funded by AstraZeneca
Disclosure:D. Robertson: Employment/Consultancy; Full time employ-
ee at AstraZeneca. Stock/Shareholding; AstraZeneca shareholder.
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The novel dual GIP and GLP-1 receptor agonist, tirzepatide, tran-
siently delays gastric emptying similarly to a selective long-acting
GLP-1 receptor agonist
S. Urva1, M.A. Nauck2, T. Coskun1, X. Cui1, A. Haupt1, C.T. Benson1,
C. Loghin1;
1Eli Lilly and Company, Indianapolis, USA, 2Diabetes Center Bochum-
Hattingen, Bochum, Germany.

Background and aims: A long-acting GLP-1 receptor agonist (RA)
transiently delays gastric emptying. We investigated the gastric emptying
effect of a novel dual GIP and GLP-1 RA, tirzepatide, compared to that of
a selective GLP-1 RA in nonclinical and clinical studies.

Materials and methods: The effect of tirzepatide on gastric emptying was
evaluated in a Phase 1 study, comprising of 4 week multiple ascending dose
(MAD; N=35) once weekly in healthy subjects and 4-week proof of concept
(PoC) (N=53) in patients with type 2 diabetes. In MAD, tirzepatide was
administered once weekly at fixed doses of 0.5, 1.5, 4.5 mg, and a titration
dose of 5-5-8-10 mg. A selective GLP-1 RA, dulaglutide, 1.5 mg once
weekly was also included. In PoC, tirzepatide was administered once weekly
at fixed doses of 0.5 mg and 5mg, and at titration doses of 5-5-10-10mg and
5-5-10-15 mg. Acetaminophen (APAP) was administered on Day -1 (prior to
tirzepatide or dulaglutide), at 24 hours after the first (Day 2) and fourth (Day
23) doses to coincide with peak tirzepatide or dulaglutide exposure. Impact of
tirzepatide on gastric emptying was evaluated using APAP Cmax, area under
the curve (AUC), and tmax compared to placebo. Baseline adjusted Cmax of
APAP (ratio to Day -1) was used to compare the gastric emptying effect of
tirzepatide with that of dulaglutide.
Results: No effect on gastric emptying was seen with GIP RA alone in
mice. Combination of GIP RA with GLP-1 RA or a dual agonist,
tirzepatide, did not delay gastric emptying more than GLP-1 RA alone.
APAP Cmax decreased by approximately 50% and tmax was delayed by
an hour after the first tirzepatide dose (doses >1.5 mg), suggesting a delay
in gastric emptying while AUC was not notably altered. Evaluation of
APAP PK after the first and fourth doses of the fixed dose regimen of
tirzepatide showed that impact of tirzepatide on gastric emptying was
maximized after first dose (Day 2 vs placebo), and showed complete
tachyphylaxis after repeated dosing (Day 23 vs placebo). Similarly, in
the titration cohort, impact of tirzepatide on gastric emptying was signif-
icant after the first dose. However, incomplete tachyphylaxis was ob-
served after 4 weeks of tirzepatide administration due to the titration
regimen.
Conclusion: Impact of the fixed doses of tirzepatide on gastric emptying
appeared comparable to that of a selective GLP 1 RA (dulaglutide).
Clinical Trial Registration Number: NCT02759107
Supported by: Eli Lilly and Company
Disclosure: S. Urva: Employment/Consultancy; Eli Lilly and Company.
Stock/Shareholding; Eli Lilly and Company.
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Cotadutide (MEDI0382), a dual receptor agonist with balanced
glucagon-like peptide-1 and glucagon activity, modulates hepatic gly-
cogen stores
V.E. Parker1, D. Robertson1, L. Hansen2, P.D. Ambery3, R. Esterline2,
L. Jermutus1, Y.-T. Chang2, M. Petrone1, E. Johansson4, L. Johansson4, F.
Sjöberg5, B. Hirshberg2;
1AstraZeneca, Cambridge, UK, 2AstraZeneca, Gaithersburg, USA,
3AstraZeneca, Gothenburg, Sweden, 4Antaros Medical, Mölndal,
Sweden, 5Clinical Trial Consultants AB, Uppsala, Sweden.

Background and aims: Cotadutide, a dual receptor agonist with bal-
anced glucagon-like peptide-1 (GLP-1) and glucagon receptor activity,
is under development for type 2 diabetes mellitus (T2DM), obesity, and
non-alcoholic steatohepatitis. Given the known effect of glucagon in pro-
moting glycogenolysis, the aim of this study was to confirm target en-
gagement by investigating the effect of cotadutide on hepatic glycogen
concentrations.
Materials and methods: In this exploratory, double-blind, phase 2a
study, eligible adults with T2DM (HbA1c ≤ 8%) on metformin mono-
therapy with a BMI ≥ 27 to ≤ 40 kg/m2 were randomised to receive once-
daily SC cotadutide (n = 12) or placebo (n = 9) for 28 days. Doses were
uptitrated weekly from 100 μg to 300 μg. Following 48 hours of
standardised meals, serial magnetic resonance spectroscopy scans
utilising signals from naturally abundant 13C were performed at baseline
after 14 hours of fasting, and also 4, 9, 14, and 24 hours after a mixed-
meal tolerance test (MMTT) to measure hepatic glycogen concentrations.
These measures were adjusted for liver volume and interspersed with
standardised meals at 5 and 10 hours. The primary end point was change
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in hepatic glycogen concentration from baseline at 4 hours post MMTT.
Glucose levels, body weight, and fasting amino acid levels were also
assessed.
Results: There was a significant reduction from baseline at 4 hours post-
MMTT in hepatic glycogen levels with cotadutide (-100.2 mmol/L, 90%
CI: -150.2, -50.1) vs placebo (5.5 mmol/L, 90% CI: -47.2, 58.3; P =
0.023; Figure). Significant reductions in hepatic glycogen levels were
also observed with cotadutide at 9, 14, and 24 hours post-MMTT
(Figure) and after a 14-hour fast (P < 0.05). The overall change in glyco-
gen AUC24h was -27.3% with cotadutide and 1.78% with placebo (P =
0.003). Cotadutide, administered for 28 days, resulted in significant re-
ductions from baseline in fasting glucose levels (-2.48 mmol/L), glucose
AUC during MMTT (-32.6%), and body weight (-4.2%) compared with
placebo (all P < 0.001). Significant reductions in alanine, glutamate,
glycine, lysine, and threonine levels were also observed with cotadutide
vs placebo (P ≤ 0.05).
Conclusion: Cotadutide, administered once-daily for 28 days in obese or
overweight subjects with T2DM, promoted a reduction in hepatic glyco-
gen without exhaustion of glycogen stores. These results, in conjunction
with reductions in selected amino acids, are indicative of glucagon recep-
tor engagement with cotadutide. In parallel, cotadutide resulted in robust
decreases in glucose levels, especially in the fasted state.

Clinical Trial Registration Number: NCT03555994
Supported by: This study was funded by AstraZeneca
Disclosure:V.E. Parker: Employment/Consultancy; Full time employee
at AstraZeneca. Stock/Shareholding; AstraZeneca stockholder.
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Efficacy and safety of three dose-escalation algorithms of tirzepatide,
a novel dual GIP and GLP-1 receptor agonist, in patients with type 2
diabetes
M.A. Nauck1, J.P. Frias2, J. Van3, C.T. Benson4, R. Bray4, Z. Milicevic5,
A. Haupt4, D.A. Robins4;
1Diabetes Center Bochum-Hattingen, St Josef Hospital, Ruhr-University
Bochum, Bochum, Germany, 2National Research Institute, Los Angeles,
USA, 3Diabetes Research Center, Tustin, USA, 4Eli Lilly and Company,
Indianapolis, USA, 5Eli Lilly and Company, Vienna, Austria.

Background and aims: Initiating incretin hormone receptor agonist ther-
apy at a low dose with gradual dose escalation may improve gastrointes-
tinal tolerability. This randomized, double-blind, placebo-controlled
study assessed the efficacy and tolerability of tirzepatide, using 3 different
dose escalation algorithms in patients with type 2 diabetes compared with
placebo after 12 weeks.

Materials and methods: The dose-escalations included 1 algorithm to
achieve 12 mg top dose by the scheme of 4 mg and 8 mg, each for 4
weeks. The scheme for the first 15 mg top dose group (15 mg-1) was
2.5 mg for 2 weeks, followed by 5 mg for 2 weeks, and then 10 mg for 4
weeks. The scheme for the second 15 mg top dose group (15 mg-2) was
2.5 mg followed by 7.5 mg, each for 4 weeks.
Results: A total of 111 subjects were randomized. Mean age was 57.4
years, HbA1c was 8.4% (68.3 mmol/mol), and BMI was 31.9 kg/m2. At
Week 12, least squares mean HbA1c% (standard error) was 8.6 (0.21)
(93.99 mmol/mol [2.30]), 6.7 (0.19) (73.24 mmol/mol [2.08]), 6.3 (0.20)
(68.87 mmol/mol [2.19]), 6.6 (0.19) (72.15 mmol/mol [2.08]) in the pla-
cebo, 12 mg, 15 mg-1 and 15 mg-2 groups, respectively. Change from
baseline (standard error) in HbA1c was greater in tirzepatide groups com-
pared with placebo (placebo, +0.2% [0.21] (+2.19 mmol/mol [2.30]); 12
mg, -1.7% [0.19] (-18.58 mmol/mol [2.08]); 15 mg-1, -2.0% [0.20] (-
21.86 mmol/mol [2.19]); 15 mg-2, -1.8% [0.19] (-19.68 mmol/mol
[2.08]). Weight loss was greater in tirzepatide groups compared with
placebo (placebo, -0.5 kg [0.86]; 12 mg, -5.3 kg [0.78]; 15 mg-1, -
5.5 kg [0.80] and 15 mg-2, -5.7 kg [0.79]). Treatment discontinuation
occurred in 6.9%, 21.4%, 7.1% (12 mg, 15 mg-1, 15 mg-2, respectively)
versus 23.1% (placebo) of patients. The total incidence of nausea,
vomiting and/or diarrhoea was 11.5% with placebo, and 48.3%, 57.1%
and 46.4% with tirzepatide 12 mg, 15 mg-1, and 15 mg-2 groups, respec-
tively. Gastrointestinal adverse events were mild to moderate in intensity.
Treatment discontinuations due to adverse events occurred in 3.4%,
3.6%, 0% (12 mg, 15 mg-1, 15 mg-2, respectively) versus 3.8%
(placebo) of patients.
Conclusion: Tirzepatide resulted in clinically meaningful improvements
in glycaemic control and weight loss. A lower starting dose and a longer
dose-escalation period resulted in lower incidence of gastrointestinal ad-
verse events than in a previously published Phase 2 study.
Clinical Trial Registration Number: NCT03311724
Supported by: Eli Lilly and Company
Disclosure: M.A. Nauck: Grants; AstraZeneca, BERLIN-CHEMIE,
Boehringer Ingelheim, Eli Lilly and Company, GlaxoSmithKline,
Merck Sharp & Dohme, MetaCure, Inc., Novartis, Roche Pharma,
Novo Nordisk, and Tolerx, Inc. Lecture/other fees; Amylin
Pharmaceuticals, AstraZeneca, BERLIN-CHEMIE, Boehringer
Ingelheim, Bristol-Myers Squibb, Diartis Pharmaceuticals, Inc., Eli
Lilly and Company, GlaxoSmithKline, Hoffmann-La Roche, Ltd.,
Intarcia.
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Increasing prevalence of diabetic ketoacidosis at diagnosis of type 1
diabetes in Colorado children
A. Rewers1, A. Coakley2, L. Pyle3, K. Manseau2, S. Thomas2, G.T.
Alonso2;
1Pediatrics, University of Colorado, Aurora, 2Barbara Davis Center for
Diabetes, University of Colorado, Aurora, 3Colorado School of Public
Health, University of Colorado, Aurora, USA.

Background and aims: Diabetic ketoacidosis (DKA) is a life threat-
ening complication of type 1 diabetes (T1D) due to a critical defi-
ciency of insulin. In addition to the acute risks, DKA leads to de-
creased islet cell function for up to 2 years. Children with DKA at
diagnosis of T1D have poorer glycemic trends, increasing the risk
for long term complications. Additionally, moderate to severe DKA
in young children at diagnosis is associated with lower cognitive
scores and altered brain growth. The aim of this study was to ex-
amine trends in the prevalence of diabetic ketoacidosis (DKA) at
diagnosis of type 1 diabetes (T1D) at a large pediatric diabetes
center between 2010 and 2017, overlapping with the Affordable
Care Act’s overhaul of healthcare in the United States
Materials and methods: Colorado residents <18 years old who were
diagnosed with T1D from 2010-2017 and subsequently followed at the
Barbara Davis Center for Diabetes were included. Logistic regression
models were used to test associations between age, gender, race/ethnicity,
insurance, language, year of diagnosis, and rural/nonrural residence and
DKA at diagnosis. Linear regression models were used to test the asso-
ciation of each predictor with HbA1c at diagnosis.
Results: There were 2232 subjects who met the inclusion criteria.
From 2010 to 2017, the rate of DKA increased from 42% to
59%. It nearly doubled among patients with private insurance,
but remained largely unchanged among children with public in-
surance. In the multivariate model, public insurance (OR 1.50
[1.23-1.81]) and rural address (OR 1.38 CI [1.08-1.79]) were as-
sociated with higher risk for DKA, whereas age, race/ethnicity,
gender, and primary language were not. Younger age (p<.001),
female gender (p<.003), race/ethnicity other than non-Hispanic
white (p=.001), and public insurance (p<.001) were associated
with higher HbA1c.
Conclusion: In 2017, nearly 60% of patients with new diagnosis T1D
presented with DKA. The increase was pronounced in patients with pri-
vate insurance. This setback paradoxically occurred during a time of
increasing health insurance coverage.More study is needed to understand
the factors driving these changes.

Disclosure: A. Rewers: None.
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Rapid increase in prevalence of DKA at diagnosis among youth with
type 1 diabetes: the SEARCH for Diabetes in Youth study
E.T. Jensen1, J.M. Stafford1, R.B. D'Agostino, Jr.1, L.M. Dolan2, J.M.
Lawrence3, S.M. Marcovina4, E.J. Mayer-Davis5, C. Pihoker6, A.
Rewers7, D. Dabelea7;
1Wake Forest School of Medicine, Winston-Salem, 2Cincinnati
Children's Hospital Medical Center, Cincinnati, 3Kaiser Permanente
Southern California, Pasadena, 4Northwest Lipid Research Laboratory,
University of Washington, Seattle, 5University of North Carolina at
Chapel Hill, Chapel-Hill, 6University of Washington, Seattle,
7University of Colorado Denver, Aurora, USA.

Background and aims: Diabetic ketoacidosis (DKA) is a serious, life-
threatening complication of type 1 diabetes (T1D). We previously report-
ed a 29% prevalence of DKA at diagnosis of T1D between 2002 and
2010, with no significant change during this period, but with greater DKA
prevalence in younger age-groups, minority youth, and youth from low
socioeconomic backgrounds. Given the changing demographics of youth
with T1D, and the increasing incidence of T1D as reported by SEARCH,
we sought to evaluate more recent trends in DKA prevalence at diagnosis
of T1D in the SEARCH for Diabetes in Youth Study, a diverse, U.S.
population-based registry of youth (<20 years of age) with incident T1D.
Materials and methods: Prevalence of DKA at diagnosis (±62 days of
the diagnostic month) was abstracted from medical records of 2010-2016
incident T1D cases. DKAwas defined if ≥ 1 of the following criteria were
present: blood bicarbonate <15 mmol/l, ph <7.25 (venous) or <7.3 (arte-
rial or capillary), or any documentation indicating DKA diagnosis. We
calculated the prevalence of DKA at T1D diagnosis by year (2010-2016)
and evaluated trends over time. To assess whether trends observed
reflected changing distribution of sociodemographic factors among youth
with T1D across time, we used generalized linear models to estimate the
crude and adjusted relative risk (aRR) of DKA at diagnosis in relation to
calendar year, adjusting for age, gender, race/ethnicity, income, educa-
tion, health insurance status, primary language, season of diagnosis, and
SEARCH site.
Results: Overall, 97.9% (n= 7,578) of the incident, youth-onset regis-
tered cases of T1D had data for documentation of DKA status at diagno-
sis. Prevalence of DKA increased over the follow-up period, from 35.3%
(95% CI: 32.2, 38.4) in 2010, to 40.3% (95% CI: 37.5, 43.1) in 2016 (p
for trend=0.02). Adjustment for sociodemographic factors did not sub-
stantively change estimates observed for the association between calendar
year and DKA.We observed a 2% annual increase in prevalence of DKA
at diagnosis of T1D (aRR: 1.02; 95% CI: 1.00, 1.04; p<0.01).
Conclusion: In this U.S. population-based registry of youth-onset T1D,
prevalence of DKA at T1D diagnosis has increased rapidly from 2010 to
2016. This increase does not seem to be attributable to the changes in
distribution of sociodemographic factors over time. Additional investiga-
tion is needed to elucidate the factors that may be contributing to this
trend and to inform prevention strategies.
Supported by: CDC
Disclosure: E.T. Jensen: None.
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Identification of predictive factors for DKA using a subgroup discov-
ery algorithm
A. Ibald-Mulli1, M. Blanchon2, J. Hermann3, A. Civet2, S. Gosset2, O.
Berguiga2, D. Paar4;
1Real World Evidence and Clinical Outcome Generation, Sanofi, Paris,
France, 2Quinten, Paris, France, 3Ulm University, Ulm, Germany,
4Medical Germany, Sanofi-Aventis Deutschland GmbH, Berlin,
Germany.
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Background and aims: Diabetic ketoacidosis (DKA) is a serious com-
plication of type 1 diabetes (T1D), which is difficult to diagnose due to
variability in symptoms. Better knowledge of factors associated with an
increased risk of DKAwill inform physicians for the management of their
patients. The objective of the present work is to identify predictive factors
for DKA in T1D.
Materials and methods:A descriptive analysis of the Diabetes Prospective
Follow-up Registry (DPV) including 126,235 German and Austrian patients
with T1D was conducted. Advanced analytics using Q-Finder®a supervised
non-parametric proprietary subgroup discovery algorithm was performed. Q-
Finder® explored all combinations of explanatory variables to identify those
highly associated with the variable of interest DKA, defined as pH < 7.3. The
output was a set of patient profiles defined by combinations of variables and
thresholds that maximizes a set of statistic indicators, such as odds ratios and
p-values adjusted for confounding factors and multiple testing (Benjamini
Hochberg correction). The size of the dataset allowed to perform learning
on half of the data and to validate results on a quarter of the data. As a last step
clinically relevant patient profiles were tested on the remaining quarter of the
data.
Results: Descriptive statistics of DKAversus non-DKA population are con-
sistent with clinical expectations and results obtained by conventional statis-
ticalmethods. DKApatients are younger, have an earlier age at diabetes onset
and a shorter disease duration versus non-DKA patients. They more often
show limited physical activity and have a higher number of medical visits.
Eleven profiles shown in the table below were identified: Table 1 - Statistic
indicators of selected profiles with higher risk of DKA
Patients with low BMI (adjusted for age) and those with DKA at baseline
were at higher risk for recurrent DKA, which is consistent with the liter-
ature. There was a significantly increased risk of DKA in children from 6
to 15 years of age and patients with HbA1c ≥ 8.87, as well as young
patients (< 15 years old) with limited time on continuous glucose moni-
toring system. Patients with nephrosis (increased microalbuminuria) or
hypoglycemic coma had an increased risk of DKA. Patients with auto-
immune thyroiditis also had an increased risk of DKA. The insulin reg-
imen did not appear to be associated with DKA risk.
Conclusion: This subgroup detection algorithm confirmed known risk
profiles identified by conventional statistical methods and allowed the
generation of new hypotheses and thresholds that will be investigated
further to better understand the underlying triggers of DKA in type 1
patients. The robustness of these results from the reapplication on differ-
ent independent data sets supports confidence in these findings.

Disclosure: A. Ibald-Mulli: None.
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A nationwide evaluation of glycaemic control in children and young
adult patients with type 1 diabetes in Poland: the PolPedDiab HbA1c

study
A. Szadkowska1, A. Baranowska-Jaźwiecka1, A. Michalak1, P. Jarosz-
Chobot2, M. Myśliwiec3, A. Szypowska4, B. Głowińska-Olszewska5, D.
Zozulińska-Ziółkiewicz6, W. Młynarski1, on behalf of the Diabetes
Poland;
1Medical University of Lodz, Lodz, 2Medical University of Silesia,
Zabrze, 3Medical University of Gdansk, Gdansk, 4Medical University

of Warsaw, Warsaw, 5Medical University of Bialystok, Bialystok,
6Poznan University of Medical Sciences, Poznań, Poland.

Background and aims: Despite therapeutic advancements, majority of
youth with type 1 diabetes (T1D) presents unsatisfactory diabetes control.
This creates a need for systemic improvements in diabetes care system.
Such steps must be based on reliable, large-scale studies assessing the
present state of glycemic control and verifying effects of any interven-
tions. The first nationwide study to evaluate glycemic control in young
patients with T1D in Poland was organized by Diabetes Poland.
Materials and methods: Invitations to participate in the study were sent
to all pediatric diabetes care centers in Poland and 8 the largest centers for
T1D adult patients. In those who accepted, the study was carried out
simultaneously for one week in pediatric and for two weeks in adult
centers in March 2018. During visits, each patient ≤30 years old and
treated for T1D ≥1 y. was included into study. The protocol included
collection of capillary blood sample and a clinical questionnaire filled
by the physician. Afterwards, samples and questionnaires were blinded
and sent to the coordinating center, where HbA1c was measured by
HPLC. Patients with incomplete clinical data or change of treatment
within last 6 months were excluded from analysis.
Results: Majority (25/28) of the pediatric and all adult centers agreed to
take part in the study, providing representative sample size and data for
1255 patients including 50.8%males, mean age 12.3 (95%CI: 12.1-12.6)
y. for children and 23.2 (22.9-23.6) y for adults; mean diabetes duration
7.1 (6.8-7.3) yrs. This covered 8% of the whole Polish pediatric popula-
tion with T1D and 5% aged 18-30 y. 79.2% of patients were treated with
insulin pumps (CSII) and 22.5% continuous glucose monitoring (CGM).
Mean HbA1c was 7.4% (7.3-7.4%) and was comparable between chil-
dren and adults [7.4% (7.3-7.4%) vs 7.4 (7.3-7.6%), p=0.187]. Overall,
22.8% of patients achieved target HbA1c according to national guidelines
[≤6.5%] and 45.2% according to international ones [<7.0%]. During one
month preceding the study, 0.9% of patients experienced severe hypogly-
cemia and 0.4% - ketoacidosis. HbA1cwas related to the mode of therapy
[CSII 7.3(7.3-7.4)% vsMDI 7.6(7.4-7.8)%, p=0.003], use of CGM [users
6.9(6.8-6.9)% vs. non-users 7.5(7.4-7.6)%, p<0.001] and body weight
status [lean 7.3(7.2-7.4)%, overweight 7.5(7.3-7.7)%, obese 8.1(7.8-
8.4)%, p<0.001].
Conclusion:Compared to other recent studies, glycemic control in Polish
youth with T1D is satisfactory, but there is still room for improvement.
This first nationwide study provided a reference point for the future ther-
apeutic interventions.

Supported by: Diabetes Poland
Disclosure: A. Szadkowska: None.
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CD-DIET: a randomised controlled study to assess treatment of
asymptomatic coeliac disease and type 1 diabetes on glycaemic con-
trol and variability in adults and children
F.H. Mahmud1, M.A. Marcon2, A.B.M. Clarke1, K.C. Joachim1, E.
Assor1, C. McDonald3, F. Saibil4, H.A. Lochnan5, Z. Punthakee6, CD-
DIET Study Group;
1Department of Pediatrics, Division of Endocrinology, Hospital for Sick
Children, Toronto, 2Department of Pediatrics, Division of
Gastroenterology, Hospital for Sick Children, Toronto, 3Pediatrics, St.
Joseph's Health Care, London, 4Gastroenterology, Sunnybrook Health
Sciences Centre, Toronto, 5Endocrinology, The Ottawa Hospital,
Ottawa, 6Endocrinology, Hamilton Health Sciences, Hamilton, Canada.

Background and aims: Celiac disease (CD) is a common autoimmune
comorbidity of type 1 diabetes and is often asymptomatic. There is insuffi-
cient evidence assessing the impact of its treatment in asymptomatic individ-
uals with both conditions. The aim of The Celiac Disease and Diabetes-
Dietary Intervention and Evaluation Trial (CD-DIET) was to assess the effect
of a gluten-free diet on glycemic outcomes in patients with type 1 diabetes
and newly diagnosed, asymptomatic celiac disease.
Materials and methods: Type 1 diabetes patients aged 8-45 years without
gastrointestinal symptoms in 22 diabetes clinics in Ontario, Canada complet-
ed serologic screening and biopsy confirmation of celiac disease. A prospec-
tive, randomised trial assessed initiation of a gluten-free diet (GFD) or con-
tinuation of a gluten-containing diet (GCD) for 12months. Outcomes includ-
ed safety and efficacy of GFD treatment on HbA1c, glucose variability (GV)
by continuous glucose monitoring and nutritional composition.
Results: 2578 subjects were screened; 140 (5.4%)were CD-seropositive and
82 (3.2%) were CD-biopsy confirmed. 51 subjects, mean age 26.6±11.3
years, were randomised to a gluten-free diet (N=27) or gluten containing diet
(N=24). Adherence to the assigned diet was excellent in both groups as
assessed by dietary interview and repeat serologic testing. No HbA1c differ-
ences were observed between groups over the course of the 12 month study
period (p=0.76). Within the GFD group, HbA1c increased (0.30±0.65%,
p=0.028) with greater glycemic variability and higher post-prandial glucose
excursions (p<0.001). Dietary composition in the GFD group at 12 months
showed reductions in gluten (p<0.001) and caloric intake (p=0.013) largely
driven by reduced carbohydrates (per 1000 kcal) (p=0.027).
Anthropomorphic changes or hypoglycemic events were not associated with
GFD adoption.
Conclusion: GFD initiation in screen-detected patients with asymptom-
atic celiac disease and type 1 diabetes resulted in higher HbA1c and blood
glucose levels over 12 months, despite reduced carbohydrate intake.
Clinical vigilance with regards to glycemic control in this high risk pop-
ulation is essential during transition to the GFD.
Clinical Trial Registration Number: NCT01566110
Supported by: Trial was funded by the JDRF-Canadian Clinical Trial
Network (JDRF-CCTN)
Disclosure: F.H. Mahmud: None.
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Increase trend in proportions of overweight and obesity in Japanese
paediatric patients with type 1 diabetes
M. Mochizuki1, M. Anzo2, K. Matsuo3, S. Soneda4, Y. Ito5, I. Musha6,
K. Kobayashi1, H. Yokomichi1, N. Matsuura7, N. Sasaki6, S. Sugihara8,
T. Kikuchi6, S. Amemiya6, the Japanese Study Group of Insulin Therapy
for Childhood and Adolescent Diabetes;
1University of Yamanashi, Chuo, 2Tokyo Metropolitan Ohtsuka hospital,
Tokyo, 3Monbetsu Hospital, Monbetsu, 4Tanaka Growth Clinic, Tokyo,
5Japanese Red Cross Hokkaido College of Nursing, Kitami, 6Saitama
Medial University, Moroyama, 7Bibai City Hospital, Bibai, 8Tokyo
Women’s Medical University Medical Center East, Tokyo, Japan.

Background and aims: Recent increased doses of insulin to patients
with type 1 diabetes (T1D) may increase adipose tissue. We aimed to
examine the changes in physique indexes of the patients in 1995, 2000,
2008, and 2013.
Materials and methods: In a large cohort of Japanese paediatric patients
with T1D, we calculated body mass index (BMI), height standard devi-
ation score (SDS) and proportions of overweight (BMI ≥85th percentile)
and obesity (BMI≥95th percentile). We compared physique indexes and
incidence of severe hypoglycaemic events per 100 patient-years over
years. Additionally, we examined the trend of the outcomes in strata of
three groups by glycaemic control: optimal group, HbA1c <58mmol/mol
(<7.5%); suboptimal group, HbA1c 58-75mmol/mol (7.5%-9.0%); high-
risk group, HbA1c >75 mmol/mol (>9.0%).
Results: The numbers and mean (SD) ages of the patients were: 555 and
6.3 (3.6) years in 1995; 733 and 6.0 (3.7) years in 2000; 771 and 5.7 (3.7)
years in 2008; and 979 and 4.8 (3.6) years in 2013. The data showed a
trend toward significant improvement (P for trend<0.0001) in HbA1c
level: 78.5 mmol/mol (9.33%) in 1995, 68.2 mmol/mol (8.39%) in
2000, 61.2 mmol/mol (7.75%) in 2008, and 65.1 mmol/mol (8.11%) in
2013. Incidence of severe hypoglycaemia decreased significantly (P for
trend<0.0001) over time: 19.1 in 2000, 7.81 in 2008, and 4.79 in 2013.
Mean (SD) height SDS increased significantly over time: −0.19 (1.05) in
1995, −0.17 (1.31) in 2000, +0.05 (1.07) in 2008, and +0.18 (1.02) in
2013 (P for trend<0.0001). Mean (SD) BMI percentile increased signif-
icantly over time: 52.7 (25.2) in 1995, 58.7 (26.7) in 2000, 58.1 (25.8) in
2008, and 58.6 (26.0) in 2013 (P for trend=0.0005). Proportions of obe-
sity and overweight in 1995, 2000, 2008, and 2013 increased significant-
ly by 2.3%, 3.9%, 5.0% and 5.4%, and by 12.2%, 17.2%, 18.0% and
20.0%, respectively (both: P for trend<0.0001). These trends were found
in each stratum of glycaemic control group.
Conclusion: In the data of T1D, we found increasing trends for height
SDS and BMI percentile from 1995 through 2013. These findings would
arise from metabolic condition improvement by progress in treatment of
T1D. While glycaemic control improved with a decrease in severe
hypoglycaemia over the years, Japanese patients gradually became obese.
In T1D treatment, clinicians need to provide good glycaemic control,
acknowledging its risk of obesity.

Disclosure:M. Mochizuki: None.
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Ethnic differences in CVD for UK South Asians and Europeans with
diabetes, and their explanations: SABRE study 1988-2015
S.V. Eastwood, T. Tillin, A.D. Hughes, N. Chaturvedi;
University College London, London, UK.

Background and aims: Type 2 diabetes prevalence in UK South
Asians far exceeds that of the European-origin population. Whilst
our previous work suggests that hyperglycaemic states are more
strongly related to cardiovascular disease (CVD) risk factors in
South Asians than Europeans, contention exists regarding ethnic
differences in CVD outcomes for people with diabetes, particular-
ly for mortality.
Materials and methods: We used data from participants with dia-
betes in the Southall And Brent REvisited (SABRE) study, a
longitudinal cohort of 1,710 South Asians (355 [21%] with base-
line diabetes) and 2,346 Europeans (149 with diabetes [6 %],
p<0.001), aged 54±7 years. Anthropometry (including visceral
[VAT] and subcutaneous abdominal adipose tissue [SAT], from
published estimating equations), blood pressure, and blood tests
were measured at baseline (1988-1991) and participants completed
a health questionnaire. Incident CVD up to 2011 was captured
from Hospital Episode Statistics and mortality up to 2015 from
death certification. Baseline characteristics and risks of both inci-
dent CVD and CVD mortality were contrasted by ethnicity in
people with diabetes. The influence of risk factors on ethnic dif-
ferences in hazard ratios (HR) were examined using Cox regres-
sion models adjusted for age, sex and smoking (plus baseline
CVD for mortality). Baseline HbA1c was available for 238 partic-
ipants; therefore models were adjusted for diabetic control and
treatment in a sub-group analysis.
Results: South Asian people with diabetes were younger than their
European counterparts, but had more adverse risk factors, includ-
ing blood pressure, lipids and body composition. Mean HbA1c

was higher in South Asians than Europeans (65±8 mmol/mol vs.
59±9 mmol/mol, or 8.1±1.9% vs. 7.5±1.8%, p=0.01), despite
greater use of anti-diabetic medication (44% vs. 33%, p=0.003),
albeit with lower insulin usage (5% vs. 10%, p=0.04). No partic-
ipants were taking statins at baseline. Incident CVD and CVD
mortality were markedly higher in South Asians than Europeans
with diabetes (HR for South Asians vs. Europeans for incident
CVD: 1.63 [1.11,2.39], p=0.02, and for CVD mortality: 2.04
[1.31, 3.20], p=0.002, table 1). Adjustment for risk factors mini-
mally reduced HRs; adjustment for VAT/ SAT ratio produced the
greatest attenuation (to 1.51 [1.01, 2.25], p=0.04 for incident
CVD). In complete-case models adjusting for diabetes control/
treatment (HbA1c and anti-diabetic medication) estimates reduced
to a similar degree (e.g. HR for ethnic difference in incident CVD
attenuated from 1.54 [1.00, 2.42], p=0.03 to 1.44 [0.91,2.29],
p=0.09).
Conclusion:CVD rates over 20-25 years of follow-up were greater
for South Asian than European people with diabetes; this was
largely unexplained, although higher central fat deposition and
poorer diabetic control accounted for a small, but similar, part
of this difference. These findings emphasise the importance of
glycaemic control in tackling the excess CVD experienced by
South Asian people with diabetes.

Supported by: BHF, Diabetes UK, MRC, Wellcome trust
Disclosure: S.V. Eastwood: None.
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Glycaemic trajectories in type 2 diabetes and risk of cardiovascular
disease: exploring the link
M.B. Whyte1, M. Joy1, U. Hoang1, W. Hinton1, A. McGovern1, N.
Munro1, J.E. Mount2, S. Calderara3, S. de Lusignan1;
1Clinical & Experimental Medicine, University of Surrey, Guildford,
2Eili Lilly, Guildford, 3Eli Lilly, Guildford, UK.

Background and aims: It is unclear whether early glycaemic control has
an enduring ‘legacy effect’ on cardiovascular outcomes in type 2 diabetes
(T2D) as chronic glycaemic variability (GV) may also confer risk. We
evaluated whether the risk of new major adverse cardiovascular events
(MACE) is influenced by i) the trajectory of HbA1c within 12 months of
diagnosis; or ii) degree of GV thereafter.
Materials and methods: A cohort study nested in the Royal College
of General Practitioners Research and Surveillance Centre sentinel
network database. This network of primary care practices covers
>2% of population of England. We followed patients with T2D; aged
≥25 years at diagnosis; with ≥ 5 measurements of HbA1c and exam-
ined risk for MACE. MACE was defined as myocardial infarction,
coronary intervention, stroke, heart failure, amputation or limb
revascularisations. A Cox proportional hazards model was used with
variability of HbA1c as a time-dependent variable. Hazard ratios and
95% confidence intervals were calculated for these MACE outcomes
for nine separate glycaemic trajectories based on the following
HbA1c thresholds at diagnosis and 1 year. Category A: HbA1c 48 -
57mmol/mol, category B: 58-74mmol/mol, category C: ≥75mmol/
mol. Covariates included in the model were: gender, age, smoking
(active; ever), systolic blood pressure (SBP), BMI, total cholesterol,
HDL and LDL-cholesterol. GV was calculated by the number of
successive HbA1c (after the first 12-months) that differed by ≥0·5%
(5·5 mmol/mol), divided by number of comparisons, then multiplied
by 100 (0 is least variability, 100 is the greatest).
Results: 26,359 people with T2D were analysed. There were 1291
MACE (4.9%). Improved control over the first 12-months was associated
with less risk of laterMACE, than those who stayed in upper categories of
HbA1c (Table 1). After the first year, those with greatest GV had
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increased risk for MACE (Table 1). Female gender 0.732 (0.642, 0.834;
P<0.001), higher HDL-cholesterol 0.745 (0.601, 0.922; P<0.01), lower
SBP 0.990 (0.987, 0.994; P<0.001) and never smoked 0.702 (0.611,
0.807; P<0.001) had lower risk of MACE.
Conclusion: Improvement of glycaemic control within the first year of
T2D was associated with reduced likelihood of MACE. Those with
greatest GV, after the initial 12-months glycaemic trajectory, had a higher
risk of MACE. These data support the concept of a legacy effect with
subsequent glycaemic variability contributing to an individual’s risk pro-
file. Further research is needed to explain the mechanisms that link
glycaemic variability with increased MACE risk.

Supported by: Eli Lilly
Disclosure:M.B. Whyte: Grants; Grant support Eli Lilly.
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Mannan-binding lectin and cardiovascular events and mortality in
type 2 diabetes: a cohort study of 7,307 patients in the Danish DD2
cohort
A.Gedebjerg1,2, M. Bjerre3, R. Steffensen4, J.S. Nielsen5, J. Rungby6, S.
Friborg7, I. Brandslund8, S. Thiel9, H. Beck-Nielsen5,7, H.T. Sørensen1,
T.K. Hansen10, R.W. Thomsen1;
1Department of Clinical Epidemiology, Aarhus, 2Danish Diabetes
Academy, Odense, 3Medical Research Laboratory, Aarhus,
4Department of Immunology, Aalborg, 5DD2, Odense, 6Department of
Endocrinology IC, Copenhagen, 7Diabetes Research Centre, Odense,
8Department of Biochemistry, Vejle, 9Department of Biomedicine,
Aarhus, 10Steno Diabetes Center Aarhus, Aarhus, Denmark.

Background and aims: Mannan-binding lectin (MBL) is a multifunc-
tional carbohydrate recognition protein involved in innate immunity. Low
levels ofMBL have been associated with development of atherosclerosis,
while highMBL levels may participate in “friendly fire” under hypergly-
cemic conditions, causing inflammation and vascular damage. However,
after two decades of research, the association between MBL and risk of
cardiovascular disease in T2D remains controversial. We investigated
whether high or low MBL serum concentrations and genotypes are asso-
ciated causally with risks of cardiovascular events (CVE) or death among
patients with newly diagnosed T2D.
Materials and methods: We measured serum MBL concentrations in
7,307 consecutive patients with early T2D enrolled in the nationwide
Danish Center for Strategic Research in Type 2 Diabetes (DD2) cohort.
We then genotyped MBL polymorphisms in a subcohort of 3,043 T2D
patients. Linkage with population-based medical registries allowed

complete follow-up of these patients for CVE (AMI, stroke, unstable
angina, coronary revascularization, cardiovascular death) and all-cause
mortality.
Results: Risks of CVE (n=324 events) and death (n=439 events) were in-
creased in T2D patients with either high-serum MBL (>1,000 μg/L) or low-
serumMBL (≤100μg/L) during a median of 4.8 years of follow-up, yielding
a U-shaped risk profile. Compared with intermediate serum MBL levels
(100-1,000 μg/L), age- and gender-adjusted hazard ratios (aHRs) for CVE
ranged from 1.79 [95% confidence interval (CI) 1.33-2.42] for low-serum
MBL concentrations to 1.46 (95% CI 1.13-1.88) for high-serum MBL con-
centrations (Figure). Similar associations were found for all-cause mortality
but with lower risk estimates. Polymorphisms in the MBL gene (low- and
high-coding MBL genotypes) were closely associated with decreased and
increased serum MBL. For CVE, low- and high-coding MBL genotypes
were associated with causal aHRs of 1.38 (95% CI 0.87-2.20) and 1.44
(95%CI 1.01-2.04), respectively, compared to intermediateMBL genotypes.
MBL genotype was not associated with all-cause mortality.
Conclusion: Our study shows for the first time a causal U-shaped asso-
ciation between genetically determined MBL levels and risk of CVE in
T2D patients. This finding unifies previous hypotheses on the double-
edged role of MBL in development of atherosclerosis and in the inflam-
matory response following ischemia.

Supported by: DDA; Danish Heart Foundation; Aarhus University; and
other foundations.
Disclosure: A. Gedebjerg: Grants; The Danish Heart Foundation, the
Danish Diabetes Academy, Aarhus University, the Augustinus
Foundation, the Danielsen Foundation.
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Higher circulating omentin is associated with increased risk of pri-
mary cardiovascular events in type 2 diabetes: results from the
ESTHER study
C. Niersmann1,2, M. Carstensen-Kirberg1,2, H. Maalmi1,2, B.
Holleczek3, M. Roden1,4, H. Brenner5,6, C. Herder1,2, B. Schöttker5,6;
1Institute for Clinical Diabetology, German Diabetes Center, Leibniz
Center for Diabetes Research at Heinrich Heine University Düsseldorf,
Düsseldorf, 2German Center for Diabetes Research (DZD), Partner
Düsseldorf, Düsseldorf, 3Saarland Cancer Registry, Saarbrücken,
4Division of Endocrinology and Diabetology, Heinrich Heine
University Düsseldorf, Düsseldorf, 5Division of Clinical Epidemiology
and Aging Research, German Cancer Research Center, Heidelberg,
6Network Aging Research, University of Heidelberg, Heidelberg,
Germany.
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Background and aims: Higher levels of the adipokine omentin are as-
sociated with lower levels of cardiometabolic risk factors in cross-
sectional studies, but higher risk of type 2 diabetes and cardiovascular
diseases in population-based cohort studies. However, it is unknown
whether high omentin levels are associated with increased risk of cardio-
vascular events in patients with established diabetes. Therefore, this study
investigated the association between serum omentin and the risk of car-
diovascular events in patients with type 2 diabetes.
Materials and methods: This study was based on 1029 participants
of the ESTHER cohort with type 2 diabetes and without previous
cardiovascular event. After exclusion of individuals with serum C-
reactive protein >10 mg/l, the final analysis population consisted
of 933 individuals. At baseline, serum omentin levels were mea-
sured by ELISA. Cox regression models were fitted to estimate
hazard ratios (HRs) and 95% confidence intervals (CIs) for asso-
ciations of omentin tertiles with a composite endpoint of cardio-
vascular events and separately with incident myocardial infarction,
stroke and cardiovascular death.
Results: During 14 years of follow-up, 228 individuals experi-
enced a primary cardiovascular event (myocardial infarction,
stroke or cardiovascular death). After comprehensive adjustment
for age, sex, BMI, metabolic and lifestyle factors and medication
use, HRs (95% CIs) for the 2nd and 3rd tertile of omentin com-
pared to the 1st tertile were 1.24 (0.86; 1.79) and 1.63 (1.15;
2.32) (Ptrend=0.0053) for the composite cardiovascular endpoint;
1.39 (0.78; 2.47) and 1.71 (0.98; 2.99) (Ptrend=0.0582) for inci-
dent myocardial infarction; 1.40 (0.78; 2.53) and 2.05 (1.17; 3.58)
(Ptrend=0.0100) for incident stroke; and 1.43 (0.85; 2.40) and 1.72
(1.04; 2.83) (Ptrend=0.0326) for cardiovascular death. Effect esti-
mates were almost unaltered after additional adjustment for
adiponectin.
Conclusion: Higher omentin levels are associated with an increased risk
for cardiovascular events in type 2 diabetes after adjustment for cardio-
vascular risk factors. Mechanistic studies need to investigate if omentin
can be considered as a genuine risk factor or if this association reflects a
compensatory upregulation of omentin levels as response to stimuli that
increase cardiovascular risk.
Supported by: DZD, MSGFF (Saarland), MWFK (Baden-Württemberg),
BMBF, BMFSFJ

Disclosure: C. Niersmann: None.
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Relationship between hypoglycaemia, cardiovascular (CV) outcomes
and all-cause mortality (ACM) in type 2 diabetes (T2D) in the
CARMELINA trial
J. Rosenstock1, S.E. Kahn2, O.E. Johansen3, M.E. Cooper4, N. Marx5,
J.H. Alexander6, R. Toto7, C. Wanner8, E. Pfarr9, S.Y. Schnaidt9, J.T.
George9, M. von Eynatten9, D.K. McGuire7;
1Dallas Diabetes Research Center at Medical City, Dallas, USA, 2VA
Puget Sound Health Care System and University of Washington,
Seattle, USA, 3Boehringer Ingelheim, Asker, Norway, 4Monash
University, Melbourne, Australia, 5University Hospital Aachen, RWTH
Aachen University, Aachen, Germany, 6DCRI, Duke Health, Durham,
USA, 7University of Texas Southwestern Medical Center, Dallas, USA,
8Würzburg University Clinic, Würzburg, Germany, 9Boehringer
Ingelheim, Ingelheim, Germany.

Background and aims: Severe hypoglycaemia is associated with in-
creased CV and mortality risk. We assessed the relationship between
hypoglycaemia and CV death/myocardial infarction/stroke (3P-
MACE) or ACM in people with T2D and CV and/or kidney com-
plications participating in CARMELINA (CArdiovascular and Renal
Microvascular outcomE study with LINAgliptin).
Materials and methods: CARMELINA randomised people with
T2D and either (i) UACR ≥30 mg/g with concomitant CV dis-
ease, or (ii) eGFR <45 ml/min/1.73m2 regardless of UACR, or
eGFR ≥45-75 ml/min/1.73m2 and UACR >200 mg/g, to receive
the DPP-4 inhibitor linagliptin (LINA) 5 mg or placebo (PLAC)
once daily in a double-blind fashion. The primary CV endpoint
was 3P-MACE with ACM defined as an additional endpoint.
Associa t ions be tween t ime to f i rs t ep isode of severe
hypoglycaemia or hypoglycaemia with plasma glucose <54 mg/
dl with 3P-MACE and ACM were analysed using adjusted Cox
proportional hazard models.
Results: 6979 patients with T2D and cardio-renal disease (mean age 65.9
years, HbA1c 8.0%, eGFR 54.6 ml/min/1.73m2) were randomised and treat-
ed with LINA (n=3494) or PLAC (n=3485) and followed for a median of 2.2
years. LINA did not affect the risk for 3P-MACE (HR 1.02 [95% CI 0.89,
1.17]) or ACM (0.96 [0.81, 1.14]). Severe hypoglycaemia or hypoglycaemia
with plasma glucose <54 mg/dl occurred in 557 (15.9%) and 572 (16.4%) in
the LINA and PLAC groups, respectively. Among these, hypoglycaemia
preceded 3P-MACE in 146 participants (at median 58 days between the
hypoglycaemic episode and event in n=74 LINA; at median 55 days in
n=72 PLAC), and was associated with a 43% higher risk for subsequent
3P-MACE (HR 1.43 [95% CI 1.23, 1.66]). In the 129 participants with
preceding hypoglycaemia who died (at median 65 days between the first
hypoglycaemic episode and death in n=65 LINA; at median 49 days in
n=64 PLAC), hypoglycaemia was also associated with a higher risk of
ACM (HR 1.31 [1.11, 1.53]). A neutral effect of LINA on 3P-MACE and
ACM remained in analyses adjusting for the presence or absence of 1 ormore
hypoglycaemia events. In the overall cohort, more frequent hypoglycaemia
was associated with a greater magnitude of incremental risk (Fig A) that
attenuated with multivariable adjustment (Fig B).
Conclusion: Preceding hypoglycaemia was associated with higher sub-
sequent risk for 3P-MACE and mortality, and higher frequency of
hypoglycaemia was associated with higher risk for CVoutcomes.

Clinical Trial Registration Number: NCT01897532
Supported by: Boehringer Ingelheim and Eli Lilly and Company
Diabetes Alliance
Disclosure: J. Rosenstock: Employment/Consultancy; Dallas Diabetes
Research Center at Medical City. Grants; Merck, Pfizer, Sanofi, Novo
Nordisk, Bristol-Myers Squibb, Eli Lilly, GlaxoSmithKline, Genentech,
Janssen, Lexicon, Boehringer Ingelheim, Intarcia. Honorarium; Eli Lilly,
Sanofi, Novo Nordisk, AstraZeneca, Boehringer Ingelheim, Intarcia.
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Cardiorenal disease is the most common first CV manifestation in
type 2 diabetes and associated with increased mortality: a large mul-
tinational observational study
K. Birkeland1, J. Bodegard2, J. Eriksson3, A. Norhammar4, M.
Thuresson5, M. Pignot6, E. Garal-Pantaler7, T. Yajima8, I. Komuro9, T.
Kadowaki10;
1Oslo University Hospital, Oslo, Nydalen, Norway, 2AstraZeneca, Oslo,
Norway, 3Uppsala University, Uppsala, Sweden, 4Karolinska Institutet,
Stockholm, Sweden, 5Statisticon, Uppsala, Sweden, 6Kantar Health
GmbH, Munich, Germany, 7Team Gesundheit GmbH, Essen, Germany,
8AstraZeneca, Osaka, Japan, 9The University of Tokyo, Tokyo, Japan,
10The University of Tokyo Hospital, Tokyo, Japan.

Background and aims: Recent SGLT-2i cardiovascular (CV) outcome
trials have shown important CVrisk reducing results for T2Dpatientswithout
established cardiovascular disease (CVD). One particularly important finding
is the beneficial effect on cardiorenal disease, defined by heart failure (HF)
and chronic kidney disease (CKD). However, current knowledge is scarce on
cardiorenal disease in T2D patients without establishedCVD. The aimwas to
assess the development and mortality risks associated with HF or CKD in
T2D patients.
Materials and methods: T2D patients without a history of CVD or CKD,
were identified from health care insurance claims registries in Germany (DE)
and Japan (JP), and full population registries in Norway (NO) and Sweden
(SE). Any first record of the following diagnoses was detected: stroke, myo-
cardial infarction (MI), peripheral artery disease, cardiorenal disease (HF or
CKD). Cox regression risk was estimated in T2D groups with only HF (HF+
T2D), only CKD (CKD+T2D) and both HF and CKD (HF+CKD+T2D)
compared with the CVD-free T2D group; and adjusted for age and sex.
Results: Of a total of 996,929 T2D patients; 687,732 (69%) were free from
CVDandCKDand followed formean 3.9 years, 2.7million patient-years. Of
the 99,242 (14%) that developed a CVD manifestation, cardiorenal disease
was most common (DE 66%, JP 59%, NO 52% and SE 48%), followed by
stroke in JP, and stroke orMI inDE,NOandSE.Cardiorenal events consisted
of 46%HF and 54%CKD, consistent in all countries. Heart failure increased
the risk of CKD [HR2.71 (CI95%1.88-3.92)], andCKD increased the risk of
HF [HR 2.14 (1.57-2.91)], consistent across all countries. CKD, HF andHF+
CKD were associated with increased risk of all-cause mortality, HR 1.76
(1.45-2.15), HR 2.17 (1.78-2.65) andHR3.08 (2.41-3.94), respectively, com-
pared to CVD-free T2D (figure). CKD and HF were separately associated
with increase in CV mortality, HR 1.94 (1.77-2.14) and 2.41 (2.23-2.62).
Significantly increased risks of MI and stroke were also observed.
Conclusion: In T2D patients without a history of cardiovascular disease,
across four separate countries in Europe andAsia, cardiorenal diseasewas
consistently the most common first CVD manifestation and was associ-
ated with significantly increased risk of all-cause death. These novel
findings show that cardiorenal disease is an important early complication
in T2D, that should be considered when choosing optimal preventive
strategies for these patients.

Supported by: AstraZeneca
Disclosure: K. Birkeland: Employment/Consultancy; NovoNordisk,
Sanofi, Lilly, Boeringer Ingelheim, Merck Sharp & Dohme. Grants;
AstraZeneca.
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Glucose metabolism dysregulation affects the transcriptome of skel-
etal muscle and responds to three-month exercise intervention in
humans
L. Szczerbinski1,M.Niemira2, K. Szczerbinski1, U. Puchta1,M. Taylor3,
A. Citko2, E. Siewiec1, J. Zapolska4, S. Larsen5, M. Gorska1, A.
Kretowski6;
1Department of Endocrinology, Diabetology and Internal Medicine,
Medical University of Bialystok, Bialystok, Poland, 2Clinical Research
Centre, Medical University of Bialystok, Bialystok, Poland, 3Department
of Evolution and Ecology, University of California, Davis, Davis, USA,
4Department of Dietetics and Clinical Nutrition, Medical University of
Bialystok, Bialystok, Poland, 5Department of Biomedical Sciences,
University of Copenhagen, Bialystok, Denmark, 6Department of
Endocrinology, Diabetology and Internal Medicine; Clinical Research
Centre, Medical University of Bialystok, Bialystok, Poland.

Background and aims: The precise mechanism of the pathogenesis
of type 2 diabetes (T2D) still remains unclear. Skeletal muscle is
a major contributor to overall glucose homeostasis in the body
and is chiefly responsible for the efficacy of exercise interven-
tions in ameliorating the burden of T2D. Thus, the aim of this
project was to identify the transcriptional signature of dysregulat-
ed glucose metabolism in skeletal muscle and its response to
three-month exercise intervention in humans by profiling the tran-
scriptome, using next-generation sequencing (NGS).
Materials and methods: In the study we included 35 sedentary
males, aged 35-65 years, with BMI 26-33 kg/m2, divided into
three groups: 15 normoglycemics, 12 prediabetics and 8 subjects
with type 2 diabetes, treated with metformin only. RNA samples
were obtained from biopsied Vastus lateralis muscles, before and
after a 3-month supervised exercise intervention. The intervention
occurred thrice weekly and consisted of mixed aerobic (60-70%
of individual’s VO2max) and strength (60-70% of the repetition
maximum for each exercise) activities. Selected groups of patients
did not differ in age, BMI, number of performed trainings or diet
during the intervention. mRNA sequencing was performed with
the Illumina HiSeq 4000 platform.
Results: The baseline gene expression analysis indicated that signif-
icant differences in gene expression in skeletal muscles were ob-
served between type 2 diabetics and the two remaining groups.
Differentially expressed genes were mainly related to oxidative
phosphorylation and the electron transport chain in mitochondria,
and to a much smaller degree to impaired protein synthesis. We
found no differences between prediabetics and normoglycemics in
baseline gene expression. We found that the exercise intervention
was equally effective in all three diagnostic groups; however, the
effect of the intervention did not overcome baseline metabolic dif-
ferences among the groups. Moreover, changes in gene expression
related to mitochondrial function predominated the transcriptional
response to the exercise intervention in all three studied groups.
Conclusion: Our results suggest that main defects of type 2 diabetes
pathogenesis in skeletal muscles are related to mitochondrial function
and that the beneficial effects of physical activity are mediated by
mitochondria-related pathways. Moreover, a lack of differential gene ex-
pression in skeletal muscle between patients with prediabetes and
normoglycemia implies that early stages of insulin resistance may pre-
dominantly affect the liver. Additionally, we showed that there is no
impairment of response to exercise in type 2 diabetic nor prediabetic
subjects, compared to normoglycemics.
Disclosure: L. Szczerbinski: None.
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Oral administration of osteocalcin, bone-derived hormone, improves
the performance of voluntary exercise concomitant with the amelio-
ration of fat utilisation in mice
Y. Tajiri1, Y. Sakai2, H. Mifune2, M. Hirata3;
1Division of Endocrinology and Metabolism, Kurume University School
of Medicine, Kurume, 2Institute of Animal Experimentation, Kurume
University School of Medicine, Kurume, 3Division of Functional
Structure, Department of Morphological Biology, Fukuoka Dental
College, Fukuoka, Japan.

Background and aims: Osteocalcin (OC) is a bone-derived hor-
mone that plays an important role in energy metabolism.
Recently, it has been reported that uncarboxylated (Glu) OC is
necessary for optimum adaptation to exercise. Intraperitoneal in-
jection of OC to mice improves exercise capacity together with an
enhanced uptake and utilization of glucose or fatty acid (FA) in
the skeletal muscle. For therapeutic purposes, however, intraperi-
toneal injection is not a preferable route of administration.
Because we previously reported that orally administered OC im-
proved glucose handling, the aim of this study is to test the
hypothesis that orally administered OC could improve exercise
performance and nutrient utilization same as intraperitoneally
injected OC revealed in mice.
Materials and methods:Male C57BL/6J mice at 9 weeks old were
individually housed in special chambers equipped with a running
wheel apparatus, in which wheel running activity was recorded
automatically. Those mice were fed under restricted feeding pro-
tocol of once a day (between ZT12 and 15) for the next 5 weeks.
At 10 weeks old, they were divided into two groups fed either
control diet (CD) or CD mixed with OC powder (30 ng GluOC
per gram of body weight: OC). At 13 weeks old, they were
euthanatized under anesthesia using 3% isoflurane, and skeletal
muscle, liver and white adipose tissue (WAT) were obtained and
stored at −80°C for the measurement of RNA expression related
to fat metabolism. Data were presented as mean±S.E.
Results: Although food intake didn’t differ between both group,
body weight of OC was significantly (P<0.01) lower than that of
CD after 12 weeks old. Wheel running count in OC was much
increased and significantly (P<0.05) greater than that in CD after
2nd week of experiment (Figure). Apart from the increment of
exercise amount, the velocity to run on wheel was significantly
(P<0.05) higher in OC than in CD, in which the ratio of high
speed (>20m/min) running to total running period was much
higher (17% vs. 6% at 3rd week). RNA expressions of PPARδ
in the muscle, CPT1α in the liver and HSL in the WAT were
significantly (P<0.05) enhanced by the administration of OC (2.14
±0.38 vs. 1.00±0.33, 3.02±1.10 vs. 1.00±0.12, 1.63±0.17 vs. 1.00
±0.19, respectively).
Conclusion: It was clearly demonstrated that orally administered
OC for a long period could ameliorate exercise performance, both
quantity and quality. It is plausible that through the enhancement
of liver FA oxidation and supply of FA from WAT to liver, OC
promotes muscle FA utilization during exercise, leading to an
optimum adaptation to exercise. Oral administration of OC war-
rants further study as a safe and convenient option for the treat-
ment or prevention of metabolic disorders such as obesity and
diabetes.

Disclosure: Y. Tajiri: None.
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Skeletal muscle beta-oxidation, stearoyl-CoA desaturase 1 and insu-
lin sensitivity in subjects with or without prediabetes after 12 weeks
of intensive exercise training
S. Lee1, H.L. Gulseth2,3, K.J. Vinknes1, M. Hjorth1, T. Olsen1, K.
Eckardt1, C.A. Drevon1, K.I. Birkeland1;
1University of Oslo, Oslo, 2Norwegian Institute of Public Health, Oslo,
3Endocrinology, Morbid Obesity and Preventive Medicine, Oslo
University Hospital, Oslo, Norway.

Background and aims: Skeletal muscle lipid deposition may contribute to
insulin resistance by lipotoxic effects that can be negated by exercise-induced
β-oxidation and lipogenesis. We examined links between exercise, skeletal
muscle lipid metabolism and insulin resistance in sedentary men.
Materials and methods: Sedentary men (40-65 years of age) with or
without prediabetes underwent a 12 w intensive exercise intervention.
Insulin sensitivity was measured by euglycaemic hyperinsulinaemic
clamp. We collected muscle biopsies and performed mRNA sequencing,
Western blotting, lipidomics and quantification of mitochondria and cap-
illaries on electron micrographs (EM). We also performed plasma
lipidomics and in vitro incubations with human myotubes.
Results: Both groups obtained similar increases in insulin sensitivity
(40%) after 12 w training. Men with prediabetes had, compared to con-
trols, higher plasma concentrations of glycerol and triacylglycerol (TAG),
and higher skeletal muscle TAG and non-esterified fatty acids after, but
not before, the intervention. In addition, men with prediabetes, but not
controls, displayed increased levels of several transcripts important for
muscle lipid uptake (LPL, CD36 and FABP3), DAG synthesis (ACSS1,
GPAT2 and AGPAT2/5) and TAG synthesis (DGAT2 and SCD), lipolysis
(PNPLA2, LIPE and MAGLL), and muscle capillary density and mito-
chondrial content (EM), PPARG and PPARGC1A levels, the oxidative
phosphorylation, fatty acid metabolism, adipogenic pathways (mRNA
sequencing) and protein levels of PGC1-α, α-Ketoglutarate, Citrate syn-
thase and Complex I-V in the electron transport chain. Both SCD and
SCD levels increased during in vitro myogenic differentiation, and in
cultured myotubes, palmitic acid and electrical pulse stimulation showed
an additive effect on SCD expression.
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Conclusion: Intensive endurance and strength training promoted higher
levels of markers of adipose tissue lipolysis, muscle lipid uptake and
content in men with prediabetes vs. controls. In spite of this, men with
prediabetes obtained a similar increase in insulin sensitivity as controls,
perhaps attributable to the concurrent increase in markers of muscle β-
oxidation, fatty acid metabolism, and adipogenesis in men with predia-
betes. The combined effect of muscle contraction and higher lipid avail-
ability might explain enhanced fat metabolism in men with prediabetes.

Clinical Trial Registration Number: NCT01803568
Disclosure: S. Lee: None.
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Skeletal muscle acetylcarnitine formation is compromised in im-
paired glucose tolerant subjects and type 2 diabetes patients
Y.M.H. Bruls1, Y.J.M. op den Kamp2, L. Lindeboom1,2, B. Havekes3,
J.E. Wildberger1, M.K.C. Hesselink2, P. Schrauwen2, V.B. Schrauwen-
Hinderling1;
1Departments of Radiology and Nuclear Medicine, Maastricht University
Medical Center, Maastricht, 2Department of Nutrition and Movement
Sciences, Maastricht University Medical Center, Maastricht,
3Department of Internal Medicine, Division of Endocrinology,
Maastricht University Medical Center, Maastricht, Netherlands.

Background and aims: Type 2 diabetes is characterized by decreased
metabolic flexibility and concomitant disturbances in glucose homeosta-
sis and low carnitine availability may play a role herein. Carnitine may
have a beneficial role in preserving metabolic flexibility, by enabling the
conversion of excess acetyl-CoA into acetylcarnitine. Recently, we have
set up a novel, non-invasive proton magnetic resonance spectroscopy
(1H-MRS) protocol, using long echo times, to allow the dynamic deter-
mination of acetylcarnitine concentrations in skeletal muscle in vivo.
When metabolic flux is high, such as during exercise, intra-
mitochondrial acetyl-CoA concentrations increase and, acetylation of car-
nitine to acetylcarnitine is enhanced. Therefore, at high exercise intensity,
acetylcarnitine concentration strongly increases and the total pool of free
carnitine is almost completely acetylated. Under these conditions,
acetylcarnitine concentration may reflect free carnitine availability. We
here hypothesized that the capacity to form acetylcarnitine upon exercise,
reflecting free carnitine availability, is reduced in metabolically compro-
mised individuals.

Materials and methods: Eleven normal glucose tolerant (NGT), nine
impaired glucose tolerant (IGT) and nine type 2 diabetes patients
(T2DM) were included (matched for BMI, age and physical fitness).
Skeletal muscle acetylcarnitine concentrations were measured in vivo in
the vastus lateralis muscle using a combination of T1 editing and long
echo time 1H-MRS (TE350ms). Acetylcarnitine concentration (given as
acetylcarnitine/creatine ratio) were assessed in the resting state and after a
30-minute cycling exercise at 70% of the subjects predetermined maxi-
mal output (Wmax) to stimulate near maximal acetylcarnitine formation
(as a parameter of free carnitine availability).
Results: Resting skeletal acetylcarnitine levels were not different be-
tween groups (0.12±0.03, 0.11±0.03 and 0.09±0.02 for NGT, IGT and
T2DM respectively, p=0.418). Upon exercise, acetylcarnitine levels in-
creased in all three groups (p<0.05). Post-exercise acetylcarnitine concen-
trations were significantly different between groupswith highest values in
NGT and lowest values in T2DM (NGT: 0.51±0.06; IGT: 0.31±0.08;
T2DM 0.22±0.04; p=0.009).
Conclusion: These results show that the capacity of skeletal muscle to
form acetylcarnitine upon exercise, as determined by 1H-MRS, is blunted
in IGT subjects compared to NGT and even more reduced in T2DM
patients. These findings indicate that exercise-induced acetylcarnitine
concentrations are a sensitive marker of metabolic health and suggest a
reduction in free carnitine availability in metabolically compromised phe-
notypes. Future studies will have to investigate whether improvements in
carnitine availability can improve metabolic health.
Clinical Trial Registration Number: NCT03230812
Supported by: TKI Health Holland
Disclosure: Y.M.H. Bruls: None.
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Effect of 12 weeks high-intensity interval training on glycaemic con-
trol in overweight and obese adults with type 1 diabetes
A.S. Lee1,2, N.A. Johnson3,4, M. McGill1,2, J. Overland1,2, C. Luo1, S.
Martinez-Huenchullan2,5, J. Wong1,2, J.R. Flack6,7, S.M. Twigg1,2;
1Department of Endocrinology, Diabetes Centre, Royal Prince Alfred
Hospital, Sydney, Australia, 2Central Clinical School, Faculty of
Medicine and Health, University of Sydney, Sydney, Australia, 3Faculty
of Health Sciences, University of Sydney, Sydney, Australia, 4The Boden
Institute of Obesity, Nutrition, Exercise and Eating Disorders, University
of Sydney, Sydney, Australia, 5School of Physical Therapy, Faculty of
Medicine, Universidad Austral de Chile, Valdivia, Chile, 6Diabetes
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Background and aims: Exercise can improve glycaemic control in T2D,
however such benefit is not consistently observed in T1D. Furthermore,
high-intensity interval training (HIIT) may lower risk of exercise-related
hypoglycaemia, yet effects on HbA1c are unexplored. This RCT evalu-
ated the effect of 12 weeks of HIIT exercise intervention on glycaemic
control and metabolic health in adults with T1D.
Materials and methods: Thirty inactive adults with T1D, HbA1c≥7.5%
and BMI≥25kg/m2 were randomized to 12 weeks of either: HIITexercise
consisting of 4x4 min of aerobic exercise at 85-95% of peak HR, per-
formed thrice/week (including ≥1 supervised session/week), or to contin-
ued usual care. In a partial cross-over design, the usual care group sub-
sequently performed the 12 week HIIT exercise intervention. HbA1c and
metabolic outcomes were measured at weeks 0, 12 and 24.
Results: Participants were aged 44±10 yrs (mean±SD), with diabetes
duration 19±11 yrs, HbA1c 8.5±0.7%, BMI 30.1±3.1 kg/m2, with 19
on MDI /11 on insulin pump. After the initial 12 weeks intervention
period the HbA1c change was not significantly different between the
two groups (HbA1c change -0.53±0.61% for intervention (n=12) vs -
0.14±0.48% for control (n=15)), p=0.08. In those that performed ≥50%
of the HIIT exercise intervention, there was a significant reduction in
HbA1c (HbA1c change -0.64±0.64% for intervention (n=9) vs -0.14
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±0.48% for control (n=15)), p=0.04. There was no difference in
hypoglycaemia (sensor) or insulin dose. For all participants who complet-
ed the 12 weeks HIIT exercise intervention, a significant post-exercise
HbA1c reduction of -0.40±0.62% (n=24), occurred (p=0.006). There was
no significant change in other metabolic parameters including body
weight, waist circumference, % body fat, blood pressure, or lipid profile.
Conclusion: Overweight and obese previously inactive adults with T1D
who undertake a 12 week HIIT exercise intervention can improve HbA1c
without an increase in hypoglycaemia or insulin dose.
Clinical Trial Registration Number: ACTRN12617000478314
Supported by: Sydney Medical School Foundation, DARP, Abbott
Diabetes Care, NHMRC, JDRF
Disclosure: A.S. Lee: None.

132
Efficacy of carbohydrate supplementation and bolus insulin dose
reduction in preventing hypoglycaemia during exercise: a retrospec-
tive controlled analysis
M.L. Eckstein1, O.McCarthy2, R.M. Bracken2, P. Hofmann3, H. Sourij1,
O. Moser1;
1Medical University of Graz, Graz, Austria, 2Swansea University,
Swansea, UK, 3University of Graz, Graz, Austria.

Background and aims: Individuals with type 1 diabetes (T1D) try to
manage the risk of exercise-induced hypoglycaemia by means of pre-
exercise/pre-meal bolus insulin dose reductions and/or consuming addi-
tional carbohydrates (CHO) during exercise. However, although both
strategies have proven to be effective in offsetting the occurrence against
hypoglycaemia, it is unclear as to which one is more beneficial.
Therefore, the aim of the present analysis was to assess the efficacy of
CHO supplementation in comparison to bolus insulin dose reduction for
the prevention of hypoglycaemia during moderate-intensity physical ex-
ercise in individuals with T1D.
Materials and methods: This retrospective analysis included age- and
gender-matched data from two independent clinical trials involving peo-
ple with T1D (table 1). Participants were divided into three groups, one of
which supplemented 10-15 g CHO at a glycaemic threshold of 126 mg/
dL to maintain euglycaemia during exercise (A). They consumed their
last meal 4 hours prior to exercise with a normal CHO to insulin ratio.
One that included a 50% reduction in individualised meal time bolus
insulin one-hour pre-exercise (B) and one that remained as control having
made no reductions to the usual mealtime insulin one-hour pre-exercise
(C). Participants conducted an exercise test on a cycle ergometer for either
42 or 49 minutes at moderate intensity defined as the midpoint between
the first (LTP1) and the second lactate turn point (LTP2) (~63% VO2peak).
During exercise testing capillary blood samples were taken from the
earlobe for the analysis of blood glucose and blood lactate concentrations
(Biosen S-line, EKF Diagnostics, Germany). Tests were terminated pre-
maturely if participants reached hypoglycaemia level 1 (≤3.9 mmol/l [70
mg/dL]) and numbers of hypoglycaemic episodes were counted.
Furthermore, data were stratified for glycaemic ranges: level 1
hypoglycaemia (3.0 - 3.9 mmol/L [54 - 70 mg/dL]), euglycaemia (3.9 -
9.9 mmol/L [71 - 180 mg/dL]) and hyperglycaemia (>10 mmol/L [181
mg/dL]). Data were tested for normal distribution via Shapiro-Wilk test
and compared via one-way ANOVA or Kruskal-Wallis test with p≤0.05.
Results: Please see table 1.
Conclusion:CHO supplementation during exercise is superior than bolus
insulin reductions for the prevention against hypoglycaemia in people
with T1D. Additionally, participants in the CHO group spent more time
in euglycaemia. Thus, glycaemic threshold-based CHO supplementation
might be a more prudent approach than bolus insulin dose reductions for
minimising exercise related dysglycaemia in people with T1D.

Clinical Trial Registration Number: UTN: U1111-1174-6676 &
DRKS00013477
Supported by: Novo Nordisk A/S
Disclosure:M.L. Eckstein:Other; Both trials included in this study were
funded by Novo Nordisk A/S.
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133
Is type 2 diabetes causally associated with poorer cognitive function
in the UK Biobank? A Mendelian randomisation study
V. Garfield1, A.E. Farmaki1, S.V. Eastwood1, R.E. Farmer2, R. Mathur2,
K. Bhaskaran2, L. Smeeth2, N. Chaturvedi1;
1University College London, London, 2London School of Hygiene and
Tropical Medicine, London, UK.

Background and aims: Type 2 diabetes has previously been asso-
ciated with poor cognition in the epidemiological literature. To
date, this has not been investigated using a combination of obser-
vational and genetic approaches with the aim of determining
whether this relationship is truly causal in nature. We aimed to
investigate whether having diabetes is causally associated with
poorer scores on cognitive function tests in white Europeans in
the UK Biobank, using Mendelian randomisation.
Materials and methods: Diabetes was defined using a validated
algorithm. Cognitive function tests at baseline included a visual
memory and a reaction time test. Natural logarithmic functions
were used to transform these measures and we report
exponentiated betas from linear regressions. Observational analy-
ses included minimally-adjusted linear regressions and Mendelian
randomisation analyses used an inverse-variance weighted ap-
proach, and MR-Egger as a sensitivity analysis for unbalanced
horizontal pleiotropy. Our type-2 diabetes genetic instrument
consisted of 163 single nucleotide polymorphisms from the latest
genome-wide association study.
Results: There were complete data for 443,779 participants for the ob-
servational analyses, with ~16,000 type-2 diabetes cases. A model adjust-
ed for age and sex only showed that participants with diabetes had 3%
slower reaction times (β= 1.03, 95%CI= 1.02; 1.03) and 2% lower visual
memory scores (β=0.98, 95%CI=0.97;0.99), compared to participants
without diabetes. For MR analyses, there were 349,326 individuals with
cognition and quality-controlled genetic data. Inverse-variance weighted
Mendelian randomisation showed no evidence of causal association be-
tween diabetes and visual memory (β= 1.00, 95% CI= 0.99; 1.00), but a
very modest causal effect of diabetes on reaction time (β= 1.01, 95% CI=
1.00; 1.02), such that diabetes was likely to be causally related to a 1%
reduction in reaction time. MR-Egger indicated that there was unlikely to
be unbalanced horizontal pleiotropy in the visual memory (PEgger intercept=
0.178) or reaction time (PEgger intercept=0.414).
Conclusion: In UK Biobank, the observational association between dia-
betes and visual memory is modest and appears not to be causal.
However, although the observational association between diabetes and
reaction time is also small in magnitude, it is mirrored by the causal effect
estimated using Mendelian randomisation. We conclude that diabetes
may have domain specific effects on cognitive function.

Supported by: DUK/BHF
Disclosure: V. Garfield: Grants; Diabetes UK/British Heart Foundation
grant.

134
Association between inflammatory biomakers and cognitive dysfunc-
tion in type 1 and type 2 diabetes patients
X. Yang, Y. Chen, H. Yuan;
Henan Provincial People's Hospital, Zhengzhou, China.

Background and aims: To explore the relationship between type 1 dia-
betes mellitus (T1DM), type 2 diabetes mellitus (T2DM) and cognitive
function.
Materials andmethods: Type 1 diabetes patients (n=32), type 2 diabetes
patients (n=90) and age-matched control groups (n=36 and 81, respec-
tively) were included in the study. General clinical information was ob-
tained, and a 72-hour dynamic blood glucose test was performed for all
subjects. We examined cognitive function, serum HMGB1, IL-1β, IL-6,
and TNF-α concentrations and changes in MRS and fMRI.
Results: Cognitive function was decreased in T1DM and T2DM patients
compared with that in the control group. T2DM patients had a more
significant decline than T1DM patients. T1DM patients exhibited de-
creased visuospatial and executive abilities and delayed memory.
T2DM patients mainly showed decreases in visuospatial and executive
abilities, delayed memory, and decreased functional attention. fMRI
showed changes in functional connections between the hippocampus
and specific brain regions in T1DM and T2DM patients. MRS showed
a decrease in N-acetylaspartate in T1DM and T2DM patients compared
with the controls. The choline complexwas higher in T2DMpatients than
in T1DM patients. The concentrations of HMGB1, IL-1β, IL-6 and
TNF-α in T1DM and T2DM patients were higher than those in the con-
trols, and the increases in IL-1β and IL-6 in T2DMwere more noticeable.
Conclusion: T2DM patients showed greater cognitive decline than
T1DM patients. Changes in brain function connections and metabolites
may be the structural basis of the differences in cognitive functional
decline. Inflammation is the physical basis of cognitive decline and is
more aggressive in T2DM.
Disclosure: X. Yang: None.

135
The acute effect of hyperketonaemia on cognitive performance in
patients with type 2 diabetes: a randomised cross-over trial
N.J. Jensen1, M. Nilsson1, J. Ingerslev2, M. Svart3,4, N. Møller3,4, D.
Olsen5, M. Zander1, K. Miskowiak6,7, J. Rungby1,3;
1Department of Endocrinology, Bispebjerg University Hospital,
Copenhagen, 2Department of Nutrition, Exercise and Sports, University
of Copenhagen, Copenhagen, 3Department of Internal Medicine and
Endocronology, Aarhus University Hospital, Aarhus, 4Department of
Clinical Medicine, Aarhus University Hospital, Aarhus, 5Department of
Biochemistry and Immunology, University Hospital of Southern
Denmark, Vejle, 6Department of Psychology and Mental Health
Services, University of Copenhagen, Copenhagen, 7Psychiatric Center
Copenhagen, Rigshospitalet, Copenhagen, Denmark.
Background and aims: Cognitive impairment and Alzheimer's disease
in type 2 diabetes mellitus is associated with cerebral glucose
hypometabolism. Providing a glucose substitute such as ketone bodies
might restore metabolic balance in glucose compromised neurons and
improve cognitive performance. We aimed to investigate if beta-
hydroxybutyrate (ketone body) infusion acutely affects cognitive perfor-
mance, measured by a neuropsychological test battery, in patients with
type 2 diabetes mellitus.
Materials and methods: In this double-blinded randomised crossover
trial, 18 patients with type 2 diabetes received IV ketone (β-
hydroxybutyrate) and placebo (saline) infusion in a randomised order
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on two separate occasions. On both visit days blood glucose was clamped
at 7.5 mmol/l and a neuropsychological test battery was used to assess
overall cognitive performance and different cognitive functions including
verbal memory, executive function, sustained attention, and psychomotor
speed.
Results:During neurocognitive testing, beta-hydroxybutyrate concentra-
tions were increased (2.4±0.6 vs. 0.1±0.0 mmol/l; p<0.001). Working
memory assessed by WAIS letter-number-sequencing was significantly
improved by ketone infusion compared to placebo, with a change of 1.6
points (95% CI 0.7, 2.4; p<0.001) (Table). In contrast, Symbol Digit
Modalities Test (SDMT; a measure of psychomotor speed) was negative-
ly affected by hyperketonaemia with a change of -2.8 points (95% CI -
5.21, -0.31; p=0.03) (Table). No change was found for global cognitive
performance during ketone infusion compared to saline (p= 0.29).
Systemic concentrations of beta-hydroxybutyrate did not associate with
test performance.
Conclusion: Ketone infusion significantly improved working memory
performance. In contrast, SDMT performance was negatively affected
by the intervention. No effect was found on global cognition during
hyperketonaemia in patients with Type 2 diabetes. Changing cerebral
metabolism from glucose to ketone bodies appears safe with regards to
cognition.

Clinical Trial Registration Number: NCT03657537
Disclosure: N.J. Jensen: None.

136
Obesity related changes on brain metabolism and structure are not
associated with amyloid or tau pathology
A. Pané1, J. Pegueroles2,3, L. Videla2,3, M. Carmona-Iragui2,3, I.
Barroeta2,3, A. Lleó2,3, J. Vidal1,4, R. Blesa2,3, J. Fortea2,3, A.
Jiménez1,5, ADNI (Alzheimer’s Disease Neuroimaging Initiative);
1Department of Endocrinology and Nutrition, Hospital Clínic Barcelona,
Barcelona, 2Department of Neurology, Hospital de la Santa Creu i Sant
Pau, Barcelona, 3Centro de Investigación Biomédica en Red.
Enfermedades Neurodegenerativas (CIBERNED). Instituto de Salud
Carlos III (ISCIII), Madrid, 4Centro de Investigación Biomédica en
Red. Diabetes y Enfermedades asociadas (CIBERDEM). Instituto de
Salud Carlos III (ISCIII), Madrid, 5Centro de Investigación Biomédica
en Red. Fisiopatología de la Obesidad y Nutrición (CIBEROBN).
Instituto de Salud Carlos III (ISCIII), Madrid, Spain.

Background and aims: Obesity is a risk factor for overall dementia and
clinical Alzheimer’s disease (AD). Previous studies have reported an
association between body mass index (BMI) and cortical atrophy.
However, few investigations have assessed its relationship with cerebro-
spinal fluid (CSF) AD biomarkers or other neuroimaging signs of neuro-
degeneration such as brain hypometabolism. Themain aim of this work is
to test the relationship between BMI, cortical thickness (CTh), brain
glucose metabolism and CSF AD biomarkers in healthy controls from
the Alzheimer’s Disease Neuroimaging Initiative (ADNI).
Materials and methods: We selected all healthy controls from
ADNI with available CSF AD biomarkers (total-tau, p-tau and
Aβ 1-42) (N=227), and with fluorodeoxyglucose-positron emis-
sion tomography (FDG-PET) plus 3T-magnetic resonance imaging
(MRI) (N=155). Brain CTh was evaluated with Freesurfer soft-
ware and FDG uptake was measured with a surface-based method
using both SPM and Freesurfer softwares. We performed correla-
tion analyses between FDG uptake, CTh, CSF AD biomarkers
levels and BMI in the whole cohort. All the analyses were
corrected by multiple-comparisons (FWE<0.05) and all models
were adjusted by age, sex, educational level and clinical or bio-
chemical variables significantly correlated with BMI.
Results: The final sample was composed of 382 individuals, with a mean
age of 73.76±6.4 years and mean BMI of 27.22±4.0 Kg/m2. BMI was
negatively associated with CTh in temporo-parietal areas (FWE<0.05),
but showed a positive correlation with FDG uptake in widespread regions
of the frontal, parietal and temporal lobes (FWE<0.05) (Fig. 1). The areas
of diminished CTh and of increased FDG presented and extensive over-
lap (FWE<0.05) (Fig. 1). There was no correlation between BMI and
CSF total-tau, p-tau or Aβ 1-42.
Conclusion: Our results indicate that BMI presents a significant and
divergent effect on cortical structure and brain glucose metabolism. Of
note, these changes would be independent of AD core pathophysiological
processes (amyloid and tau pathology). Since obesity is related to sys-
temic low grade inflammation and PETsignal has been recently proposed
as a proxy of astrocytes activity, further studies are needed to explore the
association of these changes with obese-related neuroinflammation.

Supported by: Marató TV3, Hospital Clínic
Disclosure: A. Pané: None.

137
Apolipoprotein CIII in the human and the mouse brain: a potential
link between metabolic diseases and neurodegenerative disorders
I. Valladolid-Acebes, P. Recio-López, P.-O. Berggren, L. Juntti-
Berggren;
Karolinska Institutet and Karolinska University Hospital, Stockholm,
Sweden.

Background and aims: Apolipoprotein CIII (apoCIII) is a pro-
inflammatory lipoprotein mainly produced in liver and intestine.
ApoCIII increases in diet-induced obesity and diabetes mellitus.
Obesity and type 2 diabetes mellitus (T2DM) are associated with neuro-
degenerative diseases. The presence of apoCIII in the human and the
mouse brain and its relationship to neurodegenerative disorders have
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never been investigated. Our aims were: 1) Investigate if apoCIII is pres-
ent in different areas of the human and the mouse brain; 2) Examine
whether diet-induced obesity and T2DM change apoCIII levels within
the mouse brain; 3) Explore the effects of manipulating the apoCIII gene,
by using antisense oligonucleotides (ASOs), on mouse brain apoCIII.
Materials and methods: For studies in the human brain, we used a
commercialized tissue scan array containing twenty four different human
brain areas from healthy male and female subjects aged between 50-60
years. Expression profile of human apoCIII in the different brain areas
was evaluated by quantitative Real-Time PCR (qRT-PCR). For studies on
apoCIII in the mouse brain, we used 8-week old C57Bl/6J male mice fed
with either a chow or a high-fat diet (HFD) for 14 weeks. Mice on HFD
received intraperitoneal injections with either an inactive/scrambled (Scr)
or with an active ASO (twice per week, 25mg/kg) during the whole time
course of the study. Brains were collected for qRT-PCR, immunoblot,
and/or immunohistochemistry to identify apoCIII. Data is expressed as
mean ± SD of n ≥ 5. One-way ANOVAwas used for statistical analyses.
Results:Our results showed that apoCIII is expressed in the human brain,
being predominantly present in the substantia nigra, the paracentral gyrus,
the frontal lobe and the corpus callosum. We also found that the apolipo-
protein is present at marginal expression levels in the postcentral gyrus,
the amygdala, the pituitary, the cerebellum and the choroid plexus. In the
mouse brain, apoCIII is pre-eminently expressed in the hypothalamus and
the pituitary and to a lesser extent in the olfactory bulb, the medial pre-
frontal cortex (mPFC), the hippocampus, the cerebellum and the hind-
brain. Results from qRT-PCR of the mouse brain were confirmed by
immunohistochemistry in the mPFC, the hippocampus and the hypothal-
amus. HFD consumption significantly increased apoCIII, both at the gene
and at the protein level, in the mPFC (mRNA levels: 64.2 ± 40.5% fold
increase vschow; protein levels: 96.7 ± 74% fold increase vs chow;
P<0.05), the hippocampus (mRNA levels: 58.8 ± 12.9% fold increase
vs chow; protein levels: 111.8 ± 51.8% fold increase vs chow; P<0.01),
the hypothalamus (mRNA levels: 166.8 ± 37.2% fold increase vs chow;
protein levels: 175.3 ± 49.8% fold increase vs chow; P<0.001) and the
pituitary gland (mRNA levels: 116.3 ± 68.5% fold increase vs chow;
protein levels: 163.2 ± 30.8% fold increase vs chow; P<0.05-0.001);
and this induction can be counteracted by ASO treatment (mRNA levels:
61.5 ± 13.7% fold decrease vsHFD+Scr; protein levels: 97.2 ± 1.2% fold
decrease vs HFD+Scr; P<0.01-0.001).
Conclusion:Wehave identified the presence of apoCIII in the human and
themouse brain.We provide evidence that locally produced brain apoCIII
is an inducible factor under obesogenic/diabetogenic conditions that can
be modulated by ASO therapy. These findings suggest that brain apoCIII
might have an important role linking metabolic diseases with neuronal
dysfunction.
Supported by: SDA, KIF, VR, ERC-2013-AdG 338936-BI, NNF, FE-PF,
SRP-DKI, FK&AWF, SaJF, AZ
Disclosure: I. Valladolid-Acebes: None.

138
RAAS blockers reduce neuroinflammation in diabetes comorbid
depression
L. Lenart1,2, D.B. Balogh1,2, J. Hodrea1,2, A. Barczi2, A. Molnar1,2, A.
Hosszu1,2, T. Lakat1,2, L. Wagner3, A.J. Szabo2,4, A. Denes5, A.
Fekete1,2;
1MTA-SE „Lendület” Diabetes Research Group, Budapest, 21st
Department of Pediatrics, Semmelweis University, Budapest,
3Department of Transplantation and Surgery, Semmelweis University,
Budapest, 4MTA-SE Pediatrics and Nephrology Research Group,
Budapest, 5MTA Institute of Experimental Medicine, Budapest, Hungary.

Background and aims: Diabetes mellitus (DM) is associated with high
prevalence of depression, which worsens the outcome of both diseases.
Brain-derived neurotrophic factor (BDNF) has a central role in the sur-
vival of neurons and its reduced level is associated with the development

of depression. Studies indicate that neuroinflammatory processes - which
are widely linked to the development of depression - affect on BDNF
expression. All components of renin-angiotensin-aldosterone system
(RAAS) are produced in the central nervous system and overactivated
in DM. Clinical studies suggest a possible connection between RAAS
blockers and reduced depressive symptoms, although the underlying
mechanisms are unclear. Our aim was to investigate the effect of RAAS
blockers on neuroinflammation and BDNF system in DM comorbid
depression.
Materials and methods: After 5 weeks of streptozotocin-induced DM,
adult, male Wistar rats (n=7-8/group) were treated po. for 2 weeks with
non-pressure dose of enalapril (40 mg/bwkg/day), ramipril (10 μg
bwkg/day), eplerenone (50 mg/bwkg/day) or spironolactone (50 mg/
bwkg/day). Untreated diabetic and healthy rats served as controls.
Depressive-like behaviour was determined by forced swim test. Glial
activation was evaluated by immunohistochemistry. Expression of proin-
flammatory cytokines, protein and mRNA levels of BDNF signaling
molecules (BDNF, TrkB, pCREB, Bcl2) were measured in the
hippocampus.
Results: We showed that diabetic rats exhibit depression-like behavior,
which was reversed by RAAS blockers. DM elevated glial activation and
proinflammatory cytokine expression subsequently resulted neuroinflam-
mation. RAAS inhibitors decreased the expression of proinflammatory
mediators. BDNF, TrkB, pCREB levels and Bcl2 expression were re-
duced in diabetic hippocampus. RAAS blockers restored BDNF produc-
tion and facilitated prosurvival TrkB-CREB-Bcl2 signaling in diabetic
brain.
Conclusion: These results support that DM-induced neuroinflammation
was - at least in part - responsible for decreased BDNF levels, which
contribute to the development of depression-like behavior. Our data indi-
cated the upregulation of BDNF and pCREB by RAAS blockers may
contribute to their neuroprotective effect. Novel antidepressant and anti-
inflammatory effects of RAAS blockers could be implemented to allevi-
ate symptoms of DM-associated depression and open up an additional
therapeutic option for diabetic patients.
Supported by: LP008/2017, OTKA-K112629 -FK124491-NN-114607,
VKE-2017-00006, FIKP
Disclosure: L. Lenart: None.
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139
Generation of a novel mouse model to study beta cell proliferation
S. Tokumoto, D. Yabe, H. Tatsuoka, R. Usui, M. Fauzi, A. Botagarova,
H. Goto, M. Ogura, N. Inagaki;
Department of Diabetes, Endocrinology and Nutrition, Kyoto University
Graduate School of Medicine, Kyoto, Japan.

Background and aims: The induction of β-cell proliferation could relieve
the progression of diabetes. Many factors have been claimed to be potential
β-cell mitogens, but their impact on β-cell replication have been poorly
reproduced and validated due to unstandardized β-cell proliferation assays
and lack of alternative methods. In this study, we aimed to generate a novel
mouse model which enables more accurate quantification of β-cell prolif-
eration by using a cell cycle monitoring biosensor (Fucci2a).
Materials and methods: We established a novel mouse line wherein
Fucci2a reporter was specifically expressed in β-cells (RIP-
Cre;Fucci2aR). We performed real-time 3D in vivo imaging of the pan-
creas in this mouse model. 3D images of optically cleared pancreas sam-
ples were obtained for the analysis of replicating β-cell number and
morphometric data per islet following treatment with the insulin receptor
antagonist (S961). Moreover, in order to examine whether glucose medi-
ates S961-induced β-cell proliferation, we compared the β-cell prolifer-
ation rate between hyperglycemic S961 monotherapy group and
normoglycemic S961 group with coadministration of SGLT2i (S961 +
SGLT2i group).
Results: Real-time visualization of cell cycle progression of β-cell was
achieved and a strong correlation between replicating β-cell number and
β-cell size per islet was found in both S961 (r = 0.87, p <0.01) and vehicle
groups (r = 0.77, p <0.01). While hyperglycemia induced by S961 treat-
ment was normalized in S961 + SGLT2i group, there was no significant
difference of β-cell proliferation rate between S961 monotherapy and
S961 + SGLT2i group.
Conclusion:We have demonstrated in vivo 3D images of cell cycle phase
transition of β-cells. A strong correlation between the islet size and its
proliferative capacity suggest the replication of β-cells. S961 induced β-
cell replication was not mediated by glucose. Thus, this novel mouse
could be a powerful tool for β-cell proliferation assessment.
Disclosure: S. Tokumoto: None.

140
Pancreatic elastase regulates human beta cell proliferation via the
focal adhesion and PAR2 signalling pathways
G. Basile1, A. Vetere2, O. Ijaduola1, J. Hu1, K.-C. Liu3, Y. Zhang1, O.
Andersson3, B.K. Wagner2, R.N. Kulkarni1;
1Department of Islet Cell and Regenerative Biology, Joslin Diabetes
Center, Boston, USA, 2Chemical Biology and Therapeutics Science
Program, Broad Institute, Cambridge, USA, 3Department of Cell and
Molecular Biology, Karolinska Institutet, Stockholm, Sweden.

Background and aims: Pancreatic Elastase (PE) is a serine protease
produced by acinar cells and secreted into the intestine during digestion.
In addition, PE is detectable in the stromal pancreatic tissue, including the
extracellular matrix (ECM) of islets. We recently reported that serpinB1
(SB1), an endogenous protease inhibitor, can promote human β-cell pro-
liferation by inhibiting elastase activity, and demonstrated that the elastase
inhibitor, sivelestat, also induced human β-cell proliferation.
Hypothesizing the importance of inhibiting PE activity within islet cells
to selectively activate the proliferative pathways in β-cells, we employed
high-throughput screening (HTS) assays to identify additional novel elas-
tase inhibitors to evaluate their potential for inducing β-cell proliferation.
Materials and methods: We screened 16,320 compounds using a
fluorescence-based porcine PE (pPE) assay, and confirmed inhibition of

human PE (hPE) using an absorbance-based assay. To test the effects of
our hits in stimulating β-cell proliferation, human islets were obtained
from non-diabetic donors (N=6) from the IIDP. After treatment with
increasing doses of the elastase inhibitors, β-cell proliferation was
assessed using immunofluorescence techniques. Finally, to explore mo-
lecular pathways regulated by hPE, we treated human islets (N=3) with
the two compounds for 10 or 30minutes and undertook a phosphoprotein
antibody microarray (kinesome, Kinexus, CA).
Results:Among several hits identified by theHTS assay, two compounds
emerged as powerful inhibitors of pPE: 1) telaprevir, an antiviral, and 2)
tebipenem, an antibiotic, which had not been previously associated with
β-cell proliferation. Both compounds inhibited hPE with greater potency
than sivelestat, a known elastase inhibitor used as a positive control (IC50:
telaprevir 15.7 nM, tebipenem 3.6 μM, sivelestat 2.3 μM; n=3).
Evaluation of the mitogenic properties of the compounds in in vitro cul-
tures of islets revealed that the antiviral and the antibiotic drugs each
promoted proliferation of human β-cells (~4-fold and ~1.5-fold increase,
respectively) at 100 μg/ml concentration, compared to vehicle-treated
islets. Furthermore, in an independent study, both compounds (at 10
μM), stimulated β-cell regeneration in a zebrafish model resulting in
~1.5-fold increase in insulin-positive cells in treated versus non-treated
groups. With the kinesome approach, we discovered that inhibition of
hPE increased phosphorylation levels of PXN-PAK proteins belonging
to the focal adhesion pathway. In addition, phosphorylation of proteins
among effectors of Protease-activated receptor 2 (PAR2) signaling (i.e.
PKC, PTK2B and Src) were increased, leading to activation of ERK1/2
proteins and the mitogenic pathways in β-cells.
Conclusion: Taken together, these findings provide insights into the mo-
lecular pathways underlying regulation of β-cell proliferation by PE, that
are different from those currently identified, and that have the potential for
being harnessed in the long-term goal of treating diabetes.
Supported by: RO1 DK067536; R01 DK103215; UC4 DK116278
Disclosure: G. Basile: None.
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Lactation improves glucose homeostasis by enhancing beta cell mass
and function via serotonin production
J. Moon1, H. Kim1, J. Park1, R.A. Banerjee2, S.K. Kim3, N.H. Cho4,
H.C. Jang5, M.S. German6, H. Kim1;
1KAIST, Daejeon, Republic of Korea, 2University of Alabama,
Birmingham, USA, 3Stanford University, San Francisco, USA, 4Ajou
University, Suwon, Republic of Korea, 5Seoul National University,
Seoul, Republic of Korea, 6University of California San Francisco, San
Francisco, USA.

Background and aims: Parous women who did not breastfeed has in-
creased risk of diabetes compared to nulliparous women, but this risk is
normalized by lactating for more than 3 months. However, the mecha-
nism of the beneficial effects of lactation has not been elucidated. In the
present study, we compared metabolic phenotypes including β cell char-
acteristics in lactating and non-lactating human and mice.
Materials andmethods: For the human study, we recruited subjects with
a first time diagnosis of gestational diabetes and gestational impaired
glucose tolerance, and performed 75 g oral glucose tolerance test at post-
partum 2months and annually thereafter.We estimatedMatsuda index for
insulin sensitivity, Insulinogenic index and Disposition index for β cell
function. For the mouse study, nine-week-old female C57BL/6J mice
were mated to give birth and pups were either left (Lactating) or removed
(Non-lactating) from the cage at the day of delivery. Lactating mice were
assessed at postpartum 3 weeks at the time of weaning and lactated mice
were assessed at 6 weeks after delivery.
Results: In humans, both lactating and non-lactating women showed
normal glucose tolerance after 2 months of lactation. However, after a
mean 3.5 years from delivery, lactated women maintained similar glucose
tolerance whereas glucose tolerance deteriorated over time in non-
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lactated women. Both the Disposition index and Matsuda index was
improved in previously lactated women, suggesting improved β cell
function in lactated women. In mice, after 3 weeks after delivery, lactating
mice had improved glucose tolerance and increased β cell mass com-
pared to non-lactating mice. Lactating mice maintained high serum pro-
lactin levels for milk production, which induced serotonin production in
β cell via PRLR-STAT5-TPH1 cascade. Similar to pregnancy, increased
β cell serotonin facilitated β cell proliferation and enhanced β cell func-
tion. Amelioration of glucose tolerance and β cell function were main-
tained for several months after the cessation of lactation. However, these
beneficial effects were diminished inβ cell-specific Tph1 knockout mice.
In addition, we demonstrated a novel mechanism of 5-HT derivatives
acting as a direct anti-oxidant to enhance β cell survival upon oxidative
stress.
Conclusion: Serotonin contributes to the beneficial metabolic effects of
lactation by enhancing β cell mass and function.
Supported by: National Research Foundation of Korea, Health
Fellowship Foundation
Disclosure: J. Moon: None.
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In vitro and fully mature in vivo function of human induced plurip-
otent stem cell-derived beta cells
F. Fantuzzi1,2, H. Chae3, Y. Cai2, M. Igoillo-Esteve2, C. Demarez2, N.
Pachera2, S. Toivonen2, B. Rajaei2, L. Marselli4, P. Marchetti4, D.L.
Eizirik2, P. Gilon3, M. Cnop2;
1Department of Medicine and Surgery, University of Parma, Parma, Italy,
2ULB Center for Diabetes Research, Université Libre de Bruxelles,
Brussels, Belgium, 3Institute of Experimental and Clinical Research,
Université Catholique de Louvain, Brussels, Belgium, 4Department of
Clinical and Experimental Medicine, University of Pisa, Pisa, Italy.

Background and aims: Pancreatic β-cell failure is central in the patho-
genesis of diabetes. In vitro differentiation of human induced pluripotent
stem cells (iPSCs) into β-cells represents a novel cell source for diabetes
research. Here we differentiated iPSC-β-cells and tested their function
in vitro and in vivo in humanized mice.
Materials and methods: iPSCs were differentiated into β-cells using a
7-step protocol. Markers of β-cell development were assessed by qPCR
and immunocytochemistry and compared to organ donor human islets.
In vitro iPSC-β-cell function was assessed by static glucose- and
forskolin (Fk, 10 μM)-stimulated insulin secretion. NOD-SCID mice
were transplanted with iPSC-β-cells under the kidney capsule and
underwent intraperitoneal glucose tolerance tests at 7, 14 and 20 weeks
post-transplantation (n=8-13). At 21 weeks mice were injected with
streptozotocin (STZ, 200 mg/kg) to selectively ablate the mouse β-cells,
and glycemia was followed for 1 week before nephrectomy or in situ
kidney perfusion (single-pass circuit through renal artery and vein,
n=3), in order to evaluate in vivo function of the graft.
Results: iPSC-β-cells followed a proper developmental pathway as deter-
mined by gene expression. The yield of insulin-positive β-cells was compa-
rable to that of human islets (44±3% versus 49±1%) as assessed by immu-
nocytochemistry. iPSC-β-cells at stage 7 did not augment insulin release in
response to glucose in vitro (16.7 mM versus 1.7 mM), but high glucose plus
Fk increased insulin secretion by 4-fold (p<0.001). In transplanted mice,
human C-peptide secretion was detectable at 7 weeks and grafts became
glucose-responsive by 14-20weeks.After STZ, transplantedmicemaintained
normoglycemia until graft removal by nephrectomy, when they became dia-
betic. In situ kidney perfusion showed marked human insulin secretion in
response to glucose (20 mM) in vivo, and this was amplified by Fk (1 μM).
Diazoxide (a KATP channel opener, 250 μM) fully inhibited insulin release,
whereas gliclazide (KATP channel blocker, 25 μM) or high K+ (30 mM)
strongly stimulated insulin secretion.
Conclusion: In vitro differentiation generates iPSC-β-cells with mature
β-cell characteristics but still lacking fully mature β-cell function.

Transplantation and the in vivo environment boost their maturation to
such an extent that they acquire the functional characteristics of adult
human islets. This technology provides us with an unlimited supply of
human β-cells that will be instrumental to study β-cell dysfunction and
demise in diabetes.
Supported by: H2020 T2DSystems, Innoviris, FNRS
Disclosure: F. Fantuzzi: None.
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Diabetic condition upregulates insulin secreting capacity of human
iPSC-derived pancreatic endocrine progenitor cells after implanta-
tion in mice
T. Mochida1,2, H. Ueno1,2, N. Yamazoe1,2, H. Hiyoshi1,2, R. Ito1,2, H.
Matsumoto1,2, T. Toyoda3,2;
1Takeda Pharmaceutical Company Limited, Kanagawa, 2Takeda-CiRA
Joint Program (T-CiRA), Kanagawa, 3Center for iPS Cell Research and
Application (CiRA), Kyoto, Japan.

Background and aims: Islet transplantation is a promising thera-
peutic option for patients with brittle type 1 diabetes, but does not
meet clinical demand due to donor shortage. Stem cell-derived
pancreatic cells have attracted interest as an alternative cell
source. Given the difficulty in generating fully mature islets
in vitro so far, host environment is an important factor to drive
differentiation, cell-cycle and maintenance of implanted stem cell-
derived pancreatic cells. The purpose of this study is to investi-
gate whether host diabetic environment impacts the fate of pan-
creatic endocrine progenitor cells (EPCs) implanted in immuno-
deficient mice.
Materials and methods: EPCs were differentiated from human induced
pluripotent stem cells (iPSCs) by reported differentiation protocols with
some modifications, and then implanted into the kidney sub-capsular
space of diabetic and non-diabetic NOD.CB17-Prkdcscid/J (NOD/
SCID) mice. Status of cells was assessed by measuring plasma human
C-peptide (hC-peptide) levels and by analyzing the explanted grafts.
Results: EPCs were comprised of >50% chromogranin A+

(CHGA+) cells and the majority of the cells expressed NKX6.1,
indicating the potential to become β cells; few cells expressed
insulin or glucagon. After implantation, plasma hC-peptide levels
were higher in streptozotocin (STZ)-induced diabetic mice than in
non-diabetic mice for 13 weeks, while the levels did not differ
thereafter. The elevation of plasma hC-peptide levels was
reproduced when EPCs were derived from another iPSC line or
were implanted in genetically-induced diabetic Akita-NOD/SCID
mice. These results suggest that the insulin secreting capacity of
grafts is upregulated in a host diabetic environment. To clarify
how the insulin secreting capacity of implanted cells is increased
in host diabetic environment, cell mass and composition of
explanted EPC grafts were analyzed. Appearance and weight of
whole grafts were not different between diabetic and non-diabetic
mice despite different plasma hC-peptide levels. In contrast,
whole graft contents of insulin and glucagon were higher in the
grafts from diabetic mice compared with those from non-diabetic
mice by 3.1- and 4.1-fold, respectively. In addition, grafts from
diabetic mice contained 3.0-fold more CHGA- and 3.7-fold more
insulin-immunoreactivity areas. These results suggest that the host
diabetic environment increases endocrine cells including insulin
producing cells without affecting graft mass via facilitated hor-
mone expression and endocrine cell commitment.
Conclusion: In this study, we demonstrated that diabetic condition
upregulates the insulin secreting capacity of human iPSC-derived EPCs
implanted in immune-deficient mice. These findings would provide im-
portant insights into postoperative diabetes care for cell therapy using
stem cell-derived pancreatic cells in the future.
Disclosure: T. Mochida: None.
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Optimising islet transplantation efficiency through mesenchymal
stromal cell mediated mitochondrial transfer
C.L. Rackham, E.L. Hubber, A.N. Malik, P. Choudhary, A.J.F. King,
P.M. Jones;
King's College London, London, UK.

Background and aims: We have previously demonstrated that mesen-
chymal stomal cells (MSCs) improve islet function in vitro and in vivo,
which correlates with a higher mitochondrial DNA copy number and
enhanced glucose-stimulated oxygen consumption. This study aims to
determine whether the increased islet insulin secretory function and islet
mitochondrial metabolism is associated with mitochondrial transfer from
MSCs to co-cultured islets.
Materials and methods: Mouse and human adipose MSCs were trans-
duced with CellLight BacMam mitochondria-GFP before direct contact
co-culture with mouse or human islets, for 1-3 days. MSC-islet co-cul-
tureswere fixed and immunostained for insulin (beta-cells) and phalloidin
(for the detection of tunnelling nanotubes (TNTs; cytoskeletal-derived
ultrafine structures constituted of actin) and imaged by high resolution
confocal microscopy.
Results: Confocal microscopy demonstrated that mouse MSC-derived
mitochondria were transferred to mouse islet beta-cells, as shown through
the co-localisation of insulin and BacMam mitochondria-GFP in outer
cells of islets. Mitochondria transfer from human MSCs to human islets
was more extensive than that observed in mouse islets. Mitochondria-
GFP could be visualised for at least 35μm into human islet beta-cells
from the MSC: islet interface. We quantified the percentage of human
islet beta-cells recipient to human MSC-derived mitochondria in 0.9μm
slices at 1, 5, 10, 15, 20 and 25μm from the MSC: islet interface. The
percentage of human islet beta-cells that were mitochondria-GFP positive
after 1 day of co-culture with human MSCs was variable, ranging from
29-100%, with a mean of 68.2±4.3% of beta-cells recipient to MSC-
derivedmitochondria. The percentage of human islet beta-cells mitochon-
dria-GFP positive after 2- and 3-days of co-culture with human MSCs
was less variable (57-100% and 58-100%, respectively) and the mean
percentage of beta-cells recipient to human MSC-derived mitochondria
increased to 80.9±2.1% and 81.3±2.1% in 2- and 3-day co-cultured islets,
respectively, p < 0.01 vs. 1-day human MSC co-cultured human islets).
The greater extent of mitochondrial transfer to human islets compared
with mouse islets was not due to the superior mitochondrial donation
capacity of human vs. mouse adipose MSCs, as evident from imaging
of human MSC co-cultured mouse islets (less than 20% of mouse islet
beta-cells recipient to mouse or human adipose MSC-derived mitochon-
dria). Mitochondria transfer to hypoxia (1% oxygen) exposed mouse
islets was more extensive than that in control mouse islets, indicating that
islet stressors are an important determinant to the extent of mitochondrial
transfer. TNTs were evident between human MSCs and co-cultured hu-
man islets. BacMammitochondria-GFP was visualised as vesicular struc-
tures within insulin immunoreactive human islet beta-cells, suggesting
TNTs and extracellular vesicles as likely mechanisms of transfer.
Conclusion: MSC-mediated mitochondria transfer offers a novel mech-
anism for enhancing human islet function. Ensuring optimal MSC-
derived mitochondria transfer in pre-culture and/or co-transplantation
strategies could be utilised to maximise the therapeutic efficacy of
MSCs, thus enabling the more widespread application of clinical islet
transplantation.
Supported by: DRWF, Diabetes UK, Society for Endocrinology
Disclosure:C.L. Rackham:Grants; Society for Endocrinology, Diabetes
Research and Wellness Foundation, Diabetes UK.
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Liraglutide preserved insulin secretion in adults with newly diag-
nosed type 1 diabetes: the NewLira trial
T.F. Dejgaard1,2, C. Frandsen2, U. Kielgast3, H.U. Andersen1, B.
Thorsteinsson4, T. Krarup5, J.J. Holst6, S. Madsbad2;
1Steno Diabetes Center Copenhagen, Gentofte, 2Dep. of Endocrinology,
Hvidovre Hospital, University of Copenhagen, Hvidovre, 3Dep. of
Endocrinology, Copenhagen University Hospital Zealand, Koege, 4Dep.
of Endocrinology and Nephrology, Copenhagen University Hospital
Nordsjaelland, Hilleroed, 5Dep. of Endocrinology, Bispebjerg Hospital,
University of Copenhagen, Gentofte, 6Dep. of Biomedical Sciences,
Novo Nordisk Foundation Center for Basic Metabolic Research ,
University of Copenhagen, Copenhagen, Denmark.

Background and aims: Glucagon-like peptide-1 receptor agonists stim-
ulate insulin secretion in adults with type 1 diabetes and residual beta-cell
function.
Materials andmethods: This randomised, double-blinded, placebo-con-
trolled, 52-week trial evaluated the efficacy and safety of liraglutide
1.8 mg once daily added to insulin treatment in adults diagnosed with
type 1 diabetes within 6 weeks prior to screening. At randomisation, at
end-of-treatment (week 52) and at follow-up (week 58), a 240-min. liquid
mixed meal test (MMT) (237 kcal Nestlé BOOST) was conducted to
evaluate the C-peptide response.
Results: In total, 65 adults (age 18-40 years) with newly diagnosed type 1
diabetes, stimulated C-peptide ≥200 pmol/L and BMI >20 kg/m2 were
randomised (1:1) to liraglutide or placebo added to insulin treatment.
Baseline characteristics were similar between groups (mean±SD) age
27±5 years, fasting C-peptide 359±226 pM and diabetes duration 4.4
±1.2 weeks. At end-of-treatment, liraglutide sustained stimulated C-
peptide secretion and reduced insulin dose compared with placebo. At
follow-up, 6 weeks post-treatment, stimulated C-peptide levels and total
insulin dose did not differ between the groups. No difference was found
between groups in HbA1c or BMI (table). No events of severe
hypoglycaemia or ketoacidosis were reported.
Conclusion: In conclusion, liraglutide preserved postprandial insulin se-
cretion one year after diagnosis of type 1 diabetes. The effects had disap-
peared 6 weeks post-treatment.

Clinical Trial Registration Number: NCT01879917
Supported by: Unrestricted grant from Novo Nordisk A/S
Disclosure: T.F. Dejgaard: Grants; Novo Nordisk, AstraZeneca.
Lecture/other fees; Novo Nordisk, Boehringer Ingelheim, AstraZeneca.
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Efficacy and safety of once-weekly polyethylene glycol loxenatide
(PEX168) combiningwithmetformin in patients with type 2 diabetes:
a phase 3b clinical trial
W. Jia1, F. Gao1, X. Lv2, Z. Mo3, J. Ma4, Q. Zhang5, G. Yang6, W. Liu7,
J. Zhou1, Y. Bao1;
1Shanghai Jiao Tong University Affiliated Sixth People's Hospital,
Shanghai, 2General Hospital of Beijing Military Region, Beijing, 3The
Third Xiangya Hospital, Central South University, Changsha, 4Nanjing
First Hospital, NanjingMedical University, Nanjing, 5The First Affiliated
Hospital of Anhui Medical University, Hefei, 6the Second Affiliated
Hospital, Chongqing Medical University, Chongqing, 7Chongqing
Three Gorges Central Hospital, Chongqing, China.

Background and aims: Polyethylene glycol loxenatide (PEX168) is a
new long-acting glucagon-like peptide-1 (GLP-1) receptor agonist. This
study aimed to investigate the efficacy and safety of PEX168 in Chinese
patients with uncontrolled type 2 diabetes mellitus (T2DM) bymetformin
monotherapy.
Materials and methods: This was a multicenter (n=45), randomized,
double-blind, placebo-controlled, phase 3b clinical trial. After metformin
monotherapy (≥1500 mg/day) for ≥8 weeks, 533 patients with uncon-
trolled T2DM (HbA1c 7.0%-10.5%) were randomized (1:1:1) to three
groups received different therapies: metformin+placebo, metformin+
PEX168 100 μg, and metformin+PEX168 200 μg. The core treatment
period lasted 24 weeks, followed by a 28-week extension period (the
patients under placebo were randomized to PEX168 100 μg or 200 μg
in the extension period). The primary outcome was the change in HbA1c
at week 24.
Results: There were no differences in baseline demographic characteris-
tics among groups. Atweek 24, the HbA1c reductions from baseline were
significant with PEX168 100 μg (1.16±1.11%, P<0.001) and PEX168
200 μg (1.12±0.91%, P<0.001), but not with placebo (0.36±1.22%,
P>0.05). The proportion of patients with HbA1c <6.5% at week 24 was
significantly higher with PEX168 100 μg (17.3%, P=0.001) and PEX168
200 μg (21.1%, P<0.001) than with placebo (6.1%). The decrease of
HbA1c compared with baseline was sustained to week 52 with PEX168
100 μg (8.5±0.89% to 7.7%±1.15%, P<0.001) and PEX168 200 μg (8.5
±0.94 to 7.7±1.29%, P<0.001). The gastrointestinal reactions were mild
during the entire study. No study drug-related serious adverse events
(SAEs) occurred.
Conclusion: PEX168 once-weekly improved glycemic control in pa-
tients with uncontrolled T2DM by metformin alone. Meanwhile,
PEX168 showed a predominant safety profile.
Clinical Trial Registration Number: NCT02477969
Supported by: Jiangsu Hansoh Pharmaceutical Group Co., Ltd., China
Disclosure:W. Jia: None.

147
Sustained 24hr elevation of active GLP-1 and GIP but reduced se-
cretion during DPP-4 inhibition in type 2 diabetes subjects: compar-
ison of three different DPP-4 inhibitors
W. Alsalim1, O. Göransson2, B. Ahrén1;
1Dept. of Clinical Sciences Lund, Lund University, Lund, 2Dept. of
Experimental Medical Sciences, Lund University, Lund, Sweden.

Background and aims:We reported last year that three different DPP-4
inhibitors (sitagliptin (SITA), vildagliptin (VILDA) and saxagliptin
(SAXA)) similarly reduce circulating glucose and increase beta-cell func-
tion over 24hr in a placebo (PBO)-controlled head-to-head study in
metformin-treated subjects with well controlled type 2 diabetes (T2D).
Whether DPP-4 inhibitors have similarly sustained 24hr effect on incretin
hormones (glucagon-like-1 (GLP-1) and glucose depended insulinotropic
polypeptide (GIP)) is, however, not known. We therefore present here
expanded study analysis of intact and total GLP-1 and GIP levels over

an entire day with standardized three meal ingestion in the study in well
controlled T2D subjects.
Materials andmethods:After an overnight fast, twenty-four metformin-
treated T2D subjects (12 males, 12 females, mean age 63 yrs, BMI 31.0
kg/m2 , HbA1c 44.7mmol/mol (6%) randomly ingested SITA (100mg),
VILDA (50mg), SAXA (5mg) or PBO followed by standardized break-
fast (525kcal), lunch (780kcal) and dinner (560kcal) at specific time
points during four different days. VILDA (50 mg) was ingested again
before dinner. Blood samples were taken for analysis of intact (reflecting
active form of the hormones) and total (reflecting hormone secretion)
GLP-1 and GIP. The mean of 180min integrative response (areas under
the curve, AUC) for these measures were compared after SITA, VILDA
and SAXAvs. PBO after each meal using paired t-test.
Results: Both total and intact GLP-1 and GIP levels increased after each
meal in all subjects (Fig. 1). The increase in intact GLP-1 and GIP levels
was higher after DPP-4 inhibition than after placebo but with no signif-
icant difference between the DPP-4 inhibitors. In contrast, total GLP-1
and GIP were significantly lower after DPP-4 inhibition than placebo
after meal ingestion (Fig.1) with, again, no significant difference between
the inhibitors.
Conclusion:DPP-4 inhibition increases active GLP-1 andGIP levels and
reduces levels total GLP-1 and GIP levels throughout 24hr and after
breakfast, lunch and dinner with no significant difference between
sitagliptin, vildagliptin and saxagliptin in metformin-treated and well
controlled T2D subjects. This indicates a sustained 24hr rise of active
incretin hormones with a feedback suppression of meal induced incretin
hormone secretion during DPP-4 inhibition regardless inhibitor used.

Clinicla Trial Registration Number: EudraCT 2013-005570-22
Supported by: VR, Region Skane, Medical Faculty
Disclosure:W. Alsalim: None.
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Roles of endogenous GLP-1 in the glycaemic and energy expenditure
responses to fat in type 2 diabetes studied using vildagliptin and
exendin(9-39)
C. Xie1, X. Wang1,2, M.J. Bound1, J. Grivell1, K.L. Jones1, M.
Horowitz1, T. Little1, C.K. Rayner1, T. Wu1,2;
1Adelaide Medical School, The University of Adelaide, Adelaide,
Australia, 2Department of Endocrinology, Zhongda Hospital, Institute
of Diabetes, School of Medicine, Southeast University, Nanjing, China.

Background and aims: Dipeptidyl peptidase-4 (DPP-4) inhibitors pro-
long the action of endogenous glucagon-like peptide-1 (GLP-1), the se-
cretion of which is influenced by dietary intake, particularly fat. We have
observed in health that during an intraduodenal fat infusion (2 kcal/min),
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a single dose of the DPP-4 inhibitor, vildagliptin (50 mg), lowered blood
glucose and increased resting energy expenditure (REE), but had no
effect on energy intake. We have now evaluated (i) the acute effects of
vildagliptin on these responses in T2DM, and (ii) the contribution of
endogenous GLP-1, using the GLP-1 receptor antagonist, exendin(9-39).
Materials and methods: 15 T2DM patients managed by diet and/or
metformin monotherapy (10 male and 5 female; mean age 68.7 ± 2.2
years; BMI 30.2 ± 1.3 kg/m2; HbA1c 6.7 ± 0.2%; duration of known
diabetes 6.6 ± 1.5 years) were studied on 3 occasions, each in a double-
blind, randomised, crossover fashion. On each study day, a tablet of
vildagliptin (50 mg) or matching placebo was given orally at t = -60
min, followed by an intravenous (iv) infusion of either exendin(9-39)
(600 pmol/kg/min, on one of the two vildagliptin treatment days) or
0.9% saline (on the other 2 days) over 180 min (ie. t = -60-120 min).
Fat emulsion (2 kcal/min) was infused via a nasoduodenal catheter be-
tween t = 0-120min. REE, thermic effect and respiratory quotient (RQ) at
baseline and during intraduodenal fat infusion were measured by indirect
calorimetry. “Arterialised” venous blood was sampled for measurements
of blood glucose, plasma insulin and glucagon. Data are means ± SEM. P
< 0.05 was considered significant.
Results: On the two iv saline days, blood glucose and plasma glucagon
concentrations were lower after vildagliptin than placebo (P < 0.05 for
both), while REE (1671 ± 68 vs. 1712 ± 72 kcal/day, P = 0.08) and the
thermic response to intraduodenal fat (9.4 ± 1.3 vs. 4.9 ± 1.8%, P = 0.09)
tended to be less after vildagliptin. However, there were no differences in
plasma insulin or RQ between the two days. On the two vildagliptin days,
blood glucose and plasma glucagon were higher during iv exendin(9-39)
than iv saline, as were REE (1745 ± 78 vs. 1671 ± 68 kcal/day, P < 0.05)
and the thermic responses to intraduodenal fat (13.0 ± 2.4 vs. 4.9 ± 1.8%,
P < 0.05), with no difference in plasma insulin or RQ.
Conclusion: In well controlled T2DM, vildagliptin lowered blood glu-
cose and plasma glucagon, and tended to decrease REE and the thermic
effect of intraduodenal fat, effects mediated by endogenous GLP-1. These
observations highlight the relevance of the fat content of a meal to the gut-
GLP-1 axis in the regulation of postprandial blood glucose and energy
expenditure in T2DM, particularly when treated with DPP-4 inhibitors.

Clinical Trial Registration Number: ACTRN12614001117606
Supported by: Funding support from Novartis
Disclosure: C. Xie: Grants; Funding support from Novartis.
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Acute effects of lixisenatide on intragastric meal distribution: impact
on energy intake
R.J. Jalleh1, H.T. Pham2, C.S. Marathe2,1, T. Wu1,2, M.D. Buttfield2, S.
Hatzinikolas2, C.H. Malbert3, R.S. Rigda2, K. Lange2, L.G. Trahair2, C.
Feinle-Bisset2, C.K. Rayner2,4, M. Horowitz2, K.L. Jones2,1;
1Endocrine and Metabolic Unit, Royal Adelaide Hospital, Adelaide,
Australia, 2Adelaide Medical School, University of Adelaide, Adelaide,
Australia, 3INRA, Saint-Gilles, France, 4Gastroenterology, Royal
Adelaide Hospital, Adelaide, Australia.

Background and aims: Glucagon-like peptide-1 agonists (GLP-1RAs)
induce weight loss in obese patients and, particularly with ‘short-acting’
GLP-1RAs, slow gastric emptying (GE). In healthy subjects, energy in-
take after a nutrient ‘preload’ is more strongly related to the content of the
distal, than the total, stomach. The effect of GLP-1RAs on intragastric
meal distribution has not been reported. We evaluated the acute effects of
lixisenatide (LIXI) on intragastric distribution of a glucose drink and
subsequent energy intake in health and type 2 diabetes (T2DM).
Materials and methods: 15 healthy subjects (9M, 6F; age: 67.2 ± 2.3 yr;
BMI: 25.4 ± 0.8 kg/m2) and 15T2DMpatientsmanaged by diet ormetformin
(9M, 6F; age: 61.9 ± 2.3 yr; BMI: 30.3 ± 0.7 kg/m2; duration of known
diabetes: 5.3 ± 1.2 yr; HbA1c: 6.9 ± 0.2%were studied. All subjects received
LIXI (10mcg sc) or placebo (PLAC) on 2 separate days in a randomised,
double-blind, crossover fashion 30 min before a 75g glucose drink labelled
with 20MBq 99mTc-Calcium Phytate. A lower than usual dose of LIXI was
used to maximise tolerability. GEwasmeasured by scintigraphy for 180min.
A region-of-interest was drawn around the total stomach, which was divided
into proximal and distal stomach regions. At 180 min each participant was
offered a buffet meal and allowed to eat for 30 min to assess subsequent
energy intake. Nausea was measured, using a visual analogue questionnaire,
prior to receiving study drug, before the drink and at regular intervals during
the study. Data are mean ± SEM and P<0.05 was considered significant.
Results: The studies were well tolerated; scores for nausea were uniformly
lowwith no difference between PLACandLIXI in either group. LIXI slowed
GE (% total stomach retention at 180min - health: PLAC16.0 ± 11.1 vs LIXI
59.5 ± 24.6 ; T2DM: PLAC 14.5 ± 7.5 vs LIXI 54.4 ± 27.5) and increased
retention in both the proximal stomach (health: PLAC 6.6 ± 3.5 vs LIXI 40.9
± 24.6 ; T2DM: PLAC 6.3 ± 4.1 vs LIXI 34.8 ± 24.5) and distal stomach
(health: PLAC 9.4 ± 9.1 vs LIXI 18.6 ± 11.1 ; T2DM: PLAC 8.2 ± 4.2 vs
LIXI 19.6 ± 10.4); P<0.001 for PLAC vs LIXI in all groups. LIXI decreased
energy intake (P<0.001) in both health and T2DM (Figure). Energy intake
was inversely related to the distal stomach content at 180 min in health on
PLAC (r=-0.58, P=0.03), but not in T2DM (r=-0.31, P=0.27), nor after LIXI
(health: r=-0.16, P=0.58 vs T2DM: r=-0.004, P=0.99).
Conclusion: In healthy subjects and T2DM patients, LIXI (10mcg) de-
creases energy intake in the absence of nausea, slows GE and increases
retention in the distal and proximal stomach. The acute reduction in
energy intake by LIXI is unrelated to changes in GE/intragastric distribu-
tion, consistent with a centrally-mediated effect.

Clinical Trial Registration Number: NCT02308254
Supported by: Sanofi-Aventis PTY LTD
Disclosure: R.J. Jalleh: Grants; Sanofi-Aventis PTY LTD.
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Dulaglutide in type 2 diabetic patients with binge eating disorder: a
pilot study
A. Da Porto, A. Cavarape, L.A. Sechi;
Internal Medicine, Clinica Medica, Università di Udine, Udine, Italy.

Background and aims: Binge eating disorder (BED) is an eating
disorder characterized by recurrent episodes of eating large quan-
tities of food, a feeling of a loss of control during the binge, not
regularly using unhealthy compensatory measures to counter the
binge eating. BED is the most common eating disorder in the
United States and Europe and is associated with obesity and type
2 diabetes (T2D). The prevalence of BED in T2D is not clear yet
ranging between 5-40% in the literature. Presence and severity of
BED have been associated with worse metabolic control and
greater BMI in T2D patients. Recent studies has proven that
Glucagon Like Peptide-1 (GLP1) receptors are present in central
nervous system (CNS) areas involved in appetite regulation and
tratment with GLP-1 receptor agonists modulates appetite and
reward-related brain areas in humans. Aim of our study was to
evaluate the effects of a 12-week treatment with dulaglutide on
eating behaviour, antropometric parameters and glycemic control
in 60 T2D outpatiens with BED.
Materials and methods: This was an open label, randomized pro-
spective controlled trial. Inclusion criteria were: Age < 65, HbA1c
between 7,5-9% on metformin therapy alone, normal renal
funcion and diagnosis of BED made by a physician, according
with DSM-V criteria using structured interview (Eating Disorder
Examination). BED severity was assessed with the Binge Eating
Scale (BES). Patients were randomly assigned to receive either
Dulaglutide 1,5 mg/sett or Gliclazide 60 mg slow release for 12
weeks. All patients received standard education for lifestyle and
diet. We evaluated baseline BED severity (assested with the Binge
Eating Scale) antropomectic parameters (weight, BMI, % Fat
mass), glycaemic control (Hba1c) and their variation after 12
weeks of treatment. Descriptive statistics were presented as mean
and standard deviation. Quantitative variables were compared with
t test, categorical variables with chi-square test. A multivariate
linear regression model was used to verify the association be-
tween Δ BES from baseline with Δ Hba1c and variation of
antropometric parameters after treatment.
Results: Clinical baseline characteristisc of 2 groups are summarized in
table 1. After 12 weeks patients treated with Dulaglutide had grater re-
duction of binge eating behaviour (ΔBES -12,067 vs -0,467 p < 0,0001),
body weight (-4,767 vs 0,073 p < 0,0001), BMI (-1,653 vs 0,040 p
<0,0001), % fat mass (-1,850 vs 0,197 p < 0,0001) and Hba1c (-1,073
vs -0,753 p 0,009). Reduction in BES was indipendentently associated

with reduction in Body Weight (r = 0,567 p < 0,0001) and Hba1C (r =
0,232 p 0,033) even after correction for age and sex.
Conclusion: In our study sample Dulaglutide treatment reduces binge
eating behaviour in T2D patients with BED. The reduction of binge
eating severity was associated with rapid ad sigificative reduction in body
weight and better glicaemic control after few weeks of treatment.
Dulaglutide could be considered as a valid option in the treatment of
T2D with BED.

Disclosure: A. Da Porto: None.
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OP 26 Gestational diabetes: novel biomarkers
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Using fasting plasma glucose to identify women with gestational dia-
betes at low risk of complications
H. McIntyre1, K.S. Gibbons1, D.A. Sacks2, L.R. Madsen3, R.C.W. Ma4,
W.H. Tam5, P.M. Catalano6;
1University of Queensland, S.Brisbane, Queensland, Australia, 2Research
and Evaluation, Kaiser Permanente Southern California, Pasadena, USA,
3University of Aarhus, Aarhus, Denmark, 4Medicine and Institute of
Diabetes and Obesity, Chinese University of Hong Kong, Hong Kong,
Hong Kong, 5Obstetrics and Gynaecology, Chinese University of Hong
Kong, Hong Kong, Hong Kong, 6Mother Infant Research Institute, Tufts
University School of Medicine, Boston, USA.

Background and aims: Variable defects in insulin secretion and
insulin sensitivity have been described as contributing factors to
GDM. These have been defined as OGTT measures of insulin
secretion and sensitivity < 25th centile for non GDM women. It
has been reported that pregnancy complications relate primarily to
impaired insulin sensitivity, not to reduced insulin secretion.
However, previous reports involved predominantly Caucasian
women and were confounded by treatment of GDM.
Materials andmethods:Using a multi-ethnic cohort of 6128 untreat-
ed women from 5 sites in the blinded epidemiological HAPO study,
we compared women with fasting venous plasma glucose (FVPG)
on OGTT < or >= the 75th centile for non GDM women (i.e. 4.6
mmol/L). GDM was defined post hoc according to IADPSG /
WHO2013 criteria and was untreated. Outcomes considered were
pregnancy related hypertension, preterm delivery, primary C sec-
tion, large for gestational age (LGA), excess neonatal (NN) adipos-
ity and NN hypoglycemia. Comparisons with non GDM women and
between GDM-FVPG groups were performed using Chi squared
tests. Logistic regression analyses were adjusted for potential con-
founders including maternal age, height, smoking, family history of
diabetes, BMI at the OGTT visit, ethnicity and HAPO study center.
Results: 25% of GDM women had FVPG < 4.6 mmol/L. This
group had outcome frequencies similar to those of non GDM
women and overall far fewer complications than those with
FVPG >= 4.6 mmol/L (see Table). By contrast, the 75% of
GDM women with FVPG >= 4.6 mmol/L experienced many more
complications, and this was confirmed on multivariable analysis
(fully adjusted odds ratios > 2.0; p < 0.001 vs. non GDM)
Conclusion:Although a classification considering insulin secretory
or sensitivity defects may offer some pathophysiologic insights for
treatment, a simpler classification by FVPG performs better and is
simpler for routine use and it does not require additional labora-
tory data regarding insulin secretion or sensitivity. It identifies a
lower risk group of GDM women who may not require or benefit
from treatment. A modified “two - step” approach to diagnosis
and classification of pregnancy hyperglycemia, using FVPG as the
first step, could identify some women as having GDM and others
as having a low absolute risk of complications, potentially
avoiding OGTTs in over 50% of the pregnant population.

Disclosure: H. McIntyre: None.
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Does interpregnancy BMI change predict gestational diabetes in sub-
sequent pregnancy? Population-based cohort study
E. Szabo1,2, M.M. Svebis1, V.J. Horvath1, T. Tänczer3, B.A. Domjan1, J.
Tornoczky4, Z. Kerenyi5, A. Kun6, A.G. Tabak1,7;
11st Department of Medicine, Semmelweis University, Budapest,
Hungary, 2Szent Imre Teaching Hospital, Budapest, Hungary, 3Szent
Margit Diabetes Outpatient Clinic, Budapest, Hungary, 4Diabetes Care
Outpatient Unit, Tolna County Balassa János Hospital, Szekszárd,
Hungary, 5Diabetes Care Outpatient Unit, Tóth Ilona Health Service,
Budapest, Hungary, 6Department of Obstetrics and Gynecology, Tolna
County Balassa János Hospital, Szekszárd, Hungary, 7Department of
Epidemiology and Public Health, University College London, London,
UK.

Background and aims: There is substantial evidence that interpregnancy
change in BMI increases the risk for GDM.As previous studies did not adjust
for obesity in the subsequent pregnancy, it is questionable whether
interpregnancy weight change predicts GDM independently of attained
BMI in the subsequent pregnancy. Thus our aim was to investigate the role
of different pregnancy BMI measures as predictors of GDM in a subsequent
pregnancy with and without adjustment for BMI in the subsequent
pregnancy.
Materials and methods:We used data (n=11.145) of a universal screening
program for GDM (3-point OGTT according to IADPSG criteria) in a
Western Hungarian region in 2009-2018. Known GDM risk factors were
collected at booking, at OGTT and at delivery, including BMI according to
standardized protocols. Using a personal identifier, women with repeated
singleton pregnancies were flagged (n=2366). We built hierarchical logistic
regression models with GDM in the second pregnancy (pregnancy-2) as the
outcome and BMI values from the first (pregnancy-1) and pregnancy-2 as
predictors with adjustments for known risk factors.
Results: At the time of the OGTT of pregnancy-1 the mean age was 27.4
±5.1 years, BMI was 26.0±5.0 kg/m2, and n=292 (12.6%) were diagnosed
withGDM. Inpregnancy-2 (3.1±1.6 years later) n=357 (15.4%)women had
GDM. Among risk factors from pregnancy-1, older maternal age, a diag-
nosis of GDM, higher systolic and diastolic blood pressure, larger
birthweight, cesarean delivery and higher BMI (early pregnancy, OGTT
and delivery) were positively associated with risk of GDM in pregnancy-2.
Among risk factors from pregnancy-2, older maternal age, higher number
of previous live births, early pregnancy BMI, and a positive family history
of diabetes were related to GDM risk. In a model adjusted for the afore
mentioned risk factors except for BMI in pregnancy-2, prepregnancy BMI
in pregnancy-1 was positively associated with the risk of GDM in
pregnancy-2 (OR 1.08, 95%CI 1.05-1.11). Further adjustment for
prepregnancy BMI in pregnancy-2 abolished this association.
Conclusion: We found that interpregnancy BMI change is not an inde-
pendent predictor of a subsequent GDM. Our results may suggest that not
the amount of BMI change between pregnancies but the absolute level of
attained BMI before subsequent pregnancy should be targeted in order to
prevent GDM.
Disclosure: E. Szabo: None.
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A genetic risk score combining four risk genes for diabetes modulate
the effect of a mediterranean diet on the incidence of gestational
diabetes
N. García de la Torre, J. Valerio, A. Barabash, L. del Valle, C. Assaf-
Balut, E. Bordiu, A. Durán, M. Fuentes, I. Jimenez, M. Cuesta, M.A.
Rubio, A.L. Calle-Pascual;
Servicio de Endocrinología y Nutrición, Hospital Clínico San Carlos and
Instituto de Investigación Sanitaria del Hospital Clinico San Carlos
(IdISSC), Centro de Investigación Biomédica en Red de Diabetes y
Enfermedades Metabólicas Asociadas (CIBERDEM), Madrid, Spain.
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Background and aims: Recent findings have shown that late first-
trimester high adherence to a Mediterranean diet (MedDiet) pattern is
associated with a reduction in the risk of gestational diabetes mellitus
(GDM). Studies have demonstrated an association between MTNR1B,
TCF7L2, GCKR and MC4R SNPs and GDM risk. The aim of this study
was to investigate if the association between the degree of adherence to a
MedDiet pattern – based on six food targets– at the end of the first
trimester (> 12 week gestation) and GDM incidence is modulated by a
genetic risk score (GRS) based on MTNR1B rs10830963 C>G, TCF7L2
rs7903146 C>T, GCKR rs780094 C>T and MC4R rs17782313 T>C
SNPs.
Materials and methods: A total of 874 pregnant women were stratified
into three groups defined as “High”, “Moderate” or “Low” adherence
according to late first-trimester compliance with six food targets: >12
s/w of vegetables, > 12 s/w of fruits, <2 s/w of juice, > 3 s/w of nuts,
>6 d/w consumption of extra virgin olive oil (EVOO), and 40 mL/d
EVOO. High adherence was defined as complying with 5-6 targets; mod-
erate 2-4 targets and low 0-1 targets. All patients were genotyped for
rs10830963, rs7903146, rs780094 and rs17782313 using Taqman tech-
nology. Logistic regression analysis adjusted by ethnicity, age, parity and
BMI with SPSS 21 were performed.
Results: There was a significant association between rs10830963 risk
allele G and GDM risk (OR) 1.87 (1.29-2.73). Stratification by GRS
suggested that only in carriers of high risk genotypes GDM risk was
significantly lower in women with high adherence vs. low adherence
[High vs Low: GDM OR=0.09 (0.01-0.91); mean glucose difference= -
5.14 mg/dl (95% CI -9.31 to -0.96)]. There was no significant effect in
non-risk genotype carriers for the 4 SNPs.
Conclusion: A GRS generated by MTNR1B, TCF7L2, GCKR, MC4R
SNPs seems to modulate the effect of an adherence to a MedDiet on the
development of GDM
Supported by: Proyectos PI14/01563 (SCIII y FEDER); IPI/2017/NR2
(SENDIMAD).
Disclosure: N. García de la Torre: None.
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Alterations in the placental proteome in gestational diabetes
E. Assi1, A. Seelam1, F. D'addio1, A. Abdelsalam1, C. Mandò2, A.
Maestroni1, C. Loretelli1, M. Ben Nasr1, V. Usuelli1, F. Folli2, D.
Corradi3, G. Zuccotti1, I. Cetin2, P. Fiorina1;
1Pediatric Clinical Research Center Romeo ed Enrica Invernizzi,
Department of Biomedical and Clinical Sciences "Luigi Sacco",
University of Milan, Milan, 2University of Milan, Milan, 3University of
Parma, Parma, Italy.

Background and aims: Gestational diabetes mellitus (GDM) is the
most frequent metabolic complication during pregnancy, affecting
3% to 25% women, and it is associated with abnormal fetal growth.
Interestingly, the mechanism behind altered fetal growth in GDM is
only partially understood. Because the placenta is the major organ
responsible for fetal nourishment and growth, alterations of placenta
phenotype and function may have an impact on the fetus.
Identifying new factors altered within the placenta and determining
whether they affect fetal growth and health will help to clarify the
placental pathological role in GDM and pave the way for new suc-
cessful strategies in preventing, managing and treating maternal and
fetal complications in GDM pregnancies. Here, we propose to ex-
plore whether the placental proteome is altered in GDM, particularly
with regard to factors that may directly or indirectly influence fetal
growth.
Materials and methods: Placental tissues were collected from 5GDM and
5 healthy pregnant women (CTRL)who gave birth by cesarean section. After
protein extraction and quantification, placental samples from CTRL and
GDM were pooled in two groups and subjected to proteomic analysis by
LC-MS/MS approach. Differential expression of selected proteins in each

sample of the two groups was confirmed using commercially available
ELISA kits. The complete dataset of proteins was analysed by Student’s t-
test. Proteins significantly different (p <0.001) in theCTRL versusGDMpool
were further submitted to hierarchical clustering analysis.
Results: In order to discover novel factors that may play a role in
placental function and fetal development, we interrogated the pla-
cental proteomes of healthy (CTRL, n=5) and GDM-affected
(n=5) pregnant women using an unbiased proteomic approach.
We demonstrated that the placental proteome is altered in GDM,
with at least 64 proteins differentially expressed to a high degree
(p<0.001) in GDM as compared to CTRL. Among those, 10 pro-
teins are strictly involved in the mother-to-fetus crosstalk. While
some of these proteins (e.g. C5, KRT8 and ATPSB) primarily
exert protective effects of the trophoblast both in structure and
function (e.g. invasion, angiogenesis, oxidative stress, barrier, en-
ergy support), others (e.g. CPAN6, TFRC and EZR) were impor-
tantly involved in fetal development (iron, muscle differentiation,
nutrients) and protection from fetal loss (anticoagulant, regulation
of epithelial-to-mesenchymal transition).
Conclusion: We have demonstrated the presence of alterations in the
placental proteome in GDM, thus shedding light on a novel mechanism
behind the altered fetal growth that occurs during GDM. This study iden-
tifies a set of proteins that may be implicated in some of the deleterious
effects of GDM, and to the best of our knowledge, this is the first report
describing alterations in the placental proteome in GDM. These alter-
ations in the GDM placental proteome suggest that placental dysfunction
may be directly responsible for abnormal fetal growth/development dur-
ing GDM. Targeting these proteins may thus offer therapeutic potentials
for managing and treating GDM.
Disclosure: E. Assi: None.
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Gestational diabetes impacts foetal progenitor cell responses with
consequences for offspring
F. Algaba-Chueca1,2, E. Maymó-Masip1,2, M. Ejarque1,2, M.
Ballesteros3,4, G. Llauradó2,5, C. López6, A. Guarque3,4, C. Serena1,2,
L. Martínez-Guasch1,2, C. Gutiérrez1,4, R. Bosch5,4, J. Vendrell1,2, A.
Megía1,2, S. Fernández-Veledo1,2;
1Departament of Endocrinology and Nutrition and Research Unit,
University Hospital of Tarragona Joan XXIII-Institut d´Investigació
Sanitària Pere Virgili (IISPV), Tarragona, 2CIBER de Diabetes y
Enfermedades Metabólicas Asociadas (CIBERDEM)-Instituto de Salud
Carlos III, Madrid, 3Department of Obstetrics and Gynecology,
University Hospital of Tarragona Joan XXIII, Institut d’Investigació
Sanitària Pere Virgili (IISPV), Tarragona, 4Rovira i Virgili University,
Tarragona, 5Department of Endocrinology and Nutrition, Hospital del
Mar, Institut Hospital del Mar d'Investigacions Mèdiques (IMIM),
Barcelona, 6Department of Pathology, Plataforma de Estudios
Histológicos, Citológicos y de Digitalización, Hospital de Tortosa Verge
de la Cinta, Institut d´Investigació Sanitària Pere Virgili (IISPV), Tortosa,
Spain.

Background and aims: Intrauterine exposure to maternal diabetes has
been linked to negative health outcomes in offspring and fetal program-
ming has been proposed as a potential key mechanism underlying this
association. The placenta is crucial for the support fetal growth as well as
adaptation to the mother´s metabolic state. We sought to determine
whether gestational diabetes (GDM) might leave an imprint in fetal pre-
cursor cells in the amniotic membrane and, if so, whether this is related to
outcomes in the offspring.
Materials and methods: A prospective case-control study which involved
9 GDM and 9 normal glucose tolerant women scheduled for caesarian sur-
gery. Amniotic membrane mesenchymal stem cells (AMSC) and amniotic
membrane-resident macrophages were isolated following established proce-
dures. After characterization, functional characteristics of AMSC were
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analyzed and correlated with anthropometrical and clinical variables from
both the mother and the offspring.
Results:GDM-derived AMSC displayed impaired proliferation and
osteogenic potential when compared with control cells, which
were accompanied by a downregulation of angiogenic factors
and a superior invasive and chemotactic capacity. The expression
of genes involved in the inflammatory response (TNFα, MCP1,
CD40 and CTSS) was upregulated in GDM-derived AMSC,
whereas anti-inflammatory IL-33 was downregulated. In this con-
text, macrophages isolated from amniotic membrane of GDM
mothers displayed a pro-inflammatory gene expression profile.
Finally, maternal insulin resistance and BMI were associated with
genes involved in the inflammatory response and angiogenesis,
and this profile determined fetal insulin resistance and body
composition.
Conclusion:Our findings suggest that fetal adaptive programming in the
setting of GDM might have a direct impact on offspring.
Supported by: Spanish Ministry of Economy and Competitiveness and
ERDF
Disclosure: F. Algaba-Chueca: None.
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‘Supersize me’ - Is a diagnosis of gestational diabetes associated with
foetal brain volume?
A. Kautzky-Willer1, J. Harreiter1, V. Berger-Kulemann2, R. Quasthoff2,
M. Weber2, N. Hachemian3, E. Schwartz4, G. Kasprian2, D. Prayer2;
1Dep. of Medicine III, Medical University Vienna, Vienna, 2Dep. of
Radiology, Medical University Vienna, Vienna, 3Dep. of Gynecology,
Medical University Vienna, Vienna, 4Dep. of Biomedical Imaging and
Image-guided Therapy, Medical University Vienna, Vienna, Austria.

Background and aims: Controversal data exists regarding fetal brain
mass and its associations with gestational diabetes mellitus (GDM) with
anatomic studies observing lower fetal brain mass and experimental an-
imal studies in mice demonstrating higher brain volumes compared to
healthy control. We aimed to investigate the association of gestational
diabetes mellitus in humans with in-vivo magnetic resonance (MRI)-
based fetal brain volumes compared with fetuses from mothers without
underlying metabolic disease.
Materials and methods: Brain volumes of 50 singleton fetuses
(GDM-F), whose mothers were diagnosed with GDM according
to nationwide used IADPSG/WHO 2013 criteria were compared
to 108 fetuses with ‘metabolically’ healthy mothers (MH-F). In
our prospective case-control-study fetal MRI was performed be-
tween 27 and 39 weeks of gestation on a 1.5 Tesla clinical scan-
ner (Philips Medical Systems). Analyses of covariance
(ANCOVA) were used for comparisons with respect to volume.
Adjustment for gestational age, mode of treatment (insulin or diet)
and BMI was performed.
Results: Higher brain volumes were observed in GDM-F compared to
MH-F (estimated marginal means 156.9 mm3 versus 149.3mm3 based on
a gestational age of 225.8 days, p < 0.001) with increased cortical grey
matter volumes found in GDM-F vs MH-F (estimated marginal means
68.1 versus 62.3, p < 0.01). White matter and cerebellum volumes were
not found to be influenced by GDM. Treatment mode and the maternal
BMI did not affect the observed outcome
Conclusion: GDM-F was associated with higher brain volumes due to
increased cortical volumes compared to MH-F, independent of the mode
of treatment and the maternal BMI. Further studies are needed to inves-
tigate the underlying effects of fetal brain growth in offspring affected by
GDM.
Disclosure: A. Kautzky-Willer: None.
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Sirtuin 3 (Sirt3) deficiency impairs glucose stimulated insulin secre-
tion (GSIS)
X. Ming1, X. Tian2, A.C.K. Chung3, H. Lee1, H. Cao1, J.C.N. Chan1,
A.P.S. Kong1;
1Department of Medicine and Therapeutics, Faculty of Medicine, The
Chinese University of Hong Kong, Hong Kong, 2School of Biomedical
Science, The Chinese University of Hong Kong, Hong Kong, 3The Hong
Kong Baptist University, Hong Kong, Hong Kong.

Background and aims: Impairment of glucose induced insulin secretion
(GSIS), a hallmark of type 2 diabetes, can be induced by a series of
pathological conditions such as hyperglycemia and hyperlipidemia.
SIRT3 is a mitochondrial protein deacetylase which regulates several
metabolic pathways including glucose metabolism and fatty acid oxida-
tion. We aimed to investigate the protective role of Sirt3 in regulating
GSIS in pancreatic beta cells.
Materials and methods: We generated pancreatic beta cell specific Sirt3
knockout (Sirt3βKO; Sirt3flox/flox; Ins1Cre/+) mice to compare with wild type
(WT; Sirt3flox/flox) on the glycemic responses using beta cell specific Ins1
(insulin)-promoter driven Cre-mediated deletion of floxed Sirt3 allele. Both
Sirt3βKO and WT mice were fed with high fat diet (HFD, 60%cal fat) and
standard diet (STD) for 32 weeks. Fasting blood glucose (FBG) and body
weight were measured every 4 weeks. OGTT and insulin level were mea-
sured after the mice became diabetic (FBG of HFD mice above 7 mmol/l).
Islets were isolated from these four groups for RNA sequencing (RNA-Seq)
to explore the underlying mechanisms linking Sirt3 and beta cells function.
Results:We first confirmed specific deletion by showing suppression of
Sirt3 protein expression in β cells without any alternation in other tissues
including liver, lung and heart in Sirt3βKO mice. Both Sirt3βKO and WT
littermates were fed with HFD for 32 weeks to generate diabetic mice
with impaired insulin secretion. The FBG and body weight of HFDmice,
increased steadily between two genotypes compared with STD mice.
After 16th week, FBG in Sirt3βKO+HFD group started to increase faster
than WT+HFD group while FBG levels were similar in STD fed mice.
More importantly, glucose tolerance was further impaired in HFD fed
Sirt3βKO mice than HFD fed WT mice (p<0.05). Insulin levels measured
during OGTT showed that impairment of GSIS was exacerbated in HFD
fed Sirt3βKO mice than HFD fed WT mice (p<0.01). In addition, the
insulin peak of Sirt3βKO+HFD mice appeared to be delayed than WT+
HFD mice. RNA-Seq data from islets of these mice revealed that the 5-
HT (serotonin) synthesis pathway might be activated in Sirt3βKO mice
islets, which was characterized by elevated tryptophan hydroxylase 1
(Tph1) and tryptophan hydroxylase 2 (Tph2) expression. Since serotonin
synthesis might be related to insulin secretion, further mechanistic studies
are in progress to examine how Sirt3 inhibition influence Tph1 and Tph2,
causing impairment of insulin secretion/production in beta cells.
Conclusion: Our current results suggest that Sirt3 plays a protective role
in pancreatic beta cell GSIS in the context of type 2 diabetes as inhibition
of Sirt3 renders beta cell more vulnerable to high fat diet induced dys-
function in insulin secretion.
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Supported by: RGC ECS23122318
Disclosure: X. Ming: None.
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Proinsulin-insulin pancreatic islets in-situ expression mirrors meta-
bolic defects observed in type 2 diabetic and glucose intolerant living
donors
N. Brusco1,2, G. Sebastiani1,2, G. Licata1,2, G.E. Grieco1,2, L. Nigi1,2, F.
Cinti3, G.P. Sorice3, S. Moffa3, C.M.A. Cefalo3, A. Mari4, F. Dotta1,2, A.
Giaccari3, T. Mezza3;
1Diabetes Unit Department of Medical Science, Surgery and
Neuroscience, University of Siena, Siena, 2Umberto Di Mario
Foundation ONLUS, Toscana Life Sciences, Siena, 3Endocrinologia e
Diabetologia, Fondazione Policlinico Universitario A. Gemelli IRCSS–
Università Cattolica del Sacro Cuore, Roma, 4CNR, Padova, Italy.

Background and aims: Increased circulating levels of proinsulin (PI),
and elevated proinsulin-to-insulin ratio (PI/INS), is a well-known abnor-
mality in type 2 diabetes (T2D). It has been hypothesized that an elevated
PI/INS ratio is caused by increased secretory demand on β cells due to
insulin resistance and hyperglycemia, which promotes the release of im-
mature granules with a higher relative content of PI and its conversion
intermediates. The exact mechanism behind this increase in T2D is un-
known. The aim of this study was to analyze pancreatic islets staining
pattern of PI and INS in tissue biopsy of patients scheduled for partial
pancreatectomy (PP) with normal glucose tolerance (NGT), impaired
glucose tolerance (IGT) and T2D, in order to explore the alterations that
occur in islets during metabolic stress.
Materials and methods: To explore the alterations that occur in PI
and INS staining pattern in pancreatic islets, we performed OGTT
in n=9 patients (5F/4M, age 62.5±14.7 yrs., BMI 25.8±2.42 kg/
m2) scheduled for PP, classified into n=3 NGT, n=3 IGT and n=3
T2D. β-cell glucose sensitivity (calculated as the ratio of insulin
secretion and glucose increments), basal insulin secretion and in-
sulin secretion rate (ISR) were analyzed. Frozen sections of pan-
creatic tissue were stained for INS and PI through double immu-
nofluorescence staining. Image analysis was performed on each
individual islet to measure colocalization coefficient (M1), islet
area (μm2), PI and INS positivity. In-situ staining measurements
were correlated with patients’ clinical parameters. Statistical anal-
ysis was performed using one-way ANOVA multiple comparison
test and Pearson correlation.
Results: PI-INS colocalization gradually increased from NGT to IGTand
T2D pancreatic islets (p<0.01), indicating an altered PI processing due to
the localization of PI and INS in the same compartment. PI area and PI/
INS ratio were significantly increased in T2D compared to IGTand NGT
pancreatic islets (p<0.01), suggesting the release of immature granules
with a higher relative content of PI, as previously demonstrated for in-
vivocirculating levels. Moreover, we observed that PI-INS colocalization
and PI area were positively correlated to ISR (p=0.0095 and p=0.01,
respectively). PI/INS ratio was positively correlated to basal INS
(r=0.99 p=0.0004) while a trend in inverse correlation was found between
PI/INS ratio and β-cell glucose sensitivity (r=-0.7 p=0.1).
Conclusion: In conclusion, we demonstrated that: (i) in-situ PI-
INS staining patterns are altered in T2D and IGT patients; (ii)
pancreatic islets PI/INS ratio as well as PI area and PI-INS
colocalization coefficient might mirror in-vivo the increased insu-
lin secretion rate and β cell function reduction in the same pa-
tients. Our findings seem to suggest that poor β-cell glucose
sensitivity is linked to increased in-situ PI/INS ratio, in an attempt
to cope with higher demands for insulin secretion, thus highlight-
ing the importance of correct PI processing and folding in the
maintenance of glucose homeostasis.
Disclosure: N. Brusco: None.
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Restoration of insulin secretory function brings about recovery of
pancreas volume in type 2 diabetes
A. Al-Mrabeh1, S.V. Zhyzhneuskaya1, C. Peters1, A.C. Barnes1, K.G.
Hollingsworth1, N. Sattar2, M. Lean2, R. Taylor1;
1Newcastle University, Newcastle upon Tyne, 2Glasgow University,
Glasgow, UK.

Background and aims: Pancreas volume is substantially reduced in type
2 diabetes. This could be longstanding and a risk factor to develop dia-
betes, or could be secondary to the disease process. We have investigated
the changes in pancreas volume in relation to change in intrapancreatic fat
and restoration of functionalβ-cell mass over 2 years in a subgroup of the
Diabetes Remission Clinical Trial (DiRECT).
Materials and methods: 37 people who achieved remission of di-
abetes (15/22 F/M, 53.8±7.0 years, weight 100.7±17.0kg, BMI
34.5±4.2 kg/m2) were studied in comparison with 16 people
who failed to achieve remission (8/8 F/M, 52.8±8.2 years, weight
99.8±17.6kg, BMI 34.7±4.6 kg/m2). Pancreas volume was mea-
sured using magnetic resonance and volume rendering techniques.
Intrapancreatic fat was quantified by 3-point Dixon MRI, and
insulin secretion was measured using Stepped Insulin Secretion
Test with Arginine (SISTA).
Results: At baseline pancreas volume was low in both responders
and non-responders (63.3±2.8 vs. 58.9±3.5cm3, p=0.34). This
remained unchanged after 5 months in both groups (64.0
±2.9cm3, p=0.18 and 60.0±3.7cm3, p=0.32, respectively). At 12
months, there was major increase in pancreas volume in re-
sponders (59.6±3.3 to 65.9±3.6cm3, p<0.0001) while the change
was modest in non-responders (60.1±3.9 to 63.3±4.7cm3, p=0.06).
By 24 months pancreas volume had increased by 11.8cm3 in
responders compared with 4.5cm3 in non-responders (p=0.001).
Responders (HbA1c<48 mmol/mol) were characterized by a grad-
ual increase to normal of functional β-cell mass at 12 months
(0.60[0.13-1.95] nmol/min/m2 to 0.83[0.25-2.69] nmol/min/m2,
p<0.05). This was remained durable at 24 months (0.90 [0.18-
4.13] nmol/min/m2, p<0.05 vs. baseline). There was no change
in functional β-cell mass in non-responders (0.44[0.19-2.35] to
0.46[0.27-1.19] nmol/min/m2, p=0.77). Pancreas volume had not
changed in those who relapsed between 12- 24 months (n=13). In
this group, first phase insulin response was lost (0.10[0.054-
0.122] to 0.04[0.027-0.052] nmol/min/m2, p=0.012), but function-
al β-cell mass was retained (0.94 [0.31-2.7] to 1.0[0.45-1.85]
nmol/min/m2, p=0.41) at 24 months. Fat content of the pancreas
initially changed similarly in responders and non-responders (9.2
±0.5 to 8.1±0.5%, p<0.0001 and 7.6±0.5 to 6.7±0.4%, p=0.001).
However, after 2 years the change remained significant only in
responders (p<0.0001) . Responders los t 1 .56±0.3% of
intrapancreatic fat compared to 0.51±0.4% within the non-
responders (p<0.05). On the other hand, those who lost remission
re-accumulated much fat within the pancreas between 5-24
months (7.1±0.5 to 8.0±0.6%, p=0.03).
Conclusion: The low pancreas volume of type 2 diabetes is likely to be
related to insulin deficiency over many years of disease progression.
Long term restoration of β-cell function appears to have a trophic effect
on pancreatic tissues.
Clinical Trial Registration Number: 03267836
Supported by: Diabetes UK
Disclosure: A. Al-Mrabeh: None.
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Loss of fasting and post-load glucose control in non-diabetic subjects
are largely independent and are caused by distinct beta cell function
defects
A. Mengozzi1, D. Tricò2, A. Mari3, A. Natali1;
1University of Pisa, Pisa, 2Sant’Anna School of Advanced Studies, Pisa,
3National Research Council, Padua, Italy.

Background and aims: The mechanisms involved in the earliest derange-
ment of glucose homeostasis are not completely understood. Though it is
acknowledged that control of fasting and post-load glucose relies on different
mechanisms, few studies have clearly separated the two phenotypes. Our
study aims at defining the relevance of the mechanisms underlying the tran-
sition toward the pre-diabetic condition, separately for the two conditions.
Materials and methods: 1,320 healthy subjects of the Relationship be-
tween Insulin Sensitivity and Cardiovascular disease (RISC) study cohort
underwent OGTT for measurement of glucose tolerance and insulin secretion
(ISR); acute insulin response to i.v. glucose (AIR) was measured in 843
subjects. 1,038 subjects underwent a second OGTT after 3 years. β-cell
function was assessed by modelling of C-peptide and glucose during an
OGTT, obtaining four major variables: 1) glucose sensitivity: slope of the
ISR-glucose relationship; 2) potentiation factor: relative ISR potentiation dur-
ing the OGTT; 3) rate sensitivity: a dynamic component representing the
dependence of insulin secretion on the rate of change of glucose concentra-
tion; 4) ISR@5: ISR at 5.0 mM glucose. The cross-sectional analysis was
done separately on quintiles of fasting glucose and of incremental area under
the curve (∂AUC) of the OGTT. The prospective analysis was performed on
the progressors of either fasting (n=253) or ∂AUC (n=259).
Results: In the whole population, fasting plasma glucose was weakly related
to ∂AUC (stβ=0.09), while it correlated with two-hour plasma glucose
(stβ=0.29). The loss of fasting glucose control was characterized by a pro-
gressive (50%, p<0.0001) decline of ISR@5, coupled to a mild (15%,
p=0.0024) increase of potentiation and a mild (20%, p=0.0002) decrease in
AIR. In contrast, the loss of post-load glucose control was characterized by an
early and stable reduction (30%, p<0.0001) in potentiation, a progressive
(60%, p<0.0001) loss of glucose sensitivity, a peculiar transient increase in
rate sensitivity and a small (15%, p=0.0004) AIR reduction. Both transitions
were characterized by a continuous increase in insulin secretion (+50%,
p<0.001). Changes in fasting and ∂AUC glucose over 3 years were weakly
related (stβ=0.08). At follow-up, subjects with deterioration of fasting and
post-load glucose control displayed changes inβ-cell functions which closely
followed what observed in the cross-sectional data (Figure, lines for cross-
sectional data and arrows for prospective data).
Conclusion: Loss of fasting and post-load glucose homeostasis are large-
ly independent phenomena and despite a progressive increase in insulin
secretion each is characterized by specific and different β-cell function
defects that appear to gradually develop with different kinetics and with
no evident threshold while approaching the diabetic condition.

Disclosure: A. Mengozzi: None.

161
Mff mediates Drp1 dependent mitochondria adaptation that is im-
portant for responsivness of pancreatic beta cells
J. Schultz, C. Voigt, R. Waterstradt, M. Tiedge, S. Baltrusch;
Rostock University Medicine, Rostock, Germany.

Background and aims:Mitochondria form a cell-type specific dynamic
network that continuously adapts by fusion and fission events. Control of
mitochondrial morphology is crucial for pancreatic beta cell function. The
mitochondrial fission factor (Mff) regulates binding of cytosolic
dynamin-related protein 1 (Drp1) to mitochondria. Because constriction
of mitochondria is exclusively mediated by mitochondrial Drp1, this is a
key step towards mitochondrial division, but has not yet been adequately
explored. The aim of this study was to investigate the role of Mff in
pancreatic beta cells by down-regulation of the protein.
Materials and methods: Mff was knocked-down in MIN6 cells and
mouse islets using a specific siRNA. Mff gene and protein expression
was determined using quantitative RT-PCR and western blot analyses,
respectively. Glucose-stimulated insulin secretion was analysed by
ELISA and the ATP content by ATPlite assay. Cellular oxygen consump-
tion was measured with an optode sensor technology-based system.
Confocal microscopy was used to investigate mitochondrial membrane
potential and morphology after staining with TMRE and MitoTracker
Green or Tom20 immunofluorescence, respectively.
Results: Down-regulation of Mff resulted in significantly reduced gene and
protein expression compared to cells treated with control siRNA. A homog-
enous mitochondrial network structure was observed in MIN6 cells and
mouse pancreatic islet cells incubated with control siRNA. In contrast, cells
with down-regulated Mff expression exhibited mitochondrial clusters. We
also detected highly fragmented areas of the mitochondrial network. ATP
content and oxygen consumption were significantly reduced in MIN6 cells
after down-regulation of Mff compared to control treated cells. Additionally,
the mitochondrial membrane potential was significantly reduced in cells with
down-regulated Mff expression. Down-regulation of Mff resulted in an im-
paired glucose-stimulated insulin secretion whereas control cells showed a
normal secretory response to 25 mmol/l glucose.
Conclusion: We observed reduced mitochondrial activity and ATP pro-
duction as a consequence of transient Mff down-regulation that eventu-
ally resulted in loss of glucose responsiveness in pancreatic beta cells. Our
data emphasize the importance of Mff for pancreatic beta cell function.
Because we found an irregular mitochondrial morphology after Mff
down-regulation with clustered as well as fragmented mitochondria, we
suggest feedback mechanisms of Mff in Drp1 regulation in pancreatic
beta cell. Future work is required to fully elucidate the susceptibility of
the Mff - Drp1 axis finally resulting in pancreatic beta cell dysfunction.
Supported by: DDG
Disclosure: J. Schultz: None.
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Pancreatic fat associates with impaired insulin secretion in genetical-
ly predisposed individuals
B.A. Jaghutriz1, R. Wagner1, F. Gerst1, J. Machann2, F. Schick2, F.
Fend3, A. Königsrainer4, A. Peter5, D. Siegel-Axel1, S. Ullrich1, H.-U.
Häring1, A. Fritsche1, M. Heni1;
1Department of Internal Medicine, Division of Diabetology,
Endocrinology and Nephrology, Eberhard-Karls University Tübingen,
Tübingen, 2Section on Experimental Radiology, Eberhard-Karls
University Tübingen, Tübingen, 3Institute of Pathology and
Neuropathology, Eberhard-Karls University Tübingen, Tübingen, 46.
University Department of General, Visceral and Transplant Surgery,
Eberhard-Karls University Tübingen, Tübingen, 5Institute for Clinical
Chemistry and Pathobiochemistry, Department for Diagnostic
Laboratory Medi, Eberhard-Karls University Tübingen, Tübingen,
Germany.
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Background and aims: Pancreatic fat related beta-cell failure might play
a role in the pathophysiology of type 2 diabetes (T2D). We hypothesized
that the effect of pancreatic fat on beta-cell function depends on genetic
diabetes risk. To this end, we investigated the association of pancreatic fat
with insulin secretion in subjects with different genetic predisposition for
T2D cross-sectionally in two cohorts.
Materials and methods: A genome-wide polygenic risk score (gwPRS)
was computed combining summary statistics from a genome-wide asso-
ciation study with ~900.000 participants and 480.000 genetic variants in
our cohort. The interaction of MRI-measured pancreatic fat with gwPRS
was investigated in 360 non-diabetic participants using oral glucose tol-
erance test based secretion measures adjusted for potential confounders.
We also investigated the interaction of histologically quantified pancreatic
fat content and gwPRS on insulin secretion in 64 patients undergoing
pancreatectomy.
Results: While there was no association of pancreatic fat with insulin
secretion in the total cohort, pancreatic fat interacted with gwPRS on
insulin secretion (AUC0-30 C-peptide/AUC0-30 glucose, p=0.003). In par-
ticipants with low gwPRS pancreatic fat associated positively with insulin
secretion (β=0.091, p=0.007), whereas in participants with high gwPRS a
negative association with insulin secretion (β=-0.086, p=0.038) was
found. The interaction gwPRS⨉pancreatic fat was replicated in the pan-
createctomized cohort using histologically quantified pancreatic fat
(p=0.03). We found no association of pancreatic fat with insulin secretion
when gwPRSwas low, but a negative association for the cohort with high
gwPRS (β=-0.880, p=0.011).
Conclusion: The findings suggest that pancreatic fat impairs beta-cell
function in subjects at high genetic risk for diabetes.
Supported by: DZD; IMIDIA; RHAPSODY
Disclosure: B.A. Jaghutriz: None.
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Short-term dietary reduction of branched-chain amino acids reduces
meal-induced insulin secretion andmodifiesmicrobiome composition
in type 2 diabetes
Y. Karusheva1,2, T. van Gemert1,2, K. Strassburger1,2, D. Markgraf1,2, L.
Mastrototaro1,2, T. Jelenik1,2, M.-C. Simon1,2, O.-P. Zaharia1,2, K.
Bódis1,2, F. Bärenz3, D. Schmoll3, V. Burkart1,2, K. Müssig1,2, J.
Szendroedi1,2, M. Roden1,2;
1German Diabetes Center, Duesseldorf, 2German Center for Diabetes
Research (DZD), München-Neuherberg, 3Sanofi-Aventis Deutschland
GmbH, Industriepark Hoechst, Frankfurt, Germany.

Background and aims: Epidemiological studies showed that increased
circulating branched-chain amino acids (BCAA) associate with insulin
resistance and type 2 diabetes (T2D). BCAA-excess may result from
altered energy metabolism, perturbed BCAA metabolism or dietary
habits. We tested the hypothesis that a lower intake of BCAA improves
tissue-specific insulin sensitivity in T2D.
Materials andmethods: In a placebo-controlled, double-blinded cross-over
study 12 patients (8 male, 4 female; age 54±4 years, body mass index 30.8
±2.8 kg/m2, HbA1c 6.6±0.9%, 49±10 mmol/mol) with known T2D duration
of <5 years underwent a 4-week isocaloric diet with a constant protein intake
of 1 g/kg body weight. The diet consisted of either the complete amino acid
set (BCAA+) or a 60% reduction in BCAA (BCAA-) for 1 week, separated
by 1 week of wash-out. Tissue specific insulin sensitivity was assessed by
hyperinsulinemic-euglycemic clamp (HEC) and insulin secretion and sensi-
tivity were assessed by mixed-meal tolerance test (MMT). was quantified by
MMT. Mitochondrial efficiency was assessed from the respiratory control
ratio (RCR)measured by high-resolution respirometry in muscle and adipose
tissue biopsy samples. FGF 21 serum levels were quantified by ELISA.
Insulin activation pathways were assessed bywestern blot. Fecal microbiome
composition was analyzed by next generation sequencing.
Results:After BCAA- diet, serum levels of BCAAwere reduced by 17%
during fasting (p<0.001), by 13% during HEC (p<0.01) and by 62%
duringMMT (p<0.001). Under clamp conditions, whole-body and hepat-
ic insulin sensitivity did not differ between diets. After BCAA- diet,
however, oral glucose sensitivity index (OGIS) was 24% (p<0.01) and
the concentration of circulating fibroblast-growth factor (FGF) 21 in se-
rum was 21% higher (p<0.05), while meal-derived insulin secretion was
28% lower (p<0.05). Adipose tissue expression of the mechanistic target
of rapamycin (mTOR)was 13% lower, whereas RCRwas 1.7-fold higher
(both p<0.05). Fecal microbiome was enriched in Bacteroidetes but de-
pleted of Firmicutes.
Conclusion: Short-term dietary BCAA restriction decreases prandial insulin
secretion, and improveswhite adipose tissuemetabolism and gutmicrobiome
composition. Long-term studies will be needed to evaluate the safety and
metabolic efficacy of BCAA restriction in patients with diabetes.
Clinical Trial Registration Number: NCT03261362
Supported by: Sanofi-Aventis Deutschland GmbH
Disclosure: Y. Karusheva: None.
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Effect of the time of day of food intake and eating occasions on clock
gene mRNA expression, weight loss, HbA1c and overall glycaemia in
type 2 diabetes
D. Jakubowicz1, Z. Landau1, S. Tsameret2, J. Wainstein1, I. Raz3, B.
Ahren4, T. Ganz1, N. Chapnik2, M. Barnea5, N. Mor1, M. Menaged1, Y.
Bar-Dayan1, O. Froy2;
1Tel Aviv University, Tel Aviv, Israel, 2The Hebrew University of
Jerusalem, Rehovot, Israel, 3The Hebrew University of Jerusalem,
Jerusalem, Israel, 4Lund University, Lund, Sweden, 5Weizmann
Institute of Science, Rehovot, Israel.
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Background and aims: Circadian clock genes (CCG) regulation of glu-
cose metabolism, β cell secretion and insulin sensitivity, is optimized for
food consumption in the early hours of the day and for fasting and
sleeping in the evening and night. Meal timing not aligned with CCG
i.e. snacking or eating all day including in the evening, lead to disrupted
CCG, obesity and hyperglycemia. It was shown, that high-energy (E) and
carbohydrate (CH) breakfast, upregulated CCG (BMAL1, PER2, CRY1
and RORα) involved in β cell secretion, muscular glucose uptake and
hepatic glucose output, improving glucose, insulin and GLP-1 responses
after subsequent meals. Our aim was to study whether in T2D a diet
intervention (DI) with 3 meals and most CH shifted to the early hours
of the day (BDiet) will upregulate CCG, leading to more efficient weight
loss and glycemic control, compared to isocaloric DI with CH evenly
distributed in 3 small meals and 3 snacks throughout the day (AlldayDiet)
Materials and methods: Twenty-seven T2D, (age 68±9 yrs; BMI: 32.4±
5 kg/m2; T2D: 19±7 yrs ; HbA1c 8.2±1) were randomly assigned to 12
wk of either BDiet with high-E and CH breakfast and low CH dinner
(1600 ± 200 kcal, B:L:D: 50:33:17%) or AlldayDiet with calories and CH
evenly distributed along the day (1600 ± 200 kcal, B:L:D: 20:25:25% + 3
snacks 10% each). We assessed daily 24-h and nocturnal (00:00 to 06:00)
glycemia with continuous glucose monitoring (CGM), appetite, craving
and CCG mRNA expression in white blood cells at 8:00, 12:00, 15:30
and 23:00, at baseline and after 12 wk DI
Results: After 12 wk, BDiet vs AlldayDiet, led to greater weight loss (5.4
±0.9 vs.+0.26 ± 0.3 kg (p<0.05) and more reduction of HbA1c -1.2 ± 0.3%
(8.2 ± 1 to 7.0 ± 0.3%) vs -0.2 ± 0.4% (7.96 ± 1 to 7.7 ± 0.4 %) (p<0.05),
fasting glucose (165±7 to 110±6mg/dl vs 164±8 to 141±8 mg/dl) (p=0.005),
daily 24-hmean glucose by -40 ± 10mg/dl (169 ± 23 to 129 ±11mg/dl) vs. -
18 ± 16 mg/dl (174 ± 24 to 156 ± 20 mg/dl) (p<0.05) and mean nocturnal
glucose to 108.8±5 mg/dl vs. 141.3±13 mg/dl (p=0.03). BDiet decreased the
daily time spent in hyperglycemia (>180mg/dl) from 8h:59min (37%) to
3h:3min (13%) (p<0.01) and nocturnal time spent on hyperglycemia from
1h:18min (22%) to 20min (6%) (p<0.05) vs. no change in AlldayDiet
(p=0.06).OverallVAS100 hunger decreased by -18 ± 3 inBDiet, but increased
by 2 ± 1.7 in AlldayDiet (p<0.05). Craving scores (especially for CH/
starches) were augmented by 4 ± 5.1 with AlldayDiet while in BDiet were
reduced by -36 ± 7.7 (p<0.05). BDiet vsAlldayDiet, significantly upregulated
the oscillation and amplitude of BMAL1, PER2, CRY1 and RORα expres-
sion and RORα and SIRT1 relative levels (p<0.01)
Conclusion: BDiet with high-E and CH breakfast is more effective than
AlldayDiet with calories and CH spread throughout the day, for reduction
of weight, HbA1c, appetite and daily and nocturnal glycemia.
Upregulation of CCG expression in BDiet may enhance β cell secretion
and muscle and hepatic insulin sensitivity, leading to improvement daily
and nocturnal glucose metabolism. Shifting calories and CH to the early
hours of the day and fewer eating occasions, are effective strategies for the
management of type 2 diabetes
Clinical Trial Registration Number: NCT02709915
Supported by: HMI
Disclosure: D. Jakubowicz: None.
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Vitamin D supplementation and risk of diabetes: results from the
vitamin D and type 2 diabetes study
A.G. Pittas;
Tufts Medical Center, Boston, USA.

Background and aims: Observational studies support an inverse asso-
ciation between blood 25-hydroxyvitamin D concentration and risk of
type 2 diabetes; however, whether vitamin D supplementation lowers risk
of diabetes is unknown. The aim of the study was to test the efficacy and
safety of vitamin D supplementation in lowering risk of diabetes in adults
at high risk.
Materials and methods: The vitamin D and type 2 diabetes (D2d) study
was a multi-center, randomized, double-blind, placebo-controlled, event-

driven clinical trial to test whether 4,000 IU per day of vitamin D3

(cholecalciferol) reduces the risk of diabetes among adults at high risk
for diabetes, defined as meeting at least two of three glycemic criteria by
the American Diabetes Association criteria (fasting plasma glucose 5.6-
6.9 mmol/L; 2-hour plasma glucose after a 75-gram glucose load 7.8-11.1
mmol/L; hemoglobin A1c (HbA1c) 39-47 mmol/mol (5.7-6.4%).
Participants were allowed to take up to 1000 IU/d of vitamin D on their
own from supplements. The primary outcome was time from randomiza-
tion to incident diabetes by study-specific criteria, based on laboratory
criteria derived from glycemic testing done at each visit. Safety measures
were assessed at every visit.
Results: 2,423 adults at high risk for diabetes were randomized to vitamin
D (n=1,212) or matching placebo (n=1,211). Forty-five percent of the
cohort were women and 33 percent were non-white. Mean age was 59
years, BMI 32 kg/m2 and 25-hydroxyvitamin D was 27.8 ng/mL. Thirty-
five percent of the cohort met all three prediabetes criteria. The two
groups were well balanced at baseline. After a mean follow up of 2.5
years, the primary outcome occurred in 616 participants in the vitamin D
and placebo groups combined. The effect of vitamin D supplementation
on incident diabetes (as a binary outcome) and glucose values (as contin-
uous variables) will be presented at the meeting.
Conclusion: The D2d study will establish the safety of 4,000 IU/day of
vitamin D supplementation and whether it lowers risk of diabetes. The
study will inform about the natural history of prediabetes per contempo-
rary American Diabetes Association criteria.
Clinical Trial Registration Number: NCT01942694
Supported by: NIDDK, ODS, ADA
Disclosure: A.G. Pittas: None.
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Remission of type 2 diabetes and recovery of beta cell function one
year after sleeve gastrectomy or gastric bypass: a randomised clinical
trial
D. Hofsø1, F. Fatima1,2, H. Borgeraas1, M.C. Småstuen1, J.K. Hertel1,
K.I. Birkeland3,2, H.L. Gulseth4, T.G. Valderhaug5, L.K. Johnson1, N.
Nordstrand1, M. Svanevik6, R. Sandbu6, J. Hjelmesæth1,2;
1Morbid Obesity Centre, Vestfold Hospital Trust, Tønsberg, 2University
of Oslo, Institute of Clinical Medicine, 3Department of Transplantation,
Oslo University Hospital, Oslo, 4Department of Chronic Diseases and
Ageing, Norwegian Institute of Public Health, Oslo, 5Department of
Endocrinology, Division of Medicine, Akershus University Hospital
HF, Lørenskog, 6Department of Surgery, Vestfold Hospital Trust,
Tønsberg, Norway.

Background and aims: The effects of sleeve gastrectomy (SG) and
Roux-en-Y gastric bypass (RYGB) on glucose metabolism remain uncer-
tain. We aimed to compare the effects of these two bariatric procedures on
remission of type 2 diabetes and beta cell function.
Materials and methods: In this triple blinded, single-centre trial,
patients with severe obesity (BMI ≥ 35.0 kg/m2) and type 2 diabetes
were randomly assigned (1:1 ratio) to SG or RYGB. The two co-
primary outcomes one year after surgery were 1) the proportion of
participants with complete remission of diabetes (HbA1c ≤ 6.0 %
without the use of glucose lowering drugs), and 2) beta cell function
expressed as the disposition index (DI) modeled from an intrave-
nous glucose tolerance test. DI was calculated as the product of first
phase insulin secretion and insulin sensitivity. Remission rates were
compared both using a chi-square test (crude data) and mixed ef-
fects logistic regressions for repeated measures whereas changes in
continuous variables were compared using linear mixed effects
models for repeated measures.
Results: A total of 109 patients (63% women) were randomized and
allocated to SG (n=54) or RYGB (n=55), and 98% completed one year
follow-up. At baseline, mean (SD) age was 47.7 (9.6) years, BMI 42.3
(5.3) kg/m2 and HbA1c 8.2 (1.7)%. Remission of diabetes occurred in 26
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of 54 patients (48%) in the SG group and 40 of 53 patients (75%) in the
RYGB group; crude risk ratio (95% CI) 1.57 (1.14 to 2.15), P=0.005.
Estimated remission rates were comparable at the 5-week and 16-week
follow-up but differed significantly between groups at the 34-week and
the 52-week follow-up (Figure). Mean (95% CI) HbA1c was reduced by
2.2 (1.9 to 2.5) percentage points after SG and by 2.0 (1.7 to 2.3) per-
centage points after RYGB; difference -0.2 (-0.6 to 0.2) percentage
points. DI increased 6- to 7-fold from baseline in both groups, with no
between group difference; mean change (95% CI) 55 (-111 to 220),
P=0.41. Total weight loss was significantly greater after RYGB than after
SG; mean (95% CI) 29 (27 to 30)% versus 23 (21 to 24)%, respectively,
difference 6 (4 to 8)%.
Conclusion: In a randomized controlled trial patients with severe obesity
and type 2 diabetes who underwent Roux-en-Y gastric bypass were more
likely to achieve diabetes remission but had similar improvement of beta
cell function at one-year follow-up as compared with those who
underwent sleeve gastrectomy.

Clinical Trial Registration Number: ClinicalTrials.gov Identifier:
NCT01778738
Supported by: PhD-grant (FF) South-Eastern Norway Regional Health
Authority
Disclosure: D. Hofsø: None.
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Key role for glucose-alanine cycling in the regulation of hepatic mi-
tochondrial oxidation during starvation in humans
K. Falk Petersen, S. Dufour, G.W. Cline, G.I. Shulman;
Internal Medicine, Yale University, New Haven, USA.

Background and aims: We examined whether starvation alters rates of
hepatic mitochondrial oxidation in humans by applying a novel 13C
Positional Isotopomer NMR Tracer Analysis (PINTA) method to assess
rates of hepatic mitochondrial oxidation in fifteen healthy volunteers
following an overnight (12h) and a 60h fast.
Materials and methods: A 3h intravenous infusion of [3-13C]-L-lactate
(4.3 μmol/Kg-min), [1,2,3,4,5,6,6-2H7]-D-glucose (0.22 μmol/Kg-min),
and [13C4]-β-hydroxybutyrate (ΒOHB) (0.01 mg/Kg-min) was adminis-
tered and blood was collected for GC-MS, LC-MS/MS and 13C MRS
PINTA analyses.
Results: Following the 60h fast rates of endogenous glucose pro-
duction decreased by 27% (p=0.0002) and rates of hepatic mito-
chondrial oxidation decreased by 52% (p=0.0014) whereas rates
of hepatic pyruvate carboxylase flux remained unchanged. In or-
der to determine whether decreased rates of alanine turnover

during starvation plays a role in promoting decreased rates of
hepatic mitochondrial oxidation we infused [3-13C] alanine in a
subgroup of subjects and found that 60h of fasting promoted a
28% reduction in alanine turnover (p=0.044 vs. 12h fast). In
order to determine whether this reduction in alanine turnover
was responsible for the reduced rates of hepatic mitochondrial
oxidation we infused unlabeled alanine to a subgroup of nine
subjects in a repeat 60h fasting study to increase rates of alanine
turnover to rates measured after 12h of fasting and found that this
perturbation increased rates of hepatic mitochondrial oxidation by
63% (p=0.009 vs. 60h fast) to rates similar to the 12h fasting
state (60h+ala: 232±21 vs. 12h: 295±44 μmol/min, p=0.303).
Conclusion: These studies demonstrate that 60h of starvation in humans
induces marked reductions in rates of hepatic mitochondrial oxidation,
which in turn can be attributed to reduced rates of glucose-alanine
cycling.
Clinical Trial Registration Number: NCT 02193295
Supported by: Gilead-Yale Alliance
Disclosure: K. Falk Petersen: None.
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Comparative effects of proximal and distal small intestinal glucose
exposure on blood pressure, heart rate and mesenteric blood flow in
health and type 2 diabetes
T. Wu1,2, X. Zhang1,3, M. Horowitz1, K.L. Jones1, C.K. Rayner1;
1The University of Adelaide, Adelaide, Australia, 2Southeast University,
Nanjing, China, 3Shandong University, Jinan, China.

Background and aims: After a meal, the exposure of the small
intestine to nutrients (controlled by gastric emptying) and the con-
comitant increase in splanchnic blood flow frequently lead to a
reduction in blood pressure (BP) and, in some cases, postprandial
hypotension. The latter occurs in ~30% of people with type 2
diabetes (T2DM) and predisposes to syncope, falls, stroke, and
increased mortality. It remains unclear whether the region of the
gut exposed to nutrients influences postprandial cardiovascular re-
sponses. We have now evaluated the comparative effects of glu-
cose administered directly into the proximal or distal small intes-
tine on BP and heart rate (HR) responses in health and T2DM.
Materials and methods: 10 healthy male subjects (mean age: 45.2
± 7.8 yrs; BMI: 25.3 ± 1.3 kg/m2; HbA1c: 5.2 ± 0.1%) and 10
T2DM subjects (8 male; age: 67.3 ± 2.4 yrs; BMI: 28.5 ± 1.1 kg/
m2; HbA1c: 6.2 ± 0.2%, duration of known diabetes: 9.3 ± 1.9
yrs) were studied on two occasions. On each day, a transnasal
catheter was positioned with proximal and distal infusion ports
opening 10 cm and 190 cm beyond the pylorus. A glucose solu-
tion (30 g glucose dissolved in water to a volume of 120 mL)
was then infused into either site over 60 min (ie. 2 kcal/min) in
randomised order, while 0.9% saline was infused into the alternate
site. Systolic BP (SBP), diastolic BP (DBP), HR (automated de-
vice) and superior mesenteric artery (SMA) (Doppler ultrasound)
blood flow were measured frequently over 180 min
Results: SBP was unchanged in response to proximal and distal small
intestinal glucose infusion in healthy subjects, but decreased in T2DM
subjects (all P < 0.001). The magnitude of the reduction in SBP in the
latter group was greater after proximal vs. distal infusion (P = 0.01)
(Figure). DBP decreased slightly in response to both infusions (all P <
0.001), without any difference between treatments in either group. HR
increased in response to both infusions (all P < 0.001). The increment in
HR did not differ between treatments in healthy subjects, but was greater
after distal vs. proximal infusion in T2DM subjects (P = 0.02). SMA
blood flow increased in response to both infusions (all P < 0.001); the
increases were initially greater, but less sustained, with proximal vs. distal
infusion in healthy subjects (P < 0.001), a pattern that was less evident in
T2DM subjects (P = 0.09).
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Conclusion: In well-controlled T2DM, the fall in SBP is greater, and the
increase in HR less, in response to proximal than distal small intestinal
glucose infusion, suggesting that in this group postprandial hypotension
may be mitigated by diversion of nutrients from the proximal to the distal
small intestine.

Clinical Trial Registration Number: ACTRN12615001240538
Supported by: NHMRC and RAH Research Foundation
Disclosure: T. Wu: Grants; NHMRC, NSFC, RAH Research
Foundation.
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Circulating metabolites and the risk of type 2 diabetes: a prospective
study of 11,896 young adults from four Finnish cohorts
P. Würtz;
Nightingale Health, Helsinki, Finland.

Background and aims: Advances in metabolomics now allow high-
throughput biomarker profiling of large population studies. We aimed
to identify circulating metabolic biomarkers predictive of type 2 diabetes
in young adults.
Materials andmethods:Nuclear magnetic resonance metabolomics was
used to quantify 229 metabolic measures in 11,896 individuals from four
Finnish cohorts (mean age 33 years, range 24-45). Associations between
baselinemetabolites and risk of type 2 diabetes onset during 8-15 years of
follow-up (392 incident cases) were assessed by logistic regression ad-
justed for sex, age, body mass index, and fasting glucose.
Results: Out of 229 metabolic measures, 113 were associated with inci-
dent diabetes in meta-analysis of the four cohorts (P<0.0009; odds ratios
per 1-SD: 0.59-1.50). Among the strongest predictors of diabetes risk
were branched-chained and aromatic amino acids (odds ratios 1.31-
1.33), triglyceride fractions within the largest very-low-density lipopro-
tein particles (VLDL; odds ratios 1.33-1.50)), as well as linoleic omega-6
fatty acids (odds ratio 0.75) and free cholesterol in large high-density
lipoprotein particles (HDL; odds ratio 0.59). A biomarker score com-
prised of phenylalanine, free cholesterol in large HDL, and the ratio of
cholesteryl esters to total lipids in large VLDL was predictive of the risk
for future diabetes in an independent validation cohort (odds ratio 10.1
[95% confidence intervals 4.2-24.1] comparing individuals in upper vs
lower fifth of biomarker score). Adjustment for routine lipids and insulin
attenuated the odds ratio to 5.8 [2.2-15.1].
Conclusion: Metabolic aberrations across multiple molecular pathways
are predictive of the long-term risk of type 2 diabetes in young adults.
Comprehensive metabolic profiling may potentially help targeting pre-
ventive interventions for young asymptomatic individuals at increased
risk for type 2 diabetes.
Supported by: Academy of Finland
Disclosure: P. Würtz: Employment/Consultancy; PW is an employee of
Nightingale Health Ltd., a company offering NMR based metabolic pro-
filing. Stock/Shareholding; PW is a shareholder of Nightingale Health
Ltd., a company offering NMR based metabolic profiling.
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Deep serum proteomics reveal biomarkers and causal candidates for
type 2 diabetes
V. Gudmundsdottir1,2, V. Emilsson2,1, T. Aspelund2,1, M. Ilkov2, E.F.
Gudmundsson2, N. Zilhão1, L.J. Jennings3, V. Gudnason2,1;
1University of Iceland, Reykjavík, Iceland, 2Icelandic Heart Association,
Kópavogur, Iceland, 3GNF Novartis, San Diego, USA.

Background and aims: The emerging era of precision medicine calls for
the discovery of biomarkers of clinical value for prediction of type 2
diabetes, where causal biomarkers can furthermore suggest novel thera-
peutic targets. The aim of the current study was to utilize deep serum
proteomics data to identify biomarkers for prevalent and incident type 2
diabetes and apply Mendelian randomization analysis to prioritize causal
candidates.
Materials and methods: Serum levels of 4,137 human proteins were
measured with multiplex SOMAmer technology (SomaLogic, Inc.) in
the population-based AGES cohort of 5,438 Icelanders, of which 654
had prevalent type 2 diabetes. Of 2,940 individuals free of diabetes at
baseline who participated in a 5-year follow-up visit, 112 developed type
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2 diabetes within the study period. Protein associations with prevalent or
incident type 2 diabetes were evaluated with logistic regression adjusting
for age and sex and considered significant when Bonferroni-corrected P-
value < 0.05. LASSO penalized logistic regression analysis combined
with bootstrap resampling was applied to prioritize a panel of proteins
to predict incident type 2 diabetes and compared with a clinical model
using the variables from the Framingham Offspring Risk Score (FORS).
Two-sample Mendelian randomization analysis was performed integrat-
ing genetic instruments for protein levels identified in AGES with GWAS
summary statistics from the DIAMANTE consortium to identify causal
candidates for type 2 diabetes.
Results: We identified 520 and 99 proteins associated with prevalent or
incident type 2 diabetes, respectively, where 83 proteins were overlapping
(Fisher’s P = 7.2×10-63). Through LASSO analysis a panel of 20 protein
biomarkers was identified that predicted incident T2DM with an AUC =
0.91 which was a significant (P = 2.8×10-04) improvement over the
clinical model (AUC = 0.86). We obtained genetic instruments for 274
proteins, of which 55 were supported as potentially causal in a Mendelian
randomization analysis.
Conclusion:Our results demonstrate a major shift in the serum proteome
before and during the diabetic stage and suggest that a multivariate pre-
dictor of serum proteins may have clinically useful value for prediction of
type 2 diabetes, although our findings require replication in an indepen-
dent cohort. Furthermore, proteins supported as potentially causal in our
data could be of particular interest as novel therapeutic targets.
Supported by: Novartis Institutes for BioMedical Research and IRF
Disclosure: V. Gudmundsdottir: Grants; VG is supported by a grant
from the Icelandic Research Fund. Other; Protein measurements were
performed by Novartis.
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Combining different glycaemic global polygenic scores improves the
longitudinal prediction of type 2 diabetes in 21,802 participants from
the Partners Biobank
J. Mercader1,2, A. Leong3,4, V. Kaur2, B. Porneala5, M. Udler2,6, J.
Meigs5,4, J.C. Florez2,4;
1Programs in Metabolism and Medical & Population Genetics, Programs
in Metabolism and Medical & Population Genetics, Broad Institute of
Harvard and MIT, Cambridge, 2Diabetes Unit (Endocrine Division) and
Center for Genomic Medicine, Massachusetts General Hospital, Boston,
3Division of General Internal Medicine, Massachusetts General Hospital,
Boston, Massachusetts General Hospital, Boston, 4Department of
Medicine, Harvard Medical School, Boston, 5Division of General
Internal Medicine, Massachusetts General Hospital, Boston, 6Programs
in Metabolism and Medical & Population Genetics, Broad Institute of
Harvard and MIT, Cambridge, USA.

Background and aims: Hundreds of type 2 diabetes (T2D) associated
loci have been reported to date; yet, the ability for genetic markers to
predict incident disease remains modest. Recently developed methods
allow the inclusion of millions of variants to generation of global poly-
genic scores (GPSs), which show improved prediction over using only
genome-wide significant loci. Current GPSs developed for T2D cannot
distinguish between individuals who develop T2D due to insulin resis-
tance, impairment of beta-cell function, or both. We hypothesized that
combining GPSs from genome-wide association studies (GWAS) of T2D
and process-specific traits (i.e., homeostasis model assessment of beta-
cell function [HOMA-B] and homeostasis model assessment of insulin
resistance [HOMA-IR]) will improve the prediction of T2D.
Materials and methods: To test this hypothesis, we generated GPSs
based on T2D GWAS (6.9M variants), a GWAS of HOMA-B
(N=46,168, 1.9M variants), a GWAS of HOMA-IR (N=46,168, 1.8M
variants). We applied these three GPSs to Partners Healthcare Biobank
(PHBB, N=21,802), which contains blood and DNA samples linked with
longitudinal clinical data. Individuals were genotyped with the Illumina

Multi-Ethnic Genotyping Array, and imputation was done with the
Haplotype Reference Consortium panel after applying standard quality
control procedures. To determine whether the use of multiple GPSs im-
prove prediction of T2D, we constructed logistic regression models ad-
justed for age, sex and that included all three GPSs.
Results: T2DGPS andHOMA-IRGPSwere both independently associated
with T2D (OR per SD of T2D GPS =1.57, p=5×10-36 and OR per SD of
HOMA-IR =1.37, p=5×10-11, providing orthogonal information for T2D
prediction. Individuals at the top 2.5% of the GPS for T2D and HOMA-IR
were associated with OR=2.8 (p=5.8×10-8) and OR=2.65 (p=1.1×10-6), re-
spectively.We also observed that individuals at the intersection of the top 5%
percentiles of the T2DGPS andHOMA-IRGPS had a 6.27 times higher risk
for T2D (p=2.3×10-9) compared to those in the middle of the distribution,
suggesting that intersection of the tails of the GPS distributions for several
related traits can identify individuals with more extreme genetic risk for T2D.
Using Cox regression in a subset of 6,657 participants with 11 years of
follow-up, we found that individuals at the top 2.5% percentile of the T2D
GPSs had almost a three-fold risk for incident T2D over this time-period
(Hazard Ratio=2.89, p=4.3×10-7).
Conclusion: We showed that multiple T2D-related GPSs can improve
prediction of T2D in real-world patient data within a healthcare system.
This approachmay be enhanced as GWASdata from additional and larger
T2D and glycemic trait GWAS become available.
Supported by: American Diabetes Association
Disclosure: J. Mercader: None.
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Follistatin-a circulating biomarker for type 2 diabetes
C. Wu1, Y. Borné1, M. López Rodríguez2, K.L. Duffin3, R. Gao4, O.
Melander1, M. Orho Melander1, A. Shore5, F. Khan6, A. Natali7, J.
Nilsson1, A. Vaag8, M. Laakso2, L. Groop1, Y. De Marinis1;
1Lund University, Malmo, Sweden, 2University of Eastern Finland,
Kuopio, Finland, 3Lilly Research Laboratories, Indianapolis, USA,
4Shandong University, Jinan, China, 5NIHR Exeter Clinical Research
Facility, Devon, UK, 6Vascular & Inflammatory Diseases Research Unit,
Centre for Cardiovascular and Lung Biology, Dundee, UK, 7University of
Pisa School of Medicine, Experimental and Clinical Medicine, Pisa, Italy,
8IMEDIMED Biotech Unit, AstraZeneca, Gothenburg, Sweden.

Background and aims: Follistatin is a secreted protein from the liver
with multiple functions. In type 2 diabetes (T2D), plasma follistatin is
elevated and could play a role in T2D pathogenesis. We examined here
the potential of follistatin as a T2D biomarker.
Materials and methods: In non-diabetic participants from the Swedish
discovery cohort (n=4195), Cox proportional hazard regression was used
to study baseline follistatin in relation to future T2D incidence adjusted
for established confounders at baseline. The association between plasma
follistatin and diabetes progressionwas analyzed in an external US cohort
(n=152) by K-means clustering. GWAS was performed on the discovery
cohort (n=4239), and replicated in a separate cohort (n=885, UK, Italy
and Sweden). Finally, we examined the findings in vitro in a human
hepatocyte cell line HepG2.
Results: Individuals who developed T2D had elevated plasma follistatin
concentrations 4-20 years before T2D onset. GWAS in the discovery cohort
identified 13 genetic variants, including rs780094 (p=1.11E-11), rs780093
(p=1.91E-11) and rs1260326 (p=2.77E-11) in strong linkage disequilibrium
(LD) within the glucokinase regulatory protein (GCKR) gene to be associated
with plasma follistatin levels. The results were replicated in another cohort.
Regulation of follistatin production in liver cells by GCKRwas confirmed in
human HepG2 cells.
Conclusion: Plasma follistatin levels are elevated several years before T2D
onset. GCKR was identified as a main regulator of follistatin production.
Follistatin may therefore serve as a novel circulating biomarker for T2D.
Supported by: FP, VR, EFSD/MSD, SHLF, NSFC, JDRF
Disclosure: C. Wu: None.
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Incidence of drug-treated type 2 diabetes, cardiovascular events and
all-cause mortality according to weight changes of a cohort of people
at high risk of diabetes
R.Rintamäki1, N. Rautio2,3, M. Peltonen4, J. Jokelainen5,3, S. Keinänen-
Kiukaanniemi2, J. Saltevo6, H. Oksa7, T. Saaristo7, H. Puolijoki8, J.
Tuomilehto4,9, M. Uusitupa10,4, L. Moilanen1;
1Departement of Endocrinology and Clinical Nutrition, Kuopio
University Hospital, Kuopio, 2Centre for Life-Course Health Research,
University of Oulu, Oulu, 3Unit of Primary Health Care, Oulu University
Hospital, Oulu, 4National Institute of Health and Welfare, Helsinki,
5University of Oulu, Oulu, 6Central Finland Central Hospital,
Jyväskylä, 7Tampere University Hospital, Tampere, 8Southern
Ostrobothnia Central Hospital, Seinäjoki, 9University of Helsinki,
Helsinki, 10University of Eastern Finland, Kuopio, Finland.

Background and aims: The Finnish National Diabetes Prevention
Program (FIN-D2D)was the first large-scale diabetes prevention program
in primary health care setting in the world. The risk reduction in type 2
diabetes was 69% after one-year intervention in high-risk individuals who
were able to lose at least 5% of their weight. In this analysis we explored
long-term effects of one-year weight change on the incidence of type 2
diabetes, cardiovascular events, and all-cause mortality.
Materials and methods: A total of 10149 people at high risk for type 2
diabetes were identified mainly in primary health care centers and occu-
pational healthcare clinics participating in the FIN-D2D. They were of-
fered lifestyle intervention to prevent the progression to diabetes. Data on
weight change during one-year intervention were available for 2768 peo-
ple whowere followed-up for an average 7.4 years to assess the incidence
of drug-treated type 2 diabetes, cardiovascular events and all-cause mor-
tality. These outcome events were collected from national health registers.
Results: The hazard ratio for the incidence of drug-treated type 2 diabetes
was 0.60 (95% confidence interval (CI) 0.49-0.81, p=0.0001), and 0.71
(CI 0.56-0.90, p= 0.004) in personswho lost weight 2.5- 4.9% and 5% or
more, respectively, compared with those with stable weight when adjust-
ed for age, sex, and bodymass index at baseline (Figure 1). There were no
significant differences in cardiovascular events or all-cause mortality
among study participants according to one-year weight changes.
Conclusion: This study shows that individuals at high risk for type 2
diabetes who achieved a moderate weight loss by lifestyle counseling in
primary health care had a long term reduction in incidence of drug-
treated type 2 diabetes.

Supported by: Finnish Goverment Research Funding
Disclosure: R. Rintamäki: Grants; Finnish Goverment Research
Funding.
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Progress of the English National Health Service type 2 diabetes pre-
vention programme
J. Valabhji1, E. Barron2, D. Bradley1, C. Bakhai1, J. Fagg2, J. Smith2;
1NHS England, London, 2Public Health England, London, UK.

Background and aims: The increase in prevalence of Type 2 diabetes
has implications for sustainability of health systems internationally. In
Summer 2018 the National Health Service in England achieved universal
coverage with a Type 2 diabetes prevention programme (NHS DPP),
establishing England as the first country internationally to do so. We
aimed to evaluate data from the first 2.5 years of NHS DPP activity on
participant retention, weight loss and HbA1c reduction, and the partici-
pant characteristics associated with each.
Materials andmethods:Adults already identified to be at high risk, with
non-diabetic hyperglycaemia (HbA1c 42-47 mmol/mol (6.0-6.4%) or
fasting plasma glucose 5.5-6.9 mmol/l), are referred into the NHS DPP,
which delivers behavioural interventions that enable weight loss, in-
creased physical activity and improved nutrition through a minimum of
13 face-to-face group-based sessions, over at least 9 months, constituting
at least 16 hours of contact time. Providers of interventions are required to
collect a minimum dataset comprising participant demographic and clin-
ical information. This evaluation uses data submitted by providers cov-
ering referrals from programme inception in June 2016 to the end of
December 2018.
Results: By end of December 2018, there were 324,706 people referred,
of which 152,294 had attended an initial assessment and 96,442 had
attended at least one of the group-based intervention sessions. Allowing
sufficient time to elapse, the proportions of all those referred reaching
Programme stages were: 53% attended initial assessment; 36% attended
at least one group-based intervention session; and 19% completed the
intervention (defined as attending 60% or more of sessions). Of the
32,665 that had attended at least one intervention session and had had
sufficient time to finish the Programme, 17,252 (53%) completed. The
mean (SD) weight at baseline was 83.4 (18.5) kg and the mean (SD)
HbA1c at referral was 43.7 (1.5) mmol/mol. Completer analysis demon-
strated mean weight loss of 3.3 (95%CI: 3.2-3.4) kg and mean HbA1c
reduction of 2.0 (1.9-2.1) mmol/mol. Intention-to-treat analyses (using
first and last recorded values) demonstrated mean weight loss of 2.3
(2.2-2.3) kg and mean HbA1c reduction of 1.2 (1.2-1.3) mmol/mol. In
a mixed-effects logistic regression analysis, younger age, Asian ethnicity,
lower socioeconomic status and baseline obesity predicted poorer com-
pletion rates. In a mixed-effects linear regression analysis: younger age,
Asian and black ethnicity, lower socioeconomic status and normal base-
line body-mass index predicted less weight loss; older age, Asian and
black ethnicity and baseline overweight and obesity predicted smaller
HbA1c reduction.
Conclusion: This is the largest cohort of diabetes prevention pro-
gramme participants reported and provides unique data on partic-
ipant characteristics and their associations with retention, weight
loss and HbA1c reduction. In light of these data, and in order to
address health inequalities, henceforth a proportion of provider
remuneration will be directly linked to intervention completion
for those of black, Asian and minority ethnicity, those of more
deprived socioeconomic status, and those who are obese. For
those who decline or fail to attend face-to-face interventions, a
group in which younger people are over-represented, digital
modes of programme delivery will be offered. A major uncon-
trolled pilot of such digital interventions is underway as part of
the NHS DPP.
Disclosure: J. Valabhji: None.
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Fatty liver index is a strong predictor of changes in glycaemic status
in people with prediabetes: the IT-DIAB study
M. Pichelin1, M. Wargny1, S. Smati1, E. Bigot-Corbel1, C. Authier2, V.
Dierry1, Y. Zair1, V. Jacquin1, S. Hadjadj1, J. Boursier3, B. Cariou1;
1Institut du Thorax, INSERM, CNRS, CHU Nantes, Nantes, 2Centre
d’examens de la Caisse Primaire d’Assurance Maladie de Loire-
Atlantique, Nantes, 3Hepatology Department, Angers University
Hospital, Angers, HIFIH Laboratory, UPRES 3859, SFR 4208, Angers
University, Angers, France.

Background and aims: In patients at metabolic risk, nonalcoholic fatty
liver disease is a strong and highly prevalent predictor for type 2 diabetes.
Its assessment in clinical practice is not easy but the FLI could be used as
a surrogate. Here, we studied the association between the fatty liver index
(FLI) and the conversion to new-onset diabetes (NOD) or prediabetes
reversion in patients with prediabetes.
Materials and methods: The IT-DIAB observational study included
389 individuals with prediabetes, defined as fasting plasma glu-
cose (FPG) between 110 and 125 mg/dL. NOD conversion was
defined as a first FPG value ≥ 126 mg/dL and prediabetes rever-
sion as a first FPG value < 110 mg/dL. The associations of both
events with baseline FLI were studied separately using multivari-
ate Cox models.
Results: After a median follow-up of 3.9 years (range 0.1-6.1),
138 individuals (35.5%) converted to NOD. FLI was associated
with a higher risk of NOD conversion (unadjusted HR per SD =
1.54, 95%CI 1.27-1.86, p<0.0001), even after multiple adjustment
on FPG, HbA1c and diabetes risk score (adjusted HR per SD
1.31, 95%CI 1.07-1.61, p=0.008). FLI was also associated with
prediabetes reversion: adjusted HR per SD = 0.85, 95%CI 0.75-
0.96, p=0.0077. Changes in FLI were significantly associated with
changes in FPG during follow-up (p<0.0001) (figure 1). The pre-
dictive value for NOD conversion was not significantly better for
HOMA-IR compared to FLI (AUROC: 69.3 vs 63.7%, p=0.067).
Conclusion: FLI is a simple, practical score to stratify the risk of
conversion to NOD or the possibility of prediabetes reversion in
clinical practice.

Clinical Trial Registration Number: NCT01218061
Supported by: OSEO-API
Disclosure:M. Pichelin: Grants; BPIFrance, Genfit.
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Cluster analysis reveals distinct risk profiles for liver steatosis and
fibrosis as well as neuropathy in newly diagnosed diabetes
O.P. Zaharia1,2, K. Strassburger3,2, A. Strom1,2, G.J. Bönhof1,2, Y.
Karusheva1,2, K. Bódis1,4, J.-H. Hwang1,2, E. Ahlqvist5, L. Groop5, K.
Müssig1,4, V. Burkart1,2, O. Kuß3,2, D. Ziegler1,4, J. Szendroedi1,4, M.
Roden1,4;
1Institute for Clinical Diabetology, German Diabetes Center, Leibniz
Center for Diabetes Research at Heinrich Heine University, Düsseldorf,
Germany, 2German Center for Diabetes Research (DZD), München-
Neuherberg, Germany, 3Institute for Biometrics and Epidemiology,
German Diabetes Center, Leibniz Center for Diabetes Research at
Heinrich Heine University, Düsseldorf, Germany, 4Division of
Endocrinology and Diabetology, Medical Faculty, Heinrich Heine
University, Düsseldorf, Germany, 5Lund University Diabetes Centre,
Department of Clinical Sciences, Lund University, Skåne University
Hospital, Malmö, Sweden, Malmö, Sweden.

Background and aims: Cluster analysis using age, BMI, glycemia and
homeostasis model estimates (HOMA-IR, -B) identified risk profiles for
the progression of diabetic nephropathy in large cohorts, but its relevance
for other diabetes-related comorbidities remains unclear. We aimed to (i)
examine whether intensified phenotyping would confirm the results of
this cluster analysis and (ii) test the hypothesis that liver fat content
(HCL), as marker of non-alcoholic fatty liver disease (NAFLD), and the
prevalence of diabetic neuropathy differ among clusters at diabetes diag-
nosis and during follow-up.
Materials and methods: This cluster algorithm was applied to recent-
onset patients with non-autoimmune diabetes of the German Diabetes
Study. We identified 286 mild age-related (MARD, 44%), 268 mild
obesity-related (MOD, 42%), 66 severe insulin-resistant (SIRD, 10%)
and 27 severe insulin-deficient (SIDD, 4%) diabetes patients. Whole-
body insulin sensitivity was assessed by hyperinsulinemic-euglycemic
clamps, HCL by magnetic resonance spectroscopy, hepatic fibrosis from
the NAFLD-FS score and peripheral diabetic neuropathy using functional
and clinical criteria.
Results:Whole-body insulin sensitivity was indeed lowest in SIRD com-
pared to MOD, SIDD and MARD (4.3±2.0 vs. 5.6±2.4, 6.5±2.6, and 7.6
±2.8 mg*kg-1*min-1, all p<0.05). In SIRD, HCL (14±4%) was markedly
higher than in SIDD (5±2%), MOD (9±1%) and MARD (7±1%) (all
p<0.05). Overall, HCL negatively correlated with whole-body insulin
sensitivity (r=-0.30, p<0.05). NAFLD-FSwas highest in SIRD (0.4) com-
pared to SIDD (-2.9), MOD (-0.8) and MARD (-0.8) (all p<0.05). At the
5-years follow-up (n=159), whole-body insulin sensitivity remained low-
est in SIRD and MOD (p<0.05 vs. all clusters). Also, significant fibrosis
(NAFLD-FS >0.6) was highest in SIRD (21%) compared to SIDD (0%),
MOD (16%) andMARD (11%). The prevalence of peripheral neuropathy
was at least twice as high in SIDD (38%) compared to the other clusters
(8-15%; all p<0.05).
Conclusion: Patients with SIRD exhibit higher prevalence of steatosis at
diagnosis and increased risk of NAFLD progression over 5 years, whereas
those with SIDD have increased risk of diabetic neuropathy. These results
warrant early, intensified prevention of complications in patients at risk.
Clinical Trial Registration Number: NCT01055093
Supported by: BMBF, DZD
Disclosure: O.P. Zaharia: None.
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Effect of exenatide and dapagliflozin combination on non-alcoholic
fatty liver disease in type 2 diabetes
C. Guja1, E. Repetto2, E. Hardy2, S.A. Jabbour3, E. Ferranini4, A.
Gastadelli4;
1Carol Davila University of Medicine and Pharmacy, Bucharest,
Romania, 2Astrazeneca, Gaithersburg, USA, 3Sidney Kimmel Medical
College of Thomas Jefferson University, Philadelphia, USA, 4Institute
of Clinical Physiology CNR, Pisa, Italy.

Background and aims:Approximately 50% of obese patients with T2DM
have non-alcoholic fatty liver disease (NAFLD), despite exhibiting liver en-
zymes within normal ranges. Recent evidence suggests that glucagon-like
peptide-1 receptor agonists (GLP-1RAs) and sodium-glucose cotransporter-
2 (SGLT2) inhibitorsmay be effective for improvingNAFLD in patientswith
T2DM; however, the effect of GLP-1RA plus SGLT2 inhibitor combination
therapy on NAFLD has not been evaluated.
Materials and methods: This is a post hoc analysis of DURATION-8 trial,
an 104-week study that evaluated the effects of exenatide once weekly
(ExQW) plus dapagliflozin (Dapa) once daily versus ExQW plus placebo
and Dapa plus placebo in 695 patients with poorly controlled T2DM on
metformin monotherapy. The main aim was to assess the impact of the study
treatments on NAFLD biomarkers for fatty liver/steatosis (fatty liver index
[FLI] and NAFLD liver fat score [NLFS]) and for liver fibrosis (NAFLD
fibrosis score [NFS] and Fibrosis-4 index [FIB-4]) at weeks 28 and 52. We
also assessed the impact on insulin resistance, including HOMA-IR and
adipose tissue insulin resistance (Adipo-IR).
Results: In patientswith available data at baseline, >81%of patients had fatty
liver/steatosis (FLI ≥60 and/or NLFS >-0.640) and >9% of patients had liver
fibrosis (NFS>0.676 and/or FIB-4 ≥1.46). At week 28 and 52, the proportion
of patients with positive biomarker scores for fatty liver/steatosis (FLI ≥60
and NLFS >-0.640) was reduced from baseline with ExQW plus Dapa and
improvements in insulin resistance (HOMA-IR and Adipo-IR) were ob-
served. Greater treatment effects were observed at week 28 for reduction in
fatty liver/steatosis (FLI) with ExQW plus Dapa versus ExQWalone (-2.92
[95% CI −5.11, −0.73]; p=0.009) and Dapa alone (−2.77 [95% CI −4.93, -
0.62]; p=0.012), and at week 52 for ExQW plus Dapa versus ExQW alone
(−3.23 [95% CI −5.79, −0.68]; p=0.013). Reductions in biomarkers of liver
fibrosis (NFS and FIB-4)were also observedwith ExQWplusDapa at weeks
28 and 52. Change in Adipo-IR was correlated with biomarkers of fatty liver/
steatosis (FLI and NLFS) at week 52.
Conclusion: The current data show beneficial effects of ExQW plus
Dapa combination in improving fatty liver and fibrosis in patients with
T2DM; however, a specific prospective trial would be required to validate
these findings and to consider this association as a potential treatment
approach for NAFLD.
Supported by: AstraZeneca
Disclosure: C. Guja: Employment/Consultancy; AstraZeneca. Lecture/
other fees; AstraZeneca.
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Effects of tirzepatide (TZP), a novel dual GIP and GLP-1 receptor
agonist, on biomarkers of non-alcoholic steatohepatitis (NASH) in
patients with type 2 diabetes
A. Haupt1, A. Sanyal2, R. Loomba3, J. Wilson1, R. Bray1, A.
Nikooienejad1, K. Duffin1, D. Robins1, M. Hartman1;
1Eli Lilly and Company, Indianapolis, 2Virginia Commonwealth
University, Richmond, 3Univeristy of California San Diego School of
Medicine, San Diego, USA.

Background and aims: Nonalcoholic fatty liver disease (NAFLD) is
common in patients with type 2 diabetes (T2D) and increases the risk
of NASH and cirrhosis. In a Phase 2 trial, TZP significantly reduced
HbA1c and body weight at 26 weeks (≥37% achieved 10% weight loss
at 2 highest doses). Because of the overlap of T2D and NAFLD

populations, we measured several NASH related biomarkers to explore
whether TZP may have potential efficacy in NASH.
Materials and methods: Patients with T2D were randomly assigned
(1:1:1:1:1:1) to receive either once-weekly s.c. TZP (1, 5, 10, or 15
mg), dulaglutide (1.5 mg), or placebo for 26 weeks. The NASH bio-
markers included: alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), Keratin-18 M30 fragment (K-18, apoptosis marker;
Peviva), Pro-C3 (fibrosis marker, a fragment of the NH2-terminal
propeptide of type III procollagen; Nordic Bioscience), and adiponectin
(adipokine that protects liver from inflammation and fibrosis; Pacific
Biomarkers). Results (Table) were analysed in a modified intent-to-treat
population using a mixed model for repeated measures.
Results: Significant (p<0.05) decreases from baseline with TZP occurred
in ALT (all doses), AST (1, 5, 15 mg), K-18 (5, 10, 15 mg) and Pro-C3
(15 mg); decreases were significant for TZP vs placebo in K-18 (10 mg)
and Pro-C3 (15 mg), and for TZP vs dulaglutide in ALT (10, 15 mg).
Increases in adiponectin with TZP were significant compared to placebo
for 10 and 15 mg.
Conclusion: Further evaluation of TZP in patients with NASH is war-
ranted. Note: This abstract was previously accepted for presentation at the
79th Scientific Sessions of the AmericanDiabetes Association, June 7-11,
2019, San Francisco, CA.

Clinical Trial Registration Number: NCT03131687
Supported by: This work was funded by Eli Lilly and Company.
Disclosure: A. Haupt: Employment/Consultancy; Eli Lilly and
Company. Stock/Shareholding; Eli Lilly amd Company.
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Efficacy of cenicriviroc (CVC) in adults with NASH-induced liver
fibrosis
H. Landgren1, N. Alkhouri2, R. Charlton3, E. Martins3, A. Coviello4, M.
Abdelmalek4;
1Allergan plc, Marlow, Buckinghamshire, UK, 2Texas Liver Institute,
San Antonio, USA, 3Allergan plc, South San Francisco, USA, 4Duke
University, Durham, USA.

Background and aims: Nonalcoholic steatohepatitis (NASH) is consid-
ered to be a hepatic manifestation of type 2 diabetes and can progress to
advanced fibrosis (AF), associated with a significant increase in morbid-
ity and mortality. Cenicriviroc (CVC) is an oral C-C chemokine receptor
2/5 antagonist being evaluated to treat liver fibrosis in adults with NASH.
This study describes antifibrotic effects seen in the Phase 2b CENTAUR
study overall and those with AF (Stage 3 [F3]) specifically.
Materials and methods:Adults with confirmed NASH, nonalcoholic fatty
liver disease activity score ≥4, and liver fibrosis Stages F1-3 (NASH Clinical
ResearchNetwork) receivedCVC150mgdaily (ArmA) or placebo (ArmC)
for 2 years; Arm B received placebo in Year 1 and CVC in Year 2. Liver
biopsies were assessed blind at baseline, Year 1, and Year 2 by a central
pathologist. Improvements in fibrosis and serum inflammatory markers were
assessed in subjects with evaluable biopsies at baseline, Year 1, and Year 2
(modified intent-to-treat [mITT] population).
Results: Of 289 adults randomised (mean age 54 years, mean BMI 33.9 kg/
m2, 52.0% diabetes), 28.6% (36/126) vs 19.0% (24/126) achieved ≥1-stage
fibrosis improvement at Year 1 in CVC vs placebo arms (mITT) overall. Of
97 AF subjects at baseline (mean age 57.8 years, mean BMI 34.1 kg/m2,
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69.0% diabetes), 38.3% (18/47) vs 28.0% (14/50) achieved this endpoint in
CVC vs placebo arms (mITT). Overall, 60.0% (18/30) in Arm A vs 30.0%
(3/10) in Arm Cmaintained benefit at Year 2 (mITT). In AF subjects, 85.7%
(12/14) in Arm A vs 60.0% (3/5) in Arm C maintained benefit at Year 2
(mITT). Greater reductions in high-sensitivity C-reactive protein, fibrinogen,
interleukin (IL)-6, IL-8, and IL-1βwere observed with CVC. In AF subjects,
these changes were more pronounced. Overall and with AF, adverse events
were comparable for CVC and placebo; no deaths occurred.
Conclusion: CVC was well tolerated and provided antifibrotic benefit in
adults with NASH and fibrosis, especially those with AF. Most subjects
achieving ≥1-stage fibrosis improvement at Year 1 maintained benefit at
Year 2, with reductions in inflammatory biomarkers, supporting the on-
going Phase 3 study of CVC in NASH.
Clinical Trial Registration Number: NCT02217475
Supported by: Editorial assistance by Complete HealthVizion, sponsored
by Allergan plc.
Disclosure: H. Landgren: Employment/Consultancy; Employee of
Allergan plc.

180
Effect of a portfolio diet targeting multiple dietary components on
liver fat content in individuals with type 2 diabetes: an 8-week
randomised controlled clinical trial
G. Della Pepa1, L. Bozzetto1, C. Vetrani1, S. Monti2, M. Vitale1, A.
Izzo1, G. Lombardi1, M. Tommasone1, G. Clemente3, G. Annuzzi1, M.
Mancini4, P. Mirabelli2, M. Salvatore2, G. Riccardi1, A.A. Rivellese1;
1Department of Clinical Medicine and Surgery, Federico II University,
Naples, 2Istituto di Ricovero e Cura a Carattere Scientifico, SDN, Naples,
3Institute for Research on Population and Social Policies, National
Research Council, Fisciano, 4Institute of Biostructure and Bioimaging,
National Research Council, Naples, Italy.

Background and aims:Beside energy intake, different dietary com-
ponents may influence liver fat deposition. High intakes of mono-
unsaturated fatty acids (MUFA), n-3 and n-6 polyunsaturated fatty
acids (PUFA), polyphenols, low glycaemic index foods and die-
tary fibre may beneficially influence liver fat content. The aim of
this randomized controlled trial was to evaluate in individuals
with type 2 diabetes whether a Portfolio diet (PORTdiet),
targeting all these beneficial dietary components, could be more
effective on liver fat than a diet only rich in MUFA (MUFAdiet)
already proven to reduce liver fat.
Materials and methods:According to a parallel group design, fifty
overweight/obese individuals with type 2 diabetes, 35-75 years-
old, in satisfactory blood glucose control with diet or drugs not
affecting liver fat content, were randomized, after a 3-week run-
in, to a PORTdiet or MUFAdiet similar for energy content and
macronutrients composition. The PORTdiet was higher in fibre,
polyphenols, vitamins, and n-3 and n-6 PUFA, and lower in
glycaemic index than the MUFAdiet. Before and after the 8-
week intervention, liver fat content was evaluated by magnetic
resonance spectroscopy (1H-MRS) and fasting blood samples were
collected for measuring metabolic parameters. The main foods
characterizing the two diets were provided to the participants.
Six individuals discontinued the study for different reasons
(MUFAdiet, n=4; PORTdiet, n=2), and two are still on going.
This preliminary analysis reports on 38 subjects (MUFAdiet,
n=21; PORTdiet, n=17) for which 1H-MRS is available.
Results: Adherence to dietary interventions − evaluated by repeated
7-day food records − was optimal. A slight reduction of body weight
was observed, of the same degree, with MUFAdiet or PORTdiet (-
1.2±1.3 vs. -1.2±2.1 kg, p=0.951). No significant differences between
groups in plasma glycated hemoglobin, insulin, glucose, lipids and
liver enzymes were observed. Liver fat decreased significantly with
the MUFAdiet (9.5±8.9 vs.8.1±8.5%, p=0.027) or PORTdiet (8.8±7.9

vs. 4.9±4.7%, p=0.003), with a significant difference between effects
in the two groups (p=0.043) for dietXtime interaction by two-way
repeated-measures ANOVA.
Conclusion:An isocaloric PORTdiet including several beneficial dietary
components reduced liver fat (-40%) significantly more than aMUFAdiet
(-19%). These results are clinically relevant for the nutritional manage-
ment of fatty liver in type 2 diabetes, suggesting that the “optimal diet”
should be based on synergic and/or complementary actions of different
dietary components likely acting on multiple pathways.
Clinical Trial Registration Number: NCT03380416
Disclosure: G. Della Pepa: None.
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Ultra rapid lispro (URLi) improves postprandial glucose (PPG) con-
trol vs lispro in type 1 diabetes: PRONTO-T1D study
D. Dahl1, D. Cao2, M. Dellva2, J.A. Tobian2, J. Miura3, L. Klaff4, J.M.
Bue-Vallesky2;
1Gemeinschaftspraxis für Innere Medizin und Diabetologie, Hamburg,
Germany, 2Eli Lilly and Company, Indianapolis, USA, 3Tokyo
Women's Medical University, Tokyo, Japan, 4Rainier Clinical Research,
Renton, USA.

Background and aims: URLi is a novel prandial insulin lispro formulation
developed to more closely match physiological insulin secretion. This phase
3, 26-week trial evaluated the efficacy and safety of URLi vs. lispro in adults
with type 1 diabetes (T1D). The primary endpoint was HbA1c change from
baseline after 26 weeks of treatment, with multiplicity adjusted objectives for
PPG excursions after a standardised liquid test meal.
Materials and methods: After an 8-week lead-in period to optimise basal
insulin glargine or degludec, 1222 patients were randomised to double blind
URLi (n=451) or lispro (n=442) given 0-2minutes before the start of themeal
(Mealtime), or open-label URLi (n=329) given 20 minutes after the meal
(URLi +20).
Results: Study participants at entry had mean ± SD age, 44.4 ± 13.8 years;
BMI, 26.6 ± 4.4 kg/m2; and diabetes duration 18.9 ± 12.0 years. HbA1c

change from baseline after 26 weeks of treatment with Mealtime URLi dem-
onstrated non-inferiority (NI) to Mealtime lispro, with an estimated treatment
difference (ETD) -0.8mmol/mol (-0.08%)with 95%CI -1.7 to 0.0mmol/mol
(-0.16 to 0.00%), p=0.06 (Figure). NI for URLi +20 vs. Mealtime lispro was
also shown: ETD +1.4 mmol/mol (+0.13%) with 95% CI 0.5 to 2.4
mmol/mol (0.04 to 0.22%), p=0.003. Mealtime URLi was superior to
Mealtime lispro in controlling 1- and 2-h PPG excursions during the
standardised test meal (Figure). URLi+20 provided similar PPG control dur-
ing the testmeal compared toMealtime lispro, but was less optimal compared
to Mealtime URLi. Prandial and basal insulin doses were not significantly
different between treatment groups. No significant differences were seen
between Mealtime URLi and Mealtime lispro in rate or incidence of severe
hypoglycaemia; overall daily or postprandial hypoglycaemia (<3.0 mmol/L
[54 mg/dL]) <4 h after meals, but Mealtime URLi had a 37% lower
hypoglycaemia rate in the period >4 h after meals, (p=0.013). Overall, the
incidence of treatment-emergent adverse events was similar between groups.
Conclusion: URLi was efficacious with a similar safety profile to lispro
and, when given at the start of the meal, provided superior PPG control
vs.Mealtime lispro. Although postmeal URLi is an efficacious option and
non-inferior to Mealtime lispro, optimal glucose control was achieved
with URLi dosed at the start of the meal.

Clinical Trial Registration Number: NCT03214367
Supported by: Eli Lilly and Company
Disclosure: D. Dahl: None.

182
Ultra rapid lispro (URLi) lowers postprandial glucose (PPG) and
more closely matches normal physiological glucose response com-
pared to other rapid insulin analogues
T. Heise1, H. Linnebjerg2, D. Cao2, D.E. Coutant2, E. Smith LaBell2, S.
Reddy2, S. Bowerman2, E. Zijlstra1, C. Kapitza1, J.M. Bue-Vallesky2, Q.
Zhang2, J.K. Leohr2;
1Profil, Neuss, Germany, 2Eli Lilly and Company, Indianapolis, USA.

Background and aims: URLi is a novel prandial insulin lispro formulation
developed to more closely match physiological insulin secretion. This study
compared the pharmacokinetic (PK) and glucodynamic (GD) profiles of
URLi, insulin lispro (IL), insulin aspart (IA) and fast-acting insulin aspart
(FA) during a standardised mixed meal tolerance test (MMTT) in patients
with type 1 diabetes (T1D). A non-diabetic healthy subject cohort
characterised the insulin secretory response to a standardised MMTTwithin
normal physiology.
Materials and methods: This was a randomised, 4-period, double-blind
crossover study, with a 2-week lead-in period on IL and insulin glargine, in 68
patients with T1D (mean ± SD age, 46.1 ± 13.3 years; HbA1c, 56.3 ± 9.8
mmol/mol [7.3 ± 0.9%]; BMI, 25.8 ± 2.4 kg/m2). Patients received a single
individualised s.c. dose of URLi, IL, IA or FA, injected immediately before
the start of a 5-hour MMTT (liquid test meal ~100g carbohydrate) for each
crossover period. Dose-finding assessment determined an individualised dose
to cover the carbohydrate content ofMMTT for each patient, whichwas used
for all 4 study periods. Prior to dosing, patient’s fasting blood glucose levels
were stabilised to 7.5 ± 0.8mmol/L. In addition, 12 subjects (mean ± SD age,
32.9 ± 7.8 years; BMI, 25.4 ± 1.8 kg/m2) participated in the study and
received the same test meal but no exogenous insulin.
Results: URLi had the fastest insulin absorption: early half maximal drug
concentration was reached at 13 min (URLi), 19 min (FA), 25 min (IL), and
27 min (IA) (p<0.05, URLi vs. other insulins). Early insulin exposure was
greater with URLi: 1.5-fold vs. FA, 5-fold vs. IL, and 5-fold vs. IA in the first
15min after dose (all p<0.002). Late insulin exposure (2 h to 7 h)was reduced
with URLi: 37% vs. FA, 30% vs. IL, and 45% vs. IA (all p<0.001). PPG
excursions at 1 h post-meal were reduced with URLi by 1.4 mmol/L vs. IL
(p<0.0001); 1.7 mmol/L vs. IA (p<0.0001); 0.6 mmol/L vs. FA (p=0.06).
URLi significantly reduced PPG excursions up to 4 h post-meal by 47% vs.
IL (p=0.0098) and 52% vs. IA (p=0.0021) (Figure). In addition, URLi’s PPG
profile more closely matched that of healthy subjects in the first 2 hours post-
meal (Figure). Number of hypoglycaemic events was similar between insu-
lins during the test meal.
Conclusion: URLi demonstrated the fastest insulin absorption and
the lowest PPG compared to all insulins tested, and more closely
matched the normal physiological profile of nondiabetic subjects.

Clinical Trial Registration Number: NCT03449433
Supported by: Eli Lilly and Company
Disclosure:T.Heise:Grants; Eli Lilly andCompany, Adocia, Boehringer
Ingelheim, Dance Pharmaceuticals, Gan& Lee Pharmaceuticals, Johnson
& Johnson, Mars, Medimmune, Mylan, Nordic Bioscience, Novo
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Nordisk, Pfizer, Poxel, Saniona, Sanofi, Wockhardt, Zealand Pharma.
Honorarium; Eli Lilly and Company, Novo Nordisk.

183
Technosphere insulin provides better early postprandial glucose con-
trol than s.c. rapid-acting analogue
M. Grant, F. Pompilio, G. Sharma, N. Zaveri, J. Krueger, D. Kendall;
MannKind Corporation, Westlake Village, USA.

Background and aims: In a recent clinical study (STAT), patients with type
1 diabetes mellitus (T1DM) treated with Technosphere Insulin (TI) demon-
strated better early postprandial glucose (PPG) control than those on s.c.
insulin aspart. The average daily dose of TI in patientswho tookTI as directed
in the protocol was twice that of aspart (40.5 vs 20.6 units). Despite the higher
dose, the TI group experienced less time in hypoglycemia than the aspart
group. These results prompted a retrospective analysis of mixed-meal toler-
ance tests (MMTTs) conducted in T1DM to further evaluate the 2:1 dosing
ratio.
Materials and methods: In this study, patients with T1DM underwent 1 to
3 MMTTs. A total of 1326 PPG profiles were evaluable: 674 MMTTs from
261 patients on s.c. aspart and 652 MMTTs from 264 patients on TI.
Results: On average, the area under the PPG excursion curve (PPGE AUC)
decreased with increasing dose, and the mean (SE) ratio of the aspart slope to
the TI slope was 2.1 (0.3), consistent with the results of STAT. This was
confirmed when doses of TI 8, 16, and 24 units were compared with mean
(SE) aspart doses of 4 (1), 8 (1), and 12 (1) units, respectively (Figure).
Conclusion: The PPGE curves confirm the earlier onset and shorter duration
of TI, while the tendency to drop below baseline in the late postprandial
period reflects the longer duration of action of s.c. aspart. The timing of
hypoglycemia (levels 1 and 2) follows the pattern of PPGEs.

Clinical Trial Registration Number: NCT00308308
Supported by: This study was supported by MannKind Corporation.
Disclosure: M. Grant: Employment/Consultancy; MannKind
Corporation.
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Earlier onset of action and higher early effect of Dance 501 inhaled
human insulin vs s.c. insulin lispro in patients with type 2 diabetes
E. Zijlstra1, L. Plum-Mörschel2, M. Ermer2, O. Klein1, L. Porter3, B.
Bueche3, M.-C. Kuo3, T. Le3, B.J. Stedman3, J.S. Patton3;
1Profil, Neuss, Germany, 2Profil, Mainz, Germany, 3Dance Biopharm
Inc., San Francisco, USA.

Background and aims: Dance 501 is a novel liquid formulation of
human insulin for inhalation (INH) with the Dance 501 inhaler. The
inhaler is a small silent handheld electronic aerosol device: its vibrating
mesh micro-pump technology transforms the liquid insulin formulation
into a mist upon patient inhalation. A patient’s individualized prandial
dose of insulin can be delivered in a single or multiple breaths. In this
randomized, cross-over trial the pharmacodynamic (PD) action and safety
of INH in its final formulation vs s.c. injected insulin lispro (LIS) was
investigated during 10-hour glucose clamps in non-smoking subjects with
type 2 diabetes (T2D).
Materials andmethods: Twenty-four subjects with T2D on daily insulin
therapy were enrolled (5 female, 19 male; mean ± SD age 61.8 ± 7.9
years; BMI 30.4 ± 2.6 kg/m2). LIS was injected s.c. at low (12 U),
medium (24 U) and high (48 U) doses, and INHwas inhaled at equivalent
doses, assuming a 13 % relative biopotency.
Results: Twenty-two subjects completed all 6 single dose administra-
tions. PD profiles (figure) show a more rapid onset of action for equiva-
lent doses of INH vs. LIS (median differences 6.5 to 20 min, p<0.02) and
greater action in the first hour after administration (median relative dif-
ferences 45 to 107 %, p<0.05). INH and LIS demonstrated a linear dose-
response relationship and comparable total PD action (P>0.2 for
AUC_GIR0-10h comparison at each dose level). Median relative
biopotency of INH was 12.2 to 13.0 %. No safety issues, no cough and
no acute changes in spirometry were observed with any inhalation.
Conclusion: Dance 501 showed comparable glucodynamic properties
and more rapid onset of action vs. LIS with good tolerability and may
therefore become a clinically meaningful alternative to rapid-acting insu-
lin injections.

Clinical Trial Registration Number: EudraCT 2015-003673-15
Supported by: Dance Biopharm Inc.
Disclosure: E. Zijlstra: Grants; This trial was sponsored by Dance
Biopharm Inc..
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DUALVIII: more patients met treatment targets with IDegLira (in-
sulin degludec/liraglutide) vs IGlar U100 by week 26 in a 104 week
randomised trial mirroring clinical practice
G. Sesti1, L. Bardtrum2, S. Daðdelen3, N. Halladin2, M. Haluzík4, P.
Őrsy2, M. Rodríguez5, V.R. Aroda6;
1University Magna Graecia of Catanzaro, Catanzaro, Italy, 2Novo
Nordisk A/S, Søborg, Denmark, 3Hacettepe University School of
Medicine, Ankara, Turkey, 4Institute for Clinical and Experimental
Medicine and Institute of Endocrinology, Prague, Czech Republic,
5Area of Endocrinology, Metabolism and Nutrition, Faculty of Medical
Sciences, National University of Cuyo, Mendoza, Argentina, 6Brigham
and Women’s Hospital, Boston, USA.

Background and aims: In randomised treat-to-target trials, titration
is monitored closely and frequently by trial staff. However, in the
104 week DUAL VIII treat-to-target trial - comparing the durabil-
ity of glycaemic control beyond 26 weeks of treatment with in-
sulin degludec/liraglutide (IDegLira) vs. insulin glargine 100
units/mL (IGlar U100) in patients with type 2 diabetes (T2D)
uncontrolled on oral antidiabetic drugs (OADs) - titration was
guided by the investigator over fewer visits, mirroring clinical
practice. We report efficacy and safety data at Week 26 to assess
whether the benefits of IDegLira over IGlar U100 as an initial
injectable therapy are observed in a durability trial resembling
recommended routine clinical practice.
Materials and methods: Patients (N=1012) with T2D uncontrolled
on a broad range of OADs were randomised 1:1 to open-label
IDegLira or IGlar U100. Starting dose was 10 U for both; only
IDegLira had a maximum dose (50 U). Patients were instructed to
titrate twice weekly to a fasting glucose target of 4-5 mmol/L,
and guidance on the prespecified algorithm was at the investiga-
tor’s discretion. Visits were scheduled at Weeks 1, 2, 4 and 12
and every three months thereafter, as recommended in current
guidelines. We report Week 26 data.
Results: Baseline characteristics were similar and representative of
patients eligible for basal insulin initiation (overall mean diabetes
duration: 10 years, HbA1c: 8.5%, FPG: 10 mmol/L). After 26
weeks, least squares (LS) mean HbA1c reductions were signifi-
cantly greater with IDegLira versus IGlar U100 (-2.0% vs. -
1.5%, estimated treatment difference [ETD], [95% CI]: -0.47%
[-0.58; -0.36]), as were the odds of patients achieving HbA1c

targets and the composite endpoints of HbA1c targets without
weight gain and/or hypoglycaemia after 26 weeks (Figure).
Daily insulin dose was lower with IDegLira (35.4 U) vs. IGlar
U100 (48.4 U). LS mean change from baseline in body weight
was 0.5 kg with IDegLira and 2.1 kg with IGlar U100 (ETD: -
1.57 kg [-2.00; -1.13]). Hypoglycaemia rates were 44% lower
with IDegLira vs. IGlar U100 (rate ratio: 0.56 [0.39; 0.82]).
There were no unexpected safety findings.
Conclusion: After 26 weeks of treatment in a trial set-up resem-
bling recommended clinical practice, more patients met HbA1c

targets without weight gain and/or hypoglycaemia with IDegLira
vs. IGlar U100, and with a lower insulin dose. These data support
the use of IDegLira as a first injectable therapy for patients with
T2D eligible for basal insulin initiation.

Clinical Trial Registration Number: NCT02501161
Supported by: Novo Nordisk
Disclosure: G. Sesti: Employment/Consultancy; Lilly, Novo Nordisk,
AstraZeneca, Amgen, Glaxo SmithKline, Servier, Boehringer Ingelheim.
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DUAL VIII: longer time to intensification with insulin degludec/
liraglutide (IDegLira) vs insulin glargine in a 104-week randomised
trial mirroring clinical practice
V.R. Aroda1, G. González-Galvez2, M. Haluzík3, R.J. Silver4, R. Grøn5,
N. Halladin5, P. Örsy5, G. Sesti6;
1Brigham and Women's Hospital, Boston, USA, 2Jalisco Institute of
Research in Diabetes and Obesity S.C., Guadalajara, Jalisco, Mexico,
3Institute for Clinical and Experimental Medicine and Institute of
Endocrinology, Prague, Czech Republic, 4Southern New Hampshire
Diabetes and Endocrinology, Nashua, USA, 5Novo Nordisk A/S,
Søborg, Denmark, 6Department of Medical and Surgical Sciences,
University Magna Graecia of Catanzaro, Catanzaro, Italy.

Background and aims: Long-term glycaemic control is key to
avoid type 2 diabetes (T2D) complications. Few trials have stud-
ied treatment durability and impact on time to intensification,
which affects overall maintenance of glycaemic control. The aim
of DUAL VIII was to compare the durability of glycaemic control
of insulin degludec/liraglutide (IDegLira) vs. insulin glargine 100
units/mL (IGlar U100) in a trial mirroring clinical practice.
Materials and methods: Patients (n=1012) with T2D (HbA1c 7-
11%) on oral antidiabetic drugs (OADs) were randomised 1:1 to
open-label IDegLira or IGlar U100 in a 104 week trial to assess
treatment durability. The primary endpoint was time from
randomisation to treatment intensification (HbA1c ≥7.0% at 2 con-
secutive visits including Week 26); patients who met the primary
endpoint discontinued study drug.
Results: Baseline characteristics were similar. Over 104 weeks,
fewer patients with IDegLira required intensification vs. IGlar
U100 (37.4% vs. 66.2%). Patients treated with IDegLira had a
significantly longer time to intensification (median: >2 years/~1
year for IDegLira/IGlar U100; Figure). There was a greater effect
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with IDegLira vs. IGlar U100 after 104 weeks, had patients
remained on treatment and intensification not been needed, in
terms of: patients achieving HbA1c <7% (55.7 vs. 28.5%), and
HbA1c <7% with no weight gain (20.9 vs. 6.3%), lower estimated
mean insulin dose (36 vs. 51 U; estimated treatment difference -
14.9 U), and 56% lower rate of severe or blood glucose-
confirmed symptomatic hypoglycaemia (0.38 vs. 0.86 events/
patient-year of exposure), p<0.0001 for all. Safety results were
similar.
Conclusion: Improved long-term glycaemic control, evidenced by sig-
nificantly longer time to treatment intensification, was achieved with
IDegLira vs. IGlar U100 in patients previously uncontrolled on OADs.

Clinical Trial Registration Number: NCT02501161
Supported by: Novo Nordisk
Disclosure: V.R. Aroda: Employment/Consultancy; ADOCIA,
AstraZeneca, Becton Dickinson and Company, Novo Nordisk Inc.,
Sanofi, Zafgen Inc. Grants; AstraZeneca, Calibra Medical, Eisai Inc.,
Janssen Research & Development, Novo Nordisk Inc., Sanofi,
Theracos Inc.

OP 32 Novel biomarkers in diabetes, towards
precision medicine
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Circulating HER2/ErbB2 levels are associated with increased inci-
dence of diabetes: a population based cohort study
I.F. Muhammad1, Y. Borné1, X. Bao2,1, O. Melander3, M. Orho-
Melander3, P.M. Nilsson3,4, J. Nilsson3, G. Engström1;
1Department of Clinical Sciences, Cardiovascular Epidemiology, Lund
University, Malmö, Sweden, 2Nutritional Epidemiology Institute and
School of Public Health, Tianjin Medical University, Tianjin, China,
3Department of Clinical Sciences, Lund University, Malmö, Sweden,
4Department of Internal Medicine, Skåne Universtiy Hospital, Malmö,
Sweden.

Background and aims: ErbB2 is a member of the epidermal growth
factor receptor family. It is widely used as a marker of tumors but it has
recently also been associated with insulin resistance. Both ErbB2 and
diabetes have been shown to be associated with cancer. However, the
relationship between ErbB2 and diabetes is not well explored. The aim
of this population-based cohort study is to assess the association between
plasma ErbB2 and incidence of diabetes.
Materials and methods: The study population included participants
from the Malmö Diet and Cancer-cardiovascular cohort (age range: 46-
68 years). After excluding participants with history of diabetes, missing
data on ErbB2 and other co-variates, the final study population consisted
of 4220 individuals. Incidence of diabetes was followed by linkages to
local and national registers. Cox proportional hazard regression was used
to assess the incidence of diabetes in relation to the quartiles of ErbB2,
adjusted for potential confounders.
Results: ErbB2 in plasma was significantly and positively associated
with glucose, insulin andHbA1c, after adjustment for potential confound-
ing factors. During a mean follow-up period of 20.20 ± 5.90 years, 615
(14.6%) participants were diagnosed with new onset diabetes. Individuals
with high levels of ErbB2 had a significantly increased risk of diabetes.
The multivariable adjusted hazard ratio for the highest vs the lowest
quartile of ErbB2 was 1.31 (95% confidence interval [CI]: 1.03-1.66)
(p<0.05) and was 1.15 (95% CI: 1.05-1.25) (p<0.05) per 1 standard
deviation increase of ErbB2.
Conclusion: Elevated levels of ErbB2 are associated with increased in-
cidence of diabetes, and are strongly correlated with measures of glucose
metabolism.
Supported by: Swedish heart and lung foundation
Disclosure: I.F. Muhammad: None.
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Prognostic value of gamma-glutamyl transferase variability in indi-
viduals with diabetes: a nationwide population-based study
D. Lee1, K. Han2, J. Yu1, J. Seo1, N. Kim1, H. Yoo1, S. Kim1, S. Kim1, K.
Choi1, S. Baik1, Y. Park2, N. Kim1;
1Korea University College of Medicine, Seoul, 2The Catholic University
of Korea, Seoul, Republic of Korea.

Background and aims: We investigated whether gamma-
glutamyltransferase (GGT) variability can predict the risk of stroke, myo-
cardial infarction (MI), and all-cause mortality in individuals with
diabetes.
Materials and methods: The study subjects were Koreans with diabetes
who had undergone health examinations provided by the Korean
National Health Insurance Corporation more than once during 2009-
2012 (baseline). After excluding subjects aged <40 years and those with
histories of stroke, MI, chronic liver disease, or drinking ≥30 g/day of
alcohol, a total 698937 individuals were included. As a parameter of
variability, we calculated the average successive variability (ASV) of
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GGT values measured during the five years before the baseline exam.We
estimated the risk of stroke, MI, all-cause mortality according to GGT
ASV quartiles using multivariate-adjusted Cox analyses, until December
31, 2016. Stroke and MI was defined using ICD-10 codes (I63-I64 and
I21-I22) and admission record.
Results: During follow-up period, 26119 cases of stroke, 15103 cases of
MI, and 39982 cases of death were identified. GGTASV quartile showed
significantly higher risk of stroke and all-cause mortality compared with
quartile 1, even after adjustment for age, sex, renal function, obesity,
drinking, smoking, exercise, presence of hypertension and dyslipidemia,
hemoglobin, income status, glucose and GGT level, duration of diabetes,
the number of histories of oral anti-diabetic medication, prescription his-
tory of insulin, presence of diabetic retinopathy and peripheral artery
disease. The fully adjusted HRs (95% CIs) of GGTASV quartiles 4 were
1.06 (1.03-1.10) and 1.23 (1.20-1.27), respectively. This significance was
maintained regardless of baseline GGT quartile in all-cause mortality.
Conclusion: GGT variability was associated with the risk of all-cause
mortality and stroke. This tendency is most pronounced in all-cause mor-
tality, regardless of baseline GGT levels.
Supported by: National Research Foundation of Korea grant
Disclosure: D. Lee: None.

189
Time-series metabolomics connects biochemical changes with base-
line cardiometabolic risk factors and weight gain in 5,302 individuals
across 15-years of follow-up
V.-P. Makinen1, Q. Wang2, K. Puukka3, S. Sebert3, M. Kähönen4, T.
Lehtimäki4, J. Viikari5, O.T. Raitakari5, M.-R. Järvelin6, J. Kettunen3,
M. Ala-Korpela7;
1South Australian Health and Medical Research Institute, Adelaide,
Australia, 2Baker Heart and Diabetes Institute, Melbourne, Australia,
3University of Oulu, Oulu, Finland, 4University of Tampere, Tampere,
Finland, 5University of Turku, Turku, Finland, 6Imperial College
London, London, UK, 7Baker Heart and Diabetes Institute, Adelaide,
Australia.

Background and aims: The metabolome tracks divergent diabetes and
cardiovascular risk early in life, however, population-based time-series
data are sparse, which makes it challenging to leverage metabolomics
within preventative public health initiatives.
Materials and methods:We quantified 243 biochemical measures from
two visits (1997 and 2012) by the Northern Finland Birth Cohort 1966
(NFBC66; n = 3,824; 44% male; age 31 ± 0 years at baseline) and three
visits (2001, 2007, 2011) by the Cardiovascular Risk in Young Finns
Study cohort (YFS; n = 1,478; 45% male; age 32 ± 5 years at baseline).
P-values were estimated by nested permutation analysis and all reported
results are statistically significant at alpha level P < 0.0001. Mean rates of
change per decade are expressed in original units or as proportion with
respect to baseline concentration of pooled data.
Results: Both cohorts gained weight (pooled +4.4 kg per decade, +6%).
In YFS, glucose (+0.21 mmol/L, +4.3%), triglycerides (+0.24 mmol/L,
+20%), LDL cholesterol (+0.21 mmol/L, +6.9%), phosphoglycerides
(124 umol/L, +5.6%), isoleucine (4.3 umol/L, +7.4%), tyrosine (+4.8
umol/L, +8.7%) and creatinine (+3.1 umol/L, +4.7%) increased. In both
cohorts, women gained more weight (+5.7% vs +6.3%) but exhibited
smaller changes in log10 insulin (+0.015 vs. +0.114) and VLDL triglyc-
erides (+13% vs. +34%). Cardiometabolic biomarkers at baseline were
used to divide individuals into tertiles: the top glucose tertile showed a
smaller change in glucose (+1.9% vs. +7.0%) and larger changes in
VLDL triglycerides (+29% vs. 15%) and isoleucine (+8.5% vs. +5.1%)
compared to the bottom tertile. Baseline glucose tertile did not predict
change in insulin. Similarly, baseline insulin did not predict change in
glucose, but predicted changes in most lipids (smaller change in top
tertile). The top cholesterol tertile exhibited a smaller change in LDLC
compared to the bottom tertile (+1.6% vs. +15%); LDLC in the bottom

tertile increased from 3.1 mmol/L to 3.5 mmol/L in one decade. The top
triglyceride tertile also showed smaller changes in most measures com-
pared to the bottom tertile. The top triglyceride tertile predicted smaller
changes in phosphoglycerides (+1.8% vs. +11.3%), sphingomyelins
(2.9% vs. 8.0%), alanine (1.9% vs. 5.5%) and phenylalanine (-1.5% vs.
+2.6%). Glutamine was an exception: the top triglyceride tertile showed a
larger change compared to the bottom (+3.0% vs. -0.4%). The top base-
line BMI tertile showed a larger increase in log10 insulin (0.113 vs.
0.017) compared to the bottom tertile, but a smaller increase in LDL
cholesterol (+6.5% vs. +12.9%).
Conclusion: We observed divergent metabolic responses to weight gain
and aging: obese individuals increased their insulin without other sub-
stantial changes and high baseline insulin also predicted blunted re-
sponses. The subtle longitudinal disconnect between insulin, glucose
and the metabolome may indicate progressing insulin resistance and pro-
vide new insight into diabetes prevention.
Disclosure: V. Makinen: None.
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Metabolomic measurements are associated with glycaemic control
and progression of type 2 diabetes: a BBMRI-NL metabolomics
study
L.M. 't Hart1, E. Schoep1, F. Rutters2, A.A. van der Heijden2, G.
Nijpels2, P.J. Elders2, J.W. Beulens2, R.C. Slieker1, the BBMRI-NL dia-
betes metabolomics consortium;
1Leiden University Medical Center, Leiden, 2Amsterdam University
Medical Center, Amsterdam, Netherlands.

Background and aims: People with type 2 diabetes (T2D) show differ-
ent rates of disease progression. However, who will progress rapidly is
unknown. In this study, we investigated whether blood metabolite levels
are associated with glycaemic control, measured as HbA1c levels. In
addition we investigated whether these metabolomic measures are asso-
ciated with disease progression. Finally, we analysed whether the associ-
ations we identify also remain stable in time.
Materials and methods: We used data from 1517 persons with T2D
from the Hoorn Diabetes Care System (DCS), who visit the research
center annually for routine care.Wemeasured 158metabolomicmeasure-
ments at baseline using NMR (NightingaleHealth platform). In 751 per-
sons we repeated this measurement at a second timepoint (2.1±0.9 years
apart). The metabolomic measures were combined with clinical and
HbA1c data from the same timepoints. Time until insulin initiation during
6.5 (±2.8) years follow-up in non-insulin treated persons was used as
marker of disease progression (timepoint 1: n=1157 with 327 incident
users; timepoint 2: n=484 with 105 incident users). Baseline and follow-
up metabolomic measurements and their combination were used in linear
and cox (mixed) regression models, adjusted for age, sex, BMI, diabetes
duration and lipid and glucose lowering medication. The cox models
were additionally stratified by baseline HbA1c and adjusted for glucose.
A Pfdr≤0.05 was used as significance threshold.
Results: In the fully adjusted models in total 115 metabolomic mea-
sures were significantly associated with HbA1c at baseline. Eighty-
six were significant at the second time point (91% overlap). In
linear mixed models for change in HbA1c and metabolomic mea-
surement between both timepoints, 108 metabolites were significant.
The most significant metabolomic measures include positive associ-
ations with branched chain amino-acids (Val, Ile, Leu) and triglyc-
eride content in IDL and LDL and negative associations with glu-
tamine (all Pfdr≤1.1*10-9). Twenty-two metabolites were significant-
ly associated with time-to-insulin at the first timepoint. Due to the
smaller numbers none were significant at the second timepoint and
in the joint analyses of both timepoints. However, effect sizes were
comparable (rho=0.423 and 0.808 resp.; P≤3*10-8). Medium sized
HDL subclasses and ApoA1 were the most significant and negative-
ly associated time-to-insulin (Pfdr≤1.5*10-5).
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Conclusion: 1) We show that metabolomic measures are associated with
glycaemic control and T2D progression defined as time-to-insulin initia-
tion during follow-up. 2) We extend previous observations by showing
that the associations remain largely stable in time. 3) Among the signif-
icantly associated measures are various metabolomic measures including
the branched chain amino acids, glutamine, ApoA1 and various lipopro-
tein subclasses. 4) These results show that (repeated) metabolomic mea-
surements might be promising markers for progression of type 2 diabetes
independent of known risk factors.
Supported by: BBMRI-NL grant
Disclosure: L.M. 't Hart: Grants; BBMRI-NL grant.
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Novel biomarkers predicting renal decline in people with
dysglycaemia in the ORIGIN trial
H.C. Gerstein1, G. Pare1, M. Matthew1, S. Lee1, A. Kannt2, S. Hess2;
1Population Health Research Institute, McMaster University, Hamilton,
Canada, 2Sanofi Aventis Deutschland GmbH, Frankfurt, Germany.

Background and aims: Diabetes is the most common cause of
renal failure accounting for more than 50% of cases. Whereas
HbA1c, age and albuminuria are independent risk factors for renal
decline, adding novel serum biomarkers to routinely measured
clinical risk factors may help identify patients at high risk for
renal decline.
Materials and methods: 1 ml of stored serum from 7,482 ORIGIN
participants who had a recorded EGFR at baseline and either the 2 year
and/or final visit was assayed for 237 biomarkers using Myriad RBM’s
customized human discovery multi-analyte profile 250+ panel, and hs
troponin I and anti-GAD biomarkers were measured locally. During a
median follow-up of 6.2 years, 1,646 (22%) developed the renal compos-
ite outcome comprising renal failure, albuminuria regression or doubling
of creatinine. A linear mixed model using a forward selection approach
was used to identify the subset of biomarkers that independently predicted
a decline in EGFR after accounting for 9 clinical risk factors for renal
decline including age, sex, smoking, body mass index, mean arterial
pressure, log (albumin:creatinine), cholesterol, baseline eGFR and
HbA1c.
Results:ABonferroni-corrected P value for inclusion in the model of less
than 0.00021 (i.e. 0.05/239) identified 13 significant and independent
biomarkers that included: alpha 1 microglobulin (beta = -0.157); NT-
pro BNP (beta = -0.081); IGF binding protein 4 (beta = -0.110); growth
differentiation factor 15 (beta = -0.091); RAGE (beta = -0.052); myoglo-
bin (beta = -0.073); growth regulated alpha protein (beta = 0.058); fibulin-
1C (beta = -0.048); apolipoprotein A-4 (beta = -0.057); apolipoprotein
A-2 (beta = 0.065); fas ligand (beta = -0.099); eotaxin E (beta = -0.052);
and beta amyloid 1 - 40 (beta = -0.057). The addition of these selected
biomarkers to the clinical variables improved the variance of the eGFR
from 0.053 to 0.155 (difference in log likelihood = 849, P < 0.001).
Conclusion: These novel biomarkers are potential therapeutic targets.
They can also help identify dysglycemic people at risk for renal decline.
Clinical Trial Registration Number: NCT00069784
Supported by: Sanofi and Innovative Medicines Initiative 2 Joint
Undertaking
Disclosure: H.C. Gerstein: Grants; Sanofi.
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Serum amyloid component P improves the ability of C-reactive pro-
tein to predict all-cause mortality in patients with type 2 diabetes
M. Scarale1, M. Copetti1, M. Garofolo2, A. Fontana1, L. Salvemini1, S.
De Cosmo1, O. Lamacchia3, G. Penno2, V. Trischitta4, C. Menzaghi1;
1Fondazione IRCCS “Casa Sollievo della Sofferenza”, San Giovanni
Rotondo, 2University of Pisa, Pisa, 3University of Foggia, Foggia,
4"Sapienza" University, Roma, Italy.

Background and aims: C-reactive protein (CRP) and serum amyloid P
component (SAP) are the two hepatocyte-derived strongly homologous
short pentraxins, encoded by two genes closely located on chromosome
1q23, whose expression may be coregulated and which are involved in
acute phase response. While CRP is a recognized marker of all-cause
mortality, SAP is not. In vitro, SAP and CRP physically interact, suggest-
ing a combined role on inflammation. Conversely, no data are available
on their joint effect in vivo. Thus, the simultaneous effect of hs-CRP and
SAP on mortality risk was investigated.
Materials and methods: Four cohorts of patients with type 2 diabetes
(T2D) [i.e. Gargano Heart Study (n=358; follow-up (fu)=5±3 yrs; 81
events); Gargano Mortality Study (n=650; fu=11±4 yrs; 190 events);
Foggia Mortality Study (n=530; fu=7±3 yrs; 146 events) and Pisa
Mortality Study (n=986; fu =13±3 yrs; 230 events)] were analyzed by
Cox proportional hazard models. Risks are reported as HRs (95% CI) per
1-SD increase in standardized log hs-CRP or SAP levels.
Results: In the pooled sample (2,524 individuals, with 647 events), hs-
CRP was positively [HR=1.53 (1.41-1.66)] whereas SAP was negatively
[HR=0.80 (0.74-0.86)] associated with all-cause mortality. Similar results
were obtained in a model comprising also age, sex, smoking habit, BMI,
HbA1c, diabetes duration and all ongoing treatments. Notably, a signifi-
cant hs-CRP-by-SAP interaction was observed (p=0.008) with the dele-
terious effect of hs-CRP being more evident in individuals with relatively
low SAP levels [β value (SE) = -0.009 (0.03)]. In order to explore such
interaction, the association between hs-CRP and mortality rate was inves-
tigated across tertiles of SAP levels. In the fully adjusted model, the effect
of hs-CRP on mortality risk was much higher in tertile 1 (lowest SAP
values), than tertiles 2 and 3 [HRs=1.73 (1.48-2.02) and 1.33 (1.21-1.47),
respectively (p=0.005 for HR heterogeneity)], thus confirming that the
increased risk of mortality exerted by high hs-CRP levels is emphasized
in patients with low serum SAP. To further address the modifying effect
of SAP on mortality risk as predicted by hs-CRP, conditional inference
trees analysis was carried out. Patients with SAP concentration < 20mg/L
were identified as those in whom hs-CRP confers the highest risk of
mortality [HR=3.19 (2.24-4.55)], while in those with SAP concentration
≥ 20 mg/L hs-CRP conferred a mortality risk similar to that observed in
tertiles 2+3 in the previous analysis [HR=1.31 (1.21-1.41)].
Conclusion: In patients with T2D, hs-CRP and SAP show combined,
opposite and independent effects on all-cause death. Most importantly the
risk excess portended by hs-CRP levels is exacerbated in patients with
relative low SAP, thus suggesting that measuring both pentraxins may
turn out to be useful in clinical practice for predicting mortality rate in
T2D. Further investigations are needed to deeper address the biology
underlying this phenomenon, but also to replicate our finding in addition-
al samples with different genetic and environmental background as well
as to verify whether the same phenomenon is observed also in non-
diabetic individuals.
Supported by: Italian Ministry of Health grant RF-2013- 02356459
Disclosure:M. Scarale: None.
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OP 33 Heart failure: a novel complication of
diabetes? Human and animal studies
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Ethnicity and diabetes in older age in associationwith left ventricular
function and structure in a UK population-based cohort (SABRE:
Southall and Brent REvisited)
T. Tillin, C. Park, S. Jones, S.Williams, S.V. Eastwood, A.D. Hughes, N.
Chaturvedi;
Institute of Cardiovascular Science, University College London, London,
UK.

Background and aims: We studied left ventricular (LV) function and
structure in a British population based cohort, comparing Europeans and
South Asians with and without diabetes. We hypothesised that compared
with diabetic Europeans, South Asians with diabetes would have relative-
ly worse cardiac structure and function
Materials and methods: Population based cohort of Europeans and
South Asians from London. Participants were aged 40-69 at base-
line (1989-91). These analyses are based on 669 participants who
underwent echocardiography and tissue Doppler imaging (TDI) at
the 25 year follow-up (2014-2018). Diabetes was identified from
primary care records, self-report or receipt of anti-diabetes medi-
cations. Anthropometrics, blood pressure and bloods were mea-
sured, and a health and lifestyle questionnaire completed. We
used robust regression models to study LV function: E: e prime
ratio (E:e’) and peak s’ wave velocity and LV structure: LV mass
indexed to height 2.7 (LVMI) and relative wall thickness (RWT),
adjusted for age, sex, waist: hip ratio, use of lipid lowering and
antihypertensive medications. We included an ethnicity x diabetes
interaction. Further adjustments for SBP, diabetes duration and
HbA1c were performed. Marginal means (95% CI) were
estimated.
Results: 296 South Asians (59% men, 34% with diabetes) and 373
Europeans (63% men, 14% with diabetes) had echo/TDI mea-
sures. Mean age was 74 (SD:6) years. Average duration of diabe-
tes was 15 (SD:9) in South Asians and 13 (SD:11) years in
Europeans. In those with diabetes, adjusted diastolic function
was worse in South Asians than Europeans: E:e’: 9.88(9.42,
10.34) vs 8.93(8.29, 9.57) interaction coefficient: 0.33(-0.55,
1.53). Peak s’ velocity, a marker of systolic function, was lower
in South Asians than Europeans with diabetes (s’: 7.16 (6.89,
7.44) vs 8.05(7.69, 8.41) cm/sec, interaction coefficient: -0.58(-
1.08, -0.074). Further adjustment for duration of diabetes (but
not HbA1c or SBP) partly explained the ethnic differences in
E:e’ (fully adjusted: 9.84(9.21, 10.46) vs 9.31(8.45, 10.17), but
no further adjustments explained the ethnic difference in peak s’
velocity. In those without diabetes, E:e’ and peak s’ velocity also
appeared to be somewhat worse in South Asians. Relative wall
thickness did not differ by ethnicity regardless of diabetes status,
whereas left ventricular mass index (LVMI, indexed to height^2.7)
was similar in South Asians and Europeans with diabetes but
slightly lower in non-diabetic South Asians than Europeans.
(Table)
Conclusion: In older age, both systolic and diastolic LV function
in South Asians with diabetes appeared to be more adversely
affected than in comparable Europeans, although structural mea-
sures did not differ appreciably. Ethnic differences in function
were only partly explained by duration of diabetes. Our findings
suggest the need for careful monitoring of LV function in diabetic
South Asians.

Supported by: BHF, Wellcome Trust, Diabetes UK
Disclosure: T. Tillin: None.
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Early left ventricular systolic dysfunction in asymptomatic patients
with type 1 diabetes is frequent and associated with increased
adiposity
C.J. Kapelios1, M. Bonou1, A. Barmpagianni1, M. Driva1, I.
Eleftheriadou1, V. Lambadiari2, K. Masoura1, E. Papachristoforou1, A.
Tentolouris1, D. Tsilingiris1, K. Makrilakis1, N. Katsilambros1, J.
Barbetseas1, S. Liatis1;
1Laiko General Hospital, Athens, 2University General Hospital Attikon,
Athens, Greece.

Background and aims:Cardiomyopathy in patients with type 1 diabetes
(DM1), in the absence of hypertension and ischemic heart disease, is
mainly attributed to the direct effect of hyperglycemia. Pre-symptomatic
diagnosis of myocardial dysfunction could facilitate timely and effective
implementation of therapeutic interventions. However, the prevalence
and risk factors of pre-symptomatic left ventricular systolic dysfunction
(LVSD) in individuals with DM1 have not been systematically studied.
The aim of the present cross-sectional study was to assess the prevalence
of early LVSD in asymptomatic patients with DM1 and investigate pos-
sible associations with demographic and clinical parameters.
Materials and methods: Consecutive asymptomatic patients with DM1,
free of cardiovascular disease and severe microangiopathic complications
(proliferative retinopathy and/or macroalbuminuria) were examined. A
group of healthy, non-diabetic individuals served as control group.
LVSD was assessed by speckle tracking echocardiography and calcula-
tion of global longitudinal strain (GLS), a measure of systolic dysfunction
more sensitive than ejection fraction. Abnormal GLS was defined as an
absolute value below 18.7%, according to previous studies. We studied
possible associations between the presence of LVSD and patient demo-
graphic and clinical characteristics as well as with autonomic nervous
system function (assessed via the standardized tests proposed by
Ewing) and arterial stiffness (assessed by calculation of pulse wave ve-
locity between the carotid and common femoral artery).
Results: We prospectively enrolled 155 patients (29.7% men, mean age
36.7 ± 13.1 years, disease duration 19.1 ± 10.0 years and HbA1c 7.5 ±
1.4%) and 30 controls matched for age, gender and body mass index
(BMI). GLS was significantly higher in DM1 patients compared to con-
trols (-20.0 ± 2.7 vs -21.7 ± 2.7%, P=0.003). Early LVSD was prevalent
in 53 (34.2%) patients and only in two (9.3%) of the controls. The char-
acteristics of DM1 patients with and without early LVSD are shown in
Table 1. In multivariable analysis, male gender (OR: 2.97; 95% CI: 1.28-
6.88, P=0.011), HbA1c (OR: 1.42; 95% CI: 1.02-1.97, P=0.038) and
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BMI (OR: 1.10; 95% CI: 1.01-1.21, P=0.031) were independently and
significantly associated with the presence of LVSD while longer duration
of diabetes showed a trend of borderline significance (OR: 1.04; 95% CI:
1.00-1.09, P=0.068).
Conclusion:Our results indicate that early LVSD is a common finding in
asymptomatic patients with type 1 diabetes, free of macrovascular and
significant microvascular complications. Apart from chronic hyperglyce-
mia and male gender, increased adiposity, as expressed by a higher BMI
may be implicated in the pathogenesis of LVSD.

Supported by: Hellenic Society of Lipidology of Atherosclerosis and
Vascular Disease
Disclosure: C.J. Kapelios: None.
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Type 2 diabetes and heart failure: insights from the DISCOVER
study
S.V. Arnold1,2, H. Chen3, M.B. Gomes4, K. Khunti5, G. Luporini
Saraiva3, J. Medina6, S. Pocock7, M.V. Shestakova8, I. Shimomura9, F.
Tang1, H. Watada10, L. Ji11, B. Charbonnel12, F. Bonnet13, M.
Kosiborod1,2;
1Saint Luke's Mid. America Heart Institute, Kansas City, USA,
2University of Missouri, Kansas City, USA, 3AstraZeneca,
Gaithersburg, USA, 4Rio de Janerio State University, Rio de Janerio,
Brazil, 5University of Leicester, Leicester, UK, 6AstraZeneca, Madrid,
Spain, 7London School of Hygiene and Tropical Medicine, London,
UK, 8Endocrinology Research Center, Diabetes Institute, Moscow,
Russian Federation, 9Graduate School of Medicine, Osaka University,
Osaka, Japan, 10Graduate School of Medicine, Juntendo University,
Tokyo, Japan, 11Peking University People's Hospital, Beijing, China,
12University of Nantes, Nantes, France, 13Rennes University Hospital,
Rennes, France.

Background and aims: Heart failure (HF) is one of the most morbid
complications of type 2 diabetes (T2D), but the role of T2D in the devel-
opment of HF has been under-appreciated.We assessed the incidence and
prevalence of HF in a global cohort of patients with T2D.
Materials and methods:DISCOVER is a global, observational study of
patients with T2D enrolled at initiation of second-line glucose-lowering
therapy. Outcomes have been prospectively collected for 2 years.
Results: Among 15 359 patients from 37 countries, 290 patients (1.9%)
had HF at enrolment (range across countries of 0-9%), of whom 129
(45%) had known coronary artery disease (CAD). Patients with HF
tended to be older (67 vs 57 years, standardized difference [SD] 86%),
had a longer duration of T2D (8.2 vs 5.5 years, SD 42%), and showed a
greater prevalence of CAD (45% vs 6%, SD 98%) and chronic kidney

disease (23% vs 4%, SD 56%). Patients with HF were less likely to be
treated with metformin and thiazolidinediones (Table). Incidence of HF
was 0.4% in year 1 and 0.2% in year 2, and the prevalence of HF after 2
years was 2.5%. Among incident HF events, 74% were diagnosed in the
outpatient setting, and 56% occurred in the absence of CAD.
Conclusion: Although HF is not highly prevalent in patients with a rel-
atively short duration of T2D, it is more commonwith increasing age and
longer T2D duration. Most patients with T2D who develop HF do not
have clinically evident CAD. These findings highlight the need for greater
awareness of HF risk independent of CAD and a deeper understanding of
how to prevent and optimally manage HF in patients with T2D.

Clinical Trial Registration Number: NCT02322762
Supported by: AstraZeneca
Disclosure: S.V. Arnold: None.
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Effect of metformin on dicarbonyl stress in patients with type 2 dia-
betes and chronic heart failure
J. Kopecky jnr., E. Hošková, H. Malínská, J. Veleba, K. Velebová, V.
Melenovský, T. Pelikánová;
Institute for Clinical and Experimental Medicine, Prague,
Czech Republic.

Background and aims: Treatment with metformin (MET) in diabetic
patients with chronic heart failure (HF) is associated with better cardio-
vascular outcomes. The endothelial dysfunction, atherosclerosis and
macrovascular diabetic complications are associated with excessive gen-
eration of reactive dicarbonyls like methylglyoxal (MG). MET has been
proposed as a scavenger of methylglyoxal. The aim of the study was to
evaluate the effects of MET on substrate metabolism and dicarbonyl
stress in patients with DM and HF.
Materials and methods: A randomized, double-blind, placebo-con-
trolled, crossover study in a total time of six months testing the effect of
3- month usage of MET (2 g/day) vs placebo. A group of 40 treatment
naive patients with type 2 DM and HF were included. At the beginning
and at the end of each intervention period various metabolic tests were
done including hyperinsulinemic-isoglycemic clamp, parameters of
dicarbonyl stress like MG, Glutathione (GSH), glutathione disulfide
(GSSG), and the activity of Glyoxalase1 (GLO-1).
Results: MET significantly reduced HbA1c compared to placebo
(p˂0.01). Insulin sensitivity, measured as a metabolic clearance rate of
glucose (MCR) during the clamp, improved significantly with MET
(p˂0.001) but also, although less significantly, with placebo (p˂0.05),
difference between MET and placebo was not significant. Compared to
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placebo, GHS levels increased after the intervention (baseline vs. MET
vs. PL: 866 ± 231 vs. 994 ± 342 vs. 878 ± 266μmol/l, p<0.05). GSH/
GSSG ratio was not affected. The levels of MG decreased after MET
(p<0.05), decrease after placebo was not significant. The activity of
GLO-1 was not affected.
Conclusion: Our results on unique group of patients with heart failure
and diabetes support the evidence that one of the cardioprotective path-
ways of metformin is through reducing dicarbonyl stress. As there was no
change in the GLO-1 activity, it might be due to binding and deactivation
of reactive dicarbonyls by MET.
Clinical Trial Registration Number: NCT 01690091
Supported by: AZV16-27496A
Disclosure: J. Kopecky jnr.: None.
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Empagliflozin improves obesity-related heart failure with preserved
ejection fraction by Sestrin2-mediated AMPK activation and antiox-
idant system in obese mice
X. Sun1, F. Han2, X. Li3, J. Li3;
1Department of Endocrinology, Affiliated Hospital of Weifang Medical
University, Weifang, Shandong, China, 2Department of Pathology,
Affiliated Hospital of Weifang Medical University, Weifang, Shandong,
China, 3Department of Physiology and Biophysics, University of
Mississippi Medical Center, Jackson, USA.

Background and aims: Obesity is linked to an increased risk of heart
failure with preserved ejection fraction (HFpEF), which is now the most
common form of heart failure. Sodium glucose co-transporter-2 inhibitors
(SGLT2i) have shown favorable cardiovascular outcomes in diabetic pa-
tients. However, it remains unknown whether SGLT2i could improve
obesity-related HFpEF. Sestrin2, a novel stress-inducible protein that
lacks kinase activity, has been shown to activate AMPK and suppress
oxidative damage. Therefore, the aim of this study was to determine
whether empagliflozin (EMPA) improves obesity-related HFpEF via reg-
ulation of sestrin2-mediated AMPK signaling pathway and antioxidant
system in high-fat diet (HFD)-induced obesity.
Materials and methods: Six-week old male C57BL/6 mice were
fed with a normal-chow diet or an HFD with 12 weeks and then
were treated with or without EMPA (10mg/kg) for another 8
weeks. Cardiac function was determined by echocardiography.
Mitochondrial superoxide production was detected by MitoSOX
probe. Myocardium was stained with oil red o and masson's
trichrome. Sestrin2-AMPK/Akt-mTOR and nuclear factor-
erythroid 2-related factor 2(Nrf2)/heme oxygenase-1 signaling
pathways were determined by western blot.
Results: Treatment of HFD mice with EMPA reduced body weight, fat
mass, improved glucose tolerance and insulin sensitivity without improv-
ing blood pressure and lipid levels. (body weight, 37.4 ± 1.7 g vs. 46.3 ±
1.6 g; fat, 16.09 ± 1.53 g vs. 9.60 ± 1.47 g; AUC glucose 27570 ± 1253
vs. 37491± 1678; AUC insulin 5444 ± 467 vs.7773± 548; P < 0.05) (SBP
118.61 ± 5.03 mmHg vs. 118.02± 4.71 mmgHg; DBP 66.86 ±
8.06 mmHg vs. 77.43 ± 6.16 mmHg; triglyceride, 102.5 ±12.15 mg/dl
vs. 96.83 ± 10.98 mg/dl; total cholesterol, 131.33 ± 8.17 mg/dl vs.171.33
± 20.28 mg/dl; P > 0.05). EMPA significantly reduced circulating
adiponectin and enhanced leptin levels. (adiponectin, 7.29 ± 0.31 ug/ml
vs.5.49± 0.39 ug/ml; leptin, 9.18 ± 3.84 ug/ml vs. 37.25 ± 9.47 ug/ml, P <
0.05). HFD mice showed significant left ventricular hypertrophy, pro-
found interstitial fibrosis, mitochondria injury and impaired diastolic
function without significant systolic function change. Treatment of
HFD mice with EMPA treatment significantly improved diastolic func-
tion, reduced cardiac fat accumulation, left ventricular hypertrophy (left
ventricular mass, 89.96 ± 7.13 mg vs. 106.67 ± 2.88 mg; P < 0.05),
interstitial fibrosis, mitochondrial superoxide production and mitochon-
dria injury. Additionally, EMPA treatment significantly enhanced proteins
of sestrin2 and phosphorylation of AMPK and eNOS. but inhibited

phosphorylation of Akt and mTOR (P < 0.05). Lastly, we observed
EMPA effectively enhanced Nrf2 and heme oxygenase-1 protein, indic-
ative of antioxidant and anti-inflammatory abilities (P < 0.05).
Conclusion: Our study indicates that EMPA improves obesity-related
HFpEF via regulating Sestrin2-mediated AMPK signaling pathway and
antioxidant system from HFD induced obese mice. These findings pro-
vide a novel mechanism for cardiovascular protection of SGLT2i on
obesity-related cardiac dysfunction.
Supported by: NSFC 81870593,81600663
Disclosure: X. Sun: None.

198
A SGLT2 inhibitor dapagliflozin prevents heart failure with pre-
served ejection fraction through activating mitophagy in ZDF dia-
betic rats
B. Feng1, N. Zhang2, B. Shi1;
1Endocrinology and Metabolism, The First Affiliated Hospital of
Soochow University, Suzhou, 2Cardiology, The Affiliated Soochow
Hospital of Nanjing Medical University, Suzhou, China.

Background and aims: Ejection fraction-preserving heart failure (HFpEF)
is closely related to type 2 diabetes and obesity. It has been found that events
include myocardial fibrosis, myocardial apoptosis anf diastolic dysfunction
play a key role in the development of HFpEF. EMPA-REGOUTCOME trial
has demonstrated that SGLT2 inhibitors can significantly reduce cardiovas-
cular risk in diabetic patients. In this study, a ZDF rat model of type 2 diabetes
was established to investigate the improvement of glucose metabolism, car-
diac function and myocardial histopathology in diabetic rats after treatment
with SGLT2 inhibitor dapagliflozin (Dapa). Furthermore, the underlying mo-
lecular mechanisms were further explored using cardiac specific atg7 knock-
out mice.
Materials and methods: 10-week-old male rats (lean-Leprfa/+) and ZDF
diabetic rats (Leprfa/fa) were randomly divided into four groups: Lean
group, Lean+Dapa group, ZDF diabetes group and ZDF+Dapa group.
Rats were fed with Purina 5008 for 4 weeks. 8-week-old cardiac specific
atg7 knock-out (atg7 cKO) or wild type (WT) mice were fed high fat diet
(HFD, 60% from fat) for two months. After diabetes screening, animals
were administered with Dapa (1 mg/kg) via drinking water for another 8
weeks. Body weight, blood glucose and blood pressure were measured
weekly. At the end of the study, intraperitoneal glucose tolerance test
(IPGTT) was performed, and then all animals underwent two-
dimensional echocardiography and cardiac hemodynamics under anes-
thesia. Finally, animals were sacrificed, serum and heart tissue samples
were collected and stored frozen until further molecular biological
analysis.
Results: After 8 weeks of Dapa treatment, parameters of glucose metab-
olism in ZDF rats were significantly improved (blood glucose, glucose
tolerance and insulin sensitivity). Dapa markedly reduced ventricular hy-
pertrophy and restored diastolic function in ZDF rats (EDPVR, ZDF vs.
ZDF+Dapa, 0.16±0.007 vs. 0.11±0.004, p<0.05). Tissue section staining
(3-NT, Sirius, Tunel) suggested that oxidative stress, fibrosis and cardio-
myocyte apoptosis were mitigated in ZDF rats with Dapa treatment. By
detection of autophagy associated proteins, we comfirmed that Dapa ac-
tivated mitophagy in cardiomyocytes of ZDF rats. Deletion of atg7 partly
impaired mitophagy and exacerbated diastolic dysfunction (EDPVR,WT
vs. atg7 cKO, 0.12±0.005 vs. 0.165±0.014, p<0.05) in response to HFD
feeding.
Conclusion: Dapa prevents the development of HFpEF in ZDF diabetic
rats through repressing cardiomyocyte apoptosis and fibrosis of myocar-
dial tissue, delaying the progression of cardiac diastolic dysfunction.
Notably, the activation of mitophagy was a vital mechanism mediated
this protective effect of Dapa.
Supported by: NNFSC 81800714
Disclosure: B. Feng: None.
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FoxK1 and FoxK2 are positive regulators for IR and IGF1R signal-
ling in cell proliferation and metabolism
M. Sakaguchi1, E. Araki1, M. Mann2, S. Enerbäck3, C.R. Kahn4,5;
1Department of Metabolic Medicine, Kumamoto University, Kumamoto,
Japan, 2Department of Proteomics and Signal Transduction, Max Planck
Institute of Biochemistry, Martinsried, Germany, 3Department ofMedical
Biochemistry and Cell Biology, University of Gothenburg, Göteborg,
Sweden, 4Sections of Integrative Physiology and Metabolism and Islet
Cell Biology and Regenerative Medicine, Joslin Diabetes Center, Boston,
USA, 5Department of Medicine, Harvard Medical School, Boston, USA.

Background and aims: We have recently demonstrated the critical role
of insulin and IGF-1 signaling in the maintenance of adipocytes by in-
ducible adipocyte-specific gene targeting in mice. The IR/IGF1R knock-
out mice rapidly suffered from a severe metabolic disease state. To clarify
the IR/IGF1R signaling critical for adipocyte cell growth andmetabolism,
here, we attempted to identify the distinct regulator besides FoxO1 that
has been currently considered the major regulator of the insulin-
dependent adipocyte function.
Materials and methods: To identify new components of IR/IGF1R sig-
naling, we created brown preadipocyte cell lines in which both endoge-
nous IR and IGF1R genes had been deleted and then reconstituted these
cells with normal IR, IGF1R or chimeric receptors containing the extra-
cellular domain of IR fused to intracellular domain of IGF1R and vice
versa. Mass spectroscopic proteomic analysis revealed a number of pro-
teins co-precipitated with each receptor construct, in both ligand
stimulation-dependent and -independent manners.
Results: First, we identified another fork-head transcription factor FoxK1
that is highly associated with IR and/or IGF1R in a ligand-dependent manner
in the preadipocytes. In contrast to FoxO1, the transcription factor FoxK1was
translocated from the cytoplasm to the nucleus after insulin stimulation - a
pattern that is reciprocal to that of FoxO1 after insulin stimulation. We show
that FoxK1 and FoxK2 are phosphorylated in two major domains and that
translocation to the nucleus is dependent on the Akt-mTOR mediated phos-
phorylation, while their localization to the cytoplasm in the basal state is
dependent on GSK3 phosphorylation. Knockdown of FoxK1 and FoxK2
in cells marked alteration of the transcription of genes associated with apo-
ptotic pathway and down-regulation of genes involved in control of cell cycle
and metabolism. This resulted in decreased cell proliferation and altered mi-
tochondrial fatty acid metabolism in these cells.
Conclusion: Thus, insulin stimulates the reciprocal translocation of
FoxKs and FoxO1 between the cytoplasm and nucleus turning off
FoxO1-regulated genes and turning on FoxK-regulated genes resulting
in an elaborate balance in insulin regulation of metabolism, growth and
cell survival.
Supported by: JSPS
Disclosure:M. Sakaguchi: None.

200
Regulation of bone morphogenetic protein-9 in hepatic glucose pro-
duction and lipid metabolism
Y. He1, L. Li1, G. Yang2;
1Key Laboratory of Diagnostic Medicine (Ministry of Education),
College of Laboratory Medicine, Chongqing Medical University,
Chongqing, 2Department of Endocrinology, the Second Affiliated
Hospital, Chongqing Medical University, Chongqing, China.

Background and aims: Recent studies have shown that bone morpho-
genetic protein 9 (BMP9) which could interact with the enzymes in glu-
cose and fat metabolism is associated with energy balance and insulin
resistance (IR). However, the precise mechanisms for how BMP9

signaling regulates hepatic glucose production (HGP) and IR are incom-
pletely understood. The present study was designed to investigate the role
of BMP9 in glucose and lipid metabolism and insulin sensitivity and
explored the possible mechanism.
Materials and methods:We first examined BMP9 expression at mRNA
and protein levels in liver of db/db mice, normal chow diet (NCD)- or
high fat diet (HFD)-fedWTmice. Next, we performed tail-vein injections
of adenovirus expressing BMP9 (Ad-BMP9) or adenovirus encoding
enhanced green fluorescence protein (Ad-GFP) to ND- or HFD-fed mice.
Subsequently, metabolic parameters and energy expenditure was mea-
sured. We then examined the effects of overexpression of BMP9 to glu-
cose tolerance tests (GTT), insulin tolerance tests (ITT) and the
hyperinsulinemic-euglycemic clamp (HEC) in NCD- or HFD-fed mice.
Furthermore the mRNA and protein levels of PEPCK and G-6-Pase were
examinedto investigatethe effects of BMP9 overexpression on improving
hepatic IR. Moreover, HepG2 cells and MPHs were infected with Ad-
GFP or Ad-BMP9, and then incubated with GlcN to induce IR to further
confirm the regulation of BMP9 on insulin sensitivity at the cell level. We
also screened for the expression of genes related to fat metabolism in both
of the liver of mice and cells treated with Ad-BMP9 or Ad-GFP and
investigated the impact of BMP9 on the SREBP-1c gene transcription.
At last, we use Ad-shBMP9 and Ad-GFP to infect the Mouse primary
hepatocytes (MPHs) fromWTand SREBP-1c-/- mice and give the FFAs-
treatment to clarify the association between BMP9 and SREBP-1c.
Results: We found that BMP9 expression was down-regulated in obese
or IR mice. The tail-vein injection of Ad-BMP9 increased the expression
(protein) in liver but not in the muscle and adipose tissues. The overex-
pression of BMP9 decreased body weight, blood glucose, insulin, TC,
TG and FFA and elevated energy expenditure in HFD feeding mice.
Importantly, overexpression BMP9 ameliorated hepatic IR and sup-
pressed HGP in HFD-fed mice. Treatment with Ad-BMP9 also elevated
the phosphorylation levels of InsR and Akt in both HFD-fed mice and
cells which were in the state of IR. We then find that both the mRNA
expression and the protein level of genes related to lipogenesis including
FAS,SCD-1 and SREBP-1c were inhibited in Ad-BMP9 mice and cells.
And BMP9 plays an important role in the transcriptional inhibition of
SREBP-1c through the LXRE1 within SREBP-1c promoter.
Furthermore, down-regulation of BMP9 increased lipid droplet and TG
and induced the mRNA expression of lipogenic genes in the MPHs from
WT mice rather than SREBP-1c-/- mice. Thereby, the current study im-
plicates a novel mechanism clarifying how BMP9 regulates hepatic glu-
cose and lipid metabolism.
Conclusion: These findings reveal the role of BMP9 for ameliorating IR
and lipid accumulation in vivo and vitro mainly through repression of
hepatic gluconeogenic and lipogenic genes.
Supported by: National Natural Science Foundation of China 81873658
Disclosure: Y. He: None.

201
PVT1 induces the insulin resistance of obesity-related metabolic dis-
eases via modulation of transcription factor FoxO1 through binding
with PTBP1
X. Lin, W. Gui, S. Tang, H. Li;
Department of Endocrinology, the Affiliated Sir Run Run ShawHospital,
Zhejiang University, Hangzhou, China.

Background and aims: Insulin resistance (IR) is the pathophysiological
basis of obesity-related metabolic diseases. PVT1 (Plasmacytoma Variant
Translocation-1) has been confirmed to be involved in the occurrence and
progression of diabetic nephropathy, but its role and mechanism in IR
remain unclear. Hereby we investigated whether PVT1 directly modu-
lates insulin action and sensitivity in obesity-related metabolic diseases.
Materials and methods: Specific overexpression of PVT1 in high-fat-
diet induced obese mice was achieved via tissue fixed point injection of
adenovirus in epididymal adipose tissue and systemic knockdown of
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PVT1 in db/db mice was achieved via vein injection of PVT1 shRNA
lentivirus. IPGTT, ITT, serum insulin, triglyceride contents, H&E stain-
ing, oil red staining, masson staining, PAS staining, 2NBDG-glucose
uptake assay, fluorimetric fatty acid uptake assay, liver function and mi-
tochondrion function detections were performed. RNA-seq, RIP, Biotin-
RNA Pull-down assay followed by mass spectrometry detection and
combined with the CLIP-seq data of RBP-RNA binding in starBaseV3
database were performed to investigate the following target genes of
PVT1.
Results: Our study found that:1) The expression of PVT1 was increased
in high-fat diet-induced obese IR mice; 2) Specific overexpression of
PVT1 promoted IR in obese DIO mice, increased heterotopic lipid depo-
sition, and damaged liver function; 3) Systemic knockdown of PVT1
effectively improved the IR status of db/db obesity model mice, reduced
lipid deposition, reduced liver weight and alleviated liver function injury;
4) PVT1 activated the transcriptional activity of the transcription factor
FoxO1 (Forkhead box protein O1), and regulated its downstream target
genes such as PEPCK, G6Pase, Gck and Glut4; 5) Knockdown of PVT1
inhibited IRS-PI3K-Akt insulin signaling pathway by activating the phos-
phorylation of Akt, thus regulated FoxO1 trans-localization; 6) PVT1
combines with PTBP1 (Polypyrimidine tract-binding protein-1), proving
that PTBP1 was necessary in the process of PVT1 regulating FoxO1 to
improve IR, and exploring its specific molecular regulatory mechanism.
Conclusion: We elucidate the specific molecular mechanism of the reg-
ulation of transcription factor FoxO1 by PVT1 combined with PTBP1, so
as to provide a new target for the prevention and treatment of IR.

Supported by: the National Natural Science Foundation of China
(81873653)
Disclosure: X. Lin: None.
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Hyperinsulinaemia decreases insulin receptor internalisation medi-
ated by circular dorsal ruffles
R.M. de Oliveira1, M.A. Correia1, L.M. de Oliveira1, D.C. Barral1, M.P.
Macedo1,2;
1Centro de Investigação de Doenças Crónicas (CEDOC), NOVAMedical
School, Universidade NOVA de Lisboa, Lisbon, 2Departamento de
Ciências Médicas, Universidade de Aveiro, Aveiro, Portugal.

Background and aims: Understanding insulin resistance (IR) and its
associated clinical manifestations is crucial for better tacklingmost chron-
ic diseases, which are dramatically growing in western countries

nowadays. Hyperinsulinemia is both a trigger and a consequence IR.
When this condition occurs, the response to insulin in insulin-sensitive
tissue is blunted although not completely lost. While an acute increase in
the hormone should be stimulatory, only up to a point, continuous expo-
sure to elevated insulin levels is pathological. Insulin mediates its phys-
iological effects through binding to the extracellular subunit of the insulin
receptor (InsR) at the plasma membrane. This complex must then be
internalized, a crucial step for the activation of downstream effectors,
for insulin metabolism and clearance, and importantly, for maintaining
adequate InsR levels at the plasma membrane. Previous results from our
group show that the InsR is internalized through actin-rich ring-shaped
structures, which form exclusively at the dorsal surface of hepatocytes,
upon insulin stimulation. These structures are known as circular dorsal
ruffles (CDRs) and are responsible for the internalization of tyrosine
kinase receptors. In While hyperinsulinemia conditions have been exten-
sively studied, the impact of hyperinsulinemia on the internalization of
the receptor is still unclear. With our previous findings in mind, we hy-
pothesized that chronic exposure to elevated insulin concentrations in-
hibits CDR formation, compromising InsR internalization and insulin
signaling.
Materials and methods: Hepa 1-6 mouse hepatoma cells were used to
study InsR internalization. Cells were stimulated with increasing insulin
concentrations (50, 75 and 100 nM) at determined timepoints. To mimic
an hiperinsulinemia situation, cells were maintained in medium supple-
mented with 200 nM insulin during 6, 12, 24 and 48h. To observe the
formation of CDRs upon insulin stimulation, cells were fixed and proc-
essed for immunofluorescence, being labeled with phalloidin, a marker
for actin, and cortactin, and the percentage of cells forming these struc-
tures was calculated.
Results:Upon insulin stimulation, we observed the formation of CDRs in
a time- and dose-dependent manner. Moreover, InsR localizes to these
structures, highlighting the importance of CDRs for InsR internalization.
Chronic exposure to high insulin concentrations causes a significant de-
crease in CDR formation in hepatocytes together with a decrease in in-
sulin signaling pathway activation, seen by a decrease in InsR and Akt
phosphorylation.
Conclusion: Here we show for the first time that hyperinsulinemia in-
hibits InsR internalization through CDRs, as well as activation of the
insulin pathway, suggesting that CDR formation is impaired in patholog-
ical conditions and the formation of these structures is a required step to
activate the insulin signaling cascade.
Disclosure: R.M. de Oliveira: None.

203
FoxO1 mediates high glucose-cardiac fibroblasts differentiation
R. Vivar, R. Anfossi, S. Cárdenas;
University of Chile, Santiago, Chile.

Background and aims: Cardiac fibroblasts (CF) are the most numerous
cells in cardiac tissue. Normally CF maintain the homeostasis of the
extracellular matrix (ECM) of the heart, whereas in pathological condi-
tions such as arterial hypertension or diabetes, these cells become more
active, displacing the balance towards the synthesis of the ECM proteins
at the expense of the protein degradation, which promotes the accumula-
tion of ECM components, heart stiffness and the loss of cardiac function.
The high concentration of glucose in blood has been shown to increase of
TGF-β1 in cardiac tissue. TGF-β1 is crucial in the differentiation and
activation of CF. Evidence of our lab show that TGF-β1 requires FoxO1
to induce the differentiation of CF. FoxO1 is a transcription factor that
regulates metabolism, differentiation and cellular oxidative stress.
Importantly FoxO1 is deregulated in animal models of diabetes, resulting
in hyperactivation of FoxO1, increase of ROS production, metabolic
dysregulation and cell differentiation. Therefore, in this work we wanted
to determine the role of FoxO1 in the differentiation of CF promoted by
high glucose.
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Materials and methods: CF obtained from adult Sprague-Dawley rats
were used. CFwere stimulatedwith high glucose (30mM) for different times.
High glucose was used as a simulate hyperglycemia in vitro model. The
expression of mRNA of CTGF and α-SMA was determined by RT-PCR.
The proteins levels of CTGF, MMP2/9 and α-SMA were evaluated by
westernblot. The activation of FoxO1 was analyzed evaluating phospho-
S473-AKT (activated form of AKT) and phospho-S256-FoxO1 (inactivated
form of FoxO1) by westernblot, evaluating FoxO1 nuclear localization by
inmunocytochemistry and the expression of FoxO1 specific genes targets
(p21cip and p15ink) by RT-PCR. The oxidative stress promoted by high
glucose was evaluated analyzing the expression of the FoxO3a, catalase
and SOD2 proteins levels, and ROS production using the DCF-DA probe
by colorimetry. The role of FoxO1 in the fibrotic effects induced by high
glucose was demonstrated using the specific FoxO1 inhibitor AS1825628
(100 nM) and a selective siRNA for FoxO1.
Results: The results show high glucose increased the proteins levels of
the CTGF and α-SMA (main markers of CF differentiation), while de-
creased the protein levels of MMP2 andMMP9. In addition high glucose
increased the expression of CTGF and α-SMA mRNA. On the other
hand, high glucose increased the activation of FoxO1 demonstrated by
decrease of the activation of AKT, (main negative regulator of FoxO1);
decrease of phospho-s256-FoxO1, increase of nuclear localization of
FoxO1 and increase of the expression of the FoxO1 genes target,
p21cip and p15ink. Likewise, high glucose decreased the protein levels
of FoxO3a, catalase and SOD2, and induced an increase of ROS produc-
tion. The participation of FoxO1 in the effects induced by high glucose in
CF was demonstrated using AS1845628, a specific inhibitor of the tran-
scriptional activity of FoxO1 and specific FoxO1 siRNA. The results
indicated that high glucose requires FoxO1 to promote the differentiation
of CF and to generate a cellular oxidative environment. AS1845628 and
FoxO1 siRNA prevented the increase of CTGF and α-SMA expression
and ROS production, and the decrease of MMP2, MMP9, FoxO3a, cat-
alase and SOD2 expression induced by high glucose.
Conclusion: The results obtained in this work suggest that FoxO1 is
necessary to CF differentiation induced by high glucose and suggest that
FoxO1 would be a pharmacological target for new treatments against
diabetic cardiomyopathy.
Supported by: Fondecyt Iniciación 11160531
Disclosure: R. Vivar: Grants; Fondecyt Iniciación 11160531.
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Immobilisation decreases FOXO3a phosphorylation and increases
autophagy-related gene and protein expression in human skeletal
muscle
A. Møller1, M.H. Vendelbo2, P. Schjerling3, C. Couppe4, N. Møller5, M.
Kjær3, M. Hansen7, N. Jessen1;
1Steno Diabetes Center Aarhus, Aarhus N, 2Department of Biomedicine,
Health, Aarhus University, Denmark, Aarhus N, 3Institute of Sports
Medicine, Department of Orthopeadic Surgery M, Bispebjerg Hospital,
and Center for Healthy Aging, Faculty of Health and Medical Sciences,
Copenhagen, 4Institute of Sports Medicine, Department of Orthopeadic
Surgery M, Bispebjerg Hospital, and Center for Healthy Aging, Faculty
of Health and Medical Sciences, University of Copenhagen,
Copenhagen, 5Medical Research Laboratory, Institute for Clinical
Medicine, Aarhus University, Aarhus N, 6Section of Sports Science,
Department of Public Health, Aarhus University, Aarhus C, Denmark.

Background and aims: Immobilization of the lower limbs promotes a
catabolic state that reduces muscle mass, whereas physical training pro-
motes an anabolic state that increases muscle mass. Understanding the
molecular mechanisms underlying this is of clinical interest, as loss of
muscle mass is a major complication to critical illness in humans. The aim
of the present study was to determine the molecular regulation of protein
synthesis and degradation during muscle loss and hypertrophy in human
skeletal muscle.

Materials and methods: We examined skeletal muscle biopsies from
healthy human subjects after 2 weeks unilateral immobilization of a lower
limb and during 6 weeks of physical rehabilitation.
Results: We have previously shown that cross-sectional area of the knee
muscle-extensors decreased by ~10% during immobilization and was
completely restored during rehabilitation. Here we provide novel data to
suggest that autophagy is an important underlying mechanism involved in
regulation of muscle mass. Protein expression of MuRF1 and ATROGIN-1
did not change during the study, indicating that the recruitment of substrates to
the proteasomes was unaltered. Phosphorylation of mTORat Ser2448 did not
change during the study, and neither did phosphorylation of the mTORC1
substrates 4EBP1 Thr37/46 and p70S6K Thr389, suggesting that this pathway
does not suppress protein synthesis during muscle wasting. Protein levels of
p62 and ULK1 increased during immobilization and returned to baseline
levels during rehabilitation. Same pattern was observed for FOXO3a phos-
phorylation at Ser318/321, suggesting transcriptional activation during immo-
bilization and inactivation during rehabilitation. To investigate this further, we
analyzed mRNA expression of seven autophagy-related genes controlled by
FOXO3a. Five of these (p62, LC3B, BECLIN-1, ATG12, and BNIP3) in-
creased during immobilization and returned to baseline during rehabilitation.
Conclusion: In conclusion, immobilization of a lower limb increases
autophagy-related gene and protein expression in human skeletal muscle
in a pattern that mirrors FOXO3a phosphorylation. These findings could
imply that FOXO3a dependent transcriptional regulation of autophagy is
involved in the regulation of muscle mass in humans.
Clinical Trial Registration Number: j.no.H-1-2010-016
Disclosure: A. Møller: None.
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Skeletal muscle ketone body oxidation as a novel target for improv-
ing obesity-induced dysglycaemia in mice
R. Al Batran1,2, K. Gopal1,2, S. Tabatabaei-Dakhili1, J. Chahade1,2, A.
Greenwell1,2, M. Almutairi1,2, N. Byrne3,2, G. Masson3,2, F. Eaton1,2, C.
Velázquez-Martínez1, P. Crawford4, J. Dyck3,2, J. Ussher1,2;
1Faculty of Pharmacy and Pharmaceutical Sciences, University of
Alberta, Edmonton, Canada, 2Alberta Diabetes Institute, Edmonton,
Canada, 3Department of Pediatrics, University of Alberta, Edmonton,
Canada, 4Department of Medicine, College of Biological Sciences,
University of Minnesota, Minneapolis, USA.

Background and aims: Obesity is a major risk factor for dysglycemia and
type 2 diabetes (T2D). Despite well-characterized perturbations in carbohy-
drate/lipid/amino acid metabolism contributing to obesity-induced T2D, it
remains unknown whether ketone body metabolism is perturbed in obesity/
T2D. Hence, our goal was to characterize and determine whether alterations
in ketone body metabolism influence T2D pathology.
Materials and methods: Eight-week-old C57BL/6J mice, or skeletal
muscle-specific succinyl-CoA:3-ketoacid-CoA transferase (SCOT, gene
name Oxct1) deficient (Oxct1Muscle-/-) mice and their control littermates were
fed a low-fat diet (lean) or high-fat diet (obese) for 12 weeks. Animals were
randomized to receive treatmentwith either vehicle control or potential SCOT
antagonists identified through in silico molecular modeling, while glucose
homeostasis (glucose/insulin tolerance testing) and whole-body energy me-
tabolism (indirect calorimetry) were assessed.
Results: Expression and activity of the rate-limiting-enzyme for ketone body
oxidation, SCOT, was increased in skeletal muscles of mice subjected to
experimental obesity. Through in silico molecular modeling we identified a
number of small molecule compounds that may act as novel SCOT antago-
nists. In vitro assays andworking heart perfusions confirmed that 1 of our hits
(SA-00007) inhibited SCOT and subsequently reduced ketone body oxida-
tion, respectively.We further determined that increased skeletalmuscle SCOT
activity/ketone body oxidation contributes to the pathology of T2D, as SA-
00007 treatment improved glucose tolerance in obese mice, which was
phenocopied in obese Oxct1Muscle-/- mice. Moreover, these improvements in
glycemia secondary to reductions in skeletal muscle ketone body oxidation
were dependent on obesity, as lean SA-00007 treated and lean Oxct1Muscle-/-

mice exhibited similar glucose tolerance profiles as their control treated and
control littermates, respectively. Consequently, insulin tolerance was im-
proved in obese SA-00007 treated and Oxct1Muscle-/- mice, which was asso-
ciated with increases in insulin-stimulated Akt phosphorylation in gastrocne-
mius muscle. Of interest, both SA-00007 treatment and muscle-specific
Oxct1 deficiency in obese mice were associated with increased respiratory
exchange ratios during indirect calorimetry studies. Additionally, Oxct1
knockdown in C2C12 myotubes decreased PDH phosphorylation, whereas
Oxct1 overexpression increased PDH phosphorylation. These observations
suggest that inhibiting skeletal muscle ketone body oxidation may enhance
glucose oxidation.
Conclusion: This work defines a fundamental contribution of enhanced
muscle ketone body oxidation to the pathology of obesity-induced
dysglycemia/T2D, while identifying SCOT inhibition as a novel target
for glucose lowering.
Disclosure: R. Al Batran: None.
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Ketone bodies ingested orally inhibits lipolysis through de-
phosphorylation of hormone sensitive lipase (HSL)
M. Svart1,2, N. Rittig3, S. Pedersen1,3, N. Jessen4,2, N. Møller1,2;
1Department of Endocrinology, Aarhus University Hospital, Aarhus,
2Aarhus University, Aarhus, 3Steno Diabetes Center Aarhus, Aarhus,

4Steno Diabetes Center Aarhus, Aarhus University Hospital, Aarhus,
Denmark.

Background and aims:Ketones are currently receiving renewed interest
due to pleiotropic beneficial effects in several organs/tissues. The exact
mechanisms by which ketones exert these effects are poorly understood.
We therefore wanted totestwhether orally consumed ketone salt, 3-
hydroxybuturate-Natrium (3OHB-Na), affects lipolysis and investigate
intracellular lipid signalling pathways known to regulate lipolysis.
Materials and methods: Six healthy, young males were included in a
randomised, controlled, cross-over study. All subjects were investigated
on two separate occasions after an overnight fast; i) drinking 3OHB-Na
(KET) or ii) drinking saline water (CTR). In order to study effects of
ketones on lipid metabolism, we used palmitate tracer, adipose tissue
biopsies before and after interventions, and consecutively obtained blood
samples to quantify lipid metabolism during the two conditions.
Results: Plasma concentrations of 3-OHB increased to 1.6±0.1mmol/l
during KET vs. undetectable low levels during CTR (p<0.001). Also,
plasma concentrations of FFA decreased to 0.09±0.02mmol/l during
KET compared to 0.4±0.07mmol/l during CTR (p=0.01) and palmitate
rate of appearance decreased to 111±17 umol/minduring KET vs. 211±45
umol/minduring CTR (p<0.05). The decrease in lipolysis was associated
with a 4-fold decrease in HSL660 phosphorylation during KET condi-
tions compared with CTR (p<0.05).
Conclusion: We conclude that 3OHB-Na effectively, quickly and safely
increase plasma concentrations of 3OHB, which causes lowering of FFA
concentration, lowering of FFA efflux, and effects HSL phosphorylation
in abdominal subcutaneous adipose tissue. These findings demonstrate
that high levels of ketones inhibit lipid degradation possibly via regula-
tion of HSL activity.
Clinical Trial Registration Number: NCT02917252
Supported by: The Danish Council for Strategic Research
Disclosure:M. Svart: None.
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The long noncoding RNABlnc1 protects against diet-induced obesity
by remodelling mitochondrial function in white fat
S. Tang, W. Gui, X. Lin, F. Zheng, W. Zhu, H. Li;
Endocrinology, The Affiliated Sir Run Run Shaw Hospital, Zhejiang
University, School of Medicine, Hangzhou, China.

Background and aims: Long noncoding RNAs (lncRNAs) play critical
regulatory roles in a variety of biological processes. Accumulating evi-
dence has indicated the correlation between mitochondrial dysfunction of
white adipose tissue (WATs) and metabolic abnormalities. Whereas, the
regulatory role of lncRNAs in mitochondrial function of WATs remains
largely unknown. This study was aimed to investigate the role of
lncRNA-Blnc1 in the metabolic homeostasis, and its association with
mitochondrial function.
Materials and methods: Male C57BL/6 mice were fed a high-fat diet
(HFD) for 12 weeks to induce obesity, followed by multi-points injection
of adenovirus particles carrying Blnc1 (Ad-Blnc1) in the two sides of
epididymal fat (eWATs). After 5 weeks, IPGTT and ITTwere conducted
to assess glucose tolerance and insulin sensitivity, respectively. In addi-
tion, H&E staining was performed to characterize the structure and lipid
accumulation in the liver and WATs. Then in vitro studies, mitochondrial
biogenesis was analyzed in 3T3-L1 pre-adipocytes with Blnc1 over-
expression or knockdown. Finally, Blnc1 binding protein was identified
using RNA-protein pull down and RNA-IP analysis.
Results: Over-expression of Blnc1 was confirmed in eWATof HFD-Ad-
Blnc1 treatedmice. Gross liver weight and eWATmass were significantly
decreased in HFD-Ad-Blnc1 mice, accompanied by less lipid droplet
deposition and triglyceride content in the liver. Furthermore, glucose
tolerance and insulin resistance were improved in HFD-Ad-Blnc1 mice.
Mitochondrial biosynthesis was markedly induced by Blnc1 over-
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expression in eWATs, which was confirmed by increased mtDNA copy
numbers and mito-tracker staining. Accordingly, the expression of genes
related to mitochondrial biosynthesis and function[( Pgc1α, TFAM,
adiponectin, complexes (I- V) of the electron transport chain (ECT)]was
increased in eWATof HFD-Ad-Blnc1 mice. Moreover, the expression of
genes involved in fatty acid oxidation (ex, Acadl, Acox1, CPT1β and
PPARa) was upregulated in liver of Ad-Blnc1 mice on HFD. Increased
mitochondrial biogenesis and function was also found in Blnc1-
overexpression 3T3-L1 pre-adipocytes; whereas, knockdown of Blnc1
in 3T3-L1 pre-adipocytes resulted in impairedmitochondrial biosynthesis
and function. By RNA-protein pull down and mass spectrum analysis, a
few candidate binding proteins of hnRNPA1, hnRNPU and PTBP1were
found, and finally hnRNPA1 was identified as the Blnc1 binding partner
with following RIP assay in 3T3-L1 pre-adipocytes.
Conclusion: Together, our findings demonstrated that specific overex-
pression of Blnc1 in eWATcould improve lipid accumulation in liver and
the whole body insulin sensitivity, which was most likely related to the
increased mitochondrial biogenesis and function in eWAT.
Supported by: NSFC(81873653) and NSFC of Zhejiang(LQ18H07001)
Disclosure: S. Tang:Grants; The National Natural Science Foundation of
China (81873653), The Zhejiang Provincial Natural Science Foundation
of China (LQ18H07001).
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The calcitonin receptor is essential for glucose regulation as a func-
tion of dual amylin and calcitonin receptor agonist therapy
A.T. Larsen, N. Sonne, K.V. Andreassen, M.A. Karsdal, K. Henriksen;
Nordic Bioscience, Herlev, Denmark.

Background and aims: KBP-088 is a dual amylin and calcitonin recep-
tor agonist (DACRA) with beneficial effects on body weight, glucose
tolerance and insulin action in rat models of obesity and diabetes.
However, the contribution of either receptor to the overall effects of the
DACRAs has presently not been elucidated due to the complexity of the
receptor system, with the calcitonin receptor being an amylin receptor
without a receptor activity-modifying protein (RAMP). In this study we
set out to determine the contribution of either receptor to the DACRA
response, through a comparison of a highly potent DACRA, KBP-088,
with rat amylin (rAMY), rat calcitonin (rCT) and the combination of
rAMY and rCT in high-fat diet (HFD) fed rats and as intervention treat-
ment in type 2 diabetic rats.
Materials and methods: HFD fed Sprague Dawley rats and diabetic
ZDF rats were treated 4 weeks with KBP-088 (5 μg/kg/day), rAMY
(300 μg/kg/day), rCT, (300 μg/kg/day) and the combination of rAMY
and rCT (300+300 μg/kg/day). To compensate for the different activity
profiles, peptides were delivered by continuous subcutaneous infusion.
Body weight, food intake, fasting glycemia, HbA1c levels as well as
glucose tolerance were assessed.
Results: In HFD fed animals chronic treatment with KBP-088, rAMY
and the combination of rAMYand rCT resulted in a significant reduction
in food intake and body weight (p<0.001), while rCT alone had no effect.
KBP-088 was superior to all other treatments (p<0.001), while the com-
bination of rAMY and rCT did not differ from rAMY alone. Moreover,
KBP-088 and rAMY improved glucose tolerance with significant re-
duced insulin levels in HFD fed animals (p<0.05). In diabetic ZDF rats,
rCT was efficient in lowering fasting glycemia to the same extent as
rAMY, while dual activation by KBP-088 and the combination of
rAMY and rCT were superior to activating either receptor alone
(p<0.05). In addition, all treatments improved HbA1c levels at study
end, though only KBP-088 differed significantly from vehicle (p<0.05).
Dual activation by KBP-088 (p<0.01) and the combination of rAMYand
rCT (p<0.05) significantly improved glucose tolerance by increasing
glucose-induced insulin secretion. Furthermore, rAMY, the combination
of rAMY and rCT and KBP-088 initially reduced the food intake and

body weight, albeit only KBP-088 induced a body weight reduction that
continued throughout the study.
Conclusion: We show that the calcitonin receptor is essential for blood
glucose regulation in a diabetic animal model, while the amylin receptor
affects both blood glucose levels and food intake. However, dual activa-
tion of calcitonin and amylin receptors by KBP-088 is superior to acti-
vating either receptor alone in terms of reducing body weight and im-
proving HbA1c levels and glucose control.
Disclosure: A.T. Larsen: Grants; Funded by a grant from the Danish
Research Foundation (Den Danske Forskningsfond).
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A novel amino acid transporter modulating insulin resistance via
adipocytes
R.Å. Jersin1, J.-I. Bjune2, M.S. Nilsen1, A. McCann3, M. Blüher4, J.
Fernø2, M. Claussnitzer5,6, G. Mellgren2, S.N. Dankel1;
1Department of Clinical Science, University of Bergen, Bergen, Norway,
2Hormon Laboratory, Haukeland University Hospital, Bergen, Norway,
3Laboratoriebygget, Bevital A/S, Bergen, Norway, 4Clinic for
Endocrinology and Nephrology, Medical Research Center, Leipzig,
Germany, 5Institute of Nutritional Science, University of Hohenheim,
Stuttgart, Germany, 6Broad Institute, MIT and Harvard, Cambridge,
USA.

Background and aims: Insulin resistance (IR) relates to abdominal obe-
sity and increased risk of developing metabolic diseases, including type 2
diabetes (T2D). Here, we sought to investigate molecular mechanisms
affecting IR and T2D risk through obesity-related gene expression alter-
ations that causally modulate adipocyte metabolism.
Materials and methods:We performed a systematic genome-wide tran-
scriptome screen in subcutaneous (SC) and visceral adipocytes, and in
stromal vascular fraction (SVF) isolated from human adipose tissue (AT).
We also measured gene expression in SC and visceral AT by qPCR in a
genotyped cohort of 295 morbidly obese patients, and a cohort of 40
insulin sensitive obese (ISO) and 40 insulin resistant obese (IRO) people,
where IR was measured using hyperinsulimic-euglycemic clamp.
Additionally, we conducted relevant functional assays in SLC7A10-
inhibited mouse and primary human adipocyte cultures, including
insulin-stimulated glucose uptake assay, reactive oxygen species (ROS)
assay, Oil-Red-O lipid staining and metabolomics.
Results: In isolated human SC and visceral adipocytes compared to SVFwe
found thatCIDEA and SLC7A10 showed the highest relative mRNA expres-
sion. Additionally, SLC7A10 expression was increased in lean compared to
obese people, as well as after bariatric surgery. A recent study found that SC
adipocyte SLC7A10 expression is highly heritable (h2=0.79) and that a T2D
risk variant in theKLF14 locus associates with reduced SLC7A10 expression.
We observed lower SLC7A10 mRNA levels in visceral AT from patients
carrying the T2D risk haplotype. Furthermore, we found significantly de-
creased SLC7A10 expression in both SC and visceral AT from IRO people
compared to ISO people. Assessing glucose uptake in SLC7A10 inhibitor
treated mature human primary adipocytes, we observed significantly de-
creased insulin-dependent glucose uptake when impairing the amino acid
transporter SLC7A10 by a selective inhibitor, while basal uptake was not
changed.Additionally,we found increasedROSand lipid accumulationwhen
inhibiting SLC7A10 in human adipocytes. Treating SLC7A10-inhibited mu-
rine cells with a ROS-scavenger significantly reduced lipid accumulation,
however, only when insulin was not present, suggesting that insulin and
ROS promote lipid accumulation by different mechanisms. Lastly, we mea-
sured metabolites secreted from human primary adipocyte treated with the
selective inhibitor, and found increased extracellular levels of the T2D-
associated valine degradation product 3-hydroxyisobutyrate (3-HIB) com-
pared to control.
Conclusion: Our data link reduced expression and impaired function of
the amino acid transporter SLC7A10 to increased oxidative stress and
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lipid accumulation, reduced insulin-dependent glucose uptake, and in-
creased insulin resistance and risk of T2D.
Supported by: Research Council of Norway
Disclosure: R.Å. Jersin: None.
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Role of IL-1beta in human adipose tissue remodelling in obesity and
type 2 diabetes
J. Laurencikiene, K. Hofwimmer, B. Tavira, J. Acosta, M. Rydén;
MedH, Karolinska Institutet, Stockholm, Sweden.

Background and aims: White adipose tissue (WAT) is a well-
adapted organ for safe storage of excess energy. If WAT loses its
capacity to expand, ectopic fat accumulation causing lipotoxicity
and insulin resistance occurs, which subsequently promotes type 2
diabetes. WAT expands by increasing the size of the cells
(hypertrophy) or by recruiting and differentiating new adipocytes
from precursors (hyperplasia). Unhealthy hypertrophic WAT expan-
sion is associated with WAT insulin resistance and has been pro-
posed to develop when WAT becomes unable to recruit and differ-
entiate precursor cells. Although low-grade chronic WAT inflamma-
tion is considered an adverse effect of obesity, recent data show that
inflammatory signals and immune cells are needed for WAT expan-
sion. We aim to characterize a role for pro-inflammatory cytokine
IL-1β in human fat cell differentiation (adipogenesis).
Materials and methods: Two different models of primary adipose-
derived stem cells were employed and treated with IL1β through-
out the in vitro differentiation. Expression of adipogenic genes,
amount and size of lipid droplets were quantified through micro-
array, RT-qPCR and high-throughput microscopy. IL-1β expres-
sion and secretion in hWAT of obese and non-obese, insulin sen-
sitive and insulin-resistant individuals were analyzed and correlat-
ed to metabolic parameters. IL-1β secretion was also examined in
non-obese type 2 diabetes patients and matched controls. IL-1β-
secreting cells in WAT were defined by flow cytometry using
unbiased combination of cell surface markers.
Results: Preliminary results suggest that in hWAT IL-1β is manly
produced by M1-like macrophages, which goes in line with earlier
published studies. Expression of IL-1β correlates positively with
BMI, adipocyte size and HOMA-IR, and negatively with basal
lipogenesis and lipolysis. However, IL-1β-treatment in primary
human pre-adipocytes strongly induces adipogenesis and
upregulates expression of adipogenic genes. This effect is main-
tained during init ial differentiation stages. During late
differentiation/in mature adipocytes, the inflammatory effect of
IL-1β becomes dominant. Signaling pathways causing adipogenic
effects of IL-1β are under investigation and will be presented.
Conclusion: In conclusion, despite its known inflammatory and insulin-
resistance-promoting effects in mature adipocytes, IL-1β is also inducing
adipogenesis in human adipocyte-precursor cells. This could be an im-
portant compensatory mechanism to keep the ability of adipose tissue to
expand and to preserve its capacity to store lipids during insulin-resistant
state.
Supported by: Vetenskapsrådet, Novo Nordisk foundation, Karolinska
Institutet
Disclosure: J. Laurencikiene: None.
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Genetic association analysis of type 1 diabetes in >60,000 ancestrally
diverse subjects: refinement of existing association signals and dis-
covery of novel type 1 diabetes risk loci
S.S. Rich1, C.C. Robertson1, J.R. Inshaw2, W.-M. Chen1, J.A. Todd2, S.
Onengut-Gumuscu1;
1Center for Public Health Genomics, University of Virginia,
Charlottesville, USA, 2JDRF/Wellcome Trust Diabetes and
Inflammation Laboratory, University of Oxford, Oxford, UK.

Background and aims: Type 1 diabetes (T1D) is a common autoim-
mune disease whose complex etiology is driven by both genetic and
environmental factors, with variation in the human MHC (HLA genes)
contributing to ~40% of the genetic risk. Over 60 chromosomal regions
have been implicated in T1D from genome-wide linkage and association
studies, yet ~20% of genetic risk in European ancestry populations re-
mains unexplained; further, little is known about genetic risk in non-
European populations. Causal variants and genes have not been
established in most T1D-associated loci. To address these gaps, we ana-
lyzed an ancestrally diverse cohort of over 60,000 participants, over twice
the size of previous studies, with ImmunoChip genotyping and imputa-
tion using a large multi-ethnic reference panel.
Materials and methods: DNA samples were genotyped on the Illumina
ImmunoChip (~186,000 SNPs) using standard protocols. Genotypic data
were clustered by genetic principal components to create homogeneous
batches that were sent to the NHLBI Trans-Omics for Precision Medicine
(TOPMed) reference panel for imputation, yielding 1M-2M Imputed SNPs
that were filtered for ancestry-specific imputation quality and Mendelian
inconsistencies. Accuracy and coverage of imputation in the 184 targeted
regions was assessed using whole genome sequencing data available in a
subset of genotyped participants. Association with T1D was assessed in
affected trios by the transmission disequilibrium test (TDT). Case-control
analysis was performed in unrelated individuals by logistic regression,
adjusting for principal components. Summary statistics were combined using
inverse variance-weighted fixed effects meta-analysis. A Bayesian stochastic
searchmethod (GUESSFM)was applied to the European case-control data to
define 95% credible sets within each T1D associated region.
Results: After quality filtering, 61,104 participants and 164,603 geno-
typed variants were included in analyses, with imputation providing a 2-
to 3-fold increase in SNP coverage within each locus. In fixed effects
meta-analysis, 70 loci were associated with T1D at genome-wide signif-
icance (p<5x10-8), twenty-one (21) regions were novel for association
with T1D including 1q21.3 (IL6R, the nearest gene and/or plausible can-
didate causal gene), 5p13.1 (TTC33) and 1p31.3 (PGM1). We defined
95% credible variant sets for 52 associated regions with sufficiently dense
genotype coverage; seven credible sets contained only a single variant
and an additional sixteen sets had fewer than five variants. African an-
cestry results narrowed focus for likely causal SNPs in chromosome 10
(RNLS) and chromosome 17 (GSDMB) loci.
Conclusion: Increased sample size, ethnic diversity, and improved map-
ping methods have discovered new loci associated with T1D, narrowed
focus on credible SNP, and enabled targeting candidate molecules and
cells involved in the development of T1D.
Supported by: U01 DK062418
Disclosure: S.S. Rich: None.
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A genome-wide search for genes affecting the age-at-diagnosis of type
1 diabetes
A. Syreeni1,2, J.R.J. Inshaw3, N. Sandholm2,4, C. Sidore5, F. Cucca5,6,
J.A. Todd3, P.-H. Groop2,4;
1Research Program for Clinical and Molecular Metabolism, Faculty of
Medicine, University of Helsinki, Helsinki, Finland, 2Folkhälsan
Research Center, Biomedicum, Helsinki, Finland, 3JDRF/Wellcome
Diabetes and Inflammation Laboratory, Wellcome Centre for Human
Genetics, University of Oxford, Oxford, UK, 4Abdominal Center,
Nephrology, University of Helsinki, Helsinki University Hospital,
Finland, 5Instituto di Ricerca Genetica e Biomedica, CNR, Monserrato,
Italy, 6Dipartimento di Scienze Biomediche, Università degli Studi di
Sassari, Sassari, Italy.

Background and aims: The age-at-diagnosis of type 1 diabetes varies
and the immunological processes leading to type 1 diabetes appear dif-
ferent in individuals diagnosed in early childhood compared to those
diagnosed later in life. Only HLA and a few non-HLA loci have, how-
ever, been shown to have an effect on age-at-diagnosis of type 1 diabetes.
We carried out a genome-wide association study (GWAS) meta-analysis
to identify genetic factors affecting age-at-diagnosis.
Materials and methods: Our study population comprised 12,451
individuals with type 1 diabetes from four cohorts: The Genetic
Resource Investigating Diabetes (GRID) from the UK divided into
two cohorts according to the genotyping platform (Illumina 500K
Infinium microarray; n = 3,976 and Affymetrix GeneChip
Mapping 500K; n = 1,925), Finnish Diabetic Nephropathy
(FinnDiane) Study cohort (n = 5,074), and a Sardinian cohort (n
= 1,476). Genotyped or imputed single nucleotide polymorphisms
(SNPs) or indels were tested for association with natural logarithm
transformed age-at-diagnosis using linear regression, adjusting for
sex and cohort specific population stratification and genotyping
batch variables. For the 7.3 million variants shared between at
least two cohorts, the effect sizes and SEs from the individual
GWAS were combined with fixed-effects meta-analysis using the
METAL software.
Results: Multiple independent variants on chromosome 6 were signifi-
cantly associated with age-at-diagnosis (2 × 10-15 ≤ P < 5 × 10-8), located
both in the HLA class I and II regions. No variants outside the HLA
region reached a genome-wide significant P value in the meta-analysis;
the most significant SNP was rs2941522 (C > T) on chromosome 17p21
near the IKZF3 gene, where the major C allele associated with lower age-
at-diagnosis of diabetes (Beta = -0.066, SE = 0.012, P = 6.4 × 10-8). That
variant is in linkage disequilibrium with two known type 1 diabetes SNPs
(r2= 0.87 for rs2290400 and r2 = 0.83 for rs12453507 in the 1000
Genomes European population), both of which also suggestively associ-
ated with age-at-diagnosis (P ≤ 10-5) in our study. All three SNPs are
associated with ORMDL3 and GSDMA gene expression levels in whole
blood in GTEx V7.
Conclusion: Our meta-GWAS proposes that the type 1 diabetes suscep-
tibility region on chromosome 17 is associated with age-at-diagnosis.
This locus has also previously been shown to have age-at-diagnosis-
specific effects, thus more detailed studies on regulation and function of
the genes in this region are warranted.
Disclosure: A. Syreeni: None.
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Angiotensin-converting enzyme and type 2 diabetes risk: a
Mendelian randomisation study
M. Pigeyre1, J. Sjaarda1, M. Chong1, S. Hess2, J. Bosch1, S. Yusuf1, H.
Gerstein1, G. Pare1;
1McMaster University, Hamilton, Canada, 2R&D, Translational
Medicine & Early Development, Biomarkers & Clinical Bioanalyses,
Sanofi Aventis Deutschland GmbH, Frankfurt, Germany.

Background and aims: Three large randomized control trials
(HOPE, PEACE, SOLVD) have suggested that angiotensin-
converting enzyme (ACE) inhibitors may prevent type 2 diabetes
compared to placebo in people at high risk for cardiovascular
outcomes. In the DREAM trial, which was the only dedicated trial
studying the effect of ACE inhibitor allocation versus placebo on
new-onset diabetes, ramipril did not reduce the incidence of dia-
betes in participants having prior impaired fasting glucose or im-
paired glucose tolerance. Thus, the causal relationship between
ACE inhibition and prevention from type 2 diabetes remains ques-
tionable. We hypothesized that ACE concentration-lowering ge-
netic variants could be used to infer the pharmacological effect
of ACE inhibitors on type 2 diabetes risk using a Mendelian
Randomization (MR) approach.
Materials and methods: We first assessed the association between
type 2 diabetes prevalence and ACE serum concentration in the
Outcome Reduction with Initial Glargine Intervention (ORIGIN)
trial (N=8,197). We next investigated whether genetically lowered
ACE concentration was causally linked to the risk of type 2 dia-
betes using a two-sample MR analysis. This analysis included 17
independent genetic variants associated with ACE concentration in
ORIGIN (N=4,147) and their effects on type 2 diabetes risk esti-
mated in the DIAbetes Genetics Replication And Meta-analysis
consortium (n=26,676 cases; 132,532 controls). We then designed
an ACE concentration-lowering genetic risk score (GRS) and test-
ed it for association with type 2 diabetes prevalence in the UK
Biobank cohort (N=341,872). Finally, we compared the genetical-
ly determined effect of lower ACE concentration on type 2 diabe-
tes risk to the pharmacological inhibition of ACE versus placebo,
which was evaluated through a meta-analysis of randomized clin-
ical trials (RCT) (N=31,200).
Results: Lower ACE serum concentration was associated with re-
duced type 2 diabetes prevalence (OR, 0.89; 95%CI, 0.82-0.96;
P=3.50x10-3) in the ORIGIN trial. The MR analysis showed that
a 1 SD lower genetically determined ACE serum concentration
predicted a lower risk of type 2 diabetes (OR, 0.92; 95%CI,
0.89-0.95; P=1.79x10-7). This result was replicated in the UK
Biobank (OR, 0.97; 95%CI, 0.96-0.99, P=8.73x10-4). Our meta-
analysis including six RCTs estimated that ACE inhibitors reduced
type 2 diabetes risk by 24% compared to placebo (OR, 0.76;
95%CI, 0.60-0.97; P=2.59x10-2), while reducing the mean arterial
pressure (MAP) of 2.4 mmHg on average. When standardizing the
OR estimated from MR for an equivalent 2.4 mmHg lower MAP,
we obtained a consistent estimate of the genetically determined
effect of ACE inhibition on type 2 diabetes risk (ORstandardized,
0.75; 95%CI, 0.64-0.89) compared to that one derived from RCT
meta-analysis (P for comparison=0.95).
Conclusion: These results support the potential protective effect of
long-term ACE inhibition on type 2 diabetes risk. Although future
research is needed to better delineate the metabolic actions of ACE
inhibitors, current evidence supports that targeting ACE may pro-
tect from type 2 diabetes, as well as considering a patient’s risk of
developing type 2 diabetes may be recommended when prescrib-
ing blood-pressure lowering drugs.
Clinical Trial Registration Number: NCT00069784
Supported by: Sanofi, CIHR
Disclosure:M. Pigeyre: None.
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Transcriptome response of a liver-specific enhancer at rs780094 and
genome-wide expression relationships of glucokinase regulatory pro-
tein (GCKR) gene
M. López Rodríguez1, A. Ko2, L. Ma3, I. Selvarajan1, D. Kaminska4,
K.M. Garske2, I. Mushimiyimana1, A. Toropainen1, J. Pihlajamäki4, J.L.
Björkegren5, P. Pajukanta2, M. Laakso6, M.U. Kaikkonen1;
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1A.I. Virtanen Institute of Molecular Sciences, University of Eastern
Finland, Kuopio, Finland, 2Department of Human Genetics, David
Geffen. School of Medicine, University of California, Los Angeles, Los
Angeles, USA, 3Icahn School of Medicine, at Mount Sinai, New York,
USA, 4Institute of Public Health and Clinical Nutrition, University of
Eastern Finland, Kuopio, Finland, 5Department of Genetics and
Genomic Sciences, Icahn School of Medicine, at Mount Sinai, New
York, USA, 6Department of Clinical Medicine/ Internal Medicine,
University of Eastern Finland, Kuopio, Finland.

Background and aims: Glucokinase regulatory protein (GCKR)
regulates hepatic glucose metabolism by inhibiting glucokinase
(GCK) in the nucleus of the hepatocyte at fasting. Previous studies
found that rs780094 of GCKR is associated with the risk of type 2
diabetes and non-alcoholic fatty liver disease, and the levels of
carbohydrates, amino acids and lipids. We recently demonstrated
that the locus represented by rs780094 is an enhancer that regu-
lates GCKR expression in a genotype-specific manner. However,
the pleiotropy of this locus suggests the functional involvement of
multiple genes. We aimed to investigate the transcriptome profile
of rs780094-enhancer and the genome-wide expression relation-
ships of GCKR.
Materials and methods:We used a CRISPR-Cas9 system to induce
the epigenetic activation of rs780094-enhancer in vitro followed
by RNA sequencing. We also performed weighted gene co-
expression network analysis (WGCNA), gene-gene correlation
and expression-phenotype associations in two human cohorts, the
´Stockholm-Tartu atherosclerosis reverse networks engineering
task´ (STARNET) and the ´ Kuopio obesity surgery study´
(KOBS).
Results: Our in vitro and expression quantitative trait loci (eQTL)
data validated GCKR (p=3.1 × 10-7) and identified the yet
uncharacterized C2Orf16 (p=2 × 10-16) as a novel, genotype spe-
cific cis target of rs780094-enhancer. Additionally, CRISPR acti-
vation of the enhancer induced the differential expression of 80
genes in trans (DEGs). Gene ontology analysis of DEGs identified
several transcription factors with important roles in lipid and car-
bohydrate metabolism, including CREBBP, NCOR2, RELA, and
NFIC. WGCNA in STARNET cohort identified GCKR as a key
driver (p=4.05 × 10-32, FDR=1.7 × 10-31) of a liver-specific mod-
ule associated with the levels of LDL cholesterol, HDL cholester-
ol, HbA1c, fasting plasma triglycerides, CRP, and BMI. We also
identified 6516 genes correlated with GCKR expression in KOBS
liver samples and regulation of transcription was identified as the
main functional category for the top 1000 genes. Forty-four per-
cent of DEGs and 70 % of STARNET GCKR module key drivers
were also found correlated with GCKR expression in KOBS.
Conclusion: GCKR and C2orf16 are the direct, cis targets of rs780094-
enhancer, which may mediate larger trans-regulatory effects on gene ex-
pression. The high liver specificity and expression levels of GCKR com-
pared with C2Orf16 suggests that this trans-response is mainly mediated
by GCKR. Altogether, transcriptomic effects of rs780094-enhancer and
expression relationships identified improve our understanding of the bi-
ological mechanisms underlying the associations of this locus beyond the
direct effects of GCKR.
Supported by: ERC Starting Grant; Academy of Finland
Disclosure:M. López Rodríguez: None.
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Genome-wide association study of adipose tissue lipolysis in the
GENetIcs of adipocyte lipolysis (GENIAL) cohort
I. Dahlman1, R.J. Strawbridge2, A. Kulyte1, V. Lundbäck1, P. Arner1;
1Department of Medicine Huddinge, Karolinska Institutet, Stockholm,
Sweden, 2Institute of Health and Wellbeing, University of Glasgow,
Glasgow, UK.

Background and aims: Inefficient hydrolysis of stored triacylgly-
cerides (lipolysis) in adipose tissue result in increased release of
fatty acids into the general circulation, which can lead to ectopic
storage of fat and subsequent development of insulin resistance
and type 2 diabetes. We performed a genome-wide association
study (GWAS) in order to shed new light on the regulation of
adipocyte lipolysis.
Materials and methods: 1,005 study subjects (80 %) were examined
after an overnight fast and an abdominal subcutaneous adipose tis-
sue (SAT) biopsy obtained by needle aspiration. Adipocytes were
isolated from SAT biopsies and incubated for 2 h without (sponta-
neous lipolysis) or with the beta adrenoreceptor agonist isoprena-
line, whereafter medium was removed for analysis of glycerol as
indicator of lipolysis. The UK Biobank Axiom array was used for
genotyping and imputation performed using the HRC and 1000G
phase3 reference panels. After quality control 946 samples and
9,260,588 SNPs were available for phenotypic analysis.
Results: A total of 113 SNPs in 33 loci showed suggestive associ-
ation with spontaneous lipolysis (p <10-5). One GWAS-significant
locus with multiple associated SNPs was identified f on chromo-
some 19. As for isoprenaline stimulated lipolysis, 125 SNPs in 41
genetic loci reached the threshold for suggestive association. A
total of six genetic loci demonstrating suggestive association with
spontaneous lipolysis overlap loci previously reported to be asso-
ciated with measures of adiposity, whereas seven genetic loci dem-
onstrating suggestive association with isoprenaline stimulated li-
polysis have previously been linked to measures of adiposity or
T2D.HIF3A was the only gene in the chromosome 19 locus
expressed in adipocytes. siRNA knockdown of HIF3A in human
mesenchymal stem cells (hMSCs) differentiated in vitro into adi-
pocytes increased expression of key lipolysis-regulatory genes
(LIPE, PNPLA2) and release of glycerol by 20-50 %.
Conclusion: This first GWAS of adipocytes lipolysis identifies
HIF3A as a new regulator of SAT lipolysis in humans and high-
lights additional potential genetic loci for lipolysis including some
reportedly linked to body fat storage and distribution. Thus, ge-
netic control of adipocyte lipolysis may participate in regulation
of body fat storage and hereby to susceptibility to insulin resis-
tance and type 2 diabetes.
Supported by: Research council, Stockholm county council
Disclosure: I. Dahlman: None.
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Multi-trait genome-wide association meta-analysis of dietary intake
identifies new loci and functional links with metabolic traits
J. Merino1, H.S. Dashti1, C. Sarnowski2, J.M. Lane1, R. Saxena1, J.C.
Florez1;
1Massachusetts General Hospital, Boston, 2Boston University, Boston,
USA.

Background and aims: Dietary intake, a major contributor to the
global obesity and type 2 diabetes epidemics, is a complex pheno-
type partially affected by innate physiological processes. Genome-
wide association studies (GWAS) for individual macronutrients have
facilitated the discovery of a handful of genomic loci influencing
dietary intake, however a single-nutrient approach may preclude the
discovery of additional relevant loci.
Materials and methods: We conducted a multi-trait GWAS of
overall variation in dietary intake to factor the significant correlation
among macronutrients in 283,119 European-descent participants
from the UK Biobank (n=192,005) and the CHARGE Consortium
(n=91,114). In the UK Biobank, dietary data were collected using a
web-based 24-hr diet recall. In the CHARGE Consortium, dietary
intake was evaluated using validated cohort-specific food frequency
questionnaires. Multi-trait genome-wide association analysis was
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conducted using the cross-phenotype association software
(CPASSOC). Tissue, cell-type, and pathway enrichment analyses
were conducted to provide insights into underlying mechanisms
influencing dietary intake. Genome-wide genetic correlation across
234 traits with publicly available GWAS data, and clustering of
identified signals using the Bayesian nonnegative matrix factoriza-
tion algorithm ("soft" clustering) were used to provide potential
clinical translational findings.
Results: In the multi-trait genome-wide association meta-analysis,
we identified 156 lead variants in 96 distinct genomic loci at
genome-wide significance. Dietary intake signals mapped to dif-
ferent brain tissues and were enriched for genes expressed in spe-
cific cell-types including b1-tanycytes and serotonergic and
GABAergic neurons. Further, we found enrichment of biological
pathways related to neurogenesis. Genome-wide genetic correla-
tions indicated shared biological links between dietary intake and
type 2 diabetes. Clustering of identified variants catalogued three
main genetic clusters with distinct associations with obesity and
type 2 diabetes.
Conclusion: Overall, the present findings expand our understand-
ing of the genetic architecture of dietary intake and may provide
new avenues for the primary prevention of prevalent common
complex metabolic diseases.
Supported by: H2020-MSCA-IF- 2015-703787
Disclosure: J. Merino: None.
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Exosomes as mediators of the systemic adaptations to high intensity
interval training
C. Castaño1,2, M. Mirasierra3,4, M. Vallejo3,4, L. Brugnara1,2, S.
Murillo1,2, A. Novials1,2, M. Párrizas1,2;
1CIBERDEM, Barcelona, 2IDIBAPS, Barcelona, 3CIBERDEM,Madrid,
4IIBM, Madrid, Spain.

Background and aims: Implementation of physical activity im-
proves the clinical profile in diabetic patients, although the molec-
ular mechanisms involved remain largely unknown. Intriguingly,
exercise increases the number of exosomes circulating in blood.
Exosomes are small vesicles enriched in miRNAs that can be cap-
tured by acceptor cells, where the miRNAs they contain induce
transcriptomic changes, thus mediating intercellular communica-
tion. We have recently described that alterations in the pattern of
the exosomal miRNAs mediate the development of metabolic dis-
eases. Hence, we hypothesize that exosomes released by the mus-
cle during contraction may stimulate communication between the
muscles and other organs and mediate the multisystemic adapta-
tions of exercise. The objective of this study was to determine the
changes induced by a high intensity interval training (HIIT) in the
profile of miRNAs, and to explore the role of exercise-induced
exosomes in the regulation of glucose and lipid metabolism in
mice.
Materials and methods: Exosomes were isolated by centrifugation
from plasma of C57BL6/J male mice after 5 weeks of HIIT, and
characterized by transmission electron microscopy. Exosomal
miRNAs were profiled by real-time RT-PCR. Interactions between
miRNAs and their target genes were analyzed in silico. Control
mice were injected intravenously with exosomes isolated from
plasma of control and exercised mice. Glucose and lipid tolerance
and insulin sensitivity were determined by metabolic tests.
Respiratory exchange ratio (RER) and energy expenditure (EE)
were analyzed by indirect calorimetry. Blood and tissues were
dissected for posterior RNA and immunohistochemical analysis.
Results: The profiling of 378 miRNAs shows increased levels of
muscle-enriched microRNAs such as miR-133a and miR-133b in
exosomes isolated from plasma of exercised mice as compared
with control sedentary mice, thus indicating that improved fitness
is associated with a modification of the population of circulating
exosomes. Bioinformatics analyses reveal that the exosomal
miRNAs upregulated with exercise are involved in the inhibition
of insulin signaling pathways, regulation of glucose metabolic ho-
meostasis, response to oxidative stress and cAMP-dependent sig-
naling. Surprisingly, continued injection of exosomes isolated
from exercised mouse plasma into control sedentary mice results
in a significant improvement glucose and lipid tolerance and insu-
lin sensitivity. The mice treated with exercise-induced exosomes
also show reduced adiposity that correlates with increased energy
expenditure.
Conclusion: Our data shows that HIIT modifies the miRNA con-
tent of circulating exosomes. The administration of exosomes iso-
lated from the plasma of exercised mice improves the metabolic
profile of sedentary mice. Therefore, our data suggests that circu-
lating exosomes released during exercise mediate the cross-talk
between muscle and other organs. We propose that exercise-
induced exosomes increase metabolic flexibility and may then be
useful in the treatment of obesity and diabetes.
Supported by: MENARINI, l'ACADÈMIA
Disclosure: C. Castaño: None.
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Characterisation of exosomal proteins before and after exercise in-
tervention in human insulin resistance and type 2 diabetes
L. Mastrototaro1,2, H. Sell1,2, S. Hartwig3,2, E. De Filippo1,2, M.
Apostolopoulou1,4, D. Pesta1,2, Y. Karusheva1,2, J. Szendroedi1,4, H. Al-
Hasani3,2, S. Lehr3,2, M. Roden1,4;
1Institute for Clinical Diabetology, German Diabetes Center, Düsseldorf,
2German Center for Diabetes Research (DZD), München-Neuherberg,
3Institute for Clinical Biochemistry and Pathobiochemistry, German
Diabetes Center, Düsseldorf, 4Division of Endocrinology and
Diabetology, Medical Faculty, Heinrich-Heine University, Düsseldorf,
Germany.

Background and aims: Recent studies indicate that high intensity
interval training (HIIT), improves insulin sensitivity and glucose
metabolism. Furthermore, evidence is accumulating that acute ex-
ercise triggers the release of exosomes into the circulation suggest-
ing a novel mode of crosstalk between different tissues. However,
little is known about the role of exercise-derived exosomes in
insulin resistant states or type 2 diabetes (T2D). Thus, this pilot
study aimed at analyzing proteins cargoed by exosomes in humans
during HIIT and to identify possibly associations with metabolism.
Materials and methods: Five overweight T2D patients as well as 5
age- and body mass index (BMI)-matched glucose tolerant but in-
sulin resistant humans (IRC) and 5 age-matched lean insulin sensi-
tive humans (ISC) performed HIIT 3 days per week on a cycle
ergometer (4 x 4 min intervals at 90% and 3 min of recovery at
70% of maximal heart rate for a total of 35 min) for 12 weeks.
Before the start of the intervention (baseline) and 72 h after the last
HIIT session a two-stage insulinemic-euglycemic clamp test with
deuterated glucose was performed to assess whole-body and hepatic
insulin resistance. Serum samples were collected at baseline and
72 h after the last HIIT and exosomes were isolated by size exclu-
sion chromatography. To test tissue-specific exosome release,
exosomes were also isolated by differential ultracentrifugation/
ultrafiltration from human skeletal muscle cells undergoing electri-
cal pulse stimulation (EPS) in vitro, to simulate exercise training.
Exosomes size and concentration was measured using the
NanoSight NS300 and Nanoparticle Tracking Analysis (NTA) soft-
ware. Proteomic profiling was done by data-independent acquisi-
tion (DIA) on an OrbitrapTM Fusion Lumos instrument. The
Spectronaut TM Pulsar software was used to integrate spectral li-
braries and perform quantitative proteomic profiling of serum- and
muscle cells-derived exosomes.
Results: After 12-weeks of HIIT, T2D and IRC, but not ISC had
improved their whole-body insulin sensitivity by 69% and 62%
(M-value; p<0.001 and p<0.01 vs. baseline, respectively). HIIT
affected the number of circulating exosomes (p<0.05), with an
increase by 73% in insulin resistant T2D and IRC (p<0.01), but
not in ISC. Furthermore, preliminary proteomic data identified on
average 1428 protein groups, of which 501 were present in all
exosomal samples. HIIT resulted in a different expression of 258
exosomal proteins between groups (125 in IRC, 89 in ISC, 118 in
T2D) while 12 proteins were regulated in all groups. Finally, EPS
identified that 41 of these proteins were also released by skeletal
muscle.
Conclusion: HIIT affects exosomal mass and cargo proteins, some
of which were identified as muscle-derived exosomal markers.
Further characterization of these exosomal proteins may help for
better understanding of the metabolic effects of exercising and for
detecting markers of individual response to exercise intervention
in T2D.
Clinical Trial Registration Number: NCT02039934
Disclosure: L. Mastrototaro: None.
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Pancreatic islets control hepatic insulin sensitivity via the secretion of
exosomal miR-29 family
J. Li;
Nanjing University, Nanjing, China.

Background and aims: Secreted microRNAs are novel endocrine
factors that play important pathogenic roles. Here, we report that
pancreatic islet-secreted exosomal miR-29 family members (miR-
29s) trigger hepatic insulin resistance (IR).
Materials and methods: A transgenic mouse model which was se-
lectively expressed miR-29 in pancreatic islet was generated to
investigate the function of islet-derived miR-29 family. A tracking
mouse model which was selectively expressed mutant miR-29a in
pancreatic islet was generated to track the transfer of miR-29 from
pancreatic islet to liver. In order to prove that islet-derived miR-29
is indispensable in HFD-induced insulin resistance, the expressing
of miR-29 family members were knocked down selectively in
pancreatic islet.
Results:We found that levels of miR-29 were elevated in the plas-
ma of obese individuals and that chronic treatment with high con-
centrations of free fatty acids (FFAs) in vitro stimulated miR-29
secretion almost exclusively in pancreatic islets. Moreover,
treating mice with FFA-induced secreted miR-29s caused IR.
Additionally, transgenic mice overexpressing miR-29s in their β-
cells increased the secretion of miR-29s and inhibited insulin-
mediated suppression of hepatic gluconeogenesis. Specificity was
demonstrated by tracking a distinguishable mutant miR-29a that
was selectively overexpressed in β-cells in vivo and showing that
pancreatic islet-derived miR-29s were predominantly delivered to
the liver, where they caused IR via PI3K pathway suppression.
Moreover, in vivo disruption of miR-29 expression in β-cells re-
versed high-fat diet (HFD)-induced IR. In vitro studies demon-
strated that isolated exosomes containing high levels of miR-29s
inhibited the PI3K pathway and increased hepatic glucose
production.
Conclusion: These results elucidate a new β-cell dependent link
between obesity, lipotoxicity and insulin resistance in liver of po-
tential relevance in type 2 diabetes.
Supported by: NSFC
Disclosure: J. Li: None.
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Long non-coding RNA H19 improves insulin resistance in skeletal
muscle by regulating heterogeneous nuclear ribonucleoprotein A1
W. Gui1, X. Lin1, W. Zhu2, Z. Zhang2, S. Tang1, Y. Zhu1, F. Zheng2, H.
Li2;
1College of Medicine, Zhejiang University, Hangzhou, 2Sir Run Run
Shaw Hospital, Hangzhou, China.

Background and aims: Skeletal muscle plays a pivotal role in glu-
cose and lipid metabolism, dysfunction of which may contribute to
insulin resistant and type 2 diabetes. Focus has been more directed
toward mitochondrial dysfunction as a potential mechanism under-
lying this phenomenon. Recently, long noncoding RNAs
(lncRNAs) are confirmed to be involved in the regulation of mi-
tochondrial biosynthesis and function. Muscle-enriched long non-
coding RNA (lncRNA) H19 has been reported to participate in
glucose metabolism. However, it is still not clear whether H19
affects lipid metabolism in skeletal muscle, and its underlying
molecular mechanisms remains to be explored.
Materials and methods: In vivo, we collected skeletal muscle sam-
ples from db/db and db/m mice, and then evaluated the expression
level of H19 in both groups. Adenovirus-mediated transduction of
H19 via vein injection was applied in db/db mice. OGTT was
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performed to evaluate glucose tolerance. Body weight, serum tri-
glyceride, serum insulin, glycated serum albumin and fasting
blood glucose were monitored to evaluate glucose and lipid me-
tabolism. To investigate the lipid accumulation in skeletal muscle,
we detected skeletal muscle triglyceride contents and performed
oil red O staining and HE staining. In vitro, we established differ-
entiated C2C12 cell line that transiently lacked H19 expression by
RNA interference technology. Also, C2C12 with overexpression
of H19 was obtained using adenovirus transduction. To assess
the status of lipid metabolism, we performed oil red staining,
Western blot and qPCR. And we examined the function of mito-
chondria by performing mitotracker staining and detecting ATP
production. RNA pull down, RIP and mass spectrometry were
applied to identify the underlying molecular mechanisms.
Results: In vivo, H19 was downregulated in skeletal muscle samples in
db/db mice. As for glucose metabolism,we found that overexpression of
H19 in db/db mice ameliorated glucose intolerance (AUC decreased by
20%, P<0.05) and lead to lower levels of serum insulin, and glycated
serum albumin (P<0.05), while the body weight and fasting blood glu-
cose level were not changed. Moreover, oil red O staining and HE stain-
ing revealed that the lipid contents in skeletal muscle was remarkedly
reduced in H19-overexpressed db/db mice, consistently with lower tri-
glyceride level. In vitro, C2C12 with overexpression of H19 exhibited
decreased intracellular lipid droplets, while silencing H19 in C2C12 had
opposite effects. Consistent with the above results, expression levels of
fatty acid oxidation related genes (CPT1b, CD36, SCD1) and mitochon-
drial function-related genes (PGC1a, TFAM) were up-regulated in H19-
overexpressed C2C12. And the genes mentioned above were down-
regulated in C2C12 that transiently lacked H19. Furthermore, H19-
overexpressed C2C12 exhibited increased ATP production and mito-
chondria biogenesis, along with an increase in mitochondrial oxidative
phosphorylation complex contents. Finally, we identified hnRNPA1 as a
potential downstream target gene of H19. RIP further confirmed the
binding of hnRNPA1 and H19. We also confirmed that PGC1a and
CPT1b could bind with hnRNPA1.
Conclusion: Taken together, these results suggest that lncRNA H19 can
ameliorate insulin resistance by promoting mitochondrial biosynthesis
and fatty acid oxidation via regulating hnRNPA1 in skeletal muscle.
Supported by: Project of Zhejiang Provincial department of health
2019320903
Disclosure:W. Gui: None.

OP 38 Continuous measurement of glucose:
standard of care?
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Psychological impact of 3-monthly retrospective continuous glucose
monitoring (rCGM) in adults with type 2 diabetes in primary care:
secondary results of the GP-OSMOTIC RCT
J. Speight1,2, E. Holmes-Truscott1,2, S. Thuraisingam3, J. Manski-
Nankervis3, K. de La Rue3, L. Ginnivan3, D. O'Neal3, J. Furler3, the
GP-OSMOTIC Study Group;
1Deakin University, Geelong, 2The Australian Centre for Behavioural
Research in Diabetes, Melbourne, 3University of Melbourne,
Melbourne, Australia.

Background and aims:Reviewing rCGM patterns may prompt life-
style or therapeutic changes to achieve glycaemic targets and im-
prove psychological outcomes, or it may be perceived as an added
burden. Evidence is currently limited in adults with type 2 diabetes
(T2D). We investigated the impact of 3-monthly rCGM use (versus
usual care) in the primary care management of T2D on patient-
reported outcomes over 12 months.
Materials and methods: GP-OSMOTIC was a prospective two-arm
randomised controlled trial including 299 adults with T2D in 25
primary care practices. Eligible participants had HbA1c >0.5%
(5.5mmol/mol) above target, and were prescribed >2 non-insulin
glycemia medications or insulin. Intervention included 1-hour of
diabetes education and (at 0/3/6/9/12 months): HbA1c assessment
plus wearing FreeStyle Libre Pro (Abbott) for up to 14 days prior
to ambulatory glucose profiles (AGPs) being discussed at a clinic
visit. Physicians were trained to interpret AGPs. Control included
3-monthly ‘usual care’ clinic visits plus r-CGM device worn
(blinded, research data) at 0 and 12 months. At baseline and 12
months, participants completed validated measures assessing: gen-
eral emotional well-being (WHO-5), diabetes-specific quality of
life (DIDP), satisfaction with glucose monitoring (GME-Q), self-
care activities (SDSCA) and perceived involvement in clinical care
(PICS). Linear mixed-effects models were used to compare out-
comes between study arms at 12 months, unadjusted and adjusted
for age and socioeconomic status. Data reported are mean(SD) or
median(IQR).
Results: Participants were (mean(SD)) aged 60(10)years, HbA1c:
8.9(1.2)% (74(13)mmol/mol), with a (median(IQR)) diabetes du-
ration of 12(8 to 20)years. Participant characteristics at baseline
were well balanced between study arms. Missing data for all out-
comes and confounders were minimal (<10%). At 12 months,
there were no clinically important differences in any of the out-
come measures (scale scores) between study arms in unadjusted
analyses (see Table) or when adjusted for age and socioeconomics
status (not shown). Nor were there any differences in sub-scale
scores (not shown).
Conclusion: Use of 3-monthly rCGM in adults with T2D in prima-
ry care had no impact on general emotional well-being, diabetes-
specific quality of life or satisfaction with glucose monitoring. The
lack of detrimental impact suggests no added psychological bur-
den of this intervention. The lack of positive impact on self-
reported self-care activities or perceived involvement in clinical
care warrants closer attention to the fidelity of intervention deliv-
ery, the context (e.g. the nature of subsequent clinician-patient
interactions) and/or the sensitivity of the measures.
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Clinical Trial Registration Number: ACTRN12616001372471
Supported by: the Australian National Health and Medical Research
Disclosure: J. Speight: Grants; This work was supported by the
Australian National Health and Medical Research Council Project Grant
(ID APP1104241). Additional funding has been provided by Sanofi
Australia. Non-financial support; In-kind support has been provided by
Abbott Diabetes Care, which has provided the Libre Pro reader devices,
sensors and software.
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High treatment satisfaction and less time in hypoglycaemia after
introduction of flash glucose monitoring in a large type 1 diabetes
population
S. Charleer1,2, C. De Block3, L. Van Huffel4, B. Broos3, F. Nobels4, C.
Mathieu1, P. Gillard1,2;
1Endocrinology, University Hospitals Leuven - KU Leuven, Leuven,
2Fonds Wetenschappe l i jk Onderzoek (FWO) , Brusse l s ,
3Endocrinology-Diabetology, University Hospital Antwerp, Edegem,
4Endocrinology, OLV Hospital Aalst, Aalst, Belgium.

Background and aims: In 2016, nationwide reimbursement of flash
glucose monitoring (FGM) was introduced in Belgium. We undertook a
12-month prospective observational multicentre real-world trial
(FUTURE) to study impact of introduction of FGM on quality of life
(QOL) and glycaemic control of people with type 1 diabetes (T1D) in 3
large diabetes clinics.
Materials and methods: Between July 2016 and December 2018, 1913
T1D adults were consecutively recruited. Demographic, metabolic, and
QOL (SF-36, Problem Areas In Diabetes-Short Form, Hypoglycaemia
Fear Survey, Diabetes Treatment Satisfaction Questionnaire [DTSQ]) da-
ta were collected at start, 6, and 12months of standardised clinical follow-
up. Primary endpoint was defined as evolution of QOL from baseline to
12 months. Secondary outcome measures were change in HbA1c,
hospitalisations for ketoacidosis, severe hypoglycaemia frequency, and
work absenteeism. Changes in time spent in different glycaemic ranges
(<70, 70-180, and >180 mg/dL) were evaluated from start of FGM up to
12 months.
Results: Out of 1913 people who entered the study, 1686 (88%) used
FGM for at least 12 months and 150 (8%) stopped FGM earlier, mainly
due to low confidence in sensor values (19%), switching to real-time
continuous glucose sensors (19%), frequent sensor loss (18%), and skin
allergy (17%). At initiation of FGM, patients were 46 ± 15 years old, had
diabetes for 23 ± 14 years, 22% were on CSII, and 16% had complete or
partial hypo unawareness. QOL scores were high at baseline and
remained stable afterwards. DTSQ satisfaction improved from 27.9 ±
5.2 to 30.0 ± 4.3 (p<0.001). 95% of patients found FGM more user-
friendly than finger sticks and had high treatment satisfaction (8.4 ± 1.5
on a scale of 10). HbA1c did not change from baseline to 12months (7.8 ±
1.2% [62 ± 5 mmol/mol] at both time points). In those with baseline
HbA1c ≥8.0% (64 mmol/mol) HbA1c dropped from 8.8 ± 0.9% (73 ± 4
mmol/mol) to 8.5 ± 1.1% (69 ± 4 mmol/mol) (n=683; p<0.001). Patients
with baseline HbA1c ≥10.0% (86 mmol/mol) reduced from 10.9 ± 0.9%

(96 ± 4 mmol/mol) to 10.1 ± 1.7% (87 ± 7 mmol/mol) (n=71; p<0.001).
One year before FGM use, 1.9% of patients were hospitalised for
ketoacidosis, in contrast to 0.8% (p<0.01) the year after. Fewer people
experienced severe hypoglycaemic events (18% vs 10%; p<0.001), and
work absenteeism (7% vs 4%; p<0.01). During the first year of FGM use,
time spent <70 mg/dL (3.9 mmol/L) decreased from 8.9 ± 6.6% in the
first two weeks to 7.8 ± 5.8% at 12 months (p<0.001), with the highest
benefit for those with baseline HbA1c <7.0% (53mmol/mol) (11.6 ± 7.8%
vs 9.5 ± 6.5% after 12months, n=326, p<0.001). This reduction in time in
hypoglycaemia was accompanied by less time in range (51.5 ± 13.8% vs
50.6 ± 14.8%, p<0.001) and more time above 180 mg/dL (10 mmol/L)
(39.6 ± 15.8% vs 41.7 ± 16.9%, p<0.001).
Conclusion: Use of FGM in a large T1D population results in high
treatment satisfaction, fewer hospitalisations for acute diabetes complica-
tions, less severe hypoglycaemia, and less work absenteeism. HbA1c

improvement was mainly seen in patients with worse control at baseline.
Clinical Trial Registration Number: NCT02898714
Disclosure: S. Charleer: Grants; Doctoral (PhD) grant strategic basic
research (SB) - FWO.
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Effect of flash glucose monitoring on glycaemic control in adults with
type 1 diabetes: a nationwide, longitudinal observational study
D. Nathanson1, A. Svensson2, M.Miftaraj3, S. Franzén3, J. Bolinder4, K.
Eeg-Olofsson5;
1Department of Clinical Science and Education at Södersjukhuset,
Karolinska Institutet, Stockholm, 2Department of Molecular and
Clinical Medicine, Institute of Medicine, University of Gothenburg,
Gothenburg, 3Centre of Registers Västra Götaland, Gothenburg,
4Department of Medicine, Karolinska University Hospital, Karolinska
Institutet, Stockholm, 5Department of Clinical Science and Education at
Södersjukhuset, Sahlgrenska University Hospital, Gothenburg, Sweden.

Background and aims: Facilitating self-management of glucose con-
trol in type 1 diabetes (T1D) is vital to minimize acute and long-term
complications. Currently, according to the National Diabetes
Registry (NDR), 70% of all adults with T1D in Sweden use glucose
sensor systems, continuous glucose monitoring (CGM) or flash glu-
cose monitoring (FGM), with FGM being the predominant technol-
ogy. The aim of the study was to evaluate changes in glycaemic
control (HbA1c) before and over a two-year period after initiation
of FGM in comparison to a weighted control group using conven-
tional self-monitoring of blood glucose (SMBG).
Materials and methods: We included 14372 patients with T1D and
diabetes duration > 1 year being on MDI or insulin pump treatment, with
no registration of prior CGM- or FGM-use, and with at least 2 years of
follow-up with continued FGM 2016-2018. Controls were identified the
same way but with no registration of CGM or FGM (N = 7691). All
available HbA1 values 3 years before and over two years after index were
retrieved from the NDR, as well as other clinical characteristics before
index.
Results: The groups of FGM users and controls using SMBG were well
balanced (Standardized mean difference <5%). The FGM users had a
mean age of 45 years, diabetes duration 24 years, BMI 26 kg/m2, 21%
were pump users, 67% had retinopathy and 10% were smokers. After the
start of FGM, HbA1c improved in three different subgroups based on
their initial HbA1c level (<60, 60-69 and ≥70 mmol/mol) (Figure 1A),
and the difference in IPTW change in HbA1c was significantly greater in
FGM users compared to controls at 0-3, 3-6, 6-9, 9-15 and 15-24 months
(Figure 1B).
Conclusion: In this large cohort the use of FGM was associated with
sustained improvement in glycaemic control, and HbA1c remained lower
compared to controls using SMBG. While the group with the highest
initial HbA1c had the greatest improvement in glycaemic control, the
groups with lower HbA1c levels also improved after initiating FGM.
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Meta-analysis of three, real-world, chart review studies to determine
the effect of FreeStyle Libre Flash Glucose Monitoring System on
HbA1c in adults with type 2 diabetes
J. Kroeger1, P. Fasching2, H. Hanaire3;
1Zentrum fur Diabetologie, Hamburg, Germany, 2Wilhelminenspital of
the City of Vienna, Vienna, Austria, 3CHU Toulouse, Hopital Rangueil,
Toulouse, France.

Background and aims: Three retrospective chart review studies evalu-
ated the effectiveness of the FreeStyle Libre Flash Glucose Monitoring
SystemTM on HbA1c when used by adults with type 2 diabetes (T2DM)
as their standard of care in a real-world setting. Each study aimed to
determine the effect of FreeStyle Libre when used for between 3 months
to 6 months on HbA1c. Each study population included adults on a basal-
bolus insulin regimen for at least 1 year who had been using FreeStyle
Libre regularly for at least 3 months (either self-funded or prescribed) and
with HbA1c between 8.0 and 12.0% (64 to 108 mmol/mol). Pregnant
patients were excluded, as were patients on dialysis.
Materials and methods: This meta-analysis comprised of a total of 363
records from insulin using patients with T2DM from 18 medical centres
in Austria, France and Germany. On average, HbA1cwas 8.9±0.9% (73.3
±9.8 mmol/mol) prior to FreeStyle Libre use, age was 63.5±11.0 years
and average duration of insulin use 8.3±5.8 years (mean±SD), 67.8% of
patients were on oral anti-diabetic medications (metformin, SU, TZD,
DPP4 or SGLT) and 56.4% were male. CVD, renal and retinopathy com-
plications were reported by 36.4%, 33.9% and 19.6% of patients, respec-
tively. HbA1c results were recorded between 90 and 194 days from the
start of use of FreeStyle Libre, between January 2015 and August 2018.
Results: Overall mean change in HbA1c, after at least 3 months of using
FreeStyle Libre, was significantly reduced by 0.9±0.05% (mean±SE);
p<0.0001, with no heterogeneity between countries (Q=0.7, I2=0,
p=0.7113). No significant differences were detected between: age group,
sex, BMI or duration of insulin use.
Conclusion: This meta-analysis of three real-world, chart review studies
concludes that people with T2DM on insulin therapy, using FreeStyle
Libre for between 3 to 6 months significantly reduced HbA1c.
Disclosure: J. Kroeger: None.

OP 39 Insights on retinopathy from observation-
al studies
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Novel obesity-related markers in the prediction of sight-threatening
diabetic retinopathy: a prospective study of the Hong Kong West
Diabetes Registry
W. Chow1, C. Lee1, I. Wong2, D. Lui1, C. Fong1, M. Yuen1, Y. Woo1, A.
Xu1, K. Lam1;
1Department of Medicine, The University of Hong Kong, Hong Kong,
2Department of Ophthalmology, The University of Hong Kong, Hong
Kong, Hong Kong.

Background and aims: Adipocyte fatty acid binding protein
(AFABP), pigment epithelium-derived factor (PEDF) and fibroblast
growth factor 21 (FGF21) are three emerging obesity-related
markers that have been associated with the development and pro-
gression of chronic kidney disease in diabetes. However, their prog-
nostic roles in the development of sight-threatening diabetic reti-
nopathy (STDR), another important diabetic micro-vascular com-
plication, remain to be defined. We investigated prospectively
whether serum AFABP, PEDF and FGF21 levels could predict
STDR in type 2 diabetes.
Materials and methods: A total of 3775 Chinese individuals with
type 2 diabetes, aged 30-80 years with baseline estimated glomer-
ular filtration rate (eGFR) ≥15ml/min/1.73m2, and without STDR at
baseline, were recruited from the Hong Kong West Diabetes
Registry. STDR was defined as the presence of pre-proliferative
diabetic retinopathy (DR), proliferative DR or maculopathy.
Baseline serum AFABP, PEDF and FGF21 levels were measured
and the role of these markers in predicting STDR was analyzed
using Cox regression analysis.
Results: Over a median follow-up of 5.5 years, 124 of the 3775 partici-
pants had incident STDR. Participants who developed STDR had com-
parable serum FGF21 levels but significantly higher serum AFABP and
PEDF levels than those who did not (Median 200 pg/ml vs. 151 pg/ml,
p=0.351 for FGF21; 13.3 ng/ml vs. 11.0 ng/ml, p<0.001 for AFABP; and
9.57 ug/ml vs. 9.27 ug/ml, p=0.034 for PEDF). However, in stepwise
multivariable Cox regression analysis, only serum AFABP remained an
independent predictor of STDR (Hazard ratio [HR] 1.37, 95% confidence
interval [CI] 1.02-1.84, p=0.037), after adjustments for age, sex, body
mass index, duration of diabetes, hypertension, dyslipidaemia, use of
statin, angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers, glycated haemoglobin, estimated glomerular filtration rate
levels, and presence of cardiovascular disease at baseline. The association
became attenuated (HR 1.37, 95%CI 1.01-1.84, p=0.041) after further
adjustment for presence of albuminuria (>300mg/g or >30mg/mmol).
Conclusion: Among the novel obesity-related markers, serum
AFABP appears to be a more useful predictor for incident STDR
in type 2 diabetes.
Supported by: Health and Medical Research Fund of Hong Kong (Ref:
14150781)
Disclosure: W. Chow: Grants; Health and Medical Research Fund of
Hong Kong (Ref: 14150781).

226
Safety and efficacy of individualised compared to annual screening
for diabetic retinopathy in the ISDR randomised controlled trial
S. Harding1,2, A. Wang1, C. Cheyne3, M. García-Fiñana3, I. Stratton4, J.
Vora5, M. Gabbay6,7, J. Roberts8, D. Broadbent1,2, and the ISDR Study
Group;
1Eye and Vision Science, University of Liverpool, Liverpool, 2St. Pauls
Eye Unit, Royal Liverpool University Hospital, Liverpool, 3Biostatistics,
Clinical Trials Research Centre, University of Liverpool, Liverpool,

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S114



4Gloucestershire Retinal Research Group, Cheltenham General Hospital,
Cheltenham, 5Diabetes and Endocrinology, Royal Liverpool University
Hospital, Liverpool, 6Health Services Research, University of Liverpool,
Liverpool, 7Brownlow Health, Liverpool, 8Merseyside Diabetes Support
Group, Liverpool, UK.

Background and aims: Varying the intervals in retinopathy screening,
informed by personal risk, compared with the current practice of annual
screening for all, offers reallocation of resources to better target high risk
groups and address the increasing prevalence of diabetes. In this
randomised controlled trial (RCT), we evaluated the safety and efficacy
of individualised risk-based variable-interval screening in a population
setting compared to usual care. This is the largest RCT to date in screen-
ing; all other data is from analyses of cohort data.
Materials andmethods:A 2 arm, parallel assignment, equivalence RCT,
in people with diabetes aged ≥12 years attending a single English pro-
gramme. Randomisation was 1:1 to individualised screening (active
group; 6, 12 or 24 months for high, medium and low risk) compared with
annual screening (control). Allocation to risk groups was determined by a
risk calculation engine using real-time local demographic, retinal and
clinical data received into a purpose built data warehouse and recalculated
at each visit over a minimum 24 months follow-up. A trials unit per-
formed independent monitoring. Equivalence and non-inferiority analy-
ses assessed attendance at first follow-up visit and sight threatening dia-
betic retinopathy (STDR) detection rates (5% and 1.5% margins,
respectively).
Results: 4534 participants entered the study (mean age 62.1 years (SD
12.5)): individualised arm 2265 (first interval: 6 months 198, 12 months
211, 24 months 1856), control arm 2269. Attendance rates at first follow-
up visit (primary outcome, safety) were equivalent (per protocol analysis,
5% margin): individualised 83.6%, control 84.7% (difference 1.0, 90%
CI -0.8, 2.9). STDR detection rates were non-inferior (1.5% margin):
individualised 1.43%, control 1.71% (difference -0.28, CI -0.93, 0.36),
with no evidence of loss of ability to detect disease. A 39.3% reduction in
number of appointments was observed for the individualised arm.
Conclusion:Varying the interval between screening episodes, based on a
person’s own risk of progression to STDR, in established programmes
such as in the UK appears to be safe. All parties involved in diabetes care
can be reassured that personalised screening intervals can reasonably be
introduced. Scale-up to testing in a pilot phase with further validation
outside a research setting is recommended. In settings with higher risks
of STDR or less well developed call/recall systems some caution may be
advisable. The views expressed are those of the authors, not those of the
NHS, NIHR or Department of Health.
Clinical Trial Registration Number: ISRCTN 87561257
Supported by: NIHR UK (RP-PG-1210-12016)
Disclosure: S. Harding: None.

227
Risk of microvascular complications over 30 years in latent autoim-
mune diabetes of adults compared with type 2 diabetes
E. Maddaloni1, R.L. Coleman2, O.F. Agbaje2, R. Buzzetti1, R.R.
Holman2;
1Sapienza University of Rome, Rome, Italy, 2Diabetes Trial Unit,
University of Oxford, Oxford, UK.

Background and aims: Latent Autoimmune Diabetes of Adults
(LADA) is a mild form of autoimmune diabetes diagnosed in 2-12% of
adults with a clinical diagnosis of type 2 diabetes (T2D). LADA differs in
genetic and clinical features from T2D, but whether this translates into a
different risk of microvascular complications remains uncertain. We ex-
amined the long-term risk of microvascular complications in the 5102
patients with clinically-diagnosed new-onset T2D enrolled into the
United Kingdom Prospective Diabetes Study (UKPDS), according to
their LADA status.

Materials and methods: 5028 UKPDS participants who had diabetes
autoantibody (AAb) measurements available (ICA, GADA and/or IA-
2A) and had no prior microvascular events were included in our study.
Those with at least one detectable AAb (n=564) were defined as having
LADA. Yearly measurements of HbA1c, fasting plasma glucose and in-
sulin were performed per the UKPDS protocol. Homeostasis Model
Assessment was used to estimate steady state beta-cell function
(HOMA2_%B). Nine-year updated mean HbA1c and HOMA2_%B
values were calculated for each participant from annual measurements.
We defined a composite microvascular outcome as the first occurrence of
renal failure, renal death or diabetic retinopathy (blindness, vitreous
haemorrhage or photocoagulation) and compared incidence rates between
T2D and LADA.
Results: At diagnosis, LADA participants were younger and more fre-
quently White Caucasian, with lower body mass index, total cholesterol,
systolic blood pressure and HOMA2_%B values, and with higher HDL-
cholesterol and HbA1cvalues (p<0.01 for all). After median (IQR) 17.3
(12.6, 20.7) years follow-up, the composite microvascular outcome had
occurred in 1041 (20.7%) participants. A time-varying Cox-model ad-
justed for baseline characteristics showed that LADA, compared with
T2D participants, had non-proportional hazards with a lower risk of the
composite microvascular outcome during their first 9 years of follow-up
(HRadj0.45, 95%CI 0.30-0.68, p<0.01) and a higher risk in subsequent
years (HRadj1.25, 1.01-1.54, p=0.03) (Figure). Nine-year updated median
(IQR) HbA1cvalues were higher in LADA compared with T2D partici-
pants (8.1% [6.8, 9.3] vs.7.1% [6.3, 8.2], p<0.01), whilst nine-year up-
dated median HOMA2_%B values did not differ (60.5% [37.0, 89.8]
vs.60.8% [42.1 86.8], p=0.47). Nine-year updated median HbA1cand
HOMA2_%B values were significantly associated with the composite
microvascular outcome (P<0.01 for both). When added to the Coxmodel,
updated HOMA2_%B did not alter the HR whereas when updated
HbA1cwas added there was no longer a difference in microvascular risk
between LADA and T2D participants (HRadj0.99, 0.80-1.23, p=0.93).
Conclusion:At diabetes onset, patients with LADA initially have a lower
risk of microvascular complications compared with T2D, but in the lon-
ger term have a higher risk as a consequence of worse glycaemic control.

Supported by: EFSD Mentorship Programme supported by AstraZeneca
Disclosure: E. Maddaloni: Grants; EFSD Future Leaders Mentorship
Programme Supported by AstraZeneca.

228
Relation between a mean HbA1c variable and retinopathy in type 1
diabetes: a DCCT/EDIC subgroup analysis
A. Hirose1,2, A. Goto3, S. Kitano2, Y. Uchigata4, T. Babazono4;
1Department of Ophthalmology, Diabetes Center, Murakami Karindoh
Hospital, Fukuoka, 2Department of Diabetic Ophthalmology, Diabetes
Center, Tokyo Women's Medical University, Tokyo, 3Epidemiology and
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Prevention Group, Center for Public Health Sciences, National Cancer
Center, Tokyo, 4Department of Medicine, Diabetes Center, Tokyo
Women's Medical University, Tokyo, Japan.

Background and aims:Metabolic memory, in which past glycemia
could affect future retinopathy, is a potential issue in studying the
relation between the HbA1c value (A1C) and retinopathy. If the
relation between A1C and retinopathy is analyzed using only ob-
served A1C data in a study of patients who had a long duration of
diabetes on entry, prior glycemic exposures might disturb the re-
sult. We have reported that mean A1C (mA1C) covering the total
duration of diabetes could substantially predict retinopathy devel-
opment in our type 1 diabetes patients. But the longer the period
without A1C data following diabetes onset in simulation, the less
accurate the prediction. To investigate the acceptable range of
duration without A1C data that would maintain this prediction
ability, we examined the relation between an mA1C variable and
retinopathy in the public data of DCCT/Epidemiology of Diabetes
Interventions and Complications studies.
Materials and methods: To examine only selected cases with A1C
data during the entire period of their diabetes, we included patients
of primary prevention with the shortest diabetes duration (8-14
months) at DCCT baseline. We employed a window of one year
for A1C and retinopathy data (target date +-0.5 year). A given
time point of the end of X years of duration was denoted
“yearX”. A1C and retinopathy status applied to that point were
denoted “A1CyearX” and “DRyearX” respectively. We supposed
each A1CyearX kept the same level for one year up to yearX
contributing to DRyearX. As a matter of convenience, we assumed
each patient had a duration of one year at DCCT baseline
(=year1). For a patient with a full N-year duration at entry, we
could observe only A1CyearN and after, the A1Cyear(N-1) and
before being unknown. When mA1C calculated by A1C data
through yearN to year13 was denoted mA1C(yearN-13), it was
an mA1C variable calculated only by observed A1C data up to
year13 of the study. Retinopathy development at year13 was de-
fined as positive (DR+) if a patient’s step was 4 or above on the
Early Treatment Diabetic Retinopathy Study final severity scale;
otherwise it was considered negative (DR-). The prediction capac-
ity of the mA1C(yearN-13) for DR(+) at year13 were examined by
receiver operating characteristic (ROC) analysis. Areas under the
curve (AUCs) of ROC curves were compared changing the value
of N by the method of DeLong. Two-sided P<0.05 was considered
significant.
Results: The 97 cases that fulfilled the criteria (mean duration:
12.2 months at year1) showed 42 DR+ and 55 DR- at year13.
The AUC for DR+ at year13 was 0.828 in mA1C(year1-13) indi-
cating mA1C using A1C data from the entire period of the dura-
tion of the diabetes seemed to have a substantial capacity to pre-
dict retinopathy. But the AUCs for mA1C(yearN-13) gradually
decreased as the value of N increased. The difference of AUC
compared to mA1C(yea r1 -13 ) was no t s i gn i f i can t fo r
mA1C(year4-13) (P=0.067) , bu t i t was s ign i f i can t fo r
mA1C(year5-13) (P=0.025, AUC=0.791) and afterwards.
Conclusion: In studying the relation between mA1C and retinopa-
thy, it is important to use A1C data from the entire duration period
of the diabetes. In the current setting, N≤4 seemed acceptable.
Supported by: Novartis Pharma K.K. Grant
Disclosure: A. Hirose: Grants; Novartis Pharma K.K.
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From GWAS to function: identification of ALK as a candidate thin-
ness gene
N. Gheldof1, M. Orthofer2, A. Valsesia1, J. Hager1, J.M. Penninger2;
1Nestlé Research, Lausanne, Switzerland, 2Institute of Molecular
Biotechnology of the Austrian Academy of Sciences, Vienna, Austria.

Background and aims: Despite living in our modern world´s
obesogenic environment that promotes weight gain, some individuals
have the unique capacity to maintain a very low stable body weight, a
state called constitutional thinness (CT). CT individuals show a persistent
extreme low BMI (generally lower than 18 kg/m2) but have normal
metabolic, psychological, feeding and exercise profiles and often a strong
desire to gain weight. It is currently not clear why CT individuals have
resistance to weight gain, but it has been suggested that genetics play a
major role in the predisposition of such people to remain thin.
Materials and methods: Using data from the population-wide Estonian
biobank, we performed a genome-wide association study (GWAS) on
thin versus control individuals. We followed up by evaluating the effect
of knockdown of the gene in which one of the top variants was located on
metabolism and adiposity in fly and several mouse models.
Results: From the thinness GWAS study, we found that one of the top
intragenic hits was located within ALK (Anaplastic Lymphoma Receptor
Tyrosine Kinase), a gene belonging to the insulin receptor superfamily.
Using fly adiposity screens and several mouse models, we found that
knock-out of Alk resulted in thin fly and mice markedly resistant to
diet-and leptin-mutation-induced obesity with many striking similarities
to the human thin phenotype. We genetically mapped this effect of ALK
to hypothalamic neurons in the central nervous system. Mechanistically,
Alk deficient mice showed normal food intake but increased energy ex-
penditure and sympathetic outflow-mediated white adipose tissue lipoly-
sis. This resulted in reduced feeding efficiency, i.e. reduced weight gain
per calories consumed.
Conclusion: In conclusion, our human cohort data and functional vali-
dation in animal models have identified ALK as one of the first thinness
gene involved in the resistance to weight gain.
Disclosure: N. Gheldof: Employment/Consultancy; employee of Nestlé
SA.

230
Adipocyte-specific gp130 signallingmediates exercise-inducedweight
reduction
T.S. Odermatt, M. Dedual, M. Borsigova, S. Wueest, D. Konrad;
Division of Pediatric Endocrinology and Diabetology, Children’s
Research Center, Zurich, Switzerland.

Background and aims: Repetitive physical activity is a well-
established intervention to reduce obesity and to ameliorate
obesity-associated insulin resistance. Besides increased energy ex-
penditure, reduced caloric intake may contribute to exercise-
induced weight loss in obesity. Using adipocyte-specific glycopro-
tein (gp130) knockout (gp130Δadipo) mice, we recently unravelled
that obesity-induced interleukin-6 (IL-6) signalling in adipose tis-
sue contributes to circulating levels of the two anorectic hormones
leptin and insulin. Herein, we aimed to investigate the role of
adipocyte-specific IL-6 signalling in exercise-mediated appetite
control and, hence, weight reduction in obesity.
Materials and methods: Gp130Δadipo and control littermate mice
(gp130F/F) were regularly exercised (60 minutes/day, 5 days/week) dur-
ing a 12-week period of high fat diet (HFD)-feeding. As sedentary con-
trols, HFD-fed gp130F/F and gp130Δadipo mice were handled 5 days/week
without undergoing exercise training. Thermogenesis was determined
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using thermography and food intake as well as energy expenditure were
assessed in metabolic cages. Insulin sensitivity was assessed by
performing intraperitoneal insulin tolerance tests. Circulating IL-6, insu-
lin and leptin levels were measured using immunoassays. Protein levels
of phosphorylated STAT3, JAK2 and Akt were assessed in the hypothal-
amus to analyse leptin and insulin sensitivity.
Results: Repetitive physical activity reduced food intake and HFD-
induced weight gain in gp130F/F but not gp130Δadipo mice. In parallel,
insulin sensitivity was ameliorated in HFD-fed control but not in knock-
out mice. In contrast, thermogenesis and energy expenditure were not
different between the genotypes. Circulating insulin and leptin levels
were significantly reduced in gp130Δadipo mice. Moreover, hypothalamic
leptin and insulin signalling were enhanced in exercised gp130F/F but not
in gp130Δadipo mice as demonstrated by elevated pSTAT3, pJAK2 and
pAkt protein levels.
Conclusion: Adipocyte-specific IL-6 signalling plays an important role
in exercise-mediated reduction in food intake andweight gain in HFD-fed
mice. As exercise-mediated appetite control in obesity is not only impor-
tant for weight reduction but also for the prevention of weight regain, the
herein identified pathway may be of importance for body weight
management.
Supported by: SNSF, Bangerter-Rhyner-Stiftung, Wolfermann-Nägeli
Stiftung
Disclosure: T.S. Odermatt: None.

231
Role of the tumor suppressor p19ARF in adipocyte in the development
of obesity and its metabolic complication
C. Meziat, J. Toutain, K. Dumas, J. Gilleron, J. Jager, J.-F. Tanti, M.
Cormont;
C3M U1065, Nice, France.

Background and aims: P19ARF is an inhibitor of the Mdm2 ubiquitin
ligase that plays a role in the degradation of the anti-oncogenic transcrip-
tion factor p53. The expression of p53 and p19ARF is increased in the
adipocytes of patients with obesity. In obese mice, the activation of p53 in
adipocytes contributes to the development of adipose tissue (AT) inflam-
mation and insulin resistance. Our objectives were to determine the role
of increased p19ARF in the development of obesity-linked metabolic
complications.
Materials and methods: To invalidate p19ARF in adipocytes, we crossed
p19ARFfl/flmicewith the AdipoQ-Cre mice to generate p19ARFAdKOmice.
Mice were challenged with a high fat diet for 8 weeks. We performed a
metabolic exploration and analyzed the adipose tissue deposits.
Results: P19ARF AdKO mice are glucose intolerant compared to p19ARFfl/fl

mice (1.7-fold increase in theAUC, p<0.001, n=14/group) without difference
in insulin secretion during the glucose tolerance test.After a 6 h fasting period,
p19ARF AdKO mice are hyperglycemic (230.6 + 7.1 vs 205.0 + 4.6 mg/dL,
p<0.005) with a non-significant trend to an increase in insulin concentration
(2.1 + 0.5 vs 1.0 + 0.2 ng/mL, p<0.3). In fed conditions, p19ARF AdKO mice
have similar blood glucose level than p19ARFfl/fl mice with an increase in
insulin blood concentration (3.1 + 0.9 vs 1.2 + 0.3 ng/mL, n=8/group,
p<0.05) suggesting they are insulin resistant. The lack of p19ARF in adipocyte
perturbs white ATexpansion characterized by a decreased ratio of epididymal
to inguinal AT weights (1.2 + 0.1 vs 1.6 + 0.1, n=8/group, p<0.005) that
occurs without differences in the number of either pro- or anti-inflammatory
macrophages in the epididymal AT. The metabolic complication due to the
lack of adipocyte p19ARF could be due to a greater body weight gain in
p19ARF AdKO mice than in p19ARFfl/fl mice (16.4 + 0.9 vs 11.9 + 0.8 g after
8 weeks of regimen, n=14/group, p<0.005) that occurs without differences in
eating and activity. P19ARF AdKO mice have a lower energetic expenditure
than p19ARFfl/fl littermateswithout significant changes in brown adipose tissue
weight. However, the size of the lipid droplets is increased by 2.0 + 0.3-fold
(p< 0.0005) in the brown adipose tissue of p19ARF AdKO compared to

p19ARFfl/fl mice. In accordance there is a 25 % decrease in the mRNA ex-
pression of UCP1 (p<0.02), CIDEA (p<0.05), and PGC1a (p< 0.005).
Conclusion: The overexpression of p19ARF in the adipocytes could
protect from the metabolic complications induced by obesity by
tuning the thermogenic capacity of brown adipose tissue. We
should now determine whether it is intrinsic to brown adipose
tissue or if it requires cross-talk between white and brown adipose
tissue.
Disclosure: C. Meziat: None.

232
DD01, a potential disease modifying agent for obesity
H.-T. An, O.-C. Jeon, E. Park, H. Yang, J. Shin, J.-H. Shin, K. Lee;
D&D Pharmatech Inc., Seoul, Republic of Korea.

Background and aims: Obesity is a complex, chronic disorder as-
sociated with diabetes and may progress to non-alcoholic
steatohepatitis (NASH). It has been reported that glucagon-like
peptide-1 receptor (GLP-1R)/glucagon receptor (GCGR) dual ag-
onists provided improved weight-lowering and blood glucose con-
trol compare to single-agonist treatments. DD01 is a potent,
PEGylated long-acting GLP-1R/GCGR dual agonist that has prov-
en to be an effective therapeutic agent, with potential for a weekly
to monthly dosing regimen. Here we examined the pharmacolog-
ical efficacy of DD01 on weight loss, blood glucose control and
lipid metabolism in diet-induced obese (DIO) mice compared to a
long-acting single GLP-1R agonist, semaglutide.
Materials and methods: DIO mice were induced by feeding male
C57BL/6 mice with a high-fat (60%) diet for 14 weeks followed
by subcutaneous treatment with saline, DD01 (20 nmol or 40
nmol/kg, Q3D) or semaglutide (30 nmol/kg, Q3D) for 2 weeks.
Separate groups of mice were allowed to rest for a 2-week recov-
ery period after the treatment. Body weight (BW), blood glucose
(BG), and food intake (FI) of mice were measured. At the start and
the end of experiments (drug treatment and recovery), the intra-
peritoneal glucose tolerance test (IPGTT) was performed. Serum
levels of leptin, insulin and adiponectin were determined by
ELISA. The morphological changes of liver, pancreas, white adi-
pose tissue (WAT) and brown adipose tissue (BAT) in mice were
observed. The mRNA levels of lipid metabolic makers were veri-
fied by real-time qPCR analysis.
Results:DD01 treatment significantly reduced BW at day 15 (37%
vs. 7% semaglutide) and normalized fed BG levels in a dose-
dependent manner in DIO mice. Semaglutide failed to normalize
fed BG levels. DD01 treated mice demonstrated improved glucose
tolerance compared to semaglutide treated mice as assessed by
IPGTT. DD01 markedly reduced subcutaneous, visceral and retro-
peritoneal fat mass and reversed fat cell size in adipose tissues to
near-normal levels. Serum leptin and insulin levels were decreased
compared to that of saline and semaglutide treated DIO mice. The
expression of thermogenic genes including uncoupling protein 1
(UCP1) was increased by DD01 treatment. In addition, hepatic
steatosis in DIO mice was reduced by DD01 treatment as revealed
by H&E staining. These metabolic changes were not observed in
the pair-fed group. Importantly, DD01 treated mice retained re-
duced BW and improved glucose tolerance during the recovery
period compared to that of semaglutide and pair-fed groups. No
notable toxicity was observed during the DD01 treatment and re-
covery phase.
Conclusion: Our study demonstrates that DD01 treatment reduces
diet-induced WAT expansion and histological features of nonalco-
holic fatty liver disease as well as improves impaired glucose
homeostasis; thus, reversing obesity in DIO mice without notable
toxicity.
Disclosure: H. An: None.
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Epicardial fat volume and the risk of cardio-metabolic diseases
among women and men from general population
A. Brahimaj1, F. Ahmadizar2, M.W. Vernooij3, M. Ikram4, M. Ikram5,
T.v. Walsum6, A. Dehghan7,2, O.H. Franco8,2, D. Bos9,10, M. Kavousi2;
1Epidemiology and General Practice Departments, Erasmus University
Medical Center, Rotterdam, Netherlands, 2Epidemiology, Erasmus
University Medical Center, Rotterdam, Netherlands, 3Epidemiology and
Radiology Departments, Erasmus University Medical Center, Rotterdam,
Netherlands, 4Epidemiology and Neurology Departments, Erasmus
University Medical Center, Rotterdam, Netherlands, 5Epidemiology,
Radiology and Neurology Departments, Erasmus University Medical
Center, Rotterdam, Netherlands, 6Biomedical Imaging Group, Erasmus
University Medical Center, Rotterdam, Netherlands, 7Department of
Biostatistics and Epidemiology, MRC-PHE Centre for Environment and
Health, School of Public Health, Imperial College London, London, UK,
8Institute of Social and Preventive Medicine (ISPM), University of Bern,
Bern, Switzerland, 9Epidemiology, Radiology and Biomedical Imaging
Group, Erasmus University Medical Center, Rotterdam, Netherlands,
10Harvard TH Chan School of Public Health, Boston, USA.

Background and aims: Epicardial fat (EF) is a metabolically active
depot of visceral adipose tissue and largers amounts of epicardial fat
volume (EFV) may be linked to unfavorable cardio-metabolic risk pro-
files. Given distinct differences in patterns of fat deposition between
women and men, the impact of EFVon cardio-metabolic risk might also
differ across sexes. Hence, we investigated associations of EFV with
incident type 2 diabetes mellitus (T2DM), coronary heart disease
(CHD) and stroke in women and men. Additionally, we assessed if these
associations were modified by obesity.
Materials and methods: Between 2003 and 2006, 2316 participants from
the large prospective population-based Rotterdam Study underwent cardiac
computed tomography to quantify EFVand were subsequently followed for
the occurrence of T2DM, CHD and stroke until January 1st, 2015. We used
Cox proportional hazards analysis to investigate associations between EFV
and incident T2DM, CHD, and stroke among women andmen. Associations
were adjusted for age and traditional cardio-metabolic risk factors.We further
stratified the analyses based on obesity (BMI ≥30 kg/m2).
Results: During a follow-up period of up to 12 years, 188 (8.1%) subjects
developedT2DM, 149 (6.4%) suffered fromCHD, and 126 (5.4%) suffered a
stroke. We found a statistically significant association between larger EFV
with incident T2DM among women [multivariable adjusted hazard ratio
(HR); 95% CI per 1 SD naturally log-transformed EFV: 1.35 (1.004-1.87)],
with incident CHD among men [1.32 (1.01-1.73)] and with incident stroke
among obese women [(3.94 (1.30-11.96)]. We observed overall larger asso-
ciations among obese women (P-value for EFV*BMI interaction for CHD
and stroke <0.05).
Conclusion: EFV was an independent marker of increased cardio-
metabolic risk among women, specifically among obese women, and
for CHD among men. Our results further highlight the importance of
obesity, as a modifiable risk factor, in the association of EFV with in-
creased risk of cardio-metabolic disorders.
Disclosure: A. Brahimaj: None.
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Cardiovascular complications in type 1 and type 2 diabetes patients
show more similarities than differences
J.W. Eriksson1, J. Bodegard2, A. Norhammar3, M. Thuresson4, D.
Nathanson3, T. Nyström3, K.I. Birkeland5;
1Uppsala University, Uppsala, Sweden, 2AstraZeneca, Oslo, Norway,
3Karolinska Institutet, Stockholm, Sweden, 4Statisticon, Uppsala,
Sweden, 5University of Oslo, Oslo, Norway.

Background and aims: Recent outcome trials in T2D have led to
important strategies to reduce cardiovascular disease (CVD), but
for T1D such data are lacking. We aimed to describe the preva-
lence and risk of CVD in patients with T1D and T2D in large,
population-based registers.
Materials and methods: All T1D and T2D patients in Norway and
Sweden were identified in nationwide health care registries and
followed from year 2013 until 2016, ie for three years. Baseline
prevalence and event rates during follow-up were explored for
chronic kidney disease (CKD) and the following CVD events:
CV mortality, heart failure (HF), myocardial infarction (MI) and
stroke. First, age stratified categories were used to compare base-
line CVD and CKD in T1D vs T2D. Second, age stratified event
rates during follow-up were compared for CVD and CKD in T1D
vs T2D.
Results: In total 65,842 T1D and 521,713 T2D patients were iden-
tified. Results were comparable in both countries, justifying
pooling of data. Crude baseline results showed that T1D, com-
pared to T2D patients, were younger (mean 42.7 vs 65.8 years),
had less total CVD (12.3 vs 28.1%) and HF (2.9 vs 8.8%), MI (3.8
vs 9.3%) as well as stroke (4.0 vs 10.3%). On the other hand, T1D
had slightly more CKD (3.9 vs 3.7%). After age-stratification at
baseline, T1D vs T2D had similar CVD prevalence, showing vis-
ible increases from 40 years and up in both diabetes groups. CKD
prevalence was higher in T1D at all ages compared to T2D.
Second, age-stratified event rates for CV mortality, HF, MI, and
CVD were slightly higher for T1D vs T2D (Figure). Stroke event
rates were similar, while CKD event rates were 2-fold higher in
T1D vs T2D (Figure).
Conclusion: After age-stratification, there was similar CVD preva-
lence in T1D and T2D, although diabetes duration was longer in
T1D. Similar age-dependent CVD risk was observed during follow-
up in both diabetes types, although slightly increased in T1D. CKD
was both more prevalent and showed greater event rates in T1D
across all ages. Similar CVD risk in both diabetes types stresses
the importance of CV preventive strategies also in T1D.

Supported by: AstraZeneca
Disclosure: J.W. Eriksson: Grants; NovoNordisk, AstraZeneca.
Honorarium; NovoNordisk, AstraZeneca, Bayer, MSD, Mundipharma.
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Change in heart rate and heart rate variability is not related to car-
diovascular events or death, irrespective of dysglycaemia: Downfall
of risk markers? The Whitehall II study
C. Hansen1, J.E. Marit1, M. Malik2, D.R. Witte3, E. Brunner4, A.G.
Tabák4, M. Kivimäki5, D. Vistisen1;
1Steno Diabetes Center, Gentofte, Denmark, 2Imperial College, London,
UK, 3Steno Diabetes Center, Aarhus, Denmark, 4University College
London, London, UK, 5Department of Epidemiology and Public
Health, University College London, London, UK.

Background and aims: Higher heart rate (HR) and lower heart rate
variability (HRV) (a marker of autonomic dysfunction) have been asso-
ciated with the development of cardiovascular disease (CVD) and all-
cause mortality in non-diabetic and dysglycaemic individuals.
Associations between temporal changes in theses indices and future
CVD and death have not been assessed. We investigated associations
between 5-year changes resting HR andHRVand the risk of future events
in people with and without dysglycaemia.
Materials and methods: 4,611 participants from the Whitehall II cohort
study, free from CVD at baseline and with measurements of HR and/or
HRVat baseline and 5 years before were included. Association between
5-year change in resting supine 2-minute HR and HRVand incidence of
fatal- and non-fatal CVD, all-cause mortality and the composite of the
two was assesses in a Poisson regression model with risk-time as offset.
Analyses were adjusted for several confounders in steps. A modifying
effect of baseline glycaemic state on the associations was tested.
Glycaemic state was defined by HbA1c as normoglycaemia (< 39
mmol/mol), prediabetes (39-47 mmol/mol), diabetes (≥ 48 mmol/mol or
diagnosed outside study).
Results: At baseline, mean (SD) age was 60 (5.9) years, 29% had predi-
abetes, 8% had diabetes, and 70% were men. During a median (IQR)
follow-up time of 11.9 (11.4-12.3) years, 298 participants (6.5%) experi-
enced a CVD event and 279 (6.1%) died from non-CVD related causes.
We found no association between 5-year changes in HR and HRV and
future risk of cardiovascular disease, all-cause mortality or the composite
of the two (Figure 1). There was no modifying effect of glycaemic state
on any of the associations. Baseline values of HR and HRV were not
associated with CVD or mortality events, expect for a 10 beats per minute
higher level at baseline of HR was associated with a 11.4% higher rate of
all-cause mortality (95%CI: 1.0; 22.9%, P = 0.032).
Conclusion: In this large population-based cohort we found no signifi-
cant associations between changes in HR and HRV and future CVD
events or mortality in people with or without dysglycaemia. The same
was generally true for baseline measures of HR and HRV. Our findings
suggest that, presently, resting HR and HRV and changes in these mea-
sures may not constitute significant risk markers for future CVD and
mortality. Autonomic challenge tests may be needed show autonomic
dysfunction as a risk marker for CVD.

Supported by: The UK Medical Research Council (K013351, R024227),
British Heart Foundation
Disclosure: C. Hansen: None.
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Phenotype at diagnosis and disease progression over a 10-year peri-
od: a data driven approach in a large population with type 2 diabetes
A. Nair1, L. Donnelly1, A.Wesolowska-Andersen2, S. Gan1, A. Dawed1,
E.R. Pearson1;
1University of Dundee, Dundee, 2University of Oxford, London, UK.

Background and aims: Diabetes is a heterogeneous disease exem-
plified by the palette model of diabetes where each patient has a
colour based upon the aetiological processes that result in their
diabetes. Mapping individuals on this palette (in multi -
dimensional space) based upon multiple phenotypes at diagnosis
may enable a greater understanding of who is at risk of progres-
sion or complications of diabetes, enabling targeted intervention to
those at high risk.
Materials and methods:We used discriminative dimensionality re-
duction analysis (DDRTree) on 10572 individuals newly diag-
nosed with type 2 diabetes using comprehensive electronic medi-
cal records in Tayside and Fife, Scotland. The phenotypic vari-
ables included were age and sex residualized values of HbA1c,
BMI, HDL-Cholesterol, total cholesterol, Triglycerides, Alanine
Aminotransferase, Creatinine, Systolic and diastolic blood pres-
sure. From the resulting tree structure, we grouped patients allo-
cated to each tree branch and evaluated time to insulin require-
ment, time to retinopathy and time to major adverse cardiovascular
event using with competing risk models.
Results: The DDRTree reduced the phenotype data into six
branches from the principal tree. These branches differed in a
number of characteristics. Two branches had high HDL, but one
had high systolic (mean 150mmHg) and diastolic blood pressure
(mean 87mmHg); Two branches had hypertension, high HbA1c
and high total cholesterol, with the one having the highest
Triglycerides (3.6mmol/L) and HbA1c (8.88%); one branch was
mostly characterised by obesity (BMI 34kg/m2); the final branch
had the lowest blood pressure (mean 124/72) and low total cho-
lesterol and HbA1c. As the analysis was adjusted for age and sex
these were similar across each group, with a mean age of 62.9
years, with 56.8% males. Individuals from the branch with High
HbA1c, Triglycerides and hypertension progressed fastest to insu-
lin (Hazard Ratio (HR) 3.72, 95% CI 2.88-4.80). Whereas individ-
uals from the branch with high cholesterol and highest blood pres-
sure had higher risk for diabetic retinopathy risk (Hazard Ratio
(HR) 1.34, 95% CI 1.27-1.62) and major adverse cardiac event
(Hazard Ratio (HR) 1.33, 95% CI 1.09-1.62).
Conclusion: In this large data driven study on the phenotype of
type 2 diabetes at diagnosis, adjusted for age and sex, individuals
characterised by worse glycaemia at diagnosis progressed most
rapidly to insulin; whilst individuals with elevated blood pressure
and no protective elevation of HDL-cholesterol were more likely
to develop diabetes related complications.
Disclosure: A. Nair: None.
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Inflammatory and metabolic stress perturbs the beta cell circadian
clock
P.A.K. Andersen1, P.H. Rose1, M. Koomen1, V. Petrenko2, T. Dahlby1,
S.M. Ghiasi1, C. Dibner2, T. Mandrup-Poulsen1;
1Department of Biomedical Sciences, Faculty of Health and Medical
Sciences, University of Copenhagen, Copenhagen N, Denmark,
2Division of Endocrinology, Diabetes and Nutrition, Department of
Medicine, University of Geneva, Geneva, Switzerland.

Background and aims: Disruption in circadian rhythmicity is a risk
factor for metabolic diseases. Global or pancreatic β-cell specific clock
knock-out mice develop oxidative stress, β-cell failure and glucose intol-
erance. Low-grade inflammation and glucolipotoxic stress in pancreatic
islets are key players in oxidative β-cell damage. However, how cellular
stressors affect the β-cell clock is unexplored.
Materials and methods: We studied the impact of inflammatory
cytokines (IL-1β 150 pg/ml + IFNγ 0,1 ng/ml, CYT) on clock
gene expression determined by RT-qPCR in unsynchronized INS-1
and INS-1E cells in the presence and absence of the iNOS inhib-
itor N-monomethyl arginine (NMA) or the ROS inhibitor N-
acetyl-cysteine (NAC) and of 300 pg/ml of IL-1β on forskolin-
synchronized mouse islets isolated from triple ProGlucagon-
Venus/RIP-Cherry/Per2:Luciferase reporter mice, where α and β
cells are labelled with Venus or mCherry, respectively; clock gene
expression was also tested under glucolipotoxic conditions
(0,5 mM preheated palmitate conjugated overnight with 1% FBS
and 25 mM glucose, GLT) with or without NAC. Insulin and
gene expression and secretion and Bmal1 expression was investi-
gated in dose- and time-response experiments with the Rev-
ERBα/β agonist SR9009.
Results: CYT robustly increased mRNA expression of Rev-erbα
5-fold (p<0,001), Bmal1 3-fold (p<0,001), and Clock 2-fold
(p<0,01) in INS-1 cells, and disturbed normal circadian behavior
in murine Per2-reporter islets [amplitude reduction, right hand
shift, increased oscillation period length (p<0,01) and acrophase
(p<0,05)]. GLT significantly reduced Rev-erbα 75% (p<0,05), and
increased Per1 2-fold (p<0,01) and Bmal1 20% (p<0,01) in non-
synchronized rat insulin-producing INS-1E cells, associated with
significant ER stress induction (Chop increased 2-fold). Inhibiting
ROS reduced GLT-induced Per1 induction 50% (p<0,01) in INS-
1E cells, while inhibiting NO prevented cytokine-induced Bmal1
and Rev-erbα induction (both p<0,05) in INS-1 cells. As expect-
ed, SR9009 reduced constitutive (2,5-15 μM: 20-50%, p<0,05-
0,0001) and cytokine-induced (2,5-10 μM: 20-100%, p<0,05)
Bmal1 mRNA levels in INS-1 cells. In INS-1 cells SR9009 at
5 μM induced ROS 15% (p<0,05); at 15 μM reduced Ins-1/2
mRNA 30-40% (p<0,001); at 10-20 μM accumulated (50-90%,
p<0,01) as well as glucose stimulated insulin secretion; at 10-
20 μM reduced cell viability (20-60%, p<0,01-0,0001) and in-
creased apoptosis levels (3-7-fold, p<0,01), thus mimicking cyto-
kine and GLT toxicity. SR9009 2,5μM increased Ins-1 mRNA
30% (p<0,001) and at 2,5-5 μM accumulated 60% (p<0,05-0,01)
but not glucose stimulated insulin secretion, without affecting
INS-1 cell viability.
Conclusion: Inflammatory and metabolic stress perturbs the intrinsic β-
cell clock. Clock perturbation by high concentrations of the REV-ERBα/
β agonist SR9009 mimicked cytokine toxicity but did not sensitize
insulin-producing cells to cytokines. Low concentrations of SR9009 in-
creased INS-1 cell insulin mRNA levels and constitutive insulin secre-
tion, compatible with a beneficial effect on insulin biosynthesis.
Supported by: DDA, Augustinus Fonden, NNF, DFF
Disclosure: P.A.K. Andersen: None.
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The role of TALK-1 K+channels in modulating islet hormone secre-
tion and mitochondrial function
S.M. Graff1, S.R. Johnson2, P.K. Dadi1, E.L. Duncan2, D.A. Jacobson1;
1Molecular Physiology and Biophysics, Vanderbilt University, Nashville,
USA, 2Queensland Children's Hospital, South Brisbane, Australia.

Background and aims: The two-pore domain K+ channel, TALK-1
modulates Ca2+ ([Ca2+]c) entry and endoplasmic reticulum (ER)
Ca2+ ([Ca2+]ER) handling in β- and δ-cells thereby impacting hor-
mone secretion and glucose tolerance. Using β- and δ-cell specific
deletions of TALK-1 this study aimed to identify the cell specific
roles of TALK-1. This study also sought to determine how a muta-
tion in TALK-1 that causes MODY negatively impacts islet func-
tion. Finally, as mitochondrial calcium ([Ca2+]mito) correlates with
changes in [Ca2+]c and [Ca2+]ER, this study examined how TALK-1
regulates islet mitochondrial function.
Materials and methods: To measure mitochondrial function, we
used dyes to monitor either membrane potential (TMRE) or reac-
tive oxygen species (ROS, CellRox), and mitochondrial calcium
([Ca2+]mito) with a Cepia-2mt. TALK-1 currents were measured
using whole cell voltage clamp electrophysiology. Insulin secre-
tion was monitored from transduced mouse and human islets with
lentiviruses that contain the RIP-mini CMV promoter expressing
TALK-1 or TALK-1 L114P followed by a P2A cleavage site and
the NanoLuc-proinsulin luciferase reporter for insulin secretion.
Results: To investigate the cell specific mechanisms of TALK-1 we
used a mouse model with a floxed allele of KCNK16 to generate
TALK-1 ablation in β-cells (β-TALK1-KO) or δ-cells (δ-TALK1-
KO). Although β-TALK1-KO mice show normal glucose toler-
ance on a chow diet, exposure to a high fat diet (HFD) impaired
glucose tolerance to a greater extent in controls compared to β-
TALK1-KO mice (Control AUC: 19,722 ± 784.3; β-TALK1-KO
AUC: 12,635 ± 2,116.8; p<0.05). In contrast, δ-TALK1-KO mice
do not show improvement in glucose tolerance but have improved
fasting blood glucose levels on a HFD (Control: 166 ± 5.4 mg/dl;
δ-TALK1-KO: 140 ± 4.5 mg/dL; p<0.01). As loss of TALK-1
function improves glucose homeostasis, a gain of function (GOF)
in TALK-1 is predicted to impair glucose homeostasis. To test this,
we examined a mutation in TALK-1 (L114P) that causes MODY.
TALK-1 L114P is located within the pore domain just downstream
of the GYG K+ selectivity filter. TALK-1 L114P results in a dras-
tic GOF at the plasma membrane (Current at -50mV: TALK-1,
3.28 ± 1.12 pA; TALK-1 L114P, 646.97 ± 211.93 pA).
Moreover, islets expressing TALK-1 L114P show reduced insulin
secretion. TALK-1 control of [Ca2+]c could mediate changes in
islet function; therefore, we next determined how TALK-1 impacts
mitochondrial function. Interestingly, [Ca2+]mito in β-TALK1-KO
islets is significantly increased by 83.2% ±13.0% in low glucose
and 75.4% ± 14.6% in high glucose. β-TALK1-KO islets also
have reduced mitochondrial hyperpolarization in response to glu-
cose (Control AUC: 23.8 ± 1.96; β-TALK1-KO AUC: 15.1 ±
1.91; p<0.01). Finally, as ROS production is a byproduct of mito-
chondrial respiration, we investigated whether TALK-1 affects
ROS production. We found that TALK-1 KO islets have signifi-
cantly reduced ROS production (20.0 ± 4.2%) compared to wild-
type islets.
Conclusion: These data indicate an important role for TALK-1 in
modulating mitochondrial glucose sensing potentially through an
impact on β-cell Ca2+ handling. This data also suggests for the
first time that, loss of TALK-1 function under diabetic conditions
enhances glucose tolerance; whereas the significant GOF in
TALK-1 L114P impairs glucose tolerance by limiting insulin se-
cretion thereby causing MODY.
Supported by: F31DK118855, 4 R01 DK97392-04
Disclosure: S.M. Graff: None.
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The interaction of the actin binding protein villin with SNAREs for
regulation of insulin granule exocytosis
H. Mziaut1, J. Dehghany2, A. Gheisari3, I. Kalaidzidis1, Y. Kalaidzidis4,
A. Sönmez1, M. Grzybek5, M. Meyer-Hermann2, M. Solimena1;
1Molecular Diabetology, TU Dresden, Dresden, 2Department of Systems
Immunology, Helmholtz Centre for Infection Research (HZI),
Braunschweig, 3Light Microscopy, Biotechnologisches Zentrum
(BIOTEC), Dresden, 4Molecular Cell Biology and Genetics, Max
Planck Institute of Molecular Cell Biology and Genetics, Dresden,
5Membrane Biochemistry, TU Dresden, Dresden, Germany.

Background and aims: The cortical actin cytoskeleton gates the
regulated exocytosis of insulin secretory granules (SGs) by
restricting their mobility and access to the plasma membrane. We
have shown that the decoy receptor protein tyrosine phosphatase
ICA512/IA-2/PTPRN is enriched in the membrane of the SGs and
modulates their mobility and exocytosis through its interaction with
the cortical actin cytoskeleton. Recently we found that villin is
down-regulated in Ica512−/− mouse islets. Villin is an F-actin mod-
ifier, which at low Ca2+ concentrations promotes the bundling of
microfilaments, while at high Ca2+ concentrations leads to their
severing. We showed that villin is enriched at the cortex of β-
cells and that villin−/− islet cells are less round and deformable. In
villin-depleted cells F-actin cages restraining cortical SGs are en-
larged and basal SG mobility and secretion are increased, while
GSIS is blunted. Moreover, villin and its paralog gelsolin were
upregulated in pancreatic islets treated with high glucose for 24
hrs. In this study we aimed to uncover mechanistically how SG
exocytosis controls the plasticity of actin cytoskeleton, which in
turn controls their access to the plasma membrane.
Materials and methods: Computer simulation reproducing the mea-
sured spatial organisation of SGs and insulin secretion patterns lead
us to propose a model in which increased SG dynamics cannot
account for enhanced basal insulin release in villin depleted β-
cells unless the number of docking sites for SG exocytosis is also
enhanced. To test this hypothesis we imaged SGs and SNARE pro-
teins in control and villin-depleted INS-1 cells by TIRF and high-
resolution microscopy. Using FLIM/FRET and thermophoresis for
protein-protein interaction analysis, we then tested the potential
interaction of villin with SNARE proteins. Finally, we used INS-1
cells and mouse islets to uncover how ICA512 regulates villin gene
expression.
Results: Here we show that villin depletion correlated with an in-
creased number of SGs docked at the plasma membrane, which in
turn was inversely correlated with the total number of SGs in basal
conditions. Further evidence pointed to the co-localization between
villin and SNAP25. FLIM and thermophoresis analysis further sup-
ported the possibility of a direct interaction of villin with SNAP25.
Accordingly, villin depletion enhanced the detectability of
SNAP25 at the cell cortex. Finally, we collected data that villin
expression is enhanced by STAT5, which in turn lies downstream
of ICA512 signaling following SG exocytosis.
Conclusion: Taken together, our data suggest that SGs are not pas-
sively regulated by the cortical cytoskeleton, but actively control
the remodeling of the latter, and thus their own access to the plasma
membrane and release by affecting villin expression and SNARE
compartmentalization downstream of ICA512. Hence, these find-
ings provide mechanistic insight into the delicate interplay between
SG signaling, plasticity of F-actin and the exocytotic machinery for
proper regulation of insulin secretion.
Supported by: DZD e.V; BMBF; EU/IMI-JU
Disclosure: H. Mziaut: None.
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Melanophilin accelerates insulin granule fusion without stable
docking to the plasma membrane via interaction with myosin-Va
and syntaxin-4
T. Izumi, K. Mizuno, K. Okunishi, H. Wang;
Gunma University, Maebeshi, Gunma, Japan.

Background and aims: Direct observation of fluorescence-labeled
secretory granules in living pancreatic β cells has revealed that
some insulin granules dwell beneath the plasma membrane before
fusion, while others fuse promptly once they approach the plasma
membrane. Although the former mode of exocytosis likely involves
the molecules that have been shown to tether and/or dock granules
to the plasma membrane, the molecular mechanism of the latter
exocytosis without stable docking, which actually becomes domi-
nant in the late phase of glucose-stimulated insulin secretion at least
in rodent β cells, is unclear, but should require assembling of the
fusion machinery after stimulation. We investigated the role of one
of the Rab27 effector, melanophilin, in insulin granule exocytosis,
because the monomeric GTPase Rab27 and its effector proteins are
known to play versatile roles in regulated exocytosis.
Materials and methods:We examined glucose tolerance and insulin
secretion in the leaden mouse with mutation of a gene encoding
melanophilin. We also monitored prefusion behaviors of fused
granules in leaden β cells by total internal reflection fluorescence
microscopy. We identified several melanophilin-interacting pro-
teins in β cells and generated a melanophilin mutant defective in
binding to each of these proteins to investigate the roles of the
interaction in insulin secretion.
Results: The leaden mice exhibit glucose intolerance and impaired
glucose-stimulated insulin secretion, with a specific reduction in
fus ion even t s tha t bypass the s t ab l e dock ing p roces s .
Melanophilin interacts with Rab27a, myosin-Va, and syntaxin-4 in
β cells. In contrast to the wild type, each mutant defective in bind-
ing to one of the three proteins fails to restore the decreased insulin
secretion in leaden β cells. Remarkably, melanophilin binds the
fusion-competent, open form of syntaxin-4 in a stimulus-induced
[Ca2+]i rise-dependent manner.
Conclusion: These f indings suggest a fo l lowing model :
melanophilin-positive, insulin granules are first captured within
the F-actin network beneath the plasma membrane via interaction
with myosin-Va, and once released from the actin cortex by secre-
tagogue stimulation, they fuse immediately upon encountering
fusion-competent syntaxin-4.
Supported by: JSPS KAKENHI Uehara Memorial Foundation
Kobayashi International Scholarship
Disclosure: T. Izumi: None.
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BMP4 gene therapy delays diabetes progression in the diabetic db/db
mouse model
R. Khatib Shahidi1, L. Mannerås Holm2, L. Bonnet1,3, T. Kroon4, D.
Nilsson1,3, A. Ahnmark4, I. Elias5, F. Bosch5, U. Smith1, J. Boucher1,4;
1The Lundberg laboratory for Diabetes Research, Molecular and Clinical
Medicine/Diabetes, Gotenburg, Sweden, 2Wallenberg Laboratory, Molecular
andClinicalMedicine,Gotenburg, Sweden, 3WallenbergCenter forMolecular
andTranslationalMedicine,Gothenburg, Sweden, 4Cardiovascular, Renal and
Metabolism, IMED Biotech Unit, AstraZeneca, Gothenburg, Sweden,
5Autonomous University of Barcelona, Barcelona, Spain.
Background and aims: BMP4 is a member of the transforming growth
factor-β superfamily which plays a key role in developmental processes.
Recently, we and others have shown that BMP4 also promotes the con-
version of white adipocytes into calorie-burning beige/brown-like adipo-
cytes. We have also shown that treatment of lean mice with adeno-
associated viral vectors of serotype 8 (AAV8) carrying the Bmp4 gene
and targeting the liver, results in a sustained increase in circulating BMP4
levels, white adipose tissue browning and enhanced insulin sensitivity.
Consequently, these mice had increased energy expenditure and were
protected from diet-induced obesity. Here we wanted to test whether
BMP4 gene therapy could protect leptin receptor-deficient mice from
developing obesity and diabetes.
Materials and methods: 6 week-old male db/db mice were treated with
adeno-associated viral vectors of serotype 8 (AAV8) carrying the
Bmp4gene, and body weight, water consumption, glucose and insulin
levels were monitored for 8 weeks. Insulin tolerance, tissue gene expres-
sion, and plasma parameters were measured at the end of the treatment.
Results: As expected, db/db mice had markedly elevated insulin levels
and displayed obesity by 6 weeks of age already. Diabetes developed
during the following 8 weeks, with glucose levels rising and plateauing
by 10 weeks of age, while insulin levels dropped and plateaued by 12
weeks of age. BMP4 treatment significantly reduced water intake, which
is a surrogate marker for glucose excretion in the urine and of glucose
control overall. BMP4 treatment also significantly delayed the decline in
insulin levels (p<0.05), suggesting that BMP4 treatment improved beta
cell function. Consistent with this, body weight in BMP4-treated mice
was significantly elevated compared to control mice during the last 3
weeks of treatment (p<0.05), time during which control mice started
losing weight, indicating that BMP4 delayed the diabetes-associated ca-
chexia. However, by 14 weeks of age, BMP4-treated mice had similar
fasting insulin levels as control mice and similar levels of insulin resis-
tance. BMP4 gene treatment did not decrease blood glucose, but circu-
lating free fatty acid and β-hydroxybutyrate levels were reduced suggest-
ing enhanced anti-lipolytic effect of insulin. Gene expression analysis in
subcutaneous white adipose tissue did not reveal any increased markers
of beige/brown adipocytesor in tissue inflammation markers.
Conclusion: BMP4 gene therapy delays early diabetes progression in the
diabetic db/db mouse model. However, this improvement was not suffi-
cient to ultimately prevent general insulin resistance, b-cell dysfunction,
and continued diabetes development.
Supported by: Knut and Alice Wallenberg Foundation, Sweden Medical
Research Council
Disclosure: R. Khatib Shahidi: Grants; Knut and Alice Wallenberg
Foundation, Swedish Research Council.
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Insulin receptor isoform expression is altered in mouse tissues of
genetic and dietary models of obesity and type 2 diabetes
N.Moruzzi, I. Valladolid-Acebes,M. Paschen, T.Moede, B. Leibiger, P.-
O. Berggren, I.B. Leibiger;
Karolinska Institutet, Stockholm, Sweden.

Background and aims: Insulin resistance is a hallmark in the de-
velopment of obesity and type 2 diabetes mellitus (T2DM). In
mammals, insulin acts mainly through the two insulin receptor
isoforms IR-A and IR-B, generated by alternative splicing of exon
11 of the IR gene. In organs and cells, the amount and ratio of the
IR isoforms vary considerably. Because of their differences in li-
gand affinity, internalization kinetics and signal transduction, the
shift in IR isoform expression during disease development has
been hypothesized to cause or contribute to insulin resistance.
Here, we aim to clarify the tissue distribution of IR isoform
mRNA and their changes during obesity/T2DM development in
mouse models.
Materials andmethods:Male mice with genetic defect of leptin receptor
(db/db) and BL6/J fed with high fat (60% kcal) high sucrose (32% in
drinkingwater) diet (HFHS) were studied. ThemRNA amount of total IR
and its splice isoforms in tissues were measured using a validated rt-
qPCR method. Fractionation of perigonadal white adipose tissue
(pVAT) was performed in leptin deficient (ob/ob) mice and lean
littermates.
Results: We identified three distinct tissue groups of IR expression in
control animals (mean±CI n≥12). Adipose tissues, liver, kidney and in-
testine express high IR-B/low IR-A (IR-A% from 11,8±1,7% in liver to
24,4±4,0% in intestine); spleen and brain areas high IR-A/ low IR-B (IR-
A% 90,3±1,6%; 94,2±0,7%, respectively); muscles tissues, heart and
pancreatic islets a majority of IR-A over IR-B (IR-A% from 68,3±4,2%
in soleus to 80,5±1,6% in gastrocnemius). In db/db mice or BL6/J mice
fed 8 weeks with HFHS, the IR isoform ratio was altered depending on
the tissue and the mouse model. In “classical” insulin target tissues, we
found a consistent decrease in IR-B/IR-A ratio in pVAT (IR-B/IR-A ratio
mean±sem n=8 ctrl 3,99±0,27 vs db/db 2,38±0,17; chow 4,18±0,42 vs
HFHS 1,90±0,12 p<0,001) while, after HFHS, muscles (gastrocnemius
p=0,78 n=7; soleus p=0,68 n=4) and liver (p=0,89 n=8) were unaffected.
While total IR gene expression was decreased in pVAT (mRNA fold
change mean±sem n=8 chow 1,00±0,05 vs HFHS 0,59±0,07 p<0,001),
muscle and liver were again unaffected (n=8 gastrocnemius chow 1,00
±0,07 vs HFHS 1,17±0,03 p=0,05; soleus n=4 p=0,48; liver n=7 p=0,94).
Changes in tissue architecture during obesity/T2DM development might
be responsible for these alterations rather than specific cell type modifi-
cation in IR splicing. By using pVAT fractionation, we found that in both
macrophages and the rest of the stromal vascular fraction (SVF), which
increase in adipose during obesity, IR-A is the predominant IR isoform
(IR-A% mean±CI macrophages lean mice n=11 67,4±8,1%; SVF n=8
71,4±7,1%) and therefore can reflect the tissue increase in IR-A/IR-B
ratio. We found no difference in isoform ratio in pVAT non-floating frac-
tion from ob/ob mice (IR-A% macrophages n=14 70,1±2,5%; SVF n=8
77,5±2,8%).
Conclusion: In summary, we found that the amount of total IR mRNA
and IR isoform ratio is altered during diabetes/obesity in mice.
Interestingly, the changes are restricted to a few organs after 8 weeks of
HFHS diet compared to genetic ablation of leptin signaling. The patho-
physiological mechanisms are still unclear and require further clarifica-
tion of IR isoform expression at cellular resolution to develop targeted
therapies for insulin resistance.
Supported by: NN A/S; ERC; SRP
Disclosure: N. Moruzzi: None.
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Searching for the metabolic mechanisms of indolepropionic acid, a
gut-derived serum metabolite, in the prevention of type 2 diabetes:
preliminary results
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K. Hanhineva1, J. Pihlajamäki1, K.A. Virtanen1,2;
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Background and aims: Gut microbiota seems to play a role in the
pathogenesis of type 2 diabetes (T2D). We have shown that serum
indolepropionic acid (IPA), a gut microbiota-derived metabolite,
predicted a lower likelihood of developing T2D in the Finnish
Diabetes Prevention Study (DPS) and in two other independent
study cohorts from Sweden and Finland. In the DPS, IPA predict-
ed a better insulin secretion capacity in long term. However,
mechanisms behind the beneficial effect of IPA are still unknown.
Our preliminary data coming from another study cohort: Kuopio
Obesity Surgery Study (KOBS) suggested that IPA might exert its
effects through adipose tissue (AT) browning (e.g. liver expression
and methylation at PRDM16, a marker of AT browning, was as-
sociated with both serum IPA levels and T2D in KOBS). In
humans, brown adipose tissue (BAT) is activated by cold expo-
sure, leading to increased energy expenditure and improvement in
glucose metabolism. In this study, we aimed at investigating the
response of serum IPA levels to cold exposure (BAT positron
emission tomography: PET/FATBAT studies) and its association
with insulin and glucose metabolism.
Materials and methods: IPA was measured in serum using a non-
targeted liquid chromatography with mass spectrometry (LC-MS)
metabolite profiling analysis. Firstly, we studied serum IPA mea-
sured in 242 morbidly obese men and women (mean age of 48.7
years; BMI: 43.1 kg/m2; T2D, n=82) from the KOBS cohort who
underwent bariatric surgery. In the BATPET/FATBAT studies, se-
rum IPA from 65 metabolically healthy lean and obese subjects
(60 exposed to cold temperatures and 42 with samples taken at
fasting and room temperature: RT), both men and women (mean
age of 33 years and BMI of 27.6 kg/m2) were studied. HOMA-IS
and HOMA-IR were calculated using fasting plasma glucose
(FPG) and serum insulin as estimates for insulin resistance and
secretion. We calculated disposition index (DI) as HOMA-B di-
vided by HOMA-IR to estimate β-cell function. For the effect of
exposure, we applied a linear mixed model. Pearson and partial
correlation analyses tested correlations between IPA and variables
of interest.
Results: In KOBS, serum IPA levels was about 16% lower in T2D indi-
viduals than in those without T2D (p=0.048). In both KOBS and
BATPET/FATBAT studies, FPG levels negatively correlated with IPA
(r=-0.22 for both, p=0.001 and p=0.03). Interestingly, in the latter study
higher fasting insulin and HOMA-IR negatively correlated with IPA
levels (r=-0.27, p=0.007; r=-0.30, p=0.004), but not in KOBS (p>0.10).
Still, higher IPA levels positively correlated with the DI also in
KOBS(r=0.26, p=0.01). All the correlations remained after adjusting for
BMI or study group, as appropriate. However, there was no difference in
serum IPA levels between cold exposure vs. RT (mean fold change of
0.93; p=0.30).
Conclusion: Although cold exposure did not have an effect on IPA
levels, we confirmed the association of serum IPA levels with both glu-
cose an insulin metabolism in additional independent cohorts. Therefore,
we cannot rule out the possibility that higher activity of gut microbiota
affects molecular metabolism in the liver, which takes part in glucose
regulation, and could result in BAT activation and amelioration of AT
function.
Supported by: Finnish Diabetes Research Foundation
Disclosure: V. de Mello Laaksonen: None.
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Glucose sensitivity, insulin sensitivity and their longitudinal changes
are strong independent determinants of type 2 diabetes progression:
an IMI DIRECT study
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Background and aims: Many studies have described clinical pa-
rameters associated with type 2 diabetes (T2D) onset or “time-to-
failure” markers, while predictors and mechanisms of progression
in established and newly-diagnosed T2D are unclear. Here, we
have evaluated predictors and determinants of HbA1c progression
considering several metabolic parameters from the prospective
DIRECT study.
Materials and methods: We studied 621 T2D patients recruited to
the DIRECT study (baseline treatment as diet only or metformin,
HbA1c < 60mmol/mol, diabetes duration < 24 months). HbA1c

concentrations were collected at months 0, 9, 18, 27 and 36 after
start of the study. Mixed-meal tests were performed at 0, 18 and 36
months, for assessment of insulin sensitivity (as OGIS index) and
β-cell glucose sensitivity (GS). HbA1c data were described as lin-
ear functions of time, with slope (σ) describing underlying pro-
gression, adjusted for changes in BMI and in standardized dosage
of antidiabetic treatments. Changes of various clinical parameters
during follow-up were computed as uncorrected slopes (π).
Multivariate linear and logistic regression of σ was performed
considering the baseline parameters and the π slopes as potential
independent variables. In the logistic regression, subjects were
divided into fast and average progressors based on a σ threshold
of 2.7 mmol mol-1 y-1 (chosen based on the presence of a right tail
in the σ distribution). Fast progressors were 26.
Results: The most relevant independent determinants of progression
from linear regression were lower baseline GS and OGIS, and
greater decrease in GS and OGIS (Table; adjusted R2 = 0.23). The
Receiver Operating Characteristic (ROC) AUC from the logistic
regression using the same determinants was 0.90 ([0.82, 0.95]
95% CI). Fast and average progressors were clearly different in
terms of πGS (-19.2±3.3 (mean±se) vs -1.3±1.3 pmol min-1 m-2

mM-1, p = 10-6) and πOGIS (-38.7±8.2 vs -12.5±1.7 ml min-1 m-2,
p = 10-4).
Conclusion: 1) Greater HbA1c progression is independently associ-
ated with baseline characteristics (fattier liver, and lower fasting
glucose, age, GS and OGIS) as well as increments with time in
triglycerides, ALT liver enzyme, β-cell glucose insensitivity and
insulin resistance. 2) The ability to predict fast progression with
these parameters was high. 3) Fast vs average progression analysis
was strongly consistent with the linear regression, as a much great-
er OGIS and GS deterioration was observed in fast progressors. 4)
The strongest progression determinants are GS, OGIS and their
longitudinal changes.

Supported by: IMI-JU DIRECT
Disclosure: R. Bizzotto: Grants; DIRECT.
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Empagliflozin as metabolically active compound for treatment of
non-alcoholic fatty liver disease in type 2 diabetes
S. Kahl1, S. Gancheva1, K. Strassburger1, C. Herder1, J. Machann2, Y.
Kupriyanova1, S. Kabisch3, E. Henkel4, K. Kantartzis2, S. Kopf5, C.
Kasperk5, N. Stefan2, A. Pfeiffer3, A.L. Birkenfeld4, M. Roden1;
1German Diabetes Center, Düsseldorf, 2Institute for Diabetes Research and
Metabolic Diseases (IDM) of the Helmholtz CenterMunich at the University
of Tübingen, Tübingen, 3Department of Clinical Nutrition, German Institute
of Human Nutrition Potsdam-Rehbruecke, Nuthetal, 4Clinical Study Center
of Metabolic Vascular Medicine, GWT TU-Dresden GmbH, Dresden,
5University Hospital of Heidelberg, Department of Internal Medicine 1 and
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Background and aims: Type 2 diabetes (T2D) associates with non-
alcoholic fatty liver disease (NAFLD), which contributes to insulin resis-
tance and cardiovascular risk of diabetes. Currently, there is no
established therapy for NAFLD in T2D. This trial examined whether
treatment with the sodium glucose transporter 2 inhibitor empagliflozin
(EMPA) reduces liver fat content (HCL, primary outcome).
Materials and methods: T2D patients (n=84; BMI 32.2±4.5 kg/m2,
HbA1c 6.6±0.5%, HCL 13.4[7.6;17.8]%) were randomly assigned to
24-week treatment with either EMPA 25 mg per day or placebo
(PLAC). HCL was measured by magnetic resonance (MR) methods
(1H-MR spectroscopy, STEAM; MR imaging, IDEAL). Statistical anal-
ysis was done by ANCOVA adjusted for the respective baseline value,
age, sex and BMI.
Results: After treatment, HCL was lower compared to baseline (relative
change (RC) EMPA -34%[95% confidence interval -43;-23], p<0.0001;
PLAC -15[-24;-4]%, p=0.008) and in EMPA compared with PLAC
(p=0.009). Weight loss occured only with EMPA (-2.7[-3.4;-1.9] kg,
p<0.0001, vs. PLAC 0.1[-1.0;0.8] kg) and was the major driver for
HCL reduction (β=6.82, p<0.0001). Only with EMPA, whole-body glu-
cose disposal (Rd), during low (LC) and high (HC) insulin conditions
(RC Rd_LC 22[8;38]% vs -6[-17;7]%, p=0.005; RC Rd_HC 12[1;23] vs
3[-11;18], p=0.04) and adipose-tissue insulin resistance (Adipo-IR) im-
proved (RC -18[-32;-1]%, p=0.04). The EMPA-treatment-related de-
crease in serum uric acidwas related to higher adiponectin levels, whereas
increases in adiponectin inversely associated with reduction in
cytokeratin-18-M30 (β=-0.14, p=0.03 and β=-5.23, p=0.028).
Conclusion: In conclusion, EMPA effectively reduces HCL, raises serum
adiponectin with beneficial effects on hepatocellular integrity and im-
proves insulin sensitivity in T2D. EMPA may therefore serve as a meta-
bolically active compound for future NAFLD treatment because of its
favorable effects on NAFLD, energy balance and tissue metabolism in
the course of T2D in addition to beneficial effects on complications.
Clinical Trial Registration Number: NCT02637973
Supported by: Independent research grant provided by Boehringer
Ingelheim
Disclosure: S. Kahl: Grants; Boehringer Ingelheim. Other; German
Center for Diabetes Research (DZD e.V.), German Federal Ministry of
Health, Ministry of Innovation, Science, and Research of the State North
Rhine-Westphalia (Germany).
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The metabolic effects of an SGLT2 inhibitor (dapagliflozin) during a
period of acute insulin withdrawal and development of ketoacidosis
in people with type 1 diabetes
R. Herring1, F. Shojaee-Moradie2, R. Garesse1, M. Stevenage1, N.
Jackson2, C. Lucy2, B.A. Fielding2, A. Umpleby2, D.L. Russell-Jones1,
M. Davies3;

1Royal Surrey County Hospital, Guildford, 2University of Surrey,
Guildford, 3University of Leicester, Guildford, UK.

Background and aims: SGLT2 inhibitors may offer advantages in the
management of people with type1 diabetes with improvement in glycemic
control and, reductions in hypoglycemia, insulin doses and weight.
Significant safety issues have been highlighted in clinical trials with increased
rates of ketoacidosis. Using stable isotope techniques this study explored the
effect of dapagliflozin on glucose flux, lipolysis and ketone body concentra-
tion during acute insulin withdrawal in people with type1 diabetes
Materials and methods: A double blind placebo controlled cross over
study with a 28 day wash out period was performed in 12 people (4M &
8F) with type1 diabetes (age 40.7±3.9 y, BMI 26.2±1.5 kg/m2) using
insulin pump therapy. Subjects received dapagliflozin or placebo in ran-
dom order for 7 days. On day 7, they were transferred to a soluble variable
insulin infusion to maintain blood glucose at 5 mmol/l. [6,6-2H2]glucose
was infused to measure glucose Ra and glucose Rd and [1,1,2,3,3
5H2]glycerol to measure lipolysis. At isotopic steady state insulin was
withdrawn, day 7 medication given and blood glucose allowed to rise.
Measurements were taken for plasma glucose and glycerol enrichment,
NEFA, beta hydroxybutyrate (BOHB), glycagon and spot urine for glu-
cose. The study was terminated at 600min or in the event of 1 of the
rescue parameters being reached; blood glucose >18mmol/L, bicarbonate
<15mmol/L, venous pH <7.35 or capillary BOHB level of >5.0mmol/L.
Data was modeled using Steele Equation
Results: Baseline Glucose Ra (micromol/min/kg) at 0min was higher
with dapagliflozin compared with placebo 13.1 ± 0 vs 11.68 ± 0.65
p=0.011 and glucagon/insulin (ng/pmol) at 0min was 0.28 ± 0.06 vs
0.16 ± 0.02 p=0.031, respectively. The differences were lost during insu-
lin withdrawal. Insulin withdrawal Plasma glucose concentration at end
point was 8.5 ± 0.7mmol/L for dapagliflozin and 14.4 ± 1.1 placebo
p=0.0005. Urinary glucose excretion during 0-120min (micromol/kg/
min) (n=6) for dapagliflozin 5.10 ± 0.80 vs 0.029 ± 0.01 p=0.003.
AUC0-180 min Glucose Rd (micromol/min/kg*min) was higher for
dapagliflozin 2727± 222 vs 2006 ± 140,p=0.0004. AUC0-180 min BOHB
(mmol/L*min) was significantly different 149 ± 26 for dapagliflozin vs
12 ± 18 p=0.044. There was no difference in lipoplysis with AUC0-180 min

Glycerol Ra (micromol/min/kg*min) 585 ±7 7 for dapagliflozin vs 543 ±
56 placebo p=0.22 and AUC0-180 min NEFA (mmol/L*min) 192 ± 15 vs
188 ± 14 p=0.55
Conclusion: During insulin withdrawal and ketosis, lipolysis was not
different between dapagliflozin and placebo but beta hydroxybutyrate
was significantly higher with dapagliflozin suggesting a potential meta-
bolic switch to ketogenesis within the liver. Glucagon/insulin ratio was
higher at baseline. This has implications for the use of SGLT2 inhibitors
in type1 diabetes

Clinical Trial Registration Number: 2015-002094-38
Supported by: Diabetes UK, AstraZeneca
Disclosure: R. Herring: Grants; Diabetes UK, AstraZeneca.
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The increase in endogenous glucose production with SGLT2 inhibi-
tion is unchanged by renal denervation but highly correlates to uri-
nary glucose excretion
C. Solis-Herrera, M. Alatrach, C. Agyin, H. Honka, R.D. Patel, C.
Triplitt, J.M. Adams, A. Gastaldelli, M. Abdul-Ghani, D. Tripathy, E.
Cersosimo, R. DeFronzo;
Diabetes Division, University of Texas Health Science Center at San
Antonio, USA.

Background and aims: SGLT2 inhibition causes a “paradoxical”
increase in endogenous glucose production (EGP), indicating the
presence of a “reno-hepatic axis.” We previously demonstrated
that changes in plasma glucagon and insulin cannot explain the
increase in EGP. We measured EGP after SGLT2 inhibition in
renal transplant subjects with and without type 2 diabetes (T2D)
to evaluate the role of renal nerves and sympathetic nervous sys-
tem (SNS) in mediating this “reno-hepatic axis”.
Materials and methods: Six T2D (A1c = 7.2±0.1) and 8 non-T2D
(A1c = 5.6±0.1) with normal renal function and no history of
rejection (prednisone ≤ 5mg/day) received two 6-hr measurements
of EGP preceded by dapagliflozin (DAPA) or placebo.
Results: Following DAPA in T2D, FPG (143±15 to 112±9 mg/dl,
p=0.01) and FPI (14±3 to 11±2, p=0.02) decreased while glucagon
increased (45±13 to 54±14 pg/mL, p=0.09) (all p<0.05 vs place-
bo); plasma epinephrine and norepinephrine did not change from
baseline. Following placebo, EGP decreased (p<0.01) in both T2D
and non-diabetics. In contrast, after DAPA EGP increased
(p<0.01) in both T2D (by 0.4±0.1 mg/kg.min) and in non-T2D
(by 0.1±0.1 mg/kg.min) compared to placebo . The DAPA-
induced increment in EGP production was highly correlated (r =
0.824, p<0.001) with the increment in urinary glucose excretion in
all subjects (Figure)
Conclusion: (1) Renal denervation in renal transplant patients failed
to block the DAPA-mediated stimulation of EGP; (2) DAPA-
stimulated rise in EGP is strongly related to the increase in urinary
glucose excretion blunting the decline in fasting plasma glucose.

Clinical Trial Registration Number: NCT03168295
Supported by: NIH
Disclosure: C. Solis-Herrera: None.
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SGLT2 is not expressed in pancreatic alpha and beta cells and its
inhibition does not directly affect glucagon and insulin secretion in
rodents and humans
P. Gilon1, H. Chae1, N. Antoine1, B.-K. Lai1, B. Singh1, L. Ruiz1, A.
Wojtusciszyn2, C. Broca2, B. Stierstorfer3, H. Klein3, E. Mayoux3, M.
Pieper3, M. Mark3, R. Augustin3;
1Pole d'Endocrinologie, Diabète et Nutrition, Université Catholique de
Louvain, Brussels, Belgium, 2Laboratory of Cellular Therapy for
Diabetes, University Hospital of Montpellier, Montpellier, France,
3Department of CardioMetabolic Diseases Research, Boehringer
Ingelheim Pharma GmbH & Co. KG, Biberach an der Riss, Germany.

Background and aims: SGLT2 inhibitors (SGLT2i), such as
dapagliflozin and empagliflozin, are effective glucose-lowering medica-
tions with a unique, insulin-independent mechanism that is to promote
glycosuria. SGTL2i-induced glycosuria is associated with metabolic re-
sponses including increases in fatty acid mobilization, hepatic glucose
and ketone body production, and circulating glucagon levels. These met-
abolic adaptations are considered causative for rare cases of euglycemic
ketoacidosis reported for SGLT2i. One potential cause of euglycemic
ketoacidosis is the SGLT2i-mediated increase in glucagonemia and drop
in insulinemia. It has been suggested that direct inhibition of α-cell
SGLT2 stimulates glucagon release. Here, we investigated the potential
role of SGLT1 and SGLT2 in the control of glucagon and insulin secre-
tion from rat, mouse and human islets.
Materials and methods: mRNA expression of SGLT1 (slc5a1) and
SGLT2 (scl5a2) was assessed by qPCR in islets, FACS sorted α- and
β-cells and control tissues. Immunodetection of SGLT2 was performed
on pancreatic sections and isolated islet cells. Glucagon and insulin se-
cretion experiments were performed in incubation (human and rat islets)
or perifusion (human andmouse islets), or with the in situ perfused mouse
pancreas.
Results: SGLT1 and SGLT2 mRNAs were highly expressed in the kid-
ney but absent in rodent and human pancreatic islets and in FACS-sorted
α- and β-cells. Immunodetection of SGLT2 revealed a strong expression
of the protein in the kidney or recombinant SGLT2 HEK293 expressing
cells, but no expression in sections from rat and human pancreas or in
dispersed human islet cells. The potential role of SGLTs on glucagon
secretion was assessed by several approaches. In all tissue preparations
(islets or pancreas), a drop of the glucose concentration of the medium
(from 7-15 mM to 0.5-2 mM) robustly stimulated glucagon secretion. By
contrast, α-methyl-D-glucopyranoside (2 and 20 mM), a non-
metabolizable glucose analogue, which is specifically transported by
SGLT, did not affect glucagon secretion from mouse islets. Phlorizin
(100 μM, a SGLT family-specific inhibitor), dapagliflozin (1-10 μM),
empagliflozin (1-10 μM) and sotagliflozin (1 μM, a dual SGLT1/2i)
had no effect on glucagon secretion when tested acutely at low or high
glucose, and did not affect the glucagon secretory response to a drop of
the glucose concentration in all testedmodels. Insulin secretion, measured
in dynamic experiments, was unaffected by the different SGLTi, but stim-
ulated by glucose. Overnight culture of human islets with 10 μM
dapagliflozin or empagliflozin in the presence of 5 or 15 mM glucose
had no effect on glucagon mRNA expression.
Conclusion:Our data provide evidence that the increase in glucagonemia
or drop in insulinemia induced by SGLT2i is not due to a direct, SGLT2-
dependent effect on the pancreatic α- or β-cell, respectively.
Supported by: EFSD/Boehringer Ingelheim, FNRS, JDRF award 31-
2008-416 (ECIT)
Disclosure: P. Gilon: None.
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A new diabetes questionnaire to add patients' perspectives to diabe-
tes care: a nationwide cross-sectional study among adults with type 1
and type 2 diabetes
M. Svedbo Engström1,2, J. Leksell2,3, U.-B. Johansson4,5, S. Borg6, B.
Palaszewski7, S. Franzén8, S. Gudbjörnsdottir1,8, K. Eeg-Olofsson1;
1University of Gothenburg, Gothenburg, 2Dalarna University, Falun,
3Uppsala University, Uppsala, 4Sophiahemmet University, Stockholm,
5Karolinska Institutet, Stockholm, 6Lund University, Lund, 7Data
Management and Analysis, Region Västra Götaland, Gothenburg,
8Register Center Västra Götaland, Gothenburg, Sweden.

Background and aims: A new self-rated diabetes questionnaire
(NDR-PROM) adds patients’ perspectives of living with diabetes
and experienced support from diabetes care. Content and face va-
lidity are demonstrated. The 12 scales General wellbeing, GenW;
Mood and energy, MoE; Free of worries about blood sugar, FreW;
Capabilities to manage your diabetes, ManD; Diet and exercise,
DiEx; Not limited by diabetes, NLD; Not limited by blood sugar,
NLBS; Support from others, SuO; Support from diabetes care,
SuDC; Access to diabetes care, AcDC; Continuity in diabetes
care, CoDC; Medical devices and medical treatment, MDMT,
work well for subgroup comparisons with verified test-retest reli-
ability. The aim was to describe associations between the NDR-
PROM, a generic health-related quality of life measure (SF-36)
and clinical variables in adults with type 1 diabetes (T1D) and
type 2 diabetes (T2D).
Materials and methods: 2479 adults with T1D and 2469 with T2D
randomly selected from the Swedish National Diabetes Register
(NDR) were in 2015 sent the NDR-PROM and the 8-domain SF-
36: physical functioning, PF; role-physical, RP; bodily pain, BP;
general health, GH; vitality, VT; social functioning, SF; role-emo-
tional, RE; mental health, MH. Spearman correlation between the
NDR-PROM and the SF-36 and non-linear associations between
the NDR-PROM, the SF-36 and clinical variables collected from
the NDR (age, sex, diabetes duration, HbA1c, systolic blood
pressure, LDL-cholesterol, BMI) were investigated using
Machine learning (Random Forest).
Results: 1373 adults with T1D and 1353 with T2D answered both
questionnaires (response rate 55 %). In T1D, 50.3 % were men
(means: age 48.6 years, diabetes duration 24.7 years, HbA1c 62
mmol/mol). In T2D, 60.8 % were men (means: age 66.6 years,
diabetes duration 9.4 years, HbA1c 53 mmol/mol). Correlation
analyses showed generally weak positive correlations. The stron-
gest were seen between the NDR-PROM scales GenW and MoE,
and the SF-36 domains GH, VT, SF and MH (0.48-0.60, p<0.0001)
in T1D and T2D. The machine learning analysis showed similar
results for T1D (Fig. 1) and T2D. About 40% of the variance in
GenW and MoE was explained by SF-36 and clinical variables. The
scales about support from diabetes care and SuO were explained to
about 10% or below. The variance in FreW, ManD, DiEx, NLD and
NLBS were explained to about 30%.
Conclusion: This nation-wide study shows that the new diabetes
questionnaire captures generic health-related quality of life dimen-
sions as well as adds diabetes-specific information not covered by
SF-36 and clinical variables.

Supported by: Swedish Diabetes Foundation, AstraZeneca, Novo
Nordisk, ALF-agreement
Disclosure:M. Svedbo Engström: Grants; Dalarna University, Uppsala
University, Swedish Diabetes Foundation, Sophiahemmet Foundation,
the Sahlgrenska University hospital, unrestricted grants: AstraZeneca,
MSD, Novo Nordisk, ALF-agreement.
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Association of personality traits with continuous glucose measure-
ment parameters in type 1 diabetes adults treated with personal in-
sulin pumps
T. Klupa1, B. Matejko1,2, M. Flakus3, S. Mrozińska1,2, Ł. Tota4, M.
Morawska5, B. Kieć-Wilk1,2, M. Malecki1,2;
1Department of Metabolic Diseases Jagiellonian University Medical
College, Krakow, 2University Hospital, Krakow, 3Institute of
Psychology, University of Silesia, Katowice, 4Department of
Physiology and Biochemistry, Faculty of Physical Education and Sport,
University of Physical Education in Krakow, Krakow, 5Department of
Sports Medicine and Human Nutrition, Faculty of Physical Education
and Sport, University of Physical Education in Krakow, Krakow, Poland.

Background and aims: There are very few studies addressing the
relationship between personality profile and treatment outcomes in
adults with type 1 diabetes (T1DM). The aim of this study was to
examine as soc i a t i on of the Big F ive pe r sona l i ty t r a i t s
(Conscientiousness, Agreeableness, Neuroticism, Extraversion,
and Openness) with glycemic parameters in the homogenous group
of adult patients with T1DM, all treated with personal insulin pumps
(CSII), free from late microvascular complications of diabetes and
relatively well controlled.
Materials and methods: Personality related data were obtained from
49 individuals with type 1 diabetes (Men: N=33 (67%) / Women:
N=16 (33%)), 19-45 years of age (M=22,22, SD=6,14), with 1-28
years of diabetes duration (M=12,87, SD=6,66) and with mean BMI
24,37 (SD=5,89), treated with personal insulin pumps. Personality
was assessed at baseline using the NEO-Five Factor Inventory. In
addition, Type D Personality Scale (DS-14) was used to measure
stress/depressive personality traits. Data relating to glycemic control
(HbA1c), frequency of blood glucose monitoring (based on meter
memory) and Continuous Glucose Monitoring (CGM) data using
blinded Dexcom G4 (from last 10 days before questionnaire was
filled) were collected. Relationships between personality traits and
HbA1c and continuous glucose monitoring parameters were exam-
ined using Kendall’s tau. P-values <0.05 were considered significant.
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Results:Mean HbA1c for the study group was 6,92 ± 0,95%. Mean
number of blood glucose measurements 7,17 ± 3,09. Mean
glycaemia from CGM 147,78 ± 28,10 mg/dl. The group was char-
acterized by low and average results in Big Five personality traits
(average sten scores range from 4 to 6) and mediocre level of DS-14
scores . Three of the Five-Fac tor domains , spec i f ica l ly
Agreeableness, Extraversion and Openness were associated with
some glycemic parameters from CGM but no HbA1C. Individuals
high in extroversion and agreeableness had more stable glycaemia’s
across the 10 days of the study (lower SD [r=-0.26, p=0.01; r=-0.22,
p=0.01], MAGE [r=-0.25, p=0.01; r=-0.21, p=0.04], M100 index
[r=-0.25, p=0.01; r=-0.24, p=0.02] and Time spend over 250 mg/
dl [r=-0.21, p=0.04; r=-0.21, p=0.03]). Agreeableness was higher in
patients with lower mean [r=-0.24, p=0.02], median glycaemia [r=-
0.24, p=0.02] and J-index [r=-0.25, p=0.01] from CGM data. Higher
openness was the only personality factor associated with some hy-
poglycemia traits (AUC below 54 mg/dl [r=-0.23, p=0.02], AUC
below 70 mg/dl [r=-0.21, p=0.03], Time spend below 54 mg/dl
[r=-0.22, p=0.03], Time spend below 70 mg/dl [r=-0.20, p=0.05]).
Conclusion: Results of this study underline the importance of per-
sonality profile in relation to short time diabetes treatment out-
comes. Attention to young adult person’s personality and appropri-
ate tailoring of diabetes management to ensure an individualized
approach may help to optimize diabetes outcomes.
Supported by: Scientific Grant from Polish Diabetes Association 2017
Disclosure: T. Klupa: None.
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Perceptions of life with diabetes revealed through a solution focused
brief therapy exercise via Twitter
D.A. Greenwood1, T. Ross2, E. Reifsnider1;
1Arizona State University, Phoenix, 2Kentucky Department for Public
Health, Lexington, USA.

Background and aims: In managing diabetes, a constant focus on
problems can erode confidence. Multifaceted interventions includ-
ing behavioral and psychosocial elements, enhancing self-efficacy,
and empowerment are required to boost confidence. Creative
methods can address psychosocial issues and promote meaningful
behavior change in those living with diabetes. Solution Focused
Brief Therapy (SFBT) is future-focused, goal-directed, with focus
on solutions, rather than problems. The SFBT approach assumes
that individuals have some knowledge of what would make their
life better and that everyone who seeks help already possesses skills
to create solutions. One way to incorporate SFBT into practice is
with the “Miracle Question” (MQ): Suppose tonight while you
sleep, a miracle happens. When you wake tomorrow morning, what
will you see yourself doing, thinking, or believing, about yourself
that will tell you a miracle has happened in your life? This tool is
powerful. It helps clients who feel challenged and overwhelmed, to
describe small, realistic, doable steps to bring change. The MQ
focus becomes what is desired in life, rather than what will no
longer occur. The MQ modified for diabetes is: If you could fast-
forward to a time where you feel satisfied with your diabetes man-
agement, what will be different in your life that will let you know
things are better? With focus on abilities and possibilities, one has
solutions ready to use. Twitter chats are planned discussions among
the diabetes online community (DOC) using a hashtag (#) to cate-
gorize the discussion. Qualitative content analysis of social media
discussions creates an opportunity for researchers to understand per-
ceptions on innovative methods of diabetes care and education. The
purpose of this study was to explore the perceptions of the DOC of

incorporating SFBT and then apply the MQ approach to strengthen
resilience and confidence needed to manage diabetes.
Materials and methods: A retrospective analysis of verbatim tran-
scripts of publicly available Twitter data from the Diabetes Social
Media Advocacy (# DSMA) Twitter chat on November 14, 2018,
were downloaded from Symplur Signals LLC and entered into an
Excel spreadsheet. Basic demographic information was extracted
from the Twitter biography, then tweets were de-identified. A qual-
itative content analysis was completed by 3 researchers using open
coding and classification into categories and themes. The
Institutional Review Board acknowledged this study as exempt
status.
Results: Thirty-two participants, (57% with diabetes), from 4
countries, created 358 tweets, 118 retweets and 1.5 million im-
pressions. Five themes emerged from the data in response to the
MQ and the desired future state including: more of living life;
laughter and humor; self-compassion; resilience; and support.
There was an overwhelming sense of burden associated with dia-
betes including thinking, worry, self-management and the need for
better tools and technology. However, there was a global feeling
of hope, acceptance and being “capable” with strength and resil-
ience to manage diabetes The exercise and topic resonated with
participants.
Conclusion: Employing SFBT, asking future directed questions, a focus
on solutions instead of problems, and identifying the desired state, gen-
erated insightful and valuable perceptions around life with diabetes. Use
of the MQ in diabetes demonstrates potential to strengthen resilience and
confidence.
Disclosure: D.A. Greenwood: None.
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Ketoacidosis hospitalisations among people with type 1 diabetes are
associated with increased risks of rehospitalisation for suicide
attempt
J. Petit, K. Goueslard, J.-C. Chauvet-Gelinier, B. Bouillet, B. Vergès, C.
Quantin;
CHU Dijon, Dijon, France.

Background and aims: Several studies suggest that type 1 diabetes
can significantly increase the risk of suicide. The aim of our study
was to evaluate whether history of ketoacidosis or hyperglycemic
coma hospitalization could be associated with an increased risk of
re-hospitalization for suicide attempt among people with type 1
diabetes.
Materials and methods: The principle of this population-based ret-
rospective cohort study was to examine hospital data including all
patients hospitalized in France for type 1 diabetes, from 2008 to
2010. People with type 1 diabetes were identified from a hospital-
ization mentioning one of the codes E10, E12, E13 and E14 as the
main, related or associated diagnoses. To reduce the risk of includ-
ing people type 2 diabetes, we only recruited individuals aged 35
years and under. The patients who died during the index hospitali-
zation were excluded. Then, people with ketoacidosis during the
index hospitalization (codes E10.1, E12.1, E13.1, E14.1 as main,
related or associated diagnoses) were included in the group
“ketoacidosis” and the others were included in the group “no
ketoacidosis”. An epidemiologic follow-up focused on hospitaliza-
tion for suicide attempts from medicine and psychiatric hospital data
was conducted from 2011 to 2017. Multivariate logistic regressions
adjusted for age and gender were performed to explore the associ-
ation between hospitalization for ketoacidosis in patients with type 1
diabetes and subsequent hospitalization for suicide attempts.
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Results: From 2008 to 2010, 14 709 patients aged 20 to 35 years
old, were hospitalized for type 1 diabetes in France. Among them, 2
721 (18.4%) had a ketoacidosis and 542 (3.6%) had a hyperglyce-
mic coma. From 2011 to 2017, 85 individuals (3.1%) with
ketoacidosis and 28 (5.2 %) with hyperglycemic coma during the
index hospitalization were hospitalized for suicide attempt. Among
patients without ketoacidosis 228 (1.9 %) were hospitalized for sui-
cide attempt (p<0.0001). Among the 86 peoples with at least 2
hospitalizations for hyperglycemic coma during the first three years
after the index hospitalization, 8 (9.3%) were hospitalized for sui-
cide attempt. After adjustment for age and gender, logistic regres-
sion analyses showed that ketoacidosis and hyperglycemic coma
among people with type 1 diabetes were strongly associated with
increased risks of re-hospitalization for suicide attempt from 2011 to
2017(OR=1.67 CI 95%[ 1,29-2.15] and OR=2.66 CI 95% [1,78-
3,96], respectively).
Conclusion: our results showed that people with a past history of
hospitalization for ketoacidosis or hyperglycemic coma have an
increased risk of re-hospitalization for suicide attempt within 7
years from index hospitalization. The risk is strongly increased
in patients with 2 or more hospitalizations for hyperglycemic coma
with 9.3% of re-hospitalization for suicide attempt. Health-care
professionals need to be aware of the higher suicidal risk in sub-
groups of patients with repetition of ketoacidosis and hyperglyce-
mic coma. Recurrent hospitalizations for ketoacidosis and/or hy-
perglycemic coma should prompt psychiatric assessment to pre-
vent suicidal risks.
Disclosure: J. Petit: None.
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Sarcopenic obesity and the risk of incident type 2 diabetes
J. Jun1, Y.-C. Hwang1, J. Kim2;
1Kyung Hee University Hospital at Gangdong, Kyung Hee University
School of Medicine, Seoul, 2Samsung Medical Center, Seoul, Republic
of Korea.

Background and aims: Sarcopenia and obesity might act synergistically
on metabolic disorders, cardiovascular disease, and mortality as well as
functional impairments. We investigated the association between
sarcopenic obesity (SO) and development of type 2 diabetes in healthy
Korean subjects.
Materials and methods: This longitudinal study was comprised of
20,259 men and 19,406 women, free of diabetes at baseline, who
underwent consecutive health checkup examinations. Most subjects had
been followed annually for an average of 3.4 years. Sarcopenia was
defined as skeletal muscle mass index (SMI) of < 1 standard deviation
(SD) below the sex-specific mean for young adults (20 to 39 years). SMI
was measured by a bioelectrical impedance analyzer and calculated using
following formula: total appendicular skeletal muscle mass (kg)/body
weight (kg) x 100 (%). Obesity was defined as body mass index (BMI)
≥ 25 kg/m2. Incident type 2 diabetes was defined as fasting plasma glu-
cose ≥ 126 mg/dL, HbA1c ≥ 6.5% or reporting to have developed diabe-
tes in self-reported questionnaire at each visit.
Results: During 135,161.2 person-years of follow-up, 3,815 individuals
(9.6%) developed type 2 diabetes. The incidence of diabetes were 6.7% in
normal subjects, 10.0% in sarcopenic subjects, 13.5% in obese subjects,
and 16.2% in subjects with SO. The homeostasis model assessment of
insulin resistance of the subjects with SO was the highest compared to
those with sarcopenia alone, obesity alone or normal metabolic status. In
a multivariate-adjusted Cox proportional hazard model, subjects with SO
also were at higher risk for incident type 2 diabetes (hazard ratio [HR]
1.29; 95% CI 1.11-1.49, p = 0.001) than the obese (HR 1.18; 1.04-1.34, p
= 0.009) or sarcopenic group (HR 1.14; 1.00-1.29, p = 0.047).
Conclusion: Subjects with SO were more insulin resistant and had a
higher risk for incident type 2 diabetes than simply obese or sarcopenic
subjects.

Disclosure: J. Jun: None.
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Longitudinal changes in fasting and glucose-stimulated GIP and
GLP-1 in healthy older subjects
H. Pham1, L. Phillips1,2, C.S. Marathe1,2, L. Trahair1, S. Hatzinikolas1,
L.Q. Huynh1, T. Wu1,2, M. Nauck3, M. Horowitz1,2, C. Rayner1,4, K.
Jones1,2;
1Adelaide Medical School, University of Adelaide, Adelaide, Australia,
2Endocrine and Metabolic Unit, Royal Adelaide Hospital, Adelaide,
Australia, 3Diabetes Center Bochum-Hattingen, St. Josef-Hospital,
Bochum, Germany, 4Department of Gastroenterology and Hepatology,
Royal Adelaide Hospital, Adelaide, Australia.

Background and aims: The incretin hormones, glucose-dependent
insulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1),
regulate postprandial glycaemia via insulinotropic effects, while GLP-1
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also suppresses glucagon and slows gastric emptying. Ageing is associ-
ated with an increased prevalence of impaired glucose tolerance and type
2 diabetes. It is not knownwhether GIP and GLP-1 levels correlate within
individuals, nor whether levels change with age. We have evaluated lon-
gitudinal changes in fasting and oral glucose-stimulated incretin hormone
concentrations in healthy older subjects.
Materials andmethods: Forty-one healthy older subjects (21M, 20F)
had measurements of plasma GIP and GLP-1 at baseline and after
an oral glucose load on two occasions separated by 5.9 ± 0.1 years.
Mean age of the cohort at follow-up was 77.1 ± 0.6 years and there
had not been any change in BMI (initial study: 25.8 ± 0.4 kg/m2 vs
follow-up: 26.5 ± 0.5 kg/m2; P=0.30). On study days, following an
overnight fast, subjects ingested a drink comprising 75g glucose
made up to 300ml with water. Venous blood samples were collected
immediately before the drink and at 30-min intervals for measure-
ments of plasma total GIP and GLP-1 until t=120 min - the same
assays were used at the initial and follow-up studies. Areas under
the curve (AUCs) between t=0-120 min were calculated using the
trapezoidal rule. Differences between the initial study and follow-up
were assessed using Student's paired t-test. Pearson's correlation was
used to evaluate relationships between variables. Data are presented
as mean ± SEM. Statistical significance was accepted at P<0.05.
Results: The studies were well tolerated. Fasting GIP (r=0.68, P<0.001), but
not fasting GLP-1 (r=0.22, P=0.17) correlated on the two study days. There
were significant relationships for the AUC0-120 for GIP (r=0.63, P<0.001)
and GLP-1 (r=0.54, P<0.001) between the initial and follow-up studies.
Fasting GIP was less (20.1 ± 1.2 vs 17.1 ± 0.9 pmol/L; P<0.01) at follow-
up, but there was no change in the AUC0-120 for GIP (P=0.25) (Figure). In
contrast, for GLP-1, both fasting (21.0 ± 1.1 vs 15.6 ± 0.7 pmol/L; P<0.001)
and the AUC0-120 (P=0.001) were less at follow-up (Figure).
Conclusion: In healthy older subjects, (i) fasting GIP and glucose-
stimulated GIP and GLP-1 concentrations correlate and (ii) ageing is
associated with reductions in fasting GIP and GLP-1, and glucose-
stimulated GLP-1.

Supported by: Royal Adelaide Hospital
Disclosure: H. Pham: None.
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Peroxiredoxin6 plays a crucial role in the crosstalk between diabetes
and aging in the development of sarcopenia
F. Pacifici1, D. Pastore1, R. Arriga1, B. Capuani1, A. Coppola1, S. Rea1,
A. Andreadi1, G. Donadel1, P. Abete2, A. Bellia1, D. Della-Morte1, D.
Lauro1;
1University of Rome Tor Vergata, Rome, 2University of Naples "Federico
II", Naples, Italy.

Background and aims: One of the most common chronic disease asso-
ciated with advancing of age now a day is Type 2 Diabetes Mellitus
(T2DM), a multifactorial disease characterized by hyperglycemia, insulin
resistance, increase in oxidative stress and low-grade inflammation. A
relevant pathological state associated either with aging than T2DM is
muscle mass loss, a condition defined as sarcopenia, represented by an
impairment of the regenerative power of muscle fibers and by an altered
differentiation of progenitor cells. We previously reported as the absence
of Peroxiredoxin6 (Prdx6), an antioxidant enzyme belonging to the
peroxiredoxin family, induces an early-stage of T2DM. We also reported
as lacking in Prdx6 may result in development of pro-senescent pheno-
types. Therefore, in the present study we sought to understand the role of
this antioxidant enzyme in the possible crosstalk between diabetes and
aging and its related diseases, such as sarcopenia.
Materials and methods: Wild type (wt) and Prdx6 knockout (Prdx6-/-)
three-months old male mice were used. Gene expression of senescent-
associated factors and myogenic and atrophy-related genes were evaluat-
ed by performing qRT-PCR on gastrocnemius muscle. Western blot anal-
ysis was used to analyze the modulation of intracellular proteins involved
in both aging and sarcopenia. Four limbs GRIP test was achieved in mice
model to assess muscle strength. Sera levels of biomarkers (IGF-1) of
sarcopenia were evaluated by Luminex assay.
Results: We demonstrated as absence of Prdx6 modulates several genes
involved in aging, such as p53. Further evidences of development in
aging phenotypes in Prdx6-/- mice were reported as significant reduction
(p<0.005) in telomeres length and increase in Sa-β-Gal activity
(p<0.005). Molecular pathways linked with aging were also shown to
be impaired in our model. In particular, it was evident a significant de-
crease in SIRT1 nuclear translocation (p<0.0005) and consequent in-
crease of pro-aging p53-p21 pathway (p<0.005). As age and T2DM-
related diseases, sarcopenia was investigated by performing GRIP test
in our animal model. Muscle strength was significantly reduced
(p<0.05) in Prdx6-/- mice compared to control group. Since the main
mechanism leading to muscle loss in diabetes is a reduction in protein
synthesis and consequent muscle atrophy we investigated the role of
Prdx6 in these processes. A reduction of protein synthesis in Prdx6-/-
mice was demonstrated by a decrease in the phosphorylation level of both
mTOR and 4EBP1 (p<0.05), which are Akt1 downstream targets regu-
lating muscle growth. Muscle atrophy was studied by testing gene and
protein expression of MuRF1, an E3 ubiquitin ligase, which regulates
proteins degradation, and the levels of ubiquitinated proteins.
According to our hypothesis, the expression levels of MuRF1 and pro-
teins ubiquitination were significantly increased in Prdx6-/- mice
(p<0.005 and p<0.05 respectively), confirming presence of muscle
atrophy.
Conclusion: The present study, innovatively, highlights a fundamental
role of the antioxidant enzyme, Prdx6, in the crosstalk between diabetes
and aging-associated sarcopenia, especially by controlling the muscle
atrophy process. These results suggest as Prdx6 can be considered a
potential therapeutic target to prevent sarcopenia especially in patients
with metabolic diseases.
Supported by: NCDS-2013-00000331
Disclosure: F. Pacifici: None.
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Hypomethylation of the p53-target ZMAT3 is associated with senes-
cence of subcutaneous adipocyte precursor cells in individuals with a
family history of type 2 diabetes
R. Spinelli1, P. Florese1, A. Nicolò1, J. Naderi1, M. Campitelli1, G.
Cacace1, L. Parrillo1, M. Longo1, A. Desiderio1, F. Zatterale1, G.A.
Raciti1, U. Smith2, F. Beguinot1;
1URT GDD of the IEOS-CNR & Department of Translational Medicine
of Federico II University of Naples, Naples, Italy, 2Lundberg Laboratory
for Diabetes Research, Department of Molecular and Clinical Medicine,
Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden.
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Background and aims: Senescent adipocyte precursor cells (APC)
contribute to age-related fat tissue dysfunctions. First-degree rela-
tives (FDR) of type 2 diabetes (T2D) patients feature subcutaneous
adipose tissue (SAT) abnormalities reflecting the detrimental ef-
fects of senescent APC, long before diabetes onset. Epigenetics
may contribute to these abnormalities. Consistently, our previous
work on genome-wide methylome differences between APC from
FDR and subjects without a family history of T2D (CTRL) uncov-
ered that APC of FDR harbor epigenetic features of cellular senes-
cence. Among these the p53-target ZMAT3 was ranked as one of the
top senescence-related genes differentially methylated in the FDR
compared to the CTRL. In this work, we explored the significance
of DNA methylation to ZMAT3 regulation in APC.
Materials and methods: APC were obtained from SAT biopsies of
healthy and non-obese FDR (n=12) and CTRL (n=12) subjects
(Table1). Senescence-associated β-galactosidase activity (SA-β-
gal) and cell cycle profile were assayed by FACS analysis.
mRNA expression and DNA methylation were measured, respec-
tively, by qPCR and bisulfite sequencing. DNA methylation impact
on transcriptional activity was verified by luciferase assay.
Results: FDR showed a 3-fold increase in the number of SA-β-gal
positive APC compared to CTRL (p<0.01), which positively cor-
related to SAT hypertrophy (p<0.01), a major susceptibility factor
for later T2D development. The APC of FDR also displayed al-
tered expression of the senescence markers p21 and LMNB1, pro-
liferative arrest in the G1 phase of cell cycle and acquisition of a
proinflammatory senescence-associated secretory phenotype.
These events were paralleled by ZMAT3 hypomethylation
(p<0.01) and increased gene expression (p<0.001) in the APC of
FDR. Both the ZMAT3 methylation (p<0.001) and mRNA levels
(p<0.01) significantly correlated with the number of SA-β-gal pos-
itive APC assayed in the same subjects. Importantly, luciferase
assays demonstrated that the FDR-associated ZMAT3 differentially
methylated region (DMR) served as a DNA methylation-sensitive
element regulating gene transcription. In addition, co-transfection
of the reporter construct containing the ZMAT3 DMR with a p53
expressing vector revealed that the transcription-enhancing activi-
ty of the FDR-associated ZMAT3 hypomethylated region was me-
diated by p53.
Conclusion: These data are consistent with epigenetic regulation of both
ZMAT3 expression in APC and acquisition of APC senescent phenotype
in FDR, identifying a new mechanism that may contribute to their pro-
clivity to develop T2D.

Disclosure: R. Spinelli: None.
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Type 2 diabetes prevalence in people of mixed African Caribbean/
European ethnicity and second generation African Caribbean mi-
grants: a UK Biobank analysis
A.E. Farmaki1, V. Garfield1, S.V. Eastwood1, R.E. Farmer2, R. Mathur2,
K. Bhaskaran2, L. Smeeth2, N. Chaturvedi1;
1Department of Population Science and Experimental Medicine,
University College London, London, 2London School of Hygiene &
Tropical Medicine, London, UK.

Background and aims: African Caribbeans (AC) have excess risk for
type 2 diabetes. We compared diabetes prevalence and risk factors in
people of mixed European/AC (MixEAC) descent, and second generation
(i.e. born in the UK) AC, with first generation AC migrants to the UK.
Materials and methods: Data were from UK Biobank, a large popula-
tion cohort of around 500,000 men and women aged 49-60 years.
Ethnicity was self-defined, using the UK Census classification, and a
validated algorithm was used to define type 2 diabetes. Deprivation was
assessed using the area level Townsend deprivation score. Matching for
sex and 5-year age stratum was applied and two different analyses con-
ducted: 1) A mixed ethnicity comparison (1:4:4) MixEAC: n=1,045, AC:
n=4,180, Europeans: n=4,180; and 2) An intergenerational comparison
(1:1:2) first generation AC: n=2,200, second generation AC: n=2,200,
Europeans: n=4,400. BMI, smoking and Townsend deprivation were
subsequently used in a mediation analysis comparing MixEAC vs
Europeans, second vs first generation AC and MixEAC vs AC.
Results: Risk of diabetes in MixEAC was markedly lower than AC [OR
(95%CI): 0.45 (0.33, 0.61), adjusted for age and sex] and higher than
Europeans [1.97 (1.40, 2.76), adjusted for age and sex]. Both obesity and
proportion residing in the most deprived quintile in MixEAC was lower
than in AC and approached that of Europeans (table). Deprivation
accounted for 50% of the excess risk of diabetes in MixEAC compared
to Europeans and BMI accounted for 15% of the lower risk of diabetes in
MixEAC compared to AC. In contrast, diabetes risk in second generation
AC was lower than that of the first generation [OR (95%CI): 0.60 (0.47,
0.77), adjusted for age and sex]. There was little difference in BMI be-
tween first and second generation AC. Around two thirds of second and
first generation AC lived in the lowest quintile of deprivation, compared
to a fifth of Europeans. Deprivation accounted for 9% of the lower risk of
diabetes in second compared to first generation AC.
Conclusion: Risk of type 2 diabetes in the UK Biobank is reduced in
second versus first generation AC and lower in MixEAC, twice that of
Europeans. The lower risk in MixEAC compared to AC was mainly
explained by improvements in anthropometry.

Supported by: Diabets UK/ BHF
Disclosure: A.E. Farmaki: Grants; Diabetes UK / BHF.
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Genome-wide polygenic risk scores and prediction of gestational di-
abetes in South Asian women
A. Lamri1,2, S. Mao2, D. Desai2, M. Gupta1,3, G. Paré4,2, S.S. Anand1,2;
1Department of Medicine, McMaster University, Hamilton, 2Population
Health Research Institute, Hamilton, 3Canadian Cardiovascular Research
Network, Brampton, 4Department of Pathology andMolecular Medicine,
McMaster University, Hamilton, Canada.

Background and aims: Gestational Diabetes Mellitus (GDM) affects 1
in 7 births, and is associated with numerous adverse health outcomes for
bothmother and child. South Asian women (those who originate from the
Indian subcontinent) have a twofold increased risk of developing GDM
compared to white Caucasian women. GDM is a complex disease
suspected to share a large common genetic background with type 2 dia-
betes (T2D). In this study, we first sought to build and characterize dif-
ferent GDM genome-wide polygenic risk scores (PRS)s using whole
genome genotypes from the South Asian Birth Cohort (START) and data
from the DIAGRAM consortium. The second aim of this study was to
estimate the heritability of GDM.
Materials and methods: GDM PRSs were derived for 832 South Asian
women participating in the START study using three methods (Pruning
and thresholding (P+T), LDpred, and the gradient boosted and LD ad-
justed (GraBLD) methods). Summary statistics were derived from
Mahajan et al., 2014 and Scott et al., 2017, two large genome-wide
association meta-analysis performed in ethnically diverse and European
participants respectively. Linkage disequilibrium (LD) between variants
was assessed using data from STARTand 1000 Genomes. Both weighted
and unweighted PRSs were derived. Association with GDM was tested
using logistic regression. Heritability of GDM was estimated using the
GRMEL approach. Results were replicated in South Asian women from
the UK Biobank (UKB) study.
Results: For each method tested, PRSs with the highest predictive value
were consistently based on data from Mahajan et al. 2014, but differed
with respect to their source of LD. The best PRS (all models considered)
was highly associated with incident GDM in START (AUC = 0.65, OR:
1.59 [95%CI: 1.48 - 1.70], P = 2.18 × 10-9) and in South Asian women
from UKB (AUC = 0.65, OR: 1.69 [1.47 - 1.95], P = 0.0002) (continuous
PRS). In addition, our results show that participants with the highest PRS
values (top 25%) had a threefold increase in their risk of GDM compared
to participants with the lowest PRS values (bottom 25%) in START (OR:
3.06 [2.02 - 4.69], P = 1.77 × 10-7). Similar results were observed in UKB
(OR 2.61 [1.16 - 3.60], P = 0.01, and OR: 3.59 [1.53 - 9.84], P = 0.006
respectively). Heritability of GDM approximated 0.83 [0.38 - 1] in
START and 0.17 [0.03 - 0.31] in South Asian women from UKB.
Conclusion: Our results show that PRSs derived from T2D data are
predictive of GDM in South Asian women, hence confirming the hypoth-
esis of a common genetic background between these two complex disor-
ders. Our study also highlights the importance of using consortium data of
the same ethnic group than the study at hand when building PRSs.
Finally, our results illustrate the importance of combining whole genome
data and summary statistics from large multi-ethnic genome-wide meta-
analysis in order to improve the prediction of GDM and the estimation of
its heritability.
Supported by: CIHR, HSFC, Indian Council of Medical Research,
Canada Research Chair
Disclosure: A. Lamri: None.
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Low hepatic insulin extraction despite low intrahepatic lipid and
preserved hepatic insulin sensitivity in healthy black African men
M. Ladwa1, O. Bello1, O. Hakim1, F. Shojaee-Moradie2, G. Charles-
Edwards3, J.L. Peacock4, M. Umpleby2, S.A. Amiel1, L.M. Goff1;
1Department of Diabetes, King's College London, London, 2Faculty of
Health andMedical Sciences, University of Surrey, Guildford, 3School of

Biomedical Engineering and Imaging Sciences, King's College London,
London, 4School of Population Health and Environmental Sciences,
King's College London, London, UK.

Background and aims: Accumulation of intrahepatic lipid (IHL)
has been associated with both impaired hepatic insulin sensitivity
and reduced hepatic insulin extraction (HIE). Such associations
have led to the hypothesis that hepatic steatosis is a key patho-
physiological process in the aetiology of type 2 diabetes (T2D).
Populations of black African ethnicity are at increased risk of T2D
compared to their white European counterparts. Therefore, the aim
of this study is to examine the impact of black African ethnicity on
the associations between hepatic fat, hepatic insulin sensitivity and
HIE in healthy adults.
Materials and methods: Subjects were male, aged 18-65 years, of
either black West African (BWA) or white European (WE) ethnicity
and confirmed normal glucose tolerant by 75g oral glucose toler-
ance test. Subjects underwent the following assessments on separate
days: a) 2-hour hyperglycaemic clamp (fasting glucose + 6.9mmol/l)
b) two-step hyperinsulinaemic-euglycaemic clamp with infusion of
stable glucose isotopes and c) MR imaging to quantify IHL. Hepatic
insulin extraction was calculated as the molar ratio of c-peptide to
insulin during the last 30 minutes of the hyperglycaemic clamp.
Hepatic insulin sensitivity was calculated as the percentage suppres-
sion of endogenous glucose production from basal during the low-
dose insulin (10mU m-2 BSA min-1) portion of the euglycaemic
clamp. Hepatic fat fraction (HFF) was calculated as the mean he-
patic fat fraction of 8 regions of interest from 2 MRI slices.
Results: 23 BWA and 23 WE subjects were studied. Ethnic groups
were comparable for age (30.7±12.0 vs 35.9±13.9 years, p=0.183),
BMI (26.7±3.6 vs 26.5±4.5 kg m-2, p=0.874), fasting plasma glu-
cose (5.25±0.35 vs 5.19±0.32 mmol/L, p=0.512) and hepatic insulin
sensitivity (65.7±16.1 vs 69.8±16.1%, p=0.437). BWA had signifi-
cantly lower HIE than WE (4.7±2.0 vs 8.6±2.8, p<0.001), but they
also had lower HFF (3.78±1.1 vs 6.08±5.0 %, p=0.04). In the WE,
HFF was strongly inversely correlated with both HIE (r= -0.63,
p=0.009) and hepatic insulin sensitivity (r=-0.547, p=0.007).
However, there was no correlation found between HFF and HIE
(r= -0.1, p=0.530) or HFF and hepatic insulin sensitivity (r=-0.12,
p=0.627) in BWA.
Conclusion: BWA have both lower HIE and lower IHL compared with
their matched WE counterparts. While there is a strong association, as
expected, between higher levels of IHL, lower hepatic insulin extraction
and lower hepatic insulin sensitivity in WE, the low HIE of BWA does
not appear to be associated with either elevated IHL or decreased hepatic
insulin sensitivity. This is of particular interest, given that there is much
active research focussed on ameliorating hepatic steatosis. It is unknown
whether strategies which promote hepatic fat reduction are as effective at
preventing and treating T2D in black ethnic populations as they are in
white Europeans. Identifying the determinants of HIE in BWA may help
inform meaningful public health interventions in a population at a high
risk of diabetes.
Clinical Trial Registration Number: IRAS 178092
Supported by: DUK Project Grant
Disclosure:M. Ladwa: None.
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Background and aims: Ethnic differences in the risk of major vascular
outcomes among people with type 2 diabetes may be related to inequita-
ble monitoring and control of cardio-metabolic factors. This study aims to
identify differences between white, south Asian, and black ethnic groups
with respect to initiation and intensification of antidiabetic treatment, and
monitoring of diabetes status.
Materials and methods: A UK based observational cohort study of
adults with incident type 2 diabetes from 1990 to 2017 was un-
dertaken using primary care electronic health records from the
Clinical Practice Research Datalink (CPRD). Multivariable Cox
regression was used to estimate ethnic differences in time to initi-
ation of diabetes monotherapy, time to intensification to dual ther-
apy, and time to intensification to triple therapy. Differences in the
number of consultations and HbA1c measurements between treat-
ment stages were modelled using Poisson regression. All analyses
adjusted for age at diagnosis, sex, deprivation, co-morbidities and
clustering by practice. Individuals entered the study at the latest
date of joining the CPRD or diabetes diagnosis and left the study
at the date of treatment initiation/intensification or leaving the
CPRD.
Results: 193,348 adults of white, south Asian, or black ethnicity,
with newly diagnosed type 2 diabetes eligible to initiate antidia-
betic therapy were included in the analysis; 91% were of white
ethnicity (n=175,874), 6.4% south Asian (n=12,317), and 2.7%
black (n=5,157). Of this population, 137,610 intensified to dual
therapy, and a further 79,256 intensified to triple therapy. Median
time to treatment initiation was 13.8 months for the white group,
2.8 months for the south Asian group, and 2.1 months for the
black group. Adjusted time to initiation was significantly faster
for south Asian (HR 1.57, 95%CI 1.47-1.68) and black groups
(HR 1.71, 95%CI 1.58-1.86) compared to white. Time to first
intensification was significantly slower for both south Asian (HR
0.90, 95%CI 0.86-0.94) and black (HR 0.84, 95%CI 0.79-0.89)
groups relative to white, as was time to second intensification
(SA HR 0.60, 95%CI (0.55-0.65), Black HR 0.73, 95%CI (0.65-
0.82)). Both non-white groups had fewer consultations between
treatment stages relative to white groups (p<0.001). The number
of HbA1c measurements was comparable between ethnic groups at
initiation, and lower for non-white groups relative to white at each
intensification point (p<0.05).
Conclusion:While initiation of first antidiabetic treatment is faster
in south Asian and black groups relative to white, subsequent
intensification of treatment is slower in non-white groups.
Evidence of fewer consultations and HbA1c measurements be-
tween treatment stages suggest that poorer long-term monitoring
in non-white groups may play a role in their worse long term
outcomes.

Supported by: Wellcome Trust Henry Wellcome Postdoctoral Fellowship
Disclosure: R. Mathur: None.
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Pancreas patch-seq links physiologic dysfunction in diabetes to
single-cell transcriptomic phenotypes
J. Camunas-Soler1, X. Dai2, Y. Hang3, A. Bautista2, J. Lyon2, K.
Suzuki2, S.K. Kim3, S.R. Quake1, P.E. McDonald2;
1Department of Bioengineering, Stanford University, Stanford, USA,
2Department of Pharmacology and Alberta Diabetes Institute,
University of Alberta, Edmonton, Canada, 3Department of
Developmental Biology, Stanford University, Stanford, USA.

Background and aims: Pancreatic islet cells regulate glucose ho-
meostasis through insulin and glucagon secretion; dysfunction of
these cells leads to severe diseases like diabetes. Several single-
cell transcriptome studies have shown heterogeneous gene expres-
sion in major islet cell-types; however it remains challenging to
reconcile this transcriptomic heterogeneity with observed islet cell
functional variation.
Materials and methods: To address such limitations, we combined
whole-cell patch-clamp measurements and single-cell RNAseq
(patch-seq) in dispersed islet cells, thereby linking transcriptomic
phenotypes to physiologic properties. We collected 1,369 cells
from pancreas of donors with and without diabetes (T2D and
T1D) and assessed function-gene expression networks to identify
genetic drivers of islet-cell physiology.
Results:We identified a set of genes and pathways that drive func-
tional heterogeneity in beta-cells and used these to predict multiple
electrophysiological parameters. In beta-cells from early-stage
T2D donors, we detect an upregulation of genes associated with
increased exocytosis, likely in response to increased insulin de-
mand, but that ultimately fail to compensate since their exocytotic
response is impaired. We further identify altered expression of key
transcriptional regulators (ETV1 and STAT3) and inflammatory
pathways as potential drivers of this dysfunction early in T2D.
Using patch-seq data, we developed additional models for im-
proved cell-type identification of live human islet alpha-cells and
beta-cells, and found that alpha-cells showed heterogeneous ex-
pression of transcripts specifying islet cell lineage and maturation
(ARX, MAFB, LOXL4, FEV) or governing cellular stress
(DDIT3, PPP1R15A). We found these gene expression patterns
to correlate to electrophysiological features including Na+ currents
and cell size. Finally, we extended this approach to 348 cells from
rare islets of donors with T1D stored by cryopreservation, where
we provide evidence at the single-cell level of a surviving pool of
functional beta-cells as well as the existence of alpha cells with
reduced function and impaired identity.
Conclusion: In conclusion, the patch-seq approach for pancreas inte-
grates multiple assays of islet-cells in health and diabetes. Thus, our work
represents an important step in the development of multimodal single-cell
RNAseq technologies, by increasing cell throughput and extending anal-
yses of simultaneously-measured transcriptomic data and physiological
features. The approaches and data presented here help clarify observed
inherent islet cellular heterogeneity, and provide valuable tools for under-
standing the molecular mechanisms underlying normal islet function and
dysfunction in diabetes at single-cell resolution.
Supported by: CZ-Biohub, CIRM, CIHR, NIH, JDRF
Disclosure: J. Camunas-Soler: None.
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Parallel multi-parametric monitoring of single pancreatic islets in a
microfluidic Organ-on-Chip system made from glass
T. Schulze, K. Mattern, A. Dietzel, I. Rustenbeck;
TU Braunschweig, Braunschweig, Germany.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S132



Background and aims:Microfluidic Organ-on-Chip (OOC) systems
are designed to reduce the complexity of one or more organs down
to the smallest functional unit. OOC-systems have promise to en-
hance drug development by bridging the gap between convention-
al 2D cell culture and animal models. The pancreatic islet is a
functionally competent mini-organ and as such ideally suited for
OOC systems. However, robust loading, monitoring and mainte-
nance of islets inside OOCs over longer periods are still a major
problem. Here, we demonstrate an islet-on-chip system made from
glass for parallel multi-parametric measurements of single pancre-
atic islets to overcome these challenges.
Materials and methods: Simulation of flow dynamics and measure-
ments of quinine fluorescence were carried out to characterize the
system. Insulin secretion was measured by ultrasensitive ELISA
from the fractionated efflux. FAD- autofluorescence and cytosolic
Ca2+ concentration [Ca2+]i (Indicator: Fura-2 AM) were measured
by live cell imaging microscopy.
Results: The islet-on-chip system had the size of a microscope
slide and contained five identical channels. The chip was made
of borosilicate glass by laser ablation and bonding of two wafers.
Compared to conventional OOCs made from PDMS, glass shows
almost no drug adsorption. Glass surface properties were improved
by an additional tempering process, for better optical transparency
and to prevent air bubble trapping. Channel and well had a cross
section of 500 μm x 500 μm. Islets were contained in five parallel
channels inside a well of 300 μm depth. Fluorescence wash out
kinetics confirmed the uniformity of channels and wells. Loading
of the well was accomplished by filling a single islet through an
inlet above the well which was sealed by a conventional cover
glass. At perfusion velocities of 25 μl/min islets were well
retained in the wells and kept a steady position for fluorescence
microscopy. The OOC could be mounted on a microscope stage of
an inverted or upright microscope. Each single islet responded to
the increase of glucose from 5 mM to 25 mM with increased
insulin secretion. During this time the FAD-autofluorescence of
the islets inside the wells was measured with using a programma-
ble microscope stage. Excellent optical properties of the glass ma-
terial allowed high resolution imaging of the islets. The UV-
transparency permitted the excitation of Fura-2 and thus dynamic
measurement of [Ca2+]i during glucose stimulation. After long-
term perfusions of 6 hours robust responses to insulinotropic stim-
uli could still be attained. Finally, the islets could be easily recov-
ered from the wells for endpoint measurements or histological
examination.
Conclusion: The present microfluidic islet-on-chip system demon-
strates that a parallel channel design with a single well allows
robust perfusions of single pancreatic isllets. Application of the
OOC reduces the requirements for islet mass per experiment to a
minimum and permits multi-parametric monitoring of islets func-
tion, thereby facilitating the investigation of cause effect relations.
Supported by: DDG
Disclosure: T. Schulze: Grants; DDG.
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Two distinct directions of pancreatic beta cell neogenesis revealed by
spatiotemporal imaging and single cell transcriptome analysis
T. Miyatsuka1, S. Sasaki2, L. Suzuki1, M. Himuro1, T.-A. Matsuoka3, I.
Shimomura3, H. Watada1, F. Lynn2;
1Juntendo University Graduate School of Medicine, Tokyo, Japan,
2University of British Columbia, Vancouver, Canada, 3Osaka
University Graduate School of Medicine, Osaka, Japan.

Background and aims: While pancreatic endocrine progenitors have
been shown to emerge from ductal regions and to give rise to insulin-
producing β cells, it remains elucidated where precisely β cells originate

andwhat character defines those newbornβ cells. Here, we developed the
novel mouse model “Ins1-eGFP; Timer” that provides spatial informa-
tion of newly generated β cells.
Materials and methods: Newly generated β cells are labeled as green-
fluorescent cells and can be distinguished frommore differentiatedβ cells
with green/red double fluorescence. To investigate where β cells emerge,
the fluorescent imaging was performed with Ins1-eGFP; Timer embryos.
To study transcriptional heterogeneity within the newbornβ cells, single-
cell RNA sequencing was conducted after cell sorting by FACS.
Results: Time-lapse fluorescence imaging with the pancreatic explants
from Ins1-eGFP; Timer embryos revealed that the green-fluorescent cells
exhibited red fluorescence over time. The period of time required for the
transition from green-fluorescent cells to green/red double-fluorescent
cells was approximately 8 hours at the longest. Spatiotemporal imaging
revealed that some newborn β cells were detected close to the pancreatic
ducts (βduct cells), and unexpectedly, all the other newborn β cells were
observed away from the ductal structures and were adjacent to blood
vessels (βvessel cells) and pre-existing islets. More βduct cells expressed
Mafb, whereas more βvessel cells expressed Mafa, showing distinct char-
acteristics of two cell types of newborn β cells. Furthermore, single-cell
RNA sequencing also confirmed transcriptional heterogeneity of new-
born β cells.
Conclusion: Both histological imaging and single-cell transcriptome
analysis demonstrated spatial and transcriptional heterogeneity of β-
cell neogenesis during development, which will lead to a better
understanding of β-cell neogenesis for future cell therapy.
Supported by: 16K09766
Disclosure: T. Miyatsuka: None.
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Beta cells subpopulations: Do they control islet function?
V. Kravets, J.M. Dwulet, W.E. Schleicher, R.A. Piscopio, R.K.P.
Benninger;
Bioengineering, University of Colorado, Barbara Davis Center for
Childhood Diabetes, Denver, USA.

Background and aims:Glucose-stimulated insulin secretion is driv-
en by the coordinated Ca2+ response in pancreatic islets following
glucose elevation. In mouse islets, spatial and temporal Ca2+ dy-
namics can be disproportionally controlled by subpopulations of
β-cells, as identified by optogenetics. It is unclear which factors
underlie this functional heterogeneity of β-cells in intact islets.
Here, we tested if distinct β-cell subpopulations may be identified
based on Ca2+ response to glucose elevation, and if their Ca2+

uptake efficiency, metabolic activity and electrical coupling are
significantly different. We tested experimentally and theoretically
if removing a subpopulation will affect the islet Ca2+ dynamics.
Materials and methods: We used MIP-CreER GCaMP6s mouse
model which expresses genetically encoded Ca2+ sensor specifi-
cally in β-cells. We performed simultaneous Ca2+ dynamics and
metabolic activity (NADH) response to [2 - 11] mM glucose ele-
vation, along with gap junction permeability measurements in in-
dividual islets. In addition, we used femtosecond laser ablation to
remove specific cells from the islet. We performed computational
modelling of the islet using a prior published model form our lab.
Results: We observed three functional subpopulations of β-cells
based on Ca+ being distinct from the islet average: cells with 1)
the earliest response to glucose elevation (1st responders); 2) the
earliest 2nd phase oscillatory Ca2+ response (wave-initiators); and
3) non-coordinated Ca2+ oscillations (un-coordinated). While 1st

responders and wave-initiators were in different sub-regions of
the islet, both subpopulations accumulated more Ca2+ during initial
elevation (p=0.0403, p=0.0101) compared to the islet-average.
Wave-initiators were more metabolically active (p=0.0223). The
un-coordinated cells accumulated less Ca2+ (p<0.001) and were less

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S133



metabolically active (p=0.0296). Gap junction permeability was not
significantly different between subpopulations. Preliminary data
suggest that ablating a 1st responder population does not disrupt
the Ca2+ response of the islet, and a different region shows the
earliest response post-ablation. Our simulations were consistent
with these findings, where the islet was resistant to removing a
sub-population of cells based on their earliest Ca2+ response.
Conclusion: In conclusion, the 1st phase Ca2+ uptake and 2nd phase
Ca2+ oscillations emerge in spatially- and metabolically-distinct
subregions of the islet. This is likely due to increased metabolic
activity of the β-cells in these regions which leads to greater
membrane depolarization and thus, disproportionately enhances
the islet Ca2+response. However, islet function is not significantly
diminished by removal of these cells, indicating notable redundan-
cy of the β-cell sub-populations and providing robustness of the
islet to resist sub-population loss.

Supported by: NIH R01 DK102950 R01 DK106412
Disclosure: V. Kravets: None.
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The mechanisms of LncRNA Tug1 in islet dysfunction in the intra-
uterine growth retardation mice
Y. Li, C. Dai, Y. Yuan, Q. Yuan;
The First Affiliated Hospital of Nanjing Medical University, Nanjing, China.

Background and aims: Intrauterine growth retardation (IUGR) as a com-
mon form of abnormal embryonic development, has increasingly clear rela-
tionship with pathogenesis of diabetes. Recent studies have confirmed that
long noncoding RNA (LncRNA) is a novel regulator of islet development
and diabetes. Tug1(taurine up-regulated gene 1) is a taurine up-regulated
LncRNA discovered in neonatal mouse retinal cells. Abnormal expression
of Tug1 is related to the apoptosis of mouse islet cells, but the mechanism has
not been studied. In this study, we aim to explore the role and mechanism of
Tug1 in IUGR-mediated islet dysfunction.
Materials and methods:A low-protein (8%) diet was used to construct the
IUGR mice model. Blood glucose, insulin levels,pancreas weight and body
weight were monitored. The size and number of IUGR mice islets were
observed by immunohistochemistry (IHC). Tug1 expression levels were de-
tected in C57 mice tissues (including heart, liver, spleen, lung, kidney, islet)
and islets from IUGR mice, C57BL/KsJ-leprdb/leprdb (db/db) mice and age-
matched nondiabetic littermates by quantitative real time PCR (qRT-PCR).
Specific small interfering RNA (si-RNA) was used to knockdown Tug1
expression in MIN6 cells and C57 mice, and pcDNA (+)-Tug1 was used to
over-expression Tug1 in IUGR mice. The effect of Tug1 on islets β cells
proliferation, apoptosis and insulin secretion was assessed by CCK8, flow
cytometry, western blotting and glucose stimulated insulin secretion (GSIS).
Intraperitoneal glucose tolerance test (IPGTT), enzyme-linked immunosor-
bent assay (ELISA) and IHC were performed to evaluate the effect of Tug1
in vivo. The mechanism of Tug1 in regulating islet β cell function was
investigated by RIP (RNA binding protein Immuno-precipitation) and
CHIP (Chromatin Immunoprecipitation).
Results: Newborn IUGRmice showed low body and pancreas weight, small
and few islets (P<0.05).After normal dietwas restored, the IUGRmice showed
growth catch-up and abnormal glucose tolerance (P<0.05), but the pancreas
weight/body weight remained at low level (P<0.05). Tug1 was abundantly
expressed in C57 mice islets compared to other tissues (P<0.05), but down-
regulated in the islet of IUGR mice and db/db mice (P<0.05). Tug1 could be
regulated by different concentrations of glucose in MIN6 cells (P<0.05).
In vitro, silencing Tug1 expression suppressed insulin synthesis and secretion
(P<0.05), increased cell apoptosis (P<0.05), and down-regulated Insulin, Pdx1,
MafA and Glut2 expression in mRNA and protein levels (P<0.05). In vivo,
blood glucose, serum insulin and relative gene expression were decreased after
knockdown Tug1 expression in C57 mice (P<0.05), and were mild recovered
after overexpression Tug1 expression in IUGR mice (P<0.05). Furthermore,
Tug1 was located in the nucleus of MIN6 cells (P<0.05). Through RIP and
CHIP technologies, we found Tug1 could regulateHes1 expression by binding
EZH2 in MIN6 cell (P<0.05).
Conclusion: The results indicated that Tug1 played an important
role in islet dysfunction in IUGR mice. Down-regulation of Tug1
promoted the expression of Hes1 and affected insulin synthesis.
This study will enrich the pathogenesis of IUGR induced islet
dysfunction and diabetes.
Disclosure: Y. Li: Grants; Natural Science Foundation of China.
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Maternal glucose and DNA methylation in maternal blood: an
epigenome-wide association study
G.-H. Moen1, J.O. Opsahl1, N. Kiryushchenko1, S. Lee-Ødegård1, L.
Sletner2, E. Qvigstad3, A. Jenum1, K.I. Birkeland1, C. Sommer3;
1University of Oslo, Oslo, 2Akershus University Hospital, Oslo, 3Oslo
University Hospital, Oslo, Norway.
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Background and aims: Offspring of mothers with gestational diabetes
(GDM) have an increased risk of birth complications associated with
increased birth weight and it is estimated that around 50 % of women
diagnosed with GDM will develop Type 2 Diabetes in the 5-10 years
following birth. In addition, the HAPO study revealed a clear and dose-
dependent relationship between plasma glucose values during pregnancy
and adverse pregnancy outcomes, even below the cutoff for GDM diag-
nosis. Both genetic and environmental factors play important roles for
hyperglycaemia in pregnancy. These may converge in epigenetic modifi-
cations of key metabolic regulators associated with elevated glucose
levels in the mother. Several studies have reported the effect of GDM
on birth outcomes and indicated that epigenetic alterations may be an
important mediator. Our aim was to perform an epigenome-wide associ-
ation study exploring the association between maternal glucose and DNA
methylation in maternal blood.
Materials and methods: STORK Groruddalen is a population-based
cohort, which included 823 healthy women attending three public
mother-child health clinics for antenatal care in the multi-ethnic area of
Groruddalen, Oslo, Norway. We performed universal 75 g oral glucose
tolerance screening in gestational week 28. Fasting glucose (FG) and 2-h
plasma glucose (2hG) were analyzed immediately on site from venous
EDTA blood samples. In all Europeans (n=307) and South Asians
(n=168), we quantified DNA methylation at 850.000 sites in maternal
leukocytes at gestational week 28 using a commercial beadchip. The
methylation level at each site was represented as a beta (β) value. We
performed epigenome-wide analysis for each outcome separately for
Europeans and South Asians. Linear regression was performed to model
the association between FG, 2hG, GDM (WHO 1999 or WHO 2013
criteria) and DNA methylation. A p-value of 0.05/850000 =
5.88235*10-08 was considered statistically significant.
Results: The figure shows a Manhattan plot of the association between
FG and DNAmethylation in the European cohort (upper panel) and in the
South Asian cohort (lower panel), where two hits with genome wide
significance were found in the European population (cg08098128,
cg14120215). For 2hG one CpG site (cg19327414) was found in the
European group, but none in the South-Asian group. None of these
CpG sites have previously been reported as associated with glucose in
pregnancy. The cg14120215 site might, however, be of particular interest
as it is located in the serine dehydratase (SDS) gene, coding for an en-
zyme previously linked to diabetes. We did not find significant hits of any
CpG sites for any of the GDM criteria tested.
Conclusion: We found three CpG sites associated with glucose in preg-
nant European women. These sites are not previously reported and the
findings should be replicated in independent cohorts.

Disclosure: G. Moen: None.
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Paternal sleep deprivation induces glucose metabolic perturbations
in male offspring involving altered LRP5 DNA methylation of islets
Y. Zeng, L. Guo;
Beijing Hospital, Beijing, China.

Background and aims: Both epidemiologic and experimental animal
studies demonstrate that sleep deprivation exerts adverse effects on the
initiation and progression of diabetes. However, intergenerational effects
of this environmental information remain poorly understood. We deter-
mined if paternal sleep deprivation would affect glucose metabolism of
offspring and its epigenetic mechanisms.
Materials andmethods:C57BL/6malemice were randomly assigned to
the experimental group(SD) and the control group(SC). SD mice were
exposed to sleep deprivation for two weeks 8hours per day and then bred
with normal female mice to obtain offspring mice. The study has been
carried out along the "Principles of laboratory animal care" and according
to the national law.
Results: Sleep deprivation didn’t affect offspring’s food intake,
body weight or fasting blood glucose. Male offspring of SD
showed impaired glucose tolerance and insulin secretion compared
with their controls at 12 weeks determined by the glucose tolerance
test (Fig.A n=8, p<0.05). And the gap between the two groups
increased at 24 weeks (n=8, p<0.05). Compared to controls, male
descendant of SD had decreased insulin sensitivity by the insulin
tolerance test (n=8, p<0.05). Moreover, islets β cell mass and β
cell proliferate rate was significantly reduced in male offspring of
SD compared with their controls detected by immunofluorescence
staining with insulin and Ki67 (n=5, p<0.05). Mechanistically, we
identified DNA methylation increased by 5 times in the promoter
region of the LRP5(Low-density lipoprotein receptor-related pro-
tein 5) gene in islet cells of male offspring of SD by Whole
Genome Bisulfite Sequencing. The mRNA and protein levels of
LRP5 and its downstream gene of Wnt signaling, including
DVL(disheveled), β-catenin also significantly decreased in islet
cells of SD male offspring compared to controls by Quantitative
Real-time PCR and Western Blotting (n=4, p<0.05). The mRNA
and protein expression of wnt signaling effectors cyclin D1, cyclin
D2, CDk4 was also significantly decreased in islet cells of SD
male offspring compared with controls (n=4, p<0.05). Moreover,
knockdown LRP5 in min6 cell reduced the expression of β-caten-
in, cyclin D1, cyclin D2, CDk4 and cell proliferation.
Conclusion: These data demonstrated that paternal sleep deprivation
would lead to abnormal glucose metabolism and impaired β cell prolif-
eration of male offspring, which may mediate by hypermethylation at the
promoter region of the LRP5 in islets. This is the first report in mammals
of non-genetic, intergenerational transmission of metabolic sequelae of
sleep deprivation from father to offspring.

Supported by: National Natural Science Foundation of China
(No.81670763)
Disclosure: Y. Zeng: None.
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HDAC5 regulates IL-6 transcription and enhances insulin signalling
in skeletal muscle
O. Klymenko1, T. Brecklinghaus1, M. Dille1, C. Springer1, C. de
Wendt1, D. Altenhofen1, B. Knebel1, A. Chadt1, P. Pfluger2, H. Al-
Hasani1, D. Kabra1;
1Institute for Clinical Biochemistry and Pathobiochemistry, German
Diabetes Center (DDZ), Düsseldorf, 2Institute for Diabetes and Obesity,
Helmholtz Diabetes Center at Helmholtz Zentrum München, Munich,
Germany.

Background and aims: Muscle derived Interleukin 6 (IL-6) secretion
following exercise has been linked to improvements of insulin sensitivity
and maintenance of glucose hemostasis via its endocrine, autocrine and
paracrine roles. Recently, it has been reported that histone acetylation can
regulate transcription of IL-6 but its involvement in muscle derived IL-6
was not completely known. Exercise mediated changes have been report-
ed to inhibit HDAC5, a class IIa histone deacetylase. In this study, we
analyzed the role of HDAC5 in IL-6 transcription and glucose hemostasis
in muscle following exercise stimulation.
Materials and methods: Muscle microarray analysis was performed
from HDAC5 knockout mice (KO) and controls (WT) gastrocnemius
muscle to analyze IL-6 pathway. Stable HDAC5 knockdown (KD)
C2C12 muscle cells were generated and analyzed for glucose uptake
and transcription of Slc2a4 (GLUT4) and Il-6. Insulin signaling analysis
was done with Il-6 knockdown in HDAC5 KD and WT C2C12 cells.
Chromatin immunoprecipitation studies were performed to analyze the Il-
6 promoter using H3K9ac and HDAC5 antibodies. Finally, ex vivo and
in vivometabolic phenotyping was performed followed by in vitro tissue
analysis from HDAC5 KO mice.
Results: Microarray analysis of HDAC5 KO gastrocnemius muscle
showed activation of the IL-6 pathway. Most importantly, we found that
knockdown of HDAC5 in C2C12 leads to higher expression (fold change
- 3.5; p=0.0169) and secretion (fold change - 3.1; p=<0.0001) of IL-6
with enhanced insulin-stimulated activation of AKT (fold change - 6.8;
p=0.0018) which was reversed by IL-6 knockdown. As a result, HDAC5
KD myotubes showed enhanced glucose uptake and Slc2a4/GLUT4 ex-
pression (fold change - 2.5; p=0.0082). Transcription of IL-6 was further
enhanced by electrical pulse stimulation in HDAC5 KD C2C12 cells
(fold change - 5.5; p=<0.0001). HDAC5 showed positive association
with the IL-6 promoter and activation of histone H3K9ac marks in
HDAC5 KD C2C12 cells. Finally, exercise intervention to HDAC5 KO
mice showed improved glucose tolerance as compare to WT mice.
Conclusion:HDAC5 epigenetically regulates IL-6 transcription and syn-
ergistically enhances insulin signaling in skeletal muscle.
Supported by: DZD Grant 2018
Disclosure: O. Klymenko: None.
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The impact of epigenetic on insulin resistance in adipose tissue:
in vivo study
M. Malodobra-Mazur1, A. Alama1, D. Pawelka2;
1Department of ForensicMedicine, Molecular Techniques Unit,Wroclaw
Medical University, Wroclaw, 2First Department and Clinic of General,
Gastroenterological and Endocrinological Surgery, Wroclaw Medical
University, Wroclaw, Poland.

Background and aims: The proper insulin action begins with insulin
receptor binding, which leads to downstream phosphorylation and further
signal transduction, finally activation of specific glucose transporters and
glucose uptake. In insulin resistance, the process of glucose transporter
activation is aborted, which results in a reduced rate of glucose utilization
and consequently in hyperglycemia. There are numerous risk factors of
insulin resistance development, both genetic and environmental. Recent
data indicate that epigenetic is also involved in insulin resistance

pathogenesis. The aim of the project was to analyze the epigenetic mod-
ifications in adipose tissue in relation to insulin resistance.
Materials and methods: The study was approved by the Ethics
Committee Board (No. KB-124/2017). Adipose tissue biopsies (subcuta-
neous (SAT) and visceral (VAT) adipose tissue) were collected from 26
patients. Insulin resistance was assessed based on HOMA-IR and
QUICKI ratios. DNA and RNAwere extracted from both types of tissues.
Numerous genes expression were determined (including genes of epige-
netic modification, insulin signaling, transcription factors, lipid metabo-
lism, cytokines, and adipokines) using Real-Time PCR approach and
ΔΔCt calculation model. Histones modifications were assessed using
ChIP followed by Real-Time PCR. Global and site-specific DNA meth-
ylation were assessed by colorimetric ELISA-type kit and Sanger se-
quencing after bisulfate conversion, respectively.
Results: There were no major differences in either gene expression or
epigenetic modification between SAT and VAT within enrolled patients.
Otherwise, there was statistically differences in numerous genes expres-
sion between insulin sensitive and insulin resistant patients including
transcription factors, insulin signaling genes or cytokines, and adipokines
as well as DNA methyltransferases genes (DNMT1 and DNMT3a) and
histone deacetylases (especially HDAC2 and SIRT1). The global DNA
methylation was higher in insulin resistant subject, a positive correlation
between IR ratios and DNA methylation was observed (in VAT: R=0,56,
p=0.036; in SAT: R=0.40, p=0.160). The site-specific epigenetic modifi-
cations between studied groups were detected, including promoters of
transcription factors: C/EBPα and PPARγ with hypermethylation in in-
sulin resistant subjects (results presented in the figure - representative
subjects with various insulin resistance).
Conclusion: Obtained results indicate that dysregulation of the epigenet-
ic component in adipose tissue has a potential influence on insulin resis-
tance, mainly by regulation of transcription factors (C/EBPα andPPARγ),
which regulate downstream genes of adipocytes metabolism.

Supported by: NSC, Poland, 2016/21/D/NZ5/00155
Disclosure: M. Malodobra-Mazur: Grants; National Science Center,
Poland, 2016/21/D/NZ5/00155.
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Cytosine methylation sequencing identifies pathways implicating in-
sulin signalling in diabetic complications
I. Khurana1, M. Ziemann2, A. Kaspi2, A. Syreeni3, C. Forsblom3, Y.
Thewjitcharoen4, R.Ma5, J.C.N. Chan5, T. Himathongkam4,M. Cooper2,
P.-H. Groop3, A. El-Osta2;
1Monash University, Melbourne, Australia, 2Department of Diabetes,
Monash University, Melbourne, Australia, 3Folkhälsan Institute of Genetics,
Folkhälsan Research Center, Biomedicum Helsinki, Helsinki, Finland,
4Diabetes and Thyroid Center,Theptarin Hospital, Bangkok, Thailand,
5Hong Kong Institute of Diabetes and Obesity, Hong Kong, Hong Kong.
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Background and aims: While genome-wide CpG methylation studies
are typically performed using BeadChip array technology, this does not
provide sufficient coverage to construct an integrated epigenetic regula-
tory network (ERN), this is important because the development of dia-
betic nephropathy is considered a complex polygenic-multifactorial dis-
order. To address knowledge gap, we examined CpG methylation to
define the ERN in the Finnish Diabetic Nephropathy (FinnDiane) cohort.
Materials and methods: Participants from FinnDiane study were select-
ed based on the presence or absence of diabetes and diabetic kidney
disease (DKD). Using methyl-CpG capture followed by massive parallel
sequencing (methyl-seq) in leukocytes derived from 39 individuals, we
detected differentially methylated regions (DMRs) associated with DKD.
Results: Gene body-related regions made up >60% of the methylation
differences, with <10% localised to exons. Integrative methylation anal-
yses reveal 494 differentially methylated genes that intersect CTCF bind-
ing sites (181 genes with increased and 313 genes with reduced methyl-
ation). To determine the significance of CpG methylation changes we
assessed key genes in a larger subset of FinnDiane. We also evaluated
DKD-associated DMRs in two replication cohorts from Theptarin
Hospital, Thailand and the Hong Kong Diabetes Registry. We show
CTCF binding sites are sensitive to loss-of-methylation with gain-of-
function in diabetes implicated in DKD involving insulin signalling,
PI3K cascade, integrin cell interactions and lipid metabolism. These clin-
ical findings were tested ex vivo using primary human diabetic vascular
cells and renal derived podocytes. We confirm the transition from normal
to high glucose conditions regulates insulin signalling genes mTOR,
RPTOR, IRS2, mediated by CpG methylation.
Conclusion: Not only does the epigenetic regulatory network presented
here strengthen the evidence base against methylation changes merely
being an epiphenomenon but the identification of core pathways and gene
targets will be a useful resource and better understanding of regulatory
mechanisms that contribute to the pathogenesis of diabetic kidney
disease.
Supported by: NHMRC
Disclosure: I. Khurana: None.
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The long non-coding RNA HOTAIR is an important angiogenic me-
diator in diabetic retinopathy
S. Biswas1, B. Feng1, S. Chen1, E. Aref-Eshghi1, J. Gonder2, B.
Sadikovic1, S. Chakrabarti1;
1Pathology and Laboratory Medicine, University of Western Ontario,
London, Canada, 2Ophthalmology, University of Western Ontario,
London, Canada.

Background and aims: With increasing incidence of diabetic retinopa-
thy (DR), the need for broadening the therapeutic scope for its manage-
ment becomes fundamental. In order to develop new therapeutic agents to
successfully impede the progression of DR, a thorough understanding of
the pathogenetic mechanisms implicated in DR is an absolute require-
ment. Recent advances in genomic technology have demonstrated a sig-
nificant number of epigenetic alterations in DR. Long non-coding RNAs
(>200 base-pairs in length; lncRNAs), which are emerging as key epige-
netic regulators in various diseases, possess no protein-coding potential
and can alter chromatin configuration by interacting with enzymes that
facilitate chromatin remodelling and gene regulation. In DR, numerous
lncRNAs are aberrantly expressed in the retina; however, the majority of
lncRNAs have not been characterized. Our research seeks to elucidate the
epigenetic mechanism(s) of a particular lncRNA, HOTAIR in DR. Based
on our preliminary data, we hypothesize that HOTAIR regulates angio-
genic processes through specific epigenetic mechanisms in DR. We have
several aims to answer our hypothesis: Aim 1- To examine the role of
HOTAIR in glucose-induced angiogenesis in vitro; Aim 2- To determine
the role of HOTAIRexpression and angiogenic marker productions
in vivo; Aim 3- To determine whether similar processes occur in human

DR; and Aim 4- To determine whether HOTAIR regulates epigenetic
mediators in DR.
Materials andmethods:We first confirmed the upregulation ofHOTAIR
in human retinal endothelial cells (HRECs) following incubation in high
glucose (25 mmol/L, HG) compared to normal glucose (5mmol/L, NG).
Total RNA was extracted using TRIzol and RT-qPCR was used to con-
firm the expressions ofHOTAIR and angiogenic transcripts (VEGF-A and
ET-1). HRECs were similarly examined following siRNA-mediated
HOTAIRknockdown, or treatment with histone (DZNep) and DNAmeth-
ylation (5’-aza-dC, zebularine, and siDNMT1) blockers. DNA methyla-
tion patterns and RNA-protein interactions were also analyzed and we
further assessed HOTAIR in human diabetic and non-diabetic vitreous
samples.
Results: HG caused the upregulation of HOTAIR (p<0.0001), VEGF-A
(p<0.0001), and ET-1 (p<0.0001) transcripts in HRECs and promoted a
strong physical association between HOTAIR and two other epigenetic
RNA-binding proteins, p300 (p<0.0001) and EZH2 (p<0.0001; a catalyt-
ic subunit of the polycomb repressive complex 2, PRC2). Our DNA
methylation array demonstrates that HG can evoke patterns of hypome-
thylation across the CpG regions of HOTAIR; while, DZNep, 5-aza-dC,
zebularine, siDNMT1 and knockdown of HOTAIR altered mRNA ex-
pressions of VEGF-A (p<0.05) and ET-1 (p<0.05). Furthermore,
HOTAIR levels were elevated in the diabetic vitreous (p=0.0041).
Conclusion: Our preliminary findings suggest that HRECs upregulate
HOTAIR in a hyperglycemic environment. The upregulation of
HOTAIR, in parallel with increased VEGF-A and ET-1 transcript expres-
sions suggest thatHOTAIRmay have a role in regulating these angiogenic
mediators in DR. We further provide novel evidence that HOTAIR phys-
ically associates with PRC2 and p300 to regulate the epigenetic status of
target genes. Although animal work is currently underway, our collective
findings may uncover a novel mechanism forHOTAIR in DR progression
and potential therapeutic targets.
Supported by: CDA and the Heart and Stroke Foundation of Ontario
Disclosure: S. Biswas: None.
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Impact of HbA1c and blood glucose levels on the epigenetic regulation
of TXNIP in newly-diagnosed type 2 diabetic subjects
S. Garcia-Calzon, A. Perfilyev, L. Groop, E. Ahlqvist, C. Ling;
Lund University, Malmö, Sweden.

Background and aims: TXNIP encodes a thiol-oxidoreductase which
protects cells from oxidative stress. DNA methylation of cg19693031
in TXNIP has been associated with type 2 diabetes (T2D) and sustained
hyperglycemia. We previously found reduced DNA methylation of
cg19693031 in skeletal muscle, pancreatic islets and blood from subjects
with T2D compared with non-diabetic controls. Our present aim was to
study DNA methylation in blood of this CpG site in newly-diagnosed
drug-naïve T2D patients from the ANDIS cohort and assessed whether
this epigenetic loci was associated with blood glucose parameters such as
HbA1c, glucose levels, HOMA-IR, HOMA-B, c-peptide and/or the
change in HbA1c (ΔHbA1c) after ~1 year of follow-up.
Materials and methods: The prospective ANDIS (All New Diabetics In
Scania) cohort aims to recruit all incident cases of diabetes within Scania
in southern Sweden. We included 213 and 63 newly-diagnosed subjects
with T2D in a discovery and a replication cohort, respectively. All pa-
tients had a baseline HbA1c ≥ 48 mmol/mol (6.5%) and ≤ 108 mmol/mol
(12%). ΔHbA1c was calculated as final HbA1c - baseline HbA1c.
Results: Methylation in blood of cg19696031 in TXNIP was strongly
associated with baseline HbA1c (discovery cohort: r=-0.541, p<
2.2x10-16; replication cohort: r=-0.503, p=2.7x10-5), baseline glucose
levels (discovery cohort: r=-0.445, p= 3.2x10-10; replication cohort: r=-
0.362, p= 0.008) and ΔHbA1c after ~1 year (discovery cohort: r=0.475,
p=2.2x10-13; replication cohort: r=0.343, p=0.006) in newly-diagnosed
T2D subjects. These associations remained significant in multiple
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regressionmodels after adjusting for age, sex or BMI. However, ΔHbA1c
was no longer associated with methylation of cg19696031 after adjust-
ment for baseline HbA1c, suggesting a stronger correlation between
methylation of this site and baseline HbA1c. No association was found
between methylation of this site and HOMA-B, HOMA-IR or c-peptide
after adjusting for potential confounders in any of the cohorts. Notably,
methylation of cg19696031 explained alone 30% of variation in HbA1c
and 13-20% of variation in blood glucose levels in both cohorts.
Interestingly, 1% increase methylation of cg19696031 was associated
with a 1.1 mmol/mol reduction in HbA1c levels and a 0.15 mmol/L
reduction in blood glucose levels.
Conclusion: The methylation loci cg19696031 of the TXNIP gene in
whole blood is strongly associated with HbA1c and blood glucose levels
in a population of newly-diagnosed, drug-naïve T2D individuals.
Supported by: H2020-MSCA (EpiHope, 706081), ERC-CoGrant
(PAINTBOX, 725840), Novonordisk
Disclosure: S. Garcia-Calzon: None.
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Weight loss in people with impaired glucose regulation affects
caveolin-1 (CAV1) expression and DNA methylation in a tissue-
specific way
H.A. Fachim1, K. Siddals1, N. Malipatil1, R. Donn2, C. Dalton3, M.
Gibson1, A. Heald1;
1Salford Royal NHS Foundation Trust, Salford, 2The University of
Manchester, Manchester, 3Sheffield Hallam University, Sheffield, UK.

Background and aims: Impaired glucose regulation (IGR) is a major
risk factor for type 2 diabetes (T2DM) development and the mechanisms
underlying the progression from IGR to T2DM are not well understood.
There is growing evidence of external factors modulating epigenetic
modifications and their contribution to the development of obesity and
T2DM and one of the epigenetic signatures is DNA methylation. Aim:
We investigated whether a lifestyle intervention could influence gene
expression in individuals with IGR and if these alterations are associated
with DNA methylation changes.
Materials and methods: To improve the understanding of biological
markers of progression from IGR to T2DM, participants with IGR
(n=20) were recruited and underwent anthropometric measurements/
fasting blood tests and adipose tissue biopsy pre- and post-lifestyle (6
months) intervention. RNA and DNAwere extracted from adipose tissue
and blood. The relative expression of genes known to be involved in
T2DM were determined using a LightCycler 480 (Roche). Genomic
DNA from fat tissue and blood was bisulphite converted and 12 CpG sites
of caveolin-1 (CAV1) were pyrosequenced based on known transcription
factor binding sites within the promoter region. These DNA methylation
results were compared to a measure of global methylation, LINE-1.
Results: Results: We found that the lifestyle intervention inhibited the
expression of CAV1 in fat tissue (t = 2.26, p = 0.037) while its expression
was increased in blood (t = -2.76, p = 0.015). Regarding the methylation,
for fat tissue we found increased methylation in 3 CpG sites related to
weight change (CpG3: t = - 2.04, p = 0.05, CpG5: t = - 2.39, p = 0.027,
CpG9: t = - 2.66, p = 0.017), while for blood the overall effect was the
opposite - the majority of the CpGs showed decreased levels of methyl-
ation after the intervention (CpG2: t = 2.58, p = 0.021, CpG5: t = 3.72, p =
0.002, CpG6: t = 5.53, p = 0.0001, CpG7: t = 3.38, p = 0.004) and CpG9
had higher methylation with weight change (t = - 2.23, p = 0.041). LINE-
1 methylation analysis showed differences only in blood after the inter-
vention (t = 3.46, p = 0.003). However no associations between LINE-1
methylation and CAV1 were found. We also found associations between
gene expression and DNA methylation in fat and blood: i) a positive
correlation betweenCAV1 gene expression in buffy coat and CpG5meth-
ylation in fat tissue (r = 0.617, p = 0.043), ii) a negative correlation
between CAV1 gene expression in fat tissue and CpG6 methylation in
buffy coat (r = - 0.606, p = 0.028).

Conclusion:CAV1 is an essential constituent of adipocyte caveolae
and binds the β-subunit of the insulin receptor, also plays an es-
sential role for a proper insulin response in mature adipocytes. The
lifestyle intervention resulted in tissue- specific changes in gene
expression and DNA methylation of CAV1 in patients with IGR.
Our findings suggest a role for CAV1 in modulating adipocyte
function as a consequence of weight loss and exercise. These re-
sults may help in the understanding of the mechanisms that relate
to the prevention of T2DM progression in those individuals al-
ready at risk and provide insights into new therapeutic targets for
diabetes prevention.
Clinical Trial Registration Number: 14/NW/1196
Disclosure: H.A. Fachim: None.
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Diabetes-associated SNPs in the FTO locus link to aberrant p53 ac-
tivity in the pancreas via lncRNA CRNDE
R.C. Slieker1, J.G. Nap1, J.W.J. Beulens2, L.M. 't Hart1;
1Leiden University Medical Center, Leiden, 2Amsterdam UMC, location
VUmc, Amsterdam, Netherlands.

Background and aims: In the most recent GWAS, 403 SNPs were
identified to be associated with type 2 diabetes (T2D). For many
of these SNPs the mechanism of action is unclear. In parallel, an
increasing amount of work has been put into reference datasets in
multiple tissues, including chromosomal interactions, histone
modifications, gene expression, proteins and the role of genetic
variation on each of these outcomes. The aim of the current study
is to combine a SNP of interest with multilevel public data, in-
cluding genomics, transcriptomics, proteins. A multilevel ap-
proach will improve the understanding of the mechanism of action
across tissues.
Materials andmethods: Public data of multiple tissues was combined in
an R-based web interface called SNiPER, that visualizes chromatin inter-
action data (IM-PET), chromatin state segmentation data based on histone
modifications (Epigenomics Roadmap), but also expression (GTEX),
methylation (BIOS consortium) and protein quantitative trait loci
(QTLs) overlapping with the locus of interest. To validate this approach,
the top SNP in the FTO gene for T2D and BMIwas used. All SNPs in LD
with the lead SNP (rs1558902) were included (92 SNPs in total).
Results: In multiple tissues, the FTO locus overlapped with an
enhancer element in the genome. From this enhancer, multiple
predicted chromatin interactions were observed with other genes,
including in cis FTO itself and in trans IRX3 and IRX5/CRNDE. In
case of the latter, IRX5 and CRNDE share a promoter. In cis, only
FTO was an expression QTLs for FTO in skeletal muscle only. In
trans (>1Mb), however, the variants in the FTOlocus were nomi-
nally significant eQTLs in pancreas (N=386) for CRNDE (P=1.4·
10-5) and IRX3 (P=6.9·10-4). IRX3 and IRX5 are homeobox genes,
while CRNDE is a long noncoding RNA. The FTO risk genotype
(AA) was associated with higher CRNDE levels. Co-expressed
genes of CRNDE (|r|≥0.3, 58 genes) were enriched for p53 signal-
ing (P=5.6·10-9) including the genes CDKN1A and MDM2.
Moreover, enrichment was found for FoxO signaling (P=0.03) in-
cluding PRKAB1 and PRKAB2. These genes are regulatory sub-
units of AMPK, an energy-sensing enzyme.
Conclusion: Together, these results show that overlaying a SNP of interest
with multiple data types increases the understanding of the mechanisms of
action across tissues. For FTO, muscle and pancreas showed different genes
involved. The FTO SNPs were eQTLs for FTO itself in muscle. In pancreas,
however, T2D/BMI associated SNPs are associatedwithCRNDE expression.
CRNDE itself is associated with altered p53 and FoxO response, which are
key metabolic pathways. Given its role in pancreas, it will be interesting to
investigate CRNDE further in people with T2D.
Disclosure: R.C. Slieker: None.
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Low birthweight and genetic susceptibility in relation to the risk of
latent autoimmune diabetes in adults (LADA) and type 2 diabetes
R. Hjort1, E. Ahlqvist2, L. Alfredsson1, L. Groop2,3, T. Tuomi4,3, S.
Carlsson1;
1Institute of Environmental Medicine, Karolinska Institutet, Stockholm,
Sweden, 2Dept. of Clinical Sciences, Lund University, Malmö, Sweden,
3Finnish Institute of Molecular Medicine, University of Helsinki,
Helsinki, Finland, 4Dept. of Endocrinology, Abdominal Centre,
Helsinki University Hospital and Folkhälsan Research Center, Helsinki,
Finland.

Background and aims:An association between low birthweight and risk
of type 2 diabetes (T2D) is well-documented and low birthweight has also
been linked to an increased risk of LADA. Our aim was to investigate
whether low birthweight interacts with genotypes of HLA and TCF7L2 in
relation to the risk of LADA and T2D
Materials and methods: We used data from a population based
case-control study from Sweden including incident cases of
LADA (n=229) and T2D (n=626) and matched non-diabetic con-
trols (n=984) with self-reported birthweight (validated against the
national birth registry; r=0.89, p<0.0001). The association be-
tween birthweight and LADA/T2D was assessed by odds ratios
(OR) and 95% Confidence Intervals (CI). Interaction between
low birthweight (<3 kg) and HLA high-risk genotype (DR4/4,
DR3/3, DR3/4, DR3/4-DQ8, DR4/4-DQ8 or DR4/X-DQ8)/
TCF7L2-rs7903146 (TT/TC) was evaluated with attributable pro-
portion due to interaction (AP).
Results: Low (<3 kg) vs. high birthweight (≥ 4 kg) was associated with
an increased risk of LADA; OR 1.90 (CI 1.08-3.32) and T2D; OR 2.68
(CI 1.68-4.27) after adjustment for age, sex, BMI, smoking and family
history of diabetes. For LADA, the combination of low birthweight and
HLA high-risk genotypes conferred an OR of 4.32 (CI 2.15-8.71) and the
risk associated with low birthweight was particularly high in carriers of
the DR4/4 genotype (OR 16.36, CI 5.12-52.26), but no significant inter-
action was observed (AP 0.20, CI -0.36-0.77 [HLA high-risk overall] and
AP 0.41, CI -0.32-1.14 [DR4/4]). For T2D, there was a significant inter-
action (AP 0.54, CI 0.25-0.83) between low birthweight and TCF7L2-
rs7903146 (Figure 1) with OR for the combined effect estimated to 4.06
(CI 2.35-7.01).
Conclusion: Our results indicate that low birthweight is a risk factor for
LADA as well as for T2D and that the risk is highest in individuals with
genetic susceptibility to diabetes.

Supported by: VR, Forte, Novo Nordisk, AFA
Disclosure: R. Hjort: Grants; VR, Forte, Novo Nordisk.
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Contrasting predictive factors for development and progression in
LADA patients: the HUNT study
E.P. Sorgjerd1,2, B.O. Åsvold1,2, V. Grill3;
1Department of Public Health and Nursing, Faculty of Medicine and
Health Sciences, NTNU, Levanger, 2Department of Endocrinology, St.
Olavs Hospital, Trondheim University Hospital, Trondheim,
3Department of Clinical and Molecular Medicine, Faculty of Medicine
and Health Sciences, NTNU, Trondheim, Norway.

Background and aims:Many studies have defined factors that associate
with the development of Latent Autoimmune Diabetes in Adults
(LADA), however few studies have investigated factors behind the
progression of LADA to insulin dependence, something which is known
to be highly variable between patients. The aim of this study was to
analyze for factors that might predict the progression of LADA using
data from the all-adult population based Nord-Trøndelag Health Study,
Norway (HUNT).
Materials and methods: This was a cross sectional study that included
participants with diabetes from the second (HUNT2 in 1995-98) and third
(HUNT3 in 2006-08) health surveys. Importantly, a diagnosis of LADA
was only reached retrospectively; hence, diabetes treatment was not in-
fluenced by clinicians’ knowledge of a LADA diagnosis. One hundred
and seventy-seven participants were classified as LADA by being auto-
antibody positive (mostly GADA), and not having received insulin treat-
ment within 1 year after diagnosis. Kaplan-Meier curves and log-rank
tests were run to identify possible factors that may affected progression
to insulin dependency as registered from questionnaire data. To test for
the potential impact of the most important factors on progression, we run
multivariate Cox regression models. Progression was determined by the
time taken from diagnosis to insulin dependence or to participation in
HUNT2 or HUNT3.
Results: The log-rank test showed that younger age at diagnosis
(p<0.001, grouped in quartiles) and being multiple autoantibody positive
(p<0.001) was associated with faster progression to insulin therapy in
LADA. In contrast to a strong positive association with BMI, central
obesity and physical inactivity for development of LADA, we found
the opposite for progression to insulin dependence. Hence, having no
central obesity (p=0.01, waist circumference <80cm in female and
<94cm in men) and having higher physical activity (p=0.03) were asso-
ciated with progression. Also higher alcohol consumption (p<0.001) was
associated with faster progression. Cox-regression analysis showed that
younger age at diagnosis (HR 3.28 [1.19-9.07] for being in the 25 per-
centile age group, p=0.02) and multiple autoantibody positivity (HR 2.56
[1.19-5.51], p=0.02) were the strongest factors for predicting faster pro-
gression to insulin therapy.
Conclusion: In this cross sectional population-based study, we find partly
different and contrasting factors for development and progression of
LADA. Younger age at diagnosis and multiple autoantibodies are prom-
inent predictors for faster insulin dependency in LADA. These findings
could be important for the treatment of LADA patients.
Supported by: Liaison Committee for education, research and innovation
in Central Norway
Disclosure: E.P. Sorgjerd: None.
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Cohort profile: the Australia-wide environmental determinants of
islet autoimmunity (ENDIA) study
A. Haynes1, L.C. Giles2, M.A.S. Penno2, R.L. Thomson2, K.J.
McGorm2, P.G. Colman3, M.E. Craig4, E.A. Davis1,5, M. Harris6, L.C.
Harrison7, G. Soldatos8, J.M. Wentworth3,7, P. Vuillermin9, J.J.
Couper2,10, the ENDIA Study Group;
1Telethon Kids Institute, Perth, 2University of Adelaide, Adelaide, 3The
Royal Melbourne Hospital, Melbourne, 4University of New SouthWales,
Sydney, 5Perth Children's Hospital, Perth, 6The University of
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Queensland, Brisbane, 7Walter and Eliza Hall Institute of Medical
Research, Melbourne, 8Monash University, Melbourne, 9Deakin
University, Melbourne, 10Women's and Children's Hospital, Adelaide,
Australia.

Background and aims: Natural history studies have shown that 80% of
children who develop clinical type 1 diabetes (T1D) by the age of 18y
have detectable islet autoantibodies by the age of 3y. The Environmental
Determinants of Islet Autoimmunity (ENDIA) Study is an Australian,
prospective, pregnancy-childhood cohort study of children at increased
risk of T1D.
Materials and methods: The inclusion criteria for the ENDIA study are
an unborn child (mother in 1st/2nd/3rd trimester of pregnancy), or an
infant <6 months of age, who has a first-degree relative with T1D.
Participants are longitudinally followed during each trimester of pregnan-
cy, at birth, three-monthly to 2 years, and six monthly thereafter. Data on
demographic, lifestyle, clinical and anthropometric measurements and
maternal and child dietary intake, and biological samples including blood,
urine, stool, saliva, breast milk and swabs from various body sites are
collected throughout follow-up.
Results:Currently, ENDIA has recruited 1285 participants (92%of target
N=1400), 79% during the prenatal period. The median cohort age is
currently 22m (range 0-71m) and the withdrawal rate is <7%. The T1D
proband relationship with the study child is 61% maternal, 27% paternal,
and 12% sibling. ENDIA parent characteristics are comparable to the
general Australian population: 80% were born in Australia, the mean
maternal and paternal ages are 32.2±4.7 years and 34.2±5.4 years respec-
tively, and there is a high prevalence of obesity (23% of mothers, 28% of
fathers). ENDIA mothers do not achieve national nutrition recommenda-
tions for pregnancy with no significant difference observed between
mothers with and without T1D. Of the babies born to date, 58% were
delivered by Caesarean section and 52% are male. Prevalence of breast
feeding is comparable with the Australian population, and the first 500
infants aged 12months consumed 400kJ daily in excess of their estimated
requirements. More than 730 children have been tested for four islet auto-
antibodies with a median age of <18 months at the time of last testing.
Nearly 5% of children are persistently positive and/or have developed
T1D suggesting the predicted 6-8% seroconversion rate at median age
of 2-3y is being realised.
Conclusion: As the world's first pregnancy-to-early childhood cohort
study of children at increased genetic risk of T1D, ENDIAwill provide
unique insights into the role of maternal and early life factors in the
development of islet autoimmunity and progression to childhood T1D.
Clinical Trial Registration Number: Australia New Zealand Clinical
Trials Registry ACTRN12613000794707
Supported by: JDRF Australia, Helmsley Charitable Trust, JDRF
International, NHMRC
Disclosure: A. Haynes: None.
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Red and processed meat consumption and the risk of latent autoim-
mune diabetes in adults (LADA) and type 2 diabetes
J.E. Löfvenborg1, E. Ahlqvist2, L. Alfredsson1, T. Andersson1,3, L.
Groop2,4, T. Tuomi5,6, A. Wolk1, S. Carlsson1;
1Institute of Environmental Medicine, Karolinska Institutet, Stockholm,
Sweden, 2Dept. of Clinical Sciences, Lund University, Malmö, Sweden,
3Center for Occupational and Environmental Medicine, Stockholm
County Council, Stockholm, Sweden, 4Finnish Institute of Molecular
Medicine, University of Helsinki, Helsinki, Finland, 5Dept. of
Endocrinology, Abdominal Centre, Helsinki University Hospital,
Helsinki, Finland, 6Folkhälsan Research Center, Helsinki, Finland.

Background and aims: Consumption of red and processed meat has
previously been associated with increased risk of type 2 diabetes (T2D)
but also childhood type 1 diabetes, and there are several compounds in

meat that have been hypothesized to affect diabetes risk. We aimed to
investigate the association between consumption of red and processed
meat and risk of latent autoimmune diabetes in adults (LADA).
Materials and methods: Analyses were based on Swedish case-control
data comprising incident cases of LADA (n=466) and T2D (n=1,442)
with matched population-based controls (n=1,713). Age at diagnosis
(≥35 years), GAD autoantibodies (GADA) and C-peptide were used for
classification of cases. HLA genotyping was based on SNP data and
grouped as high or low/intermediate risk. ORs were estimated by logistic
regression models adjusted for age, sex, education, physical activity,
smoking, family history of diabetes, BMI, alcohol, and total energy in-
take. Interaction, defined as departure from additivity of effects, was
assessed through attributable proportion (AP) due to interaction.
Results: Self-reported consumption of processed meat was associated
with increased risk of LADA (OR per 1 serving/day: 1.28, 95% CI
1.07-1.53) whereas no association was observed for red meat consump-
tion (OR 0.72, 95% CI 0.48-1.08). For T2D, positive associations were
observed before but not after adjustment for BMI (red meat: OR 1.12,
95% CI 0.84-1.51; processed meat: OR 1.05, 95% CI 0.91-1.22). The
combination of high risk HLA genotypes and high (above median; ≥ 4
servings/week) consumption of processed meat conferred an OR of 5.61
(95% CI 3.82-8.25) for LADA but no interaction was observed (AP 0.18,
95% CI -0.11-0.47) (Figure 1). In LADA patients, consumption of proc-
essed meat was inversely associated with HOMA-B (beta coefficient= -
0.14, p=0.0159) but not with HOMA-IR or GADA. These associations
were not modified by HLA genotype. In T2D patients, processed meat
intake was inversely associated with HOMA-B (beta coefficient= -0.10,
p<0.0001) and positively associated with HOMA-IR (beta coeffi-
cient=0.09, p=0.0002).
Conclusion: Our findings suggest that consumption of processed meat
but not red meat may increase the risk of LADA, possibly through ad-
verse effects on beta cell function. The potential influence of processed
meat on LADA risk does not seem to be exacerbated by the presence of
high risk HLA genotypes. These findings add support to a potential role
of diet in the development of LADA.

Supported by: VR, Forte, NovoNordisk Foundation, Swedish Diabetes
Foundation
Disclosure: J.E. Löfvenborg: None.
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General population screening for type 1 diabetes and coeliac disease:
Autoimmunity Screening for Kids (ASK)
M. Rewers1, C. Geno Rasmussen1, E. Liu2, L. Yu1, B.I. Frohnert1, A.
Steck1, J.M. Norris3, R.B. McQueen4, J. Baxter1;
1Barbara Davis Center for Diabetes, Univ of Colorado School of
Medicine, Aurora, 2Department of Pediatrics, Univ of Colorado School
of Medicine, Aurora, 3Colorado School of Public Health, Univ of
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Colorado School of Medicine, Aurora, 4Skaggs School of Pharmacy,
Univ of Colorado School of Medicine, Aurora, USA.

Background and aims: Early detection of pre-symptomatic type 1 dia-
betes (T1D) can prevent diabetic ketoacidosis (DKA) at diagnosis and its
acute and long-term sequelae. We explored the feasibility of general pop-
ulation screening for pre-symptomatic T1D and celiac disease (CD),
reporting first-ever prevalence data for U.S. children.
Materials andmethods: In 2017-18, the ASK study approached for
consent to screen ~44000 children aged 1-17y in the Denver
metropolitan area. Of those, 14611 were screened for islet auto-
antibodies (IA) to insulin, GAD, IA-2, and ZnT8 as well as
transglutaminase autoantibodies (TGA), a marker of CD, using
radiobinding and electrochemiluminescence assays. Children with
persistent IA received follow-up with education to prevent DKA,
monitoring (HbA1c, OGTT, CGM), psychological support, and
access to prevention trials or clinical services. Those persistently
TGA positive were referred to clinical services. We present results
for the initial 10 030 children screened by July 2018. Study
participants’ age, sex, and race reflected Denver general popula-
tion; only 4% had a first-degree relative (FDR) with T1D.
Results: Pre-symptomatic T1D was detected in 1.01% of children
(95%CI 0.83-1.22%), including 0.48% with multiple IA and 0.53% with
a single high-affinity IA predicting, respectively, a 44% and 29% 5-y risk
of clinical T1D. IA remained persistent in 95% of children retested to
date. Non-Hispanic whites were more likely than Hispanics to have mul-
tiple IA (OR=2.38; 1.26-4.12, p=0.0003), adjusting for age, sex, and
family history. Nearly 90% of screening-detected high-risk children did
not have an FDR with T1D. Screening costs per person was $47 (includ-
ing $15 in lab cost to test for islet autoantibodies); the cost per case
detected was $4,700. Preliminary analysis suggests cost-effectiveness if
rate of DKA is decreased from the current 46% to 37%. During the
average follow-up of 0.6 y (0.5 SD), ten children progressed to clinical
T1D; only one developed DKA. Overall, 2.45% (2.16-2.77%) of children
without previous diagnosis of CD screened positive for TGA, including
0.74% (0.59-0.93%) with TGA levels virtually diagnostic for CD.
Conclusion: This novel population-based screening program found high
prevalence of pre-symptomatic T1D and CD in Denver children.
Prospective follow-up of screening-detected cases for clinical outcomes
and cost-effectiveness analysis will inform choice between targeted or
universal screening.
Supported by: JDRF 3-SRA-2018-564-M-N
Disclosure:M. Rewers: None.
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Vitamin D is a partial agonist of human TRPV1 channel and may
play an important role in the reduction of naive T cell activation in
autoimmune disease
W. Long1,2, M. Fatehi1,2, R. Panigrahi3, S. Soni1,2, K. Philippaert1,2, R.
Kelly4, A. Barr1,2, E. Yu1, M. Held1, S. Campbell1,2, K. Ondrusova1,2, M.
Hubert1,2, M. Lemieux3, T. Baldwin4, P. Light1,2;
1Pharmacology, University of Alberta, Edmonton, 2Alberta Diabetes
Institute, Edmonton, 3Biochemistry, University of Alberta, Edmonton,
4Medical Microbiology & Immunology, University of Alberta,
Edmonton, Canada.

Background and aims: Low levels of vitamin D are associated with
Type 1 diabetes. However, most of these studies are observational and
there remains a lack of mechanistic regarding vitamin D’s actions. Our
preliminary flow cytometry data indicates that both Vitamin D isoforms,
25OHD and 1,25OHD, can decrease naïve CD4+ T-cell activation and
reduce cytokine production. Nonetheless, as naïve T-cells have extremely
low or absent vitamin D receptor (VDR) expression, there may be an
additional VDR-independent mechanism of action for Vitamin D. In this
regard, it has recently been shown that activation of the human transient

receptor potential cation channel (hTRPV1) channel is necessary for
naïve CD4+ T-cell activation. Interestingly, our single channel recordings
indicate that 100 nM 25OHD increases hTRPV1 open probability, yet
antagonizes the stimulatory effects of capsaicin. These reults suggest that
25OHD is a partial agonist of hTRPV1. Therefore, we hypothesized that
25OHDmaymodulate naïve T-cell activation through direct regulation of
hTRPV1 channels.
Materials and methods: We use both calcium imaging and electro-
physiology to characterize the partial agonist effect of vitmin D on
hTRPV1, which over-expressing in human embryonic kidney 293T
cells. We also use flow cytometry analysis to test vitamin D affect on
CD4+ T-cell activation. Human TRPV1 homology model was gener-
ated based on the CryoEm rat TRPV1 structure by ITASSER.
Results: Our electrophysiological data demonstrate that both the
25OHD and 1,25OHD can inhibit capsaicin, but not pH, stimulated
TRPV1 activities at physiologically relevant concentrations (100
nM). This suggests that the lipophilic 25- and 1,25OHD interact with
hTRPV1 in the same binding sites as capsaicin. Previous studies
show that phosphorylation of hTRPV1 through PKC augments
capsaicin-mediated TRPV1 activation. Our experiments reveal that
25OHD opposes this PKC effect. In silico modeling and docking of
25OHD to the TRPV1 structure indicates that 25OHD binds to
hTRPV1 in the same region as the TRPV1 agonist, capsaicin and
antagonist, capsazepine.
Conclusion: Together, our results support that the concept that vitamin D
binds directly to TRPV1 channels and competes the same binding site(s)
as known TRPV1 modulators. Moreover, activation of CD4+ naïve T-
cells is reduced by 25OHD in a VDR-independent manner. These novel
findings provide evidence of an additional site of action for vitamin D and
advances our knowledge of the underlying cellular mechanism by which
vitamin D may beneficially reduce naive T-cell activation in autoimmune
diseases such as T1D.
Supported by: We thank the JDRF postdoc fellowship for supporting
Wentong's research.
Disclosure:W. Long: Grants; JDRF postdotoral fellowship.
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Antibody profile of adult onset type 1 diabetes shows a high preva-
lence of Zinc Transporter 8 (ZnT8) and Insulinoma Antigen-2 (IA-2)
antibodies
K. Wyne;
Endocrinology, Diabetes and Metabolism, The Ohio State University,
Columbus, USA.

Background and aims: Adult onset Type 1 Diabetes Mellitus (T1D) is
frequently misdiagnosed as type 2 diabetes mellitus (T2DM). The diag-
nosis of T1D in older adults can be challenging due to metabolic changes
of aging including weight gain, hypertension and dyslipidemia. Common
reasons for the misdiagnosis include that the person was considered "too
old" to have T1D, that did not have a detectable glutamic acid decarbox-
ylase (GAD65) antibody and/or that they had a detectable c-peptide.
Conversely we also have patients who were told that they has "antibody
negative T1D" because their GAD65 was not detectable but the clinical
scenario was consistent with T1D. The T1D Clinic at The Ohio State
University now routinely measures all 5 antibodies (GAD65, ICA (islet
cell antibodies), IAA (insulin autoantibody), IA-2 (insulinoma-associated
antigen-2) and ZnT8 (Zinc transporter 8)) in all adults either newly diag-
nosed with T1D or with newly diagnosed diabetes in which there is any
suspicion for T1D, with a goal of determining therapeutic options for
each individual patient.
Materials and methods: Charts were reviewed of all adults age 18 years
or above who were newly diagnosed with T1D between July 2016 to
Dec 2018 at The Ohio State Wexner Medical Center. Adults who were
originally thought to have T2DM and had negative antibodies were not
included in the analysis. 106 individuals (42 women and 64 men, age
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range 18.0-78.6 years) for whom all 5 antibodies were available were
evaluated. GAD65 was measured by Mayo Clinic Department of Lab
Med & Pathology. ICA, IAA, IA-2 and ZnT8 were measured by Quest
Diagnostics Nichols Institute.
Results: The prevalence of antibody positivity in the adults age 18.0
years and above was: GAD65 72%, ICA 16%, IAA 47%, IA-2 48%,
and ZnT8 46%. c-peptide levels at diagnosis were generally low to un-
detectable. The most common positive pattern was GAD65/IAA/IA-2/
ZnT8 followed by GAD65 only then either IAA alone or GAD65/IA-2/
ZnT8. When evaluating those diagnosed above age 35 the percentages
remained similar with themost common positive pattern of GAD65/IA-2/
ZnT8 followed by GAD65/IAA/IA-2/ZnT8. ICA added very little to
screening as it was only present in 16% of our adults and only 2 of those
had ICA as the only positive antibody.
Conclusion:GAD65 remains themost common antibody present in adult
onset T1D. However, 28% of cases would be missed if only screening for
GAD65. IA-2 and ZnT8 are highly prevalent both alone and in combi-
nation with GAD65. Identifying T1D in adults remains challenging be-
cause of the increasing prevalence of components of the metabolic syn-
drome (increased waist circumference, hypertension, high triglycerides,
low HDL and fasting hyperglycemia) with increasing age. It is important
to have a high level of suspicion and screen individuals with all 5 anti-
bodies to ensure that those with T1D are monitored and managed appro-
priately through their honeymoon period.
Disclosure: K. Wyne: None.
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HLA DR-DQ genotypes and specificity of first autoantibody initiat-
ing islet specific autoimmunity
J. Ilonen1, M.-L. Mikk1, S. Pfeiffer1, M. Kiviniemi1, A.-P. Laine1, J.
Lempainen1, T. Härkönen2, J. Toppari1, R. Veijola3, M. Knip2;
1University of Turku, Turku, 2University of Helsinki, Helsinki,
3University of Oulu, Oulu, Finland.

Background and aims: Autoantibodies against either insulin (IAA) or
glutamic acid decarboxylase 65 (GADA) usually initiate islet autoimmu-
nity in children, but also antibodies to IA-2 (IA-2A) or Zinc Transporter 8
(ZnT8A) may be first autoantibodies. Children with either IAA or GADA
initiated autoimmune process show characteristic features suggesting dif-
ferences in the pathogenic process.
Materials and methods: We analysed the follow-up cohort of the
Finnish Diabetes Prediction and Prevention (DIPP) study which was
followed up to the age between 13 and 15 yrs. The newborn children
were selected for follow-up based on the presence of DQB1*02/
DQB1*0302, DQB1*0302/x or DQA1*05-DQB1*02/y where
x≠DQB1*0301 or DQB1*0602 and y≠DQB1*0301, DQB1*0602/3 or
DQA1*0201. Original autoantibody screening was made using ICA and,
if positive, IAA, GADA and IA-2Awere analysed in all samples. Since
year 2003 all samples were analysed for IAA, GADA and IA-2A. A full-
house HLADR/DQ typing was performed from children developing islet
autoantibodies. In addition children diagnosed with T1D at age less than
10 years from the Finnish Paediatric Diabetes Register (FPDR) were
HLA genotyped and the probable initial autoantibody deduced based on
autoantibody combinations at the diagnosis.
Results: In the DIPP cohort 470 children seroconverted to one single
persistent autoantibody. GADA was found in 225, IAA in 210, IA-2A
33 and ZnT8A in 29 cases, which were divided into 5 genotypes (DR3-
DQ2/DR4-DQ8 (N=136), DR3-DQ2/DR3-DQ2 (N=6), DR4-DQ8/DR4-
DQ8 (N=54), DR3-DQ2/x (N=19) and DR4-DQ8/x (N=282), x = various
other haplotypes. Significant differences were found in the first autoanti-
bodies between children with various genotypes (P=0.00002). GADA
was the most common in DR3-DQ2/DR3-DQ2 genotype (83%) and also
in DR3-DQ2/DR4-DQ8 (52%) and DR4-DQ8/DR4-DQ8 (59%) geno-
types whereas it was less common in DR4-DQ8/x (39%) and DR3-DQ2/
x (32%) genotypes where IAA was most often the first autoantibody.

When distribution of various first autoantibodies were compared between
children with DRB1*0401/x and DRB1*0404/x genotypes, IAA, IA-2A
and ZnT8A were found more often in DRB1*0401/x and GADA in
DRB1*0404/x group (P=0.013). In FPDR a total of 1591 children with
autoantibody combinations associated with either IAA, GADA or IA-2A
as the first autoantibody were available. Highly significant differences
between genotypes were again detected (P=5E-11), DR3-DQ2/DR3-
DQ2 and DR3-DQ2/x genotypes had GADA as the deduced first auto-
antibody in 91% and 75% of cases whereas in DR4-DQ8 positive geno-
types GADA was found between 51% and 57%. DRB1*0401/x was
clearly associated with IAA as the first autoantibody more often than
DRB1*0404/x. Various neutral alleles in DRB1*0401/x genotypes sig-
nificantly affected the relative proportions of various first autoantibodies.
Highest frequency of IAAwas found when x was DR8-DQ4 or DR13-
DQ603 (P=0.02). Significant differences were also found between the
small groups of various x/x genotypes without either DR3-DQ2 or
DR4-DQ8 (P=0.004).
Conclusion: HLA-DR-DQ genotypes are differentially associated with
islet autoimmunity initiated with either GADA or IAA. In addition to the
major DR3-DQ2 and DR4-DQ8 positive genotypes also subtypes of
DRB1*04 allele differ from each other. Also “neutral” haplotypes affect
the specificity of the first autoantibody.
Supported by: JDRF, SJF, AF
Disclosure: J. Ilonen: None.
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Luciferase-tagged (pro)insulin constructs detect high affinity insulin
autoantibodies to epitopes associated with fast progression to diabe-
tes in first-degree relatives
S.L. Grace1, R.C. Wyatt1, A.E. Long1, C. Brigatti2, I. Marzinotto3, K.M.
Gillespie1, P. Achenbach4, L. Piemonti2, V. Lampasona3, A.J.K.
Williams1;
1School of Medicine, University of Bristol, Bristol, UK, 2Diabetes
Research Institute, IRCCS San Raffaele Scientific Institute, Milan, Italy,
3Division of Genetics and Cell Biology, IRCCS San Raffaele Scientific
Institute, Milan, Italy, 4Institute of Diabetes Research, Technische
Universität München, Neuherberg, Germany.

Background and aims: Insulin autoantibodies (IAA) are key
markers of islet autoimmunity, with high affinity IAA directed
to residues in the A-chain loop of insulin (aa 8-13) and the N-
terminal of the B-chain (aa 1-3) being associated with progression
to diabetes. IAA in children who do not progress to diabetes
recognise epitopes in the C-terminal of the B-chain and do not
recognise proinsulin. Does testing for IAA with luciferase-tagged
(Nluc) (pro)insulin constructs in first-degree relatives (FDRs)
identify those with disease-associated high affinity IAA?
Materials and methods: Of 4752 FDRs from the BOX family study,
previously screened for 125I-IAA, all 183 found IAA positive and 436
found IAA negative were re-tested using Nluc-tagged (pro)insulin con-
structs: C-terminal B-Chain Nluc-proinsulin (Nluc-PI), and C-terminal B-
Chain Nluc-insulin (bNluc-I). Those found discrepant for IAAwere also
tested using N-terminal A-Chain Nluc-insulin (aNluc-I). Affinity data
were available on 112 of the 183 IAA positive relatives (61%). Positive
thresholds for each construct were set at the 97.5th percentile of 267
healthy schoolchildren.
Results: In 125I-IAA positive FDRs, the 20-year diabetes-risk was
52% if Nluc-PIAA positive and 16% if Nluc-PIAA negative
(p<0.0001). Similarly, the 20-year diabetes risk was 52% if
bNluc-IAA positive and 14% if bNluc-IAA negative (Figure 1).
The 20-year diabetes-risk in 125I-IAA positive, Nluc-PIAA nega-
tive FDRs was 10%, compared with 5% for islet autoantibody
negative FDRs (p<0.003). A higher proportion of FDRs positive
for Nluc-PIAA (64%) had high affinity IAA than those found
Nluc-PIAA negative (36%, p<0.0001). We identified 119 FDRs,
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positive for 125I-IAA, who were negative for Nluc-PIAA. Of
these, 12 (8%) were positive for bNluc-IAA and 28 (24%) were
positive for aNluc-IAA (p<0.0001).
Conclusion: Nluc-(pro)insulin constructs identify FDRs with high affin-
ity IAA who are at higher risk of disease progression. Those 125I-IAA
positive FDRs negative for Nluc-PIAA or bNluc-IAAwere mainly single
IAA positive and have a similar risk of progression to diabetes as other
single islet autoantibody positive FDRs, although the reasons for discrep-
ancies are not fully explained. Testing of FDRs with novel Nluc-PIAA or
Nluc-IAA constructs may help to further stratify risk of disease
progression.

Supported by: Diabetes UK, JDRF-Helmsley Charitable Trust
Disclosure: S.L. Grace: None.
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Autoantibody persistence is common in long standing type 1 diabetes
S. McGurnaghan;
University of Edinburgh, Edinburgh, UK.

Background and aims: Data on the long term persistence of autoanti-
body positivity in type 1 diabetes (T1DM) is sparse. Furthermore, wheth-
er such auto-antibody persistence relates to residual beta cell function is
unclear. We examined autoantibody prevalence in a large cohort spanning
a wide range of duration of type 1 diabetes and tested the association with
serum C-peptide.
Materials and methods: The SDRNT1BIO is a population represen-
tative cohort of 5726 people with a clinical diagnosis of T1DM
sampled across hospital clinics and primary care in Scotland and
comprising one third of all adults with T1DM nationally. C-
peptide was measured on a random serum sample using the Roche
electrochemiluminescence assay with a lower limit of detection of
C-peptide of 5 pmol/l. Autoantibodies were measured using com-
mercial ELISA assays in a laboratory that participates in the
Diabetes Autoantibody Standardization Programme. Those with at

least one antibody level above the reference range were classified as
autoantibody-positive > 11 World Health Organization (WHO)
units/ml for GAD; > 7.5 for IA2 and >65 if age < 30 years or
>10 if age>30 years for ZnT8. Simple univariate statistics and lo-
gistic regression were used to test cross sectional associations.
Results: Positivity for at least one autoantibody was very common
(Figure 1); even in those with 30 or more years of T1DM two thirds
were positive for at least one antibody. GAD positivity was most
common (40% at 30+ years duration) ZNT8 next (33% at 30+years
duration) and IA2 (least common across any given duration 18% at
30 + years duration). GAD and IA2 positivity fell linearly with
duration whereas for ZNT8 the positivity initially dropped in the
first 10 years but was constant at about one-third thereafter. GAD
positivity was more common in females than males adjusted for age
and duration (Odds ratio for female sex 1.54 95% CI 1.38-1.73) but
IA2 and ZNT8 positivity were not. C-peptide was inversely associ-
ated with GAD positivity (0.12 log units lower in those positive
versus negative for GAD, p<0.001) and IA2 (0.08 log units lower
for IA2, p=0.002) positivity, though not ZNT8 positivity.
Conclusion: Auto antibody persistence in type 1 diabetes in much more
common at long durations than commonly appreciated. For a given age
and duration of diabetes, autoantibody positivity is associated with less
residual beta-cell function. Whether this association is causal requires
prospective evaluation.

Supported by: JDRF, Diabetes UK
Disclosure: S. McGurnaghan: None.
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The family-based characterisation of HNF1A-MODY
J.L.T. Kettunen1,2, B. Isomaa2, L. Sarelin2, P. Kokko2, L. Groop3,4, P.J.
Miettinen5, T. Tuomi1,2;
1Department of Endocrinology, Helsinki University Hospital, Helsinki,
Finland, 2Folkhälsan Research Center, Helsinki, Finland, 3Department of
Clinical Sciences, Lund University Diabetes Centre, Malmö, Sweden,
4Finnish Institute for Molecular Medicine (FIMM), Helsinki, Finland,
5Children’s Hospital, University of Helsinki, and Helsinki University
Hospital, Helsinki, Finland.

Background and aims: The view of the phenotype of HNF1A-
MODY has largely been based on studies of individuals with either
a pre-established diagnosis of MODY or features strongly sugges-
tive of MODY, which poses a risk of neglecting phenotypic hetero-
geneity. To assess the timing of progression to diabetes, clinical
features, and mortality among carriers of the most common
MODY mutation in HNF1A, p.Gly292fs, we conducted a family-
based comparative study in ten HNF1A-MODY families.
Materials and methods: From the families of the FINNMODY and
Botnia studies, we examined 132 individuals with, and 123 without,
the HNF1A mutation. Sampling included measurements of glucose,
insulin, C-peptide (glucagon, FFA, and proinsulin for a subgroup) at
fasting or during an OGTT, anthropometric measurements as well as
mortality and morbidity data from national registries. Of 191 indi-
viduals with OGTT data, 106 participated in an OGTT more than
once.
Results: Of 111 diabetic mutation carriers, the median age at diagnosis
was 21 years (IQR: 17-34), whereas the median age of the 19 non-
diabetic carriers at the most recent follow-up assessment was 27 years
(IQR: 13-33, upper range: 63; two carriers lacked data for glucose
values). The usability of the Exeter MODY probability calculator was
limited: 25 of 111 mutation carriers were older than 35 years at diagnosis,
restricting the use of the calculator altogether. Of 86 carriers who devel-
oped diabetes by 35 years of age, the calculator failed to reach a threshold
probability of 20% in 13 carriers. Thus, one-third of the diabetic carriers
received either a false-negative probability score or no score at all. The
BMI was 1.8 kg/m2 lower in carriers (adjusted BMI -1.4 kg/m2, adjusted
weight -4.4 kg) than in non-carriers. Carriers and non-carriers showed no
significant difference in birthweight (medians: 3.8 kg, 3.6 kg). Compared
to non-carriers, carriers expectedly had an increased mortality rate during
the follow-up (Cox HR 2.6, p=0.033; total N=204, 13 carriers and 12
non-carriers died).
Conclusion: HNF1A-MODY is more heterogeneous than previously re-
ported; especially with respect to age at diagnosis of diabetes. Adult
carriers are on average 4-5 kg leaner than non-carriers, despite no differ-
ence in birthweight.
Disclosure: J.L.T. Kettunen: None.
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Functional characterisation of HNF1B variants detected in
Norwegian diabetes registries can be important for precision medi-
cine in diabetes clinics
B. Berg Johansson1, K.A. Mohamed1, M. Ringdal1, A. Kaci1, E.
Tjora2,1, J.V. Sagen2,3, J. Molnes1, P.R. Njølstad2;
1Center for Diabetes Research, Department of Clinical Science,
University of Bergen, Bergen, Norway, 2Department of Pediatrics and
Adolescent Medicine, Haukeland University Hospital, Bergen, Norway,
University of Bergen, Bergen, Norway, 3Department of The Hormone
Laboratory, Haukeland University Hospital, University of Bergen,
Bergen, Norway.

Background and aims: Genetic variants in HNF1B encoding the tran-
scription factor hepatocyte nuclear factor-1 beta (HNF1B) can cause
Maturity-Onset Diabetes of the Young type 5 (MODY5; HNF1B-
MODY), but is also the most common known monogenic cause of devel-
opmental kidney disease. The aim of this study was to investigate possible
pathogenic effects of HNF1B variants identified in the Norwegian
Childhood Diabetes Registry (NCDR) (n= 5400) and the Norwegian
MODY Registry (n=2500), using functional protein analyses, and to cor-
relate findings with clinical characteristics of HNF1B variant carriers.
Materials and methods: The identified HNF1B variants were classified
using a five-tier score system commonly used in clinical diagnostic lab-
oratories. To investigate the effect ofHNF1B variants on normal HNF1B
transcriptional activity, we used a Dual-Luciferase assay system in
transfected HeLa cells. DNA-binding ability was studied by EMSA and
protein localization was determined by fractionation and confocal
microscopy.
Results: A total of 17 rare variants were identified; 7 variants were clas-
sified as pathogenic or likely pathogenic (class 5 or class 4), 6 variants of
unknown significance (class 3) and 4 variants were interpreted as likely
benign or benign (class 2 or class 1). The 13 HNF1B class 3-5 variants
were identified in 24 patients (15 families) from the NCDR or the
Norwegian MODY Registry. These variants were further investigated
by functional studies. Of all HNF1B variants examined six inferred re-
duced HNF1B transactivation potential five of which had renal compli-
cations. Studies are ongoing to assess whether altered RNA stability,
protein expression or DNA binding causes reduction in transcriptional
activity.
Conclusion: Correlating functional data with clinical characteristics of
HNF1B variant carriers could to lead to improved diagnostics and prevent
misdiagnosis, and thus improve treatment strategies for diabetic patients.
Disclosure: B. Berg Johansson: None.
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Use of the MODYprobability calculator in the real-world setting
A. Hattersley1, T. McDonald2, M. Shepherd1, M. Hudson1, K.
Colclough2, S. Ellard2, E. Pearson3, B. Shields1;
1University of Exeter Medical School, Exeter, 2Royal Devon and Exeter
NHS Foundation Trust, Exeter, 3University of Dundee, Dundee, UK.

Background and aims: MODY is a rare, young-onset, genetic form of
diabetes. Diagnosing MODY is important to ensure appropriate treat-
ment, but identifying MODY patients is challenging. We developed the
MODY probability calculator (https://www.diabetesgenes.org/mody-
probability-calculator/, >45,000 visitors to date), a validated model that
calculates probability of MODY based on clinical features, to help clini-
cians prioritise which patients to refer for diagnostic testing. Due to the
rarity of MODY the calculator was developed and validated on case
control data to ensure sufficient numbers of MODYpatients, with a sep-
arate adjustment added in for prevalence. Its use in real-world data has not
been assessed.
Materials andmethods:To assess the use of theMODY calculator in the
real world setting: 1) its performance in a population cohort of patients
diagnosed with diabetes <30y (n=1768); 2) its utility in clinical referrals
sent to the Exeter molecular genetics diagnostic laboratory for MODY
testing (n=1285) between 1/8/14 and 31/12/17.
Results: 1) In the population cohort, 57/1768 (3.2%) were diagnosed
with MODY. The model performed well (c=0.91) and showed good cal-
ibration (Hosmer-Lemeshow p=0.24), just slightly over-estimating the
probabilities (mean overall probability=5.3%). >50% probability pro-
vides 52% sensitivity, 98% specificity for MODY. The model was stron-
gest in paediatric cases, with 14/17 MODYpatients having a probability
>75%. 2) In the diagnostic laboratory, 621/1285 (48%) referrals reported
use of the calculator. In this setting, where patients are referred due to a
suspicion of MODY, performance was poorer (c=0.63). However, refer-
rals that stated they had used the calculator had a higher pick-up rate of
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MODY than those that did not (33% v 25%, p=0.002). MODYprobabil-
ity could be calculated on 425/664 referrals that did not use the calculator.
The mean probability was lower compared with referrals that had used the
calculator (33% v 43%, p<0.001).
Conclusion: The MODY model appears to work well in a population
setting, although analysis was limited by small numbers of MODY pa-
tients. The MODY model is frequently being used prior to sending refer-
rals for MODY testing. Referrals that use the calculator appear to bemore
appropriate, with higher probabilities and a higher pick up rate ofMODY.
Supported by: NIHR
Disclosure: A. Hattersley: None.
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Improving the MODY calculator for use in insulin treated patients
with the addition of C-peptide and islet autoantibodies
B. Shields1, T. McDonald2, K. Owen3, M. Malecki4, A. Jones1, K.
Colclough2, A. Hattersley1;
1University of Exeter Medical School, Exeter, UK, 2Royal Devon and
Exeter NHS Foundation Trust, Exeter, UK, 3University of Oxford,
Oxford, UK, 4Jagiellonian University Medical College, Krakow, Poland.

Background and aims: Maturity-onset diabetes of the young
(MODY) is a rare, young-onset form of diabetes, often
misdiagnosed as Type 1 diabetes (T1D) or Type 2 diabetes (T2D),
resulting in inappropriate management. The MODY calculator
(https://www.diabetesgenes.org/mody-probability-calculator/) is a
clinical decision aid to help identify patients suitable for diagnostic
molecular genetic testing by calculating the probability that a patient
has MODY based on their clinical features. The model works less
well in insulin treated patients where the discrimination is between
MODY and Type 1 diabetes. We aimed to update the MODY cal-
culator to incorporate additional data on C-peptide and islet-
autoantibodies for insulin treated patients.
Materials and methods: Clinical features were recorded and C-
peptide and GAD and IA2 islet autoantibodies measured on 393
patients treated with insulin within 6 months of diagnosis under
the age of 35y (97 with a genetic diagnosis of MODY (22 GCK,
65 HNF1A, 10 HNF4A) and 296 with Type 1 diabetes). The orig-
inal MODY probability model regression equations were used to
determine the probability of MODY based on clinical features
alone. The equations were updated by adding the additional bio-
marker results to the model. Models were adjusted for prevalence
of MODY (1.2% in insulin treated patients based on the UNITED
prevalence study) using an offset in the model.
Results: In the clinical features model, after prevalence adjustment,
the median probability for MODY patients was 11%, and 0.2% for
patients with Type 1 diabetes, reflecting the low background prob-
ability of MODY in insulin treated patients. Adding C-peptide to the
clinical features model significantly improved the discriminatory
ability (ROC AUC=0.960 v 0.915 for clinical features alone), and
led to a mean increase in model probabilities for MODY patients of
5%. Adding GAD and IA2 autoantibodies to the clinical features
model also significantly improved the discriminatory ability (ROC
AUC =0.954 v 0.915) with a similar mean increase in model prob-
abilities of 5% for MODY patients. The full model incorporating
clinical features, C-peptide and islet autoantibodies had the greatest
discriminatory ability (ROC AUC=0.981) and led to an overall
mean increase in probabilities of 15% for MODY patients.
Conclusion:The addition of information onC-peptide andGAD and IA2
autoantibodies helps improve the discriminatory ability of the MODY
probability calculator. The increase in probabilities by the addition of
these results in the MODY calculator patients will help clinical decisions
on which insulin treated patients to refer for diagnostic genetic testing. A
beta version of the calculator featuring the additional 7 equations (for the

various combinations of clinical features, C-peptide, GAD and IA2
autoantibody results) will be made available online for the conference.
Supported by: NIHR
Disclosure: B. Shields: None.
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Gain of function mutations in Malate Dehydrogenase 2 (MDH2)
cause familial diabetes of the adulthood
S. Pezzilli1,2, P. Jungtrakoon3,4, L. Pannone5,6, A. Marucci1, T. Biagini1,
P. Buranasupkajorn3, R. Di Paola1, J. Ceròn7, L. Marselli8, P. Marchetti8,
T. Mazza1, S. Martinelli5, V. Trischitta1,9, A. Doria3, S. Prudente1;
1IRCCS Casa Sollievo della Sofferenza, San Giovanni Rotondo, Italy,
2University of Chieti, Chieti, Italy, 3Joslin Diabetes Center, Boston,
USA, 4Mahidol University, Bangkok, Thailand, 5ISS, Rome, Italy,
6IRCCS Ospedale Pediatrico Bambino Gesù, Rome, Italy, 7IDIBELL,
Barcelona, Spain, 8University of Pisa, Pisa, Italy, 9University of
Sapienza, Rome, Italy.

Background and aims: We recently described adult-onset forms of
monogenic diabetes, collectively termed as familial diabetes of the
adulthood (FDA), showing a mode of inheritance similar to MODY
but characterized by later onset and higher body weight, that is often
misdiagnosed as type 2 diabetes. Genetics of FDA is still mostly
unknown. To fill this knowledge gap, we investigated 60 FDA fam-
ilies (52 from US and 8 from Italy) with an apparent autosomal
dominant inheritance, in which mutations in the 6 most common
MODY genes (US families) or in any of the known monogenic
diabetes genes (Italian families) had been previously excluded.
Among these families we have already identified APPL1 as a
disease-gene responsible for hyperglycemia in two of them. Here
we report on MDH2 as a new FDA diabetogene.
Materials and methods:Whole Exome Sequencing (WES) was car-
ried out in a total of 128 subjects from the 60 families. In order to
characterize 2 MDH2 missense mutations identified from WES,
both bioinformatic (molecular dynamics simulations) in vitro
(assessing MDH2 enzymatic activity and NAD+/NADH ratio in
transfected HepG2 cells and MDH2 expression levels in human
pancreata) and in vivo (assessing several phenotypes related to in-
sulin sensitivity and secretion in C.Elegans CRISPR-edited strains)
studies were carried out.
Results: We identified 2 missense variants in the malate dehydroge-
nase 2 gene (MDH2 NM_005918.2), namely c.154C>T; p.Arg52Cys
and c.478G>A; p.Val160Met segregating with hyperglycemia in 2
families from US and Italy, respectively. By operating in the Krebs
cycle, MDH2 catalyzes the reversible oxidation of malate to oxalo-
acetate using the NAD+/NADH cofactor system. This enzyme is
involved, also, in the malate-aspartate NADH shuttle, that, particu-
larly in β-cells, is instrumental in the metabolic coordination between
cytosol and mitochondria. The 2 amino acid changes were predicted
to be deleterious by several bioinformatics tools and showed altered
in silico dynamic properties. When exploring the in vitro effect in
human transfected HepG2 cells, variants behaved as gain of function
mutations significantly increasing MDH2 enzymatic activity, as com-
pared to wild-type, and decreasing the NAD+/NADH ratio, a redox
change known to be deleterious for both insulin signaling and secre-
tion. In addition, MDH2mRNA levels were significantly correlated
with glucose-induced insulin release in human islets from multi-
organ non-diabetic donors, suggesting that MDH2 plays a direct role
on human insulin secretion. Finally, C. elegans carrying the corre-
sponding mutation at the orthologous mdh-2 gene recapitulated
several features reported in worms with genetically-induced
defective insulin signaling and showed impaired glucose-stimulated
insulin secretion.
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Conclusion: We have identified two MDH2 gain-of-function muta-
tions segregating with hyperglycemia in two FDA pedigrees. Our
findings suggest a central role of MDH2 in human glucose homeo-
stasis and point to this gene as a new diabetogene contributing to
FDA.
Supported by: SID, NIH, IMOH, MIUR
Disclosure: S. Pezzilli: None.
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Pathogenic, loss-of function mutations in MRAP2 cause monogenic
metabolic syndrome
M. Baron1, J. Maillet1, M. Huyvaert1, A. Dechaume1, R. Boutry1, C.
Aubert2, B. Balkau3, R. Roussel4, M. Marre4, M. Canouil1, P. Froguel1,
A. Bonnefond1;
1CNRS UMR 8199, Lille, 2Ildys Foundation, Roscoff, France, 3Inserm
U1018, Villejuif, 4Department of Diabetology Endocrinology Nutrition,
Paris, France.

Background and aims: The G protein-coupled receptor (GPCR)
accessory protein MRAP2 has been associated with rodent obesity,
probably due to its regulatory effect on MC4R and PKR1 signaling.
A couple of mutations of MRAP2 were identified in obese children
but their functional consequences were not determined, and the role
of MRAP2 in other metabolic disorders was not analyzed. Our aim
was to decipher the functional link between MRAP2 signaling and
obesity and associated phenotypes through a large-scale
resequencing study of MRAP2 in a 10K cohort, in combination with
functional assays of detected variants.
Materials and methods: MRAP2 was sequenced in 9,418 partici-
pants including 1,991 obese adults (BMI, 40.2±8.8 kg/m2), 2,465
overweight adults (BMI, 27.2±1.4 kg/m2), 2,783 normal-weigh
adults (BMI, 22.3±1.8 kg/m2), and a young-age case-control study
for obesity comprising 1,137 obese cases and 1,042 controls. The
functionality of the identified variants on MC4R activity in response
to two MC4R agonists was assessed by luciferase assays in CHO
cells, and the pathogenicity of each variants was evaluated accord-
ing to the ACMG criteria. The expression of MRAP2 in a panel of
human tissues was assessed by NanoString technology, and insulin
secretion assay was performed in EndoCbH1 transfected w/o a
siRNA against MRAP2.
Results: We identified 23 rare variants of MRAP2 that were associ-
ated with increased obesity risk in adults (P=8.0×10-4; OR=3.8[1.7-
9.3]) and children (P=0.014; OR=2.9[1.23-7.32]). After the func-
tional assessment of each variant, we found that 7 pathogenic,
loss-of-function mutations were totally penetrant for obesity and
overweight in adults and children. Importantly, all mutations carriers
presented a clinical metabolic syndrome associating hyperglycemia
and hypertension, in addition to high adiposity. We found that
MRAP2 expression was similarly high in human pancreatic beta
cells and in brain regions. In a human pancreatic beta-cell line, we
found that MRAP2 knockdown decreased insulin secretion in re-
sponse to high glucose levels.
Conclusion: We identified a new monogenic form of the metabolic
syndrome due to pathogenic, loss-of-function in MRAP2. This gene
is expressed in several metabolic tissues and is involved in the
regulation of various GPCRs including receptors of melanocortin,
prokineticin and ghrelin. Therefore, the spectrum of metabolic phe-
notypes observed in mutations carriers may be due to the impaired
regulatory effect of MRAP2 on different GPCRs across various
metabolic tissues, explaining the pleiotropic effect of this protein.
Supported by: SFD, EFSD/Lilly, ANR, ERC, FEDER, Région Nord Pas
de Calais
Disclosure:M. Baron: None.
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In vitro iPSC modelling of a Wolfram syndrome patient suggests
relationship between ER dysfunctions and disease pathogenesis
S. Torchio, R. Chimienti, F. Manenti, G. Rossi, C. Cancellieri, S.
Pellegrini, V. Sordi, V. Broccoli, G. Frontino, F. Meschi, L. Piemonti;
San Raffaele Scientific Institute, Milan, Italy.

Background and aims: Wolfram syndrome is a rare genetic disorder
mainly characterized by juvenile-onset diabetes mellitus and progressive
optic nerve atrophy. Type I Wolfram syndrome is caused by inactivating
mutations in WFS1 gene leading to lack of Wolframin, an endoplasmic
reticulum (ER) transmembrane protein mainly involved in ER calcium
homeostasis and unfolded protein response (UPR). Loss of function of
WFS1 results in altered ER stress response and lower oxidative stress
tolerance inβ cells, ensuing in insulin secretion impairments and reduced
viability. Despite several proposed biological roles, functional domains of
WFS1 remain still incompletely understood. We aimed to provide a cell
model for Wolfram syndrome and characterize the effect of a novel com-
pound heterozygous mutation on Wolframin production and functionali-
ty, as well as to assess the biological alterations resulting from it .
Materials and methods: Induced pluripotent stem cells (iPSCs) were
derived by Sendai-virus technology reprogramming of peripheral blood
cells from a Wolfram patient carrying novel heterozygous WFS1 muta-
tions: a nonsense mutation in exon 7 and a point mutation in the acceptor
splice site upstream exon 4. Impact of mutations was inferred by bioin-
formatics analysis (ab initio modelling, protein-protein interactions, mo-
lecular dynamics, etc.) and validated through molecular techniques such
as qRT-PCR, western blot and immunofluorescence; wild type iPSCs,
immortalized β (EndoC-βH1) and ductal (HPDE6-E6) cell lines were
used as controls.
Results: We propose that canonical acceptor splice site mutation up-
stream exon 4 triggers a predicted downstream cryptic acceptor site,
resulting in alternative splicing that preserves open reading frame of
WFS1 and mediates loss of 47 aminoacids (~5 kDa) at cytoplasmic N-
terminal domain. According to this evidence, Wolframin was found to be
expressed in affected cells with reduced levels compared to controls. In
order to finely characterize N-terminus domain function, we predicted by
bioinformatic tools the impact of WFS1 on functionality of several
interactors, such as HDR1, ATF6, NCS1, P2RX2 and PSMA5, that have
been described to be strongly involved in ER homeostasis and
misfolding-caused stress mitigation. As expected,Wolfram iPSCs display
altered ER stress response by means of UPR dysregulation. In vitro dif-
ferentiation of iPSCs into β cells is ongoing.
Conclusion:Our work proposes an in vitro model to study the molecular
mechanism of Wolfram syndrome, and the possibility to differentiate
iPSCs into β cells and neurons paves the way to translate new findings
in the adult cell types affected by the pathology. Moreover, our model
could represent a tool for better understanding the role of ER dysfunctions
in diabetes pathogenesis.
Disclosure: S. Torchio: None.
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Genetic determinants of intellectual disability in KATP channel neo-
natal diabetes
P. Svalastoga1,2, Å. Sulen1, J.R. Fehn3, S.M. Aukland4,5, H. Irgens2, E.
Sirnes2, S.K.E. Fevang3, E. Valen6, I.B. Elgen3, P.R. Njølstad1,2;
1Department of Clinical Science, University of Bergen, Bergen,
2Department of Pediatrics and Adolescent Medicine, Haukeland
University Hospital, Bergen, 3Department of Child and Adolescent
Psychiatry, Haukeland University Hospital, Bergen, 4Department of
Clinical Medicine, University of Bergen, Bergen, 5Department of
Radiology, Haukeland University Hospital, Bergen, 6Department of
Informatics, University of Bergen, Bergen, Norway.
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Background and aims: Although high neuropsychiatric morbidity in
neonatal diabetes and a genotype-phenotype relationship has been report-
ed, the impact of the different mutations on intellectual functioning has
not been fully assessed. Specifically, children with severe neurological
features have proven difficult to test due to the severity of their disorder
resulting in incomplete assessments.
Materials and methods: Eight children with KATP channel neonatal dia-
betes, of which the majority were carriers of the “V59M” genotype associ-
ated with an elevated risk of severe neurological features, were assessed
using age matched controls with type 1 diabetes. The investigations includ-
ed a physical- and motor developmental examination, cerebral MRI,
psychometrical questionnaires and -tests assessing intellectual capabilities.
Results: The five children carrying the “V59M” genotype displayed
severe impairment of cognitive functioning corresponding to a di-
agnosis of moderate disorder of intellectual development. Other ge-
notypes were associated with milder types of cognitive impairment
and affected by nonverbal learning disability. All children in this
group were also diagnosed with attention deficit hyperactivity dis-
order (ADHD). Cerebral MRI verified normal brain anatomy in all
but one.
Conclusion: No study to date has investigated the complete national
patient cohort, making this the first of its kind presenting the mental
health of Norwegian KATP channel neonatal diabetes patients. A
genotype-phenotype relationship has previously been proposed, but this
study is the first to show the severity of the V59M mutation’s impact on
intellectual performance. Consistent with recent studies, the other geno-
types were also associated with cognitive dysfunction, but not sufficiently
to result in a diagnosis of intellectual disability.

Clinical Trial Registration Number: NCT02624817
Supported by: ERC, NRC, KGJF, Helse Vest, Haukeland University
Disclosure: P. Svalastoga: Grants; the European Research Council, the
Norwegian Research Council, the Kristian Gerhard Jebsen Foundation,
Helse Vest, niversity of Bergen. Lecture/other fees; P.S. was invited

speaker on Nordic Baltic Diabetes Science Forum hosted by
AstraZeneca.

293
Mutant RFX6 disturbs pancreatic progenitor identity in an iPSC-
based model of neonatal diabetes
H. Ibrahim1, D. Balboa1, J. Saarimäki-Vire1, S. Eurola1, V. Chandra1, T.
Otonkoski1,2;
1Stem cells and Metabolism Research Program, University of Helsinki,
Helsinki, 2Children’s Hospital, University of Helsinki, Helsinki, Finland.

Background and aims:Neonatal diabetes is caused by mutations affect-
ing genes involved in pancreatic development or β-cell functionality.
Among these, homozygous mutations in RFX6 cause Mitchell-Riley syn-
drome (MRS), associated with developmental defects of the pancreas,
biliary tract and intestine. We are studying a patient diagnosed with
MRS with no c-peptide levels detected since birth. The patient has severe
intestinal malabsorption despite normal pancreatic exocrine functions.
Heterozygous mutations in RFX6 have been reported to cause maturity-
onset diabetes of the young (MODY) with reduced penetrance. However,
the patient’s parents having heterozygous RFX6 mutation do not have
any glucose intolerance thus far. The aim of this study is to understand
early pancreatic developmental defects in this condition, as well as the
gene dosage effect of the heterozygous and homozygous RFX6, using
patient-derived induced pluripotent stem cells (iPSC).
Materials and methods: iPSCs were derived from a person with neona-
tal diabetes carrying a homozygous deletion in the RFX6 gene
(c.878_879delAC). The mutation was corrected using CRISPR/Cas9
both heterozygously and homozygously to generate isogenic controls.
The mutant and corrected cell lines were differentiated into pancreatic
endocrine lineage using a 6-stage protocol. RNA-seq, qPCR and immu-
nohistochemistry analyses were conducted to elucidate the differences
between the three cell lines during differentiation. Islet-like cells from
stage 6 were implanted in immunocompromised mice to characterize
their functionality and cell-type composition in-vivo.
Results:Analysis of the differentiation experiments at different time points
showed that RFX6-/- cells progressed similar to control cells until definitive
endoderm stage. However, the expression of critical pancreatic progenitor
regulators (PDX1, NKX6.1) was markedly decreased at the pancreatic
progenitor stage. At stage 6, RFX6-/- cells showed expression of
chromogranin A, but lacked all the five pancreatic endocrine hormones
(INS, GCG, PP, SST and GHRL). However, all of these hormones were
restored in the corrected cell-lines. In the homozygous corrected cells, INS
expression levels were ~1.8 and 1200 folds higher than the heterozygous
corrected cells and themutant cells, respectively. After implantation of stage
6-cells in mice, human c-peptide levels were detected in the serum from
both corrected cell-lines, but not in the mutant implanted mice.
Conclusion: This study suggests a role for RFX6 already during pancre-
atic specification stage in humans, earlier to what has been reported in
mice. The genetic correction of one or both alleles of RFX6 rescued the
disease phenotype. Interestingly, homozygous corrected cells had higher
endocrine gene expression levels than the heterozygous cells. Analysis of
differentially expressed genes by RNA-seq between the three cell-lines
(RFX6-/-, RFX6+/- and RFX6+/+) is ongoing to investigate downstream
targets of RFX6.
Supported by: Novo Nordisk Fonden
Disclosure: H. Ibrahim: None.
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Clinical characteristics of mitochondrial diabetes in Koreans
S. Kwak1, S. Baek1, T. Oh2, Y. Cho1, H. Jang2, K. Park1;
1Seoul National University Hospital, Seoul, 2Seoul National University
Bundang Hospital, Seongnam, Republic of Korea.
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Background and aims: Mitochondrial diabetes is a rare form of mono-
genic diabetes resulting from mitochondrial DNA 3243 A to G (mtDNA
A3243G) mutation. The clinical presentation of mitochondrial diabetes is
known to be heterogenous according to tissue distribution and level of
heteroplasmy. Recent advances in sequencing technologies have enabled
us to identify patients with mitochondrial diabetes more readily and ac-
curately estimate the level of heteroplasmy. The aim of this study was to
estimate prevalence of mitochondrial diabetes and investigate the associ-
ation between clinical characteristics and level of heteroplasmy in Korean
diabetes patients.
Materials and methods: This study was conducted as part of the Seoul
National University Hospital Diabetes Clinic cohort which was initiated
in January 2001 and encompassed 2,090 non-type 1 diabetes participants.
We retrospectively evaluated 28 diabetes patients diagnosedwithmtDNA
A3243G mutation. Molecular diagnosis and level of heteroplasmy was
evaluated either by Sanger sequencing (N=13) or massive parallel se-
quencing (N=15) using peripheral blood leukocytes.
Results: The estimated prevalence of mtDNA A3243G mutation was
1.3% of non-type 1 diabetes patients. The mean age at diagnosis of dia-
betes was 28.4 years and 57.1% had maternal family history of diabetes.
The mean body mass index of these patients was 18.3 kg/m2 and average
height was 165 cm for men and 154 cm for women. Half (N=14) of the
patient met clinical criteria of mitochondrial encephalomyopathy, lactic
acidosis, and stroke-like episodes and 89.3% (N=25) of the participants
had hearing loss of any degree. As much as 82.1% (N=23) of participants
were treated with insulin and 52.2% (12 out of 23 participants where data
was available) had albuminuria. Heteroplasmy level was significantly
associated with earlier onset age of diabetes (beta=-0.539, P<0.001).
However, statistical significance was not maintained after adjusting for
age at molecular diagnosis. Heteroplasmy level was not associated with
HbA1c and body mass index.
Conclusion: Mitochondrial diabetes was associated with early onset of
diabetes, low body mass index, and sensorineural hearing loss. Most of
the mtDNA A3243G mutation patients required insulin therapy and half
of the patients had albuminuria. Although heteroplasmy level was asso-
ciated with onset age of diabetes, the significance was not maintained
after adjusting age at molecular diagnosis.
Supported by: This research was supported by a grant from the Korea
Health Technology R&D
Disclosure: S. Kwak: None.

PS 004 Additional spotlights on cardiovascular
disease

295
Differences in prediabetes and diabetes associated co-morbidities be-
tween men and women
A. Ofenheimer1,2, R. Breyer-Kohansal1,3, J.V. Altziebler1,4, S. Hartl1,3,
O.C. Burghuber1,3, A. Schrott1, M. Urban1,3, D. Purin5, C. Heinzle5, H.
Drexel5, F.M.E. Franssen6, E.F.M. Wouters6, J. Harreiter7, A. Kautzky-
Willer7, M.-K. Breyer1,3;
1LBI for COPD and Respiratory Epidemiology, Vienna, Austria,
2Sigmund Freud University, Medical School, Vienna, Austria,
3Department of Respiratory and Critical Care Medicine, Otto
Wagner Spital, Vienna, Austria, 4Karl Landsteiner University,
Medical School, Krems, Austria, 5Vivit-Institute, Academic
Teaching Hospital Feldkirch, Feldkirch, Austria, 6Department of
Respiratory Medicine, MUMC, Maastricht University, Maastricht,
Netherlands, 7Gender Medicine Unit, Division of Endocrinology
and Metabolism, Department of Internal Medicine III, Medical
University of Vienna, Vienna, Austria.

Background and aims: Based on biological and behavioural diver-
sity sex and gender may affect co-morbidities associated with pre-
diabetes and diabetes. Besides evaluating the prevalence of predia-
betes and diabetes (using fasting plasma glucose and HbA1c levels),
the primary aim of the study is to investigate sex and gender differ-
ences in the prevalence of co-morbidities in subjects with prediabe-
tes and diabetes.
Materials and methods: This observational, population-based co-
hor t s tudy included 11.014 subjects aged 6-80 years .
Examinations included blood samples, ankle-brachial index,
ECG, dual energy X-ray absorpt iometry scan, and an
interviewer-administered questionnaire. Prediabetes and diabetes
were defined by fasting plasma glucose levels (prediabetes: 100-
125mg/dl, diabetes: ≥126mg/dl) and/or HbA1c (prediabetes: 5.7-
<6.5%, diabetes: ≥6.5%) and/or glucose-lowering pharmacological
treatment (prediabetes: no, diabetes: currently). T-tests for inde-
pendent samples were used to examine group differences in
means, Chi-square test and Fisher’s exact test for distribution
comparisons of ordinal scaled parameters.
Results: Across all ages, prevalence of prediabetes was 20.2%
(male 23.6%; female 17.1%) and 5.4% for diabetes (male 7.3%;
female 3.7%). The prevalence of prediabetes ranged from 4.4% (6-
<10 years) up to 40.4% (70+ years) in men and from 4.8% up to
42.3% in women. Co-morbidity profile (see Figure 1) was markedly
different between male and female participants, particularly in those
with prediabetes: women more often suffered from arrhythmia, non-
coronary artery disease, osteoporosis, increased systemic inflamma-
tory biomarkers, and depression, while men with prediabetes more
often showed angina pectoris, myocardial infarction, and media
sclerosis.
Conclusion: The unexpected 4.6% prevalence of prediabetes in
children aged 6-10 underscores the need for population-based stud-
ies across all ages and the onset of prevention of diabetes at a young
age. Marked differences have been found in co-morbidities as men
with prediabetes and diabetes more often suffer from cardiovascular
disease, while women more often show arrhythmia, non-coronary
artery disease, increased systemic inflammatory biomarkers and
depression.
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Whole genome sequencing analysis on coronary artery disease in
type 1 diabetes
A.A.V. Antikainen1,2, N. Sandholm1,2, J. Haukka1,2, E. Valo1,2, P.-H.
Groop1,3;
1Folkhälsan Institute of Genetics, Folkhälsan Research Center, Helsinki,
2Research Program for Clinical and Molecular Metabolism, Faculty of
Medicine, University of Helsinki, Helsinki, 3Abdominal Center,
Nephrology University of Helsinki and Helsinki University Hospital,
Helsinki, Finland.

Background and aims: Although type 1 diabetes (T1D) is a known risk
factor for coronary artery disease (CAD), genetics of the complication
have not been extensively studied. Recent genome-wide association stud-
ies suggest both known and diabetes-specific variants to play a role in the
heritability of CAD in T1D. Our aim is to discover genetic variants in-
creasing CAD risk in individuals with T1D. In addition, we aim to study
rare variant heritability with gene aggregate tests.
Materials and methods: Whole genome sequencing (WGS) data ac-
quired in the Finnish Diabetic Nephropathy Study (FinnDiane) for indi-
viduals with T1D was sequenced at Macrogen Inc. with Illumina HiSeq
X. A minimum of 30-fold average sequencing depth was required for the
samples. Sequencing reads were aligned to the GRCh38 reference ge-
nome, and filtered according to Hardy-Weinberg equilibrium
(HWE>10-10, chromosome 6 due to HLA region HWE>10-50) and call
rate (>98%), resulting in 21.92million variants. Out of the 599 sequenced
samples, 583 passed quality control. Controls were restricted to those
with at least 35 years of age, and some patients lacked information re-
garding CAD status. Thus, the final analysis included 572 individuals

with T1D out of which 174 had experienced a CAD event. Genetic
variants were tested for association with Rvtest software. Furthermore,
we performed gene aggregate tests, including SKAT test, for missense
variants.
Results: Preliminary single variant analysis did not reveal any
genome-wide significant variants. However, a suggestive variant
rs7817215 (p-value=3.8×10-6, MAF=0.49) within the LYN intron
was identified. This variant replicated in our CAD genome-wide
association study (GWAS: 941 cases/ 3928 controls) with a p-
value 0.057. Interestingly, LYN is involved in the insulin-signaling
pathway. Furthermore, preliminary SKAT gene aggregate test re-
vealed a suggestive gene CEBPE (p-value=5.2×10-5) coding for an
enhancer binding protein.
Conclusion: Analysis of whole genome sequencing data for CAD in
T1D was performed with state-of-the-art methods. Novel findings were
discovered at LYN and CEBPE genes, although pending on further
confirmation.
Supported by: EFSD-Sanofi Macrovas. Comp., Finnish Foundation for
Cardiovascular Research
Disclosure: A.A.V. Antikainen: None.
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Genetic variation in TCF7L2 rs7903146 increase the risk of periph-
eral artery disease in longstanding type 2 diabetes
E. Ku1, D.-H. Lee1, H. Jeon1, J. Kim2, T. Oh1;
1Internal Medicine, Chungbuk National University Hospital and
Chungbuk National University College of Medicine, Cheongju-si, 2St.
Mary’s Hospital Cheongju, Cheongju-si, Republic of Korea.

Background and aims: Peripheral artery disease (PAD) is known
as one of the major macrovascular complication in patients with
type 2 diabetes (T2D). PAD contributes to reduced quality of life
derived from intermittent claudication, morbidity such as non-
healing ulcers and amputation, and increased cardiovascular mortal-
ity. Transcription factor 7-like 2 (TCF7L2) polymorphisms have
been associated with glucose homeostasis in various ethnicities.
However, the association between TCF7L2 single nucleotide poly-
morphism (SNP) rs7903146 and PAD risk in patients with T2D is
not yet clear. The aim of this study was to investigate the associa-
tion between the TCF7L2 rs7903146 (C/T) polymorphism and pe-
ripheral artery disease in patients with T2D.
Materials and methods: In total, 1818 Korean T2D patients were en-
rolled in this study from January 2013 to December 2017. Genotyping of
TCF7L2 rs7903146 was performed by Real-Time PCR system using
TaqMan Probes (ThermoFisher). For a better prediction of the risk of
PAD in subjects with T2D, subjects were classified into 2 groups accord-
ing to their duration of disease: long duration of diabetes group (≥
10years, n = 771) and short duration of diabetes group (<10 years, n =
1047). PADwas diagnosed as the ankle-brachial index <0.9 and/or lower
limb arterial stenosis on Doppler ultrasound or angiography. We analyzed
for association between PAD and TCF7L2 rs7903146 variant using a
multiple regression model assuming an additive effect for the presence
of variant allele.
Results:Genotype frequencies were in Hardy-Weinberg equilibrium (P =
0.644). The frequency of the minor allele (C/Tor T/T) was 7.6% (n = 139)
and this allele was significantly associated with a 2.6-fold higher risk of
PAD (OR= 2.595, 95%CI 1.177 - 5.722, P = 0.018) in patients exhibiting
a long duration of T2D (≥ 10years). This result was significant after
adjusted for age, sex, body mass index, familial history of diabetes,
smoking, duration of diabetes, and laboratory measurements including
glycated hemoglobin, fasting plasma glucose, and lipid profiles. In pa-
tients with diabetes less than 10 years, there was no significant association
between TCF7L2 SNP rs7903146 and PAD (OR= 1.233, 95%CI 0.492 -
3.093, P = 0.655).
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Conclusion: Our results provide evidence that genetic variation in
TCF7L2 rs7903146 could increase risk for PAD in patients with T2D,
especially in long duration of disease.

Disclosure: E. Ku: None.
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SIRT1 rs7896005 SNP and incidence ofmajor vascular events in type
2 diabetes: a 13-year, single-centre, follow-up study
D. Lucchesi1, M. Garofolo1, E. Gualdani2, L. Giusti1, V. Sancho
Bornez1, A. Dardano1, P. Francesconi2, G. Penno1, S. Del Prato1;
1Department of Clinical and ExperimentalMedicine, University of Pisa, Pisa,
2Epidemiology Unit, Regional Health Agency of Tuscany, Florence, Italy.

Background and aims: Polymorphisms of SIRT1 gene such as the
rs7896005 SNP are associated with risk of developing type 2 diabetes
(T2D). In a cross-sectional study, we have recently reported that the same
SNP was associated with cardiovascular (CV) risk in T2D, with no asso-
ciation with all-cause mortality. We have then explored, in the same study
population, the association between rs7896005 and the risk of major CV
events over a mean follow-up of 13 years.
Materials and methods: To the purpose of this study we have analyzed
data from 917 T2D (98.6% of the original population). Incidence of
vascular events was obtained in collaboration with the Regional Health
Agency (ARS) of Tuscany Region, by interrogating hospital discharge
registries. Unadjusted and adjusted Cox regression models were used to
estimate hazard ratios (HRs).
Results: Genotype distribution was: AA, n. 83 (9.1%), AG, n. 397
(43.3%), GG, n. 437 (47.7%). Minor allele frequency (MAF) was 0.307
and Hardy-Weinberg equilibrium met (chi-square 0.281, p=0.6). There
was no difference across genotypes for age, diabetes duration (DD), BMI,
fasting glucose, HbA1c, blood pressure, lipid parameters, urinary
albumin-to-creatinine ratio (ACR) and eGFR (CKD-EPI). Also, there
were no differences in gender distribution, smoking, family history for
diabetes or CVD, prevalence of hypertension or dyslipidemia. Over 11.25
±4.40 years follow-up, 261 major CVevents occurred (28.5%): AA/AG
n. 121, 25.2%; GG n. 140, 32.0% (K-M logrank 5.798, p=0.016). After
adjustment for age, sex, DD, BMI, HbA1c, ACR, eGFR (CKD-EPI),
smoking, hypertension, dyslipidemia, retinopathy, peripheral neuropathy
and prior CVevents, HR of GG vs AA/AG was 1.28 (95% CI 1.00-1.65,
p=0.047). Over a 11.81±4.06 years follow-up, 176 coronary events oc-
curred (19.2%): AA/AG n. 77, 16.0%; GG n. 99, 22.7% (K-M logrank
7.093, p=0.008). After adjustment for the above parameters, HR of GG vs
AA/AG was 1.47 (95% CI 1.09-2.00, p=0.013). Furthermore, 81 (8.8%)
hospitalization for heart failure (hHF) occurred over a mean follow-up of
12.75±3.11 years: AA/AG n. 33, 6.9%; GG n. 48, 11.0% (K-M logrank
4.999, p=0.025). After correction, HR for hHF of GG vs AA/AG was
1.54 (95% CI 0.98-2.42, p=0.063). Finally, over a follow-up of 12.92
±2.95 years, 36 peripheral vascular events occurred (3.9%): AA/AG n.
11, 2.3%; GG n. 25, 5.7% (K-M logrank 7.320, p=0.007). After adjust-
ment, HR for peripheral vascular events of GG vs AA/AG was 2.15
(95%CI 1.02-4.50, p=0.043). No association was found with cerebrovas-
cular events and ESRD.
Conclusion: With the limitation of a relatively small sample size, but
with the strenght of a long-term observation, these data suggest that in
T2D rs7896005 A/G SNP of SIRT1 may be independently associated

with incidence of major CV, coronary and peripheral vascular events as
well as with hospitalization for heart failure.
Disclosure: D. Lucchesi: None.
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Predicting risk for new-onset type 2 diabetes in Chinese people with
coronary heart disease and impaired glucose tolerance
S. Xu1,2, C. Scott1, R.L. Coleman1, J. Tuomilehto3, R.R. Holman1;
1University of Oxford, Oxford, UK, 2West China Hospital of Sichuan
University, Chengdu, China, 3Department of Public Health, University
of Helsinki, Helsinki, Finland.

Background and aims: China has the world’s largest number (estimated
48.6 million) of people with impaired glucose tolerance (IGT). They are
at high risk of progressing to type 2 diabetes (T2D) but little has been
done to provide individualized T2D risk estimates for them which might
inform the intensity of any preventative strategies they might require, e.g.
routine or intensive lifestyle intervention or evidence-proved pharmaco-
logic therapy. We sought to develop a T2D risk calculator for Chinese
people with coronary heart disease (CHD) and IGT, using data from the
Acarbose Cardiovascular Evaluation (ACE) trial which randomised 6522
Chinese CHD patients with IGT to acarbose or placebo with prospective
ascertainment of new-onset diabetes.
Materials and methods: Model development was based on the
2920 placebo-treated participants with the requisite baseline data.
Clinically relevant variables, and those showing a univariate asso-
ciation with incident diabetes (P<0.1), were entered into BASIC
(clinically available variables only) and FULL (plus routinely-
available laboratory results) logistic regression models. External
validation of the final models was performed in an independent
Luzhou prospective cohort of 1013 Chinese patients with IGT (with
or without CHD) and followed for five years.
Results: Of the 2920 placebo-treated participants with CHD and
IGT at baseline, 466 (16%) developed diabetes over median 5.0
years. Lower age, male sex, higher body mass index, and use of
steroids, calcium channel blockers and thiazide diuretics were asso-
ciated with higher risk of progression to diabetes. The BASIC mod-
el using these variables had moderate discrimination (C-statistic =
0.61). The FULL model, adding in fasting plasma glucose, 2 hour
post load plasma glucose and HbA1c showed acceptable discrimina-
tion (C-statistic = 0.76) (Table). External validation of the FULL
model showed moderate discrimination (C-statistic = 0.66) for the
Luzhou cohort.
Conclusion: In Chinese people with CHD and IGT, major predicators of
new-onset diabetes include lower age, male sex, obesity, and drug treat-
ment with steroids, calcium channel blockers or thiazide diuretics. A risk
calculator utilising these clinical variables and measures of glycaemia can
provide a simple tool to estimate T2D risk that could be used to facilitate
decision-making when considering primary T2D prevention measures.

Clinical Trial Registration Number: NCT00829660, ISRCTN91899513
Disclosure: S. Xu: None.
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The impact of diabetes, educational level and income on the risk for
myocardial infarction and ischaemic stroke in a hypertensive prima-
ry care population
T. Andersson1,2, M. Pikkemaat3, L. Schiöler2, P. Hjerpe2,4, A.C.
Carlsson5, P. Wändell5, K. Manhem6, T. Kahan7, J. Hasselström5, K.
Bengtsson Boström2,4;
1Närhälsan Norrmalm Health Centre, Skövde, 2Department of
Public Health and Community Medicine, Sahlgrenska Academy,
University of Gothenburg, Gothenburg, 3Department of Clinical
Sciences, Lund University, Malmö, 4R&D Centre Skaraborg
Primary Care, Skövde, 5Department of Neurobiology, Care
Sciences and Socie ty, Karol inska Ins t i tu te t , Huddinge,
6Department of Molecular and Clinical Medicine, Sahlgrenska
Academy, University of Gothenburg, Gothenburg, 7Department of
Clinical Sciences, Danderyd Hospital, Karolinska Institutet,
Stockholm, Sweden.

Background and aims: Hypertension and diabetes commonly co-
exist, are mostly managed in primary care, and are both important
risk factors for cardiovascular complications. We aimed to estimate
the effect of diabetes on the risk for a myocardial infarction (MI) or
an ischemic stroke among hypertensive patients in primary care, and
to evaluate if the risk is associated with educational level and
income.
Mater ia l s and methods: The Swedi sh Pr imary Care
Cardiovascular Database includes patients diagnosed with hyper-
tension in primary care 2001-2008. Medical records have been
linked with five national population-based registers. The study
cohort consisted of 62 557 patients without prior MI or ischemic
stroke, of whom 9 981 were subsequently diagnosed with current
or incident predominantly type 2 diabetes. Patients were included
at the date of the first diagnosis of hypertension and were follow-
ed until the study outcomes MI or ischemic stroke (National
Patient Register), death (Cause of Death Register), or end of
study (31 December 2012). Hazard ratios (HR) were calculated
by Cox regression models with educational level, quintiles of
income and time-updated diabetes status as predictors, adjusting
for sex, attained age, country of birth, cardiovascular comorbidity,
cancer, smoking, BMI, BP, lipids, and creatinine using restricted
cubic splines for continuous variables. Multiple imputation was
used for missing data.
Results: During follow-up 4 321 MI and 4 433 ischemic strokes
occurred. The overall adjusted HR with vs without diabetes was
1.24 (95% CI 1.14-1.34) for MI and 1.17 (1.07-1.27) for ischemic
stroke. The adjusted HR regarding MI in patients with primary
school education was 1.36 (1.17-1.59) with and 1.02 (0.89-1.16)
without diabetes, as compared to non-diabetic patients with
university/college education. For ischemic stroke, the corresponding
HR were 1.27 (1.08-1.50) and 1.14 (1.00-1.31). The adjusted HR
regarding MI in the lowest income quintile was 2.00 (1.66-2.42)
with and 1.56 (1.35-1.80) without diabetes, as compared to the
highest income quintile without diabetes. For ischemic stroke the
corresponding HR were 1.91 (1.58-2.31) and 1.55 (1.34-1.80).
Conclusion: Adding diabetes to hypertension in primary care pa-
tients was associated with a 24% excess risk of a MI and a 17%
excess risk of an ischemic stroke. The additional effect of low vs
high educational level on the excess risks were small but could
possibly also be mediated by income, where we saw a stronger
association between low income and additional increased risk of
both events, in particular in diabetic patients.
Supported by: Skaraborg Research and Development Council. The
Skaraborg Institute
Disclosure: T. Andersson: None.
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Magnesium supplementation is associated with a lower cardio-
metabolic risk in patients submitted to bariatric surgery
M.M. Silva1, M.J. Fonseca2, F. Mendonça1, M. Ferreira1, D. Salazar1, J.
Pedro1, V. Gonçalves1, J.S. Neves1, E. Lau1, A. Varela1, S. Belo1, P.
Freitas1, D. Carvalho1;
1Serviço de Endocrinologia, Diabetes e Metabolismo, Centro Hospital e
Universitário de São João, Porto, 2Instituto de Saúde Pública da
Universidade do Porto, Porto, Portugal.

Background and aims: Magnesium (Mg) is an essential mineral for
human health. Several studies have demonstrated an inverse relation be-
tween Mg consumption and cardiovascular risk. High daily consumption
(≥ 150 mg per day) seems to protect against the development of type 2
diabetes mellitus (DM2), arterial hypertension (HTA) and dyslipidemia.
After a malabsorptive bariatric procedure, like Roux-en-Y gastric bypass
(RYGB), micronutrients deficiencies are common being important ensure
the appropriate supplementation. There’s no recommendation about mag-
nesium supplementation in these patients and their effect had never been
studied. Objective: To analyse the effect of magnesium supplementation
in cardio-metabolic risk factors on post-bariatric patients.
Materials and methods:We performed a cross-sectional study of obese
patients who underwent bariatric surgery. Data was assessed preopera-
tively and yearly during a 4-year follow-up.
Results:We included a total of 1884 patients. In the first year of follow-
up, 74.4% (n=1401) of the patients hadMg supplementation, with similar
percentages in the next years (year-2=70.1%; year-3=70.1% ; year-
4=69.0%). Mg deficiency (serum Mg <1.55 mEq/L) was more common
among patients who were not supplemented during each year of follow-
up (p<0,05). Among those who underwent Mg supplementation, the per-
centage of DM, HTA or dyslipidaemia was significantly lower. At the
first year, the supplementation group had a lower risk of DM (OR=0.305,
p<0.0001), dyslipidemia (OR=0.509, p<0,0001) and HTA (OR=0.466,
p<0,0001). The OR for having these metabolic comorbidities persisted
lower during the 4 years’ follow-up. Patients who had magnesium defi-
ciency had higher prevalence of DM, HTA and dyslipidemia.
Conclusion:Mg supplementation had a protective effect on the develop-
ment of DM, HTA and dyslipidaemia in these post-bariatric individuals.
There is a need to understand the optimal intake to achieve cardiovascular
protection.
Disclosure:M.M. Silva: None.
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Outcomes of type 2 diabetes clustering replicated in the DEVOTE
trial
J.B. Buse1, A.R. Kahkoska1, E. Hachmann-Nielsen2, K.R. Klein1, K.G.
Kongsbak2, K. Kvist2;
1University of North Carolina School of Medicine, Chapel Hill, USA,
2Novo Nordisk A/S, Søborg, Denmark.

Background and aims: T2D is a heterogeneous disease.
Materials and methods: Individuals in the Swedish All New Diabetics
in Scania (ANDIS) cohort with newly diagnosed T2D were grouped by 6
demographic and clinical variables to show 4 distinct T2D subtypes with
differential risk for nephropathy and retinopathy. We tested the predictive
validity of this clustering system for patients with advanced T2D in
DEVOTE (a large, global, randomised, double-blind, cardiovascular out-
comes trial; median observation time: 1.99 yrs) for major adverse cardio-
vascular event (MACE)-free survival, severe hypoglycaemia (SH)-free
survival and overall survival rates. Subjects (N=7637, mean age=65.0
yrs, mean T2D duration=16.4 yrs, mean HbA1c=8.43%) were assigned
to a cluster for which they had the smallest Euclidean distance to the
cluster center based on available baseline variables: HbA1c, BMI, age,
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age at diagnosis. Insulin resistance and sensitivity measures were not
available.
Results: The 4 DEVOTE clusters showed baseline characteristics con-
sistent with the original ANDIS clusters, with significant differences in
MACE incidence and SH incidence (Table). The results were confirmed
using data from the LEADER trial (data not shown).
Conclusion: The study suggests that clusters derived from early T2D can
be replicated in long-standing T2D. Future work should characterise dif-
ferences in treatment response across clusters to improve outcomes across
the heterogeneous T2D population.

Clinical Trial Registration Number: NCT01959529
Supported by: Novo Nordisk
Disclosure: J.B. Buse: Employment/Consultancy; Consultancy: Cirius
Therapeutics Inc, CSL Behring, Neurimmune AG. Grants; Novo
Nordisk, Sanofi, and vTv Therapeutics. Non-financial support; Adocia,
AstraZeneca, Dance Biopharm, Eli Lilly, MannKind, Novo Nordisk,
Sanofi, Senseonics, Stability Health, vTv Therapeutics, and Zafgen
(contracted travel). Stock/Shareholding; Mellitus Health, PhaseBio and
Stability Health. Other; UNC received contracted consulting fees for ser-
vices rendered by John Buse from Adocia, AstraZeneca, Dance
Biopharm, Eli Lilly, MannKind, NovaTarg, Novo Nordisk, Senseonics,
vTv Therapeutics, Zafgen.
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Estimating cardiovascular risk and all-cause mortality in individuals
with type 2 diabetes using the UKPDS Outcomes Model
R.L. Coleman1, A.M. Gray2, D.K. McGuire3, R.R. Holman1;
1Diabetes Trials Unit, University of Oxford, Oxford, UK, 2Health
Economics Research Centre, University of Oxford, Oxford, UK,
3Southwestern Medical Centre, University of Texas, Dallas, USA.

Background and aims: Type 2 diabetes (T2D) cardiovascular (CV) risk
calculators predominantly target individuals without CV disease. We
evaluated model estimated CV risks in EXSCEL (EXenatide Study of
Cardiovascular Event Lowering) participants with T2D, 73.1% of whom
had established atherosclerotic CV disease.
Materials and methods: We compared estimated myocardial infarction
(MI), stroke, CV death and all-cause mortality (ACM) event rates, ob-
tained using the UKPDS Outcomes Model v2 (OM2), with those ob-
served in EXSCEL. Risk factors included: sex, ethnicity, age, diabetes
duration, atrial fibrillation, albuminuria; baseline plus annual measures of
smoking, HDL and LDL-cholesterol, weight, systolic blood pressure
(SBP), HbA1c, heart rate, white cell count, haemoglobin, estimated glo-
merular filtration rate; and prior history of ischemic heart disease, heart

failure, amputation, blindness, kidney failure, stroke, MI or diabetic foot
ulcer.
Results: EXSCEL participants were 38%Female, 76%White Caucasian,
with baseline mean (SD) age 62 (9) years, SBP 135 (17) mmHg, HbA1c

8.1 (1.0) % and median (IQR) diabetes duration 11 (6 - 17) years. Of
14752 participants, 1744 (11.8%) experienced ≥1 major CV event over
median 3.2 years follow-up with death from any cause occurring in 1091
participants. Estimated event rates were similar to those observed for CV
death (6.3% vs. 4.9%), ≥1 MI events (5.9% vs. 6.6%) and ≥1 stroke event
(2.7% vs. 2.7%) but OM2 did not identify the ACM risk reduction seen
with once-weekly exenatide (Table). Discrimination was fair for MI,
stroke and CV death (C-statistic >0.6), and good for ACM (C-statistic
>0.7).
Conclusion: The UKPDS Outcomes Model v2 provides similar three-
year estimates for MI and stroke event rates in EXSCEL participants to
those seen in the trial, but overestimates risks of CV death and ACM. It
also underestimates the ACM relative risk reduction seen with once-
weekly exenatide, compared with placebo.

Clinical Trial Registration Number: NCT01144338
Disclosure: R.L. Coleman: None.
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Preoperative disturbances of glucose metabolism and mortality after
coronary artery bypass grafting
C. Djupsjo1,2, U. Sartipy3,2, T. Ivert3,2, S. Karayiannides4, P.
Lundman5,6, T. Nyström7,8, M. Holzmann1,9, J. Kuhl1,2;
1Department of Medicine, Karolinska Institutet, Stockholm, 2Heart and
Vascular Theme, Karolinska University Hospital, Stockholm,
3Department of Molecular Medicine and Surgery, Karolinska Institutet,
Stockholm, 4Department of Clinical Sciences, Karolinska Institutet,
Stockholm, 5Department of Clinical Sciences, Karolinska Institutet,
Danderyd, Stockholm, 6Department of Cardiology, Danderyd
University Hospital, Stockholm, 7Department of Clinical Science and
Research, Karolinska Institutet, Stockholm, 8Division of Internal
Medicine at Södersjukhuset, Stockholm, 9Department of Emergency
Medicine, Karolinska University Hospital, Stockholm, Sweden.

Background and aims: Disturbances of glucose metabolism are impor-
tant risk factors for coronary artery disease and an increased mortality
risk. The aim was to investigate the association between preoperative
disturbances of the glucose metabolism and long-term all-cause mortality
after Coronary Artery Bypass Grafting (CABG).
Materials and methods: 497 patients without known diabetes, aged 40-
86 years, undergoing a first isolated CABG at Karolinska University
Hospital in Stockholm, Sweden, during 2006-2013 were included. All
patients underwent an Oral Glucose Tolerance Test (OGTT) prior to
CABG. The patients were categorized as having normal glucose tolerance
(NGT), prediabetes (impaired glucose tolerance) and newly discovered
diabetes. Data was collected from SWEDEHEART. Cox regression was
used to calculate adjusted hazard ratios with 95% confidence intervals for
death in patients with prediabetes, and diabetes using NGT as reference.
Results: According to the OGTT, 170 patients (34%) had NGT, 219
patients (44%) had prediabetes and 108 patients (22%) had newly dis-
covered diabetes. Baseline characteristics were similar between the
groups except for a slightly higher age among patients with newly
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discovered diabetes. There were 133 (27%) deaths during a mean follow-
up time of 10 years. The Kaplan-Meier estimated 10-year survival was
77% (69-83%), 83% (77-87%), and 71% (61-79%) in patients with NGT,
prediabetes, and newly discovered diabetes, respectively. There was no
significant difference in all-cause mortality between different glucose
tolerance groups after multivariable adjustment for differences in baseline
characteristics.
Conclusion: Patients with prediabetes or newly discovered diabetes prior
to CABG, had similar long-term survival compared to patients with nor-
mal glucose tolerance.

Disclosure: C. Djupsjo: None.
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The optimal cut-off point of haemoglobin A1c for diagnosing diabetes
is 6.1% in east China
Z. Sun1, Z. Du1, S. Qiu1, J. Chen1, H. Guo2, S. Yuan1, C. Qu2, W. Li1, T.
Mao2, X. Wang1, M. Cai1, B. Wang3, X. Li2;
1Department of Endocrinology, Zhongda Hospital, Institute of Diabetes,
School of Medicine, Southeast University, Nanjing, 2Jiangsu Provincial
Center for Disease Control and Prevention, Nanjing, 3School of Public
Health, Southeast University, Nanjing, China.

Background and aims: China is a large-population, multi-ethnic
country with a vast territory. Due to the ethnic and cultural dif-
ference, the hemoglobin A1c (HbA1c) diagnostic criteria needs to
be tailored according to the local epidemiological surveys, and
there is still a lack of the standard of HbA1c threshold for diag-
nosing diabetes nationwide. Studies from Shanghai, Qingdao and
other areas in China have reported the optimal HbA1c diagnostic
cut-off point fluctuating from 5.6% to 6.5%. Jiangsu province
located in east China shows low awareness, treatment and control
rate of diabetes, and lacked the data of HbA1c diagnostic cut-off
point. It is the first time to explore the optimal cut-off point of
HbA1c for diagnosing diabetes and evaluated its efficiency in
China Jiangsu province.
Materials and methods: This population-based cross-sectional
study involved a randomized cluster sample of 7643 participants
without known diabetes in Jiangsu Province. An OGTT was used
to diagnose diabetes as the reference standard based on the WHO
criteria. The optimal sensitivity and specificity of HbA1c for diag-
nosing diabetes were achieved based on the receiver operating char-
acteristic curve (ROC). Further subgroup analyses were performed
using the same strategy.
Results: The optimal cut-off point is 6.1% based on the ROC ac-
cording to the Youden Index. The area under the ROC curves of
HbA1c was 0.914 (95% CI 0.907 to 0.920, P<0.01). The sensitivity
and specificity of HbA1c were 78.44% (95% CI 74.6 to 82.0%) and
90.81% (95% CI 90.1 to 91.5%), respectively. Based on the new
cut-off point, 1053 participants were diagnosed with diabetes. When
the population stratified by age and gender, the diagnostic cut-off
points were different in each group.
Conclusion: Our study suggests that an HbA1c of 6.1% might be
the optimal cut-off point for diagnosing diabetes in east China.
Further study is necessary to find the optimal HbA1c cut-off point
using diabetes retinopathy as the reference standard based on a
larger sample.
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Supported by: WDF-15-967 and BL2014079
Disclosure: Z. Sun: None.
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Time to revise HbA1c thresholds for diabetes risk? Evidence from a
prospective study of 4010 participants
L.R. Rodgers1, A.V. Hill2, A.T. Hattersley3, T.J. McDonald2, A. Jones2,
B.M. Shields2;
1Institute of Health Research, University of Exeter Medical School,
Exeter, 2NIHR Exeter Clinical Research Facility, University of Exeter
Medical School, Exeter, 3Department of Diabetes and Endocrinology,
Royal Devon and Exeter NHS Foundation Trust, Exeter, UK.

Background and aims: Individuals with HbA1c in the 42-47mmol/
mol range are considered to be at high risk of developing diabetes,
with an estimated £105 million to be spent 2016-2021 in the UK on
targeted intervention in this population. In the USA HbA1c ≥39
mmol/mol is used to define high risk. We aimed to assess the rela-
tionship between HbA1c and future diabetes risk in an unselected
population based cohort.
Materials and methods: We assessed the relationship between HbA1c
and future diabetes risk in an unselected population cohort of 4010 non-
diabetic individuals (HbA1c <48mmol/mol, fasting glucose <7mmol/L)
recruited from the community and primary care in the UK. Included
participants were aged≥40 with follow up HbA1c screening performed
as part of routine care. We assessed progression to Type 2 diabetes (de-
fined byHbA1c ≥48mmol/mol) within 5 years using a flexible parametric
survival model.
Results: Participants had a mean (SD) age of 61 (11) years, BMI
26.9 (4.5) and 38% of participants were male. Baseline HbA1c
median (IQR) was 39 (37-41) mmol/mol. Median (IQR) duration
of latest follow-up HbA1c was 51 (28-60) months. 3% of partici-
pants (n=123/4010) progressed to diabetes during study follow-up.
881/4010 (22%) of the population were classified as high risk
(HbA1c 42-47) and 11% of this group progressed to diabetes
(n=99/881); a patient with baseline HbA1c 42-47 has a predicted
absolute 5 year risk of 15% (95% confidence interval 12-17%). In
survival models, those with HbA1cs in the range 44-47mmol/mol
had an absolute 5 year risk of diabetes of 26.1% (21.7%, 30.3%)
whereas the risk for those at the lower end of the HbA1c range was
low; <42mmol/mol: 1.1% (0.7, 1.5%); 42-43mmol/mol 6.6% (4.9%,
8.3%). Raising the HbA1c threshold for high risk of developing

Type 2 diabetes from 42 to 44mmol/mol would reduce individuals
referred to prevention programs by 59% (referrals at a threshold of
≥44 n=359/4010) and, in our population, increased the positive pre-
dictive value from 11% to 21% while having low impact on the
negative predictive value (99.2% to 98.2%). These findings were
similar in sub-analysis of individuals at high clinical diabetes risk
using the Leicester Risk score ≥16 and HbA1c thresholds of ≥42
and ≥44.
Conclusion: Current guidance for using HbA1c to identify those at
risk of future diabetes has a low predictive value. Raising HbA1c
thresholds to 44-47 would avoid classifying those with low absolute
risk as having a pre-disease state, and could potentially markedly
increase cost effectiveness of targeted prevention clinical programs
and research studies.
Disclosure: L.R. Rodgers: None.
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C-peptide and risk of developing type 2 diabetes in the general
population
S. Sokooti Oskooei1, L.M. Kieneker1, M.H. de Borst1, R. Tans2, A.J. van
Gool2, H.J. Lambers Heerspink3, R.T. Gansevoort1, R.P.F. Dullaart1,
S.J.L. Bakker1;
1Internal Medicine, University Medical Center Groningen, Groningen,
2Laboratory Medicine and Radboud Institute for Molecular Life
Sciences, Radboud University Medical Center, Nijmegen, 3Clinical
Pharmacy and Pharmacology, University Medical Center Groningen,
Groningen, Netherlands.

Background and aims:C-peptide is a polypeptide which connects the A
chain of insulin to the B chain in Proinsulin. C-peptide measurement may
represent a better index of pancreatic beta cell function compared to
insulin. The aim of our current study was to evaluate the association
between baseline C-peptide level and the development of type 2 diabetes
(T2DM) independent of glucose and insulin levels in a large general
population for a long time duration.
Materials and methods: We included 5176 participants of the
Prevention of Renal and Vascular End-Stage Disease (PREVEND) study
who were nondiabetic at baseline. C-peptide was measured in plasma
with electrochemiluminescent immunoassays, using a Cobas e602. Cox
proportional hazards regression was used to evaluate the association be-
tween C-peptide level and T2DM development, and the predictive value
of C-peptide was studied using Harrell’s C-statistic.
Results: The average age of participants was 52.5±0.1 years and 50.2%
were female. Median C-peptide was 722 (IQR, 566-935) pmol/L. During
a median follow-up of 7.2 (IQR, 6.0-7.7) years, 289 individuals devel-
oped T2DM. Kaplan-Meier curves demonstrated that elevated C-peptide
levels are associated with a higher risk of T2DM, compared to lower C-
peptide levels (P<0.001). In multivariable-adjusted Cox regression
models, we observed a significant positive association of C-peptide with
the risk of T2DM independent of glucose and insulin levels (HR:2.35;
95% CI: 1.49-3.70; see table). If C-peptide was added to the Framingham
Offspring prediction algorithm, it also resulted in significant improve-
ment of the Harrell’s C-statistic (0.888 [95% CI, 0.870-0.907] versus
0.891 [95% CI, 0.873-0.909], P=0.04). Moreover, we observed signifi-
cant improvement of the Harrell’s C-statistic when analyzing the
prognostistic value of C-peptide in the HOMA_IR model (0.845 [95%
CI, 0.824-0.867]) compared with insulin in the HOMA_IR model (0.801
[95% CI, 0.775-0.826], P<0.0001).
Conclusion: In this population-based cohort, elevated C-peptide levels
are associated with an increased risk of T2DM independent of glucose,
insulin levels and clinical risk factors. C-peptide may aid in the prediction
of T2DM as well. In addition, the use of C-peptide in HOMA-IR model
represents a better predictor of T2DM incidence in comparison with in-
sulin among the general population.
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Supported by: EUHorizon 2020Marie Sklodowska-Curie grant number:
754425
Disclosure: S. Sokooti Oskooei: None.
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Changes in beta cell function 6 and 12 months after a diagnosis of
type 1 diabetes: insights from the ADDRESS-2 study
S. Sivapatham1, H.C.Walkey1, A. Kaur1, I.F. Godsland1, F. Ahmed2, M.
Busbridge2, N.S. Oliver1, D.J. Johnston1, S. Misra1;
1Diabetes & Metabolic Medicine, Imperial College London, London,
2North West London Pathology, London, UK.

Background and aims: Various factors have been reported to be associ-
ated with decline in beta-cell function after a diagnosis of type 1 diabetes
(T1D), but information derived from a general clinical population is lim-
ited. We aimed to determine decline and predictors of beta-cell function,
using urine C-peptide, in the first year following a diagnosis of T1D at 6
months and 12 months.
Materials and methods: The ADDRESS-2 cohort comprises adults and
children recruited within 6 months of a clinician-assigned diagnosis of
T1D.We invited participants to undertake homemeasurements for fasting
and meal-stimulated urine C-peptide: creatinine ratio (UCPCR), a marker
of beta-cell function, at 6 months and 12 months post-diagnosis. We
compared fasting (FUCPCR), stimulated (SUCPCR) and incremental rise
(UCPCRinc) between the two time points and examined characteristics
associated with changes in UCPCR.
Results: 109 participants returned urine samples at 6 and 12months; 58%
(63/109) were samples from children, 51% (53/109) were male.
FUCPCR was not significantly different at 6 months compared to 12
months (median 0.25 vs 0.22 nmol/mmol, p=0.081), however SUCPCR
(0.96 vs 0.76 nmol/mmol, p=0.0004) and therefore UCPCRinc (0.65 vs
0.3 nmol/mmol, p=0.0019) were significantly lower at 12 months. When
sub-analysed by age, the decline in UCPCRinc was observed in children
(0.69 vs 0.27 nmol/mmol, p=0.0001) but not adults (0.55 vs 0.47
nmol/mmol, p=0.48). In multivariable random-effects linear regression,
with time age, BMI (or BMI z-score in children), gender, total daily
insulin dose and HbA1c as independent variables, in children FUCPCR
tended to increase with age (p=0.06) and BMI (p=0.07). In adults,
FUCPCR increased with increasing BMI (p=0.01). In children,
SUCPCR decreased with time from 6 to 12 months independently of
other characteristics (p=0.004). In adults, SUCPCR was associated with
increasing BMI (p=0.003) and decreasing HbA1c (p=0.03). The incre-
ment inUCPCR between fasting and stimulated decreasedwith time from
6 to 12 months in children (coeff -0.383 (95%CI -0.640,-0.127),
p=0.003). In adults, a larger increment in UCPCR was observed with
decreasing HbA1c (-0.022 (-0.043,-0.001), p=0.04).
Conclusion: StimulatedC-peptide secretion declined significantly from 6
to 12 months in children, independently of individual characteristics. In
adults, stimulated and incremental C-peptide did not decline from 6 to 12
months, but a higher stimulated C-peptide was associated with larger
body mass and better diabetes control. These data suggest relative stabil-
ity of beta-cell function in the fasting state in the first year post diagnosis

in both children and adults. However, beta-cell function in response to
stimulation is impaired significantly by 12 months in children.
Supported by: DUK, JDRF, EFSD/AZ Mentorship
Disclosure: S. Sivapatham: None.
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The utility of clinical features and glycaemia at diagnosis in classify-
ing young adult onset diabetes
A.G. Jones, A.V. Hill, P.W. Trippett, A.T. Hattersley, T.J. McDonald,
B.M. Shields;
University of Exeter Medical School, Exeter, UK.

Background and aims: Correctly classifying diabetes in young adults
can be difficult, and misclassification is common. A systematic review
has shown that only age of diagnosis and BMI have an evidence base for
classification at diagnosis, however clinicians and guideline writers often
consider additional features to be discriminative. We aimed to determine
whether presentation clinical features and glycaemia can aid diabetes
classification.
Materials and methods:We examined the relationship between clinical
features and hyperglycaemia at diagnosis, and diabetes type in 1018 par-
ticipants in the StartRight study (inclusion criteria: diagnosis age 18-50,
<12 months diabetes duration, exclusion criteria: monogenic, gestational
or secondary diabetes) using logistic regression and ROC analysis. Type
1 diabetes (T1D) was defined based on the recruitment visit as either ≥2
positive islet autoantibodies (of GADA, IA2A and ZNT8) or post meal C-
peptide <200pmol/L. Type 2 diabetes (T2D) was defined by 3 negative
autoantibodies and C-peptide >600pmol/L.
Results: 264 and 555 met criteria for T1D and T2D respectively. All
features were independent predictors of T1D in unadjusted analysis and
analysis adjusted for diagnosis age and BMI (p<0.001 for all). However,
discrimination of features in isolation was modest with area under the
receiver operating characteristics curve (AUC ROC) ranging from 0.52
(history of another autoimmune disease) to 0.76 (weight loss) and posi-
tive predictive values all <64% (Table 1). A prediction model incorporat-
ing HbA1c and clinical features at diagnosis had high discrimination:
AUC ROC 0.94, with model probability >50% having 78% sensitivity
and 90% specificity for T1D (positive and negative predictive values 80%
and 89%).
Conclusion: Individual clinical features and glycaemia at diagnosis have
modest utility in discriminating type 1 and 2 diabetes in isolation, with
weight loss the most discriminative feature after diagnosis age and BMI.
Integrating these features using a prediction model approach may im-
prove accuracy of diabetes classification.

Clinical Trial Registration Number: NCT03737799
Supported by: NIHR (UK)
Disclosure: A.G. Jones: Grants; Funded by a UK National Institute of
Clinical Research (NIHR) Clinician Scientist fellowship (CS-2015-15-
018).
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The utility of one-hour plasma glucose during OGTT for diagnosing
type 2 diabetes in the Botnia Study
V. Ahuja1, L. Groop1,2, M. Bergman3, T. Tuomi4,5, Botnia Study;
1University of Helsinki, Helsinki, Finland, 2Genomics, Diabetes and
Endocrinology, Department of Clinical Sciences, Lund University,
Malmö, Sweden, 3Department of Medicine, Division of Diabetes,
Endocrinology, and Metabolism, University of New York, New York,
USA, 4Abdominal Center, Endocrinology, Helsinki University Central
Hospital, University of Helsinki, Helsinki, Finland, 5Folkhälsan
Research Center, Helsinki, Finland.

Background and aims: One-hour plasma glucose (1hPG) ≥ 8.6 mmol/l
during oral glucose tolerance test is a better predictor of incident diabetes
than e.g., impaired fasting glucose (IFG) and/or impaired glucose toler-
ance (IGT). Our aim was to explore the use of 1hPG as a diagnostic
criterion for diabetes and to find a cut-off of 1hPG that is equivalent to
2hPG cut-off of 11.1mmol/l in diagnosing T2D.We are also conducting a
multicenter meta-analysis for the same purpose.
Materials andmethods:Commencing in 1990, the Botnia Study recruit-
ed participants with diabetes and their relatives from Western Finland.
Participants filled a structured questionnaire. Trained study nurses obtain-
ed physical measurements and obtained medication history. All individ-
ual participated in a 75-g OGTT after a 10-12-h fast. Samples for plasma
glucose were collected at 0, 30, 60, and 120 minutes. We used logistic
regression to obtain the area under the ROC curve (AUC) and cut-off
value of 1hPG for diagnosing diabetes. For these analyses, we included
patients with 2hPG ≥ 11.1 mmol/l (excluding participants with T2Dbased
on fasting glucose, HbA1c, or history of medication).
Results: Out of 4099 participants, 30.2% had T2D diabetes, 54.5% were
females, and 13.4% were on treatment for T2D. Participants had a mean
age (±SD) of 50.7 (15.0) years, BMI 25.3 (4.1) kg/m2, and median (IQR)
levels of 1hPG 8.7 (6.6-14.0) mmol/l. In unadjusted analyses, 1hPG had
an AUC (CI) of 0.992 (0.990-0.994) and cut-off 11.8 mmo/l (sensitivity
95.9, specificity 96.0, and Youden index 0.919) for detecting a 2hPG of
11.1 mmol/l. After adjusting for age, sex, BMI, and treatment, 1hPG had
an AUC (CI) 0.997 (0.996- 0.998) and cut-off 11.4 mmo/l (sensitivity:
98.7, specificity: 96.1, and Youden index: 0.949) for detecting a 2hPG of
11.1 mmol/l.
Conclusion: A 1hPG value of 11.4 mmol/l can be used to diagnose T2D
with high sensitivity (98.7) and specificity (96.1) thereby allowing short-
ening the OGTT by one hour.
Supported by: LG and TT
Disclosure: V. Ahuja: None.
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Every fifth individual with type 1 diabetes suffers from an additional
autoimmune disease: a Finnish nationwide study
S. Mäkimattila1, V. Harjutsalo2, C. Forsblom2, P.-H. Groop2,3,
FinnDiane Study Group;
1Abdominal Center, Endocrinology and Diabetes, Helsinki University
Hospital, Helsinki, Finland, 2Folkhälsan Research Center, and
Abdominal Center, Nephrology, Helsinki University Hospital, and
Research Program for Clinical and Molecular Metabolism, University
of Helsinki, Helsinki, Finland, 3Department of Diabetes, Central
Clinical School, Monash University, Melbourne, Australia.

Background and aims: Finland has the highest incidence of type 1
diabetes (T1D) as well as celiac disease in the world. Although several
auto-immune diseases (AIDs) share common immunologic and genetic
factors with T1D their coexistence and excess risk compared to nondia-
betic individuals in the Finnish population is unknown. The aim of this
studywas therefore to compare the risk of autoimmune hypothyreosis and
hyperthyreosis, Addison's disease, celiac disease and atrophic gastritis in
adults with and without T1D in Finland.

Materials and methods: The study included 4758 individuals with T1D
from the Finnish Diabetic Nephropathy (FinnDiane) Study. For each
individual with T1D, three nondiabetic controls, who were matched for
sex, age, and place of residence in the year of diagnosis of diabetes in the
FinnDiane individual, were selected from the Finnish Public Register
Centre (n=12710). The AIDs were identified by linking the data with
the Finnish Register for Health Care, the Finnish National Drug
Reimbursement Register and the Drug Prescription Register.
Results: The median age of the FinnDiane individuals at the end of
follow-up in 2015 or at death was 51.4 (IQR 42.6-60.1) years and the
median duration of diabetes was 35.5 (26.5-44.0) years. The most prev-
alent additional AID was hypothyreosis, OR of 3.43 (95% CI 3.09-3.81)
in T1D compared to controls; 18.1% vs 6.0%. Hyperthyreosis was pres-
ent in 2.4% of T1D compared to 0.8% in controls resulting in an OR of
2.98 (2.27-3.90). OR for Addison’s disease was 24.13 (5.60-104.03);
0.38% vs 0.016%. OR for celiac disease was 4.64 (3.71-5.81); 4.4% vs
0.99%. Atrophic gastritis was present in 1.03% of T1D and 0.20% in the
controls yielding an OR of 5.08 (3.15-8.18). The ORs for women com-
pared to men in individuals with T1D was 2.96, 2.83, 2.22 (ns), 1.52 and
1.36 (ns) in hypothyreosis, hyperhyreosis, Addison’s disease, celiac dis-
ease and atrophic gastritis, respectively. 22.8% of individuals with T1D
had at least one additional AIDs, 19.7% had one additional AID, 3% had
two, 0.13% had three and one individual had four AIDs together with
T1D. Of the controls 7.3% had one, and 0.6% had two AIDs. The most
prevalent combination was hypothyreosis and celiac disease. The risk of
hypothyreosis increased 1.7% (0.9-2.5) by each increasing year of age at
onset of diabetes and 1.3% (0.7-2.0) by year of age. Age at diagnosis,
duration of diabetes or age was not associated with the risk of
hyperthyreosis. The risk of celiac disease was 1.5% (0.1-3.0) higher for
each decreasing year in age at onset of diabetes. However, the association
was not linear, and the highest risk was seen in those with age at diagnosis
of diabetes under ten years, but thereafter the risk flattened.
Conclusion: This is the largest study quantifying the risk of coexisting
AID in adult individuals with T1D in Finland. These results provide
knowledge basis for screening policies, and highlight the importance of
screening for other autoimmune diseases, if the individual presents with
new or nonspecific symptoms.
Disclosure: S. Mäkimattila: None.
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Discordance between glucose levels measured in the interstitial fluid
versus venous plasma after an oral glucose administration: the PRE-
D trial
D. Vistisen1, H. Amadid1, L.B. Nielsen1, K.K.B. Clemmensen1, A.
Hulman2, M.B. Blond1, M.E. Jørgensen1,3, K. Færch1;
1Steno Diabetes Center Copenhagen, Gentofte, 2Steno Diabetes Center
Aarhus, Aarhus, 3University of Southern Denmark, Copenhagen,
Denmark.

Background and aims:The oral glucose tolerance test (OGTT) provides
important information about fasting and postprandial glucose metabo-
lism, but the test is inconvenient and time consuming. In recent years,
continuous glucose monitoring (CGM) devices have become widely used
for clinical purposes because it replaces self-monitoring of glucose. We
aimed to assess the concordance between glucose values obtained from
venous plasma versus interstitial fluid after oral glucose administration.
Materials and methods: 120 participants (44% men) with prediabetes
by the HbA1c criteria (5.7-6.4% / 39-47 mmol/mol), median (Q1; Q3) age
of 62 (54; 68) years and BMI of 30.8 (28.6; 34.3) kg/m2 were included.
Participants wore a CGM device for six consecutive days on three differ-
ent occasions within a 26 weeks period. At each examination, after an
overnight fast of ≥8 hours, the participant had the CGM attached (IPro2,
Medtronic), which was calibrated after one and two hours. After the
second calibration, 75 g glucose was administered orally. Venous plasma
glucose was measured in the fasting state and after 30, 60 and 120 min.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S156



The CGM provided glucose measurements every 5 min. Linear mixed-
effects models with a participant-specific random intercept were used to
estimate mean levels of plasma glucose at each CGM and OGTT time-
point. Differences between observed OGTT and CGM glucose values
were calculated. To allow for a physiologically-caused time delay be-
tween the glucose level in venous blood and in the interstitial fluid, we
matched each of the post-challenge OGTT values to the least deviating
CGM value in the period 0-15 min after the OGTT sample was obtained.
Results: A total of 306 valid OGTTs with simultaneous CGM measure-
ments were acquired. Except in the fasting state, the mean CGM glucose
values were below the mean OGTT values throughout the OGTT period
(Figure 1). Median (Q1; Q3) differences between observed CGM and
OGTT values were 0.1 (-0.3; 0.5) mmol/L at time 0 min, -0.9 (-1.9;
0.1) at 30 min, -1.2 (-2.4; -0.1) at 60 min, and -0.2 (-0.9; 0.1) at 120 min.
Conclusion: The CGM generally underestimated glucose levels follow-
ing an oral glucose challenge, and with a large variation in the level of
discrepancy between observed CGM andOGTT values. In a standardised
setting, crude CGM measurements are therefore not valid for measuring
glucose tolerance among persons with prediabetes. Further investigations
are needed to assess whether CGM trends and patterns in combination
with person-specific clinical markers may improve the concordance be-
tween glucose levels measured in the interstitial fluid versus venous plas-
ma following an oral glucose administration.

Clinical Trial Registration Number: NCT02695810
Supported by: AstraZeneca og NNF
Disclosure: D. Vistisen: None.
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A carbohydrate standard breakfast as a more physiological test of
glucose tolerance than OGTT in obese patients
P. Valensi, A. Rezki, S. Chiheb, I. Banu, E. Cosson, M. Fysekidis;
Department of Endocrinology-Diabetology-Nutrition, CRNH-IdF,
CINFO, Bondy, France.

Background and aims: Standardized meals have been suggested as a
potential tool to diagnose glycemic disorders. In obese patients with dif-
ferent glycemic status (normal glucose tolerance, NGT or intermediate
hyperglycemia (IH: IFG and/or IGT), or type 2 diabetes, T2D) we aimed
to examine the relationship between the glucose response to 75g OGTT
and a “French” standard breakfast test (SBT) including 75g carbohy-
drates, and between the glucose response to both tests with glucose var-
iability (GV) derived from continuous glucose monitoring (CGM) and
insulin resistance (IR).
Materials and methods:We included 80 obese patients without known
dysglycemia, separated according to OGTT in 24 NGTs, 37 with IH and
19 T2Ds. Several IR indexes were calculated. GV was evaluated by

calculating SD-glucose, CV, CONGA, J index and MAGE from 24h
CGM including the OGTT on day 1 and the SBT on day 2.
Results: Using CGM data the 120-minute area under curve (AUC-
glucose) and glucose peak were similar after OGTT and breakfast, the
time to the interstitial glucose peak was longer after OGTT (p<0.02),
glucose 2 hours levels higher after OGTT than after breakfast
(p<0.001). AUC-glucose after OGTT and breakfast correlated with 24h
GV indexes respectively on days 1 and 2 (p<0.001), with IR indexes
including HOMA-IR and FIRI, and negatively with QUICKI, ISI0min,
ISI120min, Gutt and Matsuda indexes (p<0.05 to <0.0001). Most of 24h
GV indexes correlated significantly with IR indexes (p<0.001). The 7.3
mmol/L cutoff point for glucose 60 or 120 minutes after breakfast pro-
vided sensitivity, specificity, positive and negative predictive values of
78%, 99%, 84%, and 83%, respectively, for the detection of impaired
glucose tolerance or T2D.
Conclusion: In obese patients without known dysglycemia, the
magnitude of glucose excursion after the standard breakfast corre-
lates with the glucose response to OGTT, 24h GV and IR. This more
physiological test offers a good performance to predict abnormal
response to OGTT.
Disclosure: P. Valensi: None.
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Glucose variability in relation to glucose metabolism status, sex, age
and established glycaemic indices: the Maastricht study
Y.D. Foreman1,2, M.C.G. Brouwers1,2, C.J.H. van der Kallen1,2, N.C.
Schaper1,2, C.D.A. Stehouwer1,2;
1Dept. of Internal Medicine, Maastricht University Medical Center,
Maastricht, 2CARIM School for Cardiovascular Diseases, Maastricht
University, Maastricht, Netherlands.

Background and aims: While short-term glucose variability (GV) is
increasingly being studied in individuals with type 2 diabetes, data is
scarce in those with normal glucose metabolism or prediabetes. In addi-
tion, little is known about demographic GV reference values and the
relationship of GV with established glycaemic indices. We used contin-
uous glucose monitoring (CGM) to investigate whether deteriorating glu-
cose metabolism status (GMS) is associated with higher GV. We also
calculated GV reference values for sex- or age-stratified GMS groups,
and analyzed the correlations between GV indices (standard deviation
[SD], coefficient of variation [CV]) and established glycaemic indices.
Materials and methods: We used cross-sectional data from The
Maastricht Study, an observational population-based cohort with a pre-
dominantly Caucasian population. Participants with more than 48 hours
of CGM data (iPro2; Medtronic) were included for analysis (N=852,
mean age: 60 years, 49%women, 23%with type 2 diabetes [oversampled
by design]). As CGM-derived indices, we used mean sensor glucose
(MSG) value, SD, and CV (= SD / MSG * 100%). To classify GMS,
we used a 75 gram oral glucose tolerance test (OGTT) and medication
use. We used analysis of variance with post hoc Bonferroni to compare
GV between GMS groups. To establish GV reference values, we calcu-
lated the 5th and 95th percentiles in sex- or age-stratified GMS groups. In
those with complete 7-point OGTT data (n=703), we studied the correla-
tion coefficients (r) of GV indices with OGTT time points (fasting and
15-, 30-, 45-, 60-, 90-, and 120-minute glucose values), incremental glu-
cose peak (IGP; OGTT peak glucose value minus fasting glucose value),
and HbA1c by use of Spearman's rank.
Results: Deteriorating GMS was associated with higher GV (SD, P for
trend <0.001), even when SD was adjusted for MSG (CV, P for trend
<0.001). GMS groups differed statistically significantly for both GV in-
dices (post hoc Bonferroni). Table 1 shows the sex-stratified GMS refer-
ence values. Descriptively, women had slightly broader GV 5th - 95th

percentile ranges than men, especially those with prediabetes. Reference
values were comparable for different age-stratified GMS groups (data not
shown). SD and CV correlated best with the 1-hour OGTT value (r=0.61
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and r=0.51, respectively) and IGP (r=0.60 and r=0.51, respectively). We
found the lowest correlations with fasting glucose (SD: r=0.50; CV:
r=0.36) and the 15-minute OGTT value (SD: r=0.50; CV: r=0.39).
Conclusion:We showed that deterioratingGMS is associated with higher
GV, irrespective of MSG.We also found that, descriptively, GVreference
values differed for sex-stratified GMS groups, but not for age-stratified
GMS groups. GVindices correlated best with the 1-hour OGTT value and
with IGP, but both gave at most a moderate approximation of GV.

Supported by: ERDF, PL, SDW, PSI, CVC, CARIM, CAPHRI, NUTRIM,
SA, HFL, JCBV, NNF, SAN, MD
Disclosure: Y.D. Foreman: None.
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Diabetes incidence over time: a systematic review
D.J. Magliano1, C.M.Y. Lee1, L. Chen1, I. Rakibul1, E.W. Gregg2, T.
Pritichard1, T. Hird1, M. Pavkov2, J. Harding2, A. Chung3, R. Ofori-
asenso3, T. Gordon1, J. Wang1, M. Pham1, J.E. Shaw1;
1Baker Heart and Diabetes Institute, Melbourne, Australia, 2Centre for
Disease Control and Prevention, Atlanta, USA, 3Monash University,
Melbourne, Australia.

Background and aims: The global prevalence of diabetes is increasing
and this is widely interpreted as a worsening population risk. Diabetes
prevalence is, however, affected by survival of those with the condition
and will increase with improving medical care and ageing populations.
Diabetes incidence is a better metric to understand the population risk of
diabetes. Trends in diabetes incidence have not been systematically ex-
amined from a global perspective.
Materials andmethods:MEDLINE, EMBASE and CINAHL databases
were searched for publications between January 1980 and August 2018
using MeSH terms related to diabetes and study design. Studies were
included if they were of population-based cohorts, occupational groups,
and health examination or primary care cohorts, with ≥2 years of follow-
up, reported incidence of diabetes or type 2 diabetes in adults, and pub-
lished in English. Studies reporting incidence at multiple times were
excluded as they were in a separate analysis. A mid-point was estimated
to each study’s follow-up period so as to categorise the study into one of
five time periods (1970-79, 1980-89, 1990-99, 2000-09, and 2010+).
Diabetes incidence was modelled by age group and adjusted for mid-
point of baseline year, ethnicity, and method used in the diagnosis of
diabetes at follow-up using negative binomial regression.
Results: From 28,656 identified publications, 350 articles met the inclu-
sion criteria. The overall annualised diabetes incidence rose from 0.33%
(median; 95% confidence intervals: 0.13%, 2.35%) in the 1970s to 1.01%
(0.27%, 3.31%) in the 2010s. Compared to persons aged <35 years, the
adjusted incidence rate ratio (IRR) of diabetes in people aged 35-44 years,
45-54 years, 55-65 year, and ≥65 years were 1.88 (1.33, 2.64), 2.10 (1.51,
2.91), 3.12 (2.22, 4.39), and 4.16 (2.88, 6.01), respectively. Compared to
studies with a mid-point of baseline year in 1980-84, the incidence was
higher in 2000-04 (IRR 1.63 [1.18, 2.24]; p=0.003) and 2005-09 (1.61
[1.13, 2.27]; p=0.007) but was not significantly increased in 2010+ (1.48
[0.90, 2.45]; p=0.125). Compared to studies with predominantly
Europids, the incidence was higher in studies of Africans, Asians,
Hispanics/Mexicans, and Indigenous populations (p≤0.014). Incidence
was also higher in studies that used fasting and/or two hour post-load
glucose tests for diagnosing diabetes at follow-up compared to studies
that did not report on the method used (p=0.003).
Conclusion: The incidence of diabetes, mainly type 2 diabetes, continued to
rise among people aged ≥35 years over the last four decades,with the highest
rate observed in studies beginning around 2000-04. Studies that began in
2010+ suggested a possible down turn in incidence. Further investigations
are required to ascertain the trends in different region/ethnic subgroups.
Disclosure: D.J. Magliano: None.
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Trends on prevalence and incidence of type 2 diabetes in France
between 2010 and 2017: a nationwide population-based study
S. Fuentes1, S. Fosse-Edorh1, L. Mandereau-Bruno1, P. Bernillon1, C.
Bonaldi1, E. Cosson2,3;
1Santé Publique France, Paris, 2Department of Endocrinology-
Diabetology-Nutrition, AP-HP, Jean Verdier Hospital, Paris 13
University, Sorbonne Paris Cité, CRNH-IdF, CINFO, Bondy, Paris,
3Nutritional Epidemiology Research Unit, UMR U1153 INSERM/
U11125 INRA/CNAM/Paris 13 University, Bobigny, Paris, France.
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Background and aims: Nationwide data on evolution of type 2
diabetes incidence and prevalence are scarce. Our objectives were
to describe type 2 diabetes prevalence and incidence rates between
2010 and 2017 in France by sex, age and geographical region and to
assess annual time trends over the study period, among adults aged
45 years or more.
Materials and methods: Diabetes cases were identified in the
National Health Data System (SNDS), covering the whole of
France, i.e. 66 millions of people (99% of French population),
through a validated algorithm based on anti-diabetic drugs reim-
bursement. Incident cases were identified as new diabetes cases
in people free of diabetes during the 2 previous years. For a
given year, mean number of residents in France, estimated by
the National Institute of Statistics and Economic Studies, was
used to calculate sex- and age-specific prevalence and incidence
rates. Finally, negative binomial models were applied to assess
annual time trends in prevalence and incidence through the study
period.
Results: We identified in 2017 a total of 3,144,225 individuals aged
45 years or more with diabetes (94% of all diabetes cases). During
the study period, prevalence slightly increased (men from 11.5 to
12.1 and women from 7.9 to 8.4 %) while incidence decreased (men
from 11 to 9.7 and women from 7.2 to 6.2 per 1000 person-years).
These results were observed with different intensity through all ages
(Figure 1) and all geographical regions in both sexes, except for
four groups where prevalence rates decreased: men aged 45 to 65
years, women aged 45 to 60 years, women in La Reunion and
women in Martinique. Over the study period, after applying statis-
tical models adjusted by age and region, we observed increasing
annual time trends for prevalence (men: 0.9 % [95%CI 0.7, 1 %]
and women: 0.4 % [95%CI 0.2, 0.6%]) and decreasing annual time
trends for incidence (men: -2.6% [95%CI -3.1, -2.0 %] and women:
-3.9 % [95%CI -4.5, -3.4 %]) in both sexes.
Conclusion: The observed decreasing time trends on incidence of
type 2 diabetes could represent a glimmer of hope in the control of
diabetes epidemic in France, however this tendency deserves to be
assessed over a longer period time in future studies. Further efforts
on diabetes prevention are required in order to continue diminishing
incidence rates in France.

Disclosure: S. Fuentes: None.
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Temporal trend in prevalence and incidence of type 2 diabetes in
early-onset depression and mortality risk: study of UK primary care
electronic medical records
S. Paul1, J. Dibato1, D. Koye1, J. Ling2, O. Montvida1;
1University of Melbourne, Melbourne, 2Royal Melbourne Institute of
Technology, Melbourne, Australia.

Background and aims: The temporal patterns of early-onset depression
(DP), comorbidities and outcomes in early-onset DP vs older people with
DP are not well studied. The aims were to evaluate temporal pattern of
early-onset DP, use of anti-depressants (AD) without clinical diagnosis
(Dx) of DP, prevalence and incidence of T2DM, and association of
T2DM with all-cause mortality (ACM) in young people compared to
older people with DP.
Materials and methods: Using nationally representative UK primary
care data, 1,587,771 people with clinical Dx of DP or receiving at least
two prescriptions for AD from January 2000 were identified. The Dx of
DP or first prescription date was considered as index date (ID). Data on
prescriptions, comorbidities including diabetes, microvascular disease
(MIVD), macrovascular disease (MVD), cancer, and ACM during medi-
an 7 years follow-upwere extracted. The trend in the proportion of people
at ID in the age groups (grp) 18-40, 41-50, 51-60, 61-70 and 71-80 years
(yrs) were evaluated from 2000 to 2017. With propensity score balanced
smoking status, sex, vascular diseases and cancer, the adjusted median
time to ACM by age grp stratified by T2DM status were estimated, apart
from the temporal trend of rate / 1000 person yrs for T2DM and ACM.
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Results: In the incident DP cohort with mean age 41 yrs and 40% male,
56% and 17% were in the 18-40 and 41-50 yrs age grp respectively. The
proportion of people in 18-40 yrs grp at ID consistently ranged between 55 -
56% from 2000 - 2017. The proportion of people receiving AD without a
clinical Dx has increased exponentially in all age grp - from ~ 21% in 2000
to ~ 35% in 2017. At ID, the proportion of people with history of T1DM /
T2DM / MIVD / MVD / cancer were 0.6 / 4 / 4 / 10 / 5%. While the
temporal pattern of T2DM prevalence at ID did not change since 2006 for
all age grp, the incidence rate of T2DM increased in the youngest grp (1.5 -
2.3 / 1000 PY) but declined in people aged > 50 yrs. In youngest grp, the
adjusted ACM risk in those with T2DM compared to non-T2DM (HR:
1.58) was about 28% higher compared to those in 41-50 yrs (HR: 1.14),
51-60 yrs (HR: 1.14) and 61-70 yrs grp (HR: 1.15). While adjusted
median time to ACM among all without T2DM ranged between
8.9 - 9.6 yrs, those with T2DM in 18-40 / 41-50 / 51-60 / 61-70
yrs grp had significantly reduced time to mortality by 2.7 / 2.1 / 1.1
/ 0.5 yrs (Figure).
Conclusion:More than 50% of people at Dx of depression are 18-40 yrs
old. The proportion of people taking AD without clinical Dx has in-
creased exponentially. While the temporal patterns of T2DM prevalence
remained unchanged, incidence of T2DM has declined substantially for
people > 60 yrs but increased marginally in those ≤ 40 yrs. Compared to
those without T2DM, people with T2DM aged ≤ 50 yrs at Dx of depres-
sion are likely to die about 3 yrs earlier, while older people with T2DM
are likely to die sooner by about a year. More intense strategies are
required to improve outcome in early-onset depression with T2DM.

Disclosure: S. Paul: None.
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Trends in the incidence of prediabetes among younger and older
immigrants in Canada, 2011-2015
G.S. Fazli1, R. Moineddin2, B.R. Shah3, F. Wu3, G.L. Booth1;
1St. Michael's Hospital, Toronto, 2University of Toronto, Toronto,
3Institute for Clinical Evaluative Sciences, Toronto, Canada.

Background and aims: Type 2 diabetes has risen worldwide contribut-
ing to a global epidemic. While non-European populations have a higher
risk of developing diabetes, it is unclear if trends in prediabetes incidence
over time differ according to ethnicity and age group.
Materials and methods: Linked health, laboratory and immigration data
were used to identify adults aged 20-85 who immigrated to Ontario, Canada
who were free of diabetes. Data from hospital and commercial laboratories
were used to identify individuals who underwent diabetes between 2011 and
2015. Prediabetes cases were defined usingWorld Health Organization criteria
(fasting plasma glucose: 6.1 to 6.9 mmol/L, 2-hour PG 7.8 to 11.0 mmol/L on
a 75 gm OGTT, or HbA1c 6.0-6.4%). Immigrants were classified into distinct
world region of origin based on validated algorithms using country of birth,

mother tongue, and surnames. We used direct age and sex standardization
methods with 2011 Canadian census data to calculate prediabetes incidence
over time among adults aged 20-34, 35-49, 50-64 and ≥ 65 years.
Results:Overall, there were ~500,000 individuals in our cohort each year
(N=511,357 in 2011 and 557,081 in 2015). Over the 5-year period, the
age- and sex-adjusted incidence of prediabetes decreased slightly from
11.1 to 9.6 per 100 person-years, with similar declines across most ethnic
groups and ages (p<0.001). Among older adults, the decline in prediabe-
tes incidence was greatest among Western and Eastern Europeans (-
27.0% and -29.5%) and least among South Asians and those from Sub-
Saharan Africa (-10.3% and -7.3%), while rates rose 21.0% among
Southeast Asians. The incidence of prediabetes rose sharply by age and
was highest among South Asians, ranging from 5.9 per 100 person-years
at ages 20-34, 9.8 per 100 person-years at ages 35-49, 17.1% at ages 50-
64, and 21.1 per 100 person-years at ages ≥ 65 years in 2011.
Conclusion: The incidence of prediabetes appears to be generally declin-
ing in Ontario among adults of different ethnicities and age groups, which
may be attributed to screening and prevention practices, overall declines
in diabetes risk factors or a combination of these factors. Close surveil-
lance and access to lifestyle interventions is needed to reduce the burden
of type 2 diabetes in these high risk populations.
Supported by: Canadian Institute for Health Research
Disclosure: G.S. Fazli: None.
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Ten-year follow-up of diabetes incidence in the DE-PLAN pro-
ject (diabetes prevention using intensive lifestyle intervention) in
Catalonia
J. Cabre1, F. Barrio1, B. Costa1, F.-X. Cos1, T. Mur1, A. Martínez1, S.
Mestre1, C. Castell2, J. Lindström3, The Catalan Diabetes Prevention
Research Group;
1IDIAP Jordi Gol, Reus, Spain, 2Department of Health, Generalitat de
Catalunya, Public Health Division, Barcelona, Spain, 3National Institute
for Health and Welfare, Chronic Disease Prevention Unit, Helsinki,
Finland.

Background and aims: To assess the long-term effectiveness of a prag-
matic public healthcare strategy to prevent type2 diabetes within primary
care setting.
Materials and methods: In the extended follow-up of the
DEPLANCAT project, we explored whether the originally-
achieved risk reduction remains after discontinuation of active
lifestyle intervention. Middle-aged men (n=184) and women
(n=368) with Finnish Diabetes Risk Score (FINDRISC)>14 and/
or prediabetes (WHO rules for fasting or 2-h glucose) were allo-
cated not randomly but sequentially to standard care control (CG)
or intensive lifestyle intervention (IG) group. After a median of
4.2 y of active intervention, participants who were still free of
diabetes were further followed up without any additional specific
intervention for a median of 5.8 y (median total follow-up of
10.01 y) via computerized health-care records or direct personal
contact with invitation to 2h-glucose retest. We estimated the cu-
mulative incidence and the probability of remaining diabetes-free
in each intervention group using Kaplan-Meier survival curves.
The Cox proportional hazards model was used to estimate the
HR for development of diabetes. The primary outcome was the
development of diabetes.
Results: During the active intervention, diabetes was diagnosed in 124
participants (22.5%): 63 (28.8%) in the CG and 61 (18.3%) in the IG.
After 10 y, 27 people (4.9%) had died. Among the remaining 401 indi-
viduals, 34 diabetes diagnoses were traced using the health-care records.
Additionally, among the 191 people (47.6%) who agreed to blood re-test
(66 in the CG and 125 in the IG) 16 new cases were found. During the
post-intervention follow-up the total number of new cases of diabetes was
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16 in the CG and 34 in the IG. The absolute incidences of diabetes during
the overall follow-up were 6.1 (95% CI 5.2-6.9) and 5.1 (4.4-5.8) per 100
person-years, respectively (p=0.019 log-rank). The corresponding HR
was 0.59 (0.43-0.81) with a relative risk reduction of 16.6%. The NNT
to prevent one case of diabetes was 10. If fasting blood glucose had been
used as the main diagnostic criterion for diabetes, the relative risk reduc-
tion would have increased to 21.1% and statistical significance would
also be retained (p = 0.029).
Conclusion: Intensive lifestyle intervention in a primary care setting
substantially reduces diabetes incidence among high-risk individuals.
Risk reduction can persist for at least 10 years.
Clinical Trial Registration Number: ClinicalTrial.gov #NCT01519505
Supported by: ISCIII-PI[14(122/124)-19(192/58)];MaratóTV3;GenCatPERIS
Disclosure: J. Cabre: None.
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Diabetes prevalence in Pakistan: What is driving this? Clues from
subgroup analysis of normal weight individuals
H. Aamir1, S. Fazid2, B. Hussain2, I. Ahmed1, F. Qureshi3, Z. Ul-Haq4,
A. Heald5;
1Department of Diabetes, Endocrinology and Metabolic Diseases,
Hayatabad Medical Complex, Peshawar, Pakistan, 2Khyber Medical
University, Peshawar, Pakistan, 3Al-Khaliq Hospital, Multan, Pakistan,
4Institute of Public Health & Social Sciences, KhyberMedical University,
Peshawar, Pakistan, 5Diabetes and Endocrinology, Salford Royal
Hospital, Salford, UK.

Background and aims: In a recent Pakistan-wide community-based sur-
vey on the prevalence of type-2 diabetes (T2DM) using HbA1c as the
screening test we found higher than expected rates of T2DM. We sort to
find out the particular factors that relate to the likelihood of developing
T2DM ore pre-diabetes in individuals of normal body mass index (BMI)
in Pakistan.
Materials and methods: Multi-staged stratified cluster sampling
was used for the representative selection of people aged 20 years
or over in Pakistan, residing in 378 sampled clusters of 16 randomly
selected districts, in this cross sectional study. Eligible participants
had blood drawn for HbA1c analysis. Overall and stratified preva-
lence of T2DM/pre-diabetes and their association with risk factors
were estimated.
Results: Of 18,856 eligible participants the prevalence of pre-
diabetes was 10.91% (95% CI 10.46, 11.36, n=2,057) and T2DM
was 16.98% (95%CI 16.44, 17.51, n=3,201). Categorising by BMI
there was still a high prevalence of T2DM in individuals of normal
BMI at 14.92% and in underweight individuals at 10.14%.
Corresponding rates for pre-diabetes for the normal BMI category:
9.79% and underweight category 8.99%. On multivariate logistic
regression for normal BMI individuals, there was a significantly
higher risk of T2DMwith age (adjusted Odds Ratio [OR] 2.1, 3.3,
4.5 and 4.8), p<0.001 for ages 31-40 years, 41-50 years, 51-60 years
and 61 years and above respectively, compared to age 20-30 years).
Similarly, there was a significantly increased risk of T2DM with
higher educational attainment (adjusted OR for no formal education
vs graduate studies 2.4 (95% CI 1.5-3.8). There was a significantly
higher risk of T2DM in people with a positive family history (ad-
justed OR 4.3 (95% CI 7.0-11.5). There was an even higher rate of
T2DM in rural (17.50%) than in urban (12.63%) dwelling individ-
uals with some regional variation in rates of pre-diabetes and of
T2DM. Overall the influence of overweight/obese on T2DM occur-
rence (20% increased risk) was much less than in other regions of
the world
Conclusion: This national diabetes prevalence study has shown
higher than expected rates of T2DM/pre-diabetes in Pakistan eth-
nicity normal BMI individuals. Within that group, educational
attainment/age/FH are powerful independent predictors of the

likelihood of having pre-diabetes/T2DM. Targeted screening of
older individuals or those with a family history of T2DM even
if of normal BMI may be of significant benefit in the Pakistan
population. The likelihood of other factors driving the escalating
rates of diabetes in Pakistan as across the world, merits further
interrogation.

Supported by: WHO
Disclosure: H. Aamir: None.
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Trends in hyperglycaemic crisis hospitalisations in- and out-hospital
mortality in the last decade: based on Korean National Health
Insurance claims data
J. You1, S. Song1, D. Kim2, S. Park1, K. Park2, J. Nam2, H. Kim3, D.-J.
Kim4, Y.-H. Lee5, B.-W. Lee5;
1Division of Endocrinology and Metabolism, Department of Internal
Medicine, National Health Insurance Service Ilsan Hospital, Goyang,
2Department of Policy Research Affairs, National Health Insurance
Service Ilsan Hospital, Goyang, 3Division of Endocrinology and
Metabolism, Department of Internal Medicine, Chung-Ang University
College of Medicine, Seoul, 4Department of Internal Medicine, Ilsan-
Paik Hospital, Goyang, 5Division of Endocrinology and Metabolism,
Department of Internal Medicine, Severance Hospital, Seoul, Republic
of Korea.

Background and aims: Hyperglycemic crisis is a serious metabolic
emergency associated with uncontrolled diabetes mellitus. It includes
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both diabetic ketoacidosis (DKA) and hyperosmolar hyperglycemic state
(HHS). Accurate epidemiological information for hyperglycemic crisis
has been rare in Korea by the time. We aimed to evaluate the incidence
of hyperglycemic crisis and in- and out-hospital mortality in Korea.
Materials and methods: We extracted claims data on hyperglycemic
crisis as the principal diagnoses of National Health Insurance from
January 2004 to December 2013. A National Health Insurance Service
(NHIS) program was launched by the government of Korea in 1999.
NHIS program is mandatory and covers the entire population in 2013.
We investigated the number of claimed subjects with hyperglycemic cri-
sis and identified its trends based on the claims data from the NHIS
database over the last decade.
Results: Total numbers of claimed cases with hyperglycemic crisis in-
creased from 2004 to 2013. The numbers of hypergycemic crisis hospi-
talization were 2,674 in 2004, 4,908 in 2006 and 5,540 in 2013. However,
the annual incidence of hyperglycemic crisis decreased in the last decade.
The highest incidence rate per 1,000 persons with diabetes was 2.58 in
2006 and the incidence rate in 2013 was 2.15. Total numbers of mortality
and case-related fatality less than 60 days of hyperglycemic crisis have
not changed significantly. The proportion of claimed cases was 52.5%
and 47.5% in men and women, respectively. The data showed increasing
incidence rate and fatality rate of hyperglycemic crisis with age. The
highest incidence rate was in the age range of 70~79 and the highest
fatality rate was in the age range of over 80. In total claimed cases, the
percentage was 58.3% in type 2 diabetes, 20.4% in type 1 diabetes and
22.3% in other or unspecified type of diabetes.
Conclusion: Although the annual incidence of hyperglycemic crisis de-
creased, there had been increasing numbers of subjects with hyperglyce-
mic crisis by increasing diabetic patients in Korea over the last 10 years.
The mortality rate and fatality rate of hyperglycemic crisis have not
changed significantly. Thus, it is necessary to establish a long term
health-care policy for preventing hyperglycemic crisis.
Disclosure: J. You: None.
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Incidence and relative risk of renal replacement therapy in people
with and without diabetes in a German region, 2002-2016
H. Claessen1, M. Narres1, T. Kvitkina1, M. Koch2, L. Rump3, A. Icks1;
1German Diabetes Center (DDZ), Düsseldorf, 2Center of Nephrology,
Mettmann, 3Department of Nephrology, Medical Faculty, Düsseldorf,
Germany.

Background and aims: The increasing prevalence of diabetes
mellitus worldwide may lead to an increase in the number of per-
sons with complications of diabetes, including diabetic nephropathy
and its last stage, end-stage renal disease (ESRD) requiring renal
replacement therapy (RRT). Several studies have shown, that pa-
tients with diabetes and ESRD have poorer survival rates and higher
costs than people without diabetes. Nevertheless, there are only few
population-based studies which analysed the incidence of RRT in
the population with diabetes compared with the population without
diabetes, in particular where diabetes was taken into account as a
comorbidity and not only diabetic nephropathy as a primary kidney
disease leading to ESRD. The aim of the study was to estimate the
time trend of incidence rate (IR) of RRT in the diabetic and the non-
diabetic populations in Germany and the corresponding relative risk
for the period 2002-2016.
Materials and methods: The data analysed was sourced from one
dialysis centre of a region in western Germany covering a popula-
tion of about 310,000 inhabitants. All individuals with a chronic
RRT aged at least 30 years were assessed between 1.1.2002 and
31.12.2016. We estimated the age-sex-standardised IR for RRT
among adults with and without diabetes and the corresponding rel-
ative risks. We examined age and sex adjusted time trends of IR

using Poisson regression models. In order to investigate if the rela-
tive risk changed over time, we additionally computed Poisson
models including a variable presence of diabetes (yes vs. no) and
an interaction term for diabetes and years since 2002.
Results: In our study region, we identified 1,107 persons who had a first
RRT between 2002 and 2016 (61.2%male, diabetes prevalence: 48.7 %).
The age distribution of personswith RRTwas similar among personswith
and without diabetes with a mean age of 71.6 years at the time of the first
RRT. However, the mean age of people starting RRT increased signifi-
cantly during the study period from 67.4 years in 2002 to 73.1 years in
2016 (p-value linear regression: p < 0.001) with similar increases among
all subgroups. In almost half of the persons with diabetes, diabetic ne-
phropathy had occasioned RRT (49.1%), while vascular nephropathy was
the most common reason for RRT among individuals without diabetes.
During the study period, the IR in the population with diabetes varied
from 93.6 (95% CI: 50.4-136.7) in 2002 to 140.5 (95% CI: 80.6-200.4)
per 100,000 person years in 2016. In the population without diabetes the
IR was substantially lower and reached 17.3 (95% CI: 10.9-23.6) in 2002
and 24.6 (95% CI: 17.5-31.7) in 2016. Thus, the relative risk comparing
people with and without diabetes was 3.57 (95% CI: 3.09-4.13). The IR
was twice as high among men than women in both sub-populations with
and without diabetes. No significant change of the IRs was found during
the observation period in either the population with or without diabetes
and thus the relative risk also remained constant. The results regarding
trend were similar in both sexes.
Conclusion: The risk of RRT is almost fourfold higher in people
with diabetes comparing with persons without diabetes. During the
observation period of 15 years, incidence of RRT did not changed as
well as the relative risk. However, the age at start of RRT increased
significantly, and that might lead to adapting the clinical
requirements.
Supported by: German Ministry of Health (BMG) and the German
Diabetes Foundation (DDS)
Disclosure: H. Claessen: None.
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Prevalence of depression in older adults with diabetes: a comparative
analysis of three countries using nationally representative data
N.M. McGrath1, S. McHugh1, E. Toomey2, P.M. Kearney1;
1School of Public Health, University College Cork, Cork, 2School of
Psychology, National University of Ireland, Galway, Cork, Ireland.

Background and aims: Diabetes is a growing global health issue with
outcomes influenced by psychological comorbidity and health system
organisation. Diabetes is consistently associated with depressive symp-
toms but reliable prevalence estimates among older adults is lacking. We
examined the prevalence and odds of depressive symptoms among older
people with diabetes in three countries with different health systems using
representative data.
Materials and methods: We used data of adults aged 50 years and
older, from three nationally representative ageing datasets; The Irish
Longitudinal Study on Ageing (TILDA), the English Longitudinal
Study on Ageing (ELSA) and the Health and Retirement Study
(HRS). Data were collected during 2009-2011 (TILDA), and 2010
(ELSA, HRS); N=36570. Demographic (country, gender, race, mar-
ital status, income quintile, education), behavioural risk (smoking
status, physical activity), health status (multi-morbidity, cardiovas-
cular disease), and access to healthcare (health insurance type) var-
iables were selected a priori using literature and a directed acyclic
graph. Variables were self-report, except country. We used the 8-
item Centre for Epidemiologic Studies of Depression (CESD) scale
to measure depressive symptoms. To account for differences in
CESD response formats across datasets; binary (ELSA and HRS)
versus 4 point scale (TILDA), recommended cut-off scores were
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used; >3 ELSA and HRS, >8 TILDA to indicate the presence of
depressive symptoms. We estimated depressive symptom prevalence
in people with versus without diabetes (% and 95% CI). We con-
ducted a series of bivariate and multivariate logistic regression
models to estimate the odds of depressive symptoms among people
with versus without diabetes (OR and 95% CI). Data were analysed
in Stata v15.
Results: Depressive symptoms were significantly more prevalent
among people with diabetes in Ireland;14%(95%CI:10.9-
16.6)vs9%[(95%CI:8.7-10.3),p=0.001], England;25%(95%CI:21.7-
2 7 . 7 ) v s 1 5% [ ( 9 5%C I : 1 4 . 2 - 1 5 . 9 ) : p < 0 . 0 0 1 ] a n d t h e
USA;20%(95%CI:19.0-21.4)vs14%[(95%CI:13.6-14.7);p<0.001],
i n c l u d i n g f e m a l e s ( I r e l a n d ; 1 9 % ( 9 5 % C I : 1 4 . 2 -
2 4 . 4 ) v s 1 2 % [ ( 9 5 % C I : 1 0 . 7 - 1 2 . 9 ) ; p = 0 . 0 0 1 ] ,
E n g l a n d ; 2 8% ( 95%C I : 2 3 . 7 - 3 2 . 7 ) v s 1 8% [ ( 9 5%C I : 1 6 . 3 -
18.7);p<0.001], USA;24%(95%CI:21.8-25.3)vs16%[(15.4-
16 . 9 ) ; p<0 .001 ] ) , and ma l e s ( I r e l and ; 10%[ (95%CI :7 . 0 -
13.4)vs7%[(95%CI:6.0-7.8);p=0.054], England;22%(95%CI:17.9-
25.9)vs12%(95%CI:11.0-13.4);p<0.001], USA;16%(95%CI:14.5-
17.7)vs11%[(95%CI:10.6-12.2);p<0.001]. People with diabetes had
significantly increased odds of depression versus people
without;OR=1.7[(95%CI:1.5-1.8),p<0.001]. The relationship
r e m a i n e d s i g n i f i c a n t a f t e r a d j u s t i n g f o r
demographic;OR=1.4[(95%CI:1.3-1.5),p<0.001], behavioural
r i s k ; OR= 1 . 3 [ ( 9 5%C I : 1 . 2 - 1 . 4 ) , p < 0 . 0 0 1 ] , h e a l t h c a r e
a c c e s s ;OR=1 . 3 [ 9 5%C I : 1 . 2 - 1 . 4 ) , p <0 . 0 0 1 ] a n d h e a l t h
status;OR=1.1[(95%CI:1.0-1.2),p=0.003].
Conclusion: Among older adults in different health systems, pres-
ence of depressive symptoms was consistently higher among men
and women with versus without diabetes and varied by country. Our
findings indicate an independent, significant association between
diabetes and depressive symptoms among older adults and support
incorporation of holistic approaches to diabetes management across
health systems.
Supported by: This research is funded by a HRB SPHeRE/2013/1 grant.
Disclosure: N.M. McGrath: None.
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The prevalence of osteoporosis, osteopenia by quantitative computed
tomography evaluation stratified by different glucose tolerance
Y. Li1, W. Yang2, X. Cai2, L. Ji2;
1Department of Endocrinology & Metabolism, Beijing Pinggu Hospital,
Beijing, 2Department of Endocrinology & Metabolism, Peking
University People’s Hospital, Beijing, China.

Background and aims: To evaluate the prevalence of osteoporosis,
osteopenia and normal bone density in different glucose level by
quantitative computed tomography (QCT) evaluation and the asso-
ciated factors.
Materials and methods: A total of 4001 participants were enrolled
in this study. A routine abdominal plain CT scan was performed
with a GE 64 slice CT scanner (LightSpeed VCT, GE, USA) in
our radiology department. A QCT calibration phantom (image anal-
ysis, INC. USA) was placed beneath the subject during the CT scan.
Results: The level of bone density by QCTevaluation and the prevalence
of osteoporosis in normal glucose tolerance (NGT), impaired glucose
tolerance (IGT), and diabetes (DM) participants were shown in Table 1,
which indicated that the level of bone density by QCT evaluation de-
creased significantly in DM patients compared with NGT participants
while the prevalence of osteoporosis increased significantly in DM pa-
tients compared with NGT participants. When stratified by gender, the
prevalence of osteoporosis in male and female separately increased in
DM patients compared with NGT participants. In female, age and urine
albumin creatinine ratio (UACR) were negatively associated with level of
bone density, while body mass index (BMI) was positively associated

with level of bone density. In male, age, HDL-c and triglyceride were
negatively associated with level of bone density, while body mass index
(BMI) was positively associated with level of bone density.
Conclusion: The prevalence of osteoporosis, osteopenia and normal
bone density by QCT evaluation were significantly increased in DM
patients compared with NGT participants.

Disclosure: Y. Li: None.
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Vitamin D deficiency, overall and cause-specific mortality: the im-
pact of age and diabetes
R. Marculescu1, G. Endler1, L. Yang2, G. Haidinger2, O. Wagner1, T.
Waldhör2;
1Department of Laboratory Medicine, Medical University of Vienna,
Vienna, 2Center for Public Health, Medical University of Vienna,
Vienna, Austria.

Background and aims: Vitamin D deficiency, as reflected by low
25-hydroxyvitamin D blood levels (25D), is a prevalent correctable
risk factor for death. The evidence ranges from numerous associa-
tion studies and meta-analyses thereof, over Mendelian randomiza-
tion studies, to randomized controlled trials (RCTs). However, most
studies reported to date were performed in rather older populations
and some of the largest association studies may have been con-
founded by increased vitamin D supplementation at old age. In
addition, cause-specific mortalities and the impact of age on the
25D association with the risk of death have not been reported in
detail, yet.
Materials and methods: Data of all patients who had a 25D measure-
ment at the Department of Laboratory Medicine, General Hospital of
Vienna between 1991 and 2011 were retrieved and matched with the
Austrian national register of deaths. First 3 years of mortality since 25D
measurement were excluded in the analyses. Fine-Gray regression
models adjusting for competing risks were used to estimate the survival
time in dependence on 25D, adjusting for sex, age, year and month of
blood draw. 25D was represented using a spline with 5 knots placed on
the corresponding 1/6th quantiles. Using 50 nmol/L as the reference val-
ue, we estimated hazard-ratios of chosen serum vitamin D concentration
levels (10 and 90 nmol/L). The significance level was set to 1% in order to
adjust for multiple testing.
Results: Data from 78,581 patients (mean age= 51.0 years, men 31.5%)
were used for analyses. During 20 years (median=10.5) of follow-up,
11877 deaths were observed. Among these patients, 25D <10 nmol/L
had 2-3 fold increased risk of death (<45 years old: HR=2.7, 95%
CI:(2.1, 3.4); 45-<60 years old: HR=2.9, 95% CI:(2.6, 3.4); 60-<75 years
old: HR=2.0, 95% CI:(1.8, 2.3), whereas 25D > 90 nmol/L has shown to
be associated with up to 40% reduced all-cause mortality (<45 years old:
HR=0.7, 95%CI:(0.6, 0.9); 45-<60 years old: HR=0.6, 95%CI:(0.5, 0.7);
60-<75 years old: HR=0.7, 95% CI:(0.7, 0.8). No associations were ob-
served in the age group 75 years and older (10 nmol/L: HR=1.1, 95%
CI:(1.0, 1.2); 90 nmol/L: HR=1.0, 95% CI:(0.9, 1.0)). In terms of cause-
specific mortality, we found, surprisingly, only a relatively modest rela-
tionship for cancer and cardiovascular disease. The strongest association,
accounting for most of the effect on overall mortality, was found for other
causes of death with strongest effect sizes for diabetes HR=4.4, 95%
CI:(3.1,6.3).
Conclusion: Our survival data from a large cohort, covering all age
groups, from a population with minimal vitamin D supplementation at
old age, confirm a strong association of vitamin D deficiency (25D < 50
nmol/L) with increased mortality. This association is most pronounced in
the younger and middle-aged groups and for causes of deaths other than
cancer and cardiovascular disease, especially diabetes. Some J-shaped
curves were found, rather inconsistently, only for the 25D association
with cancer and cardiovascular mortality in certain age groups. Our find-
ings strengthen the rationale for wide spread vitamin D supplementation
to prevent premature mortality, emphasize the need for it early in life and
mitigate concerns about a possible negative effect at higher 25D levels up
to 150 nmol/L.
Disclosure: R. Marculescu: None.
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Circulating PCSK9 levels are not associated with the conversion to
type 2 diabetes
B. Cariou1, S. Ramin-Mangata2, M.Wargny2, M. Pichelin1, C. LeMay1,
V. Blanchard2, R. Santos3, I. Bensenor4, P. Lotufo4, G. Lambert2;
1L’institut du Thorax - CHU Nantes, Nantes, France, 2Université de La
Réunion, Sainte Clotilde, France, 3University of Sao Paulo Medical
School Hospital, Sao Paulo, Brazil, 4University of Sao Paulo, Sao
Paulo, Brazil.

Background and aims: PCSK9 is an endogenous inhibitor of LDL
receptor pathway. During the last decade, PCSK9 inhibitors have
emerged as powerful lipid-lowering drugs to reduce LDL-
cholesterol (LDL-C) and cardiovascular events. However,
Mendelian randomization studies have underlined that genetic vari-
ants in PCSK9 are associated with diabetes incidence, raising a
doubt about the diabetogenic risk of PCSK9 inhibitors. Here, we
assessed for the first time the relationship between circulating
PCSK9 levels and the risk of conversion to type 2 diabetes (T2D)
in two longitudinal cohorts.
Materials and methods: Fasting PCSK9 plasma levels were mea-
sured by ELISA (CircuLex, CycLex Co©, Japan) in subjects with-
out statin treatment in IT-DIAB (n=233) and ELSA-BrasiL
(n=1751) cohorts. IT-DIAB is a French, 5-year prospective, obser-
vational study conducted in patients with impaired fasting glucose
(IFG) defined as fasting plasma glucose (FPG) between 110 and 125
mg/dL. In ELSA-Brasil, participants, in whom 27.5% had IFG and/
or impaired glucose tolerance at baseline, were prospectively
followed-up with a second visit at 4-year. The primary outcome in
the two studies was the conversion to T2D, defined by a first FPG
value ≥126 mg/dL and/or 2H-glycemia ≥200 mg/dL during oral
glucose tolerance test. The association of conversion to T2D with
plasma PCSK9 levels was studied using multivariate Cox models.
Spearman’s correlation coefficient between plasma PCSK9 and met-
abolic parameters were also assessed.
Results: As expected, circulating PCSK9 levels were positively
correlated with total cholesterol and LDL-C in both IT-DIAB and
ELSA-Brasil. In contrast, no correlation was found between plasma
PCSK9 and FPG, HbA1C or HOMA-IR in IT-DIAB. Moreover,
survival curves (quartiles of PCSK9 levels, Figure 1) and longitudi-
nal analyses (Cox models) did not show any significant association
between plasma PCSK9 concentrations and conversion to T2D (HR
(+1SD) = 0.93, IC95% 0.74-1.15) in IT-DIAB. In ELSA-Brasil, there
was a weak but statistically significant positive correlation between
PCSK9 and HOMA-IR (rho= 0.06, p=0.01). In addition, plasma
PCSK9 concentration at baseline was positively associated with
the variation of FPG between the first and second visit (b(+1SD)
= 0.05, IC95% 0.01-0.10, p=0.024).
Conclusion: Our results demonstrate for the first time that circulat-
ing PCSK9 levels were not significantly associated with the risk of
T2D in longitudinal analyses. These data are in accordance with the
results of the phase 3 trials with PCSK9 inhibitors and suggest that
the inhibition of the extra-cellular pathway of PCSK9 is not delete-
rious for glucose homeostasis.
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Clinical Trial Registration Number: NCT01218061
Supported by: OSEO-API, CHU NANTES, ANR-16-RHUS-0007
Disclosure: B. Cariou: Grants; Genfit.
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Role of serum LRIG2 as biomarker in diagnosis of type 2 diabetes
J. Kim1, K.-H. Joung1, S. Choung2, O.-S. Kim1, H. Kim1, B. Ku1,2;
1Department of Internal Medicine, Chungnam National University
School of Medicine, Daejeon, 2Department of Medical Science,
Chungnam National University School of Medicine, Daejeon, Republic
of Korea.

Background and aims: Soluble Leucine rich repeats and immunoglob-
ulin like domains 2 (LRIG2) interact with epidermal growth factor recep-
tor (EGFR), resulting in activation of EGFR and its downstream path-
ways. We previously demonstrated that serum EGFR is higher in subjects
with newly diagnosed type 2 diabetes mellitus (T2DM). The aim of this
study was to compare soluble LRIG2 level in subjects with T2DM and
controls, and to investigate the relationship between soluble LRIG2 and
glucose parameters.
Materials and methods: A total of 240 subjects were enrolled in this
study, and they were divided into three groups [80 with T2DM, 80 with
prediabetes (preDM) and 80 with normoglycemia (NGT)]. Blood sam-
ples were collected in the morning after an overnight fast >8 hours.
Fasting (FBS) and 2-hour postprandial (PP2) plasma glucose levels,
fasting insulin and C-peptide levels were measured. Fasting serum
LRIG2 levels were measured using a quantitative sandwich enzyme im-
munoassay technique with an enzyme-linked immunosorbent assay kit
(MyBioSource, China; catalog no. MBS9337066). Demographic find-
ings and serum LRIG2 were compared between three groups. And we
investigated correlation between serum LRIG2 and clinical factors using
linear regression analysis. We additionally recruited 53 subjects with
T2DM to evaluate whether serum LRIG2 levels are changed by metfor-
min treatment.
Results: Serum LRIG2 levels in T2DM group (16.73±8.01 ng/mL) was
significantly higher than those of preDM (13.18±5.83 ng/mL, p=0.002)
and control group (12.29±5.27 ng/mL, p<0.001). For subgroup analysis,
preDMgroupwas divided into 3 groups as impaired fasting glucose (IFG,
n=26), impaired glucose tolerance (IGT, n=26), and IFG + IGT (n=28).
There were no significant differences in serum LRIG2 levels between
groups (p=0.099). In pearson correlation analysis, serum LRIG2 was
significantly correlated with HbA1c (r=-0.305, p<0.001), FBS (r=0.319,
p<0.001) and PP2 (r=0.320, p<0.001). A total of 53 subjects with T2DM
were additionally enrolled and treated with metformin monotherapy.
Serum LRIG2 levels before (10.90±9.50) and after 6 months (11.25
±5.42) of treatment did not show any significant difference (n=53,
p=0.524). And these trends were also obtained in the 31 subjects who
were followed up 1-year (11.59±6.38, p=0.681).

Conclusion: Serum LRIG2 levels were highest in the T2DM group and
higher in the preDM group than in the NGT group. And there were no
significant changes in serum LRIG2 levels after 6 or 12 months of met-
formin treatment.
Disclosure: J. Kim: None.
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Postprandial 2hr rise in insulin is a strong predictor of postprandial
glycaemic responses in healthy and prediabetic individuals: the
PREDICT I study
P.W. Franks1, S. Berry2, A. Chan3, R. Davies4, D. Drew3, T. Spector2,
A.M. Valdes5;
1Lund University Diabetes Centre, Malmo, Sweden, 2Kings College
London, London, UK, 3Harvard University, Boston, USA, 4Zoe Global
Ltd, London, UK, 5University of Nottingham, Nottingham, UK.

Background and aims: Postprandial glucose is a predictor of later dia-
betes and vascular complications. The study aims to identify determinants
of inter-individual variability in postprandial responses in healthy and
prediabetic individuals.
Materials and methods: A multi-centre study in the UK and the US
assessed the postprandial insulin, glucose and triglyceride responses to
a dietary challenge (50g fat and 85g carbohydrate) in the clinic. The inter-
individual variability in postprandial glycemic responses was then mea-
sured over 2 wks for isocaloric meals of different macronutrient content
using a continuous glucose monitor (CGM). Interim analyses of the 30-
and 120-min insulin rises and meal content contributions to the incremen-
tal glucose area under the curve (iAUC) were performed in 573 individ-
uals (age 47.5 (19-66) yrs, BMI 25.7 (17-53) kg/m2; F=76%; n=108 with
HbA1c > 5.7% [prediabetic])
Results: A machine learning algorithm showed that 29% of variation in
glucose iAUC of at home meals was explained by the meal’s macronu-
trient content. In clinic, the 30min insulin postprandial rise (strongly
associated with same meal’s glucose iAUC r=0.39 p=1.25x10[-20]) was
not correlated with at-home postprandial glucose iAUCs in healthy (r=-
0.012 p=0.62) or prediabetic (r=-0.074 p=0.17) individuals after adjust-
ment for age, sex and BMI. However, 2hr insulin rise was significantly
associated in healthy (r=0.13 p=1.6 x 10[-7]) and prediabetic (r=0.22
p=3.2x10[-5]) individuals, explaining 15% of the variance in glucose
iAUCs. This was the same for all meals regardless of macronutrient
content.
Conclusion: The 2hr postprandial insulin rise is a predictor of glycemic
responses to different meal types. Ongoing exploration in PREDICT I
using additional environmental, genetic and microbiome variables should
advance our ability to predict an individual’s response to food.
Supported by: NIHR, Wellcome Trust, Zoe Global Ltd.
Disclosure: P.W. Franks: Employment/Consultancy; Zoe Global Ltd.
Grants; Boehringer Ingelheim, Eli Lilly, Janssen, Novo Nordisk, Sanofi
Aventis, and Servier. Stock/Shareholding; Zoe Global Ltd.
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From gestational diabetes to postpartum abnormal glucose metabo-
lism: the role of metabolomics signatures
L.-J. Li1, X. Wang2, Y. Gao3, I. Aris4, J. Eriksson5, Y. Chong6, K. Tan1,
C. Zhang7, L. Zhou3;
1KK Women's and Children's Hospital, Singapore, Singapore,
2Department of Medical Statistics and Epidemiology, School of Public
Health, Guangzhou, China, 3Singapore Eye Research Institute,
Singapore, Singapore, 4Department of O&G, Singapore National
University Hospital, Singapore, Singapore, 5Unit of General Practice
and Primary Health Care, Helsinki, Finland, 6Singapore National
University Hospital, Singapore, Singapore, 7Division of Intramural
Population Health, National Institutes of Health, Bethesda, USA.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S165



Background and aims: Gestational diabetes mellitus (GDM), a condi-
tion that affects one in five pregnancies, increases the risk of developing
abnormal glucose metabolism (AGM) during the lifetime, including pre-
diabetes and Type 2 Diabetes (T2D). In this study, we aimed to utilize
discovery-based metabolomics to identify novel metabolites related to
AGM among women prior to GDM.
Materials and methods: We examined 100 participants, nested
within a birth cohort in Singapore (Growing Up in Singapore
Towards Healthy Outcomes, GUSTO), who attended both baseline
(26-28 gestation weeks) and follow-up (5-year postpartum) visits.
At baseline, 50 participants were diagnosed with GDM according
to World Health Organization 1999 guidelines, while the remain-
ing 50 were non-GDM participants matched according to age,
ethnicity and pre-pregnancy BMI within the same cohort. At
follow-up visits, we assessed glucose tolerance using fasting
HbA1C and a 2-hour 75g OGTT. We defined pre-diabetes and
T2D accordingly. At the same follow-up visit, we also performed
blood extraction and applied an untargeted metabolomics ap-
proach, using liquid chromatography-mass spectrometry (LC-
MS), to identify serum metabolites associated with baseline
GDM and follow-up AGM status. We estimated the area under
the curve (AUC) to assess the predictive value of novel metabo-
lites discovered in our study, in addition to traditional clinical risk
factors (i.e., age, ethnicity, pre-pregnancy BMI, family history of
T2D, cumulative episodes of prior GDM onset).
Results: After a series of stringent quality checks and risk factors
adjustment, a total of 3 novel metabolites (benzyl sulfate, linoelaidic
acid and lysoPC(16:1(9Z)) were found to be associated with AGM
and also differentially expressed between GDM and non-GDM
mothers. Among these metabolites, two metabolites were downreg-
ulated (benzyl sulfate: FDR=0.04; linoelaidic acid: FDR=0.04) and
one metabolites was upregulated (lysoPC(16:1(9Z)): FDR=0.04), in
their correlation to follow-up AGM among mothers with baseline
GDM. In a logistic regression model predicting AGM at follow-up,
these metabolites showed significant increment in AUC (0.89 vs.
0.64, p=0.01) and R2 (0.49 vs. 0.11) values on top of a model that
comprised of maternal age, ethnicity, pre-pregnancy BMI, family
history of T2D and number of prior GDM episodes. Pathway anal-
ysis provided evidence of lysoPC(16:1(9Z)) being a part of the
glycerophospholipid metabolic pathway.
Conclusion: Our study identified three novel metabolites including ben-
zyl sulfate, linoelaidic acid and lysoPC(16:1(9Z)), that are significantly
associated with both GDM and AGM, beyond traditional clinical risk
factors. Further independent studies with larger sample size and prospec-
tive study design are warranted to verify association of these metabolic
signatures with AGM and evaluate the predictive value of such
metabolites.
Supported by: Singapore National Medical Research Council
(NMRC/CNIG/1114/2013) and (NMRC
Disclosure: L. Li: None.
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Prediction of pancreatic fat and analysis of its determining factors
using multi-omics datasets: an IMI DIRECT study
T. Karaderi1,2, G. Mazzoni1,2, C. Brorsson1,2, D. Westergaard2, K.
Banasik2, R. Koivula3, L. Thomas4, J. Bell4, P. Franks5, E. Pearson6, S.
Brunak1,2, for the IMI DIRECT consortium;
1DTU Health Technology, Technical University of Denmark,
Copenhagen, Denmark, 2Novo Nordisk Foundation Center for Protein
Research, Copenhagen, Denmark, 3Radcliffe Department of Medicine,
Oxford, UK, 4Research Centre for Optimal Health, London, UK,
5Genetic and Molecular Epidemiology Unit, Malmö, Sweden,
6Population Health and Genomics Division, School of Medicine,
Dundee, UK.

Background and aims: Fatty pancreas often develops in type 2
diabetes (T2D) patients, and it has been proposed that ectopic fat
deposition in pancreas may affect beta-cell function based on the
observation of increased lipogenesis and concurrent development of
fatty liver prior to diabetes diagnosis. Many factors such as the level
of overall body fat content, genetic susceptibility to deposit fat intra-
abdominally and ectopically as well as co-morbidities may deter-
mine the level of pancreatic fat deposition. Multi-omics datasets
available in the ‘Diabetes Research in Patient Stratification’
(DIRECT) project makes it plausible to study the factors playing
important roles in pancreatic fat while developing a prediction mod-
el for fat content using machine learning methods that may further
aid in identification of potential biomarkers for disease progression
as well as in stratification of patients for more personalized treat-
ment considering their co-morbidities.
Materials and methods: Magnetic resonance imaging (MRI) of
pancreatic fat, pancreas morphometry and body fat content as well
as further datasets including clinical, biochemical, anthropometric,
genomics, transcriptomics, proteomics and metabolomics data at
baseline (M0) and M18 (if available) in pre-diabetic (N=1011 at
M0) and T2D patients (N=547 at M0) are used for developing the
pancreatic fat prediction model and determining the factors affecting
the fat content. All models are adjusted for age, sex and assessment
center.
Results: Measures including body mass index, waist-to-hip ratio,
trunk fat and visceral fat show statistically significant (p<0.01),
low to moderate strength (0.15<r2≤0.40) phenotypic correlation
with pancreatic fat at baseline, and these correlations show a stron-
ger trend in women. These anthropometric and MRI measurements
alone are not good predictors of pancreatic fat when using a simple
linear regression model.
Conclusion: The observed phenotypic correlations in pre-diabetic
and T2D patients at baseline agree with the previous findings that
overall body fat and its distribution are correlated with ectopic fat
deposition. Furthermore, it is known that there is a sex difference in
body fat distribution, and this is also reflected in our current results
with women showing stronger phenotypic correlation between pan-
creatic fat content and anthropometric measurements such as waist-
to-hip ratio. More advanced modeling for prediction is necessary
and will be performed including further available multi-omics
datasets. These analyses will provide more insights into the biolog-
ical architecture of pancreatic fat deposition and the factors
influencing it.
Supported by: IMI Joint Undertaking under grant agreement no 115317
(DIRECT)
Disclosure: T. Karaderi: None.
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Proteomic and bioinformatic analysis of the anti-obesity and anti-
diabetes effects of Platycodon grandiflorum in mice
E.C. Park1,2, W. Kim1, S. Yun1, W. Back1, S.-Y. Lee1, S. Kim1;
1Korea Basic Science Institute (KBSI), Ochang, 2Department of Bio-
Analytical Science, University of Science and Technology (UST),
Daejeon, Republic of Korea.

Background and aims: Natural products are getting much attractions to
prevent and cure theses metabolic diseases. Investigation of therapeutic
mechanisms of the natural products is necessary to use the natural prod-
ucts as complementary medicines. Recently, extract of Platycodon
grandiflorum root (PGE) is known to have beneficial effects on obesity
and diabetes. However, its detailed mechanism of anti-obesity and anti-
diabetes effect is poorly understood. In this study, we investigated the
anti-diabetic role of PGE by proteomic and bioinformatic analysis in
the mice liver tissue.
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Materials and methods: Mice were fed with 60% kcal of high fat diet
(HFD) with or without 5% of ethanol extract of PG root. After 16 weeks
of diet, mice were tested for their physiologies of obesity and diabetes. In
order to investigate the underlying mechanism of anti-obesity and anti-
diabetic effect of PGE, the livers were isolated and hepatic proteome was
examined by LC-MS/MS.
Results: Mice fed with PGE showed dramatic reduced body weight.
Weight of liver and fat tissue also decreased in PGE group.
Furthermore, mice of PGE group showed lower fasting glucose lev-
el and improved glucose and insulin sensitivity. Comparison of pro-
tein expression profiles revealed that changes of protein expression
in HFD mostly reverted to normal state by intaking PGE. The pro-
teins were mainly involved in lipid metabolism, fatty acid 훽;;-oxi-
dation, oxidative phosphorylation, energy production, and mito-
chondrial dysfunction. Interestingly, proteins associated with epithe-
lial adherents junction signaling are also regulated by PGE in the
rescue process of type 2 diabetes.
Conclusion: Our extensive proteomic and bioinformatic analysis pro-
vides a valuable information for anti-diabetic function and mechanisms
of PGE. In addition, our results provide new insight into the research on
hepatic insulin resistance and type 2 diabetes and are suggestive of the
potential use of the differentially expressed hepatic proteins as biomarkers
for hepatic insulin resistance and type 2 diabetes.
Disclosure: E.C. Park: None.
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The transcriptome of persistent or transient human beta cell dys-
function caused by lipo-glucotoxicity correlates with the gene expres-
sion signature of type 2 diabetic islets
L. Marselli1, M. Suleiman1, M.L. Colli2, A. Pocai3, F. Burdet4, J.-V.
Turatsinze2, K. Steinmeyer5, B. Thorens6, A.M. Schulte5, M. Ibberson4,
G.A. Rutter7, L. Norquay3, D.L. Eizirik2, M. Cnop2, P. Marchetti1;
1University of Pisa, Pisa, Italy, 2Universite Libre de Bruxelles, Brussels,
Belgium, 3Johnson & Johnson, Philadelphia, USA, 4Swiss Institute of
Bioinformatics, Lausanne, Switzerland, 5Sanofi-Aventis Deutschland
GmbH, Frankfurt am Main, Germany, 6University of Lausanne,
Lausanne, Switzerland, 7Imperial College London, London, UK.

Background and aims: Lipo-glucotoxicity (LGT) impairs beta cell
function and survival, contributing to type 2 diabetes (T2D) onset
and progression. We studied the effects of several LGT conditions
(LGTc) on isolated human islets, including impairment and possible
reversal of glucose-st imulated insul in secretion (GSIS),
transcriptomic changes and correlations with transcriptomes of islets
from T2D donors.
Materials and methods: Islets from 26 non-diabetic organ donors
were exposed to 0.5 mM palmitate (P), 11.1 mM glucose (g),
22.2 mM glucose (G), P+g, P+G, 1.0 mM palmitate+oleate, (1:2,
P+O), P+O+g, P+O+G (n=3-6 per condition). Islets were studied
basally (Bas, control medium with 5.5 mM glucose), after 2 days
(2d) of LGTc exposure and 4 additional days washout in control
medium. RNAseq of P and P+G was performed by Illumina
(FDR<0.05). Transcriptomes were compared to islet transcriptomes
o f 8 T2D and 12 non-d i abe t i c dono r s by Rank-Rank
Hypergeometric Overlap.
Results: GSIS was not affected by g, P+O and P+O+g, but declined
after 2d exposure to P, G, P+g, P+G and P+O+G. Significant recov-
ery of GSIS was observed after washout of P, G and P+g, but not for
P+G and P+O+G. Differentially expressed transcripts were 646 with
2d P treatment and 1,498 after 2d P+G. Leading edge enrichment
analyses identified functional categories that included acyl-CoA bio-
synthesis and fatty acid metabolism, unfolded protein response, pro-
tein catabolic processes, autophagy and neuronal differentiation.
The GSIS recovery of P washout was associated with changes of

755 transcripts, with downregulation of fatty acid metabolism and
upregulation of carbohydrate catabolic processes. Signature compar-
isons of T2D vs P and P+G-exposed cells showed significant cor-
relations between disease and LGT functional changes.
Conclusion: Several LGTc impair GSIS from human islets, and reversal
occurs after washout of some of the deleterious LGTc. Transcriptomic
changes underlie GSIS damage and recovery, and they are correlated with
T2D islet transcriptomic signatures. These results contribute to the iden-
tification of biomarkers for beta cell dysfunction and rescue, fostering the
development of novel beta cell-directed strategies to prevent or treat T2D.
Supported by: RHAPSODY, grant agreement No. 115881
Disclosure: L. Marselli: None.
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The impact of birthweight on the phenotype of type 2 diabetes
C. Paulina, E.R. Pearson, L.A. Donnelly;
Population Health & Genomics, Univeristy of Dundee, Dundee, UK.

Background and aims: It is established that there is a strong cor-
relation between low birthweight and subsequent risk of developing
Type 2 Diabetes Mellitus (T2DM) later in life. The mechanism for
this has been related to the foetal genotype and/or the foetal intra-
uterine environment. There have been no studies that relate the
foetal birthweight to the phenotype of diabetes once it develops.
The aim of our study was to use a large birth cohort linked to a
national diabetes registry to investigate the phenotype of diabetes
adults with low birthweight, and the association with rate of
glycaemic deterioration after diagnosis.
Materials and methods: We linked the Walker Birth Cohort
(48,000 births, 1952-1966, Tayside, Scotland) to the national diabe-
tes registry in Scotland (SCI-Diabetes). Birthweight was
standardised for gestational age and sex. A univariate regression
analysis was done to assess the impact of the adjusted birthweight
on the diabetes phenotype at diagnosis. We assessed age of diagno-
sis, BMI, Creatinine, ALT, HDL-Cholesterol, Triglycerides, and sys-
tolic blood pressure recorded at or close to diagnosis. We then eval-
uated the effect of birthweight and other parameters in a multivari-
ate regression on age of onset of diabetes. A cox proportional haz-
ards regression analysis was undertaken with the time to insulin
treatment as the event to evaluate the impact of birthweight on
diabetes progression.
Results: Comparing the lowest quartile birthweight (<2.893 kg)
with the highest quartile birthweight (>3.572 kg), low birthweight
was associated with: younger age of onset of diabetes (50.0 years
(95%CI 49.4 to 50.7) vs 51.3 years (95% CI 50.7 to 51.9)); and a
lower BMI at diagnosis (34.2kg/m2 (95% CI 33.4 to 35.0) vs
35.8kg/m2 (95%CI 35.0 to 36.6). Increased birthweight was associ-
ated with lower HDL-Cholesterol (p = 0.0163). In the multiple re-
gression analysis, the effect of birthweight on age of diagnosis of
diabetes was independent of BMI, sex and HDL at diagnosis (Beta
1.05 years/kg, p=0.001) From the cox proportional hazards analysis,
men had a lower progression to insulin treatment (HR of 0.678, p =
0.0008) but there was no significant impact of adjusted birthweight
on diabetes progression.
Conclusion: For the first time, we have shown that a lower
birthweight is associated with a younger onset of T2DM, with those
with lower birthweight also being slimmer at diagnosis with higher
HDL. This effect is independent of other clinical parameters such as
BMI at diagnosis and sex suggesting it is not mediated by an effect
of birthweight on subsequent BMI in adulthood. C-peptide measures
or HOMA were not available, but these results are consistent with
the diabetes risk associated with lower birthweight being mediated
by reduced beta-cell function.
Disclosure: C. Paulina: None.
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N-glycosylation of plasma proteins is changed in children with early
onset type 1 diabetes and regulated by glycosyltransferase and com-
plement C3 genes
O. Gornik1, N. Selak1, S. Kaur2, D. Kifer1, F. Pociot2,3, G. Morahan4;
1University of Zagreb Faculty of Pharmacy and Biochemistry, Zagreb,
Croatia, 2Steno Diabetes Center Copenhagen, Gentofte, Denmark,
3University of Copenhagen Faculty of Health and Medical Sciences,
Copenhagen, Denmark, 4University of Western Australia Centre for
Diabetes Research, Perth, Australia.

Background and aims: Changes in N-glycosylation of plasma pro-
teins have been reported in adult population with type 1 diabetes, as
well as was an increase in level of mannose binding lectin that
triggers one of the complement activation pathways. However, gly-
cosylation changes have never been studied at the onset of this
disease, in children and adolescents. Our study is the first to corre-
late glycomic and genomic data in recent onset cases in order to
identify glycans involved in the aetiology of the disease and their
genetic regulation.
Materials and methods: Plasma samples from 1,105 children
and adolescents (0-18 years) were collected within three months
of diagnosis through the Danish Registry of Childhood and
Adolescent Diabetes. Participants were genotyped at 183,546 sin-
gle nucleotide polymorphisms (SNPs) on the Immunochip. Both
total plasma protein and IgG N-glycans were analyzed using
hydrophilic interaction ultra-performance liquid chromatography,
and genome wide association study on glycans was performed.
Significant associations were further validated by comparing N-
glycans released from total plasma proteins and IgG between
187 children with type 1 diabetes and their 244 unaffected
siblings.
Results: Five genome-wide significant loci associated with total
plasma proteins and/or IgG N-glycans were identified. Four loci:
MGAT3, MGAT5, ST6GAL1, and SYNGR1 were already associat-
ed with N-glycosylation previously. Fifth, complement C3 gene lo-
cus (C3), represents the novel finding. SNP within the exon of this
gene, causing cyclic to acyclic amino acid change within the C3
protein, is associated with a decrease in oligomannose N-glycan
(Man9) levels. Man9 glycan is known to be also attached to the
C3 protein in the vicinity of the domain responsible for pathogen
binding. When we further compared glycan profiles in children with
type 1 diabetes and their healthy siblings, we found that type 1
patients had significantly higher levels of N-glycans associated with
MGAT3 and MGAT5 glycosyltransferase loci, as well as levels of
plasma N-glycans with terminal mannose (Man5 and Man6) and N-
acetylglucosamine (GlcNAc) residues.
Conclusion: Our results imply the importance of C3 gene, as well
as MGAT3 and MGAT5 genes, in type 1 diabetes development. We
suggest that the amino acid change within the C3 protein could
increase the accessibility for enzymatic processing of the C3 protein
Man9 N-glycan, which, in turn, could significantly decrease Man9
levels and potentially interfere with the complement system activa-
tion. We also showed that children with a recent diagnosis of type 1
diabetes, compared to their unaffected siblings, have increased
levels of N-glycans that are targets for mannose-binding lectin, sug-
gesting that the complement system could be implicated in type 1
diabetes pathogenesis through the mannose-binding lectin pathway.
Supported by: Croatian Science Foundation, Danish Diabetes
Association
Disclosure: O. Gornik: None.
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Genome-wide association study of urinary metabolites in individuals
with type 1 diabetes
E.Valo1,2, S.Mutter1,2, V. Aittomäki3, N. Sandholm1,2, C. Forsblom1,2, P.
Würtz3, P.-H. Groop1,4, FinnDiane Study Group;
1Folkhälsan Institute of Genetics, Folkhälsan Research Center, Helsinki,
2Research Program for Clinical and Molecular Metabolism, Faculty of
Medicine, Helsinki, 3Nightingale Health Ltd, Helsinki, 4Abdominal
Center Nephrology, University of Helsinki and Helsinki University
Hospital, Helsinki, Finland.

Background and aims:Metabolite concentrations in blood and urine are
direct read-outs of biological processes and can serve as intermediate
phenotypes or biomarkers of complex diseases. Understanding the con-
tribution of genetic factors to metabolite concentrations can facilitate
understanding of the molecular mechanisms behind diseases such as di-
abetic kidney disease. In this study we aimed to identify genetic loci
associated with urinary metabolite levels in individuals with type 1 dia-
betes (T1D).
Materials and methods: This study included 3,286 individuals with
T1D from the Finnish Diabetic Nephropathy Study (FinnDiane). The
age at onset of diabetes was required to be below 40 years and initiation
of insulin treatment within 1 year from the diagnosis of diabetes. Further,
individuals with end-stage renal disease were excluded from the analysis.
The urinary metabolites (n=18) were measured with nuclear magnetic
resonance; and the genotyping was performed with the Illumina Human
CoreExome chip. The genotypic data were imputed using the 1000
Genomes Phase 3 version 5 reference panel. After quality control the
imputed genotypic data included approximately 6.4 million single nucle-
otide variants (SNVs). We tested the association of the genotype with the
metabolite concentrations in the urine using a score test with an additive
model implemented in SNPTest. Prior to association analysis we normal-
ized the metabolite concentrations to the urinary creatinine concentration
and performed an inverse normal transformation. The analysis was ad-
justed for sex, age, eGFR, genotyping batch, and the two first genetic
principal components.
Results: At the time of the urine collection the median age was 37
years (Q1=28 years, Q3=47 years), 49% were women and median
eGFR was 102 ml/min/1.72m2 (Q1=85 ml/min/1.72m2, Q3=115 ml/
min/1.72m2). We identified 6 loci associated with the urinary me-
tabolite concentrations at a Bonferroni corrected genome-wide sig-
nificance level of p < 2.9×10-9. The strongest association signals for
each metabolite were: 2-Hydroxyisobutyrate (p=5.8×10-78, β=-
0.57), 3-Hydroxyisovalerate (p=2.2×10-11, β=0.19), Beta-
Aminoisobutyrate (p=2.4×10-78, β=0.84), Formate (p=1.4×10-59,
β=-0.47), Glycine (p=1.1×10-11, β=0.40), and Trigonelline
(p=3.3×10-10, β=0.17).
Conclusion: We identified 6 loci associated with urinary metabolite
concentrations in individuals with T1D. Four of these loci have
previously been reported in the general population for 2-
Hydroxyisobutyrate, Beta-Aminoisobutyrate, Formate, and
Glycine. In addition, we identified two novel loci. The strongest
association with Trigonelline was observed in an intronic variant
rs6968554 in the LOC101927609 gene. The variant has previously
been associated with other urine and blood metabolite traits. The
lead association signal for 3-Hydroxyisovalerate is an intronic var-
iant rs3034382 in the SLC17A3 gene. This gene encodes a voltage-
driven transporter of intracellular urate and organic anions from the
blood into renal tubular cells. Replication is needed to confirm these
new associations.
Supported by: Academy of Finland, Folkhälsan, Wilhelm and Else
Stockman Foundation
Disclosure: E. Valo: Non-financial support; Nightingale Health Ltd.
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The Accelerating Medicines Partnership Type 2 Diabetes knowledge
portal
A. Sankar, D. Spalding, The AcceleratingMedicines Partnership in Type
2 Diabetes;
European Bioinformatics Institute (EMBL-EBI), Cambridge, UK.

Background and aims: The Accelerating Medicines Partnership in
Type 2 Diabetes (AMP T2D) is a partnership between the U.S.
National Institutes of Health (NIH), the Foundation of the
National Institutes of Health (FNIH) and several life science com-
panies that aims to speed up the development of new diagnostics
and treatments by identifying and validating promising biological
targets.
Materials and methods: A collaborative effort between re-
searchers from the Broad Institute, EMBL-EBI, the University of
Michigan and the Wellcome Centre for Human Genetics has result-
ed in the creation of the AMP T2D Knowledge Portal (http://
www.type2diabetesgenetics.org). It is an open-access web resource
comprising DNA sequence, genetic association results and func-
tional genomic information from studies on type 2 diabetes
(T2D) and its complications. There are 66 datasets in the T2D
Knowledge Portal (T2DKP) to date, varying from small studies
to large meta-analyses such as the DIAMANTE GWAS study with
data from 898,130 individuals. Genetic association results in the
T2DKP may be explored using interactive Manhattan plots, or
viewed on pages displaying epigenomic data, or comprehensive
information about specific genes and variants. The Genetic
Association Interactive Tool (GAIT) allows users to securely inter-
act with individual level data to perform on-the-fly association
tests, filtering sample sets by multiple criteria: custom online anal-
yses and association tests can then be performed based on these
criteria. Results include effect sizes, p-values and odds ratios, and
GAIT enables assessment of disease burden for genes by focussing
on high impact variants. LocusZoom visualizes associations across
a region and custom association analysis; other modules display
PheWAS and Forest plots showing associations for a variant across
all phenotypes in the T2DKP or across a selection of phenotypes
from UK Biobank. The Genetic Risk Score (GRS) module allows
association of 243 high-risk variants (from DIAMANTE) with dif-
ferent phenotypes to determine how they are genetically related.
Results:We chose SLC30A8 as a gene of interest in order to evaluate the
utility of the T2DKP, selecting it in the variant finder to determine if there
were any deleterious variants in this region. We chose T2D as our phe-
notype of interest and restricted the list of mutations to missense or pro-
tein truncating variants, yielding 13 variants from 8 different datasets.
Two variants, rs13266634 and rs16889462, were statistically significant
for association with T2D (p-values of 9.9e-55 and 1.92e-14 respectively).
We focussed on rs13266634 and investigated its associations across all
the datasets within the portal and found it was also associated with fasting
glucose levels in a third dataset. In an epigenetic context, this variant is
located in a region that was annotated as an active enhancer in pancreatic
islets. Hence we replicated results from the DIAMANTE dataset and
identified deleterious variants in SLC30A8C that were previously associ-
ated with increased risk of T2D.
Conclusion: The AMP-T2D knowledge portal is a unique collaborative
project consisting of a curated collection of GWAS and sequencing
datasets with additional annotated information on impact and association
of variants within these datasets to type 2 diabetes and related traits. It is
publicly accessible to the scientific community to help further research
and aid in the identification of novel therapeutic targets for the treatment
of type 2 diabetes.
Supported by: FNIH Grant number #FLIC16AMPAMP-T2D Federation
Disclosure: A. Sankar: None.
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Effect of type 2 diabetes on the expression of hypoxia-inducible factor
1-alpha (HIF-1α): Is there a relationship with the clock genes?
C. López-Cano1,2, L.P. Gutiérrez-Carrasquilla1, E. Sánchez2, A.
Campos1, M. Hernández1, S. Fernández-Veledo3, J. Vendrell3, A.
Lecube1,2;
1Hospital Arnau de Vilanova, Lleida, 2Institut de Recerca Biomèdica
(IRB), Lleida, 3Institut d'Investigació Sanitària Pere Virgili, Reus, Spain.

Background and aims: Evidence suggests that the relationship between
type 2 diabetes (T2D) and sleep-disordered breathing is bidirectional.
Sleep-wake habits and sleep disorders are associated with a higher inci-
dence of T2D. Thus, recent findings have revealed that the negative
effects of T2D on nocturnal breathing would produce a deregulated mo-
lecular circadian rhythm. Despite this, we do not have useful biological
markers to identify nocturnal hypoxia and its impact on chronodisruption.
To assess the impact of T2D on the expression of HIF-1α and the main
clock genes, and the relationship that is established between them.
Materials and methods: A total of 129 subjects were evaluated in this
cross-sectional study (62 of them with T2D). The gene expression of the
following clock genes was measured: PER1, PER2, PER3, RORα,
ARNTL, CLOCK, EPAS1, CRY1, CRY2 y SUCNR. The expression of
HIF-1αwas quantified by PCR (polymerase chain reaction). The activity
of aerobic glycolysis was assessed indirectly by measuring lactate, pyru-
vate and succinate levels.
Results: The study population with T2D, composed of 51.6% women
(control group 25,3%; p=0,003), had a higher bodymass index (33,3±6,2
vs 28,6±6,6 kg/m2; p=<0,001) and a similar age (57,3±10,0 vs 58,8±9,4
years; p=0,381) than population with a normal glucose metabolism.
Subjects with T2D showed lower gene expression of HIF1-α compared
to the control group (1,34±0,84 vs 2,2±1,65; p=<0,01], as well as a
statistically significant decrease in the expression of clock genes studied.
All the clock genes studied correlated positively with HIF-1α and in-
versely with glycated hemoglobin (Hba1c). In patients with T2DM, there
was also a significant increase in the levels of products derived from
glycolysis: pyruvate (61,9±25,6 vs 50,3±23,1uM; p=0,026) and lactate
(2102,1±688,2uM vs 1730,4±694,4uM p=0,013).
Conclusion: This study shows that type 2 diabetes mellitus modifies the
gene expression of HIF-1α and clock genes, related to the degree of
metabolic control. This new physiopathological pathway could be in-
volved in the development of some late-stage diabetes mellitus compli-
cations, becoming a potential new therapeutic goal.
Supported by: FEDER Fondo Europeo de Desarrollo Regional. Una
manera de hacer Europa
Disclosure: C. López-Cano: None.
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Differential association of 53 genome-wide association studies identi-
fied loci with type 2 diabetes in Lebanese and Tunisian Arabs
K. Atageldiyeva, W.Y. Almawi;
Nazarbayev University School of Medicine, Astana, Kazakhstan.

Background and aims: Type 2 diabetes mellitus (T2DM) is a leading
health problem in developing and developed countries, and is caused by
modifiable and non-modifiable factors, including genetic predisposition,
and interaction between both factors. Previous investigation of T2DM
susceptibility genes utilized the “candidate gene” approach, which was
superseded by the genome-wide association studies (GWAS) approach.
Several T2DM susceptibility loci were identified in European popula-
tions, and later confirmed in other ethnic groups. These totaled 88 for
T2DM, and further 83 for glycemic traits.We aimed to iIdentify candidate
genes associated with Type 2 diabetes in distinct Arab-speaking popula-
tions, which can be used as marker of diabetes and its complications.
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Materials and methods: We analyzed GWAS identified SNPs in a
Tunisian (North Africa) and Lebanese (Eastern Mediterranean) Arab rep-
resentatives (751 diagnosed with T2DM and 918 matched controls
among Lebanese vs 1470 diabetic and 838 controls among Tunisian)
for association with T2DM and diabetes related quantitative traits. We
tested association between 53 candidate SNPs and T2DM using logistic
regression with age, sex and BMI as covariates.
Results: Among Lebanese subjects, COL8A1 rs792837 (p = 2.9 × 10-9),
KCNQ1 rs2237892 and rs2237895 (p = 1.8 × 10-18 and p = 0.002, respec-
tively), ALX4 rs729287 (p = 7.5 × 10-5),HNF1 rs4430796 (p = 0.003), FTO
rs8050136 and rs17817449 (p= 0.013 and p= 0.015, respectively),CDKAL1
rs7754840 and rs7756992 (p = 9.0 × 10-6 and p = 2.7 × 10-4, respectively) ,
IGF2BP2 rs1470579 (p = 5.3 × 10-4), and PPARγ rs1801282 (p = 0.007)
were associated with T2DM. On the other hand, MC4R rs1942872 (p =
0.012), KCNJ11 rs5219 (p = 0.002), SLC30A8 rs13266634 (p = 4.0 ×
10-4), and CDKN2B rs10811661 (p = 0.013) were associated with T2DM
in Tunisian, but not Lebanese subjects. Furthermore, TCF7L2 rs4506565,
rs7903146, rs12243326, and rs12255372, and CAPN rs3842570 were posi-
tively associated with T2DM in both Lebanese and Tunisian subjects.
Conclusion: Our findings confirm substantial overlap of T2DM at-risk
loci across many ethnic groups, and also to unique association of T2DM
variants disease prevalence in select communities. More studies using
meta-analysis, along with gene-environment, functional, epigenetic, and
next generation sequencing (NGS) analysis, are needed to establish the
relevance of this differential association on T2DM in these communities.
Disclosure: K. Atageldiyeva: None.
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Genome-wide association study of circulating levels of glucagon dur-
ing an oral glucose tolerance test
A. Jonsson1, S.E. Stinson1, S.S. Torekov1,2, T.D. Clausen3,4, L.
Kelstrup5, K. Faerch6, N. Grarup1, O. Pedersen1, E.R. Mathiesen4,7, P.
Damm4,5, M.E. Joergensen6,8, D.R. Witte9,10, J.J. Holst1,2, T. Hansen1;
1NovoNordisk Foundation Center for Basic Metabolic Research, Faculty
of Health and Medical Sciences, University of Copenhagen,
Copenhagen, 2Department of Biomedical Sciences, Faculty of Health
and Medical Sciences, University of Copenhagen, Copenhagen,
3Department of Gynecology and Obstetrics, Nordsjaellands Hospital,
University of Copenhagen, Hilleroed, 4Institute of Clinical Medicine,
Faculty of Health and Medical Sciences, University of Copenhagen,
Copenhagen, 5Department of Obstetrics, Copenhagen University
Hospital, Rigshospitalet, Copenhagen, 6Steno Diabetes Center
Copenhagen, Gentofte, 7Department of Endocrinology and Center for
Pregnant Women with Diabetes Copenhagen University Hospital,
Rigshospitalet, Copenhagen, 8National Institute of Public Health,
University of Southern Denmark, Copenhagen, 9Institute of Public
Health, University of Aarhus, Aarhus, 10Danish Diabetes Academy,
Odense, Denmark.

Background and aims: Individuals with prediabetes or type 2 diabetes
have elevated fasting glucagon levels and delayed glucose-induced suppres-
sion of glucagon secretion. Our aimwas to examine the association of genetic
variants with circulating levels of glucagon during an OGTT.
Materials and methods: Plasma levels of glucagon were examined in
samples obtained during anOGTTin a total of 1883 non-diabetic individuals.
Participants were given a standard 75 g OGTT after an overnight fast of ≥8
hours and blood samples were drawn at 0, 30 and 120 min for assessment of
plasma glucagon levels. The decremental area under the curve (dAUC) of
plasma glucagon was calculated from 0-30 minutes and from 0-120 minutes
during the OGTT. Association analyses were performed using a linear mixed
model (EMMAX) implemented in the EPACTS software package by the use
of inverse-normalized residuals of the traits adjusted for age, sex and BMI.
Results: TheA-allele of rs13094949was associated with fasting levels of
plasma glucagon (Beta (SE) 0.181 (0.034), P=6.9×10-8). The nearest gene

is MITF. We examined 161 genetic variants previously known to be
associated with type 2 diabetes or other linked glycemic traits. A variant
in SLC2A2 was associated with lower glucagon levels throughout the
OGTT (rs1280, T-allele, fasting: -0.168 (0.048), P=4.8×10-4, 30 min: -
0.170 (0.049), P=5.2×10-4, 2 hours: -0.171 (0.049) P=4.7×10-4), a variant
in PPARG, was associated with increased suppression of glucagon during
the first 30minutes of the OGTT (rs1801282, C-allele, dAUC 0-30: 0.184
(0.046), P=6.5×10-5) and a variant in FADS1, was associated with lower
plasma glucagon levels at 2 hours of the OGTT (rs174576, C-allele, -
0.116 (0.035), P=8.6×10-4).
Conclusion: Our data indicate that circulating levels of glucagon during
an OGTT are partially under genetic control. A variant in theMITF locus
associated with higher fasting plasma glucagon level and three variants,
previously associated with type 2 diabetes or related glycemic traits, in
SLC2A2, PPARG and FADS1, respectively, were associated with lower
plasma glucagon levels.
Supported by: DFF, EU, NNF, Lundbeck Foundation
Disclosure: A. Jonsson: None.
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Genetic loci associated with BMI in GWAS: influence on adipose
lipolysis and diabetes
A. Kulyté1, V. Lundbäck1, R.J. Strawbridge2, P. Arner1, I. Dahlman1;
1Medicine H7, Lipid laboratory, Karolinska Institutet, Huddinge,
Sweden, 2Institute of Health and Wellbeing, University of Glasgow,
Glasgow, UK.

Background and aims: High body mass index (BMI) is a strong risk
factor for type 2 diabetes mellitus (T2DM). Genome-wide association
studies (GWAS) have identified numerous common single nucleotide
polymorphisms (SNPs) associated with BMI; some overlap with related
traits such as T2DM. The number of BMI-associated genetic loci have
now reached ~900, however, underlying causative genes andmechanisms
linking SNPs with BMI, and in some cases T2DM, remain undefined.
Here we aimed to determine whether genetic susceptibility might be due
to BMI-associated SNPs influencing adipose tissue function. The study is
part of a large project studying the genetics of adipose lipolysis in the
GENetIcs of Adipocyte Lipolysis (GENIAL) cohort.
Materials and methods: We have completed an in house GWAS in 930
subjects in theGENIAL cohort with detailed information about adipose tissue
phenotypes such as basal and isoprenaline-stimulated lipolysis. Genotyping
was performed using the UK Biobank Axiom array. 9,260,588 SNPs are
available for analysis s. Gene expression was examined during adipocyte
differentiation, in adipose tissue and mature adipocytes using in house
RNA-seq data. For further functional analysis in vitro adipocyte expressed
genes were knocked down using siRNA in hMSCs during differentiation and
the effect on lipolysis and adipogenesis was evaluated.
Results: We have overlapped published meta-analysis data of SNPs re-
lated to BMI and T2DMwith our in house GWAS of lipolysis. To identify
expression of quantitative trait loci (eQTL), SNPs were explored using
GTEx. SNPs associated both with BMI and adipocyte lipolysis, and com-
prising eQTLs, for genes expressed in adipocytes, were taken forward for
functional evaluation. Knock down of eQTL genes revealed that some
affected both lipolysis and adipogenesis, whereas other genes influenced
lipolysis lipolysis.
Conclusion: A number of BMI-SNPs were nominally associated with
basal or isoprenaline-stimulated lipolysis, and adipose gene expression.
Knockdown of the latter genes identified those that affected lipolysis
supporting the notion that genetic susceptibility to obesity partially is
mediated by inefficient lipid mobilization from adipose tissue.
Supported by: UKRI Innovation, SE Research Council, CIMED,
Diabetes research program KI
Disclosure: A. Kulyté: None.
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Do the ‘favourable adiposity’ genes influence weight / metabolic
change over time in type 2 diabetes? Results from a 14 year prospec-
tive UK study
A. Heald1, S. Martin2, H. Yaghootkar2, H. Fachim1, K. Siddals1, G.
Cortes3, R.P. Narayanan4, T. Frayling2, J.M. Gibson1;
1The School of Medicine and Manchester Academic Health Sciences
Centre, University of Manchester, Manchester, UK, 2University of
Exeter Medical School, Exeter, UK, 3Medicine, High Speciality
Regional Hospital of Ixtapaluca, Mexico City, Mexico, 4The School of
Medicine and Manchester Academic Health Sciences Centre, St Helens
and Knowsley Teaching Hospitals NHS Trust, Merseyside, UK.

Background and aims: The course for people with Type 2 diabetes
(T2DM) in terms of weight change and HbA1c change over time is quite
variable between individuals, with many determinants. Genetic variants
of ‘favourable adiposity’ have been shown to confer a favourable meta-
bolic profile even in those individuals with a higher body mass index
(BMI). Low circulating levels of insulin-like growth factor-II (IGF-II)
are known to be associated with weight increase over time. We here
looked at the relation between specific alleles found to be associated with
‘favourable adiposity’ in the general population with changes in metabol-
ic profile / BMI over 14 years in 844 people with T2DM.
Materials and methods: Extracted DNA from 844 people with T2DM
(542 men and 302 women) recruited to a prospective cohort study in
Salford UK in 2002 were analysed at 14 genomic sites related to the
‘favourable adiposity’ gene profile. These included PPARG, IRS1 and
VEGFA/C6orf223. We also measured baseline IGF-II and performed
analysis of 8 SNPs of the IGF-II gene. Details of weight / HbA1c change
over time were obtained from GP and hospital records. We related the 14
item genetic risk score and IGF-II SNP profile to these parameters. The
model of best fit was found to be traitij = yeari + agei + favourable
adiposity genetic risk scorei + genderi + (yearj x favourable adiposity
genetic risk scorei) + (yearj x agei) +yearj

2 + agei
2
: where i = 1 to 844

are the individuals and j = 0 to 15 are the repeated measures. The inter-
action yearj x favourable adiposity genetic risk scorei was the term of
interest.
Results: Mean ± SD age across gender was 60.13 ± 11.02 years (mean
age for men 59.88 ± 10.77 years and women 60.57 ± 11.46 years). There
was no gender difference in age. There was an overall mean decrease in
BMI of -0.91, 95% CI [-1.25, -0.56]. Over the 14 year follow-up period
42.29% of individuals increased their BMI. HbA1c overall fell by -
0.41%, 95% CI [-0.56, -0.27] with 38.46% increasing their HbA1c. By
the end of 2016, a total 166 (19.7%) of the patients were dead (of these
128 were men and 38 were women). 158 (18.7%) had suffered a myo-
cardial infarction (MI), 122 (14.5%) a stroke and 164 (19.4%) had under-
gone coronary artery revascularisation. Lower levels of IGF-II associated
with 2 SNPs of the IGF-II gene (rs10770063 and rs3842767) were related
to a greater propensity to weight change over the follow-up period in both
univariate and multivariate analysis (normalised beta -0.2, p=0.001). In
relation to the 14 ‘favourable adiposity’ gene variants there was no sig-
nificant interaction between the derived genetic risk score and weight
change, future lipid profile, HbA1c or blood pressure over the 14-year
follow-up period.
Conclusion: We found that change in all the traits mentioned over a 14
year period is not affected by a higher ‘favourable adiposity’ genetic risk
score. However study of IGF-II gene expression and related IGF-II pep-
tide levels in T2DMmay provide important insights into the mechanisms
underpinning the significant differences the trajectory ofweight outcomes
over time for people with T2DM.
Supported by: SRFT
Disclosure: A. Heald: None.
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Liver fat and whole-body insulin sensitivity are higher in newly di-
agnosed type 2 diabetes patients with a variant in transmembrane 6
superfamily member 2 protein (TM6SF2)
K. Bodis1,2, J. Szendroedi1,2, J. Ahlers2,3, O.-P. Zaharia2,3, Y.
Karusheva2,4, B. Knebel5,4, Y. Kupriyanova2,4, J.-H. Hwang2,4, V.
Burkart2,4, H. Al-Hasani5,4, K. Müssig1,2, M. Roden1,2, D.F. Markgraf2,4;
1Division of Endocrinology and Diabetology, Medical Faculty, Heinrich
Heine University, Düsseldorf, 2Institute for Clinical Diabetology, German
Diabetes Center, Leibniz Center for Diabetes Research at Heinrich Heine
University, Düsseldorf, 3German Center for Diabetes Research (DZD),
München-Neuherberg, 4German Center for Diabetes Research (DZD),
Düsseldorf, 5Institute for Clinical Biochemistry and Pathobiochemistry,
German Diabetes Center, Leibniz Center for Diabetes Research at
Heinrich Heine University, Düsseldorf, Germany.

Background and aims: TM6SF2-knockdown in mice increases he-
patocellular lipid content (HCL) and decreases very low-density
lipoprotein secretion without effect on both fasting glycemia or
fasting insulinemia. Humans with the E167K-mutation (SNP
rs58542926) in the gene encoding TM6SF2 are at higher risk for
non-alcoholic fatty liver disease, but lower risk for cardiovascular
disease. However, the effect of TM6SF2-mutations on insulin sen-
sitivity in type 2 diabetes is less clear. This study aimed at elucidat-
ing the relevance of the TM6SF2-mutation on hepatic and whole-
body insulin sensitivity as well as on HCL in type 2 diabetes.
Materials and methods: We compared male patients with recently
diagnosed type 2 diabetes with (n=16, 50±1 years, 32±1 kg/m2) or
without (n=16, 48±3 years, 32±2 kg/m2) E167K-mutation from the
German Diabetes Study. All participants underwent Botnia-clamp
tests with stable isotope dilution ([6,6-2H2]glucose) to assess insulin
sensitivity of the liver and muscle. Hepatic insulin sensitivity was
measured from the difference between basal and insulin-suppressed
endogenous glucose production (ΔEGP). 1H magnetic resonance
spectroscopy was performed to quantify HCL and hepatic fibrosis
was assessed by the fibrosis-4 index (FIB4).
Results: HbA1c were similar between patients with and without
TM6SF2-mutation (6.2±0.2 vs 5.9±0.1%). Whole-body insulin sensitivi-
ty was 31% higher in carriers of TM6SF2-mutation (7.1±0.6 vs 5.4±0.2
mg/(kg*min), p<0.05). Basal EGP (1.9±0.6 vs 1.8±0.1 mg/(kg*min)),
ΔEGP (1.6±0.1 vs 1.6±0.1 mg/(kg*min)) and FIB4 (1.2±0.1 vs 1.0
±0.1) were comparable. Nevertheless, HCL was markedly higher in car-
riers of TM6SF2-mutation (9.0±1.9 vs 4.6±0.4%, p<0.05).
Conclusion: The E167K-mutation of the TM6SF2-gene dissociates liver
steatosis from hepatic glucose metabolism and from whole-body insulin
sensitivity in early stages of type 2 diabetes.
Clinical Trial Registration Number: NCT01409330
Disclosure: K. Bodis: None.
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In vivo evaluation of a novel therapeutic target for type 2 diabetes
identified through genome wide association study-based drug
discovery
M. Imamura1,2, M. Matsunami1, S. Maeda1,2;
1Department of Advanced Genomic and Laboratory Medicine, Graduate
School of Medicine, University of the Ryukyus, Nishihara, 2Division of
Clinical Laboratory and Blood Transfusion, University of the Ryukyus
Hospital, Nishihara, Japan.

Background and aims: Genome-wide association studies
(GWAS) have identified more than 200 genetic loci associated
with susceptibility for type 2 diabetes (T2D). We have previously
proposed several new potential pharmacological targets for T2D
treatments using systematic bioinformatics approach integrating
the findings of GWAS for T2D, and biological or pharmacological
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information from various databases. KIF11 is one of the potential
therapeutic targets identified by the in sillico drug disovery pipe-
line. However, its therapeutic effect for T2D has not been evalu-
ated by in vivo study. Here, we aimed to investigate the thera-
peutic effect of a KIF11 inhibitor on T2D using diabetic mice
model.
Materials and methods: C57BL/6J (B6J) mice (n=8/group) and
BKS.Cg-Dock7m+/+Leprdb/J (db/db) mice (n=3/group) were treat-
ed with either KIF11 inhibitor (SB743921, 5mg/kg body weight, ip,
SB-B6J or SB-db) or vehicle (C-B6J or C-db) every 4-5 days from
7-8weeks of age. Intra peritoneal glucose tolerance test (IPGTT),
insulin tolerance test (IPITT), and pyruvate tolerance test (IPPTT)
were performed after 3, 4 and 6-7times of SB743921 administration
respectively. Total RNAs of liver tissues from SB-db or C-db (n=3/
group) were extracted for subsequent gene expression analyses
using Clariom™ S Assay for mouse (Thermo Fisher Scientific Inc.
MA, U.S.A.).
Results: The KIF11 inhibitor increased insulin sensitivity (IPITT-
area under the curve (AUC); 23423±2273 vs. 13620±551, C-db vs
SB-db respectively, P<0.005), and reduced hepatic glucose produc-
tion (IPPTT-AUC; 66830±7763 vs. 47430±5690, C-db vs SB-db,
P<0.05) in db/db mice. AUC for blood glucose levels during
IPGTT of SB-db was lower than that of C-db (59268±5097 vs.
49370±3835, C-db vs SB-db), although the difference was not
attained statistically significant level (P=0.09). No difference in
body weight gain was observed between C-db and SB-db until 13
weeks of age. As a result of microarray analysis, we identified 355
differentially expressed genes between SB-db and C-db mouses (t-
test, P<0.05 and expression changes, >1.5-fold or <0.67-fold) , and
gene set enrichment analysis indicated that gene sets “mitotic spin-
dle”, “notch signaling” and “ Wnt /beta-catenin signaling” were
down-regulated in the SB-db liver (FDR q<0.05). The results of
the IPGTT and IPITT on SB743921-administrated B6J mice (C-
B6J vs SB-B6J; AUC-IPGTT, 39718±4569 vs 35796± 4803,
P=0.13; AUC-IPITT, 6701±1028 vs 5896±764, P=0.13) indicated
SB743921 did not significantly affect glucose metabolism under
normal conditions.
Conclusion: We have demonstrated that administration of a KIF11 in-
hibitor ameliorated impaired glucose tolerance on db/db mice through
increasing the insulin sensitivity and suppressing hepatic glucose produc-
tion. The results suggest that our GWAS-based drug discovery platform is
useful to identify novel drug targets for the treatment of common dis-
eases, such as T2D.
Supported by: JSPS KAKENHI Grant Number JP17K09886
Disclosure:M. Imamura: None.
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Bisphenol-A modulates ion channel expression and activity in mouse
pancreatic beta cell via oestrogen receptor beta (ERbeta)
R.S. dos Santos1,2, J. Martinez-Pinna3, L. Marroqui1,2, A. Hmadcha4,2, J.
Lopez-Beas4,2, S. Soriano3, S. Villar-Pazos1,2, P. Alonso-Magdalena1,2, I.
Quesada1,2, E. Fuentes1,2, F. Martin4,2, B. Soria4,3, J.-A. Gustaffson5,6, A.
Nadal1;
1Instituto de Investigación, Desarrollo e Innovación en Biotecnología
Sanitaria de Elche (IDiBE), Universidad Miguel Hernández de Elche,
Elche, Alicante, Spain, 2CIBERDEM, Madrid, Spain, 3Universidad de
Alicante, Alicante, Spain, 4CABIMER, University of Pablo Olavide-
University of Seville-CSIC, Seville, Spain, 5University of Houston,
Houston, USA, 6Karolinska Institutet, Huddinge, Sweden.

Background and aims: Bisphenol-A (BPA) is a widespread endocrine-
disrupting chemical that has been associated with type 2 diabetes devel-
opment. It has been shown that low doses of BPA modify pancreatic β-
cell function and induce insulin resistance, and some of these effects are
mediated by oestrogen receptor β (ERβ). Here we investigated whether
low doses of BPA regulate ion channel expression and function in mice
pancreatic β-cells.
Materials andmethods:Microarray gene analysis of RNA isolated from
vehicle- and BPA-treated (100 μg/kg/day for four days) mouse islets was
performed using Affymetrix GeneChip Mouse Genome 430.2 Array.
Analysis of expression levels was carried out using the normalization
method based on the processing algorithm named robust multi-array av-
erage. Pancreatic islets or dispersed islet cells from C57BL/6 or ERβ
knockout (ERβ-/-) mice were treated with vehicle or BPA (1 nM) for 48
h. Na+ and K+ currents were measured by whole-cell patch-clamp record-
ings. mRNA expression was assessed by quantitative RT-PCR.
Results:Microarray analysis showed that BPA modulated the expression
of 1440 probe sets (1192 upregulated and 248 downregulated genes),
from which more than 50 genes encoded important Na+ and K+ channel
subunits, such as Scn9a,Kcnb2,Kcnma1, andKcnip1. These results were
confirmed by quantitative RT-PCR in islets from BPA-treated mice or
pancreatic islets treated ex vivo. Electrophysiological measurements
showed that BPA-treated β-cells presented a reduction in both Na+ (ve-
hicle: -132.3 ± 12.2; BPA: -53.5 ± 13.4 pA/pF, n=9, p<0.05) and total K+

(vehicle: 396.8 ± 39.9; BPA: 245.8 ± 21.8 pA/pF, n=15-18, p<0.05)
currents. The pharmacological profile indicated that BPA reduced
Kv2.1/2.2- (vehicle: 78.6 ± 5.6; BPA: 58.7 ± 4.1 pA/pF at 0 mV, n=11,
p<0.05) and KCa1.1-mediated (vehicle: 29.5 ± 3.5; BPA: 18.9 ± 2.6 pA/
pF at 0 mV, n=9, p<0.05) currents, which matches with BPA effects on
gene expression. β-cells from ERβ-/- mice did not present BPA-induced
changes, suggesting that ERβ mediates BPA effects in pancreatic islets.
Conclusion: Our findings suggest that, in mice pancreatic islets, BPA
modulates the expression and function of Na+ and K+ channels in an
ERβ-dependent manner. Overall, these BPA-induced changes in β-cells
might play a role in the BPA diabetogenic action reported in animal and
human studies.
Supported by: AEI, FEDER, PROMETEO, JDC, RAW Foundation
Disclosure: R.S. dos Santos: None.
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DOCK5 acts as a key role in glucose metabolism and insulin sensi-
tivity through mTORC1 signalling dependent mechanism
A. Zhao1, L. Li1, G. Yang2;
1Key Laboratory of Diagnostic Medicine (Ministry of Education),
College of Laboratory Medicine, Chongqing Medical University,
Chongqing, 2Department of Endocrinology, The Second Affiliated
Hospital, Chongqing Medical University, Chongqing, China.
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Background and aims: Obesity and insulin resistance (IR)-related dis-
eases (e.g., type 2 diabetes mellitus [T2DM], hypertension, and athero-
sclerosis) are increasing rapidly worldwide. The dedicator of cytokinesis
5(DOCK5) has been associated with obesity. Nevertheless, the relation-
ship between DOCK5, obesity, and IR remains poorly understood. The
purpose of the present study is to explore the impact of DOCK5 on
obesity and IR both in vivo and in vitro.
Materials and methods: In vivo, hepatic DOCK5 expression was
examined in IR mice, including db/db mice, standard diet (SD)- or
HFD-fed adiponectin knockout (Adipoq-/-) and HFD-fed WT mice.
DOCK5 knockout (DOCK5-/-) mice were used to assess the effects
of DOCK5 on obesity and IR. Liver-directed knockout Raptor mice
were generated to investigate whether the effects of DOCK5 on
glucose homeostasis depend on the mTORC1 signaling pathway.
In vitro, both the effects of up-regulation and down-regulation of
DOCK5 on the glucose metabolism and IR in mouse primary hepa-
tocytes (MPHs) from DOCK5-/- mice and Hep1-6 cells were evalu-
ated. Additionally, DOCK5-Raptor interaction was detected by Co-
immunoprecipitation (Co-IP).
Results: Here, we revealed that hepatic DOCK5 expression was reduced
at a state of insulin resistance (IR). Deletion of DOCK5 inmice decreased
energy expenditure, promoted obesity, augmented IR, dysregulated glu-
cose metabolism, and activated the mTOR (Raptor)/S6K1 pathway under
a high fat diet (HFD). The overexpression of DOCK5 in hepatocytes
inhibited gluconeogenic gene expression and increased the level of
InsR and Akt phosphorylation. DOCK5 overexpression also inhibited
mTOR/S6K1 phosphorylation and decreased the level of raptor protein
expression. The opposite effects were observed in DOCK5- deficient
hepatocytes. Importantly, in liver-specific Raptor- knockout mice and
associated hepatocytes, the effects of an adeno-associated virus
(AAV8)-mediated DOCK5 knockdown on glucose metabolism and insu-
lin signaling were largely eliminated. Additionally, DOCK5-Raptor inter-
action was indispensable for the DOCK5-mediated regulation of hepatic
glucose production (HGP).
Conclusion: Our data indicate that DOCK5 acts as a regulator of Raptor
to control hepatic insulin activity and glucose homeostasis.
Supported by: National Natural Science Foundation of China
81670755;81570752
Disclosure: A. Zhao: None.

346
Zebrafish larvae as a model system for systematic image- and
CRISPR-Cas9-based genetic screens in insulin resistance
M. den Hoed1,2, A. Emmanouilidou1,2, P. Ranefall3,4, M. Bandaru1,2, A.
Allalou3,4, E. Ingelsson5;
1Immunology, Genetics and Pathology, Uppsala University, Uppsala,
Sweden, 2SciLifeLab, Uppsala University, Sweden, 3Information
Technology, Division of Visual Information and Interaction, Uppsala
University, Uppsala, Sweden, 4SciLifeLab BioImage Informatics
Facility, Uppsala University, Sweden, 5Department of Medicine;
Division of Cardiovascular Medicine, Stanford University School of
Medicine, Palo Alto, USA.

Background and aims: Systematic characterisation of candidate genes
in GWAS-identified loci requires novel in vivo model systems. We de-
veloped and validated a zebrafish model system for systematic, large-
scale, image- and CRISPR-Cas9-based genetic screens in insulin
resistance.
Materials and methods: We metabolically challenged 454 larvae by
dietary cholesterol supplementation (4%) and/or exposure to 3% glucose
solution; treated 571 challenged larvae with 0, 10 or 25 uM rosiglitazone
or metformin; and challenged 560 offspring of multiplexed CRISPR-
Cas9 founders for orthologues of INSR, IRS1 and PPARG. Interventions
from 5 to 10 days post-fertilisation were followed by imaging and quan-

tification of ß-cell number, liver size, and liver fat accumulation. Whole-
body LDLc, HDLc, triglyceride, total cholesterol and glucose levels were
assessed enzymatically in individual larvae after imaging, and larvae were
sequenced at the CRISPR-targeted sites if appropriate.
Results: Exposure to 3% glucose for 5 days resulted in 0.64±0.11
SD more ß-cells (ß±SE); a 1.24±0.07 SD larger liver; 0.84±0.08SD
more liver fat; and 1.00±0.08 SD higher glucose levels. Cholesterol
supplementation resulted in 0.22±0.10 SD higher LDLc and 0.36
±0.08 SD higher total cholesterol levels; and in 0.48±0.08 SD more
liver fat. Rosiglitazone treatment resulted in 0.24±0.09 SD lower
LDLc, 0.18±0.08 SD lower HDLc and 0.15±0.07 SD lower total
cholesterol levels; a 0.45±0.11 SD fewer ß-cells; a 0.55±0.11 SD
smaller liver; 0.65±0.10 SD less liver fat; and 0.23±0.09 SD lower
glucose levels (on 25uM). Metformin treatment resulted in 0.17
±0.08 SD lower HDLc levels; 0.21±0.10 SD more liver fat; and a
trend for 0.11±0.08 SD lower glucose levels. Each additional mu-
tated allele in insrb resulted in 0.19±0.09 SD higher LDLc levels;
0.33±0.08 SD more ß-cells; a 0.18±0.09 SD larger liver; and a trend
for 0.14±0.10 SD more liver fat. Opposite trends were observed for
insra. Each mutated allele in irs1 resulted in a trend for 0.10±0.07
SD more ß-cells and a 0.13±0.06 SD larger liver. Finally, each
mutated allele in pparg resulted in trends for 0.16±0.11 SD more
liver fat, 0.16±0.08 SD more ß-cells, and 0.10±0.07 SD higher glu-
cose levels.
Conclusion: Results from metabolic challenges, treatment with insulin
sensitisers, and disruption of established insulin resistance genes confirm
that zebrafish larvae are suitable for systematic, in vivo characterisation of
candidate genes for insulin resistance.
Supported by: NIH/NIDDK R01DK106236
Disclosure:M. den Hoed: None.
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Introgression of a C3H locus on chromosome 15 protects NZO mice
from diabetes
D. Altenhofen1, T. Schallschmidt1, J. Khuong1, S. Görigk1, S. Lebek1, A.
Pelligra1, T. Stermann1, B. Knebel1, A. Chadt1, A. Schürmann2, J.
Weiss1, H. Al-Hasani1;
1German Diabetes Center - DDZ, Düsseldorf, 2German Institute of
Human Nutrition Potsdam-Rehbruecke (DIfE), Potsdam, Germany.

Background and aims: Type 2 diabetes (T2D) is influenced by a com-
plex interaction between genetic and environmental factors. However,
many of the causal gene variants remain unknown. For the identification
of novel gene variants contributing to diabetes susceptibility, a backcross
generation generated from T2D-prone New Zealand Obese (NZO) mice
and T2D-resistant C3HeB/FeJ mice was metabolically phenotyped.
Linkage analysis revealed a novel T2D-protective quantitative trait locus
(QTL) on chromosome (Chr.) 15 (18 cM, LOD: 6.92) that was associated
with improved blood glucose levels in C3H allele carriers. Subsequent
introgression of the Chr.15 from C3H into the NZO background aimed
for the identification of the pathophysiologic mechanisms and causal
gene variants harboring this locus.
Materials and methods: A recombinant congenic mouse line
(RCS) harboring the full Chr.15 from C3H was generated by repet-
itive backcrossing with NZO followed by intercrossing of heterozy-
gous allele carriers on Chr.15. Genotypes were confirmed using a
high-density SNP panel. All RCS mice were fed a high-fat-diet
(45% fat/cal) and underwent measurements of blood glucose and
body composition at different stages of life. At 15 weeks of age,
mice were sacrificed and tissues were harvested for gene expression
and histological analysis. Blood samples were collected for insulin
measurements. Expression profiling (microarray and qPCR) and in
silico sequence analysis were used for the identification of gene
variants potentially linked to the phenotypes.
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Results: Mice carrying homozygous C3H alleles (C3H/C3H) on Chr.15
displayed significantly lower random blood glucose levels compared to
NZO allele carriers (NZO/NZO) from week 10 of age on (243 ± 23 mg/
dL vs. 365 ± 24 mg/dL; p<0.005). Additionally, diabetes prevalence was
substantially reduced in C3H allele carriers (21% vs. 64.5%), also indi-
cated by decelerated diabetes-induced loss of body weight at later stages
of age (week 15: 61.3 ± 1.3 g vs. 54.6 ± 1.2 g; p<0.0001). Furthermore,
final 6h fasted blood glucose was significantly reduced in C3H/C3H
(190.5 ± 23.4 vs. 358.3 ± 32.2 mg/dL in NZO/NZO; p<0.0001). This
effect was accompanied by increased plasma insulin levels (12.83 ± 1.9
μg/L vs. 5.95 ± 0.83 μg/L; p<0.001). Histological analysis of the RCS
pancreata revealed an increased total number of islets in C3H/C3H (247 ±
38.7 vs. 138.4 ± 16.8, islet size 0-50000 μm2; p<0.01). Haplotype anal-
ysis of the parental strains followed by in silico predictions of protein
function revealed 39 C3H-specific gene variants as the most likely can-
didates for the QTL.
Conclusion: Here we provide evidence that C3H harbours a diabetes-
protective locus on Chr.15. We hypothesize that the causal genetic variant
directly targets pancreatic islet function. Current in vitro and in vivo stud-
ies aim to investigate the pathophysiological effect of the identified can-
didate genes on T2D progression.
Supported by: Deutsches Zentrum für Diabetesforschung DZD
Disclosure: D. Altenhofen: None.
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Induction of the 5'-ectonucleotidase CD73 by profibrotic TGF-beta
signalling during diabetic nephropathy
C. Cappelli, A. Téllez, C. Jara, P. Mendoza, C. Oyarzún, R. San Martín;
Universidad Austral de Chile, Valdivia, Chile.

Background and aims: Progression of diabetic nephropathy (DN)
is linked to tubule-interstitial fibrosis induced by TGF-β. The nu-
cleoside adenosine increases with the progression of DN and phe-
notypic transition of tubule epithelial cells is dependent on the
crosstalk between TGF-β and adenosine signaling. The increase of
adenosine is dependent on the induction of ectonucleotidase
CD73 at the tubule epithelial cells. Our aim was to identify CD73
induction downstream of TGF-β signaling and demonstrate its po-
tential as a molecular marker of renal tubule injury.
Materials and methods: Human renal epithelial tubule cells (HK2)
were treated with TGF-β1 10 ng/ml, for 48 h. Induction of CD73,
PAI-1, TGF-β1, and Fn1 expression was determined by RT-qPCR.
The recruitment of transcription factors and changes in the histone
code at the CD73 gene promoter were determined by ChIP-qPCR.
The correlation between the progression of renal injury and CD73
induction was evaluated by measuring CD73 activity in exosomes
and urinary sediment from diabetic, diabetic nephropathy, and
healthy people.
Results: We found that TGF-β1 treatment in high glucose condi-
tioned HK-2 cells results in CD73 overexpression mediated by epi-
genetic changes in the promoter region proximal to the transcrip-
tional start site. The epigenetic environment in the CD73 promoter
was modified by TGF-β 1, promoting transcriptional active chro-
matin, concomitant to the occupancy of the phosphorylated form of
the Smad2/3 complex and also p300 (2- and 8-fold over control
region P< 0.05 respectively n=5). Overexpression of CD73 mRNA
was confirmed at the protein level by western blot (3-Fold over
control P < 0.05 n=8) immunofluorescence, and flow cytometry
experiments. CD73 content was increased in urinary exosomes from
diabetic patients and correlated to tubular injury (2-fold over control
P < 0.05 n=10). CD73 activity was also increased in the urinary
sediment from DN patients (2-fold over control P < 0.05 n=10).
Conclusion: The ectonucleotidase CD73 gene is a target of profibrotic
TGF-β1 signaling in epithelial tubule cells. The induction of CD73 is

evidenced by increased activity in the urinary sediment of DN patients,
being a potential marker of tubule-interstitial fibrosis.
Supported by: FONDECYT 3170812-1171340
Disclosure: C. Cappelli: None.

349
The effect of lncRNA SNHG12 on pancreatic islet function in IUGR
mice
C. Dai, Y. Li, Y. Yuan, Q. Yuan;
Department of Endocrinology, the first Affiliated Hospital of Nanjing
Medical University, Nanjing, China.

Background and aims: Intrauterine Growth Retardation (IUGR, or
FGR) mice are good animal models for studying the mechanisms of
diabetes development. IUGR may lead to abnormal development of pan-
creas in the IUGR fetus and they will be prone to diabetes in their adult-
hood. Recently, epigenetics has pointed out that long non-coding RNA
(LncRNA) can lead to islet dysplasia during pancreatic cell development,
making IUGR susceptible to type 2 diabetes. LncRNA is involved in
many important regulatory processes such as transcriptional activation,
transcriptional interference, genomic imprinting and chromatin modifica-
tion. Small nucleolar RNA host gene 12 (SNHG12) is a lncRNA located
at 1p35.3 on the human chromosome. The previous study on SNHG12
has suggested that SNHG12 is involved in multiple cellular processes,
such as cell growth and apoptosis. Here, we investigate the effect of
lncRNA SNHG12 on pancreatic islet function in IUGR newborn mice.
Materials and methods: ICR pregnant mice were randomly divided into
two groups. One was control group, another group was fed with an
isoenergetic low-protein diet (8% protein) throughout gestational day.
RNA interference was used to knockdown SNHG12 expression in
MIN6 cells. We applied qRT-PCR, immunohistochemistry, GSIS,
IPGTT and other biochemical technology in the pancreata of newborn
mice, MIN6 β-cell lines and adult islets.
Results: Compared to kidney, heart, liver, spleen, lung and muscle,
SNHG12 was highly expressed in pancreas (P<0.001). The expression
of SNHG12 was upregulated in the pancreas of IUGR newborn mice.
Moreover, silencing of SNHG12 expression in vitro promoted the expres-
sions of insulin-related genes insulin2, Pdx1, NeuroD (P<0.05).
Conclusion: These results indicated that SNHG12 is involved in islet
dysfunction in IUGR newborn mice. This is worthy for further investiga-
tion due to its potential for pathogenesis and treatment of diabetes.
Disclosure: C. Dai: None.

350
Diversity and short-chain fatty acid signatures of gut microbiome as
prognostic marker for diabetes onset in the LEW.1AR1-iddm rat
model of autoimmune diabetes
T. Schoeppe1, B. Kreikemeyer1, D. Herlemann2, J.-H. Sachs1, S.
Baltrusch1, M. Tiedge1;
1Rostock University Medical Center, Rostock, Germany, 2Estonian
University of Life Sciences, Tartu, Estonia.

Background and aims: The gut microbiome plays an important role in
the pathogenesis of type 1 diabetes mellitus and other autoimmune dis-
eases. While taxonomic classification of the microbiome of diabetic pa-
tients made significant progress, functional aspects of diversity and taxo-
nomic signatures on beta cell autoimmunity still remain unclear. We
therefore characterized functional changes of gut microbiome signatures
in LEW.1AR1-iddm rats during the prediabetic islet infiltration process
(day 40) until complete beta cell destruction with diabetes manifestation
(day 60). This model develops autoimmune diabetes between 40 - 60
days after birth allowing correlation of microbiome signatures to different
stages of beta cell destruction.
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Materials and methods: Stool samples were collected during the
prediabetic period from susceptible but normoglycaemic (blood glu-
cose < 7.8 mmol/l) LEW.1AR1-iddm rats (n = 68) rats at day 40, 50,
60 and at the timepoint of diabetes manifestation. Total chromosom-
al DNA was isolated from ~200 mg frozen stool samples using the
Qiagen QIAamp DNA stool extraction kit. The 16S rRNA genes
were amplified on the V3 - V4 regions and sequenced on using
the paired end Illumina MiSeq platfrom. For taxonomic and diver-
sity classification of resulting sequences and quality control we used
QIIME and SILVA_NGS. The metabolic signatures were analyzed
by using the BacDive data base of the DSMZ.
Results: The analysis showed an age-dependent effect with a significant
lower abundance of the genera Eubacteria, Clostridia, Anaerostipes,
Butyrivibrio, Coprococcus, Peptoniphilus in animals with diabetes man-
ifestation. These genera predominantly metabolize complex carbohy-
drates to short-chain fatty acids, butyrate, propionate and acetate, that
are released into the gut. Furthermore, we observed a lower diversity in
LEW.1AR1-iddm rats already at the beginning of islet infiltration (day
40).
Conclusion: In the LEW.1AR1-iddm model reduced diversity and a
lower abundance of butyrate-producing bacteria genera of the gut
microbiome serve as powerful predictors for development of diabe-
tes. Notably, this signature is already present at the beginning of
islet infiltration. Butyrate and other short-chain fatty acids (SCFA)
have an immunomodulatory effect in several inflammatory and au-
toimmune diseases. Our data indicate that microbiome analysis may
have prognostic value in young individuals with high family risk of
T1D and autoantibody positivity. The LEW.1AR1-iddm rat serves as
an ideal model for probiotic interventions to maintain diversity and
butyrate-producing communities.
Supported by: DDG
Disclosure: T. Schoeppe: Grants; DDG Project Funding.
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MANFknock-out hESC-derived beta cells show impaired function in
humanised mice
J. Saarimäki-Vire, D. Balboa, H. Montaser, A. Näätänen, V. Lithovius,
H. Grym, S. Eurola, J. Ustinov, T. Otonkoski;
Faculty of Medicine, University of Helsinki, Helsinki, Finland.

Background and aims: MANF is an endoplasmic reticulum (ER)
stress inducible protein highly expressed in secretory cells, such as
beta cells. MANF-KO mice develop severe diabetes due to impaired
expansion and increased apoptosis of beta-cells, associated with
elevated ER stress. Exposure of human islets to cytokines induces
MANF expression, while exogenous recombinant MANF protects
beta-cells from apoptosis and stimulates beta cell proliferation.
MANF expression, along with unfolded protein response markers
(BIP), is upregulated in patient iPS cell-derived beta-cells carrying
a mutation causing INS misfolding. The aim of this study was to use
pancreatic differentiation of MANF knock out hESC lines to inves-
tigate the importance of MANF for human beta cell development
and viability.
Materials and methods: To further study the role of MANF in develop-
ing beta-cells, we engineered MANF-KO human pluripotent stem cells
by deleting MANF exon 1 using CRISPR-Cas9 in the H1 hESC line.
These cells were differentiated to pancreatic beta cells in vitro using a
6-7 stage protocol and then implanted under NSGmouse kidney capsule.
Recipient mouse beta cells were destroyed by streptozotocin treatment
four months after implantation.
Results: MANF-KO cells differentiated to the pancreatic lineage
similarly as WT control cells in vitro. The grafts excised at 3-4
months after implantation presented increased BIP immunoreactivi-
ty in INS positive cells. Blood glucose levels of mice implanted

with both WT and KO cells decreased to human levels (appr. 4 mM)
three months after implantation. Interestingly, MANF-KO implanted
mice presented reduced glucose tolerance compared to controls, a
difference that was exacerbated after elimination of mouse beta cells
using streptozotocin. This was associated with lower human C-
peptide response to an intraperitoneal glucose challenge (AUC
p=0.009, n=7 in both groups) and decreased glucose clearance
(AUC p=0.0008). Graft removal resulted in immediate hyperglyce-
mia in all transplanted mice, validating graft functionality in the
humanized mouse model. Studies on beta-cell ER-stress, prolifera-
tion and apoptosis in these grafts are ongoing.
Conclusion: Our results further highlight the important role of MANF in
modulating ER-stress levels for proper beta-cell expansion and function-
ality. Transplantation of genetically engineered stem cell derived imma-
ture beta cells into diabetic recipients is a powerful approach for the study
of human beta-cell physiology.
Supported by: JRDF, NNF
Disclosure: J. Saarimäki-Vire: None.
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The rapidly evolving landscape of drug therapy in people living with
type 2 diabetes in Scotland
T.M. Caparrotta, L.A.K. Blackbourn, S. McGurnaghan, P.M.
McKeigue, H. Colhoun, SDRN Epidemiology;
University of Edinburgh, Edinburgh, UK.

Background and aims: The medical management of type 2 diabetes
(T2DM) is a rapidly evolving landscape with the availability of new drug
classes and increasing evidence base for their use. In particular, trials are
demonstrating CVDprotectionwith SGLT-2 inhibitors (SGLT2i) &GLP-
1 receptor agonists (GLP1Ra). Here we describe the changing pattern of
drug usage for the treatment of T2DM using a nationwide register from
Scotland.
Materials and methods: We used the national diabetes register
SCI-DM that includes all issued prescriptions nationally in >99%
of those with T2DM in Scotland. We compared the overall number
and classes of drugs being used in 2005-6 with 2017-18. We also
compared the order of introduction of therapy in those diagnosed
2006-10 with those diagnosed in 2010-14 and 2014-18. Proportional
differences were tested by comparison of age-standardised estimates
& 95% CIs.
Results: Between 2005-6 and 2017-18 the prevalence of T2DM rose
from 173565 to 271998. The distribution of demographic and clinical
characteristics was broadly similar but median (IQR) duration rose from
5.45 (7.36) to 8.80 (9.46) over this period. In 2005-6, of 45% were
currently receiving metformin (MET) then 29% sulphonylurea (SU),
11% insulin and 10% thiazolidinediones (TZD). In 2017-18, 55% were
currently receiving MET, 23% SU, 11% insulin and 11% dipeptidyl
peptidase-4 inhibitor (DPPIVi), 6% SGLT2i , 4% TZD and 3%
GLP1Ra. There was an increase in the prevalence of intensive therapy
(3+ non-insulin drugs or any regimen containing insulin) which increased
from 13.75% (95% CI 13.58 - 13.93) to 19.63% (95% CI 19.76 - 20.1) in
this period (see Table 1 for breakdown). Average duration of diabetes at
initiation of intensive therapy and initiation of insulin rose slightly from
12.05y (95% CI 12.04, 12.05) to 14.24y (95% CI 14.24, 14.24).
Considered in terms of order of introduction, as shown in Table 1, of
those diagnosed in 2005-6 and who eventually progressed to 2nd line
therapy (65.7% of 44169) the most popular drug was SU at 57.0% the
next popular being DPPIVi, insulin and TZD. Of those diagnosed in
2014-15 and so far progressing to 2nd line (30.3% of 31594) the biggest
change was the increased popularity of SGLT2i and declining popularity
of TZD though SU continued to be by far the most popular second line
treatment. For those progressing to three drugs the same pattern of waning
popularity of TZD and growing popularity of SGLT2i was seen. GLP1Ra
were less popular than other new classes of drug for 1st, 2nd or 3rd line
choice.
Conclusion: Diabetes prescribing patterns are rapidly changing, whilst
the intensity of therapy is increasing slightly the choice of agents as 2nd

and 3rd line is shifting although SU remain by far the most popular 2nd

line and DPPIV 3rd line. Given the increasing evidence of CVD benefit
from SGLT2 and some GLP1Ra there is considerable scope for major
shift in these patterns in future.

Supported by: DUK
Disclosure: T.M. Caparrotta: None.
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Changes in HbA1c and treatment in the second year following initia-
tion of second-line therapy in people with type 2 diabetes: the global
DISCOVER study
A. Nicolucci1, H. Chen2, P. Fenici3, M.B. Gomes4, G. Luporini Saraiva2,
J. Medina5, S. Pocock6, M.V. Shestakova7, I. Shimomura8, F. Surmont9,
F. Tang10, J. Vora11, H. Watada12, K. Khunti13, B. Charbonnel14;
1Center for Outcomes Research and Clinical Epidemiology, Pescara,
Italy, 2AstraZeneca, Gaithersburg, MD, USA, 3AstraZeneca,
Cambridge, UK, 4Rio de Janerio State University, Rio de Janerio,
Brazil, 5AstraZeneca, Madrid, Spain, 6London School of Hygiene and
Tropical Medicine, London, UK, 7Endocrinology Research Center,
Diabetes Institute, Moscow, Russian Federation, 8Graduate School of
Medicine, Osaka University, Osaka, Japan, 9AstraZeneca, Luton, UK,
10Saint Luke's Mid America Heart Institute, Kansas City, USA, 11Royal
Liverpool University Hospital, Liverpool, UK, 12Graduate School of
Medicine, Juntendo University, Tokyo, Japan, 13University of Leicester,
Leicester, UK, 14University of Nantes, Nantes, France.

Background and aims: DISCOVER is an ongoing, observational study
of people with type 2 diabetes (T2D) initiating second-line glucose-low-
ering therapy in 38 countries in six regions.We report changes in glucose-
lowering therapies and HbA1c levels from the first to the second year of
follow-up.
Materials and methods: HbA1c levels and changes in therapies were
recorded at baseline, 1 and 2 years; 15 988 patients were included in
the analysis.
Results:Mean HbA1c levels at baseline, 1 and 2 years were 8.3%, 7.2%
and 7.3%, respectively. At 1 and 2 years, meanHbA1c levels were close to
7.0% in patients receiving one or two oral drugs at 1 year, but were higher
than 7.0% for those receiving more than two oral drugs or an injectable
drug (Figure). The proportion of patients with HbA1c ≥ 8.0% was similar
at 1 and 2 years (19.8% vs 19.1%). Overall, 16.7% of patients changed
therapy during the second year of follow-up. Treatment was intensified by
the addition of an oral drug in 6.2% of patients receiving one or two oral
drugs, and 3.2% of patients receiving oral therapies initiated an injectable
drug. Results were consistent across regions.
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Conclusion:Glycaemic levels were well controlled after 1 and 2 years of
follow-up in participants receiving oral therapies, and treatment intensi-
fication occurred in a small proportion of people in this group. By con-
trast, glycaemic control was suboptimal in people receiving injectable
drugs.

Clinical Trial Registration Number: NCT02322762
Supported by: AstraZeneca
Disclosure: A. Nicolucci: Employment/Consultancy; AstraZeneca, Eli
Lilly, Medtronic, Novo Nordisk. Grants; Artsana, Dexcom, Novo
Nordisk, Sanofi-Aventis.
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Initiation of combination therapy in type 2 diabetes patients with
high HbA1c at diagnosis
R. Klok1, T. Gulati2, S. Rajpathak1, S. Pal2, L. Yang1, A.
Bandyopadhyay2, K. Khunti3,4;
1Merck & Co., Inc., Kenilworth, USA, 2Complete HEOR Solutions,
North Wales, USA, 3Diabetes Research Centre, Leicester, UK,
4University of Leicester, Leicester, UK.

Background and aims: A significant proportion of patients with type 2
diabetes (T2DM) have suboptimal glycemic control which is associated
with an increased risk of long-term complications. Clinical guidelines
have recommended the use of initial combination therapy, rather than
metforminmonotherapy, in patients with highHbA1c (≥9%) at diagnosis.
However, the adherence to these guideline recommendations and the
impact of use of early combination therapy on glycemic goal attainment
in the real world is not well known.
Materials and methods: We conducted a retrospective study using the
USOptumResearchDatabase (2010-2015). The study population includ-
ed T2DM patients aged ≥18 years with a baseline HbA1c of ≥9%. Index
date was defined as the first prescription for an antidiabetic agent.
Combination therapy was defined as receiving 2 or more antidiabetic
classes within 1 month of the index date. During the 2-year follow-up
period following the index date, we also compared time to goal attain-
ment (HbA1c of <7%) among patients receiving initial monotherapy vs.
initial combination therapy.
Results: A total of 13,791 T2DM patients met the inclusion criteria;
34.8% females; mean age: 54 yrs. Overall 41.4% were initiated on a
combination therapy and 58.6% initiated on monotherapy. Patients

receiving either treatments were generally similar. Patients receiving
combination therapy had a lower mean age (53.0 vs 54.7), had a
higher mean total cholesterol (213 vs 208 mg/dL) and higher tri-
glyceride (319 vs 282 mg/dL). The median time to goal attainment
was shorter among those on combination therapy vs. monotherapy
(318 vs 372 days).
Conclusion: Our study suggests that less than half of newly diagnosed
US patients with high HbA1c receive initial combination therapy.
Furthermore, those receiving initial combination therapy achieve glyce-
mic goal earlier than patients receiving monotherapy. Analyses using a
cut-off of 8.5% to define high HbA1c is currently considered, in light of
the most recent ADA/EASD guideline.
Supported by: Merck Inc. Kenilworth
Disclosure: R. Klok: Employment/Consultancy; I am employed by
Merck Inc.
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The development of HbA1c level among individuals with type 2 dia-
betes in DIREVA registry
A. Käräjämäki1,2, K. Lahti2, C. Påhls1, L. Groop3,4, T. Tuomi3,5;
1Department of Primary Health Care, Vaasa Central Hospital, Vaasa,
Finland, 2Diabetes Center, Vasa Health Care Center, Vaasa, Finland,
3Institute for Molecular Medicine Finland (FIMM), University of
Helsinki, Helsinki, Finland, 4Lund University, Malmö, Sweden,
5Department of Endocrinology, Helsinki University Hospital and
Folkhälsan Research Center, Helsinki, Finland.

Background and aims: Since 2007 all patients with diabetes in theVaasa
Central Hospital District in Finland have been invited to the DIREVA
registry (The Diabetes Register of Vaasa Central Hospital District), which
to date includes 6,900 patients. We investigated the change of HbA1c
among individuals with T2D between 2012-2013 and 2017-2018, and
factors contributing to it.
Materials and methods: Diabetes nurses in the Vaasa Central
Hospital District register diabetic patients in DIREVA, including
age and clinical type at diagnosis, sex, BMI, pancreatitis, gestational
diabetes, medication and diabetes heredity. Samples are collected
for plasma C-peptide, glucose, GADAb and genotyping; follow-up
data are obtained from the district laboratory database. We included
all T2D patients recruited by 1.1.2013, who had at least one HbA1c
measurement during both years 2012 -2013 and years 2017 -2018
(n=2793; 54 % men). The mean HbA1c level at each time point was
compared with paired-sample T-test, and linear regression (LRM)
and mixed (LMM) models were used to analyze factors contributing
to the HbA1c level and its deterioration.
Results: During the 5-year follow-up, the mean HbA1c increased
from 48.1 to 51.6 mmol/mol (p < 0.001), and the proportion of
patients in good glycemic control (<53mmol/mol) decreased from
76% (N=2114) to 62% (N=1723), p < 0.001 (Figure). The HbA1c
change was independently explained by age at diagnosis, baseline
HbA1c, diabetes duration and triglyceride concentration (LMM,
p<0.001 for all). Also cross-sectionally at the two time-points,
age at the time of diagnosis, diabetes duration and plasma triglyc-
erides mostly explained HbA1c divided into three categories
(<53mmol/mol, 53-74mmol/mol and >74mmol/mol), (LRM,
p<0.001 for all).
Conclusion: The glycemic control among T2D individuals living in
Ostrobothnia in Western Finland has worsened during the last five years.
Especially younger T2D patients and those with high triglycerides (pos-
sibly reflecting hepatic fat accumulation) seem to have a more difficult
disease than those diagnosed later in life. It will be interesting to see
whether this trend is seen in all subclusters of T2D, or only in the previ-
ously reported insulin-resistant cluster associated with early age at onset
and fatty liver disease.
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Precision medicine in type 2 diabetes: harnessing individual-level
trial data alongside routine care records to identify predictors of
response to SGLT2 inhibitors and DPP4 inhibitors
J.M. Dennis1, W. Henley2, A. Jones1, A. McGovern1, E. Pearson3, A.
Hattersley1, B. Shields1, The MASTERMIND consortium;
1Institute of Biomedical and Clinical Science, University of Exeter,
Exeter, 2Health Statistics Group, University of Exeter, Exeter,
3University of Dundee, Dundee, UK.

Background and aims: Individual participant data from
randomised trials are increasingly available for researchers to an-
swer secondary research questions. Online repositories include The
Yale University Open Data Access (YODA) and Clinical Study Data
Request. There may be great potential to harness these datasets to
evaluate potential precision medicine approaches to target specific
medications at individuals most likely to benefit. We propose a
framework involving discovery analysis in routine clinical data
followed by validation in trial data, and apply this to identify and
evaluate clinical features associated with greater response to
SGLT2-inhibitor and DPP4-inhibitor therapy.
Materials and methods:Discovery analysis: We studied 30,511 patients
with type 2 diabetes starting either SGLT-2 inhibitor (SGLT2i) or DPP4-
inhibitor (DPP4i) therapy for the first time in routine clinical data from the
UK (CPRD). Associations between standardised baseline clinical features
and reduction in HbA1c at 6 months (6 month HbA1c-baseline HbA1c)
to each drug were evaluated using linear regression. Validation analysis:
We pooled individual-level data from 9 randomised drug efficacy trials of
the SGLT2i’s Canagliflozin and Empagliflozin, 3 of which had DPP4i
(Sitagliptin) comparator arms (n=5,653), accessed through YODA. We
then tested whether the associations between clinical features and re-
sponse observed in CPRD were replicated in the trials, using multivari-
able three-level (nested trial-patient-study visit) linear mixed-effects
models.
Results: In CPRD, we identified simple clinical features associated with
differential response to the two drugs. Greater SGLT2i response was
associated with higher eGFR (reduction in HbA1c (β) per standard devi-
ation (SD) higher GFR -1.1 mmol/mol (95% confidence interval (CI) -
1.6;-0.7), P<0.0001), lower HDL (β per SD increase in HDL 1.2
mmol/mol (95% CI 0.7;1.7), P<0.0001), but not higher BMI (β per SD
greater HDL 0.3 mmol/mol (95% CI -0.1;0.7), P=0.17). With DPP4i’s,
higher BMI and higher eGFR were associated with lesser response (β per
SD increase in BMI 1.0 mmol/mol (95%CI 0.7;1.2), P<0.0001; β per SD
increase in eGFR 0.8 mmol/mol (95% CI 0.6;1.0), P<0.0001), but there
was no association for HDL (β per SD increase in HDL -0.1 mmol/mol
(95% CI -0.3;0.1), P=0.52). All associations were replicated when tested
in trial data: DPP4i β0.6 mmol/mol (95%CI 0.3;1.2) for BMI, β 0.7
mmol/mol (95% CI 0.3;1.1) for eGFR, β 0.1 mmol/mol (95% CI -
0.7;0.9) for HDL; SGLT2i β 0.2 mmol/mol (95%CI 0.0;0.4) for BMI,
β -1.0 mmol/mol (95%CI -1.3;-0.7) for eGFR, β 0.7 mmol/mol (95% CI
0.4;1.0) for HDL.

Conclusion: The availability of individual-level trial data from
repositories such as YODA and Clinical Study Data Request pro-
vides a tremendous opportunity to evaluate precision medicine in
type 2 diabetes. Discovery in routine data followed by validation
in trial data provides a principled framework to utilise trial data
without data-mining. Our findings using this framework suggest
there may be potential to use simple clinical features to target
SGLT2-inhibitor and DPP4-inhibitor therapy at individuals most
likely to benefit.
Supported by: UK MRC (MR/N00633X/1)
Disclosure: J.M. Dennis: None.
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Contributing factors associated with long-term variability of HbA1c

in patients with type 2 diabetes: a real world analysis
D. Matsutani, Y. Tsujimoto, S. Minato, R. Ukichi, M. Nishikawa, M.
Sakamoto;
The Jikei University School of Medicine, Tokyo, Japan.

Background and aims: Previous clinical studies has been reported
that visit-to-visit variability (VVV) of glycated hemoglobin
(HbA1c), which refers to fluctuations over months to years, inde-
pendently predict mortality in patients with type 2 diabetes mellitus
(T2DM). However, since detail factors related to the increase VVV
of HbA1c remain unknown due to limitations of previous trials,
which only measured HbA1c several times during a year, it is dif-
ficult to formulate effective specific treatment strategies in ordinary
clinical practice. The present study examined for the first time de-
tailed contributing factors that increase VVV of HbA1c in patients
with T2DM.
Materials and methods: This retrospective study analyzed data
from ABC trial in order to explore contributing factors that in-
crease VVV of HbA1c. 104,601 patients with T2DM throughout
Japan (38 medical clinics) were initially analyzed. Patients whose
HbA1c were measured ≥12 times during a 2-year period were
included. VVV of HbA1c was evaluated using the coefficient of
variation (CV). In addition, HbA1c values for the first six months
were not analyzed to eliminate increased VVV of HbA1c due to
initial treatment with T2DM. Multivariate logistic regression anal-
ysis was carried out to explore contributing factors associated
with high VVV of HbA1c.
Results: A total of 6,150 patients were analyzed. In the multiple
logistic regression analysis, male sex (odds ratio 1.26 [1.12-1.43],
p < 0.001), anti-hypertensive agents use (1.29 [1.08-1.55], p <
0.01), insulin use (1.64 [1.40-1.92], p < 0.001), sulfonylurea use
(1.57 [1.38-1.80], p < 0.001), GLP-1 receptor agonists use (1.68
[1.13-2.51], p < 0.05), increased mean HbA1c (reference: mean
HbA1c 6-7%; mean HbA1c <6%, 0.36 [0.25-0.50], p< 0.001;
mean HbA1c 7-8%, 2.76 [2.44-3.12], p < 0.001; mean HbA1c ≥
8%, 13.05 [9.86-17.28], p < 0.001), increased mean SBP (refer-
ence: mean SBP 120-130 mmHg; mean SBP < 120 mmHg, 0.89
[0.75-1.05], p = 0.17; mean SBP 130-140 mmHg, 1.07 [0.94-
1.23], p = 0.32; mean SBP ≥ 140 mmHg, 1.27 [1.06-1.52], p <
0.05), and increased mean BMI (reference: mean BMI <22 kg/m2,
mean BMI 22-25 kg/m2, 1.15 [0.98-1.35], p = 0.09; mean BMI ≥
25 kg/m2, 1.50 [1.28-1.77], p < 0.001) were independently related
to high VVV for HbA1c.
Conclusion: This study showed detailed contributing factors that in-
crease VVVof HbA1c in patients with T2DM. These contributing factors
should be considered whenmanaging VVVof HbA1c in ordinary clinical
practices.
Clinical Trial Registration Number: UMIN000034231
Disclosure: D. Matsutani: None.
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HbA1c progression and delay in time to insulin initiation in people
with type 2 diabetes with different ethnicities: the diabetes care sys-
tem cohort study
P.J.M. Elders1, S. Bouchareb1, G. Nijpels1, F. Rutters2, J.W. Beulens2,
A.A. van der Heijden1;
1General Practice and Elderly Care, Amsterdam University Medical
Centers, location VUmc, Amsterdam, 2Epidemiology & Biostatistics,
Amsterdam University Medical Centers, location VUmc, Amsterdam,
Netherlands.

Background and aims: A number of studies have shown differences in
glycemic control in people with type 2 diabetes (T2D) between original
West-European and migrant people. Genetic factors, life style, social and
economic factors could explain these differences. However, also disparity
between access in or quality of health care could be factors. In the highly
organised diabetes care in the Hoorn Diabetes Care System equal access
of diabetes care is guaranteed. In this study we aimed to analyses differ-
ences in Hba1c levels over time and time to insulin initiation between
people with T2D between western and non-western background.
Materials and methods: In a prospective cohort all (n=12,869) people
with T2D inWest-Friesland were included for a centralized yearly assess-
ment of T2D related measurements. For this study we used the data of
people that had at least three follow up measurements and of whom the
ethnicity was known (n=11,936). We assessed the course of HbA1c over
time. Also insulin delay time was assessed in (n=4,289) people using oral
medication that reached a hbA1c level ≥53mmol/mol in at least three
follow up measurements as indication for insulin initiation. Insulin delay
time was calculated between the first measurement with HbA1c
≥53mmol/mol and either the start of insulin use or the last follow up
measurement in those that did not commence insulin therapy.
Differences in the course of Hba1c were analysed with a Generalised
Estimation Analysis. Difference in delay time to insulin were assessed
by means of Cox proportional hazard analysis. The analyses were adjust-
ed for age, gender, BMI, duration of diabetes, fasting blood glucose, oral
medication use and level of education.
Results: Non-western participants (n= 897) had higher HbA1c levels
during the entire follow-up of the study (+3.8 mmmol/mol); 95%CL:
2.8-4.9). No differences in the progression of HbA1c levels over time
(interaction time and ethnicity p=0.51) were seen. People with a non-
western background had a tendency to start later with insulin than people
with a non migrant background (HR:0.86; 95% CL: 0.40-1.01).
Conclusion:Non-western participants (n= 897) had higher HbA1c levels
during the entire follow-up of the study. No differences in the progression
of HbA1c levels over time were seen. People with a migrant background
start later with insulin than people with a non migrant background.

Disclosure: P.J.M. Elders: None.
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Effects of treatment with metformin and/or sitagliptin on beta cell
function and insulin resistance in prediabetic women with previous
gestational diabetes
S. Barone1, G. Daniele1, A. Dardano1, C. Bianchi2, J. Kurumthodathu1,
L. Giusti1, E. Lacaria3, G. Penno1, A. Tura4, R. Miccoli1, A. Bertolotto2,
S. Del Prato1;
1University of Pisa, Pisa, 2Azienda Ospedaliero-Universitaria Pisana,
Pisa, 3UO Diabetologia USL6 di Livorno, Livorno, 4CNR Institute of
Neuroscience, Padova, Italy.

Background and aims: Gestational diabetes (GDM) affects 5% to 10%
of pregnant women and confers about 10-fold increased risk for subse-
quent T2D. Therefore, preventative strategies, including use of pharma-
cologic agents, should be considered. In a randomized double-blind
study, we explored the effect of 16-week therapy with sitagliptin (SITA,
100mg qd), metformin (MET, 850mg bid), and SITA+MET (50+850mg
bid) on beta-cell function and insulin sensitivity in women (n=40, age 30-
49 years) with recent GDM (within 1 year) and impaired glucose regula-
tion (IGR: IFG and/or IGT).
Materials and methods: A 75gr OGTT and +125 mg/dl hyperglycemic
clamp followed by 5gr i.v. L-arginine were performed at baseline and
study-end.
Results: Baseline characteristics were comparable in the 3 groups. At
week 16, BMI declined in all groups (-1.2±0.2 Kg/m2; p<0.05). First
phase(2-10 min) insulin secretion and arginine-stimulated C-peptide re-
sponse increased with SITA+MET (103.7±43.0 to 143.4±53.3 μUI/ml
and 3.3±0.6 to 4.8±1.0 pmol min-1mg-1dl-1, respectively, both p<0.05)
while no changes occurred with MET and SITA. SITA+MET increased
OGTT-based glucose sensitivity (55.7±11.3 to 108±56.2 pmol xmin-1m-2

x mM-1; p=0.04) with no changes following MET+SITA. No change
occurred for rate sensitivity and potentiation factor in any group. SITA+
MET increased insulin sensitivity (M/I: 2.2±0.5 to 4.6±1.3 mg/kg/
min÷μIU/min/ml; p=0.04; OGIS: 351.9±11.4 to 375.7±9.6 ml x
min-1m-2; p=0.08) while either MET or SITA did not. Disposition Index
increased with SITA+MET (10.8±1.1 to 13.6±1.6 μIU/ml/min÷mg/dl/
min) and SITA (8.6±1.0 to 10.6±1.3; both p<0.05). Among SITA+MET
women, 33% reverted to NGT compared to 14% with METand 7% with
SITA (p<0.05).
Conclusion: This proof of concept study shows that SITA+MET is su-
perior to SITA andMETmonotherapy for improvement of beta-cell func-
tion and insulin sensitivity in IGRwomen with previous GDM and it may
offer a potential pharmacologic intervention to reduce risk of T2D in this
high-risk population.
Clinical Trial Registration Number: NCT01336322
Disclosure: S. Barone: None.

360
Eligibility for metabolic surgery in patients with type 2 diabetes: a
two-centre descriptive study
E. Tzeravini1, I. Severi1, E. El Nteik2, M. Karaolia1, M. Noutsou2, A.
Thanopoulou2, N. Tentolouris1, N. Katsilambros1, A. Kokkinos1;
1First Department of Propaedeutic Internal Medicine, Medical School,
National and Kapodistrian University of Athens, Laiko General
Hospital, Athens, 2Second Department of Internal Medicine, Medical
School, National and Kapodistrian University of Athens, Hippocratio
General Hospital, Athens, Greece.

Background and aims: Metabolic surgery leads to profound glycemic
improvements in patients with type 2 diabetes (T2DM). This finding has
led to the proposal of specific criteria for the use of metabolic surgery in
obese patients with T2DM by an expert consensus, the Diabetes Surgery
Summit II (DSSII). The aim of the present study was to assess the per-
centage of T2DM patients visiting the outpatient diabetes clinics of two
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tertiary hospitals in Athens who were eligible for bariatric surgery by
DSSII criteria, and of these, how many had been informed of this option.
Materials and methods: Data from all patients with T2DM who visited
our both diabetes clinics over a year were consecutively recorded. These
included anthropometric parameters, Hba1c, diabetes treatment, and
existing comorbidities. A structured questionnaire was used for the col-
lection of data on medical history, mental health, medical insurance, and
socioeconomic status. Patients were considered eligible if the recommen-
dation by DSSII criteria was to either “consider” or “recommend” meta-
bolic surgery. Patients with age-related, health-related, insurance, or so-
cioeconomic reasons for which surgery could not be performed were
considered ineligible. We further inquired of eligible patients whether
they had ever been informed of the option for metabolic surgery by our
clinics.
Results: Among 809 patients with DM2 that were examined, 116
(14.3%) were eligible (E) for bariatric surgery, whereas 693 (85.7%)
were non eligible (NE). Eligible patients were on average younger
(AGEE: 54.7 ± 8.0 vs AGENE: 68.0 ± 9.7 years, p <0.001) and had a
higher BMI (BMIE: 38.7 ± 6.0 vs BMINE: 29.6 ± 5.3 kg/m2, p
<0.001) compared to the non eligible group. Their HbA1c was also
significantly higher (HbA1cE: 7.9 ± 1.8 vs HbA1cNE: 6.9 ± 1.2 %, p
<0.001), as was also their eGFR (eGFRE: 83.8 ± 22.1 vs eGFRNE:
78.4 ± 28.9 ml/min/1.73m2, p=0.002). Diabetes duration was signif-
icantly shorter in the eligible group (DDE: 9.6 ± 8.1 vs DDNE: 13.7
± 9.3 years, p <0.001). Only 36 (31.0%) of the 116 patients who
were eligible for metabolic surgery had been informed about this
treatment options. Between the two groups, informed (I) and non-
informed (NI), a significant difference was found regarding BMI
(BMII: 42.4 ± 8.0 vs BMINI: 37.0 ± 4.0 kg/m2, p <0.001) and age
(AGEI: 51.0 ± 8.9 vs AGENI: 56.3 ± 7.1 years, p=0.003).
Conclusion: A considerable proportion of patients with T2DM are eligi-
ble for metabolic surgery. These are younger, more obese, have worse
glycemic control, better renal function, and less long-standing diabetes
than those who are not. Only a third of the eligible patients are informed
about this option. Physicians tend to consider metabolic surgery as pos-
sible treatment for younger and more obese patients, thus depriving it of
many of those who would most probably benefit from it.
Disclosure: E. Tzeravini: None.
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TOTUM-63 differentially alters incretin and hormonal responses to
glucose stimulation in high fat-fed mice
B. Morio1, V. Chavanelle2, M. Soumarmon1, S. Peltier2, P. Sirvent2;
1CarMeN Laboratory, Oullins, 2Valbiotis, Périgny, France.

Background and aims: TOTUM-63 has been demonstrated to signifi-
cantly improve bodyweight and glucose homeostasis in animal models of
obesity and type 2 diabetes (db/db and C57BL/6 fed a high fat diet). Our
study aimed at exploring whether the mechanisms include improved hor-
mone secretion by the digestive system. Specifically, incretins (glucose-
dependent insulinotropic peptide (GIP), glucagon-like petide-1 (GLP-1))
and peptide hormones (cholecystokinin (CCK) and peptide YY (PYY))
have been shown to be major regulators of glucose control.
Materials and methods: Thirty male C57BL/6JRJ mice, aged 6 weeks
on the start day, were assigned to standard chow (CON, n=10), high fat
diet (HF, 60% energy from fat, n=10) or HF-TOTUM-63 (HF diet 60%
supplemented with TOTUM-63 2.7%, n=10) groups for 10 weeks. At the
end of the dietary intervention, glucose homeostasis was assessed during
an oral glucose tolerance test (OGTT) and an intraperitoneal pyruvate
tolerance test (ipPTT). Thereafter, overnight fasted mice received an oral
gavage of glucose (2g/kg body weight) or vehicle (water) 15 mn before
being anesthetized. Blood from the portal vein was drawn in the presence
of EDTA and DPP-IV inhibitor for assessment of GIP, GLP-1, CCK,
PYY, insulin and glucagon concentrations.

Results: The bodyweight of mice fedHF-TOTUM-63was similar to that
of CON mice and 28% lower than that of HF (p<0.0001). In HF-
TOTUM-63, cumulative dietary intake in g and in kJ was 8 and 10%
lower compared to HF, respectively. It was 23% lower in g and 3% higher
in kJ compared to CON. OGTTand ipPTTwere improved by 31 and 23%
in HF-TOTUM-63 compared to HF, respectively (p<0.05), but still 72
and 56% higher than CON (p<0.001). While GLP-1, insulin and gluca-
gon concentrations in the portal vein were increased by 3.5 to 5.0 fold in
HF-fed animals compared to the CON (p<0.01), they were reduced al-
most to the CON level in HF-TOTUM-63. GIP and CCK concentrations
in the portal vein were increased by 2.3 to 2.6 fold in HF-fed animals
compared to the CON (p<0.01), and were still 2.0 fold higher than the
CON level in HF-TOTUM-63 (p<0.05). Finally, PYY concentration in
the portal vein was not significantly altered between treatments after
glucose stimulation, whereas it was significantly decreased in
unstimulated HF-TOTUM-63-fed animals compared to the CON (-
33%, p<0.05) and HF (-46%, p<0.01) animals.
Conclusion: As expected TOTUM-63 improved glucose homeostasis of
high-fat fed animals. This was associated with the restauration to CON
values of GLP-1, insulin and glucagon circulating concentration in the
portal vein. However, incretin and hormonal responses were differentially
affected as GIP, CCK and PYY responses to glucose challenge differed
between HF-TOTUM-63 and CON.
Supported by: The study was supported by Valbiotis, Périgny, France
Disclosure: B. Morio: Grants; the study was funded by Valbiotis,
Périgny, France.
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Exploring the tracking ofHbA1c in a nationwide population of people
with type 1 diabetes in Scotland
A. Jeyam1, R.J. McCrimmon2, C. Mair1, S.J. McGurnaghan1, L.A.K.
Blackbourn1, P.M. McKeigue3, H.M. Colhoun1,4, on behalf of the
SDRN Epidemiology Group;
1Institute of Genetics and Molecular Medicine, University of Edinburgh,
Edinburgh, 2School of Medicine, University of Dundee, Dundee, 3Usher
Institute of Population Health Sciences and Informatics, University of
Edinburgh, Edinburgh, 4Department of Public Health, NHS Fife,
Kirkcaldy, UK.

Background and aims: A recent study suggested that glycaemic
control, as measured by HbA1c, tends to track in any one indi-
vidual from a few years after disease diagnosis. Our aim was to
explore the extent to which HbA1c tracks and the extent to which
poor control early in T1DM is associated with poor control many
years later.
Materials and methods: We used the national diabetes register in
Scotland, SCI-Diabetes, to identify all those with incident T1DM
between 2004 and 2016 in whom at least three HbA1c measure-
ments and three years of follow up were available (N=6868 per-
sons). All clinical measurements of HbA1c carried out up to end
2016 were available. We described the population median HbA1c
by duration overall, and stratified within bands of age at onset.
Ignoring the honeymoon period, we examined the within-person
correlation between the HbA1c value at baseline (using the me-
dians of the within-individual values between 6 and 18 months
after diagnosis) and subsequent HbA1c values over periods of 6
months (once again using the median individual values within
these periods). Finally, we allocated patients to an HbA1c decile
at baseline, adjusting for age at onset and sex, and examined the
proportion of those in the highest decile who remained in the
highest decile at ten years diabetes duration. The agreement for
being in the highest decile at these two time points was evaluated
using Cohen’s Kappa.
Results: In 6868 persons followed for 7 years on average we had a
median of 12 measurements of HbA1c per person. Overall, HbA1c
values tend to increase during the first five years post-diagnosis then
reaching a plateau: from median 66 mmol/mol (IQR 56 -79) in year
1 to 71 (62-84) in year 5 and 71 (61-83) in year 10. A similar
pattern was observed at different ages of onset with the exception
of those diagnosed in adolescence, for whom HbA1c values first
increased and then fell. Amongst the N=1078 patients with mea-
sures available for a 10 year diabetes duration, the correlation be-
tween the values of HbA1c at 10 year duration and the values at
baseline, was r2=0.25, 95%CI [0.20; 0.30]) (Figure 1). Amongst
those who were in the highest decile of HbA1c at baseline, adjusted
for age and sex, 19.4% were also in the adjusted highest decile at 10
years; (Kappa 0.11, p<0.01). Taking year 5 post diagnosis as the
baseline the correlation with year 10 was higher (0.48, [0.43; 0.53]).
Of those in the top decile at five years 39.4% were in the top decile
at 10 years; (Kappa 0.33, p<0.01).
Conclusion: These data show evidence that the intra-individual variabil-
ity settles down by five years post-diagnosis. This suggests that the first
five years is a critical period during which long-term patterns may be
established.

Supported by: Diabetes UK and CSO
Disclosure: A. Jeyam: None.

363
Patterns of polypharmacy and advanced complications of type 1
diabetes in a contemporary Scottish national cohort
A. Ochs, S. McGurnaghan, T.M. Caparrotta, L.A.K. Blackbourn, H.M.
Colhoun, SDRN-Epi;
University of Edinburgh, Edinburgh, UK.

Background and aims: Life expectancy is increasing in type 1 diabetes
(T1DM) with many more people surviving to older ages. In a large pop-
ulation register of peoplewith T1DM (n=28196)we aimed to describe the
increasing complexity of illness with ageing in T1DM. We examined i)
how the pattern of advanced complications varies by age and ii) how
polypharmacy patterns, as a proxy for multimorbidity, vary by age.
Materials andmethods:Weused data from the national diabetes registry
in Scotland, Scottish Care Information-Diabetes (SCI-DC), that includes
all issued prescriptions and laboratory results, linked to coded hospital
admissions, renal registry and diabetic retinopathy screening data for all
patients with T1DM alive as of 30 June 2017. Advanced CVD was
defined as prior admission for ischaemic heart disease, cerebrovascular
disease, peripheral arterial disease, heart failure, cardiac arrhythmia, hy-
pertensive heart disease, revascularization or amputation procedures.
Diabetic kidney disease stage 3 or worse was defined as an eGFR of less
than 60 ml/min/173.m2 or being on renal replacement therapy. Advanced
retinopathy was defined as pre-proliferative or worse retinopathy or re-
ferable maculopathy. Anatomical Therapeutic Chemical Classification
System (ATC) coded issued prescription data was used to define drug
exposures. Summary statistics and logistic regression was used for
analysis.
Results: Among the 28196 people (44.0% female) alive on study
day, 17.6% (n=4968) were aged 60 years or over 6.4% (n=1807)
were aged 70 or over and 1.5% (n=413) were aged 80 or over.
Across the study population 30.1% of people had at least one of
advanced CVD, eye disease or kidney disease with retinopathy
being most common then CVD then DKD. By aged 70 or over
40.0% had one, 23.2% two and 4.3% all three advanced compli-
cations. Overall the average number of prescriptions was 6.3 (me-
dian: 5 IQR: 3-8). Polypharmacy increased steeply with age (see
Figure 1) such that in those at least 70 years old the median
number of prescriptions was 10 (IQR: 7-13) and these were
across 6 (IQR: 5-8) anatomical groups. The most common drug
classes were for insulins and analogues, followed by lipid modi-
fying agents, and analgesics.
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Conclusion: The results illustrate the increasing complexity of diabetes
management as patients survive longer not only with clustering of ad-
vanced diabetes complications but also use of many drugs across multiple
anatomical systems. These data highlight that current models of clinical
care where patients attend specialist care for each body system separately
are unlikely to best meet future needs. They also highlight the pressing
need for evidence based underpinning of polypharmacy and consider-
ation of possible drug-drug interaction problems in the older person with
type 1 diabetes.

Supported by: Chief Scientist Office
Disclosure: A. Ochs: None.
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Incidence of adult-onset type 1 diabetes in Sweden between 2006 and
2015
K. Eeg-Olofsson1,2, M. Thunander3, M. Miftaraj4, S. Franzén4, A.-M.
Svensson1,4;
1Department of Molecular and Clinical Medicine, University of
Gothenburg, Gothenborg, 2Sahlgrenska university hospital,
Gothenburg, 3Department of Clinical Sciences, University of Lund,
Lund, 4Centre of Registers Västra Götaland, Gothenburg, Sweden.

Background and aims: Type 1 diabetes (T1D) is a life-long disease
affecting both children and adults. Estimations of incidence are important
as it can reflect future health burden. There are many reports, especially
from Europe, regarding incidence of childhood-onset T1D, which is
known to vary between countries, and where most report a steady in-
crease over time for the past decades. The aim of the study was to estimate
incidence rates of adult-onset T1D in Sweden in different age groups
from 2006 to 2015.
Materials and methods: In this cohort study we used data from nation-
wide registers. As the National diabetes register (NDR), a register primar-
ily for quality control of diabetes care, with 100% coverage of diabetes
outpatient clinics and 99% of adult patients with T1D and with latent
onset autoimmune diabetes (LADA) are reported. The National prescrip-
tion register for filled prescriptions have full coverage. The diabetes di-
agnosis is based on clinical evaluation and testing by experienced clini-
cians, however auto-antibodies and c-peptide levels are not reported in the

NDR. We identified patients with T1D (including LADA) in NDR 2006
to 2017 and collected information on date of first registration in NDR,
year of onset of diabetes and age at onset of diabetes. By cross-linkage to
the National prescription register we could establish use of glucose low-
ering treatment the year of diagnosis and 1 year following diagnosis.
Individuals on a combination of basal and short acting insulin were iden-
tified as T1D.We postulated that it would take a few years from diagnosis
to first registration in the NDR and that an estimated number had to be
added to the later years, in accordance to the pattern of the prior years,
given the end of follow-up 2017.We calculated incidence rates per 100
000 population in age intervals 18-29, 30-39, 40-49, 50-59, 60-69, 70-79
and ≥80 years, using information from Statistics Sweden on Swedish
population by age group each year.
Results: There were 9375 new cases of T1D including LADA from 2006
through 2015. Of those, 5571 were T1D on basal bolus insulin treatment.
80% of new T1D cases were registered in the NDR the year of diagnosis
or the year after and 90% in 3 years. Number of observed new cases (+
estimated extra cases) were 2006: 530 (+0), 2007: 580 (+0), 2008: 570
(+0), 2009: 624 (+0), 2010: 530 (+0), 2011: 569 (+1), 2012: 570 (+5),
2013: 527 (+7), 2014: 498 (+9). 2015:273 (+22). Estimated extra cases
for 2006-2015 were in total 44 cases (0.8%). Figure 1 shows trends in
incidence rates per 100 000 population of T1D by age intervals.
Conclusion:We observed stable incidence rates of adult-onset T1D in all
age groups over the 10-year period from 2006-2015 in Sweden.

Supported by: ALF agreement
Disclosure: K. Eeg-Olofsson: None.

365
Characteristics of people with type 1 diabetes in the UK: results of a
5-year cohort study using data from the Clinical Practice Research
Datalink
P. Choudhary1, E.Wilmot2, M. Baxter3, L. Leelarathna4, M.Afonso5, R.
Shah Gupta6, R. Pulikottil-Jacob3, F.L. Zhou7;
1King's College London, London, UK, 2University Hospital, Derby, UK,
3Sanofi, Guildford, UK, 4Manchester University Foundation Trust,
Manchester, UK, 5Sanofi, Paris, France, 6Evidera, London, UK,
7Sanofi, Bridgewater, USA.

Background and aims: For people with suboptimal type 1 diabetes
(T1D) control, it is important that health authorities and practitioners have
a clear understanding of how key clinical parameters change over the long
term. This retrospective, longitudinal, real-world study aimed to describe
the current demographics and clinical characteristics of adults living with
T1D in the UK, and to assess the progression of key clinical parameters
over a 5-year follow-up period.
Materials and methods: Adults (≥ 18 years of age at index date) coded
as T1D between 1 January 2011 to 31 December 2011 were extracted
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from the UKClinical Practice Research Datalink (CPRD). The date of the
first insulin prescription during the identification period was defined as
the index date. Those included met data quality standards, had HbA1c at
baseline >6.5% (48 mmol/mol), continuous enrollment in the CPRD for
12 months prior to the index date (baseline period) and 60 months post-
index date (follow-up period). Total study period was from 1 January
2010 to 31 December 2016. Patient demographics, clinical parameters
at baseline (closest measure to index date) and yearly (closest to the
rolling 1-year cut-off date) during follow-up were reported (HbA1c, body
weight, body-mass index [BMI], systolic blood pressure [SBP], and esti-
mated glomerular filtration rate [eGFR]). Descriptive analyses and statis-
tics (mean [SD], N [%]) were performed; patient demographics, clinical
parameters at baseline (closest measure to index date) and yearly (closest
to the rolling 1-year cut-off date) during follow-up were reported. The
study protocol (18_304R) was approved by the Independent Scientific
Advisory Committee for Medicines and Healthcare Products Regulatory
Agency in the UK.
Results: A total of 5,618 patients were included in the overall analysis.
Baseline demographics were: mean age 45.7 years, 57% male, 96%
white. Mean (SD) T1D duration 25.9 (13.0) years, mean HbA1c was
8.8 (3.7) %, mean body weight was 79.4 (16.7) kg, mean BMI was
27.1 (5.0) kg/m2, mean SBP was 129.0 (15.6) mmHg, and mean eGFR
was 92.4 (25.4) mL/min/1.73m2. At baseline, 46% of uncontrolled (base-
line HbA1c >6.5%) T1D patients had BMI ≥27kg/m2, and 25% were
obese (BMI ≥30 kg/m2). During the follow-up period, mean HbA1c
remained significantly above national target values and in the narrow
range of 8.6-8.7% year 1-5. Similarly mean BMI was in the range of
27.3-27.6 kg/m2 year 1-5. Mean SBP remained steady at 129 mmHg
during the follow-up period.
Conclusion: This longitudinal analysis of UK CPRD data showed that
mean HbA1c at baseline was suboptimal and higher than other Western
European countries. Over 5 years of follow-up (2011-2016), suboptimal
glucose control persisted with minimal change over time despite signifi-
cant developments in therapeutic options and technology. These results
are in agreement with the recent T1D exchange data in the US and high-
light a continuing unmet clinical need in those with T1D, and the clear
difficulty in achieving optimal control with current therapeutic options.
Supported by: Sanofi
Disclosure: P. Choudhary: Employment/Consultancy; Abbott Diabetes
Care, Dexcom, Eli Lilly, Medtronic, Novo Nordisk, Astra Zeneca, Roche
Diabetes Care, Sanofi Aventis.
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Longitudinal patterns of resting heart rate in long-term type 1
diabetes
S. Keshavarzi1, B.H. Braffett2, R. Pop-Busui3, T.J. Orchard4, E.Z.
Soliman5, G.M. Lorenzi6, A. Barnie7, A. Karger8, R.A. Gubitosi-Klug9,
S. Dagogo-Jack10, A. Paterson1, The DCCT/EDIC Study Group;
1Hospital for Sick Children, Toronto, Canada, 2George Washington
University, Rockville, USA, 3University of Michigan Medical School,
Ann Arbor, USA, 4University of Pittsburgh, Pittsburgh, USA, 5Wake
Forest School of Medicine, Winston-Salem, USA, 6University of
California, San Diego, USA, 7University of Toronto, Toronto, Canada,
8University of Minnesota, Minneapolis, USA, 9Case Western Reserve
University, Cleveland, USA, 10University of Tennessee, Memphis, USA.

Background and aims: Individuals with type 1 diabetes (T1D) have
higher resting heart rate (RHR) compared to those without diabetes; the
mechanisms are unclear. The Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Complications
(DCCT/EDIC) study demonstrated that intensive (INT) diabetes treat-
ment was associated with a significantly lower RHR compared to con-
ventional (CONV) treatment during the DCCT and through EDIC year
10. Herein, we evaluate whether the effect of INT treatment on RHR

persisted during 12 additional years of EDIC follow-up and factors me-
diating the differences observed between the two groups.
Materials and methods: Longitudinal changes in RHR, measured annu-
ally from electrocardiograms over 22 years in the DCCT/EDIC study,
were evaluated in 1,402 participants with T1D. Generalized linear mixed
models were used to assess the effect of treatment group on mean RHR
over time, minimally adjusting for cohort, sex, race, age, and duration of
T1D. Further adjustments were made separately for each risk factor listed
in Table 1.
Results: At closeout, participants were 33±7 years old, 52% male, T1D
duration 12±5 years, and HbA1c 7. 4±1.2% INT and 9.1±1.6% CONV.
During EDIC, participants in the INT group had significantly lower RHR
compared to those in the CONV group with a mean±SE difference of -
1.76±0.48 bpm, p<0.01. This difference was larger in EDIC years 1-10 (-
2.14±0.50 bpm; p<0.01) than during EDIC years 11-22 (-1.15±0.52 bpm;
p<0.05). We estimate that an average INT subject had 22 million fewer
heart beats than an average CONV subject during EDIC. The significant
group difference in RHRwas unaffected by separate adjustment for EDIC
current or EDIC mean HbA1c. There was a demonstrated change in
magnitude and full attenuation of the effect after adjustment for
DCCT/EDIC mean HbA1c (p=0.14). Likewise, the significant group dif-
ference in RHR was fully attenuated after separate adjustment for each
measure of cardiovascular autonomic neuropathy (CAN). Higher RHR
was associated with smoking, CAN, and microalbuminuria, and with
increases in BMI, blood pressure, lipids, and HbA1c.
Conclusion: After 22 years of follow-up during EDIC, prior DCCT INT
treatment was still associated with lower RHR compared to CONV treat-
ment, consistent with long-term beneficial effects of INTon cardiovascu-
lar disease. Treatment group differences in RHR were largely explained
by group differences in DCCT/EDICmeanHbA1c and presence of CAN.

Clinical Trial Registration Number: NCT00360893
Supported by: NIH/NIDDK
Disclosure: S. Keshavarzi: None.

367
Pulse rate and cardiovascular disease in type 1 diabetes
R.G. Miller, T. Costacou, T.J. Orchard;
University of Pittsburgh, Pittsburgh, USA.

Background and aims:Higher resting heart rate (RHR) is an established
cardiovascular disease (CVD) risk factor in the general population. RHR
has also been shown to be elevated in type 1 diabetes (T1D) in which it
has been positively associated with a higher HbA1c suggesting that it
may be an important marker of CVD risk in T1D. The DCCT/EDIC
recently reported pulse rate to be independently associated with risk of
CVD (including coronary artery disease (CAD) and stroke), with a stron-
ger association than LDL cholesterol, but those with high blood pressure
or cholesterol were excluded at baseline. In a similar analysis in the
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Pittsburgh Epidemiology of Diabetes Complications (EDC) Study, a co-
hort with similar mean age (27 years) but longer T1D duration (mean 18
years versus 6 in DCCT) and no CVD risk factor exclusion at baseline,
pulse was not independently associated with CVD using the same defi-
nition as DCCT/EDIC. Thus, we sought to further examine the role of
pulse rate on CVD risk in T1D by looking at its association with specific
manifestations of CVD, including CAD, stroke, and lower-extremity ar-
terial disease (LEAD) in the EDC cohort.
Materials and methods: EDC participants were diagnosed (at age less
than 17yrs) with T1D in 1950-1980 (n=658, 49% women) and examined
at study baseline in 1986-88 when mean age and duration were 27 and 18
years respectively and followed for25yrs. CVD incidence, comprised
CAD (i.e. fatal CAD, MI, revascularization procedure/blockage ≥50%,
ischemic ECG (MN codes 1.3, 4.1, 4.3, 5.1, 5.3, 7.1), or EDC physician
diagnosed angina), stroke, or LEAD (ankle-brachial index<0.8, lower
limb amputation due to vascular cause, or intermittent claudication).
Pulse rate (beats per minute, bpm) was determined by palpitating the
radial pulse for 30 seconds and multiplying by two. Baseline and updated
mean pulse rate were assessed in separate Cox models for each outcome.
Models were adjusted for potential confounders, including age/T1D du-
ration, sex, HbA1c, BMI, systolic and diastolic BP, HDLc, non-HDLc,
white blood cell count, AER, insulin dose, smoking, beta blocker, calci-
um channel blocker, ACE inhibitor, and diuretic use.
Results:Baseline pulse rate was higher in those who developed anyCVD
than those who did not (80 v. 77 bpm, p=0.001). While there were sig-
nificant univariate associations between both baseline (HR=1.02,
p=0.001) and updated mean (HR=1.03, p<.0001) pulse rate and CAD
incidence, these associations did not remain significant after controlling
for non-HDLc and diastolic BP, respectively. Only updated mean
(HR=1.03, p=0.03), but not baseline (p=0.19), pulse rate was associated
with stroke incidence, but did not remain significant after adjustment for
AER. Both baseline (HR=1.03, p=0.0008) and updated mean (HR=1.03,
p=0.007) pulse rate were independently associated with incidence of
LEAD and remained so after covariate adjustment. Pulse rate was not
independently associated with HbA1c in this cohort.
Conclusion: The independent association between pulse rate and LEAD
incidence and the univariate associations with increased risk of CAD and
stroke, suggest that resting heart rate is a potentially important early
marker of vascular disease. The strong association with LEAD found in
this T1D cohort should be explored in other cohorts and potential mech-
anistic avenues, including the close association between autonomic neu-
ropathy and increased heart rate, evaluated.
Supported by: NIDDK, Rossi Memorial Fund
Disclosure: R.G. Miller: None.
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Long-term incidence of hospitalisation for ketoacidosis in adults with
established type 1 diabetes: a prospective cohort study
V. Harjutsalo1,2, M. Thomas3, M. Feodoroff1,4, C. Forsblom1,4, D.
Gordin1, P.-H. Groop1,5;
1Folkhälsan Institute of Genetics, Folkhälsan Research Center, Helsinki,
Finland, 2Chronic Disease Prevention Unit, National Institute for Health
andWelfare, Helsinki, Finland, 3Department of Diabetes, Central Clinical
School, Monash University, Melbourne, Australia, 4Research Program
for Clinical and Molecular Metabolism, Faculty of Medicine,
University of Helsinki, Helsinki, Finland, 5Abdominal Center
Nephrology, University of Helsinki and Helsinki University Hospital,
Helsinki, Finland.

Background and aims: The long-term natural history of diabetic
ketoacidosis (DKA) and its risk factors in adult patients with type 1
diabetes (T1D) are poorly understood. The aim of this study was therefore
to determine the long-term incidence and predictors of hospitalization for
DKA, a common acute diabetic complication now also recognized as a

side effect for Sodium GLucose coTransporter 2 (SGLT2) inhibitors, in
adults with longstanding T1D.
Materials andmethods:All events due to DKA between 1996 and 2016
were identified in 4758 adults with T1D from the Finnish Diabetic
Nephropathy Study (FinnDiane), and a retrospective cohort of 16224
adults with T1D from the Finnish general population followed over the
same time period. Hospital admission for DKAwas ascertained from the
Finnish Care Register for Health Care and fatal DKA events from the
Finnish Cause of Death Register. The first two years after the diagnosis of
diabetes were excluded. Baseline predictors of DKA events were deter-
mined using Cox Regression analysis.
Results: Between 1996 and 2015, there were 1228 DKA events in the
FinnDiane participants (1.4/100 person-years). The majority did not have
prior DKA and were hospitalized only on a single occasion. There was a
modest increase in the frequency of DKA over the follow-up (~2.4% per
year [95% CI 0.3-4.5%]; p=0.03). These findings were similar in adults
with T1D from the general population, with 4914 DKA hospitalizations
(1.8/100 person-years). Predictors of DKA in the FinnDiane cohort were
glucose control, smoking and alcohol consumption at baseline, raised
HDL cholesterol and plasma triacylglycerol concentrations. Diabetic ne-
phropathy and renal impairment were associated with DKA, such that
patients with end-stage renal disease, macroalbuminuria and
microalbuminuria had 2.23 (1.51-3.32, p<0.0001), 1.63 (1.22-2.17,
p=0.0009) and 0.88 (0.62-1.25) fold risk of DKA, compared to patients
with normal albumin excretion rate, respectively. Patients with an
eGFR<60 ml/min/1.73m2 were also more likely to be hospitalized for
DKA (HR 1.97, [1.45-2.68]; p<0.0001) compared to those with an
eGFR≥60 ml/min/1.73m2.
Conclusion: DKA remains a common cause of hospitalization in indi-
viduals with longstanding T1D. These data suggest that the goal to use
SGLT2 inhibitors for their vasculo- and renoprotective actions may be
problematic, as those most likely to benefit may also have the highest risk
of DKA.
Supported by: Folkhälsan Research Foundation
Disclosure: V. Harjutsalo: None.
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Amount of gluten in early life and risk of type 1 diabetes
N.A. Lund-Blix1,2, G. Tapia2, K. Mårild2,3, A.L. Brantsaeter2, P.R.
Njølstad4,5, G. Joner1,6, T. Skrivarhaug1,6, K. Størdal2,7, L.C. Stene2;
1Oslo University Hospital, Oslo, Norway, 2Norwegian Institute of Public
Health, Oslo, Norway, 3The Sahlgrenska Academy at University of
Gothenburg and Queen Silvia Children's Hospital, Gothenburg,
Sweden, 4Haukeland University Hospital, Bergen, Norway, 5University
of Bergen, Bergen, Norway, 6University of Oslo, Oslo, Norway, 7Østfold
Hospital Trust, Grålum, Norway.

Background and aims: No studies have investigated the relation be-
tween the amount of gluten intake by both the mother during pregnancy
and the child in early life and risk of developing type 1 diabetes in
childhood. Our objective was to examine the association between the
maternal gluten intake during pregnancy, child’s gluten intake at age 18
months, and the risk of type 1 diabetes in the child in a Norwegian
population-based nation-wide study.
Materials and methods: We included 86,306 children in The
Norwegian Mother and Child Cohort Study born from 1999 through
2009, followed to April 15, 2018. The outcome was clinical type 1
diabetes, ascertained in a nation-wide childhood diabetes registry.
Hazard ratios were estimated using Cox regression for the exposures
maternal gluten intake during pregnancy and child’s gluten intake at
18 months. We derived the amount (g/day) of gluten intake from a
semi-quantitative food frequency questionnaire at week 22 of preg-
nancy and from a questionnaire completed by the guardian when the
child was 18 months old.
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Results: During a mean follow-up of 12.3 years (range 0.7-16.0), 346
children (0.4%) developed type 1 diabetes (incidence rate 32.6 per
100,000 person-years). The average gluten intake was 13.6 grams/day
for mothers during pregnancy, and 8.8 grams/day for the child at 18
months of age. Maternal gluten intake in mid-pregnancy was not associ-
ated with the development of type 1 diabetes in the child (adjusted hazard
ratio 1.02 (95% confidence interval 0.73 to 1.43) per 10 grams/day in-
crease in gluten intake). However, the child’s gluten intake at 18 months
of age was associated with an increased risk of later developing type 1
diabetes (adjusted hazard ratio 1.46 (95% confidence interval 1.06 to
2.01) per 10 grams/day increase in gluten intake).
Conclusion: This study suggests that the child’s gluten intake at 18
months of age, and not the maternal intake during pregnancy, could in-
crease the risk of type 1 diabetes in the child.
Supported by: NIH/NIEHS, NIH/NINDS, NRC, Helse SørØst, Norwegian
Diabetes Association
Disclosure: N.A. Lund-Blix: None.
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Extremely early appearance of type 1 diabetes-associated autoanti-
bodies in genetically susceptible children
A. Kyrönniemi1,2, P. Vähäsalo1,2, J. Ilonen3,4, J. Toppari5,6, M. Knip7,8,
R. Veijola1,2;
1Pediatrics, University of Oulu, Oulu, 2Children and Adolescents, Oulu
University Hospital, Oulu, 3Institute of Biomedicine, University of
Turku, Turku, 4Clinical Microbiology, Turku University Hospital,
Turku, 5Physiology, University of Turku, Turku, 6Pediatrics, Turku
University Hospital, Turku, 7Pediatrics, University of Helsinki,
Helsinki, 8Center for Child Health Research, Tampere University
Hospital, Tampere, Finland.

Background and aims: The incidence of type 1 diabetes has been rising
during the last decades, especially in the youngest age group of children
(<5 years). We wanted to find out how common it is for genetically
susceptible children to develop type 1 diabetes-associated autoantibodies
at the age of ≤0.50 years, and whether the frequency of such children has
changed over time.
Materials and methods: Three birth cohorts [Jan 1, 1995 - Jul 16,1997
(n=951), Jan 1, 2003 - Aug 31, 2004 (n=1991), andMar 1, 2010 - Dec 31,
2014 (n=3112)] were analysed in the Type 1 Diabetes Prediction and
Prevention (DIPP) study, which follows children with class II HLA-
conferred risk for type 1 diabetes by measuring islet cell antibodies
(ICA), insulin autoantibodies (IAA), glutamic acid decarboxylase anti-
bodies (GADA) and antibodies to islet antigen-2 (IA-2A) at 3-6 months
intervals during the first year of life. The eligibility criteria for all three
cohorts included both high and moderate risk class II HLA genotypes.
The autoantibody analysis programme was identical in the three cohorts.
Children with maternally transmitted islet autoantibodies were excluded
by analyzing cord and/or maternal serum samples.
Results: A total of 30 children out of 6054 developed type 1 diabetes-
associated autoantibodies at the age of ≤0.50 years (age range 0.16-0.50).
Ten children (7 boys) showed persistent autoantibody positivity, while 20
(11 boys) had transient islet autoantibodies. One child with persistent
positivity developed multiple autoantibodies (ICA, IAA, GADA) at the
age of 0.43 years and was diagnosed with type 1 diabetes at the age of
1.10 years. Another child with transient autoantibody positivity (IAA at
0.27 years) developed multiple autoantibodies at the age of 2.14 years
(ICA, IAA, GADA) and was diagnosed with type 1 diabetes at the age of
2.41 years. In children with transient positivity IAAwas seen in 10 chil-
dren, GADA in eight, ICA in two, and IA-2A in one child. Two autoan-
tibodies (GADA, ICA) were transiently found in one child. In 10 children
with persistent positivity eight were single positive (two for GADA, one
for IAA, five for ICA), and two were multipositive (one for GADA and
ICA, one for GADA, IAA and ICA). In the first cohort there were no

children with persistent autoantibodies, but seven (0.4%) were identified
in the second cohort and three (0.1%) in the third one (p=0.031). There
was no difference in the frequency of transient positivity between the
three cohorts.
Conclusion: Extremely early development of islet autoimmunity before
the age of 0.50 years is rare. Higher incidence of early persistent autoan-
tibodies was observed in genetically susceptible children born in 2003-
2004 in Finland when compared to the earlier and the later birth cohort.
Clinical Trial Regsitration Number: NCT03269084
Supported by: JDRF, Academy of Finland, EU
Disclosure: A. Kyrönniemi: Grants; JDRF International, Academy of
Finland, European Union, University hospital research funds.
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PS 012 You are what you do: environment, life-
style and diabetes
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The effect of alcohol consumption on glucose and lipid metabolism in
type 2 diabetes: a systematic review and meta-analysis
Y. Chen, X. Zhu, L. Li;
Southeast University, Nanjing, China.

Background and aims: Recommendations for moderate alcohol con-
sumption remain controversial, particularly in type 2 diabetes mellitus
(T2DM). We aimed to evaluate the effects of alcohol supplementation
on glucose and lipid metabolism in adults with T2DM.
Materials andmethods: PubMed, Embase, and Cochrane database were
searched up to March 2019 for randomized controlled trials (RCTs) that
assessed the relationship between alcohol consumption and glucose and
lipid metabolism among adults with T2DM. Extracted data from RCTs
were analyzed using STATA 12.0 statistical software with fixed or ran-
dom effects model. Effect sizes were presented as weighted mean differ-
ences (WMD) with 95% confidence intervals (95% CI).
Results: Ten relevant RCTs involving 575 participants were included in
this review. Meta-analysis showed that alcohol consumption was associ-
ated with reduced triglyceride levels (WMD - 8.63, 95% CI: - 11.78, -
5.47, p<0.001), HOMA (WMD - 0.49, 95% CI: - 0.97, -0.22, p=0.041)
and insulin (WMD - 10.71, 95% CI: - 14.21, -7.22, p<0.001), but no
influence on fasting blood glucose levels (WMD -0.25, 95% CI: - 0.70,
0.19, p=0.262), glycosylated hemoglobin A1c (WMD -0.07, 95% CI: -
0.20, 0.06, p=0.291), total cholesterol (WMD - 2.69, 95% CI: - 8.47,
3.09, p=0.361), low density lipoprotein-cholesterol (WMD - 2.26, 95%
CI: - 7.70, 3.19, p=0.417), and high density lipoprotein-cholesterol
(WMD 4.80, 95% CI: - 1.21, 10.82, p=0.118). Subgroup analysis indi-
cated that drinking light to moderate amounts of alcohol lowed the effects
of alcohol on glucose and lipid metabolism in people with T2DM.
Conclusion: Findings of this meta-analysis substantiate a positive effect
of alcohol on glucose and lipid metabolism in people with T2DM. Larger
studies are needed to further evaluate the glycemic effects of alcohol
consumption especially in patients with T2DM.
Disclosure: Y. Chen: None.
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Dietary changes and their association with clinical risk factors after
diabetes prevention intervention in primary health care
A. Pölönen1, J. Lindström2, H. Oksa1, J. Jokelainen3, FIN-D2D Study
Group;
1Tampere University Hospital, Tampere, 2National Institution for Health
and Welfare, Helsinki, 3Infrastructure for Population Studies, University
of Oulu, Oulu, Finland.

Background and aims: Randomized controlled trials have shown that
lifestyle intervention can prevent type 2 diabetes (T2D). The Finnish
National Diabetes Prevention Program FIN-D2D (2003-2007) was
established to implement these findings in primary health care. The aim
of this study was to investigate the changes in diet and their association to
glucose metabolism and cardiometabolic profile of FIN-D2D
participants.
Materials and methods: Altogether 10149 middle-aged individuals at
high risk for T2D, defined based on the Finnish Diabetes Risk Score
FINDRISC > 15p, were offered individual or group-based life style
counseling given by trained nurses in primary health care and 2010
(67% women) of them were included in the evaluation study. Height,
weight, waist circumference, blood pressure (BP), fasting plasma glu-
cose, 2-h OGTT, HDL cholesterol, LDL cholesterol and serum triglycer-
ides were measured at baseline and after 1 year. Diet was evaluated using

the 16-item Food Intake Questionnaire and the D2D Healthy Diet Score
consisting of 7 domains and with maximum 100 points was computed,
with higher score indicating healthier diet. Changes in the Diet Score
domains and their correlations with glucose and lipid metabolism were
analyzed using Pearson correlations coefficients. Difference between
groups means were analyzed using ANOVA and the Chi-Square test
was used for categorical variables. All statistical analyses were performed
using R version 3.3.2. and p-value <0.05 was considered statistically
significant.
Results: At baseline 35% of the participants were overweight and 53%
obese. 22% had impaired fasting glucose and 29% impaired glucose
tolerance, 56% had hypertension, 32% elevated triglycerides and 32%
low HDL-cholesterol. 50% of subjects participated in interventions, and
30% of them had at least four visits. After 1 year, 59% of subjects had the
same, 21% improved and 19% worsened OGTT, with 7 % having inci-
dent diabetes. The mean Healthy Diet total score increased from 61.77 to
62.42 (p=0.0015). Change in total score correlated inversely with changes
in weight, waist circumference, S-cholesterol, S-LDL-cholesterol and fP-
glucose. Change in “vegetables and fruits” score correlated inversely with
change in weight, waist circumference, systolic BP, total cholesterol,
LDL-cholesterol, fasting glucose, and 2 h-glucose, change in “meat and
fish” score with change in waist circumference and change in “snacks and
treats” score with change in weight, waist circumference, diastolic BP,
and S-cholesterol. Diet Score was 65.2 in the participants who lost weight
> 5% and 60.6 in the group of weight gain (p<0.001 for the difference
between groups).
Conclusion: Individuals at high risk for T2D benefitted modestly from
brief life style intervention given by nurses in primary health care.
Changes in diet assessed with the D2D Healthy Diet Score were associ-
ated with weight loss, improved cardiometabolic and T2D risk factors.
Supported by: The Competitive State Research Financing of the Expert
Disclosure: A. Pölönen: None.
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Spatial accessibility of food retailers, dietary patterns and type 2
diabetes incidence
N.R. den Braver1, J. Lakerveld1, F. Rutters1, B.W. Penninx1, E.
Generaal1, M. Visser2, E.J. Timmermans1, R. de Mutsert3, E. van
Eekelen3, J. Brug4, J.W. Beulens1;
1Amsterdam UMC-location VU, Amsterdam, 2VU University,
Amsterdam, 3Leiden University Medical Center, Leiden, 4National
Institute for Public Health and the Environment (RIVM), Bilthoven,
Netherlands.

Background and aims: The built environment may influence lifestyle
and non-communicable diseases. Current evidence for associations be-
tween the food environment and type 2 diabetes (T2D) is inconsistent.
This study investigated whether spatial accessibility of food retailers is
associated with T2D incidence, and how adherence toDutch Healthy Diet
index (DHD15-index) mediates the association.
Materials and methods: Longitudinal data from four Dutch cohorts
from the Geoscience and Health Cohort Consortium (GECCO) were used
(n=44,657). At baseline, locations (x,y coordinates) of food retailers were
obtained by environmental audit, and home addresses of participants as
six-digit postcodes. Spatial accessibility to food retailers was defined as
the distance to the closest food retailer from the participant’s home for
supermarkets, fast-food outlets and green grocers. T2D incidence was
assessed during follow-up with cohort specific measures. T2D incidence
ratios (IR) adjusted for demographics, lifestyle factors and the broader
food environment were estimated, using Poisson regression stratified by
cohort, and meta-analyzed with a random-effects model. Two cohorts
(n=7,228) obtained dietary intake at baseline and mediation by adherence
to DHD15-index was investigated using linear and Poisson regression
analyses.
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Results: Among 9,928 participants (nrange=899-5,572), 363 participants
developed T2D (nrange=54-178) over 6 years follow-up (range=2-10). No
significant associations between accessibility to food retailers and T2D
were observed, although a larger distance to supermarkets and green-
grocers pointed towards a higher T2D incidence (highest vs lowest tertile
distance to supermarket IRT3vs.T1=1.10(95%CI:0.84-1.45)) and green-
grocers (IRT3vs.T1=1.29(95%CI:0.77-2.13)). Mediation analyses indicat-
ed that a 100meter larger distance to fast-food outlets was associated with

0 .12 po in t h ighe r adhe rence to the d i e t a ry gu ide l ines
(βper100m=0.12(95%CI:0.01-0.23)), for supermarkets and green-grocers
no significant associations were observed. Higher adherence to dietary
g u i d e l i n e s p o i n t e d t ow a r d s a l ow e r T 2D i n c i d e n c e
(IRper100m=0.95(95%CI:0.87; 1.04)).
Conclusion: This study could not provide evidence for an association
between spatial accessibility of food retailers and T2D incidence or die-
tary pattern in the Netherlands.
Disclosure: N.R. den Braver: None.

374
Neighbourhood walkability and gestational diabetes among women
living in the greater Toronto area, 2002-2014
G.L. Booth1, J. Luo2, A.L. Park2, D.S. Feig3, R. Moineddin4, J.G. Ray1;
1St. Michael's Hospital, Toronto, 2Institute for Clinical Evaluative
Sciences, Toronto, 3Mt. Sinai Hospital, Toronto, 4University of Toronto,
Toronto, Canada.

Background and aims: Gestational diabetes mellitus (GDM) is
extremely common and can have serious consequences for both
mother and baby. There is growing evidence that physical activity
during pregnancy can help prevent GDM. Hence, we postulated that
neighborhoods that are conducive to walking may offer some pro-
tection against the risk of GDM.
Materials and methods: We used administrative health databases
to identify all deliveries between April 1, 2002 and March 31, 2014
among women without pre-existing diabetes who were living in
Toronto, Canada and surrounding cities. Neighbourhood walkability
was assigned to women using a validated index based on their post-
al code of residence and divided into deciles (D). The diagnosis of
GDM was derived using a validated algorithm based on hospital
records and fee-for-service claims. Generalized estimating equations
(GEE) were used to study the relation between neighborhood
walkability and the risk of GDM, adjusting sociodemographic char-
acteristics, parity, prior GDM, and season.
Results:Over the 12-year period, there were 555,911 pregnancies among
396,828 women and 35,879 cases of GDM. Overall, there was a

nonlinear, inverse association between neighbourhood walkability and
GDM risk, withwomen living in the top threemost walkable areas having
a reduced likelihood of developing GDM (adjusted OR [95% CI], D8:
0.92 [0.87-0.96]; D9: 0.81 [0.77-0.85]; D10: 0.74 [0.71-0.78]). The
strength of this association varied by immigration status. Living in the
top decile of neighborhood walkability (D10) was associated with a 34%
lower adjusted odds of GDM among Canadian-born women (adjusted
OR 0.66 [0.62-0.72]) and 18% lower adjusted odds among women who
immigrated to Canada (adjusted OR 0.82 [0.77-0.89]). In addition, mov-
ing to a highly walkable neighborhood (top 2 deciles) from a less walk-
able area was associated with a lower risk of GDM in the second preg-
nancy (adjusted OR, 0.84 [0.73-0.98]). Those exposed to highwalkability
in both pregnancies had the lowest odds of subsequent GDM.
Conclusion: In our setting, walkable urban environments were as-
sociated with a lower risk of GDM, although this relationship varied
by immigration status. These findings have important implications
for the prevention and treatment of diabetes in the setting of
pregnancy.
Supported by: Canadian Institute for Health Research
Disclosure: G.L. Booth: None.

375
Cost-effectiveness of a peer-support lifestyle intervention for the pre-
vention of type 2 diabetes in India: within-trial analysis of the Kerala
Diabetes Prevention Program
T. Sathish1, B. Oldenburg2, K.R. Thankappan3, R.J. Tapp4, J.E. Shaw5,
P. Absetz6, E.B. Fisher7, P.Z. Zimmet8, S. Balachandran3, Z. Aziz8, A.
Mahal2;
1McMaster University, Hamilton, Canada, 2University of Melbourne,
Melbourne, Australia, 3Sree Chitra Tirunal Institute for Medical
Sciences and Technology, Trivandrum, India, 4University of London,
London, UK, 5Baker Heart and Diabetes Institute, Melbourne,
Australia, 6University of Eastern Finland, Kuopio, Finland, 7University
of North Carolina, Chapel Hill, USA, 8Monash University, Melbourne,
Australia.

Background and aims: Data on cost-effectiveness of lifestyle interven-
tion programs for the prevention of type 2 diabetes in low- and middle-
income countries are scarce. We aimed to evaluate the cost-effectiveness
of a peer-support lifestyle intervention program for the prevention of type
2 diabetes in India.
Materials and methods: The Kerala Diabetes Prevention Program
was a two-year cluster randomized controlled trial of a community-
based, peer-support lifestyle intervention program conducted in
Kerala state. Individuals at high-risk for developing type 2 diabetes
were identified on the basis of a diabetes risk score. The incremental
cost-effectiveness of the intervention was estimated from a health
system perspective. Direct medical costs were reported in US dol-
lars for the year 2018. Effects were measured in quality-adjusted life
years (QALY). A generalized linear model with the method of
recycled predictions was used to estimate the incremental cost and
QALY implications of the intervention. Analyses were performed
with a two-year horizon. Costs and QALYs were discounted at a
rate of 3% per annum.
Results: The mean direct medical cost per participant was $411.2 in the
control group and $369.7 in the intervention group with a predicted mean
difference of -$21.5 (95% CI: -$150.2 to $93.5, p=0.74). The mean
QALY gained per participant was 2.39 in the control group and 2.46 in
the intervention group with a predicted mean difference of 0.06 (95% CI:
0.02 to 0.10, p<0.001). The cost-effectiveness plane showed a high de-
gree of certainty for cost-saving with the lifestyle intervention, as most
(66.8%) of the bootstrap observations were located in the South East
quadrant. The intervention had a 96.1% probability to be cost-effective
at a willingness-to-pay threshold of less than $2016 per QALY, which
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was India’s per capita gross domestic product in 2018. Discounting did
not alter the results.
Conclusion: This community-based peer-support lifestyle intervention
program was cost-neutral with a significant gain in QALYs among indi-
viduals at high risk for type 2 diabetes in India.
Clinical Trial Registration Number: ACTRN12611000262909
Supported: National Health and Medical Research Council, Australia
Disclosure: T. Sathish: None.
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Obesity and unfavourable lifestyle increase type 2 diabetes-risk inde-
pendent of genetic predisposition
H. Jakupović1, T.M. Schnurr1, G.D. Carrasquilla1, N. Grarup1, T.I.A.
Sørensen1,2, A. Tjønneland3, K. Overvad4,5, O.B. Pedersen1, T.
Hansen1, T.O. Kilpeläinen1;
1Faculty of Health and Medical Sciences, University of Copenhagen,
Novo Nordisk Foundation Center for Basic Metabolic Research,
Copenhagen, 2Department of Public Health, University of Copenhagen,
Section of Epidemiology, Copenhagen, 3Danish Cancer Society Research
Center, Copenhagen, 4Department of Public Health, Aarhus University,
Section for Epidemiology, Aarhus, 5Aalborg University Hospital,
Aalborg, Denmark.

Background and aims:Genetic predisposition, obesity, and unfavorable
lifestyle have an important role in the etiology of type 2 diabetes (T2D),
an increasingly common disorder that contributes majorly to the global
burden of disease. The current strategy to prevent T2D is underlined by
the promotion of a healthy lifestyle. Lifestyle interventions designed for
weight loss have been shown to delay the onset of T2D among high-risk
subjects. However, the effects of lifestyle factors and obesity on T2D risk
may vary between individuals depending on genetic variation. Thus, it is
important to understand the interplay between genetic predisposition,
obesity, and unfavorable lifestyle in the development of T2D. Here, we
aimed to study whether the effects of obesity and unfavorable lifestyle on
T2D risk are independent of genetic predisposition.
Materials and methods: We applied Prentice-weighted Cox re-
gression models to a case-cohort sample of 9,556 men and wom-
en from the Danish prospective Diet, Cancer and Health cohort.
49.5% of the participants developed T2D during an average 12
years of follow-up. A favorable lifestyle was defined as having
three of the following healthy lifestyle factors: no current
smoking, moderate alcohol consumption, regular physical activity,
and a healthy diet. An unfavorable lifestyle was defined as no or
only one healthy lifestyle factor while the remaining participants
were defined as having an intermediate lifestyle. Genetic risk was
assessed by a genetic risk score (GRS) comprising 213 genetic
loci robustly associated with T2D. The GRS was stratified into
low (lowest 25%), intermediate (middle 50%) and high risk (top
25%) groups
Results: Adherence to a favorable lifestyle and normal-weight de-
creased T2D risk independent of genetic predisposition (P>0.05 for
GRS-lifestyle and GRS-obesity interaction). Obesity (BMI ≥30 kg/
m2) increased T2D-risk by 5.8-fold (95% CI: 5.2-6.6) compared to
non-obese individuals, while the independent effects of high (vs.
low) genetic risk and unfavorable (vs. favorable) lifestyle were rel-
atively modest (HR=1.8, 95% CI 1.6-2.0; and HR=1.2, 95% 1.1-1.3,
respectively).
Conclusion: Individuals with poor lifestyle and obesity are at greater risk
of incident T2D regardless of their genetic risk.
Suppor ted by: DFF – 6110-00183 , NNF18CC0034900 ,
NNF17OC0026848, NNF15CC0018486
Disclosure: H. Jakupović: None.
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Body mass index trajectories before the onset of diabetes among
people with prediabetes
H. Hu1, Y. Kawasaki2, K. Kuwahara3, I. Kabe4, T. Mizoue1, S. Dohi5;
1National Center for Global Health and Medicine, Tokyo, 2Biostatistics
Section, Clinical Research Center, Chiba University Hospital, Tokyo,
3Graduate School of Public Health, Teikyo University, Tokyo,
4Furukawa Electric Co., Ltd., Tokyo, 5Mitsui Chemicals, Inc., Tokyo,
Japan.

Background and aims:Data onweight change during the natural history
of progression from prediabetes to diabetes or during reversion from
prediabetes to normoglycemia are scarce. We aimed to investigate body
mass index (BMI) trajectories among prediabetic people who progressed
to diabetes, people who remained with prediabetes, and those who
returned to normoglycemia.
Materials and methods: We used data from 23,762 prediabetic people
(fasting plasma glucose 100-125 mg/dL and/or HbA1c 5·7-6·4%) who
received an annual health checkup for up to eight years. The development
of diabetes was defined as either fasting plasma glucose ≥126 mg/dL, a
random plasma glucose level ≥200mg/dL, HbA1c ≥6·5%, or as receiving
medical treatment for diabetes. People who did not progress to diabetes
during the observation period were classified as ‘remained with predia-
betes’ or ‘returned to normoglycemia’, based on their last health checkup
data. BMI trajectories were evaluated using linear mixed models for re-
peated measures, with adjustment for a wide range of covariates.
Results: During the study period, 3,082 people progressed to diabetes,
4,981 returned to normoglycemia, and 15,699 remained with prediabetes.
Compared with people who remained with prediabetes, those who
progressed to diabetes had a larger increase in mean BMI from 7 years
to 1 year prior to diagnosis (annual change rate, 0.20 [95% confidence
interval; 0.14 to 0.24] vs 0.06 [0.04 to 0.09] kg/m2 per year, P <0.001),
regardless of their BMI levels at the initial health checkup. People who
returned to normoglycemia had a similar annual increase in BMI (0.07
[0.02 to 0.12] vs 0.09 [0.06 to 0.12] kg/m2 per year, P=0.43) as people
who remained with prediabetes in the BMI <23 kg/m2 group. On the
other hand, people who returned to normoglycemia had a constant mean
BMI over time (-0.03 [-0.08 to 0.03] vs 0.05 [0.02 to 0.08] kg/m2 for
people who remained with prediabetes, P=0.014) in the BMI 23-<27·5
kg/m2 group and an annual decrease (-0.16 [-0.27 to -0.05] vs 0.05 [-0.01
to 0.11] kg/m2 per year, P <0.001) in the BMI ≥27·5 kg/m2 group.
Conclusion: Our study provides strong evidence that avoiding weight
gain could help prediabetic people minimize the risk of developing dia-
betes, regardless of whether they are obese. Losing weight could help
obese people restore normoglycemia from a prediabetic state, whereas
maintaining current weight may help nonobese people return to
normoglycemia.
Supported by: IHF JSPS NCGM
Disclosure: H. Hu: None.

378
Occupation and incidence of type 2 diabetes: evidence from all
Swedish employees 2006-2015
S. Carlsson, T. Andersson, M. Talbäck, M. Feychting;
Institute of Environmental Medicine, Karolinska Institutet, Stockholm,
Sweden.

Background and aims: The workplace is a potentially important arena
for prevention of type 2 diabetes (T2D) and the first step is to identify
occupations with high risk. Therefore, our aim was to analyse incidence
and prevalence across all occupational groups in Sweden.
Materials and methods: All individuals born in Sweden 1937-
1979 and gainfully employed 2001-2013 (N= 4.6 million), were
followed for diagnosis of diabetes 2006-2015 (n=196 000)
through national registries. Prevalence and age standardized
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incidence (per 1000) was analysed across the 30 most common
professions among men and women. Information on body mass
index (BMI), physical fitness and smoking was obtained through
the national conscription registry for men (registered at mean age
18) and the medical birth registry for women (registered in the
first trimester, mean age 29)
Results: Incidence of T2D was 5.02 per 1000 (5.00-5.05) overall and
higher in men 6.26 (6.23-6.30) than in women 4.54 (4.48-4.59).
Prevalence of T2D was highest among manufacturing workers (men
10.7%, women 9.1%) and lowest among computing professionals (men
3.5%, women 2.2%). Incidence varied dramatically across occupational
groups (figure 1); In men, it was highest among manufactural workers
(9.4) and professional drivers (9.1) and lowest among university teachers
(3.4). In women, incidence was highest inmanufactural workers (7.0) and
cleaners (5.9) and lowest in journalists (2.1). The relative risk comparing
the highest to lowest risk occupations was 2.8 (men) and 3.4 (women).
Data from the conscription (men) and medical birth registry (women)
showed major differences in the prevalence of overweight, fitness and
smoking across these occupational groups, already at young ages; in men
even before entering the labour force. Calculation of etiological fractions
(both sexes) indicate that 74% of all T2D cases among manufacturing
workers could be prevented if risk factor levels were reduced to those of
teachers.
Conclusion: Professional drivers, manufacturing workers and cleaners
have a threefold increased risk of T2D. These differences most likely
reflect dramatic differences in the prevalence of lifestyle risk factors. If
workplace interventions could reduce weight and increase physical activ-
ity among employees in these occupations, major health gains may be
made.

Disclosure: S. Carlsson: None.
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The association of husband smoking with wives' diabetes status: a
cross-sectional study among over 10million Chinese women aged 20-
49
J. Jia1,2, M. Zhang1,3, Y. Yang1,3, Q. Xu1,2, L. Wang4,1, T. Guo1,5, Z.
Peng1,3, X. Ma1,3;
1National Research Institute for Health and Family Planning, Beijing,
2Graduate School of Peking Union Medical College, Beijing, 3National
Human Genetic Resources Center, Beijing, 4Institute of Epidemiology
and Statistics, School of Public Health, Lanzhou University, Lanzhou,
5Hebei Medical University, Shijiazhuang, China.

Background and aims: Diabetes mellitus (DM) is one of the sig-
nificant risk factors for global burden of disease. Smoking had been
identifying as a risk factor for DM. The relationship between active
smoking and DM has been well evaluated. However, the association
between passive smoking and Fasting plasma glucose(FPG) levels
remained unclear. This study aims to exam the association between
husband smoking amount and wives’ FPG levels in a large nation-
wide population.
Materials and methods: We conducted a cross-sectional study
which recruited 12,023,714 reproductive couples participated in
the National Free Pre-Pregnancy Checkups Project (NFPC) from
2015 to 2016 in China. Demographic information which included
smoking status, alcohol consumption and dietary habits, history of
chronic diseases, heredity such as family history of diabetes
mellitus, and reproductive history from wife and husband separately
were collected by standard questionnaires. Data of FPG levels and
height, as well as weight were obtain from medical examination
record in NFPC. In the current study, smoking status was divided
into neither-smoker; husband-smoker; wife-smoker; both-smokers,
respectively. FPG levels were defined into Normal Fasting
Glucose(NFG) and Impaired Fasting Glucose (IFG) as well as dia-
betes according to American Diabetes Association. Logistic models
were used to estimate odds ratios (ORs) and 95% confidence inter-
vals (CIs) after adjusting for confounding variables. Interaction
analysis was further performed to investigate potential effect
modification.
Results: A total of 10,759,727 women aged ranged from 20 to 49
were recrui ted in the primary analysis , which included
1,429,351(13.28%) IFG individuals and 149,300 (1.39%) DM indi-
viduals. Comparing to the neither-smoker group, the multivariable-
adjusted ORs for DM among female was 1.09 (95 CI: 1.07-1.10),
1.04 (95% CI: 0.87-1.23) and 1.28 (95% CI: 1.17-1.41) in the hus-
band-smoker, wife-smoker and both-smokers group, respectively.
The corresponding OR for IFG was 1.04 (95% CI: 1.04-1.05),
0.99 (95% CI: 0.93-1.06) and 0.98 (95% CI: 0.94-1.02), respective-
ly. Increased risk of DM was also observed for women whose hus-
band smokes 1 to 10; 11 to 20 and over 20 cigarettes per day
(OR:1.06; 95% CI: 1.04-1.07; OR:1.13; 95% CI:1.11-1.15; OR:
1.25; 95% CI: 1.17-1.31). The prevalence of wives’ DM showed
significant linear trends with husband smoking amount (p for
trend<0.001). The similar growth tendency had also obtained be-
tween husband smoking amount and IFG prevalence. The relation-
ship between husband smoking amount and female IFG/DM preva-
lence appear to be modified by BMI. For underweight women, there
was no significant association between husband smoking amount
and IFG/DM prevalence. For women who were normal weight or
overweight as well as obesity, husband smoking amount was ob-
served to be associated with an increased risk of IFG/DM.
Conclusion: This study showed a significant relationship between hus-
band smoking and wives' risk of IFG/DM, which result exist in both
categorical and dose-response manner. This association is modified by
BMI.
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Supported by: National Key Research and Development Program of
China (No. 2016YFC1000307)
Disclosure: J. Jia: None.
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Resveratrol improves glucose homeostasis and serum lipids in type 2
diabetes: a systematic review and meta-analysis
X. Zhu1, Y. Chen1, L. Li2;
1School of Medicine, Southeast University, Nanjing, 2Endocrinology,
Zhongda Hospital, School of Medicine, Southeast University, Nanjing,
China.

Background and aims:Global prevalence of type 2 diabetes is very high
and is currently increasing alarmingly. In consideration of recent re-
searchers' attention to the potential role of polyphenols in disease preven-
tion and management, the present meta-analysis review evaluates the
efficacy of resveratrol in type 2 diabetes.
Materials and methods: An up-to-date search was performed for all
relevant randomized controlled trials up to March 2019 from PubMed,
Embase, Cochrane Library, CNKI, and CBM. Standard mean difference
(SMD) were calculated for a fixed or random effect meta-analysis to
assess the impact of supplemental resveratrol on fasting blood glucose
(FBG), glycated hemoglobin (HbA1c), homeostasis model assessment of
insulin resistance (HOMA-IR), and lipid profile.
Results: Twelve trials were included in themeta-analysis of glycemic and
serum lipid profile end points. Supplementation with resveratrol signifi-
cantly improved FBG (SMD, -0.61, 95% confidence interval [CI]: -1.19
to -0.03, P<0.001), HOMA-IR (SMD, -0.76,95%CI: -1.27 to -0.24,
P<0.001), systolic pressure (SMD, -0.46,95%CI: -0.85 to -0.08,
P<0.001), diastolic pressure (SMD, -0.30, 95%CI: -0.53 to -0.08,
P<0.001), triglyceride (SMD, -0.27,95%CI: -0.48 to -0.05, P=0.02),
and low density lipoprotein (SMD, -0.49,95%CI: -0.77 to -0.22,
P<0.001). The overall effects for HbA1c, high density lipoprotein and
total cholesterol were insignificant.
Conclusion: This meta-analysis demonstrated that resveratrol signifi-
cantly improves glucose homeostasis and serum lipids. More randomized
placebo-controlled trials with large sample sizes are warranted to confirm
our conclusions.
Supported by: NSFC
Disclosure: X. Zhu: None.

PS 013 Infections and pancreatitis in diabetes
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Pandemic influenza: vaccination, hospitalisation and mortality in
people with and without type 2 diabetes
H.L. Gulseth1,2, P.L. Ruiz1,2, I.J. Bakken1, G. Tapia1, S.H. Hauge1, K.I.
Birkeland2,3, S.E. Håberg1, L.C. Stene1;
1Norwegian Institute of Public Health, Oslo, 2Oslo University Hospital,
Oslo, 3University of Oslo, Oslo, Norway.

Background and aims: People with diabetes have increased risk of
infections, but there is limited evidence linking type 2 diabetes to
influenza-related complications. We aimed to test whether people with
type 2 diabetes had higher risk of hospitalization with pandemic influenza
during 2009-2010, and higher subsequent mortality, compared to people
without type 2 diabetes.
Materials and methods: We linked individual-level data from several
Norwegian health registers, for the entire population of Norwegian resi-
dents older than 30 years of age. We used Cox regression models to
estimate relative mortality by diagnosed type 2 diabetes, pandemic influ-
enza hospitalization and pandemic influenza vaccination between
January 1st, 2009 (baseline) and December 31st, 2013. We analysed data
in subgroups defined by type 2 diabetes at baseline.
Results: Of 2,992,228 individuals 149,432 (5.0%) had type 2 diabetes at
baseline, and 206,747 (6.9%) individuals died during follow up. The
pandemic vaccination coverage was 40%, varied with age and was higher
in those with type 2 diabetes (59.5%). Pandemic influenza hospitalization
was twice as common in individuals with type 2 diabetes (adjusted hazard
ratio (aHR) 2.46, 95%CI 2.03-2.98). The relative mortality hazard was
increased in people hospitalized with pandemic influenza (aHR: 3.38,
95%CI 2.28-3.97). This relative mortality was lower in people with type
2 diabetes (aHR 1.84, 95%CI 1.22-2.77) than in those without (aHR 4.01,
95%CI 3.36-4.78). All-cause mortality was overall lower in those vacci-
nated against pandemic influenza compared to those unvaccinated (aHR
0.89, 95%CI 0.88-0.90), and the relative decrease in mortality after vac-
cination was stronger in type 2 diabetes (aHR 0.75, 95%CI 0.73-0.77).
Conclusion: There may have been a lower threshold for pandemic influ-
enza hospitalization for people with type 2 diabetes, rather than more
severe influenza infection. Our combined results support the importance
of influenza vaccination among people with type 2 diabetes, especially
during influenza pandemics.
Supported by: South East Norway Health Authority, Norwegian Research
Council
Disclosure: H.L. Gulseth: None.

382
Trajectories of seasonal vaccination uptake in people with diabetes in
France, 2006-2015
F. Galtier1,2, S. Cortaredona3, L. Fressard3,4, P. Loulergue2,5, J. Raude6,
A. Sultan7, A. Bocquier3,4, P. Verger3,4;
1CHU Montpellier & Inserm CIC1411, Montpellier, 2IREIVAC, Paris,
3Aix Marseille Univ, IRD, AP-HM, SSA, VITROME, Marseille, 4ORS
PACA, Marseille, 5Univ Pars Descartes, InsermCIC1417, APHP, Paris,
6Aix-Marseille Univ; IRD 190;Inserm1207; IHUMéditerranée Infection,
Marseille, 7CHU Montpellier, PhyMedExp, Montpellier Univ, CNRS,
INSERM, Montpellier, France.

Background and aims: Seasonal influenza vaccine (SIV) is recommend-
ed in France for people aged 65 + and those with risk factors, including
diabetes. The French National Health Insurance Fund (NHIF) sends them
a voucher to get a free vaccine. SIV uptake (SIVU) remains below the 75
% target and has progressively decreased since the 2009 pandemic. We
aimed to identify SIVU temporal trajectories (SIVU-T) over a 10-year
period and to describe their correlates among patients with diabetes.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S190



Materials and methods: We identified 17,259 persons with diabetes in
2006 among a representative sample of French NHIF beneficiaries. We
followed them until 2015, using SIV reimbursement claims and group-
based trajectory modeling to identify SIVU-T and drug reimbursement
claims to assess diabetes severity and comorbidity status. A multinomial
logistic regression allowed us to study characteristics associated with the
SIVU-T.
Results: Fig 1 shows the 6 SIVU-T: 1) “never” T (32%): people with
quasi null SIVU probabilities (≤5%); 2) "late increasing" T (4%): SIVU
probability varying from ≤10% before 2011/12 to 85% in 2015/16; 3)
"early increasing" T (8%): probability varying from ≤10% in 2006/07 to
≥80% starting in 2009/10; 4) “regular” T (33%): probability always
≥95%; 5) "progressively non-vaccinated" T (14%): probability decreas-
ing from 90% in 2006/07 to 20% in 2015/16; 6) "post-pandemic
decreasing" T (9%): probability decreasing right after the 2009/10 sea-
son. Compared to the “never” T, all other had poorer health (severe
diabetes, high comorbidity score). The "late increasing" T were more
likely to have newly received NHIF vouchers and changed general prac-
titioners (GPs) during follow-up, and the "early increasing"Tmore likely
to have newly received NHIF vouchers and to have been hospitalized for
influenza-like illness during follow-up. The “regular” Twere less likely
to have been hospitalized due to diabetes. The "progressively non-
vaccinated" T were older (80 ± 7 years at inclusion versus 65 ± 14 in
the study population). The "post-pandemic decreasing" T were more
often women, more likely to have been hospitalized for an influenza-
like illness, and to have changed GP during follow-up.
Conclusion: SIVU behavior was mostly stable over the study period. The
"never"T were healthier and may feel less vulnerable to influenza. The
"progressively non-vaccinated" T may reflect doubts about benefits of
SIV in older subjects. The "post-pandemic decreasing" T may have lost
confidence in SIVafter the 2009 pandemic vaccination campaign contro-
versies in France. Our data suggest that sending free vouchers might
trigger behavioral change, and that hospitalization for influenza-like ill-
ness or change of GP may represent key opportunities to foster or prevent
behavioral changes toward SIV. These results should help stakeholders to
adapt public health interventions to specific subgroups.

Supported by: IRESP, IHU Méditerranée infections, ANR, PACA region,
FEDER PRIMI
Disclosure: F. Galtier: None.
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Bacterial infections as a risk factor for incident coronary heart dis-
ease in type 1 diabetes
J. Simonsen1,2, V. Harjutsalo1,2, C. Forsblom1,2, P.-H. Groop1,2, A.
Järvinen3, M. Lehto1,2;
1Folkhälsan Research Center, Helsinki, 2Abdominal Center, Nephrology,
University of Helsinki and Helsinki University Hospital, Helsinki,

3Division of Infectious Diseases, Department of Medicine, Helsinki
University Hospital, Helsinki, Finland.

Background and aims:Diabetes increases the risk for both infections, as
well as coronary heart disease (CHD). Atherosclerosis, the cause of CHD,
is widely considered an inflammatory disease, and infections could ac-
celerate this process and increase the risk for CHD. However, no study
has determined the impact of recurrent infections on the risk of CHD in
patients with diabetes. We evaluated this risk in patients with type 1
diabetes.
Materials andmethods: In a prospective study, we studied the impact of
bacterial infections on incident CHD, using national register data (the
Finnish Drug Prescription Register) on antibiotic prescription purchases,
as a proxy for bacterial infections treated in outpatient care. Each antibi-
otic prescription purchase counted as one bacterial infection.
Additionally, we studied the association between LPS (bacterial lipopoly-
saccharides) measured at baseline and incident CHD. Information on
CHD was available from the Finnish Care Register for Health Care, and
defined as acute myocardial infarction, coronary artery bypass-surgery or
percutaneous coronary intervention. Patients participated from the
Finnish Diabetic Nephropathy (FinnDiane) Study. Exclusion criteria in-
cluded: unknown history of CHD or nephropathy-status at baseline, a
CHD-event before baseline or nephropathy progression to end-stage renal
disease during follow-up. The final number of patients was 3,781.
Follow-up started at baseline and ended in death, a CHD-event or
Dec 31, 2015. The impact of bacterial infections on incident CHD was
estimated using Kaplan-Meier survival curves as well as multivariable
Cox-regression models, where we adjusted the results for traditional risk
factors (age, sex, age at onset of diabetes, nephropathy status at baseline,
progression of nephropathy, systolic blood pressure, waist-hip-ratio, esti-
mated glomerular filtration rate (eGFR), non-HDL cholesterol and
HbA1c). We classified diabetic nephropathy according to common stan-
dards based on albumin excretion rate.
Results:Compared to patients without CHD, patients with CHD (n=370)
had higher mean numbers of antibiotic purchases/follow-up year: 1.3
(95% CI 1.1-1.5) vs 0.8 (0.8-0.8), p<0.01; as well as higher LPS-
activity at baseline: 0.64 EU/ml (0.60-0.67) vs 0.57 (0.56-0.58,
p<0.01). Patients with ≥1 antibiotic purchase/year (n=1045) had a higher
15-year cumulative incidence of CHD compared to those with <1
purchase/year (n=2736): 14.5% (95% CI: 12.3-16.6) vs 8.0% (7.0-9.0),
p<0.01. Patients with high LPS-activity (>median of LPS, n=1672) had a
higher 15-year cumulative incidence of CHD compared to those with low
LPS-activity (<median of LPS, n=1670): 11.1% (9.6-12.6) vs 8.1 (6.8-
9.5), p<0.01. In multivariable-adjusted Cox-models including all tradi-
tional risk factors, the mean number of antibiotic purchases/follow-up
year was an independent risk factor for incident CHD (HR 1.20, 95%
CI: 1.07-1.48, p<0.0001). LPS was a risk factor for CHD (HR 1.93, 1.33-
2.79, p<0.001) after adjusting for age, sex, age at onset of diabetes, eGFR,
non-HDL cholesterol, systolic blood pressure and nephropathy status at
baseline.
Conclusion: Bacterial infections are associated with an increased risk of
incident CHD in patients with type 1 diabetes.
Supported by: Academy of Finland (275614,299200), Novo Nordisk
Foundation #NNF OC0013659
Disclosure: J. Simonsen: Employment/Consultancy; Per-Henrik Groop
is an advisory board member for AbbVie, Boehringer-Ingelheim, Eli
Lilly, Janssen, Medscape, Novartis, Novo Nordisk, and Sanofi. Grants;
Johan Rasmus Simonsen has received research grants from Waldemar
von Frenckells Stiftelse. Per-Henrik Groop has received research grants
from Eli Lilly and Roche. Lecture/other fees; Per-Henrik Groop has re-
ceived lecture fees from Astra Zeneca, Boehringer-Ingelheim, Eli Lilly,
Genzyme,M.S.D., Novartis, NovoNordisk, and Sanofi. Other; Signe and
Ane Gyllenberg Foundation, Folkhälsan Research Foundation, Helsinki
University Central Hospital Research Funds, and Wilhelm and Else
Stockmann Foundation supported this study.
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Complement activation is impaired in patients with type 2 diabetes
during bacterial infections
L.J. Barkai1, E. Sipter1, D. Csuka1, T. Baló1, K. Lukács1, M. Kempler1,
P. Pánczél1, K. Pilely2, P. Garred2, Z. Prohászka1, N. Hosszúfalusi1;
13rd Department of Internal Medicine, Semmelweis University,
Budapest, Hungary, 2Department of Clinical Immunology, Laboratory
of Molecular Medicine, University of Copenhagen, Copenhagen,
Denmark.

Background and aims: Bacterial infections are known from the
clinical practice to be more frequent and severe in patients with type
2 diabetes mellitus (T2D) in comparison with non-diabetic (ND)
patients. The background of this phenomenon is not fully under-
stood as infectious risk is not evidently associated with HbA1c.
The complement system plays an important role in response to
pathogens. Whether diabetes per se induces functional alterations
in its activation leading to a hampered response during bacterial
infection is unknown. The goal of our study was to describe all
three pathways of the complement system and to compare them
between type 2 diabetic (T2D) and nondiabetic (ND) individuals
hospitalized with acute bacterial infections.
Materials and methods: Prospective study involving patients with
clinical diagnosis of acute community-acquired bacterial infections
with or without T2D, according to WHO criteria. Immunological,
hematological, oncological illnesses were excluded. Concentrations
of the terminal complement complex (sC5b-9) and functional in vitro
activities of each three complement pathways (F3-LP: ficolin-3-
mediated lectin, CP: classical, AP: alternative) were determined
using standardized ELISA kits. Statistical analysis was performed
using GraphPad Prism 5.
Results: 197 T2D and 196 ND subjects were involved. 52% of the
T2D and 55% of the ND were female, median ages were 73 years in
both groups. No difference was found regarding in-hospital mortal-
ities (9.2 and 11.7%, respectively) between the two groups.
Concentrations of terminal complement complex sC5b-9 were lower
in T2D than in ND patients (median 457 [341-643] vs. 516 [410-
669] ng/mL, p<0.01). Functional in vitro activities of F3-LP and AP
were higher in T2D than in ND subjects (median 64 [25-111] vs. 45
[16-92]%, p<0.05 and 75 [18-98] vs. 28 [0-92]%, p<0.01, respec-
tively), indicating a lower in vivo activation; whereas no difference
regarding CP was observed. In the ND, but not in the T2D group,
subjects who died during hospitalization had lower F3-LP and AP
in vitro values compared to those who survived (16 [4-43] vs. 55
[19-99]%, p<0.001, and 0.01 [0-9] vs. 45 [0-95]%, p<0.01, respec-
tively). This implies an elevated in vivo activation of these two
pathways in the terminally ill nondiabetics but not in the T2D
patients.
Conclusion: Our F3-LP, AP, and sC5b9 results coherently indicate that
T2D patients cannot fully mobilize their complement activation potential
during bacterial infections, mainly in relation to the F3-LP and AP. This
deficiency is shown to be present in the terminally ill T2D subgroup as
well.

Supported by: EFSD/New Horizons, Dr Koranyi Andras Fdn., EFOP-
3.6.3-VEKOP-16-2017-00009
Disclosure: L.J. Barkai: Grants; EFSD New Horizons, Dr Koranyi
Andras Foundation, Semmelweis University, EFOP-3.6.3-VEKOP-16-
2017-00009.
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Higher periodontal inflammation in non-obese adults with type 1
diabetes and indirect measures of insulin resistance: a cross-
sectional study
A. Duda-Sobczak1, D. Zozulinska-Ziolkiewicz1, M. Wyganowska-
Swiatkowska2;
1Department of Internal Medicine and Diabetology, Poznan University of
Medical Sciences, Poznan, 2Department of Dental Surgery and
Periodontology, Poznan University ofMedical Sciences, Poznan, Poland.

Background and aims: Periodontal disease may develop on the back-
ground of microvascular complications of diabetes. Insulin resistance is a
common feature of type 2 diabetes and obesity and known modifying
factor when assessing the risk of development of chronic microvascular
complications. The association of insulin resistance with periodontal dis-
ease in type 1 diabetes is not clear. The aim of the study was to assess the
periodontal status and indirect measures of insulin resistance in non-obese
adults with type 1 diabetes (T1D).
Materials and methods: We included 307 participants with T1D (130
men), aged 29.2±8.1 years, disease duration 13.6±7.9 years, HbA1c 8.2
±1.7%with bodymass index (BMI)<30 kg/m2. We used indirect markers
to assess insulin sensitivity: triglyceride to high density lipoprotein cho-
lesterol (TG/HDL) ratio and specific calculators (estimated glucose dis-
posal rate, eGDR; visceral adiposity index, VAI). Gingival index (GI) was
used to assess periodontal inflammation. We assessed the metabolic con-
trol of diabetes. The eGDR values below 7.5 mg/kg/min indicated insulin
resistance.
Results: Insulin resistance based on eGDR value was found in 157
(51,1%) participants. In this group we showed worse metabolic control
of diabetes (HbA1c 9.3±1.7 vs 7.0±0.6%, p=0.000001; total cholesterol
187.9±35.1 vs 175±28.8 mg/dl, p=0.0006) and higher inflammation (GI
0.85±0.3 vs 0.75±0.3, p=0.004; high-sensitivity C-reactive protein, hs-
CRP 2.15±3.2 vs 1.4±2.0 mg/dl, p=0.01) compared to insulin sensitive
group. GI correlated with HbA1c (r=0.17, p=0.003), total cholesterol
(r=0.18, p=0.002) and indirect measures of insulin sensitivity: VAI
(r=0.16, p=0.005), eGDR (r=-0.19, p=0.001), TG/HDL (r=0.16,
p=0.005). In multivariate linear regression analysis higher GI was inde-
pendently associated with eGDR (β=-0.15; p=0.007) after adjustment for
age, total cholesterol, hsCRP (R2=0.1; p=0.0002). <0.0001). In multivar-
iate logistic regression analysis eGDR<7.5 mg/kg/min was associated
with higher odds of periodontal inflammation (OR 2.4; 95%CI: 1.1-5.2;
p=0.02) independently from age, total cholesterol, hs-CRP.
Conclusion: Higher degree of periodontal inflammation is observed in
non-obese patients with type 1 diabetes and indirect measures of insulin
resistance.
Disclosure: A. Duda-Sobczak: None.
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Predictionmodel and risk engine web application for infection risk in
preoperative patients with diabetes
M. Koshizaka1,2, R. Ishibashi3,2, Y. Maeda1,2, T. Ishikawa1,2, Y.
Maezawa1,2, M. Takemoto4,2, K. Yokote1,2;
1Department of Medicine, Division of Diabetes, Metabolism and
Endocrinology, Chiba University Hospital, Chiba, 2Department of
Endocrinology, Hematology, and Gerontology, Chiba University
Graduate School of Medicine, Chiba, 3Department of Endocrinology
and Metabolism, Kimitsu Central Hospital, Kisarazu, 4Department of
Medicine, Division of Diabetes, Metabolism and Endocrinology,
International University of Health and Welfare, Chiba, Japan.

Background and aims: Perioperative blood glucose management is im-
portant for prevention of complication as well as early hospital discharge.
Whereas, there are few reports on the relationship between blood glucose
fluctuations and infection. This study aimed to identify predictive risk
factors in high-risk patients with diabetes requiring more extensive man-
agement and to create a risk engine for prediction of perioperative
infection.
Materials and methods: A retrospective study was performed on the
perioperative blood glucose management of 105 patients with diabetes.
The presence of infection within 30 days after surgery was the primary
outcome, and the predictive factors were identified. For statistical analy-
sis, analysis of variance or Wilcoxon rank sum test was used. Based on
univariate analysis, principle component analysis and logistic analysis
were performed to prepare a prediction model of infection onset within
30 days after surgery using predictive risk factors. The area under the
receiver operating characteristic curve (AUC) was evaluated. Based on
the prediction model, a risk engine web application for prediction of
perioperative infection was developed.
Results: Patients with infection within 30 days after surgery showed
higher mean blood glucose levels (185.1±28.7 vs. 168.3±33.6 mg/dL,
P=0.013), larger preoperative blood glucose fluctuations (54.9±24.1 vs.
37.7±23.1 mg/dL, P=0.006), lower albumin level (3.6±0.6 vs. 3.9±0.6
g/dL, P=0.046), longer operation time (432.5±179.6 vs. 282.5±178.3
min, P<0.001), more bleeding (972.3±920.1 vs. 436.4±795.8 mg/dL,
P=0.003), and longer postoperative hospitalization periods (51.9±56.1
vs. 22.4±24.3 days, P<0.001) than patients without infection. They also
had greater frequency of adverse events (hazard ratio (HR)=3.19,
P=0.013) and mortality within 1 year (HR=4.03, P=0.026).
Preoperative blood glucose fluctuation and operation time were consid-
ered as more reliable factors of the prediction model. The model had high
prediction accuracy with AUC 0.801. A prototype of risk engine web
application for prediction of perioperative infection has been released
and can be accessed at https://www.dm-ope-riskengine.org/ or through
the two-dimensional barcode shown below.
Conclusion: Preoperative blood glucose fluctuations and long operation
time were risk factors for infection in perioperative patients with diabetes.
A prediction model to identify the high-risk patients for perioperative infec-
tion was developed and the risk engine web application are available on-line.

Supported by: PHRF
Disclosure: M. Koshizaka: Grants; Pfizer Health Research Foundation.
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Prevalence of new onset diabetes secondary to acute pancreatitis: a
systematic review and meta-analysis
M. Zhi, X. Zhu, L. Li;
Department of Endocrinology, Affiliated ZhongDa Hospital, School of
Medicine, Southeast University, Nanjing, China.

Background and aims: Patients who have an episode of acute pancrea-
titis (AP) frequently develop diabetes mellitus (DM) over time. The re-
ported prevalence of DM after AP varies depending on the severity,
etiology and the extent of pancreatic necrosis during AP. We performed
a systematic review to determine the prevalence of new-onset DM after
AP episode (s), and compared the rate of DM in AP patients based upon
different disease characteristics.
Materials and methods: A total of 31 relevant studies with 13894 sub-
jects were collected fromMedline, Embase and Web of Science. Stata 15
software was used for data analyses in the meta-analysis.
Results: The random-effects pooled prevalence was 23.0% for DM (95%
CI 16.0-31.0%) and 15.0% (95% CI 9.0-23.0%) for DM treated with
insulin. We noted substantial heterogeneity in prevalence estimates for
DM andDM treatedwith insulin (I2=95.61% and 71.78%; both p<0·001).
The DM prevalence was higher in the populations that had a severe AP
(SAP) episode than in those with moderate acute pancreatitis (MAP)
(41% vs 14%). Patients that displayed pancreatic necrosis during the
AP attack(s) had a higher frequency of DM than those without necrosis
(37% vs 11%). In addition, the pooled incidence of DM was higher after
alcoholic compared to biliary AP (28% vs 12%). The prevalence of in-
sulin use after SAP and alcoholic AP was 21% and 18% respectively,
with very low heterogeneities. According to duration of follow-up, the
pooled rate of DM and insulin use within 5 years after AP was 20% and
14%, while the rate associated with follow-up duration of more than 5
years was elevated to 37% and 25% respectively. On meta-regression,
year of publication, male proportion, age at DM test, and duration of
follow-up were neither positively nor negatively associated with the prev-
alence of DM and DM treated with insulin in patients who had a prior AP
attack.
Conclusion: Patients with AP developed DM after discharge from hos-
pital with a frequency of about 23%. SAP, alcoholic AP and acute nec-
rotizing pancreatitis (ANP) were associated with increased prevalence of
DM. Assessments of severity, etiology and pancreatic necrosis are critical
for predicting DM development after AP.
Supported by: NSFC
Disclosure: M. Zhi: None.
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History of resolved childhood acute pancreatitis and the risk for
incident diabetes in young adulthood
C.D. Bendor1, A. Bardugo1, I. Zucker2,3, E. Derazne2, M. Lutski3, T.
Shohat2,3, T. Cukierman-Yaffe2,4, O. Mozenson5, D. Tzur1, O. Pinhas-
Hamiel2,4, I. Raz5, A. Afek2,6, A. Tirosh2,4, G. Twig1,2;
1Department of MilitaryMedicine, HebrewUniversity, Jerusalem and the
Israel Defense Forces Medical Corps, Ramat Gan, 2Sackler Faculty of
Medicine, Tel Aviv University, Tel Aviv, 3The Israel Center for Disease
Control, Ministry of Health, Ramat Gan, 4Institute of Endocrinology,
Sheba Medical Center, Tel Hashomer, Ramat Gan, 5The Diabetes Unit,
Department of Internal Medicine, Hadassah Hebrew University Hospital,
Jerusalem, 6Central Management, Sheba Medical Center, Tel Hashomer,
Ramat Gan, Israel.

Background and aims: The association between history of resolved acute
pancreatitis and incident diabetes is unclear. We aimed to determine wheth-
er a history of childhood acute pancreatitis with normal pancreatic function
at late adolescence is associated with incident diabetes later in adulthood.
Materials and methods: We conducted a nationwide, population-based
study of 1,802,110 Israeli adolescents who were examined before

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S193



compulsory military service from 1979 through 2008. Mean age at the
initial medical assessment was 17.4 years (range, 16-20). Board-certified
gastroenterologists approved the diagnosis of resolved acute pancreatitis
and normal endocrine and exocrine pancreatic functions. Included in the
primary analysis were participants with normal pancreatic function at
enlistment. The data were cross-linked to the Israeli National Diabetes
Registry (INDR), which was established in 2012 and is managed by the
Israel Center for Disease Control. The INDR receives an annual dataset of
prevalent cases of diabetes from each of the 4 health maintenance orga-
nizations, which together cover almost all the country population. INDR
data was available through December 31st, 2016. Excluded from the
primary analysis were participants who died before 2012, had a history
of diabetes before enrolment or had missing BMI data. Logistic regres-
sion analysis was applied.
Results: There were 13 (4.63%) and 44,463 (2.47%) incident cases of
diabetes among those with resolved pancreatitis (n=281) and controls
(n=1,801,716). A history of resolved childhood acute pancreatitis was
associated with sex, birth year and baseline age adjusted OR for diabetes
of 2.23 (95% CI 1.25, 3.98). This finding was consistent after further
adjustment for baseline BMI, education level and cognitive performance
(OR 2.13, 95% CI 1.16, 3.89). Of note, 92% of diabetes cases among
participants with a history of childhood acute pancreatitis were diagnosed
before age 40 years, compared to only 47% in the control group
(p=0.002). This association remained significant when the analysis was
limited to participants with unimpaired health (OR 2.49, 95% CI 1.32,
4.69), or normal BMI at baseline (OR 2.90, 95% CI 1.48, 5.65).
Conclusion: Resolved acute pancreatitis in childhood or adolescence
with normal pancreatic function at late adolescence is a risk factor for
incident diabetes at adulthood which develops at a younger age and is
likely independent of adolescent obesity status.
Disclosure: C.D. Bendor: None.
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Early worsening of diabetic retinopathy after simultaneous pancreas
and kidney transplantation?
B. Voglova1, M. Zahradnicka1, L. Nemetova1, Z. Hladikova1, K.
Kesslerova2, J. Vicanyova2, T. Sosna2, F. Saudek1;
1Department of Diabetes, Institute for Clinical and Experimental
Medicine, Prague, 2Ophtalmology Clinic, Thomayer Hospital, Prague,
Czech Republic.

Background and aims: Patients with type 1 diabetes treated with simul-
taneous pancreas and kidney transplantation (SPK) commonly have ad-
vanced stages of diabetic retinopathy (DR). Early progression of micro-
vascular changes despite or even due to rapid restoration of near-normal
metabolic control is still a matter of debate.We evaluated ophtalmological
parameters in patients with type 1 diabetes (T1D) undergoing simulta-
neous pancreas and kidney transplantation in a prospective study.
Materials and methods: We initiated a prospective randomized trial to
assess effect of immunosupressive therapy on DR. We include patients
with T1D on waiting list for SPK, who are randomized to treatment with
mycophenolic acid or everolimus. All are treated with tacrolimus, short
term corticosteroids and anti-T-lymphocyte globulin induction. Complex
eye examination including optical coherence tomography (OCT) is done
at the baseline, 6, 12 and 24 months (M) after SPK along with a clinical
follow-up. Retinopathy is evaluated according to EURODIAB criteria. In
this interim analysis we focused on the occurrence of early worsening of
DR in 38 patients who completed one year follow-up with functional
grafts. As for statistical methods, we used paired t-test and Wilcoxon
signed-rank test were used to evaluate the differences between the same
patients in time.
Results: Baseline examination had shown that 78.3 % patients had
proliferative DR, others had various stages of non-proliferative DR
(8.1 % severe, 2.7% moderate and 12.2 % mild stage). All patients
with proliferative DR had been previously treated with panretinal
laser photocoagulation, 43% with pars plana vitrectomy. Cataract
was present in 79 %. 3 patients had clinically significant macular
edema (CSME). Mean central retinal thickness (CRT) was 242.5 ±
49 μm. Mean Best Corrected Visual Acuity (BCVA) was 0.6047 ±
0.33 decimal grades. After successful SPK glycated haemoglobin
dropped significantly from 71.2 ± 17.2 mmol/mol at baseline to
38.4 ± 6.8 mmol/mol at 6M and 37.4 ± 6.5 mmol/mol at 12 M
post-transplant. At the same time we observed progression of DR in
12 patients (31.6 %). New proliferation occurred in 9 patients, 8 of
them needed additional laser therapy. 6 patients developed CSME, 3
of them resolved spontaneously. The OCT-measured CRT increased
significantly (mean change 16.4 ± 42.8 μm, p=0.002) in the first 6M
post-transplant. Cataract showed significant progression in 3 patients.
BCVA worsened significantly in 7 patients, however improved sig-
nificantly in 9 patients. 2 patients with CSME restored normal CRT.
Conclusion:DR progressed in almost one third of our SPK recipients
and we observed significant changes in OCT-measured CRT during
the first year post-transplant. These findings might be attributed to
the rapid normalisation of blood glucose levels but also to the natural
course of advanced retinopathy. Our results admit that in a subset of
SPK recipients rapid restoration of normoglycaemia is associated
with early DR worsening. We expect that our study, which is still
in progress, will be able to answer whether this worsening is clini-
cally significant or reversible and whether immunosuppression (spe-
cifically anti proliferative mTOR inhibitors) plays any role in possible
stabilisation of DR.
Clinical Trial Registration Number: EUDRA CT No. 2013-004934-14
Supported by: Ministry of Health of Czech Republic, grant no.15-
26746 A.
Disclosure: B. Voglova: None.
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Causes of partial pancreas function after transplant
D. Morris1, P. Choudhary2, M. Drage3, R. Gare3;
1Kings College London, London, 2Diabetes Research Group, Kings
College London, London, 3Guy's Hospital, London, UK.

Background and aims: In the past, defining outcomes of pancreas graft
function, after either pancreas alone or simultaneous pancreas kidney trans-
plants, has been challenging. This is due to variation in outcome definition,
as well as the commencement of insulin or oral hypoglycaemia agents. In
2017, the Igls criteria were established, which categorised beta-cell func-
tion into: optimal-functioning, good-partial, marginal-partial and failed
based on HbA1c levels; severe hypoglycaemic events; current insulin re-
quirements and C-peptide. This new classification system introduced the
concept of partial pancreas function. The causes of partial function are
currently poorly understood and have yet to be investigated. This study
aims to determine the proportion of transplant recipients who have a par-
tially functioning graft and to identify the cause of this partial function.
Materials and methods: This study investigated 202 patients who re-
ceived a pancreas transplant at a large teaching hospital in London be-
tween 2012 and 2018. Their current graft function was classified accord-
ing to the Igls criteria based on latest HbA1c, insulin therapy, C-peptide
and plasma glucose (via mixed meal tolerance test. We established the
cause of partial function using clinical letters and data sourced from
electronic patient records. Finally, clinical data (Age of graft, BMI,
HbA1c and C-peptide) were collected to identify whether specific vari-
ables could be used as predictors of partial pancreas function.
Results:Wewere able to determine current graft function of 199 transplants,
with a mean follow up of 44 months (3-87 months). Of these, there were 18
early technical failures (<1-month post-transplantation. Of the remaining 181
transplants, 151 were functioning optimally, 15 had partial function and there
were 15 with late failure. In the partial function group, 7 patients (46.7%)
showed evidence of acute T-cell mediated rejection, 5 of which were con-
firmed by pancreas biopsy and the other two had rejection based on renal
biopsy. 4 patients (26.7%) demonstrated a raisedHbA1c (>6.5) and raisedC-
peptide with no evidence of rejection on pancreas biopsy or recurrent auto-
antibodies or donor specific antibodies. We suspect these patients have post-
transplant diabetes Mellitus (PTDM) with evidence of insulin resistance
based on the above results, as well as ameanweight gain (between transplant
to partial function onset) of >16kg. 3 patients (20%) showed evidence of a
mixed pathology (both rejection and PTMD). These patients had evidence or
rejection, but highC-peptide and evidence of significantweight gain. Patients
with no evidence of rejection and high HbA1c were treated with insulin
sparing agents such as DPP4i or GLP-1RA. The cause of partial function
in 1 (6.7%) patient remains undetermined.
Conclusion:Overall, 7.5% of the 199 patients were found to have partial
pancreas function. The highest proportionate cause of this was T-cell
mediated rejection, whilst post-transplant diabetes mellitus was the sec-
ond most common cause. Identifying the causes of partial pancreas func-
tion not only provides an opportunity to further investigate and under-
stand the mechanisms of graft failure, but also to develop new therapeutic
strategies.
Disclosure: D. Morris: None.
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Prolonged culture of human beta cells increases endocrine purity and
results in longer islet graft survival in patients with type 1 diabetes
D. Lee1,2, P. Gillard1,2, R. Hilbrands2, Z. Ling2, U. Van de Velde2, G.
Maleux3, D. Jacobs-Tulleneers-Thevissen2, C. Mathieu1, D. Pipeleers2,
B. Keymeulen2;
1Clinical and Experimental Medicine, Katholieke Universiteit Leuven
and University Hospitals, Leuven, 2University Hospital and Diabetes
Research Center, Vrije Universiteit Brussel-VUB, Brussels,
3Interventional Radiology, Katholieke Universiteit Leuven and
University Hospitals, Leuven, Belgium.

Background and aims: Human pancreatic islet cell isolates that do not
meet the set criteria for beta cell mass, either in IEQ or in beta cell number,
can be cultured until this becomes the case after combining multiple
preparations. The present study examines if prolonged culture affects
the ability of the grafts to establish a functioning beta cell implant follow-
ing intraportal transplantation in type 1 diabetes patients.
Materials and methods: This single centre retrospective study was un-
dertaken in C-peptide negative type 1 diabetes patients (n = 40) receiving
an intraportal islet cell graft under ATG induction followed by MMF-
TAC maintenance immunosuppressive therapy. It compared the out-
comes of grafts that combined preparations with > 96 hours in culture
(range 96-511) with those that also contained isolates with shorter culture
time (16-472 hours) and might thus be considered to add more functional
beta cells. Both study groups were analysed for the duration of a func-
tioning beta cell implant as judged by plasma C-peptide levels ≥0.5ng/ml
(primary endpoint) and for the number of recipients with metabolic ben-
efit as indicated by plasma C-peptide ≥1.0 ng/ml associated with low
glycaemic variability (GV) and insulin independence.
Results: Longer beta cell function was seen in the > 96 hours implants
(average of 103 months, n=10) than for the implants containing shorter
culture preparations (average of 48 months, n = 30, P = 0.006). The >96
hours group presented more patients with C-peptide ≥1.0 ng/ml and low
CVfg at PT month 12 (9/10 vs. 12/30; P = 0.005) and at PT month 24
(7/10 vs. 6/30; P = 0.007). Nine out of ten patients became insulin-
independent versus only 15/30 in the other group (P=0.03); no difference
was measured in the respective duration of insulin independence. The
>96 h grafts contained a slightly lower number of beta cells (167 million
vs 208 million; P = 0.04) at the time of transplantation but their percent-
age of endocrine cells was higher (49% vs 36%, P= 0.03). In multivariate
analysis, only culture time and older recipient age were independently
associated with longer duration of graft function.
Conclusion: Culture of human pancreatic islet cell isolates for longer
than 96 hours does not impair the capacity of grafts to form a functioning
beta cell implant in the liver. Culture time was associated with longer
duration of beta cell function in the implants. This may be related to the
associated increase in endocrine purity as was also observed in animal
transplant studies.
Clinical Trial Registration Number: NCT00623610, NCT00798785
Supported by: JDRF, FWO, W.Gepts
Disclosure: D. Lee: None.
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Generation of prevascularised pseudo-islets as a new strategy to en-
hance the revascularisation of pseudo-islets
L. Nalbach1, E. Ampofo1, V. Becker1, L.P. Roma2, W. Metzger3, B.M.
Schmitt1, T. Später1, N. Wilhelm4, M.D. Menger1, M.W. Laschke1;
1Institute for Clinical and Experimental Surgery, Saarland University,
Homburg, 2Institute for biophysics, Saarland University, Homburg,
3Department of Trauma, Hand and Reconstructive Surgery, Saarland
University, Homburg, 4Fraunhofer Institute for Biomedical Engineering,
St. Ingbert, Germany.

Background and aims: One of the major issues for the poor outcome of
islet transplantation is their insufficient engraftment. Adipose tissue-
derived microvascular fragments (adMVF) have already been described
in many studies as promising vascularzation units. Hence, we generate
prevascularized pseudo-islets (PI) by co-cultivation of pancreatic islet
cells with adMVF to improve their revascularization after transplantation.
Materials and methods: C57BL/6 mice served as donors for pancreatic
islet cells and adMVF. The cells were co-cultured in liquid overlay tech-
nique for 5 days to generate prevascularized PI. Native islets and non-
prevascularized PI were used as controls. By means of scanning electron
microscopy, immunohistochemistry and flow cytometry we determined
the morphology, viability and cellular composition of the grafts. The
endocrine function was assessed by an insulin-ELISA. To analyze the
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levels of reactive oxygen species (ROS) within the grafts, roGFP-OPR1
mice served as donors for islet cells. In vivo, the grafts were transplanted
into mouse dorsal skinfold chambers and the revascularization was
assessed by repetitive intravital fluorescence microscopy. Moreover, we
used the streptozotocin-induced diabetic mouse model to study the endo-
crine function of the grafts.
Results: Within 5 days of cultivation, stable and compact PIs were gen-
erated. Prevascularized PI contained a significantly higher fraction of
endothelial cells when compared to controls. The incorporation of
adMVF did not affect the insulin secretion or cellular viability within
the grafts, while ROS-levels were increased when compared to controls.
In vivo, prevascularized PI exhibited a significantly accelerated vascular-
ization, as indicated by a higher functional capillary density throughout
the observation period of 14 days. Further, the number of intra-islet en-
dothelial cells was markedly increased when compared to controls. In
type 1 diabetic mice, prevascularized PI decreased the time period of
hyperglycemia.
Conclusion: In this study we could demonstrate that the incorporation of
adMVF in PI accelerates the revascularization and improves the glycemic
control in diabetic mice. Hence, this novel approach may represent an
effective future strategy to improve the clinical outcome of islet
transplantation.
Disclosure: L. Nalbach: None.

393
What causes cystic liver lesions after pancreatic islet transplantation?
A. Vojtíšková, A. Patikova, L. Kosinova, E. Sticova, F. Saudek, J. Kriz;
Institute for Clinical and Experimental Medicine, Prague,
Czech Republic.

Background and aims: Pancreatic islets (PI) transplanted (Tx) into the
portal vein cause a permanent exposure of surrounding liver tissue to
insulin in high concentration. Several authors reported a development
of focal morphological changes in liver tissue (tumors, adenomas, cysts)
after Tx of PI in rats. We have observed cystic liver lesions after
intraportal PI Tx in rats with diabetes induced by streptozotocine (STZ).
These lesions were lined by a cuboidal biliary epithelium. The aim of
reported study is the identification of the main triggering factor causing
the chollangiocellular cystic liver lesions in our model. Two factors were
tested - the influence of focal hyperinsulinemia surrounding transplanted
PIs and the toxic effect of STZ on liver cells.
Materials and methods: 1) The suboptimal mass islet grafts were
transplanted into healthy or diabetic rats. Two inbred rat strains were
used: BN - insulin sensitive Brown Norway rats; hHTG - insulin resistant
Prague hereditary Hypertriglyceridemic rats. Diabetes was induced either
by STZ (50 mg/kg) or by alloxan (60 mg/kg). Group A (n=5) - healthy
animal, Tx of 450 PI into the portal vein, BN rats; Group B (n=8) -
Alloxan diabetes, Tx of 450 PI into the portal vein, BN rats; Group C
(n=17) - STZ diabetes, Tx of 450 PI into the portal vein, BN rats; GroupD
(n=7) - STZ diabetes, human insulin pellet s.c. (changed each 6th week),
BN rats; Group E (n=8) - STZ diabetes, Tx of 1200 PI into the portal vein,
hHTG rats; All recipients were monitored for 10 months including MRI
of liver. At the end of the study each liver was examined by histology. 2)
The ultrastructure of liver was examined by transmission electron micros-
copy (TEM) 3 hours after injection of STZ.
Results: Transplanted PI in suboptimal mass normalized fasting blood
glucose levels but did not normalize glucose assimilation during IVGTT
in all diabetic animals. Therefore, PIs were permanently stimulated to
secrete insulin in diabetic animals. Which resulted in focal
hyperinsulinemia combined with a mild hyperglycaemia in the vicinity
of transplanted PIs. While liver of recipients from the Group A and B
were intact, in animals from the Groups C multiple voluminous cystic
complexes with cholangiocyte cubic epithelium lining were detected after
10 months. In animals from Group D there were simple, individual cystic
lesions within liver after 10 months. Blood glucose levels of Group D

were nearly normalized six months after STZ injection and there was no
need to replace pellets later on. In group E, only focal steatosis was
detected. TEM analysis confirmed ultrastructural changes of
cholangiocytes 3 hours after the administration of STZ. The most signif-
icant of these changes were lossened gap junctions, pycnosis of the cell
nuclei and initial autophagy of the outer cell membrane. These changes
were of similar nature in both rat strains (BN and hHTG).
Conclusion: The induction of diabetes by STZ injection and subsequent
therapy with rat insulin (using rat islet transplantation) can cause the
development of massive cholangiogenic cystic lesions within recipient
liver. The induction of diabetes by STZ injection and subsequent therapy
with human insulin can cause the development only of simple, individual
cystic lesions within recipient liver. The initial impairment of bile duct
cells by STZ should be considered, but the subsequent overstimulation of
cholangiocyte proliferation with rat insulin is the crucial condition for the
development of cystic lesion in insulin sensitive rat strain.
Supported by: MHCZ No: 16-28249A, 16-28254A and IKEM IN
00023001
Disclosure: A. Vojtíšková: None.
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Changes in islet cellular composition following whole organ human
pancreas transplantation
A. Clark1, R. Dumbill2, H. Laurenson-Schafer1, J. Barnes2, E.J.
Sharples2, S. Sweeney2, P.J. Friend2;
1OCDEM, University of Oxford, Oxford, 2Nuffield Department of
Surgical Sciences, University of Oxford, Oxford, UK.

Background and aims: Pancreas transplantation is an effective cure
for hyperglycaemia in human Type 1 diabetes. It is unknown if the
process of transplantation affects islets adversely. In a few cases
explantation of the organ is required for different pathologies (e.g.
pancreatitis, thrombosis). We aimed to determine the effects of trans-
plantation procedures on islet cell populations in these explanted
specimens.
Materials and methods: Pancreatic specimens (n=26), removed after 1-
2802 days of transplantation, with appropriate ethical permissions and
prepared for histology were examined. All patients were receiving immu-
nosuppressant therapies. Samples with extensive autolysis were exclud-
ed. Histological sections immunolabelled for insulin, glucagon and
stained for islet amyloid (thioflavin S) were imaged and labelled islets
quantified by automated morphometry (25-50 islets per pancreas). Islet
area and proportions of insulin, glucagon positive (+ve) areas (%) and
islet amyloid (%) were determined. Morphometry data were analysed
against donor, recipient, transplant and explant variables.
Results:Diabetic therapy pre-explant was required by 1/26 cases and
fasting glucose was elevated (>7.0<12mM/l) pre-explant in 3 pa-
tients. No sample had evidence of lymphocytic infiltration associated
with immunorejection. Median islet area was similar in all cases.
Insulin+ve % varied between 30-60% and glucagon+ve% between
8.6-36% in non-diabetic cases. Glucagon+ve % was positively corre-
lated with longer organ retrieval cold ischaemia time (p<0.05), and
insulin+ve % was negatively correlated with donor age (p<0.05).
Islet amyloid (a feature of type 2 diabetes) was present in 3/26
samples, two from non-diabetic subjects. The patient receiving dia-
betic therapy had islets containing largely glucagon+ve cells (insulin+
ve 15.1%; glucagon+ve 35.3%).
Conclusion: The presence of an increased alpha-cell population and
islet amyloid in transplanted pancreas recipients with normal fasting
glucose concentrations implicates processes commonly associated
with Type 2 diabetes. An effect of cold ischaemia time on islet
morphology suggests cellular stress at retrieval could have lasting
effects on islets and contribute to early loss of insulin secretory
capacity.
Disclosure: A. Clark: None.
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Assessment of intrahepatic islet of Langerhans grafts using 68Ga-
exendin PET imaging
T.J.P. Jansen1, M. Buitinga1,2,M. Boss1, E.J.P. de Koning3,M.A. Engelse3,
M.F. Nijhoff3, O. Korsgren4, O. Eriksson5, M. Brom1, M. Gotthardt1;
1Radiology and Nuclear Medicine, Radboud University Medical Center,
Nijmegen, Netherlands, 2Clinical and Experimental Medicine, KU
Leuven, Leuven, Belgium, 3Internal Medicine, Leiden University
Medical Center, Leiden, Netherlands, 4Immunology, Genetics and
Pathology, Uppsala University, Uppsala, Sweden, 5Medicinal
Chemistry, Uppsala University, Uppsala, Sweden.

Background and aims: Intrahepatic islet transplantation is performed in
patients with complicated type 1 diabetes and unstable glycemic control.
This procedure leads to improved glycemic control and quality of life. Due
to various factors, graft function deteriorates over time. A clinical tool to
assess transplantation success and monitor islet survival and functionality
would be of great value. We applied positron emission tomography (PET)
imaging with the beta-cell specific tracer, 68Ga-labeled exendin, to study the
presence of transplanted islets in type 1 diabetes patients.
Materials andmethods:Dynamic [68Ga]Ga-exendinPETscans of 5 type 1
diabetes patients with functional intrahepatic islet grafts (Tx-group: 2 men, 3
women) and 3 control patients (2 men, 1 woman) awaiting islet transplanta-
tion were acquired, and the accumulation of the tracer in the liver was mea-
sured by kineticmodeling using the Loganmodel. Islet function, expressed as
c-peptide area under the curve (AUC) within response to a mixed-meal tol-
erance test (MMTT), was compared to the PET signal.
Results: The control and Tx-group did not differ in age (58.7±5.5 vs. 54
±9.5 years, p=0.57), BMI (24.5±4.5 vs. 21.8±1.4 kg/m2, p=0.57) and
HbA1c (62.3±6.1 vs. 45.4±12.8 mmol/mol, p=0.14), though AUC for
c-peptide (22.6 vs. 151.8 nmol.min/L, p<0.05)) significantly differed.
The amount of transplanted islet equivalents in the Tx-group was
9.6*105±3.5*105. The distribution volume (Vt) of the PET tracer was
significantly higher in the Tx-group (see Figure 1), indicating an in-
creased retention of [68Ga]Ga-exendin in the liver i.e. the presence of
islets (0.53±0.02 vs. 0.77±0.06, p=0.036). There was no significant cor-
relation found in the Tx-group between Vt and the number of islet equiv-
alents, neither between Vt and C-peptide production.
Conclusion: Our preliminary data of this explorative study indicate that
dynamic PET imaging using 68Ga-labeled exendin is a highly promising
tool to monitor pancreatic islet grafts in type 1 diabetes patients. Our
interesting observation that there was no correlation between Vt and C-
peptide production should be further studied using larger datasets.

Clinical Trial Registration Number: NCT03785236

Supported by: BetaCure (FP7/2014-2018, 602812) and INNODIA
(IMI2-JU, 115797)
Disclosure: T.J.P. Jansen: Grants; BetaCure (FP7/2014-2018, grant
agreement 602812), INNODIA (IMI2-JU, grant agreement 115797).
Other; Martin Gotthardt declares that he is an inventor and holder of the
patent.
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Using individualised normal target range of glycaemia to determine
treatment efficacy in mice
M.R. Kennard1, A.L.F. Austin1, J.E. Bowe1, P.M. Jones1, M. Nandi2,
A.J.F. King1;
1Diabetes Research Group, King's College London, London, 2Institute of
Pharmaceutical Science, King's College London, London, UK.

Background and aims: Blood glucose concentrations are a vital end-
point measurement in preclinical diabetes research but there is no con-
sensus over which concentrations in mice are defined as
normoglycaemic, hyperglycaemic or cured. Current ranges and diabetic
cut-offs are often determined by single blood glucose measurements
which may not reflect overall glycaemic control. Using continuous blood
glucose telemetry, we aimed to determine how accurately single time-
point measurements represented glycaemic control in mice. In addition,
the effect of handling on blood glucose concentrations was investigated.
Materials and methods: Three male 10-week old C57Bl/6 mice
were implanted with HD-XG glucose telemetry devices with sub-
cutaneous device placement. Blood glucose concentrations and
locomotor activity were continuously measured in unrestrained
mice with averages recorded every 10 seconds. After a seven-
day recovery from surgery, baseline normoglycaemia was mea-
sured for five days. A normal target range for each animal was
determined by calculating 25% above and below the average 24h
blood glucose concentrations in the normoglycaemic state.
Diabetes was induced by i.p. injection of 180mg/kg streptozotocin
(STZ). After an additional five days, 200 C57Bl/6 islets were
implanted under the kidney capsule and the mice were monitored
for a further 28 days.
Results: The average normal target range measured by telemetry in
normoglycaemic mice was 6.2-10.3mM. Normoglycaemic mice spent
82-100% of time with blood glucose concentrations within their normal
target range. Following STZ injection, percentage time spent above nor-
mal target range was significantly higher than when normoglycaemic
(98.2±1.2 vs 7.9±3.4, p<0.01, one-way repeated measured ANOVAwith
Bonferroni post-hoc test, n=3). At 26-28 days post-transplant, mice con-
sidered cured via conventional methods (9am reading <11.1mM) were
still spending significantly more time above their normal target range
compared to when normoglycaemic (70.3±15.1 vs 7.9±3.4, p<0.05).
Furthermore, time spent above this range post-transplant was not signif-
icantly different to when hyperglycaemic (70.3±15.1 vs 98.2±1.2,
p>0.05). Handling normoglycaemic mice resulted in a significant in-
crease in both blood glucose concentration (p<0.05, two-tailed paired t-
test, n=3) and locomotor activity (p<0.01) for 100 minutes post-handling
compared to 30 mins pre-handling.
Conclusion: Standard single time-point measurements correctly repre-
sent normoglycaemia and hyperglycaemia. However, restoration of
glycaemic control after treatment may be inaccurately defined using a
glucometer as the animal may still be spending a significant amount of
time above their normal target range despite a normoglycaemic single
time-point reading. Handling and measuring blood glucose using a
glucometer causes a transient but significant increase in blood glucose
concentration and activity and thus continuous glucose monitoring is
favourable as it allows comprehensive measurement of blood glucose
concentrations in undisturbed mice.
Supported by: DSI, BPS
Disclosure: M.R. Kennard: None.
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PS 015 You ain't seen nothin' yet with stem cells,
the best is yet to come

397
Placenta stromal cell therapy modulates regeneration of pancreas
tissue in a diabetes rat model
T. Fogel1, R. Gorodetsky1, S. Weksler-Zangen2;
1Lab. of Biotechnology and Radiobiology Inst. Oncology, Hadassah
University Hospital, Jerusalem, 2Liver Unit, Hadassah University
Hospital, Jerusalem, Israel.

Background and aims: Injection of expended human placental mesenchy-
mal stromal cells isolated from fetal tissues by a procedure developed in our
laboratory (f-hPSC)have shownpro-regenerative and anti-inflammatory effects
in different conditions, including acute radiation syndrome, inflammatory bow-
el disease and neurological inflammation. The Cohen Diabetic sensitive (CDs)
rats fed 30 days a diabetogenic high sucrose diet (HSD)develophyperglycemia
and impaired insulin secretion in association with pancreas damage and peri-
islet infiltration of activated macrophages, but maintain normoglycemia on
regular diet (RD). In the current study, we investigated whether the treatment
with remotely delivered f-hPSCmay reverse the exocrine pancreas damage of
the CDs rats, thereby yielding a better glycemic control.
Materials and methods: CDs rats were fed for 32 days with a diabetogenic
HSD and injected i.p. with 5x106 cells or vehicle control on day 15 of HSD
feeding, when the pancreas damage was already clearly evident, with further
treatments on days 22 and 30. The experimentwas terminated on day 32, at the
time point inwhich the diabetes phenotype of the rats is established in untreated
rats. Normoglycemic rats served as controls. Blood glucose (Glucometer) and
insulin levels (ELISA) were measured during OGTT. At the termination of the
experiment the pancreaswas excised,measured and kept for histology, electron
microscopy (EM) and quantitative immunohistology of macrophages (CD38).
Results: f-hPSC treatment induced a highly significant regeneration of
the damaged pancreas, with an increase in its size and weight towards
normal values of normoglycemic rats (Fig 1A-C). This was associated
with a significant increase in insulin secretion and a 25% (P<0.05) de-
crease in blood glucose levels. Macrophage density assessed by
Immunostaining (CD38) decreased by ~40% in the f-hPCS treated rats.
The amelioration of pancreas structure was demonstrated by EM of pan-
creas tissue, with significant regeneration of subcellular structures such as
the mitochondria. f-hPSC treatment in normoglycemic rats had no effect.
Conclusion: The current study presents an innovative f-hPSC based in-
direct pro-regenerative cell therapy for pancreas repair in a hyperglycemic
rat model with restoration of glycemic control.

Supported by: Partially supported by Israeli Science Fund ISF# 1639/14
to R.G.
Disclosure: T. Fogel: None.
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Engineering of NK activating receptor ligands enhances immune
compatibility of MHC-I-/- iPSC for cell therapy of type 1 diabetes
R. Chimienti1, T. Baccega2, F. Manenti1, S. Torchio1, S. Pellegrini1, T.
Pritchard-Meaker3, V. Sordi1, A. Lombardo2, M. Malnati4, L. Piemonti1;
1DRI, San Raffaele Scientific Institute, Milan, Italy, 2TIGET, San
Raffaele Scientific Institute, Milan, Italy, 3Catapult, London, UK,
4DITID, San Raffaele Scientific Institute, Milan, Italy.

Background and aims: Induced pluripotent stem cells (iPSCs) represent
a renewable source of pancreatic β cells and an ideal platform for pro-
duction of genetically engineered cell therapies for type I diabetes (T1D).
Nevertheless, autologous cell engraftment is strongly limited by autoim-
mune response in T1D, whereas cell therapy with allogeneic iPSC-
derived β cells, as well as donor islet transplantation, results in progres-
sive CD8+ T cell-mediated allograft rejection. To escape T cell response,
previous works proposed disruption of B2M gene, abrogating surface
expression of all class I molecules. However, MHC-I knocking-down
triggers missing-self recognition of NK cells, nullifying this strategy.
We aimed to inhibit the NK lysis by the modulation of NK activating
receptor ligands to enhance transplant compatibility of MHC-I-/- iPSC.
Materials and methods: Expression of NK activating receptor ligands on
human iPSCs was analyzed by qRT-PCR, IF and cytofluorimetry. CRISPR/
Cas9-mediated gene editing was used to knock-out B2M, B7H3 and CD155
and to knock-in HLA-E genes. Differentiation of iPSCs into β cells was
obtained following in vitro protocol mimicking embryonic pancreas devel-
opment. Immunogenicity tests were performed by co-culturing engineered
cells with CD8+ or NK cells, at different target-effector ratios.
Results: We found that iPSC-derived β cells express high levels of
NKp30-ligand B7H3 and moderate levels of DNAM-1-ligand CD155
(surface) and CD112 (intracellular). In iPSC-derived β cells, NKG2D-
ligandMIC-A+, RAET1E+ andMIC-B+ were respectively less than 10%,
2.5% and 1%, while over 70% showed intracellular positivity for
BAT3/BAG6 (NKp30 ligand), VIM and CFP (NKp46 ligands).
Performing cytotoxicity tests on wild type, B2M-/- and B2M-/-/HLA-
E+/+ iPSC lines revealed, as expected, that B2M-/- iPSCs escape CD8+,
but not NK lysis; otherwise, retention of HLA-E avoids NK killing.
Supposing that killing of B2M-/- iPSCs could be mediated by NKp30
and DNAM-1 receptors, we generated MHC-I-deprived B7H3-/-,
CD155-/- and B7H3-/-/CD155-/- iPSC lines and tested their capability to
evade NK response. Interestingly, all three lines appeared to reduce NK
response comparable to B2M-/-/HLA-E+/+ iPSC line. We are confirming
this dampened response by evaluating levels of NK activation markers
CD107a, TNFα and IFNγ. Experiments to evaluate the ability of edited
iPSC to differentiate in mature β cells are also ongoing.
Conclusion: Our study suggests NK activating receptor ligands as target
to make iPSCs invisible to immune recognition, contributing to offer new
perspectives for using iPSC-derived β cells as next generation cell source
for T1D treatment.
Disclosure: R. Chimienti: None.

399
Insulin resistance induces pancreatic adaptation through beta cell
neogenesis both in young and old mice
B. Blondeau, A. Liboz, E. Carotine, B. Fève, G. Guillemain;
INSERM UMRS-938, Paris, France.

Background and aims: One of the therapeutic avenues for the treatment
of diabetes relies on the regeneration of functional pancreatic beta cells,
notably by neogenesis (formation of new beta cells). We have recently
demonstrated in a mouse model of insulin resistance induced by cortico-
sterone treatment the presence of an adaptive beta-cell neogenesis
allowing a massive increase in beta-cell mass. Here, our goals were to
determine whether this beta-cell adaptation 1) persisted after long-term
corticosterone treatment, 2) was maintained in older mice and 3) was also
observed in another model of pharmacological insulin resistance.
Materials and methods: Young (8 weeks of age) or old (52 weeks of
age) C57BL/6J mice were treated with corticosterone (30 mg/kg/day in
the drinking water) for 4 or 10 weeks. Young (8 weeks of age) C57BL/6J
were treated with an insulin receptor antagonist (S961, 10nmol/week,
daily ip injections) for 4 weeks. Insulin sensitivity, glucose tolerance, beta
cell mass, islet gene expression, and insulin secretion were measured.
Results: Our results showed that after a 10-week corticosterone treat-
ment, strong insulin resistance was associated with beta-cell adaptation
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through beta-cell neogenesis but with the same magnitude as that ob-
served after 6 or 8 weeks of treatment. We then showed that in old mice,
insulin resistance induced by corticosterone treatment led to increased
beta-cell mass through beta-cell neogenesis, similarly to young mice.
Finally, treatment with an insulin receptor antagonist-induced insulin re-
sistance (S961) led to a similar adaptive beta-cell neogenesis but with a
lesser amplitude compared to the corticosterone-treated mice. Gene ex-
pression showed similar patterns in old and young corticosterone-treated
mice and in S961-treated mice and insulin secretion was improved in all
models of insulin resistance both in young and old mice
Conclusion:Our data show that improved insulin secretion and beta-cell
neogenesis in the mouse adult pancreas are controlled processes, associ-
ated with insulin resistance, and not restricted to young mice. The iden-
tification of the mechanisms and factors stimulating this neogenesis
should allow the development of new regenerative therapies for the treat-
ment of insulin deficiency.
Supported by: INSERM, SORBONNE UNIVERSITE
Disclosure: B. Blondeau: None.

400
Beta cell replication in old islets is restricted to a subpopulation of
immature cells responsive to extracellular signals
N. Tellez1,2, C. Fernandez1, S. Bonnin3, E. Montanya1;
1IDIBELL-CIBERDEM, L'Hospitalet de Llobregat, 2UVic - Central
University of Catalonia, Barcelona, 3Bioinformatics, Centre for
Genomic Regulation, Barcelona, Spain.

Background and aims: β-cell replication is the major mechanism for β-
cell mass expansion in the post-natal pancreas. As aging progresses, β-
cell replication declines reaching minimal levels when ≈40% of the life
expectancy is achieved. With the purpose of designing new strategies to
increase β-cell replication in adult subjects, we aimed to analyse the
contribution of extracellular and cell-autonomous regulation of β-cell
replication during aging, and to identify the molecular mechanisms un-
derlying β-cell replication dynamics in aged islets.
Materials and methods: β-cell replication was determined in islets from
2mo (young, Y), 12mo (middle-aged, M-A) and 18mo (old, O) rats exposed
to proliferative stimuli. Ex vivo, islets were exposed to high glucose (22mM)
and IGF-2-overexpression (Ad-Igf-2). In vivo, β-cell replication was assayed
in islets transplanted to hyperglycemic (Hy) or normoglycemic (No) recipi-
ents, and in islets transplanted heterochronically (Hc; aged to young).
Subpopulations of replicating β-cells were identified by sequential labelling
with thymidine analogues (EdU and BrdU). Holistic analysis of gene expres-
sion was performed by RNA-seq in FACS-purified replicating and quiescent
β-cells of young and old islets.
Results: β-cell replication in the pancreas of middle-aged and old rats
was significantly lower than in young rats (Y: 1.3±0.2%; M-A: 0.1
±0.03%; O: 0.1±0.02%; p<0.05 Y vs M-A and O). Ex vivo, β-cell repli-
cation was significantly increased in middle-aged and old islets exposed
to high glucose and IGF-2 (M-A; 5mM: 1.4±0.1%; 22mM: 5.4±1.4%;
Ad-igf2: 3±0.5%; p<0.05, 5mM vs 22mM and Ad-Igf2) (O; 5mM: 0.2
±0.05%; 22mM: 0.9±0.3%; Ad-Igf2: 0.5±0.14; p<0.05, 5mM vs 22mM
and Ad-Igf2). Middle-aged islets completely rejuvenated, reaching repli-
cation levels of young islets. In contrast, β-cell replication of old islets
was significantly lower compared with young and middle-aged islets (Y;
5mM: 1.5±0.2%, 22mM: 4.7±0.7%, Ad-Igf-2: 1.7±0.3%; p< 0.05, young
vs old islets under same conditions). In vivo, β-cell replication was sig-
nificantly increased in middle-aged and, to a lesser extent, in old islets
under hyperglycemic and heterochronic transplantation settings (M-A;
No: 0.29±0.01%, Hy: 1.37±0.05%, Hc: 0.51±0.04%; p< 0.05) (O; No:
0.11±0.04%, Hy: 0.92±0.11%, Hc: 0.28±0.01%; p< 0.05). Ex vivo se-
quential labelling of replicative β-cells revealed that the β-cell replicative
pool was significantly reduced in old islets. RNA-seq data of replicating
and quiescent β-cells showed that 593 genes and 3361 genes were dif-
ferentially expressed in replicating young and old β-cells, respectively.

GSEA results showed that gene-set categories related to cell-cycle were
similarly regulated in young and old replicating β-cells. These gene-set
categories accounted for 91% of the regulated transcripts in young repli-
catingβ-cells and only 6% in the old. The vast majority (94%) of gene-set
categories regulated in old replicating β-cells are related to cell commu-
nication with the extracellular milieu and cell immaturity.
Conclusion: The β-cell proliferative pool is reduced in old islets, which
contributes to the age-related decline of β-cell replication. The replication
competence retained in a subpopulation of β-cells in old islets may de-
pend on the capability of these cells to respond to extracellular triggers.
Supported by: PI16/00462 ISCIII FEDER
Disclosure: N. Tellez: None.
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The conditioned medium of human immortalised pancreatic stromal
cells: a favourable supportive microenvironment for human beta cell
O. Villard1, Y.-H. Chiang1, J. Sabatier1, C. Broca1, P. Cattan2, A.
Wojtusciszyn1, M. Armanet1,2;
1Institute for Regenerative Medicine & Biotherapy, University Hospital
of Montpellier, Saint-Eloi, Montpellier, 2Cell Therapy Unit, Hospital
Saint-Louis, AP-HP, Paris, France.

Background and aims: The efficacy of islet transplantation (IT) is well
established. However, the procedure still undergoes research to improve
the quality of grafted islets. In this respect, mesenchymal stem cells
(MSC) represent an interesting tool as they have immunomodulatory
and anti-inflammatory properties and are known to secrete proteins in-
volved in creating a favorable microenvironment. In the context of IT,
MSCs have to be considered as an interesting tool to prime freshly iso-
lated islets in vitro or for in vivo co-transplantation to improve islet en-
graftment. We previously isolated and immortalized cells from human
islets (iPMSC) with a MSC-like profile. We aimed to determine whether
the iPMSC conditioned medium (iPMSC-CM)may affect Β cell function
and to investigate the signaling pathway involved. We hypothesized that
the beneficial effects of iPMSC on Β cells might be mediated, at least in
part, by secreted extracellular matrix (ECM) proteins via cell-to-matrix
interactions.
Materials and methods: iPMSC-CM was prepared by incubating con-
fluent cells in culture mediumwithout fetal bovine serum for 48h. In vitro
experiments were performed on human ΒH1 cell line and human disso-
ciated islets. Both cell populations were cultured either on plastic or
surfaces coated with poly-L-lysine (PLL, control), Matrigel-fibronectin
and iPMSC-CM, in presence (or not) of Β1-integrin blocking antibody.
ΒH1 cells were lysed for western blot (WB) analyses of focal adhesion
kinase (FAK, signaling protein associated with integrin cell surface re-
ceptors) and Akt/PKB (pro-survival effector kinase downstream of FAK),
as well as PCNA expression (marker of cell proliferation). ΒH1 and
primary Β cells were also challenged with basal (2.8 mM) or stimulated
(16.7 mM ±0.5 mM IBMX) concentrations of glucose. Insulin secretion
was assayed by ELISA.
Results: WB analyses showed that iPMSC express and secrete ECM
proteins, known to be present around and within human islets such as
collagen I, IV, VI, fibronectin and laminin. iPMSC-CM induced ΒH1 cell
spreading similarly to Matrigel-Fn, as opposed to PLL and plastic. The
use of an integrin Β1-blocking antibody inhibited ΒH1 spreading on
iPMSC-CM and the cells remained in suspension. After 12h, iPMSC-
CM induced a significant increase of FAK (1.5 ±0.3, p<0.01) and AKT
(2.6 ±0.9, p<0.01) phosphorylations. After 5 days, the expression level of
PCNAwas increased by almost 2-fold in ΒH1 cells layered on iPMSC-
CM in comparison with PLL (1.8 ±0.3 vs PLL, p<0.01). In addition,
iPMSC-CM increased the stimulation index of insulin secretion in both
ΒH1 cells (3.2 ±1.5 vs 2.0 ±0.7, p<0.01) and human dissociated islets (3.8
±2.0 vs 2.0 ±0.6, p=0.02) when compared to PLL. Finally, PF573228, an
inhibitor of FAK phosphorylation significantly decreased insulin secre-
tion by almost 25% without altering cell spreading on substrates.
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Conclusion: We demonstrated that MSCs conditioned medium has pos-
itive effects on human Β cells function and proliferation. The cellular
mechanisms probably involve, in part, cell-to-matrix interactions. Β1-
integrin seem to be one of the key elements responsible for the observed
effects. These results open new perspective for conditioning human Β cell
in a more "physiological" microenvironment to preserve their functional
quality.
Disclosure: O. Villard: None.
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Quantification of mass and function of transplanted human stem
cell derived beta cells with [18F]exendin-4 positron emission
tomography
V. Lithovius1, T. Grönroos2, K. Mikkola2, O. Al-Zghool2, J. Saarimäki-
Vire1, H. Ibrahim1, S. Lahdenpohja2, O. Solin2, P. Nuutila2, T.
Otonkoski1;
1Faculty of Medicine, University of Helsinki, Helsinki, 2University of
Turku, Turku, Finland.

Background and aims: Stem cell derived beta cells (SC-beta cells) are
explored as a future treatment for type 1 diabetes. The optimal trans-
plantation protocols and sites need to be optimized. There is an unmet
need for noninvasive methods to determine the beta cell mass in dia-
betes patients and SC-beta cell recipients. The GLP1-receptor ligand
Exendin-4 has been shown to allow quantification of rodent beta cell
mass. Uptake of [18F]FDOPA is hypothesized to quantify beta cell
function as its uptake is increased in hyperfunctional lesions of focal
hyperinsulinism. The aim of this study was to develop PET imaging of
human iPSC-derived beta cells implanted in mice using either 18F-la-
belled Exendin-4 or [18F]FDOPA as the tracer
Materials and methods: Islet-like clusters (ILCs) were differentiated
from hiPSCs derived from healthy donors. They were implanted in calf
muscles of immunocompromized mice in predetermined sizes ranging
from 1.25 mm3 to 5.0 mm3 of ILCs. The mice were imaged with [18F]-
Exendin-4 at 1; 1,5; 2; 3 and 5 months and with [18F]F-DOPA at 1, 2 and
5 months. Fasting human C-peptide was determined at the imaging
timepoints and ipGTT was performed at 5 months. Some animals were
sacrificed at each timepoint for immunohistochemical analyses and de-
termination of the graft mass.
Results: Autoradiography of ex vivo muscle sections showed graft
specific uptake of [18F]-Exendin-4 and [18F]F-DOPA. The uptake of
[18F]-Exendin-4 increased from 1 to 1.5 months (1.9 fold increase,
p<0.05) and correlated with the predetermined implant ILC mass at
1.5 months (r2=0.71 p<0.01). The total uptake of [18F]-Exendin-4
also correlated with C-peptide secretion at 1.5 months (r2=0.79
p<0.05) suggesting that it is specifically taken up by the insulin
secreting cells. The grafts had high uptake of [18F]F-DOPA but the
uptake did not correlate with implanted ILC mass or C-peptide se-
cretion at 1 or 2 months, and did not change during that time.
Fasting human C-peptide secretion decreased from 1 to 2 months
but increased from 2 to 5 months indicating survival of SC-beta cells
and/or in vivo differentiation from implanted progenitors. Analysis of
tracer uptake at later timepoints is ongoing to assess their utility in
tracking changes in function and mass over time, along with immu-
nohistochemical studies of true beta cell mass, neovascularization and
tracer receptor expression.
Conclusion: The uptake of [18F]-Exendin-4 is SC-beta cell specific
and correlates with implanted human ILC mass and C-peptide secre-
tion. The uptake [18F]F-DOPA is graft specific, but doesn’t quantify
graft mass. The calf muscle is a viable implantation site for stem-cell
derived ILCs. [18F]Exendin-4 is a promising candidate for human
beta cell mass determination.
Supported by: Finn.Acad., NovoNordF, SigrJuselF, FinnDiabF,
FinnMedF
Disclosure: V. Lithovius: None.
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Probing the functional immaturity of human pluripotent stem cell
derived beta cells
T. Barsby1, D. Balboa2, V. Lithovius1, H. Ibrahim1, A. Viheriäranta1, L.
Mäenpää1, H. Grym1, J. Ustinov1, V. Chandra1, J. Saarimäki-Vire1, T.
Otonkoski1;
1University of Helsinki, Helsinki, Finland, 2Centre for Genomic
Regulation, Barcelona, Spain.

Background and aims: Pancreatic beta cells can be derived from human
pluripotent stem cells (hPSCs) using multistage protocols that mimic in
utero tissue development. The hPSC-derived beta cells are transcription-
ally close to primary beta cells and are equipped with functional exocy-
totic machinery that can release insulin following pharmacological stim-
uli. However, the coupling of glucose metabolism to insulin release is
inefficient. Our aim is to systematically identify the key metabolic com-
ponents underlying this functional immaturity and develop strategies to
overcome it.
Materials and methods: hPSC-derived islet-like clusters (ILCs) were
differentiated in vitro using a 7-stage protocol. Respiration rates and mi-
tochondrial kinetics of islet clusters were probed using a Seahorse XFe96
Analyzer and the metabolic flux of radiolabeled 13C-glucose in hPSC-
derived islet cells was tracked using liquid chromatography-mass
spectrometry.
Results: hPSC-derived ILCs show weak glucose sensitive insulin release
(1.4 fold increase, 0.47% to 0.64% of total insulin content from 3mM
glucose to 17mM glucose, p<0.001), but are responsive to pharmacolog-
ical stimuli and induced plasma membrane depolarization. Mitochondrial
respiration experiments show negligible levels of glucose coupled mito-
chondrial activation in differentiated ILCs compared to the EndoC-βH1
human beta cell line (23.2 ± 2.1% of basal oxygen consumption rate).
Mitochondrial kinetics are also unchanged after treatment with activators
of the cAMP/PKA and PLC/PKC amplification pathways, as well as
modulation of the mTORC1 and AMPK signaling pathways.
Metabolite tracing analyses also indicate a low level of mitochondrial
involvement in dynamic glucose metabolism in immature ILCs following
glucose stimulation (1.2 to 2.3 fold increase in m+2 labelled carbon TCA
intermediates i.e. a single cycle of labelled glucose into TCA intermedi-
ates), but with a high proportion of anaerobic glycolytic metabolites fol-
lowing glucose stimulation (3.8 and 3.2 fold increases for m+3 “fully”
labelled pyruvate and lactate respectively).
Conclusion: hPSC-derived beta-like cells display low basal levels of
glucose-sensitive insulin release and inefficient glucose-coupled mito-
chondrial activity and involvement in dynamic glucose metabolism.
This inefficiency appears resistant to pharmacological manipulation but
with ongoing transcriptomic andmetabolomic experiments we expect our
rational approach to reveal the underlyingmetabolic pathways of beta cell
maturation.
Supported by: AoF, NN, SJ Foundation
Disclosure: T. Barsby: None.
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Therapeutic potential of MANF in mouse model of type 1 diabetes
H. Li1, T. Danilova1, T. Otonkoski2,3, M. Saarma1, M. Lindahl1;
1Institute of Biotechnology, HiLIFE Unit, University of Helsinki,
Helsinki, 2Research Programs Unit, Molecular Neurology, Biomedicum
Stem Cell Center, University of Helsinki, Helsinki, 3Children’s Hospital,
Helsinki University Central Hospital, Helsinki, Finland.

Background and aims: Type 1 Diabetes (T1D) is characterized by a
progressive autoimmune destruction of pancreatic beta-cells.
Unresolved endoplasmic reticulum (ER) stress contributes to the pancre-
atic beta-cell death and insulin deficiency in T1D. Mesencephalic
astrocyte-derived neurotrophic factor (MANF) is a small ER stress-
induced and secreted protein (18 kDa) which is in normal state mainly
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located in ER contributing to the ER homeostasis. It protects damaged
cells from death in different animal neurodegenerative disease and heart
ischemia models. The protective and restorative effects of MANF are
suggested to depend on its function in alleviating ER stress. Emerging
evidence showed thatMANF can induce tissue repair in mouse retina and
brain by activation of immune cells in vivo. In line with this, MANF
partially protects human beta-cells from cytokine-induced cell death by
reducing NF-κB signaling in vitro, indicating a role in immune modula-
tion. However, the exact mode of MANF action is not fully understood.
We previously showed that conventional MANF knockout (Manf-/-) mice
developed insulin-deficient diabetes due to postnatal loss of beta-cell
mass caused by reduced beta-cell proliferation and increased beta-cell
death accompanied by sustained ER stress. Conditional removal of
MANF specifically from the embryonic pancreas and adult beta-cells
revealed that MANF expression is mandatory for beta-cell expansion
and maintenance postnatally in mice. In vitro, we found recombinant
MANF potentiates mouse beta cells proliferation and partly protects beta
cells from ER stress-induced beta cell death. Importantly, MANF
overexpressed by adeno-associated virus 6 (AAV6) protects beta-cells
from streptozotocin (STZ)-induced beta cell death in T1D mouse model.
However, therapeutic effect was not detected in AAV6-MANF trans-
duced diabetic mice probably due to a very low transduction efficiency
(4%). Future experiments using high efficiency and longer MANF over-
expression is clearly needed to validate the therapeutic potential of
MANF in T1D.
Materials and methods: To further investigate the therapeutic potential
of MANF in multiple low dose streptozotocin (MLDS)-induced T1D
model, we have generated doxycycline inducible beta cell-targeted
MANF-overexpressing transgenic mice. Primary beta-cells, pancreas tis-
sue and sera from MANF-overexpressing transgenic mice have been
studied to elucidate the mechanism of MANF action in diabetic beta-
cells and other tissues.
Results:We found that beta-cell-specific MANF-overexpression induced
by doxycycline chow significantly protected male mice from MLDS-
induced beta cell death and hyperglycemia (at the end point p<0.001,
Student’s unpaired two-tailed t test). This was accompanied with im-
proved glucose clearance and increased serum insulin levels.
Furthermore, prolonged MANF overexpression in pancreatic beta-cells
without MLDS treatment showed no change in ER stress but increased
pancreatic beta-cell mass and serum insulin level.
Conclusion: MANF protein is a novel protective and mitogenic growth
factor for pancreatic beta-cells. MANF overexpression in mouse pancre-
atic beta-cells protects against MLDS-induced cell death and diabetes
in vivo, thus constituting a promising therapeutic candidate for T1D.
Supported by: JDRF; Finnish Diabetes Research Foundation; Academy
of Finland
Disclosure: H. Li: None.
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Inhibiting nicotinamide phosphoribosyltransferase (NAMPT) to pre-
vent cytokine-mediated beta cell dysfunction
D. Egbase1, S. Sayers1, E. Evans1, S. Butterworth2, J. Greally2, G.
Bewick1, A. Tsakmaki1, S. Persaud1, P. Caton1;
1Kings College London, London, 2University of Manchester, London,
UK.

Ba c k g r o u n d a n d a im s : I n t r a c e l l u l a r n i c o t i n am i d e
phosphoribosyltransferase (NAMPT) is an NAD biosynthetic enzyme
and is the rate-limiting enzyme in the NAD salvage pathway.
Abnormally elevated NAMPT has been experimentally demonstrated to
promote pro-inflammatory cytokine expression and secretion, reduce Treg
levels, increase levels and activity of pathogenic T- andB-cells and increase
macrophage and neutrophil survival. Furthermore, NAMPT expression
itself is induced by pro-inflammatory cytokines. Many of these processes
are key to type 1 diabetes (T1D) pathogenesis, and whilst NAMPT has
been examined in other autoimmune and inflammatory diseases, the role of
NAMPT in T1D remains unclear. To investigate the role of NAMPT in
T1D, we used small molecule NAMPTmodulators to determine the role of
abnormally elevated NAMPT levels and activity in cytokine-mediated be-
ta-cell dysfunction in mouse and human islets.
Materials and methods: NAMPT activity was assessed using a
fluorescence-based biochemical assay. Isolated human islets from 3 sep-
arate donors were treatedwith proinflammatory cytokine cocktail (TNFα,
IL1β, IFNγ; 5 ng/ml; 24 h) prior to gene expression array analysis using
an Ilumina HumanHT-12 v4 Expression BeadChip Kit. Isolated mouse
islets from 4-6-week-old CD1 mice were incubated for 24h with either
NAMPT inhibitor (10 - 20 nM FK866 or 200 - 400 nM C17) or activator
(5 - 10μM P7C3) +/- proinflammatory cytokine cocktail (1 ng/ml). Islet
function and survival were assessed via static glucose-stimulated insulin
secretion (GSIS) assays, Caspase 3/7-glo bio-luminescence assay, and
qPCR analysis.
Results: Human islet gene expression array experiments demonstrated
that NAMPT expression was increased by ~4 fold (P<0.001) following
exposure to proinflammatory cytokine cocktail and was one of the 15
most upregulated genes. Similarly, qPCR showed that NAMPT mRNA
levels were increased 3-fold by pro-inflammatory cytokines in mouse
islets (p<0.001; n=3). C17 and FK866 significantly inhibited NAMPT
in a concentration-dependent fashion; (both P<0.01; n=3), whilst P7C3
increased NAMPT activity. NAMPT inhibition with C17 or FK866
protected islets against cytokine-induced apoptosis; cytokine-mediated
caspase 3/7 activity was significantly reduced by ~55% (P<0.01)
and ~48% (P<0.001) respectively, compared with islets incubated
with cytokines alone. Co-incubation with 5μM P7C3 exerted no
significant changes in apoptosis compared to islets incubated with
cytokines alone (n=3). The pro-survival effects of NAMPT inhibition
were not due to changes at gene expression level in either IL-1β or
TNFα, nor in markers of intrinsic apoptosis BAX, BAD & NOXA,
since mRNA levels of these genes were unchanged between islets
co-incubated with C17 and cytokines and islets incubated with cyto-
kines alone (n=3). In addition, NAMPT inhibition with C17 or
FK866 protected islets against pro-inflammatory cytokine-mediated
reductions in GSIS (both P<0.0001). Surprisingly, P7C3 also exerted
mild protective effects against cytokine-mediated reductions in GSIS
(NS; n=2).
Conclusion: NAMPT inhibition reversed cytokine-mediated beta-cell
apoptosis and dysfunction. This suggests that NAMPT may play a path-
ophysiological role in mediating inflammation-induced beta-cell damage
and that NAMPT inhibition may be an attractive therapeutic approach for
promoting beta-cell function and survival in T1D.
Supported by: KMRT, ESFD
Disclosure: D. Egbase: None.
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Orally delivered microparticles loaded with all-trans retinoic acid
and transforming growth factor β rescue mice from type 1 diabetes
development
I. Koprivica1, D. Gajić1, T. Saksida1, E. Cavalli2, D. Auci3, N. Pejnović1,
S. Stošić-Grujičić1, F. Nicoletti4, I. Stojanović1;
1Department of Immunology, Institute for Biological Research “Sinisa
Stankovic”, University of Belgrade, Belgrade, Serbia, 2IRCCS Bonino
Pulejo, Messina, Italy, 3TherapyX, Buffalo, USA, 4Department of Biomedical
and Biotechnological Sciences, University of Catania, Catania, Italy.

Background and aims: Type 1 diabetes (T1D) is a multifactorial autoim-
mune disease that develops as a consequence of macrophage and T cell-
dependent pancreatic β cell death. Multiple approaches have been attempted
to induce anti-inflammatory/regulatory immune mechanisms that will atten-
uate disease progression, with little or no beneficial effects. To achieve
prolonged stimulation of regulatory immune cells, our aim was to introduce
microparticles (MPs) loaded with all-trans retinoic acid (ATRA) and
transforming growth factor β (TGF-β). Both molecules are well-known syn-
ergistic stimulators of T regulatory cell (Treg) differentiation and stabilization.
Materials andmethods:Male C57BL/6 mice were treated with multiple
low doses of streptozotocin (MLDS) for 5 consecutive days to induce
T1D, and with empty MPs or ATRA and TGF-β-loaded MPs (0.1% and
0.03% w/w, respectively) for 10 days (every other day, starting from the
first streptozotocin injection). Blood glucose was monitored on a weekly
basis and ex vivo analyses of immune cells (flow cytometry, qPCR, im-
munoblot) were performed and pancreas histology was evaluated 14 days
from the beginning of the T1D induction. ANOVA t test was used for
statistical analysis and significant change was considered at p<0.05.
Results:T1D incidencewas significantly lower inATRA/TGF-βMP-treated
mice, aswas the degree of immune cell infiltration into the pancreatic islets. In
Peyer’s patches (PP), ATRA/TGF-βMPs up-regulated the tolerogenic popu-
lation of dendritic cells (DCs) (CD11c+CD11b-CD103+), while not altering
the proportion of mature DCs (CD11c+CD11b+). Additionally, both IL-1β
expression and production were reduced in PP, as was the ratio of
iNOS/Arginase mRNA expression, reflecting a less inflammatory environ-
ment. This was accompanied by a reduction of the proportion of Th1
(CD4+IFN-γ+) and Th17 (CD4+IL-17+) cells and up-regulation of Treg
(CD4+CD25highFoxP3+). Lower IL-17 expression within CD4+ cells from
PP was in accordance with the observed down-regulation of RORγt
mRNA expression (key transcription factor of IL-17). The situation in the
pancreatic lymph nodes (PLN) was similar to PP regarding the down-
regulation of inflammatory Th1 cells. Also, the proportion of
Tbet+CD25med cells (T effector cells) was lower, while the proportion of
Treg expressing T-bet was increased in PLN, suggesting that these cells spe-
cifically mediate the inhibition of Th1 response. Additionally, in response to
ATRA/TGF-βMP treatment, the proliferation (Ki67+) of T effector cells was
reduced in PLN while Treg proliferated more. Furthermore, ATRA/TGF-β
MP treatment favored the presence of CTLA-4+PD1+ and CD39+IL-10+

populations of Treg and thus increased their suppressive activities.
Conclusion: ATRA and TGF-β released from MPs successfully amelio-
rated T1D through the potentiation of tolDC and Treg response and inhi-
bition of Th1 cell differentiation in the draining lymph nodes, thereby
blocking the entrance of immune cells into the pancreatic islets and
protecting β cells from further destruction.
Supported by: MESTD, Republic of Serbia (173013)
Disclosure: I. Koprivica: None.
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Reduced short-chain fatty acids and impaired glucose homeostasis in
an animal model of accelerated type 1 diabetes
C. Wessel1,2, M. Blaut3, M. Roden1,2, V. Burkart1,2;
1German Diabetes Center, Düsseldorf, 2German Center for Diabetes
Research (DZD), München-Neuherberg, 3German Institute of Human
Nutrition, Potsdam-Rehbrücke, Germany.

Background and aims: Accelerated development of insulin deficient
diabetes in toll-like-receptor 4 (TLR4) non-obese diabetic (NOD) mice,
an animal model for human type 1 diabetes, is accompanied by impaired
glucose- and lipid metabolism before the age of diabetes manifestation.
Glucose homeostasis is under control of short-chain fatty acids (SCFA),
abundant products of the gut microbiome. We tested the hypothesis, that
impaired glucose homeostasis and accelerated development of diabetes
associate with reduced SCFA-concentrations in gut and plasma in TLR4-
deficient NOD mice before the age of diabetes manifestation.
Materials and methods: Random blood glucose levels and body weight
of female NOD-mice (age: 79±1 days) with (NOD-TLR4+/+) or without
TLR4 expression (NOD-TLR4-/-) were measured. During an intraperito-
neal glucose tolerance test (ipGTT) (2 g/kg body weight) plasma samples
were collected to quantify insulin concentrations by ELISA. Samples of
gut content and plasma were analyzed for SCFA concentrations by gas
chromatography/mass spectrometry.
Results: At the age of 79±1 days, NOD-TLR4-/--mice showed higher
body weight (25.4±0.2 g) and random blood glucose levels (6.8±0.2
mmol/l) compared to NOD-TLR4+/+-mice (24.4±0.2 g; 6.3±0.2 mmol/l)
(all p < 0.05). The ipGTT showed that NOD-TLR4-/--mice have higher
peak glucose levels 15 minutes after glucose injection (11.3±0.6 mmol/l)
compared to NOD-TLR4+/+-mice (8.7±0.7 mmol/l) (p < 0.05). The insu-
lin concentration in plasma of NOD-TLR4-/--mice during the ipGTTwas
lower (0.6±0.1 μg/l) 15 minutes after glucose application compared to
NOD-TLR4+/+-mice (1.0±0.1 μg/l) (p < 0.05). Comparable amounts of
SCFA were found in samples of gut content from NOD-TLR4-/- (acetic
acid 5758±178; propionic acid 1314±63; butyric acid 1981±298 μmol/l)
and NOD-TLR4+/+-mice (6160±531; 1445±151; 2294±286 μmol/l).
Plasma samples from NOD-TLR4-/--mice showed lower SCFA amounts
(acetic acid 130±3; propionic acid 5±1; butyric acid 1±1; total SCFA 138
±3 μmol/l) compared to NOD-TLR4+/+-mice (148±4; 9±1; 3±1; 161±5
μmol/l) (all p < 0.05). Detailed analyses of single gut segments revealed
about two fold lower ratios between plasma and caecum for propionic
acid respectively butyric acid concentrations in NOD-TLR4-/- than in
NOD-TLR4+/+-mice (all p < 0.05).
Conclusion: The results point to an association of reduced plasma SCFA
concentrations with accelerated diabetes development and impaired glu-
cose tolerance in NOD-TLR4-/--mice.
Disclosure: C. Wessel: None.

408
Pancreatic beta cell specific reduced Stat2 gene expression is respon-
sible for serving susceptibility to virus-induced diabetes in DBA/2
mice
K. Mine1, S. Nagafuchi2, H. Mori2, H. Takahashi2, Y. Yoshikai1, K.
Anzai2;
1Kyushu University, Fukuoka-shi, 2Saga University, Saga-shi, Japan.

Background and aims: Human type 1 diabetes (T1D) research has sug-
gested the closet link between viral infections and T1D. In experimental
animal model, D variant of encephalomyocarditis virus (EMC-D) induce
T1D only in limited strains of mice such as SJL and DBA/2 mice. It was
already reported that a single autosomal-recessive gene controls suscep-
tibility to EMC-D virus-induced diabetes (Nature 1978). The susceptible
gene(s) had been undiscovered until our report which provided the evi-
dence that congenital mutation of tyrosine kinase 2 (Tyk2) gene deter-
mine the susceptibility to EMC-D virus-induced diabetes in SJL mice
(Nat Commun 2015). However, DBA/2 mice lack Tyk2 gene mutation,
and therefore DBA/2 mice must harbor another virus-induced suscepti-
bility gene(s). In the present study, we explored new susceptibility gene to
EMC-D virus-induced diabetes in DBA/2 mice.
Materials and methods: We carried out intraperitoneal challenge with
1.0 x 103 PFU of EMC-D virus to virus-induced diabetes resistant
C57BL/6(B6) and susceptible DBA/2 mice, and further pathogenic
mechanisms were studied. To elucidate β-cell specific mRNA
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expression, flow cytometry purified β-cells from two days after EMC-D
virus infected mice were analyzed by microarray.
Results: Levels of virus titer in DBA/2 pancreas were comparable to
those of B6 pancreas at one day after infection, while virus titers signif-
icantly increased in DBA/2 pancreas at three days after infection. Similar
mild CD45+ cell-infiltrations were observed in islets of both B6 and
DBA/2 mice at three days after infection, while partially insulin-
negative areas were detected only islets of DBA/2 mice, suggesting that
cellular inflammatory infiltrations into the β-cells did not seem to play a
role in modulating β-cell destruction. Levels of serum type 1 IFN post
EMC-D virus infection increased in DBA/2 mice. In addition, high dose
of type 1 IFN administration did not prevent diabetes onset. These results
raised the possibility that candidate susceptibility gene(s) harboringDBA/
2 mice should involve downstream of type 1 IFN receptor-mediated sig-
naling pathway. In order to examine precise specific gene expressions in
β-cells, flow cytometry purified β-cells were analyzed bymicroarray.We
found significantly low expression of 290 genes in β-cells derived from
DBA/2 mice than those in B6-β-cells. Gene ontology biological process
enrichment analysis indicated that innate immune response pathway was
enhanced in B6-β-cells. Because intact innate anti-viral responses have
been known to be crucial for preventing EMC-D virus-induced diabetes,
we explored hub gene which interact with the innate immune response
pathway contained genes. As a result, Stat2 gene was supposed to be a
hub gene. Moreover, microarray and qPCR analysis showed that Stat2
gene expression was significantly lower in DBA/2-β-cells at two days
after infection. Meanwhile, Stat2 gene expressions in spleen, liver, brain,
and heart were higher in DBA/2mice.We could not find any SNPs, indels
nor structural variants in DBA/2 Stat2 gene locus. Methylation levels of
CpG island at Stat2 gene locus were also comparable. Thus, exact β-cells
specific regulatory mechanisms of Stat2 gene remain to be clarified.
Conclusion: These observations taken together provided the evidence
that β-cell specific reduced Stat2 gene expression is responsible for serv-
ing susceptibility to EMC-D virus-induced diabetes in DBA/2 mice.
Supported by: KAKENHI 18H02853, Japan IDDM network
Disclosure: K. Mine: None.
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Enterovirus as triggers of disease? New insights from autoantibody
positive and type 1 diabetic nPOD donors
P. Apaolaza Gallegos1, D. Balcacean1, J. Zapardiel-Gonzalo1, S.
Richardson2, N. Morgan2, P. Akhbari2, M. von Herrath3, I.
Kusmartseva4, A. Pugliese5, T. Rodriguez-Calvo1, the nPOD-Virus
Group;
1Helmholtz ZentrumMünchen, Munich, Germany, 2University of Exeter
Medical School, Devon, UK, 3La Jolla Institute for Allergy and
Immunology, La Jolla, USA, 4University of Florida, Gainsville, USA,
5University of Miami Miller School of Medicine, Miami, USA.

Background and aims: Many investigations coordinated by the nPOD-
Virus group have provided evidence for an association of Type 1 Diabetes
(T1D) with enteroviruses (EVs). It has been shown that EVs can reside in
beta cells and induce a chronic state which may compromise beta cell
function and survival due to an increase in ER stress and alterations of
gene expression upon infection, such as upregulation of the interferon
(IFN) cascade. The objective of the study was to investigate different
markers associated with enteroviral infections and anti-viral immune re-
sponses. Viral molecules (VP1 and dsRNA), anti-viral immune response
proteins (HLA-I, MxA and PKR) and immune infiltration (CD45, CD3,
CD8) were investigated.
Materials and methods: Consecutive pancreatic sections from head,
body, and tail from 10 controls, 7 T1D, and 4 AAb+ donors were ana-
lyzed. Consecutive frozen sections per donor were stained for insulin,
glucagon, HLA-I, MxA, PKR, dsRNA, CD45, CD3 and CD8 by immu-
nofluorescence staining. Paraffin-embedded sections were stained for
VP1 and HLA-I. Sections were then scanned in an AxioScan.Z1 slide

scanner (Zeiss). The number of insulin and glucagon positive islets, as
well as the presence of HLA-I, MxA, PKR, and dsRNA, were analyzed
manually. Each islet was classified based on the presence of 1, 2, 3 or 4
viral-associated markers. The percentage of insulitis was analyzed using
Qupath software.
Results: In the islets, half of the controls presented a normal HLA-I
expression pattern while the rest had a slight elevation. 1 AAb+ case
has normal, 1 had elevated HLA-I and 2 presented hyperexpression. All
T1D cases had insulin containing islets in multiple regions of the pancreas
and all but one presented HLA-I hyperexpression. HLA-I expression in
the exocrine was also high in the majority of T1D and AAb+ donors. All
T1D cases presented strong VP1 positive cells in some islets and also
scattered positive cells in the exocrine tissue while AAb+ and non-
diabetic cases presented sporadic positivity. The percentage of islets that
were positive for markers like MxA and PKR was higher in the islets of
T1D donors with no significant difference for dsRNA. T1D donors
showed high levels of infiltration in the islets and higher number of
immune cells in the exocrine.
Conclusion: The nPOD-Virus group has already shown that a ‘viral
signature’ exists in the pancreas of T1D subjects and involves IFN re-
sponses associated to an up-regulation of markers such as PKR,MxA and
HLA-I. Hyperexpression of HLA-I could promote antigen presentation to
autoreactive T cells, favoring beta cell recognition and destruction. Our
data suggest that the detection of markers like HLA-I hyper-expression,
VP1, PKR and MxA either in islets and/or in regions of the exocrine
pancreas is frequently associated with T1D and could indicate the pres-
ence of a low-level, persistent, viral infection and a chronic anti-viral
immune response. Interestingly, some AAb+ donors presented similar
signs of a low-level infection. However, more AAb+ cases will need to
be investigated to confirm this finding and define how early viral signa-
tures can be detected in these subjects.
Supported by: JDRF
Disclosure: P. Apaolaza Gallegos: None.
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Pancreatic ECM-based microencapsulation: a bioartificial pancreas
platform
S. Krishtul, M. Machluf;
Technion - Israel Institute of Technology, Haifa, Israel.

Background and aims: Pancreas bioengineering is currently one of the
most investigated strategies to restore the endocrine function in diabetic
patients. To maximize its performance, the residing cells of a bioartificial
pancreas should be delivered within a bioactive microenvironment which
would closely mimic their natural physiological niche. The extracellular
matrix (ECM) is known to play a key role in numerous cellular processes,
and ECM-based materials were demonstrated to significantly improve β-
cell survival and insulin secretion. As such, their use as biomaterials in
pancreas bioengineering is highly intuitive. We have previously reported
on a novel 3D-microencapsulation platform based on pancreatic
decellularized ECM that was able to ameliorate hyperglycemia in immu-
nodeficient diabetic mice when incorporating engineered insulin-
producing cells (IPCs). The present study, therefore, aims to provide further
evidence of the applicability of this platform for diabetes therapy using any
type of potential IPCs. For that purpose, we implemented human induced
pluripotent stem cells (hiPSCs) as a promising candidate for future IPC
derivation, as well as isolated pancreatic islets as the gold standard of IPCs.
Materials and methods: hiPSCs or islets isolated from C57BL or
Balb/C mice were encapsulated in gelled ECM-produced by
decellularization and enzymatic solubilization of porcine pancreatic tis-
sue. To address their biocompatibility and safety, encapsulated Balb/C-
derived islets or hiPSCs were implanted within immunocompetent
C57BL mice.
Results: The ECM microcapsules were shown to promote the viability
and proliferation of hiPSCs for at least 21 days in culture, demonstrating
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the platform’s ability to overcome the high sensitivity of these cells. To
evaluate the safety of the platform in the delivery of stem cell-derived
IPCs, ECM-encapsulated hiPSCs were injected into C57BL mice and
retrieved following 8 weeks. The explanted microcapsules were intact,
and no significant fibrotic overgrowth was detected. Moreover, while the
retrieved cells were viable, human mitochondria immunostaining re-
vealed no hiPSC leakage into the surrounding tissue.When encapsulating
isolated pancreatic islets, the ECM-based system had supported their
long-term in-vitro viability and glucose-regulated insulin secretion, while
non-encapsulated islets exhibited a hampered glucose responsiveness
shortly after isolation. Moreover, 5 weeks following the implantation of
encapsulated Balb/C-derived islets within C57BL mice, no significant
fibrotic overgrowth was observed and circulating IL-1β and TNF-α
levels were comparable to those of control mice. Furthermore, the
explanted islets were viable and showed functional insulin expression,
demonstrating the platform's biocompatibility.
Conclusion: Our results demonstrate that the pancreatic ECM-
microencapsulation platform supports the long-term viability and prolif-
eration of even the most sensitive cell types, such as hiPSCs, and allows
their delivery within an isolated system that prevents the potential leakage
of undifferentiated cells into the host. Moreover, the platform supplies
encapsulated IPCs with a natural bioactive niche that promotes their
function, while providing themwith immunological protection. This data,
combined with our previously published results, suggests such a system
could significantly improve future outcomes of cell replacement-based
diabetes therapy, providing the field with natural long-lasting solutions.
Supported by: Israel Innovation Authority, Israeli Ministry of Science and
Technology
Disclosure: S. Krishtul: None.
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Spatially separated immunomodulatory and cell adhesive surface
coatings enhance beta cell survival in encapsulation devices
R.P. Tan1, N. Hallahan2, E. Kosobrodova3, M.M. Bilek4, P. Thorn2, S.G.
Wise1;
1Heart Research Institute, Sydney, 2Charles Perkins Centre, University of
Sydney, Sydney, 3School of Physics, University of Sydney, Sydney,
4University of Sydney, Sydney, Australia.

Background and aims: As a promising alternative to life-long insulin
injections for the clinical management of type I diabetes (T1D), trans-
plantation of healthy β-cells to T1D patients has proven to be of great
benefit. However, a major obstacle limiting their clinical use is poor long-
term survival following transplantation, due to ongoing attack by the
patient’s immune system. This requires lifelong immunosuppression to
ensure successful transplantation. As a more feasible alternative, encap-
sulation devices are an emerging technology designed to provide a phys-
ical barrier that protects β-cells from immune attack. However, to support
the survival of encapsulated β-cells these devices must overcome addi-
tional biological challenges following implantation. This includes estab-
lishing matrix signalling elements for β-cells to thrive, stimulating angio-
genesis to facilitate nutrient/waste exchange, and preventing foreign body
fibrotic responses that impede host integration. Current encapsulation
devices are made from materials selected for their mechanical strength
with minimal regard for these biological requirements. As a result, these
devices fail to integrate with the body leading to poor long-term β-cell
survival and offer no therapeutic function to date.
Materials and methods: We developed an encapsulation membrane
using polyethersulfone (PES) fibers with spatially distinct surface coat-
ings designed to enhance β-cell viability through improved cell adhesion
and modulation of the local immune response. PES fibers were activated
using plasma immersion ion implantation (PIII), enabling the covalent
immobilisation of biomolecules. The internal surfaces were coated with
the extracellular matrix protein fibronectin (FN) to enhance β-cell attach-
ment. The outer surfaces were then coated with the anti-inflammatory

cytokine interleukin-4 (IL-4) to reduce local inflammation. Primary
mouse islets, containing a bioluminescence (BLI) reporter, were dis-
persed into single cell suspensions before loading into functionalised
PES fibers. PES fibers were then implanted subcutaneously into a mouse
back for 14 days. β-cell viability and angiogenesis were quantified using
serial non-invasive BLI and Laser Doppler imaging, respectively.
Histological analysis was conducted on implants at days 3, 7 and 14 to
assess temporal changes in inflammation and fibrosis.
Results: Compared to uncoated controls, coated implants showed a 10-
fold improvement in β-cell attachment consistent with a 75% increase in
insulin secretion. At early timepoints, coated implants showed a 60% and
57% reduction in neutrophil and macrophage accumulation, with a 179%
increase of theM2 (anti-inflammatory) macrophage phenotype. Increased
M2macrophage activity was consistent with enhanced early angiogenesis
indicated by a 153% increase in blood perfusion combined with a 43%
reduction in fibrotic capsule thickness. Collectively, these changes led to a
10-fold increase in β-cell viability with an 83% improvement in nutrient
exchange/integration with the local vasculature.
Conclusion: Combined FN/IL-4 surface coatings may improve the per-
formance of encapsulation devices and assist in the future clinical success
of β-cell therapy for T1D patients.
Supported by: JDRF
Disclosure: R.P. Tan: Grants; Juvenile Diabetes Research Foundation.
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Utility of anti-tetraspanin 7 auto-antibodies in adults and children
with type 1 diabetes: insights from the ADDRESS-2 study
O. Groom1, K. McLaughlin2, J. Johns2, H. Walkey1, A. Kaur1, A.
Williams3, I. Godsland1, N. Oliver1, D. Johnston1, S. Misra1;
1Diabetes and Metabolic Medicine, Imperial College London, London,
2Oxford Centre for Diabetes, Endocrinology & Metabolism, University
of Oxford, Oxford, 3Diabetes and Metabolism, University of Bristol,
Bristol, UK.

Background and aims: Tetraspanin-7 has been identified as a marker of
autoimmunity in type 1 diabetes (T1D). We explored the phenotype of
anti-tetraspanin 7 antibody (Tspan7A) positive individuals in incident
cases of T1D.
Materials and methods: The ADDRESS-2 cohort, recruits adults and
children within 6 months of a diagnosis of clinician-assigned T1D.
Clinical and biochemical data are collected and GAD-65, IA-2 and
ZnT8 autoantibodies are routinely measured at a central laboratory. In
this pilot study, we randomly selected 499 individuals from this cohort
to be tested for Tspan7A using a luciferase immunoprecipitation system.
Individual characteristics, diabetes presentation and clinical biomarkers
were compared between those positive and negative for Tspan7A.
Results:Of the 499 individuals, 83% (412) were positive for GADA, IA-
2A and/or ZnT8A, while 32% (162) were positive for Tspan7A alone or
in combination. Of the 17% (87) found GADA, IA-2A and ZnT8A neg-
ative, Tspan7A antibodies were detected in 4.6% (4). Tspan7Awere ad-
ditionally detected in 18.7% (20/107) of those positive for a single anti-
body (GADA, IA-2A or ZnT8A) and 47% (142/305) of those positive for
multiple autoantibodies. Characteristics of Tspan7A positivity: Children
(49% vs 30%, p<0.0001) and females (56% vs 41%, p=0.002) were more
likely to be Tspan7A positive. In adult-onset T1D, the presence of Tspan7
positivity was associated with a younger age at diagnosis (17.0 vs 25.0,
p=0.0001). Weight category, concurrent autoimmune disease and family
history were not different between those found Tspan7A positive or neg-
ative. Predictors of Tspan7A positivity: Though younger age of diagnosis,
female gender and positivity for other antibodies were univariate predic-
tors of Tspan7A positivity, when combined in a multivariable regression
model, only younger age at diagnosis and antibody positivity remained
independent predictors of Tspan7A status. Characteristics of those only
positive for Tspan7A: These 4 individuals had variable phenotypes: 2
were male, 2 were adults, 3 were overweight/obese and 3 had HbA1c
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>11.3% (100 mmol/mol) at presentation. Key findings: 1) A small pro-
portion of people with T1D, negative for GADA, IA-2A and ZnT8A,
were Tspan7A positive. 2) Younger age at diagnosis and pancreatic au-
toantibody positivity were independent predictors of Tspan7A positivity.
3) The characteristics of those positive only for Tspan7Awere diverse.
Conclusion: Tspan7A positivity is associated with a younger age at di-
agnosis in T1D. 4.6% of autoantibody negative individuals were positive
for Tspan7A and, though small in number, these individuals had variable
clinical characteristics. Younger individuals who are negative for GADA,
IA2A and ZnT8A, may benefit from additional measurement of
Tspan7A. Larger studies are needed to examine further the characteristics
of these individuals.
Supported by: JDRF, DUK, EFSD
Disclosure: O. Groom: None.
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Mechanotransduction in human and mouse beta cell lines: reliable
models to characterise novel signalling pathways controlling beta cell
fate
A. Galli1, E. Maffioli2, A. Marku1, F. Bertuzzi3, C. Lenardi4, G.
Tedeschi2, C. Perego1;
1Dept. of Pharmacological and Biomolecular Sciences, Università degli
Studi di Milano, Milan, 2Dept. of Veterinary Medicine, Università degli
Studi di Milano, Milan, 3Niguarda Hospital, Milan, 4Dept. of Physics,
Università degli Studi di Milano, Milan, Italy.

Background and aims: Attempts to influence β-cell differentiation by
engineering substrates that mimic appropriate extracellular matrix (ECM)
topographies are hampered by the fact that profound details of
mechanosensing/transduction complexity remain elusive.We recently dem-
onstrated that human islets of Langerhans sense the ECM nanotopography
and activate a mechanotransductive pathway, which is essential for preserv-
ing long-term β-cell differentiation and function in vitro. However, human
islets of Langerhans are extremely heterogeneous and their availability for
research purpose is limited. Therefore, aim of the proposed research was to
investigate whether mouse and human β-cell lines might sense changes in
the ECM topography andmight be used as a simplifiedmodel to dissect the
molecular pathways involved in mechanotransduction.
Materials and methods:We used supersonic cluster beam deposition to
fabricate nanostructured substrates characterized by a quantitatively con-
trollable ECM-like nanoroughness. Mouse βTC3 and human 1.1B4 cells
were seeded on these substrates and after five days in culture, the activa-
tion of the mechanotransductive pathway was verified by means of mor-
phological (super-resolution fluorescence microscopy), functional and
proteomic techniques.
Results: Quantitative immunofluorescence studies demonstrated that the
cell-nanotopography interaction affects the focal adhesion structures
(smaller vinculin clusters), the organization of the actin cytoskeleton
(shorter actin fiber) and the nuclear architecture. Functional studies re-
vealed that nanostructured surfaces improve the β-cell mitochondrial
activity and increase the glucose-stimulated Ca2+currents and insulin re-
lease. Label-free shotgun proteomics broadly confirmed the morpholog-
ical and functional studies and showed the upregulation of a number of
mechanosensors and transcription factors involved in β-cell differentia-
tion in cells grown on nanostructured substrates compared to those grown
on flat standard control surfaces.
Conclusion: Our data reveal that mouse and human β-cell lines sense
changes in extracellular mechanical forces and activate a
mechanotransductive pathway. The findings from this study will be use-
ful to clarify the link between mechanotransduction and cell fate and to
successfully engineer scaffolds in order to have functional beta cells.
Disclosure: A. Galli: None.
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The long non-coding RNA PAX6-AS1 controls human beta cell
identity
L. López Noriega1, A. Martinez Sanchez1, R. Callingham1, E.
Akalestou1, M.-S. Nguyen-Tu1, I. Leclerc1, L. Cardenas2, P.J. Gadue2,
P. Marchetti3, T.J. Pullen4, G.A. Rutter1;
1Department of Medicine, Section of Cell Biology and Functional
Genomics, Imperial College London, London, UK, 2Department of
Pathology and Laboratory Medicine, University of Pennsylvania,
Philadelphia, USA, 3Department of Clinical and Experimental
Medicine, University of Pisa, Pisa, Italy, 4Department of Diabetes,
King’s College London, London, UK.

Background and aims: Long non-coding RNAs are crucial components
of the pancreatic islet regulome whose mis-expression may contribute to
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the development of type 2 diabetes. We investigate here roles for an
antisense long non-codingRNA transcript expressed from the PAX6 locus
(PAX6-AS1). PAX6 is transcription factor required for normal β-cell
development and function which is down-regulated in several animal
models of diabetes as well as in hyperglycaemic individuals. The aim
of this study was to determine whether PAX6-AS1 modulates PAX6
expression and impacts human β-cell identity and function through this,
or other mechanisms.
Materials and methods: PAX6-AS1 expression was measured in
EndoC-βH1 cells and human islets incubated at different glucose con-
centrations. Additionally, PAX6-AS1 was silenced in EndoC-βH1 cells
and in human pancreatic islets using CRISPR/Cas9 technology and
shRNA lentiviral vectors, respectively.
Results: Culture for 48 h in the presence of high (3 vs 17 mM) glucose
induced PAX6-AS1 expression in both EndoC-βH1 cells (n=5, p<0.01)
and human pancreatic islets (n=7, p<0.03). EndoC-βH1 cells, engineered
using a tailored CRISPR/Cas9 approach to delete exon 1 of PAX6-AS1,
exhibited a 47±6 % (n=6, p<0.0001) decrease in PAX6-AS1, but in-
creased levels of PAX6, INS, MAFA, GLUT2 and PDX1 mRNAs. In
contrast, NEUROG3, MAFB and ARX were down-regulated in PAX6-
AS1 null compared to control cells. PAX6-AS1 deletion also increased
total insulin content without affecting the percentage of insulin secreted in
response to 17 vs 0.5 mM glucose. Oxidative metabolism, as determined
by MTT assay, was also increased (n=5, p<0.02) in PAX6-AS1-deleted
compared to control cells, while no significant differences were observed
in the number of proliferating cells (EdU staining). Preliminary data on
islets from two donors indicated that shRNA-mediated PAX6-AS1 silenc-
ing in human islets also increased insulin mRNA levels. PAX6-AS1
knockdown in human islets enhanced glucose-induced insulin secretion,
while total insulin content was not affected.
Conclusion: Hyperglycaemia induces PAX6-AS1 expression in pancre-
atic islets, and this leads to the down-regulation of several β-cell signature
genes, such as PAX6 and INS. We therefore speculate that augmented
PAX6-AS1 expression may contribute to β-cell failure during the devel-
opment of some forms of type 2 diabetes.
Supported by: MRC
Disclosure: L. López Noriega: None.
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Inhibition of calcineurin and activation of the dual leucine zipper
kinase by reactive oxygen species contribute to the loss of beta cell
mass
E. Oetjen1, J. Duque Escobar1, A. Kutschenko2, R. Babaei1, I. Hermans-
Borgmeyer1, S. Schröder1, R. Blume3, I. Rustenbeck4, C. Painer5, T.
Lemcke5, W. Maison5;
1University Medical Center Hamburg-Eppendorf, Hamburg, 2University
Medical Center Hannover, Hannover, 3University Medical Center
Göttingen, Göttingen, 4Technical University Braunschweig,
Braunschweig, 5University Hamburg, Hamburg, Germany.

Background and aims: Hyperglycemia enhancing intracellular levels of
reactive oxygen species (ROS) contributes to the dysfunction and pro-
gressive loss of beta-cells but the underlying mechanisms are not fully
understood. Previous studies suggest that inhibition of the beta-cell pro-
tective redox-sensitive phosphatase calcineurin (Cn) stimulates the beta-
cell damaging kinase dual leucine zipper kinase (DLK). Therefore, it was
investigated whether ROS or high glucose levels inhibit Cn and activate
DLK thereby reducing beta-cell mass.
Materials and methods: Immunoblots, double immunofluorescence
analysis and luciferase reporter gene assays were performed in the beta-
cell line HIT. TUNEL assays were done in isolated islets of newly gen-
erated mice, lacking DLK specifically in beta-cells.
Results: In HIT cells, the ROS H2O2 inhibited Cn by 70 ± 8 % and
increased DLK auto- and substrate phosphorylation 1.7 ± 0.3 and 1.7 ±
0.2 fold, respectively. Protein interaction assays with recombinant DLK

and Cn revealed the LxVP motif within DLK as Cn interaction motif. In
line with this, overexpression of the DLK mutant unable to interact with
Cn (DLK V364A) did not interfere with the Cn-dependent nuclear trans-
location of the transcription factor NFAT. Overexpression of DLK
V364A increased phosphorylation of the downstream kinase JNK 2.2 ±
0.1 fold more than DLKwild-type (wt) and yielded 1.4 fold more cleaved
caspase-3 positive cells than DLKwt. Hence, DLKV364A is more active
than DLKwt and interaction with and probably dephosphorylation by Cn
renders DLK less active. Reduction of endogenous DLK by RNAi atten-
uated H2O2-induced HIT cell death (62 ± 6.2 % and 105 ± 14.4 % viable
cells with control RNAi or DLKRNAi, respectively). A conditional beta-
cell specific DLK knock-out mouse (beta-DLK-/-) was generated to study
whether DLK contributes to beta-cell death under glucotoxic conditions.
Compared to control mice, these mice exhibited normal glucose induced
insulin secretion and weight gain. Isolated islets from beta-DLK-/-, DLKfl/

fl- and RIP-Cre transgenic mice were treated for 5 days with 33.3 mM
glucose. Apoptosis was measured by TUNEL within the insulin positive
cells. High glucose increased apoptosis in the islets of the DLKfl/fl- and
RIP-Cre transgenicmice 3.4 and 5.7 fold, respectively, but not in the islets
of beta-DLK-/- mice (app. 50 islets from 5 to 9 mice per genotype and
treatment). In line, in beta-DLK -/- islets high glucose did not increase
JNK phosphorylation (0.9 ± 0.1 vs. 1.8 ± 0.2 in wild-type mice).
Conclusion: These results show an interaction between DLK and Cn and
suggest that inhibition of Cn by ROS or under glucotoxic conditions
activates DLK. Furthermore, DLK contributes to high glucose induced
beta-cell apoptosis. Thus, the inhibition of DLK will preserve beta-cell
mass despite the presence of diabetic risk factors.
Supported by: DFG, DDG
Disclosure: E. Oetjen: None.
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Serotonin regulates beta cell mass during perinatal period
H. Kim1, J. Moon1, Y. Kim1, K. Kim1, M.S. German2;
1KAIST, Daejeon, Republic of Korea, 2UCSF, San Francisco, USA.

Background and aims: Determination of β cell mass largely depends on
β cell neogenesis during embryonic period and replication during perinatal
period. Especially, β cells proliferate rapidly and comprise the major por-
tion of pancreatic islet after endocrine differentiation is completed.
Interestingly, serotonin production increases in β cells during pregnancy
and perinatal period, two physiological conditions that β cells proliferate
actively. Although serotonin is known to regulateβ cell proliferation during
pregnancy, its role in perinatal β cell expansion has not been elucidated.
Materials and methods: We have generated β cell specific Tph1 knock-
out (Tph1 βKO) mouse to completely block serotonin production in β cell
and show how serotonin determines β cell mass during perinatal period.
Results: Tph1 expression in pancreas peaks at postnatal day 0 (P0).
Accordingly, robust serotonin production was observed in β cells by immu-
nostaining in β cells at P0. In Tph1 βKO mice, serotonin production was
disappeared at P0 without developmental defect in β cells. Both β cell pro-
liferation and β cell mass were decreased in Tph1 βKO, which resulted in
impaired glucose tolerance at adulthood.We also identified Htr2b expression
was upregulated in pancreas at E18.5.β cell specific Htr2b KO (Htr2bβKO)
mouse phenocopied Tph1 βKO mice, suggesting that Htr2b is the down-
stream of serotonin. To investigate upstream regulator of β cell serotonin
production during perinatal period, serotonin immunostaining was performed
in Prlr βKO and Stat5 βKO. Serotonin was eliminated from β cells at P0
only in Stat5 βKO mice, not in Prlr βKO mice, suggesting that prolactin is
not the upstream regulator of serotonin during perinatal period.
Conclusion: Serotonin plays a critical role in the determination of β cell
mass by regulating β cell proliferation through Htr2b receptor during
perinatal period.
Supported by: National Research Foundation of Korea, Health
Fellowship Foundation
Disclosure: H. Kim: None.
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Inhibition of microRNA-33 and microRNA-503 maintains beta cell
mass and promotes beta cell secretory function
B. Liu, I. Ruz-Maldonado, P. Atanes, S.J. Persaud;
Department of Diabetes, Faculty of Life Sciences & Medicine, King's
College London, London, UK.

Background and aims: MicroRNAs (miRNAs) are non-coding RNAs
that act as sequence-specific suppressors of messenger RNAs (mRNAs).
These regulatory molecules bind to the 3′ untranslated region (3’UTR) of
their target mRNAs, leading to messenger degradation or translational
inhibition. We have identified that two novel microRNAs (miR-33 and
miR-503) are expressed in both mouse and human islets and in silico
prediction using TargetScan has revealed that they target a network of
genes that are known to play key roles in the regulation of β-cell function.
The aim of this study was therefore to investigate the role of miR-33 and
miR-503 in regulating β-cell mass and their secretory function.
Materials and methods:miRNAs were isolated from mouse islets using
a miRNA extraction kit. Expression of miR-33 and miR-503 were quan-
tified using the miScript SYBRGreen PCR System and normalised to the
small nucleolar RNA RNU6B. Immunohistochemistry was used to quan-
tify β-cell proliferation in fixed pancreases from mice fed normal chow
(CD) or a high fat diet (HFD). To suppress the expression of miR-33 or
miR-503, isolated mouse islets were transduced with lentiviral miR-33 or
miR-503 inhibitors at multiplicity of infection of 5. In parallel, islets were
also transduced with control vectors under the same experimental condi-
tions. The effects of miRNA inhibition on islet cell caspase-3/7 activities
were quantified using a luminescent assay following exposure of trans-
duced islets to a cytokine cocktail (1U/μl IFNγ, 1U/μl TNFα, 0.05U/μl
IL-1β). Insulin content and insulin secretion followingmiRNA inhibition
were determined by radioimmunoassay.
Results: miR-33 and miR-503 expression was significantly down-
regulated in islets isolated from mice fed a HFD (relative to RNU6Bx104;
CD vs HFD; miR-33: 5.7±0.9 vs 3.0±0.6; miR-503: 11.8±2.0 vs 4.9±1.2;
n=4; P<0.05)whereβ-cell proliferationwas increased by 5.3±0.4-fold prior
to the onset of a significant diabetic phenotype (n=44 individual islets;
P<0.05). These data indicate a potential role for miR-33 and miR-503 in
the negative regulation of β-cell proliferation. Lentivirus-mediated inhibi-
tion of miR-33 or miR-503 in mouse islets significantly reduced basal
(luminescence; control: 65,081±4,757, miR-33 inhibition: 49,118±3022,
miR-503 inhibition: 38,980±3136; n=8; P<0.001) and cytokine-induced
apoptosis (control: 105,671±583, miR-33 inhibition: 65,500±4,699, miR-
503 inhibition: 66,290±5884; n=8; P<0.001), suggesting a pro-apoptotic
role of thesemiRNAs inβ-cells. Furthermore, inhibition ofmiR-33 ormiR-
503 caused 1.3±0.1-fold and 2.1±0.1-fold increases in insulin content re-
spectively, which may be a result of increased functional β-cell mass.
Finally, the increases in insulin content following miR-33 or miR-503 in-
hibition were accompanied by significant potentiation of insulin secretion
in response to 20mM glucose (ng/islet/h; control: 0.44±0.03, miR-33 inhi-
bition: 0.77±0.08, miR-503 inhibition: 0.93±0.08; n=8; P<0.01).
Conclusion: These data are consistent with miR-33 andmiR-503 playing
a pivotal role in regulating β-cell secretory function, possibly through
repression of β-cell proliferation and stimulation of β-cell apoptosis.
Inhibition of miR-33 and miR-503 expression therefore represents a po-
tential novel strategy for maintaining β-cell mass and improving β-cell
function for the treatment of diabetes.
Supported by: Diabetes UK RD Lawrence Fellowship
Disclosure: B. Liu: None.
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Direct effects of the selective serotonin reuptake inhibitors, fluoxetine
and sertraline, to improve beta cell mass and function in vitro and
in vivo
K. Toczyska, I. Ruz-Maldonado, B. Liu, S.J. Persaud;
Diabetes, King's College London, London, UK.

Background and aims: Selective serotonin reuptake inhibitors (SSRIs)
are the most widely prescribed class of antidepressants used to treat mod-
erate depression and anxiety, and they act by increasing serotonin levels
in the synapses by blocking the serotonin transporters. There is growing
evidence that fluoxetine and sertraline, two commonly prescribed SSRIs,
improve glycaemic control in depressed patients with type 2 diabetes
(T2D), but little is known about the underlying mechanisms. The aim
of the current study was to investigate the effects of low therapeutic
concentrations of fluoxetine and sertraline on β-cell mass and function.
Materials and methods: MIN6 β-cell proliferation and ATP generation
were quantified after 48h exposure to fluoxetine or sertraline (1-10μM)
using BrdU and CellTiter-Glo assays, respectively. Mouse islets were
incubated with 1μM fluoxetine or sertraline for 48h, apoptosis was in-
duced by exposure to pro-inflammatory cytokines (IFNγ, TNFα, IL-1β)
and caspase-3/7 activities were quantified by the Caspase-Glo assay. In
in vivo experiments, 5 ob/ob mice were injected with fluoxetine
(10mg/kg) or DMSO (0.1%) intraperitoneally 4 times over 14 days,
BrdU (1mg/ml) was provided in drinking water for 7 days and β-cell
proliferation was determined by fluorescence immunohistochemistry
using antibodies directed against insulin and BrdU. The effects of 1μM
fluoxetine and sertraline on glucose-stimulated insulin secretion from
human islets were determined by perifusion and radioimmunoassay.
Results: 1μM fluoxetine and sertraline significantly increased MIN6 β-
cell proliferation by 81.6±27.4% and 111.6±17.4%, respectively, which
was associated with increased ATP production (luminescence, control:
2,058,802±532,824; +fluoxetine: 5,035,642±396,072; +sertraline:
5,858,481±223,205; n=8, P<0.001). However, 10μM fluoxetine or ser-
traline was cytotoxic and decreasedMIN6 β-cell viability by 96.9±25.9%
and 97.9±28.9%, respectively. Both SSRIs at 1μM markedly decreased
cytokine-induced apoptosis in mouse islets (luminescence, control:
130,536±8,996; +fluoxetine: 93,815±10,391; +sertraline: 105,126
±6,550; n=8, P<0.05), without having any effect on basal apoptosis
(P>0.2 versus control). In contrast, paroxetine, another SSRI, caused a
concentration-dependent increase in both basal and cytokine-induced ap-
optosis (luminescence, control: 21,061±724; +0.01μM paroxetine:
62,815±4,210; +0.1μM paroxetine: 80,204±6,846; n=4, P<0.01; cyto-
kine control: 112,638±6,051; +0.01μM paroxetine: 178,114±20,625;
+0.1μM paroxetine: 212,833±25,748; n=4, P<0.05). Administration of
fluoxetine in vivo significantly increased BrdU incorporation into β-cells
(BrdU+ β-cells/islet, vehicle-treated: 7.03±0.66; fluoxetine-treated:
19.72±1.58; n=100-116 individual islets, P<0.001). 1μM fluoxetine and
sertraline also reversibly potentiated glucose-induced insulin secretion
from human islets in perifusion (AUC, 20mM glucose: 1,216±110.2;
+fluoxetine: 1,777±179.3; n=4, P<0.05; 20mM glucose: 2,366±221.7;
+sertraline 5,482±439.4; n=4, P<0.01).
Conclusion: These results demonstrate that 1μM fluoxetine and sertra-
line increase β-cell mass and stimulate insulin secretion, suggesting that
their direct effects at β-cells underlie their clinical effects to improve
glycaemia. These data support their clinical use for the management of
T2D in depressed patients.
Supported by: MRC DTP
Disclosure: K. Toczyska: None.

419
TSC2, RAPTOR and glucokinase are key regulators of mTORC1
signalling and pancreatic beta cell survival under energetic stress
P. Marqués1, A. Bartolomé2, A. Kamitz1, C. González1, J. Burillo1, H.
Martínez1, M. Fernández-Rhodes1, B. Jiménez1, M. Jordán1, G. García1,
S. Fernández1, C. Guillén1, M. Benito1;
1Biochemistry and Molecular Biology, Complutense University of
Madrid, Madrid, Spain, 2Russ Berrie Medical Science Pavilion, Naomi
Berrie Diabetes Center, New York, USA.

Background and aims: Energy sensing is essential to balance anabolic
and catabolic processes for the maintenance of cell viability. Pancreatic
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beta cells are especially relevant because of their involvement in the
coordination of insulin secretion when glucose appears in the environ-
ment. Here, we uncover the increased susceptibility of beta cells to apo-
ptosis using different energy stressors, being proteins such as TSC2,
AMPK/RAPTOR and glucokinase (GK) essential components in this
sensing mechanism.
Materials and methods:We used different cell lines generously donated
by either David Kwiatkowsky (MEF TSC2+/+ and TSC2-/- cells) or by
Leonard Guarente (MEF SIRT1 and SIRT1 -/- cells). Furthermore, we
have generated stably transfected MIN6 with either scrambled or TSC2
shRNA. For some experiments we have blocked SIRT1 activity using
EX527, which is a specific SIRT1 inhibitor. For analyzing the AMPK
signaling pathway we have generated MIN6 cells overexpressing either
RAPTORWTor a double mutant form of RAPTOR AA, which presents
the two key residues controlled by AMPK. In these cells, we have tested
the effect of the following energetic stressors: Metformin, a drug usually
utilized in type 2 diabetes mellitus (T2DM) patients (from 2 mM to 10
mM), 2-deoxyglucose (2DG, from 5 mM to 25 mM), a glucose analogue
unable to enter glycolytic pathway and resveratrol (35 μM), a SIRT1
inductor that downregulates mTORC1 pathway through TSC2
deacetylation. We also use glucose deprivation to induce stress.
Results: When glucose drops at 5 mM, only pancreatic beta cells are
capable to inhibit mTORC1 signaling with a concomitant activation of
AMPK signaling pathway. In fact, when we transfect either MIN6 or
HEK cells with a phospho-mutant form of BAD, only in the former there
is an increased in prosurvival factors. This increased vulnerability to
energetic stressors of pancreatic beta cells is observed after glucose dep-
rivation or by using metformin or 2DG. Metformin, resveratrol and glu-
cose deprivation, facilitate translocation of TSC2 to the membrane of the
lysosome with statistical significance, where MTORC1 is inhibited. Cell-
specific expression of GK allows the adaptation of pancreatic beta cells to
energetic stress.
Conclusion: Together, these results may open potential implications for
the use of GK activators or TSC2 modulators for the maintenance of
pancreatic beta cells for longer periods of time avoiding its loss in differ-
ent pathologies such as T2DM.
Supported by: MICINN (SAF 2017-82133-R), ISCIII (CB07/08/0001),
MOIR2-CM B2017/BMD-3684
Disclosure: P. Marqués: None.
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420
Stimulation of FFA1/GPR40 raises the intracellular Ca2+ concentra-
tion via activation of TrpM3 channels in beta cells
G. Kaiser1,2, T. Ulven3, P. Krippeit-Drews4, H.-U. Häring1,2, G. Drews4,
S. Ullrich1,2;
1German Center for Diabetes Research (DZD e.V.), Helmholtz Center
Munich, Tuebingen, Germany, 2Internal Medicine IV, Endocrinology,
Diabetology and Nephrology, University Hospital Tuebingen,
Tuebingen, Germany, 3Department of Drug Design and Pharmacology,
University of Copenhagen, Copenhagen, Denmark, 4Department of
Pharmacology, Clinical Pharmacy and Toxicology, University of
Tuebingen, Tuebingen, Germany.

Background and aims: Fatty acids (FAs) are important potentiators of
glucose-stimulated insulin secretion (GSIS) via activation of the Gq
coupled-receptor FFA1. The mechanism involves the activation of phos-
pholipase C and subsequent generation of the second messengers DAG
and IP3. Another mechanism attributed to the G protein-coupled recep-
tors is the modulation of non-selective transient receptor potential (TRP)
channels. It has been shown that the Ca2+-permeable channel TrpM3 and
the Na+-permeable channel TrpM5 support the GSIS via elevation of
cytosolic Ca2+ ([Ca2+]c) in insulin producing cells. This study aims to
analyze the role of TrpM3 in the FFA1-stimulated insulin secretion and
to gain a better understanding of the mechanism of FFA1 action in beta-
cells.
Materials and methods: The expression levels of TrpM channels were
measured with RT-qPCR in INS-1E cells and FACS-sorted mouse beta-
cells. FFA1 receptor was activated with the small agonist TUG-469 in
INS-1E cells and isolatedmouse islets. Reduction of Trpm3mRNA levels
in INS-1E cells was achieved with siRNA. The activity of TrpM3 was
pharmacologically inhibited with mefenamic acid. [Ca2+]c was assessed
with the fura-2 dye.
Results: INS-1E cells express Trpm3 mRNA, whereas FACS-sorted
mouse beta-cells mainly produce Trpm3 and Trpm7 mRNA. TUG-469
dependent stimulation of GSIS was inhibited by mefenamic acid in INS-
1E cells and mouse islets. Mefenamic acid reduced the TUG-469 medi-
ated elevation of [Ca2+]c in isolated mouse islets. Downregulation of
Trpm3 mRNA impeded the stimulatory effect of TUG-469 on insulin
secretion and reduced the TUG-469 dependent rise of [Ca2+]c in INS-
1E cells. At the same time, the effect of mefenamic acid on insulin secre-
tion was abolished in siTrpM3 treated cells. Thapsigargin also inhibited
the TUG-469 effect on GSIS and on [Ca2+]c.
Conclusion: In conclusion, our data suggest that activation of TrpM3
channels is involved in the FFA1-dependent increase in [Ca2+]c and the
stimulation of insulin secretion.
Disclosure: G. Kaiser: None.

421
Tetraspanin-7 regulation of Ca2+ handling and actin dynamics mod-
ulates islet hormone secretion
M.T. Dickerson, P.K. Dadi, R.B. Butterworth, D.A. Jacobson;
Molecular Physiology and Biophysics, Vanderbilt University, Nashville,
USA.

Background and aims: Glucose-stimulated insulin secretion (GSIS) is
regulated by F-actin remodeling and Ca2+ influx, which become dysfunc-
tional during the pathogenesis of diabetes. Tetraspanin (TSPAN) trans-
membrane proteins form plasma membrane microdomains that control
actin dynamics and Ca2+ handling, thus, TSPANs may modulate GSIS.
TSPAN7 is the most abundant TSPAN transcript in mouse and human
islets. TSPAN7 autoantibodies have also been identified in type 1 diabetic
serum, suggesting a link between TSPAN7 and diabetes.While the role of
islet TSPAN7 is unknown, in other cell types TSPAN7 facilitates F-actin
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polymerization. Furthermore, TSPAN7 regulates ionotropic AMPA glu-
tamate receptor (AMPAR) function, thus controlling neuronal electrical
excitability and Ca2+ influx. Therefore, the aim of this project was to
determine how TSPAN7 control of islet actin dynamics and Ca2+ han-
dling regulates hormone secretion.
Materials andmethods: Pancreatic sections were stained with TSPAN7,
insulin, and glucagon (GCG) specific antibodies and expression patterns
were analyzed using fluorescent secondary antibodies. Lentiviral shRNA
delivery was used to knockdown (KD) TSPAN7 in mouse and human
islets and changes in F-actin distribution, Ca2+ handling, and hormone
secretion relative to scramble shRNA controls were examined. Confocal
microscopy was employed to monitor F-actin and Ca2+ using genetic and
dye-based indicators. Electrophysiology was utilized to measure changes
in β- and α-cell ion channel function due to TSPAN7 KD. The impact of
TSPAN7 on islet hormone secretion was assayed with standard hormone
radioimmunoassays.
Results: Immunofluorescence imaging indicates that TSPAN7 is highly
expressed in mouse and human β- and α-cells but not in acinar tissue. To
study the effects of TSPAN7 in islet cells shRNA KD was utilized with
fluorescent reporters to mark shRNA expressing cells. Under low (2 mM)
glucose conditions TSPAN7 KD caused a reduction in cortical F-actin
thickness in mouse (20.3±3.2%) and human (30.4±3.9%) β-cells relative
to scramble shRNA controls. TSPAN7 KD also resulted in increased
basal (5.6 mM glucose) insulin secretion from human β-cells (113.4
±46.0%). However, at high (14 mM) glucose TSPAN7 KD had no effect
on β-cell F-actin thickness. Interestingly, TSPAN7 KD led to increased
β-cell intracellular Ca2+ (32.3±9.5%) and Ca2+ oscillation frequency
(29.4±10.1%) in mouse islets at high glucose. Furthermore, depolariza-
tion with KCl stimulation augmented insulin secretion (36.4±11.8%)
from human TSPAN7 KD β-cells. In α-cells TSPAN7 KD increased
AMPAR currents (98.2±26.1% - mouse α-cells), AMPA-mediated Ca2+

influx (51.0±30.9% - mouse α-cells; 84.3±38.5% - human α-cells), and
AMPA-mediated GCG secretion (60.9±22.9% - human α-cells).
Conclusion:Here we show thatβ-cell TSPAN7 restricts insulin secretion
at low glucose by promoting F-actin polymerization. Whereas, at high
glucose TSPAN7 limits glucose-stimulated Ca2+ influx and insulin secre-
tion presumably through control of ion channel function. In α-cells
TSPAN7 controls AMPA-mediated Ca2+ influx and GCG secretion by
regulating AMPAR activity. Taken together, these findings suggest the
exciting possibility that islet TSPAN7-enriched microdomains modulate
the location and activity of Ca2+ handling proteins as well as enhance the
function of F-actin polymerization machinery.
Supported by: T32DK101003
Disclosure: M.T. Dickerson: None.

422
MICU2 and the critical role of mitochondrial calcium uptake in
glucose-stimulated insulin secretion
A. Hamilton1, N. Vishnu1,2, D.G. Nicholls1,3, H. Mulder1;
1LundUniversity,Malmö, Sweden, 2University of Pennsylvania, Philadelphia,
USA, 3The Buck Institute for Research on Aging, Novato, USA.

Background and aims: Pancreatic β-cell failure is a hallmark of type 2
diabetes with mitochondrial failure a key proponent in its manifestation.
Despite this, our understanding of β-cell mitochondria and their pertur-
bation in diabetes remains unclear. MICU2 could represent a key player
in mitochondrial function. It heterodimerizes with its homologueMICU1,
acting as a gatekeeper for the mitochondrial calcium uniporter. We hy-
pothesize that MICU2 plays a significant role in glucose-stimulated insu-
lin secretion (GSIS) via its effects on mitochondrial Ca2+ uptake.
Materials and methods: To assess the role of MICU2 in β-cell function,
siRNA-silencing of Micu2 in INS1-832/13 and EndoC-βH1 cell lines
was performed, and aMicu2-/- mouse model acquired. This was followed
by insulin secretion assays and live confocal imaging to assess mitochon-
drial function and effects on Ca2+ dynamics.

Results: siRNA-silencing ofMicu2 resulted in a significant drop in GSIS
in INS1 832/13 cells (p<0.0001 vs. control) and EndoC-βH1 cells
(p=0.0018 vs. control). Islets from Micu2-/- mice also displayed attenuat-
ed GSIS (p=0.0082 vs. control). As expected there was a clear decline in
mitochondrial Ca2+ uptake, which was attenuated in both INS1 832/13
cells and EndoC-βH1 cells, in response to high glucose (INS1 832/13:
p<0.0001 vs. control; EndoC-βH1: p=0.0076 vs. control) and high K+

(INS1 832/13: p<0.0001 vs. control; EndoC-βH1: p<0.0001 vs. control).
Further studies in INS1 832/13 cells showed that Micu2 silencing, pre-
sumably through its effects on mitochondrial Ca2+ uptake, caused pro-
nounced mitochondrial dysfunction illustrated by absent mitochondrial
membrane hyperpolarization (p<0.0001 vs. control) and a reduction in
the ATP/ADP ratio in response to high glucose (p=0.0017 vs. control).
Despite the loss of mitochondrial Ca2+ uptake, unexpectedly, cytosolic
Ca2+ was lower in siMICU2-treated INS1 832/13 cells in response to high
K+ (p<0.0001 vs. control). Mitochondria play a key role in clearing Ca2+

from the cytosol, including the submembrane compartment. Hence it was
hypothesized that in siMICU2-treated cells, Ca2+ was accumulating in the
submembrane compartment, preventing shuttling of Ca2+ to the rest of the
cytosol and resulting in desensitisation (via calcium-dependent inactiva-
tion) of voltage-dependent Ca2+ channels, thereby lowering total cytosol-
ic Ca2+. To test this, imaging was performed using the linescan configu-
ration to allow for Ca2+ to be measured in different parts of the cell. Upon
high K+ stimulation, Ca2+ was indeed found to be accumulating in the
submembrane compartment (p=0.0006 vs. control). Further experiments,
utilising the probe memCase12 to measure submembrane Ca2+

([Ca2+]mem), again showed a higher and more prolonged [Ca2+]mem re-
sponse to high K+ in siMICU2-treated INS 832/13 cells (p=0.0152 vs.
control).
Conclusion: MICU2 plays a critical role in β-cell mitochondrial Ca2+

uptake. Furthermore, it is revealed that β-cell mitochondria sequester
Ca2+ from the submembrane compartment, shuttling Ca2+ to the wider
cytosol and preventing desensitisation of voltage-dependent Ca2+ chan-
nels, thereby facilitating GSIS.
Supported by: SRC, LUDC-IRC, T2DSystems and Exodiab
Disclosure: A. Hamilton: None.

423
The role of KCNQ1 in regulation of insulin secretion involving beta
cell repolarisation
N. Gu1,2, P. Chen1, C. Stanley1, D.D. De Leon1, C. Li1,3;
1The Children’s Hospital of Philadelphia, Philadelphia, USA, 2Peking
University First Hospital, Beijing, China, 3Nanjing Institute of
Advanced Biotechnology and Life Science, Nanjing, China.

Background and aims: Insulin release is finely regulated by electrical
excitability of β-cells encompassing multiple ion channels. KCNQ1 en-
codes the pore-forming subunit of a voltage-gated K+ channel
(KvLQT1), inactivating mutations of KCNQ1 results in delayed repolar-
ization in cardiac pacemaker cells prolonging the duration of the action
potentials and resulting in long-QT syndrome. Individuals with long-QT
syndrome due to mutations in KCNQ1 have hyperinsulinemic hypogly-
cemia. The purpose of this study is to examine the function of KCNQ1 in
islets from mice carrying the inactivating mutation A340V (A340V
knock in mice, Kcnq1A340V/A340V).
Materials and methods: Islet isolation, insulin secretion, and cytosolic
Ca2+ measurements were used to evaluate β cell function. Gene expres-
sion profiling of mouse was performed by quantitative PCR.
Results: Kcnq1A340V/A340V mice had lower fasting plasma glucose and
enhanced glucose clearance during oral glucose tolerance
test(p<0.01)(figure). Compared to wildtype littermates, insulin secretion
of perifused islets isolated from knock-in mice displayed identical insulin
release in response to glucose ramp stimulation. However, cytosolic Ca2+

measurements in response to glucose stimulation showed delayed
switching-off after glucose withdrawal. Gene expression in isolated islets
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by qPCR showed that islets from Kcnq1A340V/A340V mice have three-fold
increased expression of ANO1, a gene encoding Tmem16a, a Ca2+ acti-
vated Cl- channel, also involved in beta-cell repolarization. When islets
perifused with T16Ainh-A01, a Tmem16a inhibitor, basal insulin secre-
tion was increased in Kcnq1A340V/A340V mouse islets, and also showed
slightly delayed switching-off of insulin released after stimulation with a
ramp of glucose.
Conclusion: These results suggest that KCNQ1 plays a role in termina-
tion or repolarization of insulin secretion, may also suggest that patients
with cardiac arrhythmia due to mutations of ion channels have abnormal
insulin secretion, if those ion channels also expressed in beta-cells.

Supported by: NIH Grant;CFF Grant
Disclosure: N. Gu: None.

424
Electrical coupling in primary or clonal islet cell spheroids
E. Puginier1, K. Leal Fischer1, J. Gaitan1, E. Malyshev2, B. Charlot2, M.
Raoux1, J. Lang1;
1UMR CNRS 5248 Chimie et Biologie des Membranes et Nano-objets,
Universite de Bordeaux, Pessac, 2UMR CNRS 5214, Universite de
Montpellier 2, Montpellier, France.

Background and aims: The availability of human clonal beta-cells con-
siderably facilitates fundamental research, pharmacological/toxicological
assays or the use in biosensors for the demand in insulin. Indeed, we have
patented and published an islet based hybrid biosensor for diabetes ther-
apy and pharmacology/toxicology assays. This sensor relies on simulta-
neous real-time recording of single cell (action potentials, AP) and of
coupled electrical activity (slow potentials, SP) of beta-cells. In our quest
for a suitable biological substrate for the sensor, available at a large scale,
we explored the human clonal cell line EndoC-βH1 in this context and
investigated whether spheroids improve function.
Materials and methods:Mouse islets (C57Bl/6) were prepared by stan-
dard methods, EndoC-βH1 (kindly provided by Univercell Biosolutions)
were cultured according to manufacturer's instructions. Spheroid forma-
tion was achieved either by 5D spherical plates with defined
microcavities (Kugelmeiers AG, Switzerland), hanging drop technique
or continuous shaking. Mechanical stability was tested by repetitive
(10x) pipetting (500 μl tip). Insulin release was measured by ELISA.
Electrical activities were recorded by microelectrode arrays (MEA) at a
high time resolution (10 kHz) for a prolonged period mimicking physio-
logical digestion. The use of PEDOT:PSS coated electrodes permits to
capture both small APs and more pronounced SPs. Lentiviral constructs
(GFP, Connexin36/GDJ2) were obtained from a commercial source and
propagated by a University service. A microfluidic MEA was prepared
with a PDMS mask to obtain single spheroid/islet capture.
Results: 5D spherical plates allowed spheroid formation of controlled
uniform size for EndoC-βH1 controlled by culture time (90-150 μm
diameter) whereas INS1 spheroids were too fragile for further study. In
contrast, aggregation by continuous motion (shaking) produced aggre-
gates of very heterogeneous sizes. We did not observe any significant

difference in GSIS between monolayer and (5D spherical plate) spheroid
EndoC-βH1 (G11: 2.35+0.2 vs 1.74+0.13, n=3; G11/IBMX 5.2+0.77 vs
5.5+0.32, n=3). MEA recordings of EndoC-βH1 monolayers and spher-
oids (5D spherical plates) detected APs as well as SPs which were, how-
ever hardly stimulated by glucose and a small increase in frequency was
only observed in the presence of glucose (11mM) and IBMX/Forskolin
(100 μM; 1 μM). The situation was similar in EndoC-βH1 spheroids
generated by the hanging drop method, whereas primary islet cells
reaggregated via hanging drops performed comparable to native islets,
although first phase activity was significantly shortened. Note that in re-
aggregated islets alpha-cells had a random distribution as evidenced by
immunocytochemistry. As EndoC-βH are known to express only low
levels of connexion Cx36, experiments for lentiviral transduction of
Cx36 and their testing in microfluidic arrays are currently in progress.
Conclusion: EndoC-βH1 represent a very useful model to study islet
beta-cells, however, coupling among cells remains weak, which may be
due to low expression of connexion 36. The results also suggest that
coupling may be required in addition to suppress basal activity.
Furthermore, our data on re-aggregated islets indicate that the topological
arrangement of individual islet cell types may influence beta-cell activa-
tion patterns.
Supported by: FEDER Europe-Aquitaine DIABOLO
Disclosure: E. Puginier: None.

425
Chronic fructose and extracellular ATP signalling induce intracellular
fasting-like phenotype mediated by AMPK in the pancreatic beta cell
T. Brun1,2, C. Bartley1,2, L. Oberhauser1,2, D. Duhamel1,2, Y.
Gosmain2,3, D. Bosco4, P. Maechler1,2;
1Cell Physiology and Metabolism, University of GenevaMedical Center,
Geneva, 2Faculty Diabetes Center, Geneva, 3Molecular Diabetes
Laboratory, Geneva University Hospital, Geneva, 4Department of
Surgery, Geneva University Hospital, Geneva, Switzerland.

Background and aims: While the use of fructose as a sweetener is
associated with increased hepatic fat storage, fructose alone does not
acutely stimulate insulin exocytosis from the beta-cell, as opposed to
the chief secretagogue glucose. We recently reported the effects of chron-
ic exposure to fructose on beta-cell function. Our results revealed that
fructose induces extracellular ATP signalling, resulting in the potentiation
of physiological glucose-stimulated insulin secretion (GSIS). This effect
is mediated by the activation of the calcium-mobilizer purinergic P2Y1
receptor and is associated with the release of cellular ATP through
pannexin-1 (panx1) channels. Since fructose also induces AMPK activa-
tion, we have now investigated the effects of fructose on both the extra-
cellular and the intracellular ATP signalling arms of pancreatic beta-cells.
INS-1E beta-cells, rodent and human islets were treated over days with
fructose before assessment of their glucose response. We then analyzed
the transcript levels of the components of extracellular ATP signalling.
Materials and methods: QT-RT-PCR for Tas1r2, Tas1r3, Panx1, P2ry1
and P2ry4was performed on insulinoma cells and isolated rodent (mouse
and rat) islets, as well as FACS-purified beta-cells. INS-1E beta-cells or
freshly isolated human islets were also exposed for 4 days to 5.5 mM
fructose in their respective standard medium. At the end of this pre-
treatment period, we measured AMPK phosphorylation and calcium
levels. We also performed immunodetections of KIR6.2.
Results: Panx1 was expressed in the whole islet, whereas P2ry1 tran-
scripts were enriched in purified beta-cells. Chronic exposure of INS-1E
beta-cells and human islets to fructose induced AMPK phosphorylation.
Correlating with AMPK activation, fructose pre-treatment of INS-1E
beta-cells caused translocation of K+-ATP KIR6.2 channels to the cell
membrane, exhibiting fasting-like phenotype. Stronger plasma mem-
brane depolarization, faster cytosolic calcium oscillations and higher cal-
cium levels were observed in the fructose-treated cells. Activation of
hemichannels by removal of extracellular Ca2+ led to the activation of
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AMPK. Addition of acute fructose for 10 min or the P2Y1 agonist
2MeSADP to naive INS-1E cells activated AMPK, mimicking chronic
fructose pre-treatment and pointing to the purinergic P2Y1 receptor for
acute AMPK activation.
Conclusion: Fructose treatment induced intracellular fasting-like pheno-
type in INS-1E beta-cells and human islets, associated with AMPK acti-
vation. Fructose also activated extracellular ATP signalling, an effect
mediated by the activation of purinergic P2Y1 receptors through in-
creased release of cellular ATP. These results reveal a channel-mediated
mechanism for the regulation of AMPK through purinergic signalling.
Disclosure: T. Brun: None.

426
Dual action of glimepiride on TRPM5 and KATP channels stimulates
glucose-induced insulin secretion while preventing hypoglycaemic
events
K. Philippaert1,2, P. Light2, R. Vennekens1;
1Department of Cellular and Molecular Medicine, KU Leuven, Leuven,
Belgium, 2Department of Pharmacology, University of Alberta,
Edmonton, Canada.

Background and aims: Glimepiride is a third generation sulfonylurea
drug, used to stimulate insulin secretion in type II diabetic patients. Since
the introduction of tolbutamide, decades of research have led to the de-
velopment of compounds like glimepiride that improve the pharmacolog-
ical effects and largely limit the side effects as hypoglycemia. The inter-
action of glimepiride with KATP channels, the bona fide target of sulfo-
nylureas, cannot fully explain the differences in observed effects between
glimepiride and earlier sulfonylureas. While screening a large library of
compounds, we observed that glimepiride potentiates the activity of
TRPM5. TRPM5 is a calcium-activated monovalent cation channel that
is expressed in the pancreatic beta-cells where it is involved in the regu-
lation of glucose-induced insulin secretion.
Materials and methods: We examined the interaction between
glimepiride and TRPM5 in a series of in vitro and in vivo experiments.
For this aim we measured TRPM5 currents evoked by glimepiride in
HEK-cells overexpressing TRPM5. We isolated pancreatic islets from
WT, Trpm5-/-, and KATP functional pore mutant mice and measured the
changes in intracellular calcium dynamics in the islets. Ultimately we
analysed the effects of glimepiride in vivo.
Results: Glimepiride increases TRPM5-mediated currents in HEK cells.
In isolatedWTmouse pancreatic islets, we observe calcium activity in the
presence of glimepiride in a lower concentration range compared to
Trpm5-/- islets. Furthermore, islets form KATP pore-mutant mice, there is
increased Ca2+ activity in the beta-cells upon glimpepiride application.
Ultimately in Trpm5-/- mice, glimepiride has less antihyperglycemic ef-
fects after a glucose injection compared to WT mice, indicating TRPM5
has a role in the signal transduction of glimepiride in the beta-cells.
Conclusion: The action on TRPM5 is downstream of increases in [Ca2+]i,
and as such glucose-dependent. Therefore, our data suggest an explanation
for the reduced hypoglycemic effect of glimepiride. Taken together, the pro-
miscuity of glimepiride leads to synergetic action on TRPM5 and KATP

channels to stimulate insulin secretion from pancreatic beta-cells. This new
information confirms the hypothesis that targetingTRPM5 is a valid approach
to stimulate insulin secretion and in fact, is unknowingly alreadywidely used.
Supported by: KP is a FWO [PEGASUS]2 Marie Skłodowska-Curie
Fellow grant No 665501.
Disclosure: K. Philippaert: None.
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Changes in K/Ca2+ currents, Ca2+ signals and secretion in pancreatic
alpha and beta cells from aged mice
L. Almagro1, S. Soriano1,2, P. Alonso-Magdalena1,3, Á. Nadal1,3, E.
Tudurí1,3, I. Quesada1,3;

1Instituto de Investigación, Desarrollo e Innovación en Biotecnología
Sanitaria de Elche (IDiBE), Elche, 2Departamento de Fisiología,
Genética y Microbiología, Universidad de Alicante, Alicante, 3Spanish
Biomedical Research Centre in Diabetes and Associated Metabolic
Disorders (CIBERDEM), Madrid, Spain.

Background and aims: Aging is associated with a lower peripheral
insulin sensitivity and the deterioration of glucose homeostasis, which
may eventually lead to diabetes onset. In conditions of insulin resistance
(IR) as in aging, pancreatic islets undergo different morphofunctional
adaptations to increase insulin release and preserve the normoglycaemic
state. However, if this compensatory response is not adequate,
hyperglycaemia and diabetes may arise. Glucose homeostasis is mainly
regulated by the coordinated release of glucagon and insulin from pan-
creatic alpha and beta-cells, respectively. In both cell types, hormonal
secretion depends on glucose-modulated metabolic, electrical and calci-
um signalling events.
Materials andmethods: In this study, we aimed to analyse the functional
adaptations of the pancreatic alpha and beta-cells in 3 and 20-month-old
mice. Aged animals were also categorized in two groups according to
their IR (aged-IR) or non-IR (aged-NIR) state, which was evaluated with
the quantitative insulin sensitivity check index (QUICKI). Isolated islets
and/or pancreatic cells were analysed by patch-clamp, confocal micros-
copy and ELISA.
Resul ts : While both groups of aged animals presented
hyperglucagonemia, only the aged-IR mice showed hyperinsulinemia.
K+ and Ca2+ currents were elicited with a depolarizing pulse protocol in
isolated pancreatic alpha and beta-cells, which were identified by their
cell capacitance and sodium inactivation current. While no changes were
observed in pancreatic alpha-cells, both K+ and Ca2+ currents displayed a
high tendency to increase in the aged-IR beta-cells compared with con-
trols. Additionally, Ca2+ signals were monitored in alpha and beta-cells
within intact islets. The characteristic Ca2+ oscillations at low glucose
levels (0.5 mmol/l) and their inhibition by 11 mmol/l glucose were re-
corded in the three groups without apparent differences. In the case of
beta-cells, the onset of glucose-induced Ca2+ oscillations was delayed in
the aged-NIR mice respect to the aged-IR group and the controls.
Analysis of glucose-stimulated insulin secretion showed that the isolated
islets from aged-IR mice present an enhanced secretory response.
Conclusion: Thus, these findings indicate that glucose-regulated hor-
monal secretion and the involved signalling events are altered in pancre-
atic islet cells during aging.
Supported by: AEI and Fondo Europeo FEDER. CIBERDEM
Disclosure: L. Almagro: None.
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Glucagon-like peptide-1 receptor imaging with [Lys40(Ahx-
HYNIC-99mTc/EDDA)NH2]-exendin-4 in localisation of insulinoma
A. Skvarca1, K. Senica2, A. Tomazic3, A. Hubalewska-Dydejczyk4, R.
Mikolajczak5, P. Kolenc Peitl2, L. Lezaic2;
1Department of Endocrinology, Diabetes and Metabolic Diseases,
University Medical Centre Ljubljana, Ljubljana, Slovenia, 2Department
of Nuclear Medicine, University Medical Centre Ljubljana, Ljubljana,
Slovenia, 3Department of Abdominal Surgery, University Medical
Centre Ljubljana, Ljubljana, Slovenia, 4Department of Endocrinology,
Nuclear Medicine Unit, Jagiellonian University Medical School,
Krakow, Poland, 5Radioisotope Centre POLATOM, National Centre for
Nuclear Research, Otwock, Poland.

Background and aims: The definite therapy for endogenous hyperinsu-
linism caused by an insulinoma is a pancreas-sparing surgery, in order to
preserve its endocrine and exocrine function. As most insulinomas are
solitary, benign and rather small in size, accurate preoperative localization
is of great importance. In about 10% of insulinomas, conventional imag-
ing (CT, EUS, MRI, somatostatin receptor scintigraphy) is negative.
Glucagon-like peptide-1 receptors (GLP-1R) are expressed in high per-
centage and density in virtually all insulinomas. The aim of this study was
to evaluate GLP-1R imaging with the use of [Lys40(Ahx-HYNIC-99mTc/
EDDA)NH2]-exendin-4 in localization of insulinoma, where convention-
al imaging was negative or inconclusive.
Materials and methods: Whole-body GLP-1R SPECT/CT was per-
formed four hours after administration of [Lys40(Ahx-HYNIC-99mTc/
EDDA)NH2]-exendin-4 in patients with suspected insulinoma and nega-
tive or inconclusive conventional imaging (CT/ /EUS/MRI/SRS). Blood
pressure and glucose values were monitored at several time points. The
results of GLP-1R scintigraphy were evaluated by an experienced nuclear
medicine physician and the diagnostic performance analysed using his-
topathology as the gold standard.
Results: Seven patients (all women, mean age 60 years) with biochemically
confirmed endogenous hyperinsulinism were enrolled in our study. In all
patients, focal uptake of the radiopharmaceutical in the pancreas was found
and surgery was performed. No metastases were found. In all cases, insulin-
producing neuroendocrine tumors were confirmed by histopathological anal-
ysis, for sensitivity and specificity of GLP-1R scintigraphy being 100%.
Conclusion: GLP-1R imaging with the use of [Lys40(Ahx-
HYNIC-99mTc/EDDA)NH2]-exendin-4 is a highly efficient diagnostic
modality for localization of insulinomas.
Disclosure: A. Skvarca: None.
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Fusion pore regulation by cAMP/Epac2 controls cargo release dur-
ing insulin exocytosis
A. Gucek1, N.R. Gandasi1, M. Omar-Hmeadi1, M. Bakke2, S.O.
Døskeland2, A. Tengholm1, S. Barg1;
1Uppsala University, Uppsala, Sweden, 2University of Bergen, Bergen,
Norway.

Background and aims: GLP-1 receptor agonists and sulfonylureas are
widely used antidiabetic drugs that increase insulin secretion.
Materials and methods: Here we show in human pancreatic β-cells and
in INS-1 cells that these drugs slow the expansion of the fusion pore, the
initial aqueous connection of the insulin granule to the extracellular space
during exocytosis. By promoting incomplete granule fusion (kiss-and-
run) this paradoxically restricts the release of insulin and other peptides,
while allowing rapid release of transmitter molecules such as ATP.
Results: The cAMP-sensor Epac2 (Rap-GEF4) controls fusion pore be-
havior by acutely recruiting two pore-restricting proteins, amisyn and

dynamin-1, to the exocytosis site in insulin-secreting beta-cells. cAMP
elevation restricts and slows fusion pore expansion and peptide release,
but not when Epac2 is inactivated pharmacologically or in Epac2-/-

(Rapgef4-/-) mice. Consistently, overexpression of Epac2 impedes pore
expansion. GLP-1 receptor agonists and sulfonylureas activate this path-
way and thereby paradoxically restrict hormone release.
Conclusion:We conclude that Epac2/cAMP controls fusion pore expan-
sion and thus the balance of hormone and transmitter release during
insulin granule exocytosis.
Supported by: Swedish Research Council & EFSD/MSD
Disclosure: A. Gucek: None.
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Intra-islet paracrine hormones dictate the effectiveness of GPCR ag-
onists as insulin secretagogues: studies with GIP and GLP-1
O. Cabrera1, J.V. Ficorilli1, J.L. Shaw1, O. Chepurny2, C. Leech2, F.
Schwede3, G.G. Holz2;
1Diabetes and Complications Research, Eli Lilly and Company,
Indianapolis, USA, 2SUNY Upstate Medical University, Syracuse,
USA, 3BIOLOG Life Science Institute, Bremen, Germany.

Background and aims: Intra-islet paracrine hormones are secreted from
islet alpha-cells so that they can act locally to enhance glucose-stimulated
insulin secretion (GSIS) from islet beta-cells. However, primary culture
of islets may lead to non-physiological accumulation of these hormones
within islets, thereby inducing desensitization and/or internalization of G
protein-coupled receptors (GPCRs). If so, drug discovery efforts to target
beta-cell GPCRs might yield spurious results. Here we investigated
whether rat islets suffer from this limitation when testing GIP and GLP-1.
Materials and methods: Perifusion studies of Sprague Dawley (SD) rat
islets were performed in which GSIS was initiated and terminated by
step-wise changes of the glucose concentration (G) from 2.8 to
16.7 mM to 2.8 mM. Perifusion assays were also performed by imposing
a linear gradient of increasing concentrations of glucose (3 to 30 mM
within 49 min). Perifusate fractions were assayed for insulin content.
Insulin release was quantified relative to whole-islet DNA content. The
presence of GIP, GLP-1, and glucagon in conditioned medium of islet
cultures was evaluated using a bioassay that detects agonist-stimulated
cAMP production in HEK293 cells expressing receptors (GIPR; GLP-
1R; GluR) for these hormones.
Results: Rat islets perifused at 2.8G exhibited 1st and 2nd phase insulin
secretion in response to 16.7G. Although both GIP and GLP-1 potentiat-
ed GSIS, the efficacy of GIP in terms of fold-stimulation was 2-3 times
greater than that of GLP-1. The threshold concentration for potentiation
of GSIS was 100 pM for GIP, whereas it was 300 pM for GLP-1. The
increased efficacy and potency of GIP relative to GLP-1was confirmed in
perifusion assays using a linear increase of glucose concentration. GIP
was without effect under conditions in which islets were pretreated with a
GIPR antagonist (rat GIP[3-30]) or a cAMP antagonist (Rp-8-Br-
cAMPS-pAB). Bioassays using the FRET sensor H188 expressed in
HEK293 cells demonstrated that conditioned medium from rat islet cul-
tures contained no GIPR receptor agonist activity, whereas it did contain
GLP-1R and GluR agonist activity. The GLP-1 receptor antagonist Ex(9-
39) reduced GSIS under conditions in which there was no exogenous
GIP, GLP-1, or glucagon. In contrast, rat GIP[3-30] failed to influence
GSIS under identical experimental conditions. Marked species differ-
ences between rat and human islets existed since conditioned medium
from human islet cultures contained significant GIPR agonist activity.
Conclusion: Assays of GSIS under conditions of perifusion validated
that SD rat islets are more sensitive to GIP in comparison to GLP-1.
We also found no evidence for intra-islet GIP in this species. Thus, we
advance the hypothesis that the rat beta-cell GIPR is not desensitized but
is instead "supersensitive" to exogenous GIP under experimental condi-
tions described here. Since the GIPR does not exhibit constitutive ligand-
independent signaling, its basal activity fails to support cAMP
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production, thereby explaining our finding that GIP[3-30) failed to influ-
ence GSIS in the absence of exogenous GIP. We conclude that rat islets
are a valuable screening tool since synthetic GIPR agonist action is un-
likely to be perturbed by confounding stimulatory actions of endogenous
GIP.
Disclosure: O. Cabrera: Stock/Shareholding; Over Cabrera, James V.
Ficorilli, and Janice L. Shaw own stocks and are shareholders at Eli Lilly
and Company.
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Expression of FFA2 and FFA3 and their role in human, mouse and
rat insulin secreting cells
E. Lorza Gil1,2, G. Kaiser1,2, E. Rexen Ulven3, F. Gerst1,2, H.-U.
Häring4,2, T. Ulven3, S. Ullrich1,2;
1Institute for Diabetes Research and Metabolic Diseases of the Helmholtz
Zentrum München at the University of Tübingen (IDM), Tübingen,
Germany, 2German Center for Diabetes Research (DZD e.V.), Tübingen,
Germany, 3Department of Drug Design and Pharmacology, University of
Copenhagen, Copenhagen, Denmark, 4University Hospital Tübingen,
Department of Internal Medicine IV, Endocrinology, Diabetology and
Nephrology, Tübingen, Germany.

Background and aims: Short chain fatty acids (SCFAs), as acetate,
propionate or butyrate aremainly produced during fermentation of dietary
fibers in the gut. SCFAs can act as signaling molecules by binding to G-
protein coupled receptors (GPCRs), specifically free fatty acid receptor 2
(FFAR2/GPR43) and 3 (FFA3/GPR41). There is evidence that SCFAs
exert both inhibitory and stimulatory effects on glucose-stimulated insulin
secretion (GSIS). FFA3 couples to pertussis toxin (PTx) sensitive Gi/o
proteins, while FFA2 has been described to couple to both Gi/o and Gq/11
proteins. Consequently, the observed effects of SCFAs on GSIS are high-
ly variable. This study aims to clarify whether SCFAs and the receptors
FFA2 and FFA3 are physiological relevant regulators of GSIS in humans.
Materials and methods: Isolated human islets (received from ECIT
centers) were dissociated and reaggregated into 2000-cell-pseudoislets.
In comparison, isolated mouse islets and FACS-sorted β-cells and non-
β-cells as well as INS1-E cells, a rat β-cell line, were analyzed. Cellular
mRNA levels of FFA1/GPR40, FFA2, FFA3 and FFA4/GPR120 were
assessed using RT-qPCR. Insulin secretion was assessed using static in-
cubation (1h in KRB) in the presence of SCFAs (1 mM). For selective
receptors activation and inhibition the following substances were used:
FFA3 agonists (1-MCPC and TUG-816), FFA2 agonist (4-CMTB) and
FFA2 antagonist (CATPB).
Results: Semi-quantitative estimation of mRNA levels suggests
that human pseudoislets predominantly express FFA1 followed
by FFA2 and FFA4. FFA3 mRNA levels were 6-times lower than
FFA2. The effect of SCFAs on GSIS was heterogeneous in
pseudoislet preparations of different donors: in 4/7 preparations
SCFAs did not affect GSIS, in 2/7 GSIS was increased by 60%
and in 1/7 GSIS was inhibited by 55%. The absence of an inhib-
itory effect of FFA3 agonists suggested that FFA3 is not function-
ally expressed in human islets cells. In 5 pseudoislet preparations,
the FFA2 agonist 4-CMTB did not affect secretion at 10 μM, but
inhibited GSIS at 100 μM. The FFA2 antagonist reversed the
effect of 4-CMTB. To confirm the specificity of the agonists,
INS-1E cells, mainly expressing FFA3, and mouse islets and
sorted β-cells, mainly expressing FFA2, were used. In INS-1E
cells butyrate as well as the FFA3 agonists inhibited GSIS by
15% and 30%, respectively. These effects were reversed by PTx
treatment. In mouse islets, similar to human pseudoislets, FFA3
agonists had no effect on secretion. The FFA2 agonist 4-CMTB
augmented GSIS at 10 μM in mouse islets but not in INS-1E
cells. As in human pseudoislets, 100 μM 4-CMTB inhibited
GSIS in mouse islets and in INS-1E cells. The inhibitory effect
of 4-CMTB was not reversed by PTx in INS-1E cells.

Conclusion: The results suggest that the relative expression of FFA2 and
FFA3 in beta-cells dictates the effects of SCFA on GSIS. This variable
expression may thus explain the different susceptibility of human islets to
SCFA.
Supported by: BMBF (grant 01GI0925)
Disclosure: E. Lorza Gil: None.
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Opposite functions of beta-arrestin2 for the potentiation of insulin
secretion by GLP-1 and GIP
M. Ravier1, J. Obeid1, S. Costes1, M. Leduc1, C. Broca2, A.
Wojtusciszyn2, S. Dalle1, G. Bertrand1;
1Institut de Génomique Fonctionnelle, Montpellier, 2Institut de
Recherche en Biothérapie de Montpellier, Montpellier, France.

Background and aims: The scaffold protein beta-arrestin2
(ARRB2) is known to uncouple G protein coupled receptors
(GPCRs) from the G protein and to recruit new signaling path-
ways (such as ERK1/2). It has been reported in non beta cells a
direct interaction of ARRB2 with the GLP-1 receptor (GLP-1R),
while its interaction with the GIP receptor (GIPR) is unclear. Our
aim was to determine if ARRB2 is involved in both incretin
receptor signaling in mouse beta cells.
Materials and methods: The experiments were carried out in beta
cells from five-month-old Arrb2+/+ and Arrb2-/- male mice. cAMP
production (CAMPS-epac), endogeneous PKA (AKAR3) and
ERK1/2 (EKAR) activations were measured by live microscopy
after adenoviral infection of cells with FRET-based sensors of
interest. Epac2 (Epac2-GFP) recruitment to the plasma membrane
was assessed by TIRF microscopy. The cytosolic Ca2+ concentra-
tion ([Ca2+]c) was measured by Fura2-LR.
Results: The genetic deletion of Arrb2 in mice was associated with a
better oral glucose tolerance and a concomitant increase in plasma insulin
concentration (p<0.05) despite an impaired i.p. glucose tolerance and a
decrease in beta cell mass, suggesting a greater incretin effect. However,
opposite effects in response to both incretin hormones were observed in
Arrb2-/- islets for insulin secretion. Whereas insulin secretion from
Arrb2-/- islets was larger with physiological concentrations of GLP-1
(1-10pM GLP-1; p<0.01), it was reduced by 50% in response to GIP
(100pM-10nM, p<0.01). When ARRB2 (ARRB2-GFP) was re-
expressed in Arrb2-/- beta cells, insulin secretion in response to GLP-1
or GIP was restored to a similar level than in Arrb2+/+ islets. The larger
insulin release induced by 10pM GLP-1 in Arrb2-/- beta cells was asso-
ciated with an increased cAMP production, PKA activation, and [Ca2+]c
(oscillations frequencies and mean level), while the Epac2 recruitment
remained unchanged. In contrast, GLP-1-induced activation of ERK1/2
was strongly decreased (~50%, p<0.05) in Arrb2-/- beta cells.
Unexpectedly, under GIP stimulation, the cAMP (cAMP, PKA, Epac2),
[Ca2+]c and ERK1/2 signaling pathways were similar in Arrb2+/+ and
Arrb2-/- beta cells. Additionally, GLP-1 compared to GIP induced PKA
long lasting activation after removal of the stimulation (>25 min vs 5min)
suggesting slow versus fast recycling receptors, respectively, that were
independent of ARRB2 expression. Finally, glucolipotoxic conditions
induced a 20% decrease of ARRB2 expression in human islets (p<0.05).
Conclusion: Our study revealed a differential role of ARRB2 in
GLP-1R and GIPR signalling, and therefore a specificity of action
for two GPCR positively coupled to cAMP. ARRB2 contributes
to a partial uncoupling of cAMP/PKA signalling in the pM range
of GLP-1, and consequently reduced insulin secretion. By con-
trast, ARRB2 plays a crucial role in GIP potentiation of insulin
secretion that is independent and/or distal to cAMP, [Ca2+]c and
ERK1/2 changes. Therefore, any variation in the expression of
ARRB2, as observed in diabetic states, should functionally impact
the incretin effect.
Disclosure: M. Ravier: None.
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The transcriptional activity of E2F1 is controlled through exendin-4
signalling in pancreatic beta cell
C. Bourouh1, F. Oger1, X. Gromada1, M. Moreno1, C. Carney1, J. Kerr-
Conte2, F. Pattou2, P. Froguel1, J.-S. Annicotte1;
1CNRS UMR8199 EGID, Lille, 2U1190 EGID, Lille, France.

Background and aims: Type 2 diabetes is characterized by loss of pan-
creatic β cell functions. We have previously shown that the transcription
factor E2F1, a cell cycle regulator, modulates β cell proliferation and
insulin secretion. Targeting the “Glucagon Like Peptide-1” (GLP-1) sig-
naling pathway has emerged as an effective therapeutic strategy to restore
normoglycemia in diabetic patients. Interestingly, exendin-4, a GLP-1R
agonist, increases the expression of E2F1 in human diabetic islets. The
aim of this work was to investigate a potential molecular link between the
E2F1 and GLP-1 pathways at the β cell level.
Materials and methods: To identify the potential connections between
Exendin-4 and E2F1 in pancreatic β cells, kinome profiling studies of
mouse isolated islets were performed to analyze the effect of exendin-4 on
kinase activity using the PamGene technology. Exendin-4 (50nM) effects
on E2F1 signaling pathway were further studied in the murine pancreatic
β cell line Min6 byWestern blot and luciferase activity assay. In Vivo, the
molecular link between the E2F1 and GLP-1 pathway was analyzed in
beta-cell specific E2f1 knock-out mice (E2f1β-/-). Finally, non-diabetic
human islets were treated with an E2F inhibitor to determine the E2F1-
dependent effects of exendin-4
Results: The treatment of mouse and human isolated islets with 50nM of
exendin-4 increased the phosphorylation levels on the serine 807/811 of
the Retinoblastoma protein (Rb), a repressor of the E2F1 transcriptional
activity, through the increase of the activity of cyclin dependant kinase 4
(CDK4). These results were further confirmed in Min6 cells line where
co-treatment with 20mM glucose and 50nM of exendin-4 increased Rb
phosphorylation and subsequent E2F1 transcriptional activity. Since
exendin-4 has been shown to increase β cell proliferation, we determined
whether this effect was controlled through E2F1 activity. We demonstrate
that siRNA-mediated knock-down of E2f1 levels decreases Min6 prolif-
eration mediated by exendin-4 which is associated to a loss of exendin4-
dependent induction of Cyclin A2 expression as well as genes involved in
βfunction including Pdx1and MafA.
Conclusion: Our data suggest that the GLP-1 pathway could represent a
new modulator of the E2F1-Rb-CDK4 pathway in pancreatic β cells in
which E2F1 represents a key factor controlling some exendin-4-
dependent molecular processes.
Supported by: ANR, I-Site, SFD
Disclosure: C. Bourouh: None.
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GPR56 is activated by a tethered agonist-derived peptide to improve
beta cell function
O.E. Olaniru, P. Atanes, A.J. King, P.M. Jones, S.J. Persaud;
Department of Diabetes, King's College London, London, UK.

Background and aims: We have previously shown that the abundant
islet adhesion GPCR, GPR56, is activated by collagen III to improve
insulin secretion. GPR56 is an atypical GPCR, with an unusually long
extracellular N-terminal fragment that is joined non-covalently to a C-
terminal segment at the GPCR proteolytic site. A region of the N-terminal
fragment acts as a tethered agonist and synthetic peptides derived from
tethered agonist sequences can activate adhesion GPCRs. Here, we in-
vestigated the effect of a GPR56 tethered agonist-derived peptide,
TYFAVLM (P7), on β-cell function in vitro and in vivo.
Materials and methods: A stable GPR56 knockout β-cell line was gen-
erated using CRISPR-Cas9 technology. Effects of 100μM P7 on insulin
secretion, β-cell apoptosis, intracellular calcium ([Ca2+]i) and inositol-1-
phosphate (IP1) accumulation were investigated by radioimmunoassay,

caspase 3/7 assay, calcium microfluorimetry and IP-One assay, respec-
tively. C57BL/6 mice were given a single i.p. administration of 2g/kg
glucose and 17.7mg/kg P7 and plasma glucose levels were determined
with a glucometer over 90 minutes.
Results: Sanger sequencing and Western blotting confirmed GPR56 de-
letion in the CRISPR-Cas9-generated stable GPR56KO MIN6 β-cell
line. Deletion of GPR56 was associated with reduced β-cell proliferation
that was accompanied by decreased expression of the proliferationmarker
Ki67 (44.5±24.9% reduction as determined by qPCR, n=3). The GPR56
agonist peptide P7 significantly increased [Ca2+]i in native MIN6 β-cells
and in human islets, as measured by single cell calciummicrofluorimetry,
while this effect was lost in GPR56KOMIN6 β-cells (basal to peak ratio;
human islets, 20mM glucose: 0.03±0.002, +P7: 0.05±0.002, n=5,
p<0.0001; native β-cells, 2mM glucose: 0.02±0.01, +P7: 0.13±0.01,
n=3, p<0.01; GPR56KO β-cells, 2mM glucose: 0.01±0.003, +P7: 0.02
±0.001, p>0.2). P7 protected native MIN6 β-cells from cytokine-induced
apoptosis, but it did not reduce apoptosis in GPR56KOMIN6 β-cells (%
relative to maximum cytokine-induced apoptosis: native β-cells, +P7: 87
±4.2%, p<0.01; GPR56KOβ-cells, +P7: 105±5.4%, p>0.1). P7 increased
IP1 generation in mouse islets (IP1 accumulation, % increase over basal;
100μMP7: 107±7.7%, 1mMP7: 145±15.7%, n=5, p<0.05) and it revers-
ibly potentiated glucose-induced insulin secretion from human islets in
dynamic perifusion experiments (insulin pg/islet/min; 2mMglucose: 3.21
±0.30, 20mM glucose: 5.25±0.72, 20mM glucose+P7: 12.2±1.85, n=3,
p<0.05). Moreover, pre-exposure of mouse islets for 48 hours to P7 in-
creased both insulin content and glucose-induced insulin secretion (insu-
lin content, ng/islet; control: 17.3±0.56, +P7 pre-treatment: 23.9±1.85,
n=6, p<0.01; insulin secretion, ng/islet/hr; 2mM glucose: 0.12±0.01,
20mM glucose: 2.70±0.22, 20mM glucose following P7 pre-treatment:
3.71±0.23, n=7-8, p<0.001). Administration of P7 to mice improved
glucose tolerance at 15min post injection, but there was no difference in
AUC over the entire 90 min duration (AUC; control: 1119±79.5, +P7:
1033±74.4, n=3-4, p>0.1).
Conclusion: These data demonstrate that CRISPR-Cas9 can be used to
delete GPR56 expression in MIN6 β-cells, that P7 exerts GPR56-
dependent anti-apoptotic effects in β-cells, and it induces elevation in
IP1 and [Ca2+]i which may underlie its stimulatory effects on insulin
secretion from mouse and human islets. However, a single i.p. injection
of P7 does not improve glucose tolerance in lean mice.
Supported by: Diabetes UK
Disclosure: O.E. Olaniru: None.
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PPP1R1A, a novel target of MAFA, modulates GLP-1 amplification
of glucose-stimulated insulin secretion
L.R. Cataldo1, N. Vishnu2, T. Singh1, H. Atia1, R. Prasad2, M. Fex2, I.
Artner1;
1Endocrine Cell Differentiation and Function group, Stem Cell Centre,
Lund University, Malmö, 2Department of Clinical Sciences in Malmö.
Lund University Diabetes Centre, Lund University, Malmö, Sweden.

Background and aims: The GLP-1R is a Gαs-coupled receptor that
amplifies glucose-stimulated insulin secretion (GSIS) mainly via the cy-
clic AMP/Protein Kinase A (PKA) transduction pathways. PPP1R1A, is
a protein phosphatase 1 (PP1) inhibitor protein that is activated after PKA
phosphorylation and amplifies PKA-mediated signaling pathways. In
fact, PPP1R1A activity is essential for β-adrenergic PKA-mediated sig-
naling in non-β-cells. TheMafA transcription factor is essential for phys-
iological β-cell function and activates genes critical for glucose sensing,
insulin production and secretion. MafA and PPP1R1A are abundantly
expressed in β-cells and are decreased in islets from subjects with type
2 diabetes. However, the precise role of PPP1R1A signaling in β-cells
and the GLP1-mediated amplification of GSIS remains unknown. The
aims of the study are therefore: 1) to determine whether the PPP1R1A
expression is regulated by MafA and, 2) to understand if PPP1R1A is
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required to maintain GLP1-mediated amplification of GSIS and mito-
chondrial function in β-cells.
Materials andmethods: PPP1R1AmRNA and protein levels were mea-
sured in pancreatic islets from MafARIP (β-cell specific MafA-KO) and
MafAfl/fl mice. Correlational analysis between PPP1R1A and MafA/B
mRNA levels in human islets was assessed. INS-1 (832/13) cells were
transfected with scramble (control) or MafA siRNAs (MafA-KD cells)
and the PPP1R1A protein levels were evaluated. INS-1 cells were also
transfected with a scramble or PPP1R1A siRNAs (PPP1R1A-KD cells).
3-isobutyl-1-methylxanthine (IBMX), was used to mimic the GLP1-
induced signaling. In response to glucose±IBMX, GSIS and the oxygen
consumption rate (OCR) were evaluated by ELISA and XF24 extracel-
lular flux analyzer, respectively.
Results: PPP1R1AmRNA and protein levels were reduced in islets from
MafARIP vs. MafAfl/fl mice. MafA/B and PPP1R1A mRNA levels in
human islets were highly correlated (Spearman rho=0.5 and 0.68, respec-
tively. p<0.005). Moreover, a 42% reduction of MafA resulted in a 28%
reduction of PPP1R1A in MafA-KD vs. control cells (p=0.019). The
amplification of GSIS by IBMX stimulation was higher in control vs.
PPP1R1A-KD cells (8.3±1.6 vs. 6.2±1.2-fold increase; p=0.0014).
IBMX stimulation reduced the glucose-associated mitochondrial proton
leak OCR in control (~10%; p=0.017) but not in PPP1R1A-KD cells,
consequently, the IBMX stimulation resulted in a higher mitochondrial
coupling efficiency in control compared to PPP1R1A-KD cells (31±1.5%
vs. 26±1.6%; p=0.005).
Conclusion: Our data suggest that PPP1R1A is a novel MafA/B target
gene in mouse and human β-cells and that PPP1R1A is involved in the
GLP1-PKA signaling cascade to amplify GSIS and mitochondrial cou-
pling efficiency in β-cells.
Supported by: H2020-MSCA-IF. DWS.-Junior Grants. TAPF. TRPSL.
Disclosure: L.R. Cataldo: Grants; Horizon 2020-Marie Skodowska-
Curie Actions Individual Fellowship-2017. European Commission, The
Lindhes Advokatbyra Foundation (2018), The Royal Physiographic
Society of Lund. Endowments for the Natural Sciences, Medicine and
Technol, The Albert Påhlsson Foundation (2018), Diabetes Wellness
Sverige Junior Grant (2018).
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GLP-1R translocation to plasma membrane nanodomains and
downstream signalling are modulated by agonist-dependent receptor
palmitoylation
S. Bitsi1, T. Buenaventura1, W.E. Laughlin1, T. Burgoyne2, Z. Lyu1, J.
Grimes3,4, Z. Koszegi3,4, D. Calebiro3,4, G.A. Rutter1, S.R. Bloom1, B.
Jones1, A. Tomas1;
1Imperial College London, London, 2UCL Institute of Opthalmology,
London, 3Centre of Membrane Proteins and Receptors (COMPARE),
Birmingham, 4University of Birmingham, Birmingham, UK.

Background and aims: Post-translational palmitoylation of G protein-
coupled receptors (GPCRs) can enable their recruitment to cholesterol-
and sphingolipid-rich plasma membrane nanodomains. These
nanodomains, historically known as lipid rafts, act as trafficking and
signalling hotspots. We investigated whether agonist-dependent
palmitoylation of the glucagon-like peptide-1 receptor (GLP-1R), a key
GPCR target for diabetes therapy, modulates its translocation to plasma
membrane rafts in beta cells, regulating its trafficking and signalling
properties, and controlling beta cell incretin responses.
Materials and methods: SNAP-GLP-1R-expressing cells were treated
with the pharmacological agonist exendin-4 (ex-4) or 'biased' derivatives
(previously characterised by us) with altered binding affinities, GLP-1R
trafficking and signalling profiles. GLP-1R clustering and internalisation
were measured by electron and confocal microscopy, while total internal
reflection fluorescencemicroscopy single-particle tracking (TIRFMSPT)
was used to further characterise receptor clustering and diffusion rates at
the plasma membrane. GLP-1R palmitoylation was determined with a

capture-based assay, while Gαs and GLP-1R levels in detergent-
resistant membrane fractions by immunoblotting. CRISPR/Cas9 genome
editingwas used to knock-down the expression of key plasmamembrane-
localised palmitoyltransferases in the mouse beta cell line MIN6B1.
Results: GLP-1R stimulation with ex-4 led to increased GLP-1R
palmitoylation and clustering, while recruitment to flotillin-enriched plas-
mamembrane rafts was increased 2-fold compared to vehicle (p<0.0001).
In comparison, ex-phe1, a low-affinity agonist biased away from β-
arrestin recruitment, resulted in reduced palmitoylation and clustering,
decelerated internalisation and attenuated raft signalling. Full responses
were restored when ex-phe1 was co-administered with BETP, a positive
allosteric modulator of the GLP-1R. TIRFM SPT experiments revealed
differential patterns of receptor clustering and diffusion rates with ex-
phe1 vs ex-4. Site-directed mutagenesis of the GLP-1R cysteine 438
palmitoylation site or MβCD-induced cholesterol sequestration and raft
disruption caused defects in receptor clustering and cAMP responses as
well as reduced GLP-1R internalisation [AUC ex-4 vs ex-4+MBCD:
21325 +/- 3323; 66192 +/- 5053 (mean +/- SEM); p<0.01]. The
palmitoylation mutant showed a 41% decrease in ex-4-induced raft re-
cruitment vs the wild-type receptor (p<0.01). While the presence of cho-
lesterol and nanodomain partitioning was a determining factor for GLP-
1R endocytosis,β-arrestins appeared to be dispensable. Finally, CRISPR/
Cas9-engineered MIN6B1 cell lines knock-out for plasma membrane
palmitoyltransferases zDHHC5, zDHHC20 and zDHHC21 were gener-
ated and are being characterised.
Conclusion: Palmitoylation of the GLP-1R leading to clustering in plas-
ma membrane nanodomains regulates receptor internalisation and down-
stream signalling. These findings could be exploited for the pharmaco-
logical optimisation of GLP-1R agonists for the treatment of type 2
diabetes.
Supported by: MRC Project Grant (MR/R010676/1)
Disclosure: S. Bitsi: None.

437
Insulin resistance-induced alterations in hepatocyte expression of
mRNAs encoding GPCRs and GPCR peptide ligands
P. Atanes, L. Smith, J. Bowe, S.J. Persaud;
Diabetes, King's College London, London, UK.

Background and aims: Type 2 diabetes (T2D) is a chronic and progres-
sive disease that affects over 400 million people worldwide. Only a minor-
ity of patients achieve full glycaemic control with currently available ther-
apies and sustained hyperglycaemia leads to life-threatening complications.
Up to 50% of all drugs in current clinical use target G protein-coupled
receptors (GPCRs), highlighting their importance as relevant targets in drug
discovery. It is well-established that insulin resistance is a powerful predic-
tor of future development of T2D and that insulin-sensitive tissues such as
liver can adjust their gene expression under conditions of obesity-induced
insulin resistance. Hepatocytes express a range of GPCRs that respond
either to endogenously produced ligands or to secreted hormones such as
glucagon. The primary aim of this studywas to identify potential candidates
for improving insulin resistant hepatocyte function by quantifying changes
in mRNAs encoding GPCRs and GPCR ligands in livers from obese
(insulin-resistant) and lean (insulin-sensitive) mice.
Materials and methods: Insulin resistance was induced in C57BL/6
mice by maintenance on a high-fat-high-sugar diet (HFHSD: 20% fat/
10% sugar) for 34 weeks, while control mice were fed a standard chow
diet (CD: 3% fat/4% sugar). Livers were retrieved from insulin-resistant
HFHSD and insulin-sensitive CD mice post-mortem and qPCR was
employed to quantify mRNAs encoding 347 GPCRs and 157 peptide
ligands using Qiagen’s QuantiTect validated mouse primers, with all data
normalised relative to the mRNA expression of the house-keeping genes
Gapdh, Actb, Ppia, Tbp and Tfrc in the same samples.
Results:Glucose tolerance tests (GTTs) and insulin tolerance tests (ITTs)
demonstrated overt insulin resistance on a HFHSD (GTT:CD 0min(9.12
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±0.97mmol/L glucose), 30min(14.25±1.71), 120min(9.35±1.24);
HFHSD 0min(9.46±0.81), 30min(29.42±1.34), 120min(12.54±1.74,
p<0.001, n=4). ITT: CD 0min(8.92±1.25), 30min(6.07±1.14),
60min(6.57±1.07); HFHSD 0min(9.18±0.22), 30min(9.94±1.25),
60min(10.34±0.52), p<0.05, n=4). qPCR analysis of CD and HFHSD
livers indicated that 107 GPCRs and 53 GPCR ligands were expressed
above trace levels: Gcgr was the most abundant GPCR for both diets
(CD:0.13±0.02 relative to house-keeping genes; HFHSD:0.10±0.01,
n=4), while the most highly expressed GPCR ligand was the complement
proteinC3 (CD:2.07±0.16; HFHSD:2.38±0.25, n=4). Plotting expression
values of HFHSD/CD mouse liver samples revealed HFHSD-induced
upregulation/downregulation of keyGPCRs (control:1; upregulation(>1):
C5ar1(3.58±0.46), Gprc5b(7.16±0.95), Gpr153(7.18±0.86), Ccr2(9.57
±1.62); downregulation(<1): Sucnr1(0.36±0.05), Gpr110(0.21±0.03),
Adra2a(0.14±0.03), Crhr2(0.03±0.02)) and GPCR ligands (control:1;
upregulation(>1): Ccl5(1.99±0.35), Cxcl9(2.40±0.39), Cxcl13(2.49
±0.41), Col3a1(3.81±0.42); downregulation(<1): Kiss1(0.33±0.07),
C1ql1(0.22±0.05), Cga(0.009±0.002), Pyy(0.006±0.001)).
Conclusion: This focused screening study in mouse liver has identified
obesity-induced changes in key GPCRs and ligands that may allow either
compensation to insulin resistance or may predispose to liver damage.
Further functional characterisation of those proteins showing altered ex-
pression may have translational potential for development of new thera-
pies for T2D and potentially also for non-alcoholic fatty liver disease
(NAFLD).
Disclosure: P. Atanes: None.

PS 020 Rise and fall of the beta cell

438
Identification of molecular signature genes for age-related pancreatic
islet dysfunction
W. Jeon, K.-M. Lee, S. Chae, D. Hwang;
DGIST, Daegu, Republic of Korea.

Background and aims: Advancing age promotes type 2 diabetes
mellitus (T2DM) which is closely associated with the age-related
functional impairment of pancreatic islets. Therefore, elucidating the
cellular and molecular aspects of islet dysfunction with aging is
highly relevant to better design therapeutic interventions that prevent
T2DM or reduce risk of T2DM. In order to identify groups of genes
and molecular signature genes, whose expression are correlated to
islet impairment with aging, we carried out ontological analysis of
whole transcriptome sequencing data derived from the pancreatic
islets at three main stages in aging.
Materials and methods: Total RNAs were obtained from the islets
isolated from young (3-month old), middle-aged (12-month old), and
aged (24-month old) C57BL/6J male mice. Global transcriptome was
analyzed by RNA-Seq with two independent replicates of each aging
stage. Non-negative matrix factorization was used for clustering the
genes showing differential expression after computing log2-fold
changes from the following comparisons for the 18,200 expressed
genes: 3-month/3-month, 12-month/3-month, and 24-month/3-month.
These log2-fold changes were combined into a fold change matrix
(18,200×6). The number of clusters was 30 with no redundant clus-
ters and P-value cut-off was 0.01 for selection of genes defining
individual clusters. Functional enrichment analysis was performed
using DAVID software to identify gene ontology biological processes
represented by the selected clusters, which were identified as the
ones with the enrichment P-value < 0.05.
Results: Genes associated with cell cycle (Ccnb1, Ccnb2, Cdk1,
E2f2, Ezh2) and proliferation (Btc, Klb, Mki67, Pcna, Reg1, Reg2,
Rgcc) were repressed, while genes implicated in inflammatory re-
sponse (Nfat5, Nfatc2), T-cell (Ctla4, Cd19) and B-cell proliferation
(Cd79b, Ms4a1), cytokine production (Cx3cr1, Cxcl13), and platelet
activation (Pf4, Ppbp) were induced with aging. Among the genes
that were statistically reduced in islets from old mice were collagen
type I, III, and IV (Col1a2, Col3a1, Col4a1), neurotransmitter neuro-
transmitters such as sodium/glucose cotransporter, beta 1 adrenergic
receptor, choline acetyltransferase, choline dehydrogenase, nicotinic
cholinergic receptor, glutamate ionotropic receptor, and 5-
hydroxytryptamine receptor 3 (Slc5a1, Adrb1, Chat, Chdh, Chrna3,
Grik3, Htr3a), proteasome subunit alpha 1, ubiquitin C-terminal hy-
drolase, ubiquitin conjugating enzyme, and ubiquitin specific pepti-
dase that are components of ubiquitin-proteasome system (Psma2,
Ube2j1, Uchl1, Usp51), mitochondrial ribosome proteins (Mrpl36
23, Mrps14), mitochondrial solute transports (Mpc2, Slc25a5), and
mitochondrial electron transport chain proteins such as ATPase,
ATP synthase, cytochrome C oxidase, NADH:Ubiquinone oxidore-
ductase, ubiquinol-cytochrome C reductase (Atad1, Atp5a1, Cox6c,
Ndufb11, Uqcrc2).
Conclusion:We identified signature genes associated with the aggra-
vation of the biological processes during pancreatic islet aging: re-
stricted regenerative capacity of islet cells, development of inflamma-
tory status, deterioration of extracellular matrix environment and islet
structure, decrease of response to cholinergic stimulation, decline in
proteasomal proteolysis, and weakening of mitochondrial oxidative
energy production. These signature genes would help us to under-
stand the mechanisms of age-associated islet impairment and devel-
opment of T2DM.
Supported by: MSIT
Disclosure: W. Jeon: Grants; 19-LC-01.
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Beta cell prohormone convertase 1/3 deficiency causes
hyperglycaemia in male mice
A.J. Taylor1,2, Y.-C. Chen1,3, C.B. Verchere1,3;
1BC Children's Hospital Research Institute, Vancouver, 2Pathology &
Laboratory Medicine, University of British Columbia, Vancouver,
3Surgery, University of British Columbia, Vancouver, Canada.

Background and aims: Synthesis of insulin from its precursor proinsulin
in islet beta cells is believed to require the endoproteolytic activity of the
prohormone convertases (PC) PC1/3 and PC2. In states of diabetes or
beta-cell dysfunction, beta-cell prohormone processing is dysregulated,
and is detected as elevated circulating proinsulin:insulin in individuals
with type 1 or type 2 diabetes. Polymorphisms in PC1/3 are associated
with impaired glucose tolerance and elevated circulating
proinsulin:insulin, suggesting PC1/3 activity is required for proper beta-
cell function.We hypothesized that beta-cell PC1/3 deletion would impair
insulin synthesis, resulting in impaired glucose intolerance and beta-cell
dysfunction.
Materials and methods: Male and female Pc1/3flox/flox Ins1+/cre (Pc1/
3beta-KO), Pc1/3flox/+ Ins1+/cre, Pc1/3+/+ Ins1+/cre (Pc1/3beta-WT), and Pc1/
3flox/flox Ins1+/+ mice were generated and tracked for changes in body
weight, fasting glycemia, plasma proinsulin, and glucose tolerance on
chow or 45% fat diet (HFD). Isolated islets were analyzed by transmis-
sion electron microscopy (TEM) and mass spectrometry for granule mor-
phology and proinsulin-derived peptides, and by western blot to confirm
Pc1/3 deletion. Pancreases from 30-week-old chow-fed mice were ana-
lyzed by immunohistochemistry to determine beta cell area and
islet alpha/beta composition.
Results: Beta-cell Pc1/3 deficiency increased fasting plasma proinsulin
immunoreactivity approximately 150-fold (p < 0.0001) in both male and
female mice, but did not influence fasted blood glucose (9.9±1.2 vs 9.9
±1.1 mM) or body weight in chow-fed animals. TEM analysis of Pc1/
3beta-KO islets revealed many immature and no mature insulin granules in
Pc1/3-deficient beta cells. Male Pc1/3beta-KO mice had normal fasting
glycemia but tended to have worse glucose tolerance at 28 weeks of
age (AUC: 521±185 vs 360±146; p = 0.10) and increased beta-cell area
at 30 weeks of age (0.92±0.32 vs 0.63±0.21%, p = 0.11). After 20 weeks
of HFD, 3/5 of male Pc1/3beta-KO mice developed fasting hyperglycemia
(>16 mM). Mass spectrometry of Pc1/3beta-KO islets revealed increased
proinsulin content; however, Pc1/3beta-KO islets still had detectable levels
of mature insulin. Islet alpha/beta composition was unaltered in Pc1/3beta-
KO male mice.
Conclusion: Although Pc1/3 deletion in beta-cells markedly impairs in-
sulin synthesis, mice are able to maintain euglycemia. With additional
beta-cell secretory demand, as found in insulin resistance, beta-cell Pc1/3
deficiency results in diabetes. Our data suggest that impaired Pc1/3-
mediated prohormone processing in beta cells increases diabetes
susceptibility.
Supported by: CIHR
Disclosure: A.J. Taylor: Grants; Canadian Institutes of Health Research
Project Grant.

440
DIMT1, a potential methyltransferase, role in insulin secretion and
diabetes
G. Verma1, J. Esguerra2, L.R.C. Buscunan3, M. Fex1, H. Mulder1;
1Molecular Metabolism, Lunds University, Malmö, 2Islet Exocytosis
Group, Lunds University, Malmö, 3Endocrine Cell Differentiation and
Function Unit, Lunds University, Malmö, Sweden.

Background and aims: With the help of comparative biology and bio-
informatics, we have identified DIMT1 (Dimethyladenosine Transferase
1 Homolog), which shows 50% homology with mitochondrial transcrip-
tion factors B1 (TFB1M), and are expressed in human islets and regulated

by glucose. Identification of this TFB1M-homolog, DIMT1 could be a
potential candidate to study how dysfunction in cellular biogenesis in-
creases future risk of type 2 diabetes (T2D). In addition, it has been found
that DIMT1 levels are altered in T2D patients. Very little is known about
the function of DIMT1 protein, which is believed to act as a methylase of
18S rRNA, as opposed to 12S rRNA in mitochondria for TFB1M. The
function of DIMT1 in β-cell ribosome biogenesis has not been explored
and understanding its unknown function would provide valuable insight
in ribosomal mediated β-cell function, and potentially identifying a new
area that can be targeted in the treatment of T2D in the future. Aim: To
resolve the unknown function of DIMT1 in pancreatic β-cells.
Materials and methods: Cultured INS 832/13 and EndoC-βH1 cells
were transfected with scramble or DIMT1 siRNA (50-200 nM) and the
knockdowns were confirmed using qRT-PCR and western blotting.
Insulin secretion was measured using ELISA kit, mitochondrial parame-
ters were visualized using fluorescent microscopy and seahorse XF
analysers and protein synthesis was assessed using Puromycin-based pro-
tein synthesis assay.
Results: At 100 nM DIMT1 siRNA concentration, we observed 40-70%
depletion of DIMT1 mRNA levels and 60-80% of proteins levels. All
knockdown experiments (n=5), were found to be statistically significant
(***p <0.0001).We found DIMT1 specifically methylates two adenosine
residues on 18S rRNA with the help of primer extension assay in
EndoC-βH1 cells, (n=4, **p <0.01) suggesting its role as methyltrans-
ferase. We further observed reduction in insulin secretion from 1800 ng/
mg protein/h in control cells to 800 ng/mg protein/h in DIMT1 siRNA
treated cells (n=3,***p <0.001). We also observed altered mitochondrial
function like OXPHOS, mitochondrial membrane potential, mitochondri-
al ATP levels and mitochondrial respiration in DIMT1 deficient cells
(n=3, **p <0.001). These results deciphered the critical role of DIMT1
in mitochondrial function. In addition, we also found 40% reduced pro-
tein synthesis (n=3, **p <0.001) in DIMT1 siRNA treated cells as com-
pared to control suggesting its role in translational machinery.
Conclusion: We have identified the substantial effects of DIMT1 on
mitochondrial dysfunction and its role in β-cells translation.We have also
identified the methylation activity of DIMT1 as a functional relevance in
mitochondrial biogenesis and on insulin signalling. As of yet, we have not
identified a mechanism for this β-cell dysfunction, but we are currently
investigating the targets for DIMT1 activity in β-cells.
Disclosure: G. Verma: None.

441
Quantitative proteomics reveals novel interaction partners of Rac1 in
pancreatic beta cells under normal and glucotoxic conditions
A. Kowluru1, D. Damacharla2, V. Thamilselvan1, Z. Yi1;
1Wayne State University, Detroit, 2University of Texas, Dallas, USA.

Background and aims: Emerging evidence suggests that small G pro-
teins (e.g., Rac1) regulate cytoskeletal remodeling leading tomobilization
of insulin-laden secretory granules to the plasma membrane for fusion
and exocytotic secretion of insulin under physiological conditions.
Interestingly, in addition to its positive modulatory role in insulin secre-
tion, Rac1 contributes to metabolic dysregulation of the beta-cell, specif-
ically by promoting intracellular oxidative stress, stress kinase activation,
mitochondrial dysfunction of the islet beta-cell. Based on these observa-
tions we recently proposed friendly and unfriendly roles for Rac1 in islet
beta-cell function. Due to this complexity of Rac1 signaling under normal
and glucotoxic conditions, it is critical to identify its interaction partners
that contribute to its downstream signaling and specificity. Using high
throughput quantitative proteomics approach, we aimed to identify the
interaction partners of Rac1 in beta-cells under normal and glucotoxic
conditions. Further, we validated our proteomics data by immunological
approaches in INS-1 832/13 cells, rat islets and human islets.
Materials and methods: INS-1 832/13 cells, rat islets and human islets
(Prodo Labs, CA) were used in the proposed studies. A label-free
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approach that combines co-immunoprecipitation (co-IP) with HPLC-
ESI-MS/MS was used to identify Rac1 interaction partners in INS-1
832/13 cells under basal glucose (2.5 mM) or glucotoxic (25 mM; 48
hr) conditions. Peptide/protein identification and quantification were
done using HPLC-ESI-MS/MS followed by database search using the
MaxQuant software. Pathway analyses of the interaction partners were
performed using a bioinformatics analysis software package (Ingenuity
Pathway Analysis). Proteomics findings were validated by co-IP and
Western blotting.
Results: Using co-IP and tandem mass spectrometry, we identified 324
Rac1 interaction partners in insulin-secreting INS-1 832/13 cells, which
represents the largest Rac1 interactome to date. These Rac1 interaction
partners are known to be involved in various signaling pathways that are
requisite for islet functions including actin cytoskeletal remodeling, cal-
cium and G protein coupled receptor (GPCR) signaling pathways. We
also identified 27 interaction partners, that exhibited increased association
with Rac1 (glucose-responsive proteins) in INS-1 832/13 cells exposed to
glucotoxic conditions. Western blotting (INS-1 832/13 cells, rat islets and
human islets) and co-IP experiments (INS-1 832/13 cells) further validat-
ed expression and identity of these Rac1 interaction partners including
regulators of G protein function (GIT1/2, β-PIX), subunits of trimeric G
proteins involved in GPCR-effector coupling (Gαq/11/14) and proteins
involved in nuclear targeting of Rac1 (RacGAP1 and karyopherin).
Conclusion: Our studies provide the first global analysis of Rac1 inter-
action partners in pancreatic beta-cells under basal and glucotoxic condi-
tions. They identify a large number of high glucose-responsive Rac1
interaction partners in INS-1 832/13 cells. Our immunological findings
in rat and human islets validate proteomics data. Future investigations of
these Rac1 interaction partners could provide fresh mechanistic insights
into regulatory roles of specific GPCR-G protein regulated pathways in
islet beta-cell function in health and diabetes.
Supported by: Department of VA and National Institutes of Health
Disclosure: A. Kowluru: None.

442
ATPase inhibitory factor 1 (IF1): a novel player in regulation of
insulin secretion by pancreatic beta cells
A. Dlasková, A. Kahancová, P. Ježek;
Institute of Physiology, Prague, Czech Republic.

Background and aims: Although it is well accepted that ATP/ADP ratio
controls insulin secretion, only little is known about regulation of ATP
synthase activity in pancreatic beta cells. Therefore, we set to examine the
role of ATPase inhibitory factor 1 (IF1) in these cells. The name “inhibitory”
was established by Pullman andMonroy in 1963, when the authors discov-
ered ability of this protein to inhibit theATPase activity of ATP synthase, i.e.
ability to hydrolyze ATP under conditions of starvation or hypoxia.
Nonetheless, it was thought, that under normal physiological conditions,
when ATP synthase produces ATP, IF1 does not interact with ATP synthase
complex and instead is localized in the mitochondrial matrix as an inactive
tetramer. Relatively recent studies proposed ability of IF1 to regulate also the
ATP synthesis, which nonetheless remains a matter of debate.
Materials and methods: INS1E cells were cultured in RPMI medium
supplemented with 11 mM glucose. To generate INS1E stable cell line,
cells were transfected with plasmid expressing native rat IF1. Geneticin
(50 ug/ml) was used to select the IF1 overexpressing cells. Respiration
was measured with Oroboros Oxygraph, cellular ATP levels were mea-
sured by bioluminescence assay and insulin levels were determined by
ELISA. To describe mitochondrial morphology, cells were transfected
with mitochondrially addressed ro GFP and visualized by structured illu-
mination microscopy (SIM).
Results: In our previous work we have shown that knockdown of IF1 by
siRNA inmodel pancreatic beta cells (INS1E) lead to dramatic increase in
ATP cellular levels and correspondingly upregulated insulin secretion.
Now, we generated INS1E cells line stably overexpressing IF1 and

studied ATP levels and insulin secretion. In agreement with previous
results we observed significant decrease in ATP levels in cells incubated
with 3 to 20 mM glucose. Consistently, insulin levels were downregulat-
ed. We also studied impact of IF1 overexpression on mitochondrial mor-
phology and cristae structure, which was not significantly altered.
Interestingly, higher amount of insulin secretory granules was present in
IF1 overexpressing cells.
Conclusion: We conclude that IF1 is a new key player in control of
pancreatic beta cell metabolism and insulin secretion.
Supported by: GACR 17- 08565S grant.
Disclosure: A. Dlasková: None.

443
MiR-200a/b/c regulates the expression of transcription factor ETV5
to reduce depolarisation-induced insulin secretion in pancreatic beta
cells
J.K. Ofori, S. Ramadan, M. Nagao, A. Karagiannopoulos, A. Wendt,
J.L.S. Esguerra, L. Eliasson;
Clinical Sciences, Islet cell Exocytosis, Lund University Diabetes Centre,
Skåne University Hospital, Lund University, Malmo, Sweden.

Background and aims: MicroRNAs (miRNAs) are small RNAs that
regulate genes at the post-transcription level and are implicated in beta
cell dysfunction. The miR-200 family members are among the most
abundantly expressed miRNAs in pancreatic beta cells, and have been
reported to induce beta cell apoptosis, thereby regulating beta cell surviv-
al. Here, we aimed to investigate the role of miR-200a/b/c in beta cell
insulin secretion and exocytosis.
Materials and methods: Experiments were performed in human islets,
rat INS-1 832/13 and human EndoC-βH1 cells. Overexpression (OE) of
miR-200a/b/c was performed using mature miRNA mimics. Glucose-
stimulated insulin secretion (GSIS; 16.7 mM glucose) and
depolarization-induced insulin secretion (KSIS; 50 mM K+) were mea-
sured using ELISA from Mercodia. Target predictions of miR-200c was
performed using Target Scan. Prediction data was integrated with human
islet mRNA (RNA-seq) and miRNA-200c expression data from same
individuals (N=45), to find negative correlations for identification of
top miR-200c conserved targets. Targets were validated at mRNA and
protein level using qPCR and Western Blot analysis, respectively.
Results: GSIS was reduced by ~30% after overexpression of miR-200c
(OE-200c) in INS-1 832/13 cells (N=5, p<0.01). Moreover, OE-200c re-
duced KSIS by ~20% in both INS-1 832/13 and EndoC-βH1 cells (N=5-6,
p<0.05), whereas overexpression of mir-200a (OE-200a) or miR-200b
(OE-200b) did not significantly affect insulin secretion. We identified the
transcription factor ETV5 (ETS Variant 5) to be the top ranked conserved
target of miR-200c with a negative correlation between ETV5 gene expres-
sion and miR-200c expression in human islets (R2= -0.470, p<0.001,
N=45). Interestingly, OE-200a, OE-200b and OE-200c separately reduced
ETV5 protein expression in INS-1 832/13 cells (N=5, p<0.05) and
EndoC-βH1 cells (N=5, p<0.05). Analysis of ETV5-chip-seq positions
from the GTRD database and the Islet Regulome database identified the
exocytotic proteins, VAMP2 and SYT11 to be regulated by ETV5. In
agreement, we found negative correlation between ETV5 expression and
the gene expression of these two respective genes in human islets (VAMP2
(p=0.16) and SYT11 (p<0.001); N=195)). Moreover, OE-200a, OE-200b
and OE-200c reduced the protein expression of VAMP2 and SYT11 ((N=5
for each miRNA and protein, p<0.05) in EndoC-βH1 cells.
Conclusion: Our data propose a role of miR-200c in insulin secretion.
Furthermore, we identified ETV5 to be a conserved target of miR-200a/b/
c, and suggest that these miRNAs can affect pancreatic beta cell exocy-
tosis via ETV5-regulated expression of the exocytotic proteins VAMP2
and SYT11.
Supported by: Swedish RC, Diabetesfonden, Albert Påhlsson
Foundation, Novo Nordisk
Disclosure: J.K. Ofori: None.
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Glucose-controlled miR-125b regulates beta cell function
R. Cheung1, G. Pizza1, M.-S. Nguyen-Tu1, P. Chabosseau1, D.
Rolando2, I. Cebola2, P. Marchetti3, J. Shapiro4, L. Piemonti5, K.
Sakamoto6, D. Smith7, G. Rutter1, A. Martinez-Sanchez1;
1Imperial College London, Section of Cell Biology and Functional
Genomics, Department of Medicine, London, UK, 2Imperial College
London, Beta Cell Genome Regulation Laboratory, Department of
Medicine, London, UK, 3University of Pisa, Pisa, Italy, 4University of
Alberta, Edmonton, Canada, 5Vita-Salute San Raffaele University, Milan,
Italy, 6Nestle Institute of Health Sciences, Lausanne, Switzerland,
7Astrazeneca, Cambridge, UK.

Background and aims: MiRNAs are ~22 nucleotide long non-coding
RNAs that silence gene expression post-transcriptionally. Perturbed
miRNA expression affects pancreatic β-cell identity, survival and func-
tion contributing to the development of type 2 diabetes (T2D). β-cell
specific deletion of AMPK, a vital enzyme involved in energy metabo-
lism, in mice (AMPKdKO) impairs β-cell function and glucose homeo-
stasis and dysregulates several miRNAs which may contribute to these
complications. One of these miRNAs, miR-125b, is ~2.5 fold up-
regulated in AMPKdKO mouse islets. MiR-125b plays a role in regulat-
ing differentiation, proliferation and apoptosis in other cell types, al-
though its function in β-cells remain largely unknown. High circulating
miR-125b levels associate with hyperglycaemia (HbA1c), suggesting
miR-125b as a biomarker or contributor to the development of diabetes.
We aim to decipher the role of glucose and AMPK in regulating miR-
125b expression and its function in β-cells and T2D.
Materials and methods: Insulin secretion, content and apoptosis were
measured in MIN6 and EndoC-βH1 cells transiently overexpressing miR-
125b and in CRISPR-mediated miR-125b knockdown EndoC-βH1 cells
using HTRF and TUNEL and/or Annexin V/Propidium Iodide staining,
respectively. Gene expression was assessed by RT-qPCR and RNA-seq,
followed by Gene Set Enrichment Analysis (GSEA) of KEGG pathways.
RNA-immunoprecipitation followed by RNA-seq (RIP-seq) was performed
to identify novel miR-125b direct targets. Transgenic mice capable of doxy-
cycline-induced, β-cell specific overexpression of miR-125b or a miR-125b
sponge were generated and are being fed a high-fat diet (HFD) and charac-
terized for glucose/insulin tolerance and for insulin secretion.
Results:MiR-125b expression is upregulated by glucose in both mouse and
human islets, reduced in islets frommice fed a ketogenic (low sugar) diet and
strongly correlates with BMI of human islet donors. Importantly,
AMPKdKO mice showed impaired glucose regulation of islet miR-125b
and human islets treated with AMPK activators showed reduced miR-
125b. Overexpression of miR-125b in MIN6 cells provided mild protection
against cytokine-induced apoptosis (~1.2 fold p=0.03) but significantly re-
duced insulin content (~1.6 fold p=0.0254), whilst miR-125b knockdown in
EndoC-βH1 increased insulin secretion. GSEAof RNA-Seq results suggests
a role for miR-125b in metabolism, cytokine receptor interaction and respi-
ration, whilst RIP-Seq data revealed 182 novel targets ofmiR-125b including
mannose-6-phosphate receptor (M6PR), a glycoprotein involved in enzyme
sorting within the secretory granules. We are currently investigating miR-
125b role in vivo in animals with altered miR-125b function in β-cells.
Conclusion:We reveal that miR-125b is an important regulator of β-cell
functionwhose expression is regulated by glucose throughAMPK in vitro
and in vivo. Thus, miR-125b may contribute to AMPK action in β-cells
and unfavourably affect β-cell function in hyperglycaemia.
Supported by: MRC, NIRG, WT, SfE, ICL
Disclosure: R. Cheung: None.
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Irisin improves the secretory defects of pancreatic islets from type 2
diabetic subjects
N.Marrano1, A. Natalicchio1, G. Biondi1, L. Dipaola1, A. Cignarelli1, S.
Perrini1, L. Laviola1, L. Vincenti2, L.G. Lupo1, F. Giorgino1;

1Department of Emergency and Organ Transplantation, University of
Bari Aldo Moro, Bari, 2General Hospital Surgery, Polyclinic of Bari,
Bari, Italy.

Background and aims: Irisin is a newly discovered muscle-derived hor-
mone, produced by cleavage of the membrane protein fibronectin type III
domain-containing protein 5 (FNDC5) and proposed to bridge exercise
with metabolic homeostasis. In mammals, irisin acts in different organs
and tissues, improving energy homeostasis. We have previously demon-
strated that irisin enhances glucose stimulated insulin secretion (GSIS),
increases insulin content and beta-cell proliferation, and reduces
lipotoxicity-induced beta-cell apoptosis, in vitro, in INS-1E cells, 1.1B4
human pancreatic cells, human and murine pancreatic islets, as well as
in vivo, in C57bl/6 mouse pancreata. However, no information is current-
ly available about effects of irisin in pancreatic islets from subjects with
type 2 diabetes (T2D).
Materials and methods: Pancreatic islets prepared from non-diabetic
(ND) and T2D subjects were exposed to 100 nM irisin for up to 24 h.
Under these conditions, GSIS, insulin content and apoptosis were evalu-
ated through insulin ELISA assays and measurement of cytoplasmic
oligosomes, respectively. Activation of intracellular signaling proteins
was investigated by immunoblotting with specific antibodies.
Results: GSIS was reduced in human T2D compared to ND islets. As
expected, irisin increased GSIS in pancreatic islets isolated from ND
donors and restored it to control levels in islets from T2D patients.
Interestingly, irisin was able to activate AKTand CREB phosphorylation
in ND islets, as already observed in INS-1E cells, while no stimulation of
AKT or CREB phosphorylation was detectable in T2DM islets.
Furthermore, irisin tendentially increased insulin content and slightly re-
duced apoptosis levels in T2DM islets.
Conclusion: In conclusion, irisin is able to ameliorate functional and
survival defects of the pancreatic islets in human T2D.
Supported by: Fondazione Diabete Ricerca Onlus con Esselunga Spa
Disclosure: N. Marrano: None.

446
Mechanisms of age-dependent amplification of insulin secretion
C. Henke1, C. Chen1, S.R. Bornstein2, R. de Cabo3, S. Speier1, A.L.
Birkenfeld2;
1DZD-Paul Langerhans Institute, Helmholtz Zentrum München at the
University Hospital Carl Gustav Carus and Faculty of Medicine of TU
Dresden, Dresden, Germany, 2Section of Metabolic and Vascular
Medicine, Medical Clinic III, Dresden University School of Medicine,
Technische Universität Dresden, Dresden, Germany, 3Translational
Gerontology Branch, NIH/ NIA, Baltimore, USA.

Background and aims: The incidence of type 2 diabetes increases dra-
matically with aging. Yet, data suggest that beta-cell function is not im-
paired by aging per se. In fact, recent data even suggest improved glucose
induced insulin secretion in islets from aged mice and men. Here, we
aimed to determine the underlying physiological mechanism.
Materials and methods:We compared weight matched old (130 weeks)
and young (22 weeks) male C57Bl/6J mice. Ex vivo perifusion assays on
pancreatic slices, histological analysis and single cell sequencing analysis
of pancreatic islets were performed together with oral glucose tolerance
tests (OGTT), and hyperinsulinemic euglycemic clamp test (HE clamp).
In parallel, mice were studied in a longitudinal fashion during the aging
process (every three months starting at an age of 44 weeks) to confirm
results.
Results: Glucose stimulated insulin secretion in pancreatic perifusion
assays was increased in old compared to young pancreatic slices,
confirming previous results. In addition, we observed for the first time a
marked increase in GLP-1 amplified insulin secretion in pancreatic slices
from old mice compared to young mice (stimulation index (SI) AUC:
310.951 ± 74.987) vs young (SI AUC: 120.002 ± 24.163, P<0.05). In line
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with these results, we observed increased insulin secretion during an oral
glucose tolerance test leading to improved glucose tolerance in the old
mice (Glucose AUC: 15312 ± 811 mg/dl*120min (old) vs. 25241 ± 1180
mg/dl*120min (young), P<0.05; Insulin: AUC 73.85 ± 8.54
ng/ml*120min (old) vs. 28.19 ± 7.30 ng/ml*120min (young), P<0.05).
During the OGTT, we were able to observe an increase in GLP-1 secre-
tion at the basal levels and during the OGTT. These results were con-
firmed in the longitudinal studies, with increased insulin secretion starting
at week 68. To exclude insulin resistance as the main driver of increased
insulin secretion, hyperinsulinemic euglycemic clamps were performed.
Old and young mice did not have significantly different glucose infusion
rates (GINF) (young: 68.1 ± 0.45; old: 64.6 ± 1.12; P= 0.069), excluding
insulin resistance as a major reason for increased insulin secretion. On a
tissue level, pancreatic islets of old mice were enlarged but β-cell and α-
cell size and mass did not differ between young and old mice.
Interestingly, single cell sequencing analysis of isolated islets in young
vs. old (n=3) showed massive differences on the transcriptional level in
β-cells, explaining part of the observed findings.
Conclusion: Our data confirm that aging in lean mice is associated with
increased glucose stimulated insulin secretion. Additionally, we showed
for the first time that GLP-1 amplified insulin secretion is increased in
aged beta cells in parallel with higher plasma GLP-1 levels and improved
glucose tolerance in lean aged mice. We conclude that the increased
incidence of type 2 diabetes with aging is not mediated by aging per se,
but likely rather by environmental factors, such as obesity and a sedentary
life style.
Disclosure: C. Henke: None.

447
Dimerisation of eNAMPTrecovers insulin function in islets using the
novel eNAMPT modulator MGS84
S. Sayers1, M. Sanz2, D. Egbase1, R. Beavil3, K. Pacholarz2, P. Barran2,
S. Butterworth2, P. Caton1;
1Diabetes Research Group, King's College London, London, 2University
of Manchester, Manchester, 3Protein Production Facility, King's College
London, London, UK.

Background and aims: Serum levels of extracellular nicotinamide
phosphoribosyltransferase (eNAMPT; visfatin/PBEF) are elevated in
Type 2 diabetes (T2D), suggesting a role in disease pathophysiology.
However, other studies report that eNAMPT exerts β-cell protective ef-
fects.We have previously reported that these contrasting effects are due to
eNAMPT existing in structurally and functionally distinct monomeric
and dimeric forms. eNAMPT-dimer exerts NAD-biosynthetic enzymatic
activity, predominates during normal physiology and enhances β-cell
function. However, as levels rise to ~5 ng/mL, as in T2D, eNAMPT-
dimer breaks apart leading to elevated levels of monomeric eNAMPT.
eNAMPT-monomer exerts NAD-independent pro-inflammatory effects,
which mediate β-cell failure. Here we explore whether promoting
dimerisation of eNAMPT using a novel cell-impermeable eNAMPT
modulator (MGS84) improves β-cell function in islets previously treated
with monomeric and dimeric (<5ng/ml) eNAMPT.
Materials and methods: eNAMPT activity was determined by
fluorescence-based biochemical assay. eNAMPT dimerisation state was
determined by Native MS using Synapt G2S HDMS. Mouse islets were
isolated and co-incubated with an SS199/200DD mutant eNAMPT-
monomer (1ng/ml) or eNAMPT-WT (5 ng/ml; at which concentration
eNAMPT-monomer predominates) with and without MGS84 (0.1 -
100nM; 48 - 96 h). Glucose-stimulated insulin secretion (GSIS) was
measured by radioimmunoassay and islets were immuno-stained with
insulin and glucagon to assess α- and β-cell number.
Results: MGS84 increased eNAMPT activity in a biochemical assay,
consistent with an increase in levels of NAD-biosynthetic eNAMPT di-
mer. Native MS demonstrated that MGS84 binds tightly to eNAMPT,
leading to stabilisation and increased levels of eNAMPT dimer, with

consequently reduced levels of eNAMPT-monomer. Exposure of islets
to 5 ng/mL eNAMPT-WT (a concentration at which monomer predom-
inates) or mutant monomeric eNAMPT results in impaired GSIS (WT:
1.6 ± 0.2ng/ml, Monomer: 2.1 ± 0.5ng/ml, Control: 3.3 ± 0.2ng/ml,
P<0.001,P<0.05 respectively), reduced insulin+ β-cells (WT: 81.0 ±
1.2%, Monomer: 84.5 ± 0.9%, Control: 85.3 ± 1.3%, P<0.05, NS respec-
tively) and increased glucagon+ α-cells (WT: 10.9 ± 1.057, Monomer:
10.6 ± 0.7%, Control: 9.1 ± 0.8%, NS). Co-incubation of eNAMPTwith
MGS84 reversed these effects, resulting in enhancedGSIS (WT: 1.6 ± 0.2
ng/ml (-MGS84) vs 2.9 ± 0.3 ng/ml (+MGS84); Monomer: 2.1± 0.5
ng/ml (-MGS84) vs 3.3 ± 0.4 ng/ml (+MGS84), both P<0.01), increased
β-cell number (WT: 81.0 ± 1.2% (-MGS84) vs 90.2 ± 0.7 (+MGS84),
P<0.0001; Monomer: 84.5 ± 0.9% (-MGS84) vs 89.3 ± 0.6% (+MGS84),
P<0.001) and decreased α-cell number (WT: 11.0 ± 1.1% (-MGS84) vs
7.6 ± 0.5% (+MGS84), P<0.01; Monomer: 10.6 ± 0.7% (-MGS84) vs 8.9
± 0.6% (+MGS84), NS).
Conclusion: Promoting dimerisation of monomeric eNAMPT in vitro
using MGS84, a novel small molecule eNAMPT modulator reversed
the deleterious effects of monomeric eNAMPT-mediated declines in in-
sulin secretion and β-cell number in mouse islets, as well as reducing
monomeric eNAMPT-mediated increases in α-cell number. These find-
ings provide proof-of-concept data highlighting the potential therapeutic
usefulness of promoting eNAMPT dimerisation. Future studies will ex-
plore the efficacy of this approach in mouse models of diabetes.
Supported by: DRWF, EFSD/JDRF/Lilly, DUK
Disclosure: S. Sayers: None.
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Islet inflammation and beta cell dysfunction by fat and Fetuin-A
R. Kundu;
Department of Zoology, Visva-Bharati University, Bolpur-Santiniketan,
India.

Background and aims: Pancreatic islets are exposed to high levels of
free fatty acids and a milieu of inflammatory mediators during pathogen-
esis of diabetes, that cause deterioration of insulin-producing β-cells.
Fetuin-A, a liver and adipose tissue secreted glycoprotein plays key role
in TLR4 activation and inflammation in the insulin target organs. Here we
have demonstrated the role β-cell secreted Fetuin-A in free fatty acid
mediated inflammation in the islets and β-cell dysfunction.
Materials and methods: MIN6 (mouse insulinoma cells) and RAW
264.7 cells (mouse macrophage cells) were treated with various concen-
trations of palmitate and /or Fetuin-A for 24h in incomplete medium
containing no FBS and subjected to immunoblot analysis for various
inflammatory markers such as IL1β, TNFα, IL6, NF-kBp65, pNF-
kBp65, TLR4, CD11c, F4/80 and iNOS. Media was subjected to
ELISA analysis for various proinflammatory cytokines. Role of macro-
phage derived cytokines were studied onMIN6 cell function and effect of
beta cell derived fetuin-Awas studied on macrophage polarization. C57/
BL6 mice were maintained under high fat diet up to 16 weeks and blood
and pancreas were subjected to various analysis.
Results: Palmitate and fetuin-A combination inflicted M2 to M1 polari-
zation in RAW 264.7 cells with increase in M1 markers like iNOS and
CD11c, and release of pro-inflammatory cytokines (by 37-45%). To val-
idate the potentiality ofβ-cell secreted fetuin-A for islet inflammation and
macrophage polarization, MIN6 cells were treated with 0.50 mM palmi-
tate to trigger fetuin-A secretion and the conditioned media was used to
treat RAW 264.7 cells. The RAW cells showed elevated levels of TLR4,
pNFKBp65, IL-6, IL1β, TNF-α through immunoblotting and higher
expression of M1 markers (CD11c and iNOS) through q-PCR. Fetuin-
A knockdown (KD) in MIN6 cells using siRNA inhibited macrophage
polarization when incubated in the palmitate conditioned media from
MIN6. Fetuin-A KD MIN6 cells significantly reduced macrophage mi-
gration in Boyden chamber system (by 83%) in comparison to MIN6
control. In contrary blocking MCP-1 in MIN6 cells showed a reduction
in macrophage migration by only 45% that indicated fetuin-A as more
potent mediator of macrophage chemotaxis. RAW cells treated with pal-
mitate conditioned media from MIN6 cells showed increased TLR4,
pNF-kBp65, IL-6, IL1β, TNF-α levels and increased gene expression
of M1 markers such as CD11c and iNOS. In vivo high fat feeding in
C57/BL6 mice showed atrophied islet structure with accumulation of M1
type macrophages (57-61%) and elevated levels of fetuin-A in circulation
when maintained for 16 weeks. Fetuin-A infusion experiment in mice
further validated accumulation of macrophages in response to fat and
fetuin-A.
Conclusion:Collectively our data indicate that fetuin-A secreted from β-
cells is responsible for islet inflammation and β-cell dysfunction.
Supported by: We acknowledge the financial support received from the
SERB, Govt. of INDIA
Disclosure: R. Kundu: None.

449
Cholecystokinin-A-receptor signalling protects pancreatic beta cells
against pro-inflammatory cytokine mediated cell death
H. Kim, J. Bartosiak, S.J. Sacotte, R. Williams, S.K. Schini, A.H. De
Souza, D.B. Davis;
Department of Medicine, University ofWisconsin-Madison, Madison, USA.

Background and aims: Cholecystokinin (CCK) is an incretin-like hor-
mone that is also produced by pancreatic β-cells under conditions of

stress and obesity. The stable CCK analog, (pGlu-Gln)-CCK-8, can alle-
viate obesity-related diabetes in animal models without significant side
effects. In the past, we have established a role for CCK in protection from
β-cell apoptosis. However, the specific CCK receptor responsible for this
protective effect was unknown. Both Cckar and Cckbr mRNA are
expressed in mouse islet, although Cckbr expression is very low.
Incubation ofWTmouse pancreatic islets with CCK-8 (100nM) increases
the transcript levels of Cckar but does not impact Cckbr expression.
Conversely, 24-hour treatment with proinflammatory cytokine cocktail
decreases CCKAR transcript levels but again does not modulate Cckbr
expression. Therefore, we hypothesized that the CCKA receptor was the
most likely mediator of CCK signaling in the β-cell.
Materials andmethods:Weused isolated islets frommice with germline
knockout of CCK receptors to determine which receptor was required for
the pro-survival effects of CCK on the β-cell. Using imaging flow cy-
tometry of dissociated islet cells stained for annexin V and propidium
iodide (PI), we examined the differences in viability of cells treated with
CCK and pro-inflammatory cytokines in the selective presence of one
CCK receptor at a time. We also performed insulin and TUNEL immu-
nohistochemistry to identifyβ-cell apoptosis and confirm the results from
flow-cytometry.
Results: Mouse islet cells from CCKBR knockout mice have a 19.3%
(p<0.005) reduction in cytokine-mediated cell death when treated with
CCK-8 (100 nM), similar to the protection seen in wild type islets. This
protective effect is lost in the CCKAR and double knockout mouse islets.
In insulin and TUNEL immunohistochemistry to identify b-cell apopto-
sis, CCK-8 (100 nM) reduces the % TUNEL positive β-cells from
12.98% to 4.39% (p<0.05) in CCKBR knockout mouse islets after cyto-
kine exposure, similar to protection seen in WT mouse islets from
10.47% to 4.48%. Again, CCK-8 does not protect β-cells from
cytokine-induced apoptosis in CCKAR knockout or double CCKR null
mouse islets.
Conclusion: Taken together, we demonstrate that CCKAR, but not
CCKBR, is required for CCK-mediated protection of pancreatic β-cells
from cytokine-induced stress.
Supported by: NIH NIDDK
Disclosure: H. Kim: None.

450
Pro-inflammatory cytokines and beta cells death: role of cytosolic
ROS
E.A. Vilas Boas1, L.P. Roma2, F. Ortis3, A.R. Carpinelli1;
1Department of Physiology and Biophysics, University of Sao Paulo, Sao
Paulo, Brazil, 2Department of Biophysics, University of Saarland,
Homburg, Germany, 3Department of Cell and Developmental Biology,
University of Sao Paulo, Sao Paulo, Brazil.

Background and aims: In type 1 Diabetes insulin deficiency is due to a
progressive destruction of pancreatic β cells in an inflammatory process
(insulitis), in which pro-inflammatory cytokines are released by immune
cells leading to ROS production by β cells that may be detrimental to cell
function. The main source of ROS is still under debate. The aim of this
study was to evaluate the involvement of both mitochondrial and cyto-
solic ROS production after exposure to pro-inflammatory cytokines and
their specific involvement in beta cells dysfunction and death.
Materials and methods:We used islets from transgenic C57BL/6J mice
and a beta cell line (INS-1E) expressing mitochondrial or cytosolic
roGFP-based redox sensor for H2O2 (ORP1). Islets and cells were ex-
posed to different concentrations of the main cytokines released during
insulitis (IL-1β, TNF and IFN-γ) and the fluorescence was measured for
24 hours in a high-end fluorescent plate-reader. INS-1E cells viability was
assessed in the presence or absence of NOX1/4 antagonist (ML171) by
flow cytometry and by western blot for caspase 3. Islets from NOX1 KO
(KO1) and NOX2 KO (KO2) were exposed to cytokines for 24 or 48 h
and viability was assessed by flow cytometry. After exposure to
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cytokines, insulin secretion of islets was evaluated in 5.6 or 16.7 mM
glucose and measured by radioimmunoassay.
Results:We observed a peak of H2O2 production, mainly in the cytosol,
in both islets and INS-1E cells between 4 to 5 hours after exposure to the
cytokines, coinciding with a decrease in the NADPH production in the
islets (p< 0.001; n=3-4), possibly due to the activation of the antioxidant
system. In addition, ML171 prevents cytokines-induced INS-1E cells
apoptosis (p<0.05; n=4) and KO1 and KO2 islets are protected against
cytokine-induced cell death (p<0.01; n = 5-11). Glucose stimulated insu-
lin secretion (GSIS) is impaired in KO1 islets, to a similar extent to WT
islets exposed to cytokines (p<0.05; n=3-6) and exposure of KO1 islets to
cytokines did not lead to an additional unbalance in GSIS.
Conclusion: Our results suggest that cytokines-induced beta cells dys-
function and death have a major cytosolic ROS production component
that may be related to NADPH oxidase isoforms NOX1 and NOX2.
Supported by: FAPESP, CNPq, DAAD GradUS Global
Disclosure: E.A. Vilas Boas: None.

451
The transcription factor ZBED6 counteracts palmitate-induced mi-
tochondrial activation and ROS production in beta cells by reducing
IGF2 and PRC gene expression
J. Cen1, X. Wang1, S. Younis2, Y. Wang1, C. Krizhanovskii1, L.
Andersson2, N. Welsh1;
1Department of Medical Cell Biology, Uppsala University, Uppsala,
2Science for Life Laboratory, Department of Medical Biochemistry and
Microbiology, Uppsala University, Uppsala, Sweden.

Background and aims: Zbed6 has evolved from a domesticated DNA
transposon and encodes a transcription factor unique to placental mam-
mals that mainly functions as a transcriptional repressor of the Igf2 gene.
We have already observed that ZBED6 is expressed in beta cells and that
it negatively regulates insulin production. As IGF2 is a known mitochon-
drial activator during embryonic development, the aim of this study was
to investigate the potential impact of ZBED6 on mitochondrial function
in beta cells. We also explored the impact of ZBED6 expression when
cells were exposed to high fat and high glucose condition, which is one of
the main characteristics of type 2 diabetes.
Materials and methods: Lentiviral shRNA-mediated stable ZBED6-
silenced MIN6 and βTC-6 cell lines were previously generated. MIN6
and βTC-6 cells were cultured in 25 mM glucose DMEM and exposed
to high palmitate (0.5 mM palmitate with 0.5% BSA). The EndoC-βH1
cells were transiently transfected with adenoviral particles driving overex-
pression of human untagged ZBED6. EndoC-βH1 cells were cultured in
DMEM/Ham’s F12 (50%/50%, vol/vol) and treated with either IGF2 (100
ng/ml) or high levels of glucose (22 mM) and palmitate (1.5 mM palmitate
with 2% BSA). After short and long-term treatments, mitochondrial mem-
brane potential and ROS production (after labeling with the fluorescent
probes JC-1 and MitoSox, respectively), mitochondrial activity
(Extracellular Flux Analyzer XF96e), and the expression levels of IGF2
(qPRC) and the mitochondrial transcription factors phospho-PGC-1alpha
and PRC (PPAR co-activator-1) (immunoblotting) were measured.
Results: ZBED6 downregulation, which resulted in increased IGF2 ex-
pression, caused an augmented JC-1 J-aggregate formation (βTC-6 cells),
and significantly enhanced mitochondrial ROS production by 25%
(MIN6 cells), both at basal conditions and when challenged with palmi-
tate. Accordingly, ZBED6 overexpression resulted in decreased IGF2
expression (20%, P<0.05), reduced mitochondrial JC-1 J-aggregate for-
mation, and a lowered basal (10%, P<0.05) and maximal (30%, P<0.05)
oxygen consumption rate (OCR) in the absence and presence of palmitate
plus high glucose (EndoC-βH1 cells). IGF2 increased basal (10%,
P<0.05) and maximal (20%, P<0.05) OCR, but did not fully rescue the
ZBED6-induced lowering in EndoC-βH1 cells. These suppressive effects
of ZBED6 on mitochondrial activity were paralleled by 30% lowered
levels of PRC (P<0.05), but not of those of phospho-PGC-1alpha.

ZBED6 bound to the PRC promoter/enhancer region in beta cells, as
assessed by ChIP sequencing, which suggests that ZBED6 directly re-
presses PRC gene transcription. RNAi-induced knockdown of PRC
(50%, P<0.05) resulted in a lowered OCR (20%, P<0.05).
Conclusion: Beta-cell mitochondrial activity is stimulated by both IGF2
and PRC. The transcriptional regulator ZBED6 limits excessive beta-cell
mitochondrial activation in response to an increased functional demand,
and this seems to occur partially by inhibition of Igf2 gene transcription,
and partially by repression of PRC expression. As excessive activation of
beta-cell mitochondria leads to increased ROS production and oxidative
stress, ZBED6 may protect against beta-cell dysfunction in type 2 diabe-
tes by this mechanism.
Supported by: Swedish Diabetes Foundation
Disclosure: J. Cen: None.

452
Metabolic dysregulation by cellular stress is implicated in the dedif-
ferentiation and dysfunction of pancreatic beta cells
Y. Tanizawa1, K. Tanabe1, K. Amo-Shiinoki2;
1Dep of Endocrinology, Metabolism, Hematological Sciences and
Therapeutics, Yamaguchi University, Ube, Yamaguchi, 2Dep of
Diabetes Research, Yamaguchi University, Ube, Yamaguchi, Japan.

Background and aims: Pancreatic β cell loss is associated with aug-
mented ER and oxidative stresses in Wolfram syndrome caused by mu-
tations in the WFS1. In the Wfs1-/-mice, β cells become dedifferentiated
and revert to endocrine progenitor-like cells, and a subset of them takes
αcell fate. Such β cell plasticity appears after nursing, independently of
hyperglycemia, and becomes more apparent along with diabetes progres-
sion accompanied with no significant increase in apoptosis. We hypoth-
esized that Txnip, which is a stress responsemolecule involving in various
cellular processes is involved in the stress-induced beta-cell failure in the
Wfs1-/-mice.
Materials and methods: We created wfs1-/-Txnip-/- double mutant mice
and observed glucose tolerance, insulin secretion. We also analyzed the
islets histochemically and biochemically to understand the underlying
process.
Results: Genetic inhibition of Txnip preserved β cell mass and main-
tained glucose homeostasis in the Wfs1-/-mice. This suggests its roles in
the regulation of β cell plasticity in the setting of Wfs1 deficiency. One
clue to the mechanisms underlying β cell dedifferentiation was the para-
doxical reduction of acetyl-CoA, citrate and ATP content in the Wfs1-/
-islets in spite of the enhanced glycolysis with an increase in pyruvate.
This metabolic dissociation was correlated with an increase in phosphor-
ylated pyruvate dehydrogenase (p-PDH). Importantly, Txnip directly in-
teracts with the both PDH kinase as well as PDH, indicating its involve-
ment in the regulation of PDH activity. Indeed, islets ofWfs1-/-mice lack-
ing Txnip demonstrated a robust reduction of phosphorylated PDH and a
restoration of capabilities of ATP production in response to glucose.
Conclusion: These finding illustrate impaired energy metabolism in β
cells under the chronic stress conditions, and suggest that β cells may
possibly become dedifferentiated to adapt to the metabolic insufficiency
caused by unresolvable stresses. This provides new insights into molec-
ular mechanisms underlying β cell loss in diabetes related to cellular
stresses, such as Wolfram syndrome.
Supported by: Grant in Aid from JSPS
Disclosure: Y. Tanizawa: None.

453
Treatment of human-type diabetes by an autophagy enhancer expe-
diting clearance of islet amyloid protein
M.-S. Lee1, J. Kim1, J.H. Kim2;
1Yonsei University, Seoul, 2Samsung Medical Center, Seoul, Republic of
Korea.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S222



Background and aims: Islet amyloid deposition is observed in over 90%
of human patients with diabetes but not in murine diabetes, which is due
to differences in the amino acid sequences of islet amyloid polypeptide
(IAPP). We previously reported that the human-type IAPP (hIAPP) olig-
omer or amyloid accumulates in mice expressing hIAPP (hIAPP+ mice)
when islet β-cell autophagy is deficient. These results indicate that au-
tophagy is crucial in the clearance of hIAPP oligomer and suggest the
possibility that autophagy enhancer may be employed as a therapeutic
modality against human-type diabetes characterized by islet amyloid
accumulation.
Materials and methods: We investigated whether a recently identified
novel autophagy enhancer (MSL-7) can expedite clearance of the hIAPP
oligomer and ameliorate the metabolic profile of hIAPP+ mice expressing
human-type amyloidogenic IAPP (hIAPP). Tfeb or Tfe3 knockout was
conducted by CRISPR/Cas9 technology. hIAPP oligomer was detected
by immunofluorescent staining employing A11 antibody. Amyloid accu-
mulation was detected by FSB staining. pro-hIAPP dimer or trimer accu-
mulation was studied by immunoblot analysis of INS-1 cells transfected
with prepro-hIAPP-HA construct using anti-HA antibody. Endogenous
IAPP oligomer accumulation was studied employing primary monkey
islet cells expressing amyloidogenic simian IAPP which is similar to
hIAPP. Apoptosis of islet cells was studied by measuring
oligonucleosomal DNA released to the culture supernatant in vitro or
by TUNEL staining combined with insulin immunohistochemistry
in vivo. Phosphorylation of Tfeb or Tfe3 was studied by immunoblot
analysis using antibody specific for phospho-Tfeb or immunoprecipita-
tion using anti-Tfeb or -Tfe3 antibody followed by immunoblot using
anti-14-3-3 antibody.
Results: MSL-7 induced the nuclear translocation of MiTF/TFE family
members such as TFEB and TFE3 through dephosphorylation. MSL-7
reduced the accumulation of pro-hIAPP dimer after transfection of
prepro-hIAPP in INS-1 insulinoma cells and reduced INS-1 cell death
by overexpression of prepro-hIAPP in vitro. MSL-7 also reduced the
accumulation of endogenous amyloidogenic IAPP oligomer and conse-
quent apoptosis in monkey islet cells. The effect of MSL-7 on hIAPP
dimer accumulation and apoptosis diminished in Tfeb- or Tfe3 knockout
INS-1 cells. Diabetes in high-fat diet-fed hIAPP+ mice was aggravated by
β-cell-specific Tfeb knockout, indicating importance of β-cell Tfeb in the
clearance of hIAPP oligomer. In vivo administration of MSL-7 improved
glucose tolerance and β-cell function of high-fat diet-fed hIAPP+ mice,
accompanied by decreased accumulation of hIAPP oligomer or islet am-
yloid and reduced β-cell apoptosis.
Conclusion: These results suggest that autophagy enhancer that could
expedite clearing of hIAPP oligomer/amyloid could be novel therapeutic
agents against human diabetes characterized by islet amyloid
accumulation.
Supported by: GRL Grant; Bio&Medical Technology Development
Program
Disclosure: M. Lee: None.

454
Regulation of pancreatic beta cell autophagy by glucose metabolism
C. Arden, F.P. Zummo, K. Lanyi, J.A.M. Shaw, P.E. Lovat;
Institute of Cellular Medicine, Newcastle University, Newcastle Upon
Tyne, UK.

Background and aims: Macroautophagy is critical for the regulation of
pancreatic beta-cell mass and its deregulation has been implicated in the
pathogenesis of type 2 diabetes. However, the regulation of autophagy in
beta-cells is complex. In contrast to other cell types, starvation from amino
acids does not have a marked impact on beta-cell autophagy. Since ATP
production in beta-cells is highly dependent on glucose metabolism, we
speculated whether glucose metabolism may be pivotal in mediating au-
tophagy in these cells. The aim of the current study was therefore to
determine a role for glucose sensing in regulating autophagic flux.

Materials and methods: INS-1E and mouse / human islets were incu-
bated with activators or inhibitors of glucose metabolism and the impact
on autophagy assessed by measurement of LC3 I-II conversion by west-
ern blotting or p62 accumulation by immunostaining. Autophagy was
downregulated using siRNA against ATG5 and glucose metabolism
inhibited using siRNA against glucokinase. Cell death was measured by
propidium iodide staining.
Results:Acute activation of glucosemetabolism (2h) using a glucokinase
activator (10μM RO 28-1675) at 5mM glucose decreased LC3 II (INS-
1E: 37±7% decrease, p<0.005; mouse islets: 29±8% decrease, p<0.01), a
marker of autophagy, whilst an inhibitor of glucose metabolism (3mM 5-
thioglucose) at 10mM glucose increased LC3 II (INS-1E: 1.97±0.3fold
increase, p<0.05; mouse islets: 1.3±0.1fold increase). Furthermore, inhi-
bition of glucose metabolism using siRNA mediated downregulation of
glucokinase increased LC3 II (INS-1E: 1.8±0.2fold increase, p<0.05).
This data supports an inhibitory role for glucose metabolism in regulating
autophagy. We next determined whether this inhibitory action was altered
in a chronic model of nutrient excess (24h exposure to glucolipotoxicity
(GLT): 0.4mM palmitate + 25mM glucose). Unlike the acute inhibitory
action of glucose, chronic GLT increased LC3 II (INS-1E: 2.6±0.1fold
increase, p<0.005; mouse islets: 2.3±0.5fold increase, p<0.05; human
islets: 1.8±0.2fold increase, p<0.01) and also increased accumulation of
p62, a marker of deregulated autophagy (INS-1E: 2.1±0.5fold increase,
p<0.05). The GLT-induced increase in both LC3 II and p62 levels was
exacerbated by chronic administration of a glucokinase activator (LC3 II:
1.2±0.05fold increase, p<0.05; p62: 2.8±0.8fold increase, p<0.05) and
inhibited by glucokinase silencing (LC3 II: 39±10% decrease in GLT,
p<0.05). Interestingly, acute activation of glucose metabolism using a
glucokinase activator for the final 2h partially reversed the GLT-
mediated increase in LC3 II (control: 1.6±0.1fold increase with GLT;
GKA: 1.1±0.3fold increase with GLT) and also decreased cell death
(control: 13.9±1.4fold increase with GLT; GKA: 11.1±1.7fold increase
with GLT, p<0.05). This cell protective effect of acute GKA administra-
tion was prevented by siRNA mediated downregulation of autophagy
(siScr: 29±5% decrease by GKA; siATG5: 1.1±0.2% decrease by GKA,
p<0.05) supporting an autophagy dependent mechanism.
Conclusion: Beta-cell autophagy is regulated by acute changes in glu-
cose metabolism consistent with the high dependence of glucose metab-
olism in maintaining beta-cell function. This mechanism appears to be
critical for the cytoprotective effects of a glucokinase activator over GLT-
induced beta-cell death. Understanding these mechanisms is essential to
determine the underlying pathways mediating autophagic deregulation in
type 2 diabetes.
Supported by: DRWF project grant, DUK PhD studentship
Disclosure: C. Arden: None.
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Identification and characterisation of the dose response of
otelixizumab in new onset type 1 diabetes patients
A. Napolitano1, A. van Maurik1, D.W. Inman1, N. Wisniacki1, P.
Gillard2, R. Hilbrands3, F. Gorus4, C. Mathieu2, U. Van de Velde3,4, B.
Keymeulen3,4;
1GlaxoSmithKline, Stevenage, UK, 2Katholieke Universiteit and
University Hospitals, Leuven, Belgium, 3Academic Hospital and
Diabetes Research Center, Vrije Universiteit, Brussel, Belgium,
4Belgian Diabetes Registry, Brussel, Belgium.

Background and aims: Otelixizumab (OTX) (anti-CD3ε mAb) demon-
strated to halt the loss of β-cells in New Onset Type 1 Diabetes Mellitus
(NOT1DM) patients at a cumulative dose of 48 mg, but with associated
poor tolerability due to (EBV reactivation and Cytokine Release Sdr
(CRS). The DEFEND studies showed an improved safety and tolerability
at 3.1 mg cumulative dose but failed to demonstrate efficacy.We aimed to
identify the association between dose response, safety and tolerability,
immunological effects and preservation of β-cell function of OTX in
NOT1DM patients.
Materials and methods: This was a single blind, placebo controlled,
multi-centre, single course (delivered in 6 days) study. NOT1DM patients
(16-27 yrs old, within 32 days from diagnosis) were assigned to receive
either OTX or matching placebo (4:1 ratio). Escalating repeat doses (cu-
mulative dose 9, 18, 27 and 36 mg) of intravenously administered
otelixizumab in 40 patients with NOT1DM were planned to be explored
in 4 cohorts over 24 months. Area Under the Curve (AUC) C-Peptide post
Mixed-Meal Tolerance Test (MMTT) was analysed for up to 24 months.
Results: The dose escalation was stopped at 27 mg as pre-defined stop-
ping criteria on EBV reactivation were met. All patients on active treat-
ment experienced at least one AE (limited to the dosing period) related to
CRS, none of which was classified as severe. OTX 27 mg group had
higher proportion of subjects (3 out of 8 dosed) with EBV-related AEs
confirmed by increased EBV viral load (>10,000 copies per 106 PBMC)
meeting the pre-established dose escalation stopping criteria. In these
subjects, EBV-specific CD8+ T cells expanded within 6 weeks post
OTX dosing and gradually contracted over time suggesting that re-
establishment of immunocompetence controls EBV reactivation.
Change from Baseline in MMTT C-peptide Weighted Mean (WM)
AUC (0-120 min) in subjects dosed with OTX 9 mg was above the
baseline up to 18 months (Difference from Placebo (95% Confidence
Interval) 0.39 (0.06, 0.72) p< 0.05), while no preservation of β-cell func-
tion was observed at 18 and 27 mg. In the OTX 9 mg cohort, EBV viral
load above the normal range (> 10,000 EBV copies per 106 PBMC) was
detected in 2 subjects (22%) however 6 out of nine subjects in this dose
group were identified as metabolic responders (> -40% change from
baseline in C-peptide after 24 months) suggesting that EBV reactivation
is not a pre-requisite to become a metabolic responder. Increase from
baseline in partially exhausted CD8+ memory T cells was more pro-
nounced in subjects on OTX who retrospectively were defined as a met-
abolic responder.
Conclusion: Maximum tolerated dose was identified at 18mg based on
predefined EBV reactivation stopping criteria. EBV clinical manifesta-
tions and increased EBV viral load were found to be dose-dependent and
transient, a phenomenon associated with the rapid advent of EBV-specific
T-cell responses. Evidence of β-cell preservation measured by MMTT
was observed at the dose of 9 mg up to 18months but not at 18 mg and 27
mg. This study was not powered for efficacy and observing a metabolic
response in the 9 mg dose cohort is encouraging, whilst dose higher than
18 mg increases the risk to observe unwanted clinical EBV reactivation.
Clinical Trial Registration Number: NCT02000817
Supported by: Funding for this study was provided by GlaxoSmithKline
Disclosure: A. Napolitano: Employment/Consultancy; Employee of
GSK. Stock/Shareholding; GSK Shareholder.
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Dendritic cells from paediatric patients with type 1 diabetes show
altered phagocytosis capacity correlating with disease evolution
S. Rodriguez-Fernandez1, M. Murillo2, D. Perna-Barrull1, A. Villalba1,
D. Maspoch3,4, J. Bel2, M. Vives-Pi1,5;
1Immunology Section, Germans Trias i Pujol Research Institute,
Badalona, 2Paediatrics Section, Hospital Germans Trias i Pujol,
Badalona, 3Catalan Institute of Nanoscience and Nanotechnology,
Bellaterra, 4ICREA, Barcelona, Spain, 5CIBERDEM, Barcelona,
Spain.

Background and aims: Autoimmunity against β-cells in type 1 dia-
betes (T1D) is prompted by defective immunological tolerance, an
event in which dendritic cells (DCs) play a crucial role as orchestra-
tors of the immune response. Relying on the inherent ability of
apoptotic cell clearance to induce tolerance, we designed a liposomal
nanotherapy rich in phophatidylserine (PS) -a characteristic signal of
the apoptotic cell membrane- and loaded with insulin to mimic apo-
ptotic β-cells. PS-liposomes administration blunted autoimmunity in
experimental T1D through the generation of tolerogenic DCs.
Moreover, human DCs from adult patients with T1D were also ren-
dered tolerogenic after PS-liposomes phagocytosis. However, since
T1D in children is often more complicated to manage and severe
dysglycaemia could impair DCs functionality, our aim was to explore
the therapeutic value of PS-liposomes in DCs from paediatric patients
(PP) with T1D.
Materials and methods: PP with T1D at onset (n=14), with established
disease (0.5-11 years of evolution, n=20) and control subjects (CS, n=11)
were recruited. Inclusion criteria were 1-18 years and normal BMI; ex-
clusion criteria were being under immunomodulatory treatment or suffer-
ing from other autoimmune or other chronic diseases. A 10 mL blood
sample was obtained, and DCs were derived in vitro from isolated mono-
cytes. PS-liposomeswith optimum size and composition for phagocytosis
were loaded with human insulin peptides as autoantigen. Therefore, PS-
liposomes capture kinetics by DCs, and phenotypic and transcriptional
changes in DCs were assessed.
Results: When assessing phagocytosis kinetics, we discovered that
DCs from PP with established disease captured PS-liposomes slowlier
and less efficiently than DCs from CS (p<0.01, Mann-Whitney test)
and PP at onset (p<0.05, Mann-Whitney test), which were also less
efficient than DCs from CS (p<0.05, Mann-Whitney test).
Phagocytosis kinetics AUC negatively correlated with the time of
disease evolution (r=-0.6772, p=0.0139, Spearman’s correlation anal-
ysis), but not with age, age at onset, BMI, HbA1c, fasting C-peptide
nor insulin dose. After PS-liposomes phagocytosis, expression of PS-
receptors CD36 and MFGE8 genes tended to be upregulated in DCs
from CS and PP at onset, and tended to be downregulated in DCs
from PP with established disease, agreeing with the trend in phago-
cytosis kinetics. Nonetheless, membrane expression of immunological
markers (HLA class I and II, CD40, CD54, CD86, CCR2, CXCR4)
of DCs from PP at onset and with established disease was lower in
DCs after PS-liposomes capture than in mature DCs (p<0.05, Mann-
Whitney test), consistent with a tolerogenic effect. Interestingly,
TGFB1 gene, involved in immunoregulation, appeared upregulated
after PS-liposomes capture only in DCs from PP at onset and with
established disease.
Conclusion: These results demonstrate that progression of T1D in
PP, and probably temporal accumulation of dysglycaemia, impacts
negatively on DCs phagocytic capacity, albeit tolerance induction
could still function optimally. This is the first time that this im-
munological complication of the disease is reported in PP with
T1D.
Supported by: ISCiii, AGAUR, Fundación DiabetesCero
Disclosure: S. Rodriguez-Fernandez: Grants; ISCiii PI15/00198,
Fundación DiabetesCero. Honorarium; AGAUR 2016FI_B 00739,
Fundación DiabetesCero.
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GLP1R signalling promotes allograft survival by skewing the
effector/regulatory T cell balance
A. Seelam1, A. Abdelsalam1,2, E. Assi1, E. Ippolito1, M. Ben Nasr1,3, C.
Loretelli1, F. D'Addio1, A. Maestroni1, S. Di Maggio1, T. Letizia1, G.
Zuccotti1,4, P. Fiorina1,5;
1Department of Clinical and Biomedical Sciences L.Sacco, Pediatric
Clinical Research Center Invernizzi, University of Milan, Milan, Italy,
2Department of Biochemistry and Biotechnology, Heliopolis University,
Cairo, Egypt, 3Nephrology, Boston Children's Hospital, Harvard Medical
School, Boston, USA, 4Pediatrics, Children's Hospital Buzzi ASST
Fatebenefratelli Sacco, Milan, Italy, 5Endocrinology, Fatebenefratelli
Hospital ASST Sacco, Milan, Italy.

Background and aims:Glucagon Like Peptide-1 Receptor (GLP1R) is a
key regulator of glucose metabolism, known to be expressed by pancre-
atic β-cells, gastric mucosa and hypothalamic appetite center. Recently,
GLP1R mRNA has been detected on T-lymphocytes; however, its func-
tion in these cells remains poorly understood. The aim of our study is to
characterize GLP1R Expression on T-Lymphocytes subset while empha-
sizing on its role during allotransplantation.
Materials and methods: Human studies: Human CD4 and CD8 T cells
were isolated through microbeads selection from whole PBMCs from
healthy subjects and GLP1R expression was determined in different
CD4 and CD8 T-cell subsets. Murine studies:C57BL/6 received islet or
cardiac allotransplantation from BALB/c donor mice and were adminis-
tered with GLP1R agonist (EXE-4) or co-administered with its
Antagonist (EXE-9) or co-administered with Rapamycin. Graft survival
was assessed accordingly in all groups. Mechanistic studies were per-
formed in all study groups by Flow cytometry, Immunohistochemistry,
ELISPOT assay, Western Blot and RT-PCR.
Results: Our data showed that, in basal condition, a subset of naïve CD4
and CD8 T-lymphocytes expresses GLP1R in humans and mice. When
C57BL/6 mice received islet or cardiac allotransplantation from BALB/c
donors, GLP1R+ CD4+/CD8+ cells were expanded in the spleen and were
found to infiltrate the graft at high percentage. Interestingly, the treatment
with the GLP1R agonist Exenatide (EXE-4) significantly prolonged car-
diac and islet allograft survival, reduced T effector lymphocytes allograft
infiltrate and expanded T-regulatory cells (Tregs). Interestingly, a strong
synergism with Rapamycin in prolonging cardiac and islet transplant
survival was observed. Mechanistically, in vitro studies showed that
GLP1R signaling promote apoptosis of effector T cells and slightly ex-
pand Tregs.
Conclusion: In conclusion, GLP1R appeared to be a modulator of T cell
function in allotransplantation and the GLP1R agonist Exenatide regu-
lates alloimmune response and prolongs allograft survival by skewing the
effector/regulatory T cell balance.
Disclosure: A. Seelam: None.
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Distinct islet antigen-specific CD8+T cell responses among the three
subtypes of type 1 diabetes
D. Chujo1,2, M. Matsushita2, A. Kawabe2, C. Tsutsumi3, F. Haseda3, A.
Imagawa3, T. Hanafusa4, M. Shimoda2, K. Ueki2, H. Kajio2, K. Yagi1, K.
Tobe1;
1Toyama University Hospital, Toyama, 2National Center for Global
Health and Medicine, Tokyo, 3Osaka Medical College, Takatsuki,
4Sakai City Medical Center, Sakai, Japan.

Background and aims: Type 1 diabetes (T1D) is classified into three
subtypes in Japan based on themanner of disease progression: acute onset
(AT1D), slowly progressive (SP1D), and fulminant (FT1D). While cellu-
lar immunity has been known to play a major role in pancreatic beta cell
destruction in T1D, the contribution of autoreactive CD8+ T cells in the
pathogenesis of each T1D subtype remain largely unknown.

Materials and methods: We performed an integrated assay that permits
the determination of ex-vivo cellular immune responses, and the frequen-
cy of islet antigen-specific CD8+ T cells. Briefly, peripheral blood mono-
nuclear cells obtained from 20AT1D, 17 SP1D, 18 FT1D patients, and 17
non-diabetics (ND) were stimulated for 48 hours with GAD65,
preproinsulin (PPI), IGRP, and ZnT8 peptide clusters, after which the
cytokine/chemokine secretion was measured (ex-vivo assay).
Subsequently, the peptide-reactive T cells were further expanded with
IL-2 for 5 days and re-stimulated, with the same peptides as those used
for initial stimulations, for 6 hours to identify the T cell subsets, based on
intracellular cytokine staining (ICS assay).
Results: In the ex-vivo assay, IGRP and ZnT8-specific IP-10 responses
were significantly upregulated in AT1D, as compared to ND.
Furthermore, IGRP and ZnT8-specif ic IL-6, G-CSF, and
TNF-αresponses were significantly upregulated in FT1D, when com-
pared to ND. The ICS assay further revealed that the frequencies of
IGRP and ZnT8-specific IFN-gamma-producing CD8+ T cells were sig-
nificantly higher in both AT1D (P = 0.02 for IGRP-specific CD8+T cells;
P = 0.03 for ZnT8-specific CD8+ T cells) and FT1D (P = <0.0001 for
IGRP-specific CD8+ T cells; P = 0.0004 for ZnT8-specific CD8+ T cells)
than in ND, and remained unaltered in SP1D. Notably, FT1D displayed
the highest frequencies of specific IFN-gamma-producing CD8+ T cells
among the three subtypes of T1D. The frequencies of GAD65 and PPI-
specific CD8+ Tcells were not significantly different among the subtypes.
Conclusion: Our study suggests that IGRP and ZnT8-specific CD8+ T
cells significantly contribute to the pathogenesis of AT1D and FT1D.
Distinct responses of islet antigen-specific cytotoxic T cells may be asso-
ciated with the manner in which beta cell destruction progresses in these
T1D subtypes.
Supported by: JSPS
Disclosure: D. Chujo: Grants; Novo Nordisk Pharma Ltd., Eli Lilly
Japan K.K., Mitsubishi Tanabe Pharma Co., Kyowa Hakko Kirin Co.
Ltd. Lecture/other fees; Novo Nordisk Pharma Ltd., Eli Lilly Japan
K.K., Sanofi K.K.
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Follicular regulatory T cells are increased in the blood of subjects
with mutiple autoantibodies but reduced in the pancreatic lymph
nodes of patients with type 1 diabetes
G. Fousteri1, A. Vecchione1, J. Gerosa1, K. Shankwitz2, A. Schultz3, T.
Jofra1, A. Stabilini1, F. Ragogna1, A. Laurenzi1, R. Bonfanti1, A. Aiuti1,
M. Cicalese1, T. Brusko3, C. Petrovas2, M. Battaglia1;
1San Raffaele Hospital, Milan, Italy, 2NIH, Bethesda, USA, 3University
of Florida, Gainesville, USA.

Background and aims: Follicular helper T cells (TFH) and follicular
regulatory T cells (TFR) are subsets of CD4 T cells highly specialized in
aiding and inhibiting antibody responses in germinal centers (GC), re-
spectively. The equilibrium between TFH and TFR prevents excessive GC
reactions and aberrant autoantibody (AAb) development. Islet-specific
AAbs are a hallmark of T1D and are currently used for prognosis and
diagnosis. Islet-specific AAbs are high-affinity, class-switched antibod-
ies, suggesting that they have possibly derived fromGCs, implicating TFH

and TFR in their development.
Materials andmethods:We investigated by flow cytometry the frequen-
cy and activation phenotype of circulating TFH and TFR from first and
second-degree relatives of patients with T1D (TrialNet), patients with
T1D, and healthy controls (HCs). We also analyzed by flow cytometry
and multiple IFS the number of Tfr cells residing in the pancreatic lymph
nodes of patients with T1D (nPOD).
Results:While the frequencies of highly activated TFH (PD-1++) and TFR
were higher in pre-symptomatic subjects with high risk for developing
T1D as compared to HCs, patients with T1D had a reduced frequency of
blood TFR. Consequently, the ratio PD-1+ TFH: TFR ratio was reduced in
pre-symptomatic subjects but increased in patients with T1D. Analyses of
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TFH and TFR in the spleen and pancreatic lymph nodes (PLN) of patients
with T1D (nPOD and San Raffaele hospital), identified a reduction in the
frequency of TFR as compared to non-diabetic controls.
Conclusion: In summary, our findings indicate that while the TFH to TFR
equilibrium tilts toward TFR in presymptomatic subjects, it tilts towards
TFH in symptomatic individuals, suggesting therapeutic targeting of the
TFH:TFR equilibrium might provide a novel strategy to prevent the pro-
gression of T1D.
Supported by: GR-2011-02348732
Disclosure: G. Fousteri: None.
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Effect of P53 activation through targeting MDM2/MDM4 heterodi-
mer on Tregulatory and effector cells in the peripheral blood of type
1 diabetes patients
A. Fierabracci1, M. Pellegrino1, G. Traversi1, M. Cappa2, M.M.
Rosado3, F. Moretti4;
1Infectivology and Clinical Trials Research Department, Children's
Hospital Bambino Gesù, Rome, 2Endocrinology Department, Children's
Hospital Bambino Gesù, Rome, 3Research Laboratories, Children's
Hospital Bambino Gesù, Rome, 4Institute of Cell Biology and
Neurobiology, National Research Council of Italy (CNR), Rome, Italy.

Background and aims: Type 1 diabetes (T1D) is caused by autoimmune
destruction of pancreatic insulin-producing β cells. Without a prompt in-
sulin treatment at onset, ketoacidosis, potential coma and death can occur
and, in the long-term, severe clinical complications can develop. The treat-
ment always allows the patient recovery from a certain death but does not
treat the ongoing autoimmune process. The scientific community has there-
fore advanced the hypothesis that immunotherapies could halt the patho-
genic mechanisms thus improving the metabolic stability of disease.
Several immunotherapeutic approaches are under investigation. In recent
years p53 has been envisaged as a possible target for immune control based
on its reactivation. We investigated the possible effect of p53 activation on
Treg subsets and their balance with Teff in T1D patients PBMC.
Materials and methods: PBMC from 16 T1D patients and 20 healthy
controls (HD) were analysed; cells were pre-treated with peptide 3 (Pep3)
or not functional peptide 3mutated (Pep3MUT) as control (10-15uM) for
24 hours. Pep3, composed of 12 aa was designed to selectively impair the
MDM2/MDM4 heterodimer in order to release the inhibition on p53 so to
activate its function. The following day, anti-CD3/CD28 beads were ad-
ministered to stimulate cells (1:50 bead-to-cell ratio); after 4 and 6 days of
stimulation cells were analysed by FACS. Statistical significance was
assessed for the diverse cell conditions and treatments for all subsets in
HD and T1D patients using One-way analysis of variance K-W and
Dunn’s post-test. Differences in the expression of PD1molecules in terms
of percentages of PD1+ cells among subsets were studied using the
Wilcoxon test. A result of p < 0.05was considered statistically significant.
Results: Upon p53 activation in anti-CD3/CD28 stimulated healthy
PBMC CD8+ Treg (CD8+CD25+FOXP3+) and activated CD8+ Teff
(CD8+CD25+FOXP3-) were increased whilst CD8+ Teff cells (CD8+
CD25-FOXP3-) significantly decreased. No effect was observed on per-
centages of CD4+ Treg (CD4+CD25+FOXP3+), while we found a reduc-
tion of CD4+ Teff cells (CD4+CD25-FOXP3-) and on their activation
(CD4+CD25+FOXP3-). In patients PBMC, upon p53 activation followed
by 6 days anti-CD3/CD28 stimulation, CD8+ Treg, CD8+ Teff and CD8+
Teff activated were increased. No differences were detected in the CD4+
counterparts. CD8+ Teff PD1+, CD8+ Teff PD1low upon p53 activation
were increased in diabetics in respect to controls while CD8+ Teff PD1high
were increased in both. The same increased percentages were detected for
CD4+ counterparts. CD4+ Treg PD1high cells were decreased in diabetics
upon p53 activation at day 6 of anti-CD3/CD28 stimulation.
Conclusion: Experimental evidences produced by other groups have
proven that p53 reactivator nutlin-3a was capable of controlling autoim-
mune arthritis on p53-/- mice and upregulating Treg in human rheumatoid

patients. In our study, a Teff dysregulation is evidenced upon p53 activa-
tion suggesting that molecules promoting p53 cannot be used for therapy
in type 1 diabetics.
Supported by: Italian Ministry of Health, AIRC
Disclosure: A. Fierabracci: None.
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Circulating platelet-neutrophil aggregates represent a peripheral
biomarker of type 1 diabetes development
C.J. Simeonovic1, S.K. Popp1, D.J. Brown1, R. Fukuda1, M. Sarma1, L.
Coupland1, E. Gardiner1, M. Battaglia2, F. Vecchio2, A. Petrelli2, E.
Bosi2, B. Chong3, A.R.A. Lafferty4, C.R. Parish1;
1The John Curtin School of Medical Research, Canberra, Australia, 2San
Raffaele Hospital Scientific Institute, Milan, Italy, 3St George and
Sutherland Clinical School, Sydney, Australia, 4Department of
Paediatrics, The Canberra Hospital, Woden, Australia.

Background and aims: Platelet-neutrophil interactions promote autoim-
mune responses, induce tissue damage and contribute to clinical disease.
Neutrophils are activated by platelets (e.g., by high mobility group box 1
(HMGB1)) via cell-cell contact to release neutrophil extracellular traps
(NETs)/histones via NETosis. However, platelets are also activated by
neutrophil-derived NETs/histones, creating a vicious cycle of platelet-
neutrophil activation. Recent studies have identified that neutrophils
and possibly platelets contribute to the pathogenesis of human T1D.
The aim of this study was to examine the contribution of platelet-
neutrophil interactions to T1D development in NOD mice and humans.
Materials and methods: Platelet-neutrophil aggregates (PNAs) were
analysed by flow cytometry in (i) peripheral blood of NOD females at 2,
3, 4, 6-8, 10-12, 16-18 wks of age and at T1D onset (n=10-52/group) and
(ii) insulitis leukocytes harvested from islets isolated from NOD mice at
the same ages (n=3-12 donors/group). B6SJL females were used as non-
autoimmune controls. PNAs were identified as CD41+ve (platelet marker)
Ly6C+ve/Ly6Ghi neutrophils. Immunofluorescence microscopy was used
to detect citrullinated histone (CitH3) and myeloperoxidase (MPO) as
indicators of NETosis in pancreas sections; the % CitH3+ve islets and %
MPO+ve islets were determined from the total islet number/section, n=3-5
pancreases/group. PNAs were also measured in the peripheral blood of
autoantibody (Aab)-ve (n=22), Aab+ve (n=6), T1D (~ at diagnosis; n=16)
and healthy control (n=6) paediatric donors, 5-16 years of age.
Results: Elevated PNA levels (% neutrophils bound to platelets) were
observed in NODmice at 4 wks (40.4±5.7%; P=0.0022), 10-12wks (48.6
±8.5%; P=0.0056) and at T1D-onset (61.7±7.4%; P<0.0001), compared
to non-autoimmune controls (23.2±1.1%). NOD islet PNAs (No.
PNAs/islet) were elevated 7.6-fold at 4 wks, 12.5-fold at 10-12 wks
(P<0.05), 16.5-fold at 16-18 wks (P<0.01) and 13.2-fold (P=0.0007) at
T1D-onset, compared to control B6SJL islets. At 4 wks, 10-12 wks and
T1D onset, 28.9%, 52.3% (P<0.05) and 61.4% (P<0.05) of islets were
MPO+ve; from 10-12 wks, 32.4% - 41.1% of islets were CitH3+ve.
B6SJL islets showed little or no CitH3+ve or MPO+ve staining. Peak
blood and islet PNAs correlated with the initiation of T1D autoimmunity
in NODmice (at 3-4 wks) and with MPO+ve or CitH3+ve islets at 10-12
wks and T1D-onset, in parallel with islet/beta cell damage (by histology).
Circulating PNA levels in Aab-ve (26.5±3.7%), Aab+ve (38.5±9.4%)
and T1D-onset (42.5±5.7%; P<0.05) children were 1.6, 2.3 and 2.5 -
fold higher, respectively, than in healthy controls (16.8±3.0%); PNA
levels declined during 1 yr after T1D onset.
Conclusion: The dynamic profile of islet-associated PNAs resembled the
PNA pattern in NOD blood and correlated with islet-associated NETosis
and inflammation. There is a trend for elevated circulating PNAs during
T1D development in humans. These findings suggest that platelets may aid
the activation and migration of neutrophils to islets in T1D. Circulating PNA
levels may represent a novel biomarker of T1D development.
Supported by: JDRF/Australian T1D Clinical Research Network
Disclosure: C.J. Simeonovic: None.
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PCR based immune phenotyping of inflamed islets isolated from
formalin fixed sections from patients with type 1 diabetes
F. Torabi1, P. Leete2, M. Tombs1, S.J. Richardson2, N.G. Morgan2, M.R.
Christie1;
1School of Life Sciences, University of Lincoln, Lincoln, 2Institute of
Biomedical and Clinical Sciences, Exeter, UK.

Background and aims: Immunohistochemical analysis of inflamed is-
lets in sections of pancreas from people with Type 1 diabetes has revealed
heterogeneity in the cellular composition of the insulitis that may influ-
ence the rate of progression of the disease. In particular, in many young
children (<13y) the infiltrate contains large numbers of both CD8+ T-cells
and CD20+ B-cells (CD20Hi); whereas fewer B-cells are present in those
who are older at onset (>13y) (CD20Lo). Further characterisation of the
immune cells in these two groups is required to better understand the
factors influencing rates of progression to disease, but this is complicated
by the very rare availability of tissue from patients with young age at
onset. The Exeter Archival Diabetes Biobank contains fixed pancreas
samples from more than 100 patients who died with recent onset Type
1 diabetes, including ~20 with the CD20Hi inflammatory profile.
Formalin fixation can preserve RNA and the aim of this proposal was
to evaluate the feasibility of using a PCR-based approach to characterise
the immune cell phenotype in individual inflamed islets dissected from
fixed tissue sections from the archival collection.
Materials and methods: Pancreatic sections from 11 Type 1 diabetes
cases were cut from formalin fixed, paraffin embedded pancreas samples
from the Exeter collection. For one of the CD20Hi cases, sections were
stained for insulin and CD20 to identify 8 inflamed islets, which were
then dissected from adjacent sections. RNA was extracted from whole
pancreas sections or individual isolated islets and contaminating DNA
digested with DNase. RNA from human peripheral blood lymphocytes
stimulated with phorbol myristate acetate and ionomycin was used as
positive control. cDNAwas prepared by reverse transcription using ran-
dom primers and subjected to conventional or quantitative PCR with
primers representing phenotypic markers of inflammation. All PCR prod-
ucts were below 200 bp. Primers for actin products of different sizes (134,
230, 431 bp) were used to determine the quality of RNA extracted the
tissue samples.
Results: A 230 bp actin PCR product was amplified from pancreas sec-
tions from 10 of the 11 cases tested and a 431 bp fragment from 7 of these,
demonstrating that RNA transcripts are preserved in the fixed samples
from the pancreas archive. Markers of Th1 (IFNG and/or T-bet) and Th2
(GATA3) were amplified from RNA extracts from 7 of 8 individual islets
dissected from the pancreas of one of the CD20Hi patients. Aweak signal
for FoxP3 was detected in one islet, whereas other markers (IL4, IL17,
RORC) were negative. The identity of all PCR products was confirmed
by sequencing.
Conclusion: The results demonstrate the feasibility of using archival
formalin fixed pancreatic tissue for PCR based immunophenotyping of
the islet inflammation in Type 1 diabetes. The preliminary results reveal
the presence of cells displaying both Th1 and Th2 type responses in islet
samples from two patients demonstrating a CD20Hi inflammation.
Supported by: JDRF
Disclosure: F. Torabi: None.
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EIF2A protects beta cells from ER stress by decreasing ERN1, while
increasing EIF5B and global protein translation
E. Panzhinskiy, S. Skovsø, G. Soukhatcheva, F. Taghizadeh, D.A.
Dionne, J.S.Wildi, S. Marcil, X. Hu, C.B. Verchere, E. Jan, J.D. Johnson;
University of British Columbia, Vancouver, Canada.

Background and aims: Endoplasmic reticulum (ER) stress-induced un-
folded protein response (UPR) is a well-known mechanism mediating
beta cell apoptosis in diabetes. Inhibition of general protein synthesis
via phosphorylation of EIF2S1 (a.k.a EIF2alpha) is key UPR event.
The alternative initiation factor EIF2A has been proposed to mediate
EIF2S1-independent translation during viral infection, but its role in beta
cells is unknown.We therefore investigated role of EIF2A in the beta cell
UPR.
Materials and methods: Thapsigargin (1 μmol/l), palmitate (0.5 mmol/l
in BSA) were used to induce UPR in MIN6 cells, primary mouse and
human islets. qRT-PCR, Western blot, and RNAseq were used to assess
gene expression. Stable MIN6 cell lines were made with lentivirus
encoding GFP-tagged EIF2A or GFP control. Apoptosis was measured
by imaging of propidium iodide stained cells. Protein synthesis was
assessed by [35S]Met/Cys pulse labeling for 30 min. For in vivobeta-cell
specific overexpression, we used adeno-associated virus 6 (AAV6),
encoding either eIF2A-GFP or control GFP and driven by an
Ins2promoter.
Results:Human and mouse islets had the highest EIF2A abundance
compared to other tissues examined by proteomics and Western
blot. Both thapsigargin and palmitate elevated mRNA (3.5±0.4-fold
and 2.0±0.3, n=6) and protein (2.2±0.2-fold and 2.1±0.2 n=6) ex-
pression of EIF2A in mouse and human islets after 24 hours. We
observed 84.7±6.9% (n=3) and 63.7±7.8% (n=5) reduction in
thapsigargin- and palmitate-induced apoptosis, respectively, in pri-
mary mouse islet cells overexpressing EIF2A 3-fold. The reduced
apoptosis by stable EIF2A overexpression in MIN6 cells (4-fold)
was associated with 88.3±8.4% (n=5) decrease in protein expres-
sion of pro-apoptotic UPR mediator DDIT3 (a.k.a CHOP).
Overexpression of EIF2A in MIN6 cells or human islets decreased
the expression of ERN1 (a.k.a IRE1) 50.4±10.1% and 40.0±6%,
respectively, in the context of thapsigargin treatment. Remarkably,
the 80.2±10% decrease in protein synthesis after 2 hours of
thapsigargin treatment was completely prevented by EIF2A over-
expression (n=3), despite normal ER stress-induced EIF2S1 phos-
phorylation. Co-immunoprecipitation showed interaction of EIF2A
with EIF2S1 during UPR. RNA sequencing revealed 7093 differ-
entially expressed genes between control and EIF2A overexpress-
ing MIN6 cells treated with thapsigargin for 3 hr. Cells overex-
pressing EIF2A had significantly lower expression of ALDH1A3
(log2(Ratio)=-1.69), recently described as a novel marker of failing
beta cells. These cells also showed higher expression of translation
factor EIF2B5 (log2(Ratio)=0.45), which might explain the lack of
translational inhibition in these cells. Finally, we showed that dia-
betic Ins2Akita/WTmice (n=10-11) with beta cell specific overexpres-
sion of EIF2A had lower fasting blood glucose levels (11.5±1.0 vs
17.0±0.8 mmol/l, p=0.0005), improved glucose tolerance ((AUC
1631±140 vs 2222±85 respectively, p=0.0067) and improved glu-
cose stimulated insulin secretion (0.73±0.09 vs 0.47±0.07 ng/ml
15 min post challenge, n=4, p=0.04).
Conclusion:We conclude that EIF2A attenuates UPR-induced apoptosis
via a decreased ERN1 activation and the circumvention of EIF2S1-
mediated translational repression. EIF2A’s effects on translation may be
unique to beta cells and represent a potential therapeutic target for beta
cell protection.
Supported by: CDA JDRF
Disclosure: E. Panzhinskiy: None.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S227



464
Fetuin-A inhibits functional maturation of insulin secreting beta cells
F. Gerst1,2, E. Kemter3, G. Kaiser1,2, E. Lorza-Gil1,2, A.-K. Fritz2, E.
Wolf3, H.-U. Häring1,2, S. Ullrich1,2;
1Helmholtz Center Munich, Institute for Diabetes Research and
Metabolic Diseases of the Helmholtz Center Munich at the Eberhard-
Karls-University of Tuebingen, Tuebingen, 2Department of Internal
Medicine IV, Endocrinology, Diabetology and Nephrology, University
Hospital Tuebingen, Tuebingen, 3Molecular Animal Breeding and
Biotechnology, LMU Munich, Munich, Germany.

Background and aims: Type 2 diabetic islets are glucose unresponsive
and beta-cell dedifferentiation is considered one of the mechanisms lead-
ing to the loss of glucose responsiveness. We previously reported that the
foetal glycoprotein fetuin-A inhibits glucose-stimulated insulin secretion
(GSIS) in isolated human islets. Fetuin-A is abundant in foetal serum and
its plasma levels decline upon birth. During adulthood the expression of
fetuin-A is restricted to hepatocytes. The hepatokine is increasingly se-
creted by the fatty liver and plasma concentrations of fetuin-A positively
correlate with insulin resistance. Fetuin-A is an antagonist of TGFBR, a
signalling pathway essential for the functional maturity of beta-cells. This
study attempts to assess whether fetuin-A impacts on beta-cell maturation
by interfering with TGFBR signalling.
Materials and methods: Beta-cell maturation was conducted in pig neo-
natal islet cell clusters (NICCs). Freshly isolated, glucose unresponsive
NICCswere maturated over 10 days in serum-freemedium supplemented
with 0.6 mg/ml human fetuin-A or human serum albumin (as control).
Gene expression was analysed by RNA sequencing and RT-qPCR, pro-
tein expression by western blotting and immunostaining. TGFBR signal-
ling was pharmacologically inhibited with SB431542, 10 μM. The im-
pact of fetuin-A and SB431542 on TGFBR signalling was estimated on
the basis of SMAD2/3 phosphorylation and acetylation.
Results: In vitromaturation of NICCswas accompanied by augmentation
of SMAD2/3 phosphorylation, suggesting endogenous activation of
TGFBR pathway. In addition, the mRNA levels of beta-cell specific
genes, i.e. INS, PCSK1/2, PDX1, NEUROD1, MAFB, GCK, ABCC8,
SLC2A2, SLC30A8, as well as of markers of functionally mature beta
cells, i.e.UCN3 and CDKN2A, were upregulated. Fetuin-A and
SB431542 inhibited TGFBR signalling in a distinct manner. Thus,
SB431542 inhibited primarily phosphorylation of SMAD3, while
fetuin-A inhibited predominantly that of SMAD2. Additionally, acetyla-
tion of SMAD2/3 was reduced by fetuin-A. Fetuin-A, but not SB431542,
lowered the expression of the beta-cell specific genes and of genes
governing beta-cell compensation during insulin resistance (FOXM1,
CENPA, CENPE, TOP2A). However, the expression of certain TGFBR
targets, i.e. SNAI and TGFBI, were altered by fetuin-A and SB431542.
On the other side, SB431542, but not fetuin-A, reduced mRNA levels of
the SMAD3 targets CDKN2A and SMAD7, consistent with its effect on
SMAD3 phosphorylation.
Conclusion: These observations suggest that TGFβR signalling contrib-
utes to maturation of beta-cells, and fetuin-A counteracts this process by
inhibition of SMAD2 phosphorylation.
Supported by: DZD e.V Grant 2018/2019
Disclosure: F. Gerst: None.
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Effects of obesity and diabetes on pancreatic endocrine cell mass and
the relative change in humans
Y. Watanabe1, Y. Saisho1, J. Inaishi1, R. Murakami1, T. Tsuchiya1, H.
Sasaki1, M. Makio1, M. Kitago2, Y. Kitagawa2, T. Yamada3,4, H. Itoh1;
1Department of Internal Medicine, Keio University School of Medicine,
Tokyo, 2Department of Surgery, Keio University School of Medicine,
Tokyo, 3Department of Pathology, Keio University School of Medicine,
Tokyo, 4Department of Pathology, Saitama Medical University, Saitama,
Japan.

Background and aims: Recent rodent studies have postulated dediffer-
entiation and/or transdifferentiation of beta cell to other endocrine cells as
a mechanism of beta cell loss in diabetes. We and others have reported
that, by using surgically removed pancreas samples, alpha cell mass did
not change in patients with type 2 diabetes (T2D), but changes in other
endocrine cells in the face of obesity and diabetes remains unclear. The
aim of this study is to clarify effects of obesity and diabetes on pancreatic
endocrine cell mass in these subjects.
Materials and methods:We analyzed human pancreas samples from 99
individuals with (N = 49, 36 men, BMI 22.0 ± 3.5 kg/m2, age 67 ± 9 years
(mean ± SD)) or without T2D (N = 50, 26 men, BMI 22.5 ± 2.7 kg/m2,
age 64 ± 14 years) who underwent pancreatic surgery between 2000 and
2015. Pancreatic sections were stained for somatostatin, pancreatic poly-
peptide (PP), chromogranin A, or synaptophysin and fractional delta
(DCA), PP (PCA), chromogranin A positive (ChA(+)), or synaptophysin
positive (Syn(+)) cell area to the total pancreas area was measured, re-
spectively. In addition, using alpha cell area (ACA) and beta cell area
(BCA) previously measured in the same samples in our laboratory, the
ratios of the sum of each endocrine cell area (ACA + BCA + DCA +
PCA) to fractional ChA(+) cell area or Syn(+) cell area were assessed.
Results: There was no significant difference in DCA and PCA between
the subjects with or without T2D (0.079% (IQR 0.044 - 0.113) vs.
0.090% (0.042-0.132), P = 0.454), and 0.024% (0.015 - 0.057) vs.
0.031% (0.016 - 0.057), P = 0.446, respectively). There was also no
significant difference in DCA and PCA between the subjects with or
without obesity. ChA(+) cell area tended to be decreased in the subjects
with T2D compared with those without (1.333% (0.899 - 1.967) vs.
1.917% (1.006 - 3.350), P = 0.094), and Syn(+) cell area was significantly
decreased in the subjects with T2D comparedwith those without (1.141%
(0.720 - 1.720) vs. 1.759% (0.847 - 2.615), P = 0.048). Neither DCA nor
PCA was significantly correlated with HbA1c and BMI. Both ChA(+)
cell area and Syn(+) cell areawere significantly negatively correlatedwith
HbA1c (r = -0.277, P = 0.021 and r = -0.304, P = 0.011, respectively), but
compared with our previous report, we found no strong correlation as
observed between BCA and HbA1c (r = -0.416, P < 0.001). There was
no significant difference in the ratios of the sum of each endocrine cell
area (ACA + BCA + DCA + PCA) to fractional ChA(+) cell area or
Syn(+) cell area between the subjects with or without T2D or obesity.
These ratios were not significantly correlated with HbA1c or BMI.
Conclusion: DCA and PCAwas not changed with obesity and diabetes,
and total islet endocrine cell mass was decreased in diabetes. The change
in total islet endocrine cell mass due to diabetes seems mainly due to the
decrease in beta cell mass.
Clinical Trial Registration Number: 20120007
Supported by: the MEXT/JSPS KAKENHI Grant number JP15K09399
and JP18K08488
Disclosure: Y. Watanabe: None.
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Circadian clock nuclear receptor REV-ERBα is a novel regulator of
beta cell function, survival and autophagy under diabetogenic
conditions
S. Costes1, D. Laouteouet1, M.A. Ravier1, M. Delobel1, G. Bertrand1, S.
Dalle1, A.V. Matveyenko2;
1Institute for Functional Genomics, Montpellier, France, 2Department of
Physiology and Biomedical Engineering, Mayo Clinic, Rochester, USA.

Background and aims: The circadian clock regulates diverse cellular
and molecular rhythms employing CLOCK-BMAL1 transcriptional het-
erodimer with nuclear receptor REV-ERBα (encoded by gene Nr1d1)
playing an important role as a clock repressor through modulation of
Bmal1 transcription. Importantly, in addition to its core circadian clock
function, recent studies have identified REV-ERBα as a potent transcrip-
tional repressor of autophagy. Therefore, in the current study we set out to
address whether impaired beta-cell function and survival associated with
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exposure to diabetogenic stressors (e.g. glucotoxicity and inflammation)
is attributed in part to REV-ERBα-mediated inhibition of autophagy.
Materials and methods: Experiments were performed with the rat pan-
creatic beta-cell line (INS-1E). p62 (also known as sequestosome-1)
levels were used to monitor autophagic degradation and evaluated by
western blot. Because p62 aggregated forms were reported to be largely
insoluble, we also evaluated the detergent-solubility of p62 by fraction-
ation and western blot analysis. Apoptosis was evidenced by cleaved
caspase-3 emergence. Glucose-induced insulin secretion was assessed
by Homogeneous Time Resolved Fluorescence (HTRF) technology.
Results: Exposure of beta-cells to either glucotoxicity (30 mM glucose
for 48h) or cytokines (cytomix of IL-1β, TNFα and IFNγ for 24h) re-
sulted in robust induction of REV-ERBα expression (1.5-2 fold, p<0.05)
and corresponded with impaired autophagy flux characterized by in-
creased protein levels of p62 (1.5-2 fold, p<0.05). Consistent with these
data, exposure of beta-cells to a REV-ERBα agonist (SR9011) was char-
acterized by impaired autophagy (increased p62 levels, aggregated and
insoluble forms, p<0.05), defective glucose-stimulated insulin secretion
(70 % decrease, p<0.05) and increased beta-cell apoptosis (increased
cleaved caspase-3, p<0.01 vs. vehicle). In contrast, REV-ERBα specific
antagonist (SR8278) protected beta-cells from deleterious effects of
glucotoxicity or cytokines-induced inflammation by enhancing autopha-
gy flux and attenuating beta-cell apoptosis (~30%).
Conclusion: Taken together, these data reveal for the first time an
underexplored link between the core circadian clock nuclear receptor
REV-ERBα, autophagy and beta-cell failure under diabetogenic condi-
tions. These data also suggest a therapeutic potential of modulating REV-
ERBα levels in beta-cells to enhance function and survival in diabetes.
Disclosure: S. Costes: None.

467
Verification of pancreatic beta cell injury detection method using
serum cfDNA
M.Y. Yamada, A. Kuroda, Y. Tominaga, M. Matsuhisa;
Diabetes Therapeutics and Research Center, Institute of Advanced
Medical Sciences, Tokushima University, Tokushima, Japan.

Background and aims:CpG cytosine in the insulin gene (INS) is unique-
ly unmethylated in pancreaticβ-cells.We had recently developed specific
PCR for unmethylated CpG of INS in circulating cell-free DNA (cfDNA)
which could be detected in serum of patients with type 1 diabetes
(T1DM). However, it is difficult to stably capture an extremely small
amount of target DNA present in serum. Therefore, we tried to compare
cfDNA detection at the time of pancreatic β cell injury using mice model
of type 1 diabetes. The purpose of this study is to detect pancreatic β-cell
injury from mouse or human serum cfDNA and validate dose-
dependency of this PCR method.
Materials and methods: Ex.1) Serum cfDNA extracted from
streptozotocin (STZ) 150 mg / kg administered to induce β-cell injury
in 10 week male ICR mice as a mild model of T1DM was bisulfite-
treated.We evaluated the pancreaticβ-cell injury by histological analysis.
To detect pancreatic β-cell DNA in the circulation, we applied the
Amplification Refractory Mutation System (ARMS) PCR, which am-
plifies only if 3 CpG sites, +311, +338, +341 bp of transcription start
sites of Ins2, were simultaneously unmethylated. Ex.2) We analyzed hu-
man INS gene in serum cfDNA from 108 T1DM patients (average age
46.7 ± 15.4 years old, average duration 15.8 ± 13.4 years). Human INS
gene contained 4 CpG sites, +331, +367, +374 and +404 bp, simulta-
neously unmethylation in pancreatic β-cell.
Results: Ex.1) The number of unmethylated Ins2 DNA in mouse serum
was increased (control : STZ-treated,7.7±6.4 : 198.9±215.0 copy/ml,
p<0.001) and β-cell number per pancreatic islet 24 hours after STZ treat-
ment were decreased (control : STZ-treated,130.4±65.1 : 31.9±10.2/IEQ,
p<0.001). Furthermore, unmethylated Ins2 DNA persisted in serum of
hyperglycemic (300mg/dl<) mouse until 3 weeks after administration of

STZ (74.7±37.8 copy/ml). Ex.2) The unmethylated INS gene cfDNAwas
detected in 19 of 108 patients with T1DM. There is no correlation be-
tween clinical data and PCR results, and there are patients with type 1A
diabetes with robust positive results (31,9498 copy/ml) with a diabetes
duration of 2 months. Since pancreatic β cell-derived cfDNAwas detect-
ed not only immediately after onset but also in type 1 diabetes patients
having a variety of disease duration, it is considered that the destruction of
pancreatic β cells is sustained in positive patients.
Conclusion: We have developed the PCR which is a precise method to
detect circulating pancreatic β-cell DNA. Almost no β-cell DNA was
circulating in the long standing T1DM, however, β-cell DNAwas detect-
able in slowly progressive T1DM. Since the number of pancreatic β-cell-
derived cfDNA in serum increases with decreasing pancreatic islet pan-
creaticβ-cell number inmice, it may reflect injury of the pancreatic β-cell
itself. Furthermore, hyperglycemic mice in which pancreatic β-cells al-
most disappeared also showed the presence of injured pancreatic β-cells,
which might reflect glucose toxicity. These results suggest that pancreatic
β-cell derived cfDNA could be a biomarker for pancreatic β-cell injury.
Clinical Trial Registraiton Number: 2320
Supported by: KAKENHI
Disclosure:M.Y. Yamada: Grants; Grant-in-Aid for Scientific Research
(KAKEN). Lecture/other fees; Sanofi in Japan, Novartis Pharma K.K.,
Novo Nordisk Pharma Ltd., Mitsubishi Tanabe Pharma Corporation,
Astellas Pharma Inc., MSD K.K., Takeda Pharmaceutical Company
Limited, Eli Lilly and Company.
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Screening and identification of key genes for activation of islet stellate
cell
X. Wang, W. Li, J. Chen, Y. Chen, Z. Sun;
Department of Endocrinology, Zhongda Hospital, Institute of Diabetes,
Medical School, Southeast University, Nanjing, China.

Background and aims: Previous studies have shown that islet stellate
cells(ISCs) in diabetic animals have strong activity and proliferative ca-
pacity compared to non-diabetic animals, and express large amounts of
extracellular matrix (ECM) components, which lead to islet fibrosis and
progression of diabetes. Therefore, it is important to identify key mole-
cules that can lead to ISC activation. In this way, we can find ways to
inhibit ISC activation and prevent islet fibrosis. In this experiment, ISCs
of GK rats(spontaneous diabetes model) andWistar rats were subjected to
transcriptional sequencing in order to screen out the key genes that may
cause ISC activation.
Materials and methods: Ten-week-old GK rats and Wistar rats were
selected. Islets were isolated from fresh pancreatic issue. And ISCs were
extracted from the surrounding of cultured islets and then subjected to
transcriptome sequencing analysis. Then the KEGG biological pathway
enrichment and GO gene function enrichment analysis were performed
on the differentially expressed genes. The identified differentially
expressed genes were validated using quantitative RT-PCR.We validated
the protein expression level of the gene which may results in different
biological phenotypes of two kinds of ISCs by Western Blot and immu-
nofluorescence. Then we performed a gene interference experiment on
the cells to further explore the effect of the gene.
Results: A total of 35362 genes were finally detected from the samples,
and 204 significant differentially expressed genes (adjusted-P
Value<0.05) between GK-ISCs and Wista-ISCs were identified. Among
these genes, 73 of them were up-regulated and 131 were down-regulated
in GK-ISCs group compared to Wistar. Quantitative RT-PCR further
confirmed themRNA levels of these genes. GO gene function enrichment
analysis showed that Pdpn gene is most likely to cause ISC activation in
diabetic rats. The high expression of Pdpn in ISCs of GK rat was con-
firmed by Western Blot and immunofluorescence. After down regulating
PDPN expression by siRNA in GK-ISC, α-SMA, a marker of ISC acti-
vation, was decreasedwhich detected bywestern blotting and quantitative
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RT-PCR, and the levels of proliferation and migration were reduced in
GK-ISC.
Conclusion: There are significant differences in genes between GK rats’
and Wistar rats’ ISCs. Pdpn is a key gene for accelerated activation of
ISCs in diabetes.

Supported by: NSFC-81870534
Disclosure: X. Wang: None.
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Atp6ap2 deletion causes extensive vacuolation that consumes the in-
sulin content of pancreatic beta cells
K.J. Binger1, M. Neukam2, S. Gopal Tattikota3, F. Qadri4, D. Puchkov5,
M. Poy6, M. Solimena2, D.N. Muller4, A. Birkenfeld7;
1Biochemistry and Molecular Biology, The University of Melbourne,
Parkville, Australia, 2Molecular Diabetology, TU Dresden,
Dresden, Germany, 3Harvard Medical School, Howard Hughes
Medical Institute, Boston, USA, 4Max Delbruck Center for
Molecular Medicine, Berlin, Germany, 5Leibniz Institute for
Molecular Pharmacology, Berlin, Germany, 6John Hopkins
University, St. Petersburg, USA, 7Medical Clinic III, TU
Dresden, Dresden, Germany.

Background and aims: Pancreatic β-cells store insulin within secretory
granules which undergo exocytosis upon elevation of blood glucose
levels. Crinophagy and autophagy are instead responsible to deliver dam-
aged or old granules to acidic lysosomes for intracellular degradation.
However, excessive consumption of insulin granules can impair β-cell
function and cause diabetes. Atp6ap2 is an essential accessory component
of the vacuolar ATPase required for lysosomal degradative functions and
autophagy.
Materials and methods: We generated mice with β-cell-specific
deletion of Atp6ap2 (Atp6ap2flox/y x RIP-CreER) and analysed
the effect of this deletion on systemic glucose homeostasis, islet
function and β-cell morphology. We also used CRISPR/Cas9 to
mediate the removal of Atp6ap2 from cultured insulimona (INS-1)
cells.
Results: We show that Cre-recombinase mediated conditional de-
letion of Atp6ap2 in mouse β-cells caused a dramatic accumula-
tion of large multigranular vacuoles in the cytoplasm, with reduc-
tion of insulin content and compromised glucose tolerance. Loss
of insulin stores and gigantic vacuoles were also observed in
cultured insulinoma INS-1 cells upon CRISPR/Cas9 mediated re-
moval of Atp6ap2. Remarkably, these phenotypic alterations could
not be attributed to deficiency in autophagy or in acidification of
lysosomes.
Conclusion: Together, our data indicates that Atp6ap2 is critical
for regulating the size of insulin stores and that a balanced reg-
ulation of granule turnover is key to maintain β-cell function and
prevent diabetes.
Supported by: NHMRC, DFG, DZHK, BMBF, German-Israeli
Foundation
Disclosure: K.J. Binger: None.
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Aldolase B is a marker of functional immaturity of type 2 diabetic
beta cells
S. Ullrich1,2, F. Gerst1,2, E. Kemter3, G. Kaiser1,2, E. Lorza-Gil1,2, A.-K.
Fritz2, E. Wolf3, H.-U. Häring1,2;
1Helmholtz Center Munich, Institute for Diabetes Research and
Metabolic Diseases of the Helmholtz Center Munich at the Eberhard-
Karls-University of Tuebingen, Tuebingen, 2Department of Internal
Medicine IV, Division of Endocrinology, Diabetology and Nephrology,
University Hospital Tuebingen, Tuebingen, 3Molecular Animal Breeding
and Biotechnology, LMU Munich, Munich, Germany.

Background and aims: Dedifferentiation is considered to be one of the
mechanisms leading to the loss of beta-cell function in type 2 diabetic
islets. We previously reported an increased expression of ALDOB (aldol-
ase B) in beta-cells of hyperglycaemic humans. The mRNA levels of
ALDOB negatively correlate with in vivo insulin secretion and a minor
allele of the ALDOB gene variant (rs550915) associates with higher levels
of C-peptide and insulin during oral glucose tolerance test. These obser-
vations suggest an ALDOB-mediated impairment on beta-cell function.
Aldolase B is a glycolytic enzyme of the polyol pathway, i.e. triose gen-
eration via glucose-sorbitol-fructose production bypassing the first step of
glycolysis (glucokinase). TGFBR/BMPR signalling has been reported to
be essential for beta-cell maturation and preservation of function. We
questioned whether immature neonatal beta-cells express ALDOB and
whether TGFΒR/BMPR pathway plays a role for the regulation of
ALDOB expression.
Materials and methods: Isolated pig neonatal islet cell clusters (NICCs)
were maturated over 10-12 days in a serum-free differentiation medium.
TGFβR and BMPR signalling were pharmacologically inhibited by
SB431542 (10 μM) and LDN193189 (100 nM), respectively. Gene ex-
pression was analysed by RNA sequencing and RT-qPCR, protein ex-
pression by western blotting and immunostaining.
Results:NICCs maturation was accompanied by an increase of SMAD2/
3 phosphorylation, suggesting endogenous activation of TGFBR path-
way. Indeed, TGFβ1 mRNA levels were detected in NICCs.
SB431542, but not LDN193189, inhibited phosphorylation of SMAD3
and to a lesser extent those of SMAD2 and of SMAD1/5/8. At the same
time SB431542 downregulated the mRNA levels of CDKN2A, a SMAD3
target, and upregulated ALDOB expression. Moreover, exogenously
added TGFβ-1 (2 ng/ml) reduced ALDOB mRNA and augmented the
expression of CDKN2A in NICCs. The maturation of NICCs was con-
firmed by the time dependent increase of mRNA levels of beta-cell spe-
cific genes, including: INS, hormone convertases (PCSK1/2), transcrip-
tion factors (PDX1, NEUROD1, MAFB), stimulus secretion coupling
proteins (GCK, ABCC8 (SUR1), SLC2A2 (GLUT2), SLC30A8 (ZNT8))
and markers of the functionally mature β-cells (UCN3 and the cell cycle
inhibitor CDKN2A (p16/Ink4a)). Additionally, the acinar cell marker
PLA2G1B (phospholipase A2 Group IB) was downregulated.
SB431542 lowered the expression of ABCC8 and UCN3 and increased
PLA2G1B mRNA levels.
Conclusion: These observations suggest that TGFβR signalling fosters
maturation of neonatal beta-cells and SMAD3 restrains ALDOB
expression.
Supported by: DZD.eV Grant 2018/2019
Disclosure: S. Ullrich: None.
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The natural GIP receptor mutation E345Q displays enhanced signal-
ling and internaliation mimicking GIP receptor desensitisation
M.B.N. Gabe;
Department of Biomedical Sciences, University of Copenhagen,
Copenhagen, Denmark.

Background and aims: Carriers of the GIP receptor (GIPR) mutant,
E354Q, have slightly increased plasma glucose as well as lower insulin
secretion after an oral glucose tolerance test. In addition, carriers of GIPR
E354Q have lower bone mineral density (BMD) and more than 50%
increased fracture risk. We aimed to study if changes of the GIPR
E354Q in terms of ligand-receptor kinetics, signaling through different
pathways and internalization pattern could explain the altered phenotypes
of persons homozygous for E354Q.
Materials and methods: Homologous competition binding in COS-7
cells expressing either GIPR wt or E354Q was studied using 125I-
GIP(1-42) as radioligand. This radioligand was also used to determine
association and dissociation rates of GIP(1-42) to membranes of COS-7
cells expressing either GIPR wt or E354Q. cAMP accumulation and β-
arrestin 2 recruitment were measured in HEK293 cells transiently ex-
pressing either GIPR wt or E354Q using two BRET-based assays.
Finally, receptor internalization was measured in real-time on HEK293
cells transiently expressing SNAP-tagged receptors.
Results:Competition binding studies showed no difference in the affinity
of GIP(1-42) to the GIPR wt and E354Q with Kd of 2.39 ± 0.18 and 2.08
± 0.12 nM, respectively. Overall the kinetic profile of the association and
dissociation of 125I-GIP(1-42) showed a slightly, but significantly higher
residence time for GIPR E354Q than wt (RT(fast) 26.41 ± 0.74 versus
33.12 ± 1.57 min and RT(slow) 225.38 ± 3.12 versus 267.03 ± 10.13
min). In addition, GIP(1-42) was more potent and efficacious for GIPR
E354Q than for the wt in terms of cAMP accumulation (EC50 of 0.34 ±
0.088 pM compared to 0.69 ± 0.047 pM and Emax of 137.4 ± 3.4 %
compared to 102 ± 1.7 %). No difference was observed for the two
receptors in their ability to recruit β-arrestin. Lastly, GIPR E354Q had a
faster internalization rate than wt.
Conclusion: The altered ligand residence time, ability to signaling via
cAMP accumulation and faster internalization pattern of GIPR E354Q
may play a role on the changed phenotypes of the mutant carriers.
Disclosure: M.B.N. Gabe: None.
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Gut-derived glucagon in man
M. Baekdal1, A. Lund1, N.J.W. Albrechtsen2, J. Egholk1, T. Jorsal1, C.T.
Black-Juel1, J. Hunt2, K.D. Galsgaard2, K. Rigbolt3, C. Palnæs4, C.
Ørskov2, S.S. Poulsen2, J.J. Holst2, T. Villsbøll5, F.K. Knop1;
1Center for Clinical Metabolic Research, Gentofte Hospital, University of
Copenhagen, Hellerup, 2Department of Biomedical Sciences, University
of Copenhagen, Copenhagen, 3Gubra, Hørsholm, 4Department of gastro-
intestinal surgery, Rigshospitalet, Copenhagen, 5Clinical Metabolic
Physiology, Steno Diabetes Center Copenhagen, Hellerup, Denmark.

Background and aims:Glucagon is traditionally believed to be a pancreas-
specific hormone. We have previously shown that totally pancreatectomised
(PX) patients and patients with type 2 diabetes (T2D) exhibit hypersecretion
of glucagon in response to oral glucose stimulation whereas i.v. glucose
suppresses circulating plasma concentrations of glucagon. This indicates that
the gastrointestinal tract might be the source of extrapancreatic glucagon.
Here, we evaluated the expression of the gene encoding glucagon (GCG),
glucagon peptide content and density of glucagon-positive cells in mucosal
biopsies from distinct locations in the upper gastrointestinal tract of PX pa-
tients, patients with T2D and non-diabetic controls.

Materials and methods: Eight PX patients, 8 patients with T2D and 8
sex, age and BMI-matched healthy controls underwent upper enteroscopy
with gastric and intestinal biopsy sampling followed by an intraluminal
infusion of 100 ml 50% (w/v) glucose solution and frequent blood sam-
pling. The mucosal biopsies were subjected to mRNA sequencing, pep-
tide extraction and subsequent measurement of tissue glucagon content
(using a mass spectrometry-validated sandwich ELISA) and immunohis-
tochemical staining using a novel monoclonal C-terminal-specific gluca-
gon antibody. Plasma and serum concentrations of glucose, insulin, C-
peptide and proglucagon-derived hormones were measured.
Results: GCG expression in the small intestine (assessed by 1-way
ANOVA comparisons of mean differences) was 3 to 4-fold higher in
PX and T2D patients compared to controls (p<0.01). Furthermore, ex-
tractable glucagon in small intestinal biopsies was 12-fold greater in PX
and 5-fold greater in T2D compared to controls (p<0.05). The density of
glucagon-positive cells was more than 3-fold higher in PX patients com-
pared to controls (p<0.05). Plasma concentrations of glucagon in re-
sponse to intraluminal administration of glucose (as assessed by
baseline-subtracted area under curve) were significantly higher in PX
and T2D patients (649±206 vs. 557±142 pmol/l × min [mean±SEM],
p<NS) compared to controls (142±39 pmol/l × min, p<0.005).
Conclusion: Glucagon is found in the small intestine of PX and T2D
patients, respectively, and likely explain their hyperglucagonaemia ob-
served after intraluminal glucose administration. The potential role of gut-
derived glucagon in the pathophysiology of diabetes warrants further
investigation.
Clinical Trial Registration Number: H-19000992
Supported by: EFSD and Novo Nordisk Programme for Diabetes
Research in Europe
Disclosure: M. Baekdal: None.
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Acetyl-CoA-Carboxylase 1 (ACC1) plays a critical role in glucagon
and GLP1 secretion and controls whole body glucose homeostasis
A. Veprik1, R. Bany Bakar1, L. Vetterli1, R. Ramracheya2, P. Rorsman2,
F. Gribble3, F. Reimann3, H. de-Wet1, J. Cantley1;
1Physiology, Anatomy and Genetics, University of Oxford, Oxford,
2OCDEM, University of Oxford, Oxford, 3Institute of Metabolic
Science, University of Cambridge, Cambridge, UK.

Background and aims:One of the hallmarks of diabetes is dysregulated
glucagon secretion from pancreatic alpha cells. Glucagon is cleaved from
proglucagon, giving rise also to Glucagon-Like Peptide 1 (GLP1). GLP1
is secreted from gut enteroendocrine L-cells, potentiating insulin secre-
tion, and GLP1 levels are reduced in type 2 diabetes. Despite the impor-
tant role of these cell types in glycaemic control, the mechanisms regu-
lating their secretory function are not well defined. We have previously
identified that Acetyl-CoA-Carboxylase 1 (ACC1), the rate-limiting en-
zyme coupling carbohydrate metabolism with de-novo lipogenesis, plays
a key role in beta cell growth and insulin secretion in mice. The aim of the
current project was to explore the role of ACC1 as a general modulator of
secretory activity in pancreatic alpha and gut L-cell function and its effect
on whole body metabolic homeostasis.
Materials and methods: To investigate these mechanisms in vivo, we
generated mice with ACC1 ablated in alpha and L cells using a glucagon-
driven Cre-LoxP system (gluACC1-KO).
Results: Specific deletion of ACC1 was observed in islets and the gut.
gluACC1-KO mice showed no changes in body weight, fasting glucose,
random fed glucose and in food administration. However, they were
glucose intolerant relative to littermate control mice, with lower fasting
serum glucagon levels that were unresponsive to glucose administration.
Correspondingly, the secretion of glucagon, but not insulin, from islets
isolated from the gluACC1-KO mice was severely impaired at low glu-
cose, relative to controls, and active GLP1 secretion from primary gut
crypts was reduced in the gluACC1-KO mice. Consistent with this,
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pharmacological inhibition of ACC impaired glucagon secretion from
transformed alpha cells, primary mouse and human islets, as well as
impairing active GLP1 secretion from transformed enteroendocrine cells
and primary gut crypts. Depolarisation of gluACC1-KO islets with
70mmol/l KCl induced glucagon secretion in both genotypes, however,
the amount glucagon released from gluACC1-KO islets was significantly
lower relative to controls, suggesting a defect in exocytosis or hormone
content. In support of this, we measured a reduction in glucagon content
per islet in gluACC1-KO mice.
Conclusion:Our data reveals a critical role for ACC1 in controlling alpha
and L-cell function and whole body glucose homeostasis.
Supported by: Novo Nordisk postdoctoral research fellowship
programme
Disclosure: A. Veprik: Other; Novo Nordisk fellow.
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Rising GLP-1 concentrations after parathyroidectomy in patients
with asymptomatic primary hyperparathyroidism and normal glu-
cose homeostasis
K. Kotsa1, V. Antonopoulou1, S.N. Karras1, T. Koufakis1, M.
Grammatiki1, N. Katsiki1, E. Gavana2, S. Gerou2, L. Skoura3, T.
Papavramidis4, P. Zebekakis1;
1Division of Endocrinology-Metabolism-Diabetes Center, 1st
Department of Internal Medicine, AHEPA University Hospital,
Aristotle University of Thessaloniki, Thessaloniki, 2Laboratories
"Analysis", Thessaloniki, 3Department of Microbiology, AHEPA
University Hospital, Aristotle Univeristy of Thessaloniki, Thessaloniki,
41st Propaedeutic Department of Surgery, AHEPA University Hospital,
Aristotle University of Thessaloniki, Thessaloniki, Greece.

Background and aims: Although primary hyperparathyroidism (PHPT)
has been associated with insulin resistance and increased incidence of
type 2 diabetes, potential optimal effects of parathyroidectomy (PTX)
on glucose homeostasis remain controversial. Accordingly, the impact
of PTX on glucose stimulated incretin [Glucagon-like peptide 1(GLP-1)
and Gastric inhibitory peptide (GIP)] capacity has not been evaluated so
far. The aim of this pilot study was to compare glucose homeostatic
mechanisms and glucose stimulated incretin secretion (GSIS) in patients
with asymptomatic PHPT with normal glucose homeostasis, before and
after PTX.
Materials andmethods: Fourteen non-diabetic patients with PHPTwere
included in the study. All participants were initially diagnosed with
asymptomatic PHPT and met criteria for PTX. Fasting concentrations
of calcium (Ca), phosphorus, parathyroid hormone (PTH) insulin (fIns),
GLP-1 (fGLP-1), GIP (fGIP), 25-hydroxyvitamin-D [25(OH)D] were
measured pre-and post-operatively. Homeostasis Model Assessment
(HOMA2), QUICKI and Matsuda index were used as markers of insulin
sensitivity and resistance equilibrium before and after PTX. Pre-
operatively a 75g oral glucose tolerance test (OGTT) was also performed
to further evaluate the dynamic response of glucose, insulin and GSIS.
OGTT measurements were repeated 6±2 weeks post-PTX.
Results: Patients had a mean age of 52.93±9.96 years and female-to-male
ratiο was 12:2. After PTX, calcium and PTH levels were restored to
normal [(11.05±0.49 vs 9.11±0.32 mg/dl, p<0.001) and (11.62±4.93 vs
5.65±1.53 pmol/l, p<0.001), respectively]. Before PTX, PTH was posi-
tively associated with fGLP-1 (r=0.79, p=0.02) and HOMA2-B (r=0.74,
p=0.002), whereas Ca was negatively associated with HOMA2-S (r= -
0.59, p=0.03). Post-operatively, a positive correlation between PTH and
HOMA2-B was also evident (r=0.55, p=0.04). After PTX, a significant
increase was observed in GSIS for GLP-1 during OGTTafter PTX (in 60
minutes: 63.06±44.78 vs 102.64±40.19 pg/ml, p=0.02 and in 120 mi-
nutes: 71.20±35.90 vs 102.49±40.02 pg/ml, p=0.03). GSIS for GIP was
not significantly different postoperatively.
Conclusion: To our knowledge, this is the first study investigating the
effect of PTX on GSIS in asymptomatic PHPT patients with normal

glucose homeostasis. The early increase of GLP-1 response after oral
glucose load, resulting from normalization of Ca and PTH concentrations
observed after PTX, may potentially reflect an initial recovery phase of
glucose homeostasis. Prospective long-term studies are required to eluci-
date the physiological interplay, between normalization of calciotropic
axis and rising GLP-1 concentrations after PTX for asymptomatic prima-
ry hyperparathyroidism and the clinical implication of these findings.
Supported by: HASD Research Programme
Disclosure: K. Kotsa: None.
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Acute injection of the GLP-1 analogue Exendin-4 in the olfactory
bulb improves glucose tolerance in diet-induced obese mice
M. Montaner, J. Denom, N. Emery-Fillon, C. Magnan, H. Gurden, S.
Migrenne-Li;
75205 Paris cedex 13, Université Paris Diderot, Sorbonne Paris Cité,
Unité de Biologie Fonctionnelle et Adaptative – CNRS UMR 8251,
Paris, France.

Background and aims: The incretin hormone Glucagon-like peptide-1
(GLP-1) plays a crucial role in the regulation of food intake and glucose
homeostasis. In the brain, GLP-1 receptor (GLP-1R) is expressed in a
wide variety of areas such as the nucleus of the solitary tract, the hypo-
thalamus and the olfactory bulb (OB). Recent in vitro data showed that
the principal cells of the OB (mitral cells) are excited by both GLP-1 and
Exendin-4 application, reinforcing the idea that the OB is sensitive to
hormonal signals regulating energy homeostasis. Thus, our study focuses
on the in vivo effect of GLP-1R drugs on glucose homeostasis through its
action in the OB.
Materials and methods: We performed acute bilateral injections of
Exendin-4 (0.5μg/μL, 1μL) or Exendin-9 (12.5μg/μL, 1μL) in the OB
of lean and diet-induced obese (DIO) mice. Then, we challenged mice
with oral glucose (1g/kg BW) to measure their tolerance and insulin
secretion.
Results: We report that injection of Exendin-4 in the OB dramatically
improves glucose tolerance of DIO mice and strongly increases their
glucose-induced insulin secretion and C-peptide concentration.
Conversely, injection of Exendin-9 worsens glucose intolerance in obese
mice with no changes on plasmatic insulin.
Conclusion: Our results unravel the GLP-1 pathway in the OB as a new
actor in the regulation of glucose homeostasis.
Supported by: ANR-18-IDEX-0001 Université de Paris and SFD-MSD
Disclosure: M. Montaner: None.
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Pancreatic and gut hormone responses to mixed meal test in type 3c
diabetes after chronic pancreatitis
L. Qi1, L. Li1, S. Pandol2;
1Southeast University, Nanjing, China, 2David Geffen School of
Medicine at UCLA, Los Angeles, USA.

Background and aims: Chronic pancreatitis (CP) is the most common
cause of type 3c diabetes mellites (T3cDM). This study is aiming to
investigate the pancreatic and gut hormone responses to mixed meal test
in individuals with T3cDM after CP and compare with type 2 diabetes
(T2DM) or healthy controls.
Materials andmethods:We recruited 8 individuals with T3cDM (3 after
surgery of the head of pancreas, 5 not) after CP and 8 age- and sex-
matched T2DM, as well as 8 healthy controls. All participants (after
fasting for at least 10 h) were given 12 oz. of BOOST drink. Blood
samples were collected at 0, 15, 30, 60 and 120 min following a mixed
meal to measure insulin (INS), C-peptide (C-P), glucagon (GCG), pan-
creatic polypeptide (PP), glucagon-like peptide-1 (GLP-1) and Gastric
inhibitory peptides (GIP). Indices of insulin resistance (HOMA-IR) and
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insulin secretion (HOMA-β) were calculated. Increases in hormone
levels from baseline were compared using the t-test or Wilcoxon test.
Results: PP response was not significantly different among three groups
during test. In individuals with T3cDM and T2DM, C-P and INS levels
were significantly lower (P=0.023 for both), while the level of GCG was
statistically higher (P=0.005 and P=0.009, respectively). In T3cDM, the
fasting GIP and the response of GLP-1 during the mixed meal were
statistically higher compared to T2DM (P=0.049 and P=0.001, respec-
tively). In T3cDM subgroup after pancreatic operation, the levels of PP,
C-P, INS, GCG and GIP were significantly lower than those without
operation, while the reaction of GLP-1 was reserved.
Conclusion: Subjects with T3cDM have normal PP response and in-
creased GLP-1 response compared to T2DM and controls. T3cDM after
pancreatic operation shows a blunted PP response to mixed meal, while
the GLP-1 response is reserved. Confirmation in larger studies is neces-
sary to define the value of mixed meal test in T3cDM diagnosis.
Clinical Trial Registration Number: ChiCTR1800018247
Supported by: 6590000134
Disclosure: L. Qi: None.
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The short-term high-fat diet induces fat-responsive gastric inhibitory
polypeptide hypersecretion in the murine enteroendocrine K-cells
K. Suzuki1,2, Y. Murata2, N. Harada2, N. Inagaki2;
1Preemptive Medicine and Lifestyle-Related Disease Research Center,
Kyoto University Hospital, Graduate School of Medicine, Kyoto
University, Kyoto, 2Department of Diabetes, Endocrinology and
Nutrition, Graduate School of Medicine, Kyoto University, Kyoto, Japan.

Background and aims: Deep comprehension about metabolic changes
relating to overweight and obesity induced by high-fat foods have been
strongly required to create newmedical interventions for high-fat induced
obesity prevention. Hypersecretion of gastric inhibitory polypeptide
(GIP), which is one of incretins secreted from enteroendocrine K-cells,
enhanced by high-fat meal leads to overweight and obesity with the direct
effect on energy accumulation into the adipose tissue. However precise
starting point mechanisms of GIP hypersecretion inside K-cells have not
yet been elucidated.We investigated the extremely early effect of high-fat
diet on GIP secretion from K-cells using a green fluorescent protein
(GFP) reporter knock-in mouse line for GIP gene.
Materials andmethods:Heteromutant GIP-GFPmalemice (GIPgfp/+) (7
weeks of age) were fed by control fat chow (CFD; 10% fat, 20% protein,
and 70% carbohydrate by energy) or by high fat chow (HFD; 60% fat,
20% protein, and 20% carbohydrate by energy) for 5 days. After feeding,
oral glucose tolerance test (OGTT) (2 g/kg body weight), oral corn oil
tolerance tests (OCTT) (10 mL/kg body weight), and intraperitoneal corn
oil tolerance tests (ipCTT) (10 mL/kg body weight) were performed to
evaluate plasma total GIP concentrations. Measurement of mRNA ex-
pressions in K-cells were performed by quantitative reverse transcription
(RT)-PCR with K-cells isolated from mouse intestinal epithelium using
the BD FACS Aria™ flow cytometer.
Results:HFD feeding of GIPgfp/+ for 5 daysmaintained same bodyweight
changes as CFD feeding. Plasma total GIP concentrations of HFD-fed
GIPgfp/+ in OCTT increased significantly compared those of CFD-fed
GIPgfp/+, but not in OGTT and ipCTT. The expression levels of GIP
mRNA were higher in the K-cells from HFD-fed GIPgfp/+ than in those
from CFD-fed GIPgfp/+. pancreatic duodenal homeobox 1 (Pdx1), regula-
tory factor X 6 (Rfx6), and islet 1 (Isl1) mRNA did not increase in K-cells
from HFD-fed GIPgfp/+ compared to those from CFD-fed GIPgfp/+. liver X
receptor α (LXR α), LXR β, and sterol regulatory element binding tran-
scription factor 1 (Srebf1) expressions were confirmed in K-cells, more-
over the levels of LXR βmRNAgained significantly in K-cells fromHFD-
fed GIPgfp/+ compared with those from CFD-fed GIPgfp/+.
Conclusion: The current study presented that short duration high-fat diet
initially resulted in fat-responsive GIP hypersecretion without glucose-

responsive GIP hypersecretion. Transcriptional factors that have impor-
tant roles in K-cells showed no increase induced by short-term HFD. On
the other hand, lipid-activated transcription factors were discovered in K-
cells, and LXRβ mRNA were increased in K-cells from HFD-fed
GIPgfp/+compared to those from CFD-fed GIPgfp/+. Fat-responsive GIP
hypersecretion occurs in a preparatory stage of weight gain with even
brief period high-fat diet and the molecular changes relating to lipid
metabolism might be involved in the fat-responsive GIP hypersecretion
from K-cells.
Supported by: Grant-in-Aid for JSPS Research Fellow
Disclosure: K. Suzuki: Grants; Grant-in-Aid for JSPS Research Fellow
[Grant Number 15J40068].
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Prolonged beta-2 adrenoceptor agonist treatment abolishes liver
steatosis and improves glucose homeostasis in insulin resistant mice
A.V. Kalinovich1,2, N. Dehvari1,2, A. Åslund1, S. van Beek3, C.
Halleskog1,2, J. Olsen1,2, E. Forsberg2, E. Zacharewicz3, M. Rinde1, A.
Sandström1,2, C.-G. Östensson4, J. Hoeks3, T. Bengtsson1;
1Dep. of Molecular Biosciences, the Wenner-Gren Institute, Stockholm
University, Stockholm, Sweden, 2Atrogi AB, Stockholm, Sweden, 3Dep.
of Nutrition and Movement Sciences, Maastricht University, Maastricht,
Netherlands, 4Dep. of Molecular Medicine and Surgery, Karolinska
Institutet, Karolinska University Hospital, Stockholm, Sweden.

Background and aims: Type 2 diabetes presents a big burden for global
health and economics. Recently we described a novel route that mediates
glucose uptake in skeletal muscle cells via stimulation of beta-2-
adrenoceptors. In the present work we studied effects of beta-2-
adrenergic agonist clenbuterol on glucose homeostasis in insulin resistant
mice.
Materials and methods: The study was performed on mice with diet
induced obesity, which developed glucose intolerance and insulin resis-
tance. We treated the mice both acutely and chronically with a wide range
of clenbuterol dosages and durations of the treatment. Glucose homeo-
stasis was addressed by glucose and insulin tolerance tests as well as
fasting blood glucose level. We investigated the primary organs involved
in glucose homeostasis, i.e. the pancreas (plasma insulin levels), skeletal
muscle (GLUT4 translocation to the plasmamembrane) and liver (lipids).
Results: Acute treatment with selective beta-2-adrenergic agonists has
been associated with rather prodiabetogenic outcomes. Indeed, we
showed that acutely clenbuterol increased blood glucose and insulin
levels. However, acute effects of beta-2-adrenoceptors agonists on glu-
cose homeostasis must be dissociated from its chronic effects. Within 24
hours after an initial administration, the effects of clenbuterol on glu-
cose homeostasis switched from pro- to antidiabetogenic. Maximal
improvements in glucose tolerance of diet-induced obese mice were
observed after 3-4 days of treatment with clenbuterol (49 % reduction
of area under the curve with 5.5 mM blood glucose as a baseline,
p<0.01) and these effects could be maintained upon prolonged treat-
ment. Furthermore, the favorable metabolic effects could be achieved
with dose 0.025 mg kg-1 day-1, which is 40 times lower than previ-
ously studied. These effects were not accompanied by increased lean
mass (at least at first days of treatment) or insulin levels. We showed
for the first time, that prolonged treatment with low dose of clenbu-
terol enhanced GLUT4 translocation in the skeletal muscle (which
strongly correlated with glucose tolerance - r2=0.89, p<0.001 and with
fasting blood glucose - r2=0.65, p<0.05), improved whole-body insulin
sensitivity (in response to 1 U/kg of insulin blood glucose decreased
by 0.3 and 2.3 mM in control and treated groups, respectively,
p<0.05) and eliminated liver steatosis (area of lipid droplets was lower
by 40 % in the treated group, p<0.01).
Conclusion: Beneficial effects of prolonged clenbuterol treatment on
glucose homeostasis were most likely mediated through adaptations both
in the skeletal muscle and in the liver, particularly via an enhanced
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GLUT4 translocation in the muscle and via a reduction in total lipid
content and improved insulin sensitivity in the liver.
Supported by: The Swedish Research Council (Vetenskapsrådet, VR)
Disclosure: A.V. Kalinovich: None.
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Modulation of dopaminergic signallingwith Bromocriptine improves
glucose and lipid metabolism in an obese type 2 diabetic animal
model
G. Tavares1,2, D. Marques1, C. Barra1, A. Costa1, T. Rodrigues1, J.
Sacrameto2, B. Melo2, R. Seiça1, S.V. Conde2, P. Matafome1,3;
1Institute of Physiology and Institute of Clinical and Biomedical Research
(iCBR), Faculty of Medicine, University of Coimbra, Coimbra, 2Center
of Chronic Diseases (CEDOC), Faculty of Medicine Sciences, NOVA
University of Lisbon, Lisbon, 3Instituto Politécnico de Coimbra,
Coimbra Health School, Coimbra Portugal.

Background and aims: Dopamine signaling machinery and D1R and
D2R receptor families has been identified in adipose tissue and in the
liver, suggesting a role for the regulation of peripheral metabolism.
Therefore, the modulation of dopaminergic signaling could constitute
an important target to treat metabolic disorders such as obesity and type
2 diabetes. Bromocriptine, a D2 dopamine receptor agonist able to im-
prove glycemic control and insulin sensitivity was approved by the Food
and Drug Administration for the treatment of type 2 diabetes. However,
the underlying mechanisms on insulin sensitive tissues remains unclear.
Our, main goal is to evaluate whether the modulation of peripheral dopa-
minergic signaling with Bromocriptine improves insulin sensitivity, glu-
cose and lipid metabolism in white and brown adipose tissues (eWATand
BAT), and if it reverts hepatic steatosis in an obese type 2 diabetes animal
model.
Materials and methods: Obese type 2 diabetic Goto-Kakizaki rats
(GKHCD) were treated with Bromocriptine for 4 weeks (10 mg/kg/day)
and the mechanisms of glucose and fatty acid metabolism have been
assessed after an overnight fasting and post-prandially (1h after a mixed
meal ingestion) in the liver and both eWATand BAT, and compared with
respective controls. Additionally, hematoxylin-eosin staining was per-
formed on the liver.
Results: Bromocriptine treatment significantly decreased fasting gly-
cemia and AUC during the insulin tolerance test and HOMA, as well
as lipid profile (adiposity, plasma free fatty acids, triglycerides and
cholesterol) reverting the metabolic deregulation observed in
GKHCD. Moreover, the reduction of hepatic steatosis was also ob-
served in the liver histology. The GLUT4 expression levels were
increased both in fasting and post-prandial stages in eWAT and
BAT. Moreover, GLUT2 levels also increased in the liver after
fasting. Interestingly no changes in insulin signaling were observed
with Bromocriptine treatment, while AMPK activation was specifical-
ly observed in eWAT and decreased in liver after a mixed meal.
Moreover, Bromocriptine increased D1R expression in both eWAT
and BAT after fasting, which was not pos-prandially sustained. The
opposite was observed in the liver with a decreased expression of
D1R in fasting that increase post-prandially. D2R expression levels
was not statistically different in the studied insulin sensitive tissues
during fasting and post-prandial stage. Such results suggest a tissue-
specific regulation of lipid oxidation in different metabolic stages
which may result from specific regulation of dopaminergic signaling.
Conclusion: Bromocriptine treatment improves glucose uptake and lipid
metabolism due to increased catabolism in both eWATand BAT possibly
through a combinatory effect of D1R and D2R activation. These results
also suggest a direct action of Bromocriptine in the liver, improving
hepatic steatosis.
Supported by: FCT (UID/NEU/04539/2013; PD/BD/127822/2016);
Portuguese Society for Diabetes
Disclosure: G. Tavares: None.

PS 025 Changing insulin sensitivity: a stairway
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Hepatic saturated fatty acid fraction is associated with de novo lipo-
genesis and hepatic insulin sensitivity
K.H.M. Roumans1, P. Veeraiah1,2, E. Phielix1, B. Havekes3, Y.M.H.
Bruls1,2, M.C.G. Brouwers3, M. Alssema4, H.P.F. Peters4, R. de
Mutsert5, M.-R. Taskinen6, J. Borén7, P. Schrauwen1, L. Lindeboom1,2,
V.B. Schrauwen-Hinderling1,2;
1Department of Nutrition and Movement Sciences, Maastricht
University, Maastricht, Netherlands, 2Department of Radiology and
Nuclear Medicine, Maastricht University Medical Center, Maastricht,
Netherlands, 3Department of Internal Medicine, Division of
Endocrinology, Maastricht University Medical Center, Maastricht,
Netherlands, 4Unilever R&D Vlaardingen, Vlaardingen, Netherlands,
5Department of Clinical Epidemiology, Leiden University Medical
Center, Leiden, Netherlands, 6Research Program, Unit Clinical and
Molecular Metabolism, University of Helsinki, Helsinki, Finland,
7Department of Molecular and Clinical Medicine, University of
Gothenburg, Gothenburg, Sweden.

Background and aims: Hepatic steatosis may contribute to poor
cardiometabolic health, with de novo lipogenesis (DNL) contrib-
uting to hepatic steatosis and subsequent insulin resistance. As
saturated fatty acids (SFA) are the product of DNL, the hepatic
SFA fraction may be a marker of DNL and contribute to insulin
resistance. Using novel MR methodology, we were able to distin-
guish the fractions of hepatic saturated, mono- and polyunsaturat-
ed fatty acids (SFA, MUFA and PUFA, respectively) in vivo.
Here, we investigated the association between DNL, in vivo he-
patic lipid content and composition, and hepatic insulin sensitivity
(IS).
Materials and methods: In eighteen healthy overweight/obese par-
ticipants (BMI 29.6±2.2 kg/m2; age 58.7±7.0 year; 10 women)
with a wide range in liver fat content (1-40%), we determined
liver fat content and composition (fraction of SFA, MUFA,
PUFA relative to total amount) using 1H-MRS, DNL by deuterat-
ed water and hepatic IS using the low-dose phase (10 mU/m2/
min) of a 2-step hyperinsulinemic-euglycemic clamp. SFA fraction
was also determined in specific patient populations with either
high DNL (glycogen storage disease type 1a patients, n=7) or
low hepatic insulin sensitivity (type 2 diabetes patients, n=9).
Results: DNL was strongly associated with SFA fraction (r=+0.52,
p=0.047) and negatively with MUFA fraction (r=-0.70, p=0.003), but
not with PUFA fraction or total liver fat content in overweight/obese
volunteers. In glycogen storage disease type 1a patients, SFA fraction
was higher compared with overweight/obese participants with compara-
ble hepatic fat content (49.5±2.0 and 42.9±0.8 %, p=0.030). Interestingly,
higher SFA fraction was associated with lower hepatic IS (% insulin-
suppressed endogenous glucose production) in obese/overweight partic-
ipants (r=-0.58, p=0.001). Total liver fat content, MUFA and PUFA frac-
tion were not associated with hepatic IS. The association between high
SFA and low hepatic IS was confirmed in patients with type 2 diabetes,
characterised by low hepatic IS, showing increased SFA fraction com-
pared with overweight/obese participants (42.9±1.3 and 35.5±3.1 %,
p=0.020).
Conclusion: These results show that the hepatic SFA fraction, as
determined by 1H-MRS, might be used as measure of DNL.
Furthermore, the results suggest that specifically the hepatic SFA
fraction contributes to hepatic insulin resistance.
Clinical Trial Registration Number: NCT03211299
Supported by: Top Sector Life Sciences & Health and Unilever R&D
Vlaardingen
Disclosure: K.H.M. Roumans: Grants; TKI-health holland.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S234



481
Comparison of SGLT inhibitors in an animal model of metabolic
syndrome: effect on metabolic parameters and insulin sensitivity
J. Trnovská, M. Huttl, I. Marková, O. Oliyarnyk, H. Malínská, D.
Miklánková, H. Kratochvílová, P. Svoboda, I. Laňková, M. Mráz, M.
Haluzík;
Institute for Clinical and Experimental Medicine, Prague, Czech Republic.

Background and aims: SGLT-2 inhibitors (SGLT-2i) effectively im-
prove diabetes control and have nephro- and cardio-protective effects;
however, direct comparisons between SGLT-2i are scarce. The aim of
the study was to compare the effects of 3 SGLT-2i - canagliflozin
(CAN), empagliflozin (EMP) and dapagliflozin (DAP) - on biochemical,
metabolic and hormonal parameters in hypertriglyderidemic rats (HHTg)
- a non-obese model of metabolic syndrome characterized by dyslipid-
emia, insulin resistance and increased blood pressure.
Materials and methods:Male HHTg rats, 4 months old, were fed standard
diet (C; n=7) or standard diet enriched by EMP (10mg/kg b.w./day), CAN
(100mg/kg b.w./day) or DAP (10mg/kg b.w./day) (n=8) for 6 weeks.
Results: All SGLT-2i induced glycosuria which was 8-fold higher in CAN
and DAP compared to EMP (416±4 vs. 376±32 vs. 53±6mmol/l; P<0.001).
CAN and DAP were associated with increased food intake compared to C,
while only CAN treatment led to reduction of bodyweight (374±7 vs. 414±6
g; P<0.001). Visceral adipose tissue decreased in CAN and DAP compared
to C (2.41±0.15 and 3.04±0.30 vs. 4.13±0.11; g/100g b.w.; P<0.05) along
with leptin levels (-79 and -56 % for CAN and DAP vs. C, P<0.01). CAN
decreased both fasting (4.6±0.2 vs. C: 6.2±0.1; EMP: 5.9±0.1; DAP: 5.6±0.1
mmol/l; P<0.01) and postprandial glycemia (7.7±0.2 vs. C: 9.8±0.3; EMP:
9.5±0.2; DAP: 9.6±0.1 mmol/l; P<0.001) relative to other groups. GLP-1
levels increased in CAN compared to other groups (CAN: 172±12 vs. C: 90
±15; EMP: 99±14; DAP: 106±21 pg/ml; P<0.05), while C-peptide was
lower in CAN vs. C (879±77 vs. 1502±239 pg/ml; P<0.05) .Postprandial
triglyceride levels were decreased by all SGLT-2i compared to C (EMP: -
32%; P<0.01; CAN: -55%;DAP -48%, P<0.001), while CANandDAP also
lowered TAG concentrations in the liver compared to EMP (5.0±0.6 vs. 5.4
±0.4 vs. 7.8±0.6 μmol/g; P<0.05). Also, CAN and EMP administration
reduced liver glycogen content compared to C (P<0.05). 14C-palmitic acid
oxidation decreased in the myocardium of CAN and DAP compared to C,
whereas fasting total ketone bodies were increased in CAN and DAP (1845
±108 and 1369±53 μmol/l) compared to C and EMP (575±63 and 760±19
μmol/l; P<0.001). Relative kidney weight (g/100 g b.w.) was increased in all
SGLT-2i groups compared to C with a less pronounced effect of EMP rela-
tive to CAN and DAP (P<0.01). In addition, all SGLT-2i decreased
microalbuminuria (P<0.05 vs. C). In kidney cortex CAN andDAP increased
glutathione reductase compared to EMP (P<0.05). EMP decreased conjugat-
ed dienes, associated with toxic tissue damage, compared to other groups
(P<0.05). DAP increased glutathione peroxidase activity relative to C, EMP
and CAN (P<0.05) and decreased thiobarbituric acid reactive substances
(TBARS) compared to C (P<0.05).
Conclusion: Our results suggest higher efficacy of CAN compared to
DAP and EMP in decreasing glucose levels and improving other meta-
bolic parameters in a non-obese model of metabolic syndrome. These
differences could be related to higher SGLT-1 inhibition activity of CAN.
Supported by: MH CZ - DRO (IKEM, IN 00023001) and GACR 19-
06199S
Disclosure: J. Trnovská: None.

482
Impact of second generation antipsychotics on insulin sensitivity and
mitochondrial bioenergetics after acute treatment in rats
G. Di Nunzio1, R. Santamaria1, A.C. Fonseca1, M. Petkovic1, D.F.
Santos1, A. Piscosquito1, E. Carvalho1,2, J.G. Jones1;
1Center for Neuroscience and Cell Biology, University of Coimbra,
Coimbra, Portugal, 2Department of Geriatrics, University of Arkansas
for Medical Sciences, Little Rock, USA.

Background and aims: Schizophrenia is a severe mental disorder whose
symptoms include delusions, hallucinations, delirium, but also social
withdrawal, lack of motivation and general reduction of mental functions.
Second generation antipsychotics (SGAs) have proven to be effective in
the treatment of schizophrenia but they also cause significant side effects
including weight gain, increased adiposity, and decreased glucose toler-
ance. These not only decrease life quality but also reduce patient compli-
ance. To date, the mechanisms by which SGAs promote adiposity and
glucose intolerance are unclear but may involve systemic alterations in
the mitochondrial capacity for substrate oxidation. Therefore, the purpose
of this study was to evaluate the acute effects of the SGAs olanzapine and
aripiprazole on the metabolic profile of male rats including their impact
on glucose tolerance and on the mitochondrial bioenergetics of muscle
and adipose tissue.
Materials and methods: 42 male Wistar rats were randomly divided into
three groups of 14: control (CON), olanzapine (OLA) and aripiprazole
(ARI). Each animal was studied twice, with ~1 month interval between
studies. It was assumed that there were no interactions between the first and
second study. For Study 1, OLA and ARI were dissolved in 4%
carboxymethyl cellulose (CMC) vehicle and administered by gavage
(5mg/Kg) with controls gavaged with vehicle only. Animals were
fasted for 6 hours and an oral glucose tolerance test (OGTT, 2g
glucose/kg) was conducted one hour after gavage. For study 2, ani-
mals were fasted for 6 hours and gavaged with drug or vehicle. One
hour after, they were euthanized by decapitation. Gonadal adipose
tissue (GWAT) and muscle fibres were immediately harvested for
analysis of mitochondrial bioenergetics with an Oroboros O2k system.
Mitochondrial respiration rates were reported as pmol O2 per mg wet
weight tissue per second (pmol O2/mg/sec).
Results: The OGTT of Study 1 showed that OLA, but not ARI decreased
glucose tolerance compared to controls (10% increase in theAUC, p < 0.001,
n=14). The respirometry assays of Study 2 shows that both OLA and ARI
significantly reduced uncoupled respiration of complex I plus complex II
(CON, 2.5 +/- 0.4 pmol O2/mg/sec vs OLA, 1.5 +/- 0.2 pmol O2/mg/sec
and ARI, 1.4 +/- 0.2 pmol O2/mg/sec, p < 0.05). They also significantly
attenuated uncoupled complex II activity (CON, 1.4 +/- 0.2 pmol O2/mg/
sec vs OLA, 0.7 +/- 0.2 pmol O2/mg/sec and ARI, 0.7 +/- 0.1 pmol O2/mg/
sec, p < 0.05). For permeabilized muscle fibers, OLA decreased uncoupled
complex II activitywhile ARI had no significant effects (CON, 84 +/- 6 pmol
O2/mg/sec vs OLA, 69 +/- 4 pmol O2/mg/sec, p < 0.05).
Conclusion: Our results indicated that OLA, but not ARI had an imme-
diate effect on glucose tolerance in rat models. Whether this increase in
glycemia is caused by interference of insulin secretion and/or signaling is
yet to be elucidated. OLA also induced alterations in mitochondrial bio-
energetics of both white adipose tissue and muscle fibers, reducing mito-
chondrial activity in both tissues. In comparison, ARI reduced white
adipose tissue respiration rates but had no effect on muscle respiration.
Supported by: H2020-MSCA-ITN-721236 TREATMENT
Disclosure: G. Di Nunzio: None.

483
Overnight insulin sensitivity and insulin secretion signatures in indi-
viduals with type 2 diabetes
C. Fabris, A. Basu, R. Basu;
Center for Diabetes Technology, University of Virginia, Charlottesville,
USA.

Background and aims:A good understanding of nocturnal regulation of
glucose homeostasis is crucial to optimize overnight treatment in both
type 1 and type 2 diabetes (T2D). In T2D, specifically, fasting hypergly-
cemia has been associated with increased endogenous glucose production
(EGP) in the morning. However, a recent study has shown that EGP in
T2D remains essentially unchanged throughout the night, displaying con-
stantly higher values than in nondiabetic (ND) controls. By resorting to
the same dataset, the aim of this work is to track insulin sensitivity (SI)
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and insulin secretion rate (ISR) in T2D andND individuals overnight, and
assess whether the profiles differ between the two studied cohorts.
Materials andmethods: Twenty ND subjects (12 men, age 56±11 years,
BMI 31±3 kg/m2; mean±SD) and 23 subjects with T2D (11 men, age 53
±11 years, BMI 33±4 kg/m2, HbA1c 7.9±1.0%) completed the study.
Participants were admitted at the Mayo Clinic Clinical Research Trials
Unit at 1600 hours on day 1; on day 2, they received standardizedmeals at
0700, 1200, and 1700 hours; at 2000 hours, an arterial line was inserted
into a radial artery to obtain arterial samples throughout the night; at 0700
hours on day 3, all blood draws were stopped and participants discharged.
In this work, overnight glucose and insulin concentrations were used to
estimate SI, resorting to a novel Kalman filter-based algorithm which
relies on a variation of the oral glucose minimal model augmented with
the SI state and allows to track SI in absence of meals; in addition, ISR
was estimated from c-peptide data, using the c-peptide minimal model
and nonparametric stochastic deconvolution. SI and ISR values at 0100,
0400, and 0700 hours were compared between the two groups by
repeated-measures mixed ANOVA; post-hoc comparisons of the means
were computed between groups.
Results: Overnight SI and ISR profiles are shown in the figure together
with glucose and insulin data. SI is significantly lower in T2D vs. ND at
all considered time points (p<0.001). ISR is significantly higher in T2D at
all time points (p<0.05), despite the difference between means progres-
sively decreases throughout the night from 0.101 to 0.054 nmol/min.
Conclusion: The analysis indicates that SI is essentially constant in T2D
and ND individuals throughout the night, with values significant lower in
the T2D group, whereas ISR progressively decreases overnight. This
result could be used to inform drug titration and long-acting or basal
insulin adjustments with the purpose of optimizing overnight glycemic
control. Due to minimal disturbance during the overnight period, physi-
cians have the possibility to increase the aggressiveness of nocturnal
treatment, with the aim of restoring overnight glucose turnover and low-
ering glycemic levels to normal values. To this end, knowing how insulin
secretion and action change throughout the night in individuals with T2D
may allow to optimize insulin-based treatment strategies and maximize
the improvement in terms of glycemic outcomes.

Supported by: R01 DK 029953
Disclosure: C. Fabris: Employment/Consultancy; Consulting for The
Epsilon Group.

484
Chronic GIPR agonism results in weight independent insulin
sensitisation
R.J. Samms, M. Christe, T. Coskun, W. Roell;
Eli Lilly and Company, Indianapolis, USA.

Background and aims: Recent clinical findings demonstrate the pro-
found glucose lowering and weight loss effected by chronic dual
GIPR/GLP-1R agonism. It is established that chronic GLP-1R agonism
improves glycemic control in part through extra-pancreatic mechanisms
attributed to weight loss induced improvements in insulin sensitization.
Here we investigated the potential of GIPR agonism alone to effect im-
provements in insulin sensitization and whether any such pharmacology
was dependent upon weight loss.
Materials and methods: GIPR agonism was studied using selective
GIPR agonists modified to be long acting (LAGIP) with long acting
GLP-1R agonist (LAGLP-1) and PPARγ agonist (rosiglitazone) as con-
trols. DIO mouse (C57/bl6) and Long Evans DIO rat (LEDIO) insulin
resistant models were used to assess glycemic control (fasting glucose/
insulin), weight loss, food intake, body mass (QNMR), and insulin sen-
sitivity (insulin tolerance test (ITT), euglycemic clamp). Tissue specific
glucose uptake was assessed with labeled glucose infusion during clamp
studies.
Results: DIO mice treated for two weeks with repeat daily doses of
LAGIP or LAGLP-1 demonstrated similar improvement in glycemic
control with dose dependent reductions in fasting glucose and no change
in fasting insulin. However, while LAGLP-1 reduced food intake
resulting in lower body weight and fat mass, LAGIP treatment was food
intake and weight neutral. Subsequently, more direct measurements of
insulin sensitivity were assessed by ITT in two week treated DIO mice.
LAGIP dose dependently enhanced insulin sensitivity evidenced by re-
duced glucose AUC post insulin challenge similar to rosiglitazone.
Whereas rosiglitazone increased body weight and fat mass, LAGIP was
again weight neutral. To further investigate insulin sensitization by GIPR
agonism in an additional rodent model, LEDIO rat euglycemic clamp
studies were performed with submaximal insulin infusions. While acute
LAGIP treatment (subcutaneous bolus overnight/infusion during clamp)
demonstrated no enhancement of total body GIR, chronic treatment (two
week) increased GIR similar to LAGLP-1 treatment. Whereas GLP-1R
agonism reduced food intake and body weight, LAGIP was weight neu-
tral similar to findings in mice. Interestingly, in clamp studies acute
LAGIP treatments enhanced insulin stimulated glucose uptake in adipose
where GIPR is expressed. While skeletal muscle lacks GIPR expression,
chronic LAGIP treatment enhanced insulin stimulated glucose uptake in
this tissue as well. These data suggest both direct and indirect effects of
chronic GIPR agonism resulting in insulin sensitization.
Conclusion: Chronic GIPR agonism with long acting molecules in-
creased whole body insulin sensitization in preclinical models.
Contrasted with GLP-1R agonism, the insulin sensitizing effects of
LAGIP are not associated with hypophagia or weight loss. We propose
a novel mechanistic modality for GIPR agonism resulting in weight in-
dependent insulin sensitization. Further integrative physiology studies are
needed to better elucidate molecular mechanisms andmetabolic/signaling
pathways leading to these sensitizing effects. The findings presented here
and ongoing research are improving our understanding of the potential
benefit of GIPR agonism to counteract insulin resistance associated with
T2D.
Disclosure: R.J. Samms: None.

485
Novel insulin sensitising drug candidates inhibit SHIP2 activity in
kidney and skeletal muscle
J.-B. Naams1, Z. Polianskyte-Prause1, T.A. Tolvanen2, L.C. Hautala1, M.
Berg3, K. Wähälä3, S. Lehtonen2,1;
1Research Program for Clinical and Molecular Metabolism, Faculty of
Medicine, Helsinki University, Helsinki, 2Department of Pathology,
Helsinki University, Helsinki, 3Department of Chemistry, Helsinki
University, Helsinki, Finland.

Background and aims: A recent study reveals that patients with severe
insulin resistance are at a particularly high risk of developing diabetic
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kidney disease. The only insulin sensitizing medications for treating type
2 diabetes currently on the market are pioglitazone and metformin. In our
recent study we showed that, in addition to suppressing gluconeogenesis
in liver, metformin acts in muscle and kidney via inhibiting SH2-domain-
containing inositol 5’-phosphatase 2 (SHIP2). SHIP2 suppresses insulin
signaling via PI3K/Akt pathway by decreasing phosphorylation of Akt.
SHIP2 is upregulated in muscle and kidney glomeruli of diabetic mice,
and its activity is increased in kidney glomeruli of type 2 diabetes patients
receiving other medication than metformin. Currently available insulin
sensitizers have adverse side-effects and restrictions of use, and thus more
efficient and safer drugs are needed. The aim of this study was to develop
new insulin sensitizing drug candidates that act by inhibiting SHIP2.
Materials and methods: An in silico screening of small molecule librar-
ies and a biological high-throughput screening using purified recombi-
nant SHIP2 phosphatase domain were conducted to identify compounds
that bind to the active site of SHIP2 phosphatase domain. One of the hits,
a previously unknown compound, was used to design and synthesize a
library of over 150 novel compounds. Inhibition efficiencies of these
compounds were measured using purified recombinant SHIP2 phospha-
tase domain by malachite green phosphate assay. The best candidates
were tested in cultured cells and animals. Glucose uptake into myocytes
under basal and insulin stimulated conditions was measured using
tritium-labelled radioactive glucose. Insulin stimulated Akt phosphoryla-
tion in cultured myocytes was studied by Western blotting. Two com-
pounds were fed to ICR mice for 10 days for bioavailability testing.
SHIP2 inhibition in muscle and kidney tissues was measured by
enriching SHIP2 by immunoprecipitation, followed by malachite green
assay.
Results: We found several novel molecules that inhibit SHIP2 activity
in vitro and increase glucose uptake at 50 μM concentration by 60-130%
without and 90-190%with insulin. As a comparison, 50 μMpioglitazone
increased glucose uptake by 50% without and 55% with insulin; 50 μM
metformin did not increase glucose uptake, while a high concentration of
2mM was required for 100% increase. Some of the novel compounds
increased phosphorylation of Akt, confirming their mechanism of action
through SHIP2. ICRmice treated with the compounds showed significant
decrease of SHIP2 enzymatic activity in kidney (40-60%) and muscle
tissue (30-70%), confirming bioavailability. The compounds (250mg/kg)
were well tolerated by mice.
Conclusion: We have synthesized several novel molecules that increase
glucose uptake into cultured myocytes more efficiently than the insulin
sensitizer pioglitazone and the most commonly prescribed type 2 diabetes
medication, metformin. The novel compounds act in muscle and kidney
by inhibiting SHIP2. The compounds need to be further studied in dia-
betic mouse models, but the current results indicate that our novel com-
pounds are potential drug candidates for glucose-lowering medications.
Supported by: Business Finland, Erkko Foundation, EFSD/BI
Disclosure: J. Naams: None.
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Insulin sensitivity is a predictor for major vascular events in type 1
diabetes: a single-centre 10-year follow-up study
M. Garofolo1, E. Gualdani2, R. Giannarelli1, M. Aragona1, P. Falcetta1,
D. Lucchesi1, G. Daniele1, R. Miccoli1, P. Francesconi2, S. Del Prato1, G.
Penno1;
1Department of Clinical and Experimental Medicine, University of Pisa,
Pisa, 2Epidemiology Unit, Regional Health Agency of Tuscany, Florence,
Italy.

Background and aims: Insulin resistance (IR) has been identified as a
risk factor for cardiovascular (CV) disease in Type 2 diabetes. To which
extent IR also predict CV risk in Type 1 diabetes (T1D) is still a matter of
discussion. Therefore, we have used Estimated Glucose Disposal Rate
(eGDR), a validated tool for quantification of insulin sensitivity, to deter-
mine its relationship with major CVevents in T1D subjects.

Materials andmethods:A total of 736 T1D subjects were enrolled in an
observational, single-centre study. eGDR was calculated as [21.158 -
(0.09 x waist circumference (WC), cm) - (3.407 x hypertension, yes =
1) - (0.551 x HbA1c, %)] and incidence of major CVevents obtained by
hospital discharge registries. Un- and adjusted Cox regression analysis
was used to estimate hazard ratios (HRs).
Results: Mean (±SD) eGDR was 7.51±2.26 mg/kg/min (median 8.26;
IQR 5.53-9.29). T1D population was stratified according four eGDR
categories: C1: ≥8.0 (n. 399, 54.2%, reference); C2: 6.0-7.99 (n. 121,
16.4%); C3: 4.0-5.99 (n. 144, 19.6%) and C4: <4.0 mg/kg/min (n. 72,
9.8%). Compared to C1, C2-4 categories had worse CV risk profile with
stepwise increase in age, diabetes duration, BMI, waist-to-hip ratio, blood
pressure (BP), HbA1c, total-, LDL-, nonHDL-cholesterol and triglycer-
ides and HDL-cholesterol reduction (p<0.0001). eGFR (CKD-EPI) pro-
gressively decreased, while albumin-to-creatinine ratio (ACR) increased
(both p<0.0001). Rates of CV events (0.3%, 5.0%, 13.9% and 16.7%),
eGFR <60 ml/min/1.73 m2, micro- or macroalbuminuria and advanced
retinopathy (7.0%, 14.0%, 29.2% and 37.5%; all p<0.0001) increased
from C1 to C4 along with use of BP and lipid-lowering drugs
(p<0.0001). A total of 49 major CVevents (first occurrence of myocardial
infarction [MI], stroke, coronary, carotid and peripheral revascularization)
occurred over a mean follow-up of 10.4±2.9 years (6.7%, 6.42 x 1000
person-years). Incidence increased across eGDR categories: C1, 2.3%;
C2, 4.1% (HR [95% CI]: 1.79 [0.60-5.35]); C3, 11.8% (5.68 [2.53-
12.75]); C4, 25.0% (12.76 [5.73-28.43], p<0.0001), though, after adjust-
ment, risk remained significantly increased only in C4 (HR [95% CI]:
5.18 [2.11-12.72], p<0.0001). Further adjustment for IR-related variables
(HDL, triglycerides and ACR) did not lead to eGDR exclusion as an
independent covariate. Over a mean follow-up of 10.5±2.7 years, 35
coronary events (first occurrence of MI or coronary revascularization)
occurred (4.8%; 4.54 x 1000 person-years). By Kaplan-Meier analysis,
incidence increased across eGDR categories: C1, 2.3%; C2, 0.8% (HR
[95% CI]: 0.35 [0.04-2.76]); C3, 7.6% (3.65 [1.51-8.81]); C4, 19.4%
(9.64 [4.17-22.30], p<0.0001). After adjustment, the risk of coronary
events was significantly increased only in C4 (HR [95% CI]: 4.78
[1.90-12.04], p<0.0001) and further adjustment for IR-related variables
did not exclude eGDR as an independent covariate.
Conclusion: These results suggest that insulin sensitivity may play an
independent role in CV risk in T1D subjects.
Disclosure: M. Garofolo: None.
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Impaired beta cell function is associated with decreased insulin-
mediated suppression of glucagon in obese Hispanic Americans
X. Chen1, A. Merovci1, R. DeFronzo1, D. Tripathy1,2;
1The University of Texas Health Science Center at San Antonio, San
Antonio, 2South Texas Veterans Health Care System, San Antonio, USA.

Background and aims: Impaired suppression of glucagon in the post-
prandial state is a characteristic feature in the pathogenesis of type 2
diabetes (T2D). Recent studies have shown the difference in
glucagon:insulin ratio in lean versus obese subjects. We assessed
insulin-mediated suppression of glucagon levels in obese Hispanic
Americans and its relationship to whole-body insulin sensitivity and β-
cell function.
Materials and methods: 260 obese Hispanic Americans in different
stages of glucose tolerance (NGT, n=59, HbA1c= 5.1±0.1%, BMI=
32.6±0.7kg/m2, M:F= 19:40; Prediabetes (IGT), n=109, HbA1c= 5.8
±0.1%, BMI= 33.8±0.5kg/m2, M:F= 36:73; T2DM, n=92, HbA1c= 7.3
±0.2%, BMI= 34±0.5kg/m2, M:F= 37:55) participated in a 2-hour oral
glucose tolerance test (OGTT) with measurement of plasma glucose,
insulin, and glucagon concentrations at 0, 30, 60, 90, and 120 min. We
evaluated insulin-mediated suppression of glucagon secretion, Matsuda
index of insulin sensitivity, and the insulin secretion insulin sensitivity
(disposition) index.
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Results: There was no difference in fasting plasma glucagon level be-
tween NGT, IGT, and T2D subjects. However, there was a progressive
decrease in fasting glucagon:insulin ratio from NGT to prediabetes to
T2D (8.71±0.72 vs. 6.92±0.53 vs. 5.66±0.41, P<0.01). During OGTT at
60 min, glucagon:insulin ratio increased from NGT to T2D (0.93±0.09
vs. 0.89±0.07 vs. 2.33±0.20, P<0.001), and the suppression of plasma
glucagon (compared to basal value) was markedly decreased (10.3±3.4%
vs. 9.3±1.9% vs. 2.5±2.8, P<0.05). At 120min (OGTT), glucagon:insulin
ratio was increased in T2D versus NGT (1.28±0.17 vs. 2.0±0.20,
P<0.01). The glucagon:insulin ratio was closely correlated with whole-
body insulin sensitivity and β-cell function during the fasting state
(Matsuda Index, r= 0.51, P<0.001; Disposition Index, r= 0.30,
P<0.001) and with Disposition Index during the OGTT at 60 and
120 min (r= -0.41, P<0.001; r= -0.21, P<0.01), respectively.
Conclusion: Collectively, these findings indicate that insulin-mediated
suppression of glucagon secretion is impaired with increasing severity
of glucose intolerance in obese Hispanic Americans and is closely asso-
ciated with insulin resistance and β-cell dysfunction.
Disclosure: X. Chen: None.
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Acute effects of melatonin on glucose metabolism
U. Kampmann1, E. Lauritzen1, N. Moller2, T. Hansen3, N. Grarup3, N.
Jessen1, J. Stoy1;
1Steno Diabetes Center Aarhus, Aarhus University Hospital, Aarhus,
2Medical Research Laboratories, Aarhus University Hospital, Aarhus,
3Novo Nordisk Foundation Center for Basic Metabolic Research,
Copenhagen, Denmark.

Background and aims: Sleep disturbances are strong risk factors of type
2 diabetes (T2DM). Melatonin is implicated in the regulation of circadian
rhythm and sleep, but it is also ascribed anti-oxidative properties and
effects on glucose homeostasis. In addition, a specific single nucleotide
polymorphism in the melatonin receptor gene, MTNR1B rs10830963,
with an estimated allele frequency of 30 %, is associated with an in-
creased risk of T2DM. The aim of the present study was to examine the
effects of acute administration of high doses of melatonin on glucose
metabolism, primarily insulin sensitivity and insulin secretion.
Materials and methods: Twenty healthy young men were examined on
two occasions after 10 hours of fasting on two nonconsecutive days; one
day with four doses of 10 mg oral melatonin administered with 60 mi-
nutes intervals during the study day and the other day placebo capsules
with the same time intervals. Insulin sensitivity and insulin secretion were
assessed by a hyperinsulinemic euglycemic clamp, using 1.0 mU/kg/min
and by an intravenous glucose tolerance test (IVGTT) respectively.
Blood-samples were drawn to determine theMTNR1B rs10830963 geno-
type, and to determine melatonin concentrations and other hormonal,
metabolic and inflammatory parameters. To estimate potential effects of
melatonin on substrate utilization and energymetabolism calorimetrywas
performed twice on each study day. Bedside blood pressure was mea-
sured as previous studies have suggested a blood pressure lowering effect
of melatonin.
Results: Study participants were 24.6 ± 4.15 years old and had a BMI of
23.9 ± 2.5. Insulin sensitivity expressed as the insulin sensitivity index
during the hyperinsulinemic euglycemic clamp under steady state condi-
tions was significantly reduced on the melatonin day (0.024 ± 0.014 (P)
vs 0.021 ± 0.010 (M); p = 0.04) whereas insulin secretion based on
IVGTTcalculations was unchanged on the two study days. Systolic blood
pressure decreased significantly on the melatonin day (125.6 ± 7.9 (M)
vs. 130.4 ± 7.8 (P); p = 0.01), whereas diastolic blood pressure remained
unchanged (70.6 ± 7.0 mmHg (M) vs. 69.9 ± 6.8 mmHg (P); p = 0.60).
Indirect calorimetry showed no significant changes in energy expendi-
ture, respiratory quotient (RQ), glucose-, lipid- or protein-oxidation.
Conclusion: Our results indicate that melatonin might have a negative
effect on insulin sensitivity in healthy young men. On the other hand, we

confirm that melatonin may have blood pressure lowering effects. Our
data suggest an unfavorable effect of melatonin on glucose metabolism
and underscore the importance of gaining more insights into the
glucosemetabolic effects of melatonin as its use as a ‘safe’ sleep-aid is
rapidly increasing.

Clinical Trial Registration Number: NCT03204877
Supported by: Danish Diabetes Academy, Novo Nordisk Foundation
Disclosure: U. Kampmann: None.
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Study of the efficacy of vitamin D supplement on glycaemic control
and insulin resistance parameters in prediabetes and type 2 diabetes
M. Abushady, M. El Gayar, M. Shukry, Y.M. Eid;
Ain-Shams Universty Hospitals, Internal Medicine Dept, Endocrinology
and Metabolism Unit, Cairo, Egypt.

Background and aims: To study the effect of vitamin D supplement on
glycemic and insulin resistance parameters across different stages of type
2 diabetes disease
Materials andmethods: This open label clinical trial was conducted on
150 subjects who were recruited from Diabetes Outpatient clinic at our
University Hospitals . The study was approved by our University eth-
ical committee. The study period extended from April 2014 till
March 2015 and was divided into an initial recruitment and screening
phase of 4 months, followed by active treatment phase for 6 months
and finally study closure and data management for 1 month. Patients
were grouped according to two variables their glycemic state
(Prediabetic / Type 2 Diabetic) and their treatment status (drug naïve /
on treatment). Subjects not known to be prediabetic or Type 2 diabetic
were screened using standard OGTT guided by ADA risk criteria for
screening of prediabetes and Type 2 Diabetes. All subjects recruited
were screened for 25 OH vitamin D level (ELIZA) and using
Endocrine society 2014 cut off targets for defining vitamin D status.
Subjects were subsequently grouped into three groups, 50 patients in
Group 1 (Prediabetics) ,50 patients in Group 2 (Drug naïve Type 2
Diabetics), 50 patients in Group 3 (treated type 2 Diabetics). Patients
were assigned within each group to either Vitamin D supplement in a
dose of 200,000 IU intramuscular every 2 months ± standard of care
therapy or standard of care therapy only in equal numbers (25 patient
within each subgroup). Vitamin D3 was given in depot injection for-
mulation which was the only available affordable formulation in Egypt
till 2016. The following procedures and laboratory assessment were
conducted to all recruited subjects at baseline and after 6 months of
intervention, this included FBS, PPBS, HbA1c%, fasting insulin, cal-
culation of HOMA-IR, lipid profile and 25 OH vitamin D
Results: All recruited groups were age and sex matched ,the pre-
diabetic group (Group 1) had a significantly higher BMI com-
pared to drug naïve type 2 diabetic group (Group 2) and treated
type 2 diabetic group (Group 3), and Group 3 had a significantly
higher HOMA-IR (9.7 ±2.2) compared to Group 2 (7.9±2.2) and
Group (4.2±1.09) .All groups had 25 OH vitamin D within the
insufficient range (20.6±4.2; 19.7±3.2 ; 19.3±3.6 ng/dl) in Group
1,2 and 3 respectively . Within Prediabetic group there was no
significant difference regarding percent reduction of FBS (mean
difference =0.85 ; p=0.93), PPBS(MD=-0.48 ; p=0.97), HbA1c%
(MD=0.98 ,p=0.85) ,fasting insulin (MD=0.53, p=0.96), HOMA-
IR(MD=1.3 ,p= 0.94) and lipid profile among subgroups (on cho-
lecalciferol and without cholecalciferol) which was similar within
Drug naïve type 2 Diabetic subgroups FBS (mean difference =-
2.78 ; p=0.83), PPBS(MD=-0.77 ; p=0.93), HbA1c% (MD=-0.52
,p=0.94) ,fasting insulin (MD=-1.59, p=0.89), HOMA-IR(MD=-
4.3 ,p= 0.85) and treated type 2 diabetics subgroups FBS (mean
difference =1.99 , p=0.92), PPBS(MD=-0.1 ; p=0.99), HbA1c%
(MD=-0.49 ,p=0.94) ,fasting insulin (MD=2.2 , p=0.87), HOMA-
IR(MD=4.07 ,p= 0.89). No significant correlation was found be-
tween 25 OH vitamin D and any of the glycemic or insulin
resistance parameters
Conclusion: Vitamin D supplementation conferred no additional
benefit over standard therapy in terms of improving glycemia ,
insulin resistance and lipid profile upon completion of the 6
months study period.
Disclosure: M. Abushady: None.
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Determinants and prognostic role of insulin resistance based on
HOMA-IR in the population
T. Köck1,2, J.H. Prochaska1,3, V.H. Schmitt4,2, A. Schulz1, S. Rapp1, M.
Lenz1,5, N. Arnold1, M. Panova-Noeva3,2, I. Hermanns1,6, I.
Schmidtmann7, M.E. Beutel8, N. Pfeiffer9, T. Münzel4,2, K.J.
Lackner10, P.S. Wild1,3;
1Preventive Cardiology and Preventive Medicine, University Medical
Center of the Johannes Gutenberg University Mainz, Mainz, 2German
Center for Cardiovascular Research (DZHK), Mainz, 3Center for
Thrombosis and Hemostasis, University Medical Center of the
Johannes Gutenberg University Mainz, Mainz, 4Center for Cardiology
– Cardiology I, University Medical Center of the Johannes Gutenberg
University Mainz, Mainz, 5Institute of Organismic and Molecular
Evolution, Johannes Gutenberg University Mainz, Mainz, Mainz,
6Faculty of Chemistry & Biology, HS Fresenius, University of Applied
Sciences, Idstein, 7Institute for Medical Biometry, Epidemiology and
Informatics, University Medical Center of the Johannes Gutenberg
University Mainz, Mainz, 8Department of Psychosomatic Medicine and
Psychotherapy, University Medical Center of the Johannes Gutenberg
University Mainz, Mainz, 9Department of Ophthalmology, University
Medical Center of the Johannes Gutenberg University Mainz, Mainz,
10Institute of Clinical Chemistry and Laboratory Medicine, University
Medical Center of the Johannes Gutenberg University Mainz, Mainz,
Germany.

Background and aims: Comprehensive large-scale investigations integrat-
ing a cut-off value with the clinical determinants of homeostatic model as-
sessment for insulin resistance (HOMA-IR) index defined insulin resistance
along with its predictive power for prediabetes, type 2 diabetes and cardio-
vascular mortality are scarce. We assessed these aspects in the European
Caucasoid population-based longitudinal Gutenberg Health Study.
Materials and methods: Ample clinical data including 8-hour fasting
insulin and glucose concentrations to calculate the HOMA-IR index of
10,340 individuals aged 35 to 74 years were analyzed.
Results: The HOMA-IR index cut-off value 2.35 was defined based on
the 97.5th percentile in an euglycemic healthy subsample (n=1,065).
Based on this cut-off value the prevalence of insulin resistance was
30.8% (n=3,189). Multiple robust Poisson regression analyses revealed
obesity [prevalence ratio=2.43 (95%CI 2.29-2.57), P<0.0001] as its main
determinant. Molecular/anthropometric determinants like the Body-
Mass-Index or HbA1c shifted with the deterioration of the glycemic
status between euglycemia and overt type 2 diabetes. Insulin resistance
was a strong independent 5-year predictor for new-onset prediabetes and
type 2 diabetes [adjusted relative risk=3.61 (95%CI 2.77-4.70),
P<0.0001] and the progression of prediabetes to type 2 diabetes. Insulin
resistance was further associated with an elevated cumulative incidence
of cardiovascular mortality.
Conclusion: After setting the HOMA-IR index cut-off to 2.35 in a
uniquely large healthy reference subsample, the population-based cohort
of 10,340 individuals allowed an unprecedentedly comprehensive inves-
tigation of HOMA-IR-defined insulin resistance enabling the identifica-
tion of its determinants and its utility as independent predictor and risk
factor for prediabetes, type 2 diabetes, and cardiovascular mortality.
Supported by: Stiftung Rheinland-Pfalz für Innovation“ AZ 961-386261/733
Disclosure: T. Köck: None.
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FGF-21 is a reliable marker of insulin resistance before the occur-
rence of glucose intolerance
A. Sawah1, M. Shikh Hamdon1, Z. Msallaty1, F. Berhane1, W. Al-
Janabi1, Z. Yi2, B. Seyoum1;
1Endocrinology, Wayne State University, Detroit, 2Department of
Pharmaceutical Sciences, Eugene Applebaum College of Pharmacy/
Health Sciences, Wayne State University, Detroit, USA.
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Background and aims: Fibroblast growth factor (FGF)-21 is a polypep-
tide that results in metabolic rearrangement mostly related to glucose and
lipid metabolism. Serum FGF-21 level is elevated in obesity and in type 2
diabetes. The goal of this study is to evaluate the relationship between
FGF-21 and peripheral insulin resistance in a wide range of baseline BMI
and glucose metabolism status.
Materials andmethods: Seventy one participants reported to the clinical
research center in a fasting state twice. BMI and fat mass were calculated.
Glucosemetabolismwas determined by fasting glucose, hemoglobinA1c
and OGTT. Serum lipids panel was measured. Peripheral insulin resis-
tance was determined using the hyperinsulinemic euglycemic clamp
study. FGF-21 level was measured using enzyme-linked immunosorbent
assay before and after clamp study. Study was approved by university
institutional review board.
Results: Of 71 participants, 48 were obese and 23 were lean. Normal
glucose metabolism was documented in 43 individuals. Serum FGF-21
was significantly elevated in insulin resistant compared to insulin sensi-
tive subgroups (0.28 ng/ml ± 0.136 vs. 0.14 ng/ml ± 0.112. p < 0.001).
Despite the fact that FGF-21 is elevated in all obese population, the level
was significantly higher in the insulin resistant obese subgroup compared
to the insulin sensitive obese one ( 0.30 ng/ml ± 0.167 vs. 0.17 ng/ml ±
0.126. P =0.003). Furthermore, significantly higher FGF-21 level was
also found in lean insulin resistant compared to lean insulin sensitive
subgroups (0.18 ng/ml ± 0.106 vs. 0.09 ng/ml ± 0.061, p = 0.04].
Adjustment to preexisting impaired glucose tolerance did not affect the
correlation between FGF-21 level and insulin resistance which remained
statically significant in the seemingly healthy obese and lean subgroups.
Conclusion: Serum FGF-21 level strongly correlates to peripheral insulin
resistance in both obese and lean population. Nonetheless, FGF-21 level
rises way before glucose metabolism abnormality can be detected. Our
study suggests a cutoff level for each subgroup which may enable clini-
cians to risk-stratify patients and allow for early intervention.
Supported by: WSU
Disclosure: A. Sawah: None.
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Jejunal microbiota in morbidly obese patients and its association
with insulin resistance and metformin
C. Gutierrez Repiso1,2, I. Moreno-Indias1,2, G. Martín-Núñez1,2, S.
García-Serrano3,4, S. Valdés3,4, M. Gonzalo3, A. Rodríguez-Cañete5, F.
Moreno-Ruiz5, E. García-Fuentes6,2, F. Tinahones1,2;
1UGC Endocrinología y Nutrición, Hospital Universitario Virgen de la
Victoria/Instituto de Investigación Biomédica de Málaga (IBIMA),
Málaga, 2Centro de Investigación Biomédica en Red de la
Fisiopatología de la Obesidad y Nutrición (CIBEROBN), Málaga,
3UGC Endocrinología y Nutrición, Hospital Regional Universitario/
Instituto de Investigación Biomédica de Málaga (IBIMA), Málaga,
4Centro de Investigación Biomédica en Red de Diabetes y
Enfermedades Metabólicas Asociadas (CIBERDEM), Málaga, 5UGC
Cirugía General, Digestiva y Trasplantes, Hospital Regional
Universitario/Instituto de Investigación Biomédica de Málaga (IBIMA),
Málaga, 6UGC Aparato Digestivo, Hospital Universitario Virgen de la
Victoria/Instituto de Investigación Biomédica de Málaga (IBIMA,
Málaga, Spain.

Background and aims: Most of the studies assessing the relation be-
tween obesity and gut microbiota in humans have been performed using
fecal samples because of its easy accessibility. However, there is little
information about the composition of small intestinal microbiota. Most
digestion and absorption of nutrients takes place in small intestine. The
intestinal mucosa is essential for the maintenance of homeostasis.
Mucosa-associated microbiota interacts and might affect the intestinal
epithelium and the immune system. The aim of the present study is to
describe the composition of jejunal microbiota in morbidly obese pa-
tients, its link with insulin resistance and metformin treatment.

Materials andmethods:The studywas undertaken in 40morbidly obese
patients who underwent to Roux-en-Y gastric bypass. During surgery,
jejunal biopsy samples were obtained (40 cm from the ligament of
Treitz). Patients were classified according to their HOMA-IR value
(High HOMA-IR and Low HOMA-IR) (both groups without treatment
for T2D) and subjects with T2D who were only receiving metformin
treatment (T2DM-metf). Data generated by high-throughput sequencing
DNAwas analyzed using QIIME2 v2019.1.
Results: α-diversity measures showed that Observed OTUs index was
significantly higher in High HOMA-IR group compared to LowHOMA-
IR group (q=0.011). No other statistically significant differences were
found neither in α-diversity nor β-diversity indexes. At phylum level,
ANCOM analyses showed that Proteobacteria, Bacteroidetes and
Fusobacteria were significantly higher in High HOMA-IR group com-
pared to Low HOMA-IR group (W=2, W=1 and W=2 respectively). At
genus level, in Low HOMA-IR group, Ruminococacceae, Rikenellacea,
Bifidobacteriaceae, Odoribacteraceae, Deferribacteraceae, Listeriaceae
and Bacillaceae abundances were significantly higher than in T2DM-
metf group (W=1 in all cases) , whilst Halomonadaceae ,
Comamonadaceae, Propionibacteriaceae and Thermaceae abundances
were significantly higher in T2DM-metf group than in Low HOMA-IR
group (W=1 in all cases except Halomonadaceae (W=22).
Conclusion: Microbiota composition at phylum level and α-diversity is
altered in states of insulin resistance. Metformin treatment is associated
with variations in microbiota composition at family level.
Halomonadaceae different abundance deserves further investigation.
Supported by: ISCIII, MINECO, FEDER, Consejería de Salud
Disclosure: C. Gutierrez Repiso: None.
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Circulating fetuin B is associated with insulin resistance in polycystic
ovary syndrome woman and is regulated by liraglutide treatment
K. Li1, L. Li1, G. Yang2;
1Key Laboratory of Diagnostic Medicine (Ministry of Education),
College of Laboratory Medicine, Chongqing Medical University,
Chongqing, 2Department of Endocrinology, Chongqing Medical
University, Chongqing, China.

Background and aims: Polycystic ovary syndrome (PCOS) is charac-
terized by Oligo-ovulation or anovulation, polycystic ovary, and/or
hyperandrogenism. In addition, previous studies found correlations be-
tween insulin resistance, obesity, dyslipidemia and PCOS. Fetuin B has
been examined to participate in the pathogenesis of insulin resistance and
dyslipidemia, and correlated with disorders like nonalcoholic fatty liver
disease (NAFLD) and type 2 diabetes, we hypothesized that fetuin B play
a role in the development of PCOS. The objective of this study was to
investigate the relationships between circulating fetuin B, insulin resis-
tance and PCOS in cross-sectional and interventional studies.
Materials and methods: In the cross-sectional study, 141 healthy con-
trols and 257 PCOS patients according to 2003 Rotterdam consensus
criteria were investigated. Circulating fetuin B and TNF-α levels (mea-
sured by ELISA) and metabolic indices were compared between normal
subjects and PCOS patients. In the intervention study, oral glucose toler-
ance tests, lipid infusions and euglycemic-hyperinsulinemic clamps were
performed to investigate the association of fetuin Bwith insulin resistance
in PCOS. The effect of a glucagon-like peptide-1 agonist on fetuin B was
studied in a 12-week liraglutide treatment trial.
Results: PCOS patients appeared hyperandrogenism, dyslipidemia, and
hyperinsulinism. Remarkably, circulating fetuin B and TNF-α levels in
PCOS patients were significantly higher than in the controls (8.40 ± 0.32
vs. 6.22 ± 4.84 mg/L for fetuin B and 130.40 ± 99.98 vs. 95.90 ± 85.00
ng/L for TNF-α, P<0.01 or P<0.05). In addition, the obese PCOS sub-
jects had higher fetuin B levels than lean PCOS subjects (10.67 ± 6.35 vs.
6.82 ± 3.78 mg/L, P<0.01). In subgroup analysis, ATP III [+] PCOS had
higher fetuin B levels compared with ATP III [-] PCOS (8.99 ± 5.26 vs.
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7.67 ± 4.40 mg/L, P<0.05), and the levels of fetuin B remained signifi-
cantly elevated in PCOSwith insulin resistance when compared to PCOS
without IR (9.11 ± 5.22 vs. 7.41 ± 3.99 mg/L, P<0.05). Serum fetuin B
positively correlated with BMI,WHR, FAT%, triglyceride, LDL-C, FBG,
fasting insulin, HbA1c, AUC(Insulin), AUC(glucose), VAI, LAP,
HOMA-IR and negatively with the M-value, insulin sensitivity index in
all of the study population (P<0.05 or P<0.01). Multivariate logistic re-
gression analysis revealed that circulating fetuin B levels were signifi-
cantly correlated with PCOS (P<0.05). In the oral glucose tests, circulat-
ing fetuin B levels were elevated (3.29 ± 2.89 vs. 11.12 ± 5.63 mg/L,
P<0.01), meanwhile, the TNF-α levels appeared no changes. During
EHC, short-term hyperinsulinemia exhibited a promotion effect on fetuin
B levels (6.40 ± 4.01 vs. 8.67 ± 4.79 mg/L, P<0.05) and the levels of
TNF-α exhibited no changes. In addition, during lipid infusion, acute
elevated free fatty acid levels induced by lipid infusion had made the
circulating fetuin B levels decreased ((6.18 ± 4.90 vs. 4.96 ± 4.46 mg/
L, P<0.01). Moreover, after 6 months of liraglutide treatment, there was a
significant decrease (9.22 ± 4.15 vs. 7.27 ± 2.50 mg/L, P<0.05) in circu-
lating fetuin B in PCOS women following improved IR.
Conclusion: These findings suggest that fetuin B might contribute to the
development of PCOS and may represent a novel PCOS biomarker.
Clinical Trial Registration Number: ChiCTR-TTR-16007901
Supported by: National Natural Science Foundation of China
81670755;81570752
Disclosure: K. Li: None.
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Protein tyrosine phosphatase deficiency in mice protects against in-
sulin resistance induced by treatment with olanzapine
V. Ferreira, P. Rada, D. Grajales, I. García-Martínez, Á.M. Valverde;
Department of Metabolism and Cell Signaling, Instituto de
Investigaciones Biomédicas Alberto Sols (IIBm) (CSIC/UAM), Centro
de Investigación Biomédica en Red de Diabetes y Enfermedades
Metabólicas Asociadas (CIBERdem), ISCIII, Madrid, Spain.

Background and aims: Schizophrenia is a chronic mental disorder that
affects approximately 50 million people worldwide. According to the
current guidelines, the second generation antipsychotic drugs (SGAs)
are the first choice in schizophrenia’s therapy. Recent clinical observa-
tions show a variety of metabolic dysfunctions in patients under SGAs
treatment, such as abnormal body weight gain, hyperglycemia and dys-
lipidemia. However, the molecular mechanisms behind these alterations
are still poorly understood. On that basis, the objective of this work was to
study the effect of olanzapine administration in wild-type (WT) and pro-
tein tyrosine phosphatase (PTP1B)-deficient (PTP1B-KO) mice in glu-
cose homeostasis and the mechanisms involved. Of interest, mice with a
specific deletion of PTP1B, the main tyrosine phosphatase of the insulin
receptor, are protected against obesity-induced insulin resistance and de-
velopment of type 2 diabetes mellitus.
Materials and methods: WT and PTP1B-KO mice were intraperitone-
ally (i.p.) injected 10 mg/kg/day with olanzapine or vehicle (2% DMSO
in saline solution). After 8 weeks, in vivometabolic profile was achieved
by performing tolerance tests to glucose (GTT), insulin (ITT) and pyru-
vate (PTT). Hepatic insulin signaling was analyzed by injecting 0.75
U/kg human recombinant insulin at the end of olanzapine treatment. In
primary hepatocytes isolated from olanzapine-treated animals, glucose
uptake was measured using 3H-2deoxyglucose and insulin signaling
was analyzed by Western blot.
Results: After i.p. administration of olanzapine (10 mg/kg/day) for 8
weeks, the metabolic analysis revealed insulin resistance in WT mice
(p<0.001), but not in mice lacking PTP1B. Likewise, PTT showed that
olanzapine led to pyruvate intolerance in WT mice (p<0.001) suggesting
an effect of the drug in the liver, whereas no effect was found in PTP1B-
KO mice. Also, treatment with olanzapine did not impact on glucose
tolerance in none of the experimental groups. The analysis of insulin

signaling in liver extracts showed a significant reduction in insulin recep-
tor (IR) tyrosine phosphorylation (p<0.05) and decrease phosphorylation
of Akt inWTmice receiving olanzapine compared with their correspond-
ing vehicle-treated controls, in parallel with increased FAS protein con-
tent (p<0.001), phosphorylation of ACC (p<0.05) and triglyceride levels.
By contrast, neither insulin signaling nor FAS and liver triglycerides were
altered in PTP1B-KO mice after the treatment. In primary hepatocytes
isolated from olanzapine-treated mice glucose uptake was found de-
creased in theWT (p<0.05 compared to vehicle-treatedWT hepatocytes),
but not in those lacking PTP1B. Moreover, preliminary results point to a
reduction in insulin signaling only in WT hepatocytes from olanzapine-
treated mice, suggesting a cell autonomous effect.
Conclusion:Our results support the relevance of PTP1B inhibition in the
protection against olanzapine-induced insulin resistance that might be due
to its effect on hepatic tissue, the main organ responsible for drug metab-
olism. Ongoing studies will contribute to understand more in depth the
mechanisms behind these effects.
Supported by: EU Programme for Research and Innovation H2020, ITN-
TREATMENT:GA 721236
Disclosure: V. Ferreira: None.

495
Collagen 24 alpha1 is a new extracellularmarker of insulin resistance
X. Weng, D. Lin, C.K. Hennayake, L. Kang;
School of Medicine, University of Dundee, Dundee, UK.

Background and aims: Abnormal extracellular matrix (ECM) re-
modeling is a key characteristics of obesity, insulin resistance
and type 2 diabetes. Identifying new ECM targets is of great
significance to the development of new therapies for these meta-
bolic diseases. We aim to use an approach that gives a more
complete view of ECM protein abundance to identify new ECM
targets for obesity and insulin resistance.
Materials and methods:Male C57BL/6J mice were fed a chow or high
fat (HF) diet, which contains 60% of calories as fat, for 16-20 weeks.
Liver, gastrocnemius muscle and epididymal adipose tissue were collect-
ed after a 5hrs fast. ECM-specific mass spectrometry-based proteomics
was used to characterize the complete view of ECM protein changes in
gastrocnemius muscle of mice. The expression of potential hits was mea-
sured via real time PCR or immunohistochemistry. Visceral and subcuta-
neous adipose tissuewas also collected from lean, obese, and obese type 2
diabetic human subjects. Real-time PCR data were calculated by 2-ΔΔCt

and normalized to 18s. Data were expressed as mean ± SEM and statis-
tical analyses were performed using either unpaired student’s t-test or
two-way ANOVA followed by Tukey’s post hoc tests as appropriate.
The significance level was at p<0.05.
Results: The ECM specific mass spectrometry based proteomics in gas-
trocnemius muscle of mice detected 76 proteins of which 39 (51%) pro-
teins were ECM proteins or contain ECM regions. Results showed that
col24α1 was most increased by 10.14 fold in HF-fed mice followed by
col1α1, col1α2, col3α1 with 2.86, 2.86 and 2.56 fold increase, respec-
tively when compared to chow fed mice (N=3). Immunohistochemical
analysis revealed that protein expression of collagen 3 was increased by 2
fold in gastrocnemiusmuscle of HF-fedmice compared to chow-fedmice
(p<0.05). Quantitative PCR results showed that the mRNA levels of
col24α1 (p<0.05), col1α1 (p<0.05) and col3α1 (p=0.06) were increased
in the gastrocnemius muscle of HF-fed mice compared with chow-fed
lean littermate controls. mRNA levels of col24α1 were also found to be
increased in epididymal adipose tissue of HF-fed mice (p<0.05) com-
pared to chow-fed control mice, but not in the liver. Furthermore, the
mRNA level of col24α1 was increased by 3-fold in obese type 2 diabetic
subjects when compared to lean subjects (p<0.05). This increase was only
observed in visceral fat, but not in the subcutaneous fat.
Conclusion: Collagen 24α1 is shown for the first time to be increased in
insulin-resistant skeletal muscle and white adipose tissue of mice as well
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as visceral adipose tissue of obese type 2 diabetic subjects, thus may
represent a new ECM marker of insulin resistance.
Supported by: Diabetes UK
Disclosure: X. Weng: None.
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Investigation of glucose metabolism and insulin resistance in patients
with primary hyperparathyroidism before and after parathyroidec-
tomy: a pilot study
J. Ogino1, Y. Suzuki2, M. Yoshimoto1, H. Suda1, A. Ishino1, S. Hirano1,
C. Yoneda-Karasawa1, Y. Sakuma2, H. Onuma1, N. Hashimoto1;
1Department of Diabetes, Endocrine and Metabolic Diseases, Tokyo
Women's Medical University Yachiyo Medical Center, Yachiyo, Chiba,
2Department of Diabetes and Metabolism, Asahi General Hospital,
Asahi, Chiba, Japan.

Background and aims:The prevalence of diabetesmellitus in patientswith
primary hyperparathyroidism (PHPT) is approximately 8% and that of PHPT
in patients with diabetes mellitus is approximately 1%. Chronic hypercalce-
mia supposedly increases the intracellular concentration of serum calcium
(Ca) and is associated with insulin resistance or insulin insensitivity.
However, the effects of parathyroidectomy (PTx) on glucose metabolism
have not been well elucidated. The aim of this study was to evaluate glucose
metabolism, insulin resistance, and the changes in adipokine levels in patients
with PHPT, and to compare these factors before and after PTx.
Materials andmethods: The participants were 18 patients (4men and 14
women) diagnosed with PHPT. Their age at diagnosis was 62.8 ± 8.2
years, body mass index was 25.4 ± 3.6, and average Ca level was 11.4 ±
0.6 mg/dL. The 75 g oral glucose tolerance test (OGTT) was conducted
before and 3-6 months after PTx.
Results: The baseline findings were, as follows: 38.9% of patients were
obese; 55.6% had hypertension; 38.9% had dyslipidemia; 61.1% had
fatty liver; and 44.4% had metabolic syndrome. The baseline Ca level
was significantly and positively associated with the level of fasting C-
peptide (2.30 ± 0.72 ng/mL), fasting immunoreactive insulin (IRI) levels
(9.9 ± 4.5 μU/mL), and homeostasis model assessment of insulin resis-
tance (HOMA-R) index (2.52 ± 1.19). Multiple regression analyses
showed Ca was significantly correlated with fasting IRI (r = 0.64, p =
0.03). The baseline alkaline phosphatase (ALP) level (963.6 ± 1189.8 IU/
L) was significantly and positively associated with IRI (114.7 ± 91.3 μU/
mL) at 120 minutes during the OGTT. Serum levels of adiponectin, Ca,
phosphate, parathyroid hormone, total 25-hydroxy vitamin D, and
TRACP-5b significantly improved after PTx. The postoperative Ca level
was significantly associated with body weight but not with postoperative
IRI or the HOMA-R index. The proportion of participants with impaired
fasting glucose/impaired glucose intolerance (IFG/IGT) or type 2 diabetes
mellitus (T2D), based on the OGTT results, decreased from 72.7% to
45.4% after PTx. Preoperative IRIs were elevated and insulin secretion
was delayed at 120 minutes during the OGTT. However, postoperative
IRI levels were significantly decreased (114.7 ± 91.3 μU/mL vs. 72.5 ±
49.2 μU/mL, p=0.03), and plasma glucose levels tended to decrease at
120 minutes during the OGTT. Changes (Δ) in the Ca level were not
significantly correlated with changes in any factor. The ΔALP was sig-
nificantly and positively associated with ΔHOMA-R, ΔHOMA-β,
Δfasting IRI, and Δfasting C-peptide. Multiple regression analyses
showed the ΔALP was significantly correlated with Δfasting IRI (r =
0.69, p = 0.03).
Conclusion: Our findings strongly suggested that PHPT with chronic
hypercalcemia caused impaired glucose metabolism, hypersecretion and
delayed secretion of insulin, and impaired adipokine secretion. Patients
with PHPT had a phenotype similar to that of patients with metabolic
syndrome. After PTx, the serumCa and phosphate levels normalized, and
glucose metabolism, insulin secretion, and adipokine levels were partially
ameliorated.
Disclosure: J. Ogino: None.
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Fibronectin-integrin α5β1 interaction contributes to high-fat diet
induced insulin resistance in mice
A. Hasib, C.K. Hennayake, A.R. Bugler-Lamb, L. Kang;
School of Medicine, University of Dundee, Dundee, UK.

Background and aims: Accumulation of extracellular matrix (ECM)
components and subsequent changes in integrin signalling are associated
with diet-induced insulin resistance. Fibronectin is a major component of
the ECM and integrin α5β1 is its main cell-surface receptor. Increased
fibronectin and integrin α5β1 expression is associated with fibrosis in
several tissues. CLT-28643 is a novel small molecule inhibitor of integrin
α5β1 with anti-fibrotic properties. Using pharmacological inhibition, this
study determines the role of fibronectin-integrin α5β1 interaction in the
development of insulin resistance in high-fat-fed mice.
Materials and methods: The association between insulin resistance and
integrin α5β1 signalling were studied in male C57BL/6J mice, fed 60%
high-fat (HF) diet for 12 weeks. HF-fed mice received twice daily oral
gavage of either vehicle or CLT-28643 (75 mg/kg body weight) for 21
days. At the end of the treatment, insulin sensitivity was measured by
hyperinsulinaemic-euglycaemic clamp using a dual arterial venous cath-
eter protocol.
Results: Twice daily treatment with CLT-28643 reduced collagen
(P<0.05) expression in heart. CLT-28643 treated HF-fed mice displayed
a trend decrease in cardiac α5β1 (P=0.06) and fibronectin gene (P=0.06)
expression, despite no changes in body weight, body composition, food
intake, glucose tolerance or locomotor activity. Interestingly, fasting glu-
cose (P<0.01) and fasting insulin (P<0.001) were reduced post 21-days
CLT-28643 treatment, suggesting improved insulin sensitivity. During the
hyperinsulinaemic-euglycaemic clamp, glucose infusion rate was higher
(P<0.01, P<0.001) in CLT-28643 treated mice, compared to vehicle con-
trols. Whole body insulin sensitivity measured by fold increase in glucose
disappearance rate (Rd) [ratio of clamp Rd vs basal Rd] was increased
(P<0.05) in CLT-28643 treated mice, compared to vehicle treated mice.
Percent suppression of endogenous hepatic glucose production was the
same between CLT-28643 and vehicle treated mice. During the insulin
clamp, CLT-28643 treatment also induced a greater suppression of lipol-
ysis, as indicated by lower clamp NEFA levels (P<0.05) compared to
vehicle controls.
Conclusion: Pharmacological inhibition of integrin α5β1 signalling con-
tributes to amelioration of whole-body insulin sensitivity in HF-fed
C57BL/6J mice and reduces cardiac fibrosis. These results suggest that
fibronectin - integrin α5β1 interaction maybe a promising target for the
treatment of diabetes and its cardiovascular complications.
Supported by: BHF, Diabetes UK
Disclosure: A. Hasib: None.

498
The inhibition of skeletal muscle xanthine oxidoreductase (XOR)
improves skeletal muscle insulin resistance in male Wistar rats
H. Satoh, C. Moriya, S. Kakehi, H. Watada;
Juntendo University, Tokyo, Japan.

Background and aims:Hyperuricemia is closely associatedwith various
metabolic disorders such as diabetes, hypertension, dyslipidemia, and
cardiovascular diseases. Xanthine oxidoreductase (XOR), a key enzyme
known to catalyze purines to uric acid, is expressed in ubiquitous tissues.
In addition, XOR expression is upregulated in obesity. Therefore, we
speculated that XOR may exacerbate insulin resistance. However, the
effect of XOR on glucose and insulin metabolism has not been fully
elucidated. Febuxostat is an orally-active, potent, non-purine, selective
XOR inhibitor. In this study we investigated the effect of inhibition of
XOR using febuxostat on insulin sensitivity in vivo and in vitro.
Materials and methods: Male Wistar rats were fed with 60% high fat
diet containing with either febuxostat (∼4 mg/kg/day) or not, for 4 weeks.
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Euglycemic-hyperinsulinemic clamp studies were performed after an 8-
hour fast. All procedures were performed in accordance with the Guide
for Care and Use of Laboratory Animals of the NIH and were approved
by the Animal Subjects Committee of our institute. Differentiated C2C12
cells were incubated with the indicated concentration of febuxostat. Xor
mRNA expression were analyzed by quantitative real-time RT-PCR. For
Xor silencing experiments, we used the Xor RNAi adenovirus.
Results: The glucose infusion rate and insulin stimulated-glucose dispos-
al rate were significantly increased by 12% (P < 0.05) and 17% (P < 0.05),
respectively, in the febuxostat group compared to in the control group.
But the clamp hepatic glucose output was no significant change between
the control and the febuxostat groups. Consistent with the clamp data, the
insulin-stimulated phosphorylation of Akt and AMPK were significantly
increased by 90% (P < 0.05) and 53% (P < 0.05), respectively, in the
skeletal muscle of febuxostat treated rats compared in that of control rats,
but were not significantly different between the liver of the febuxostat
group and the that of the control group. Next, the treatment of 10 μM
febuxostat for 48 hours significantly increased the insulin-stimulated
phosphorylation of Akt and AMPK by 65% (P < 0.05) and 43% (P <
0.05), respectively, in differentiated C2C12 cells. Furthermore, the
knockdown of XOR with XOR RNAi adenovirus significantly increased
the insulin-stimulated phosphorylation of Akt by 60% (P < 0.01) in dif-
ferentiated C2C12 cells, whereas the treatment of 10 μM febuxostat for
48 hours did not significantly alter the insulin stimulated phosphorylation
of Akt in the XOR knockdown C2C12 cells. These results suggest that
the inhibition of XOR in skeletal muscle improves the skeletal muscle
insulin resistance.
Conclusion: In conclusion, our findings demonstrated that suppression
of XOR had beneficial effects on skeletal muscle insulin sensitivity in an
insulin resistant state. The upregulation of XOR in skeletal muscle might
cause the insulin resistance.
Disclosure: H. Satoh: None.
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Study of evolution of type 2 diabetes timeline and type 2 diabetes
clinical phenotypes using insulin response morphology during
OGTT
S.N. Shinde1,2, R.S. Shinde1, A.S. Joshi1;
1Academy of CME & Research, Pune, 2Medicine, Poona Hospital &
Research Centre, Pune, India.

Background and aims: We planned a study to recognise the pat-
terns of insulin secretion and disposal by studying OGTT
morphology.
Materials and methods: We studied 1200 adults with either
normoglycemia, prediabetes or newly diagnosed T2DM. Standard
75 g OGTT, with 0,30,60,120 minute time points, was adminis-
tered to study the glucose and insulin profiles. Kinetic variables
in the insulin curve morphology were identified & defined as
shown in Fig 1.
Results: Six basic patterns were recognised. (Fig 1) 1. Normal
75 g OGTT insulin curve. FPI & theta values vary directly with
hepatic resistance (HR) and peripheral tissue-demand whereas PPI
& zeta varies with peripheral resistance (PR). First hour secretion
is mainly dependent on incretins stimulation of beta cells & HR.
The second hour secretion is dependent on glucose stimulated
insulin secretion (GSIS). 2. The Incretin Phase. First hour
hyperinsulinemia (HI) is driven by increasing BMI & HR via
incretins with increase in fasting insulin (FI), theta angle &
60 min peak insulin (P). The rise continues till the theta angle
value reaches a maximum, i.e. thetamax. 3. The GSIS Phase. The
second hour HI is driven by increasing BMI & PR via GSIS.
120 min insulin value (PPI) & zeta angle increases. This con-
tinues till the zeta angle value reaches a maximum, i.e. zetamax.
4. The Incretin Failure Phase. Hypoinsulinemia in first hour is
due to incretins secretion failure which starts from thetamax and
continues till theta is near zero. P starts receding alongwith theta.
5. The GSIS failure Phase. Hypoinsulinemia in second hour
which is due to GSIS failure which starts from zetamax and
continues till the zeta is almost 900. PPI & P start falling
alongwith. 6. The Pan-insulinopenia phase. FPI, P,PPI & BMI
fall. However, unlike T1DM, basal insulin activity continues for
long time. These stages merge with each other over time & are
also dependent upon individual genotype makeup. We noted that
increasing obesity increases HR & PR, and controls the speed of
evolution of T2DM. Genetic mutations at hepatic, muscle & adi-
pose tissue levels, either singly or in various combinations affect
the morphology of OGTT. Obesity & PR combination results in
the most common phenotype of T2DM. Clinically, T2DM evolu-
tion mainly follows three glycemic streams, namely the fasting or
prandial dominant & an overlap one. HR manifests with fasting
Glucose (FPG) dominance (FPG>PPG) whereas PR with prandial
glucose (PPG) dominance, (PPG>FPG). Combination of HR &
PR results in an overlap pattern. PCOS, NAFLD are mainly as-
sociated with features of HR & FPG dominance. Adipose tissue
resistance is associated with resistance to the development of obe-
sity and hence results in a low BMI or lean T2DM phenotype,
thus explaining the lean PCOS, NAFLD and T2DM phenotypes.
Severity and multiplicity of genetic defects favor an earlier onset
of T2DM.
Conclusion:Analysis of OGTT morphology will help in stratifica-
tion of the dysglycemia stage, rational selection of anti-diabetic
therapy and suggest the underlying genotype makeup.
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Disclosure: S.N. Shinde: None.
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Redox signalling is essential for efficient insulin secretion from beta
cells upon glucose induction
B. Holendova, J. Tauber, P. Jezek, L. Plecita-Hlavata;
Institute of Physiology, AS CR, Praha, Czech Republic.

Background and aims: Pancreatic β cells are involved in glucose ho-
meostasis whose impairment leads to establishment of diabetes. β cells,
while sensing glucose, induce energy metabolism, especially mitochon-
drial oxidative phosphorylation, which is accompanied by simultaneous
changes in cellular reductive/oxidative (redox) state. We aim to investi-
gate the role of cellular redox state on insulin secretion.
Materials and methods:We employed insulinoma INS1E cell line, pan-
creatic islets and whole animals to detect activity of insulin secretory
pathway upon various redox statuses. We used glucose, alpha-
ketoisocaproate (KIC), hydrogen peroxide (H2O2) to induce pro-
oxidative state and catalase, NOX ablated cells/animals, the branched-
chain α-ketoacid dehydrogenase (BCKDH) ablated cells with low pro-
oxidants production to estimate the effect of different redox environments
on glucose homeostasis and insulin secretion.
Results: We have shown that redox status in β cells is essential for
efficient insulin secretion. Low amounts of H2O2 were able to magnify
insulin secretion induced by administration of low glucose dose. This
could be suppressed by catalase overexpression. Further, alpha-
ketoisocaproate (KIC), a product of leucine metabolism, stimulates insu-
lin secretion more effectively compared to glucose by induction of
mitochondrially derived hydrogen peroxide as inferred from nearly com-
plete inhibition of insulin secretion by SkQ1, mitochondria-targeted an-
tioxidant. Mitochondrial H2O2 originates from the mitochondrial antiox-
idant manganese superoxide dismutase (MnSOD)-converted superoxide,
which arises at the EF site of electron-transferring flavoprotein : Q oxido-
reductase system (ETF:QOR) of Complex III of the respiratory chain
upon isovaleryl-CoA oxidation. Isovaleryl-CoA is produced from KIC
by the BCKDH complex. Indeed, BCKDH silencing led to ~70% sup-
pression of KIC-stimulated insulin release and prevented the accompany-
ing redox signal. Moreover, we identified cytosolic source of redox sig-
naling essential for efficient insulin secretion. We have found that
NADPH oxidase (NOX), isoform 4, is activated in β cells by glucose
induction and its function is essential for insulin release. β cells with
ablated NOX4 gene show significantly reduced insulin secretion upon
glucose induction. Suppressed NOX activity shows augmented opening
probability of KATP channel and decreased calcium influx leading to
reduced insulin secretion. Interestingly, redox imbalance in β cell specific
NOX knockout mice leads to insulin resistance in peripheral tissues.
Conclusion: Presence of reactive oxygen species and H2O2 in particular
as a signaling molecule is fundamental factor in insulin releasing path-
way. Based on our current data, depletion of H2O2 in pancreatic β cells

either by specific scavengers or by genetic manipulations leads to severe
impairment in insulin secretion machinery.
Supported by: GACR 17-01813S
Disclosure: B. Holendova: None.
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Effects of long-term treatment of female mice with olanzapine-
supplemented diet on beta cell function
D. Grajales1,2, P. Vázquez1,2, V. Ferreira1,2, B. Tirosh3, G. Leibowitz4,
Á.M. Valverde1,2;
1Instituto de Investigaciones Biomédicas "Alberto Sols" (CSIC-UAM),
Madrid, Spain, 2CIBER de Diabetes y Enfermedades Metabólicas
(CIBERDEM), ISCIII, Madrid, Spain, 3The Institute of Drug Research,
School of Pharmacy, Jerusalem, Israel, 4Endocrinology and Metabolism
Service, Department of Medicine, Hadassah-Hebrew University Medical
Center, Jerusalem, Israel.

Background and aims: Second Generation Antipsychotics (SGAs) have
been associated with development of type 2 diabetes mellitus and meta-
bolic syndrome in schizophrenic patients. Beta-cell dysfunction has been
proposed as a plausible mechanism by which SGAs cause diabetes. We
studied the effects of olanzapine, commonly prescribed SGAs, on insulin
secretion in female mice fed an olanzapine-supplemented diet for 6
months and in the INS-1 beta-cell line. The study was performed in
female mice due to the higher susceptibility of female human subjects
to the metabolic side-effects of SGAs.
Materials and methods: Twelve-weeks-old C57/Bl6 x 129 vs wild-type
female mice were given free access either to chow (n=14) or to
olanzapine-medicated diet (estimated dose 5.5-6 mg/kg/d based on food
intake calculations) (n=17) for 6 months. Body weight was monitored
periodically. Glucose and insulin tolerance tests (GTT and ITT, respec-
tively), in vivo glucose-stimulated insulin secretion (GSIS) and indirect
calorimetry were performed in the end of the study. Pancreatic islets were
isolated by collagenase digestion and insulin secretion was assessed by
static incubations. The INS-1 (832/13) beta-cell line was used to analyze
the effects of olanzapine on insulin secretion and content. Insulin was
measured by ELISA.
Results: Feeding female mice with olanzapine-supplemented diet for 6
months increased food intake (*p<0.05 vs control diet) and body weight
gain (**p<0.01 vs control diet). Mice treated with olanzapine developed
glucose intolerance (**p<0.01 vs control diet), along with decreased in-
sulin secretion (*p<0.05 vs control diet). Static incubations in INS-1 cells
revealed that 24h treatment with 1-6 μM olanzapine inhibited glucose-
stimulated insulin secretion by 50-65% (**p<0.01) without any effect on
insulin content. In addition, treatment of INS-1 cells with 3 and 6 μM
olanzapine for 4 h activated the endoplasmic reticulum (ER) stress path-
way with increased phosphorylation of PERK (***p<0.001) and eIF2α
(*p<0.05). Preliminary results with a lower olanzapine concentration (1
μM) showed an inhibition of GSIS independent of ER stress activation,
suggesting that olanzapine impacts on beta-cells by molecular mecha-
nisms dependent and independently of ER stress activation.
Conclusion: Our results show that olanzapine has a negative impact on
insulin secretion and pancreatic beta-cell function that could explain the
metabolic abnormalities developed in mice after long-term treatment with
this SGA. At the molecular level this effect could be mediated by ER
stress activation but other mechanisms might be also involved.
Supported by: EU H2020 - ITN TREATMENT
Disclosure: D. Grajales: None.

502
Role of proglucagon family hormones in augmentation of first phase
insulin secretion after gastric bypass and sleeve gastrectomy
I. Sklyanik, E. Shestakova, A. Panevina, L. Nikankina, M. Shestakova;
Endocrinology Research Centre, Moscow, Russian Federation.
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Background and aims: Metabolic surgery is known to induce weight
loss and diabetes remission. The role of GLP-1 in glycaemia normaliza-
tion is huge, though influence of other proglucagon family hormones is
doubtful. The aim of our study was to assess the contribution of GLP-1,
glicentin, oxyntomodulin in beta-cell function after gastric bypass (GB)
and sleeve gastrectomy (SG).
Materials and methods: 28 patients with type 2 diabetes and long his-
tory of obesity were included. In all patients glucose, insulin, glucagon,
GLP-1, glicentin, oxyntomodulin were measured during mixed meal test
(0’, 30’, 120 minutes) at baseline and 3 months after surgery.
Insulinogenic index (IGI) depicted first phase of insulin secretion.
Trapezoidal method was used to count area under the curve (AUC) for
hormone secretion. We performed hyperinsulinemic euglycaemic clamp-
test to assess insulin resistance. Data are presented as M±SD format.
Mann-Whitney U-test, Spearman correlation test were used for statistical
analysis.
Results: Gastric bypass group (n=15) and sleeve gastrectomy group
(n=13) were comparable according to baseline age (50±7 vs 47±6 years),
BMI (42,4±4,4 vs 40,3±3,1 kg/m2), HbA1c (7,9±1.0 vs 7.6±0.8 %), M-
value (1,82±0,21 vs 1,95±0,20 mg/kg/min), IGI (21.5±3,4 vs 20,1±3,1
mU/l), AUCins, AUCglucagon, AUCglp-1, AUCglic, AUCoxynt, all
p>0.05. In 3 months GB group tended to have bigger decrease in BMI
as well as HbA1c, but results didn’t reach significance: ΔBMI -7,3±1.9
kg/m2 in GB vs -5,9 ±1.2 kg/m2 in SG,ΔHbA1c -1,4±0,5% inGB vs -1,2
±0,4% in SG. Both groups showed reduction in insulin resistance (ΔМ-
value 0,78±0,22 in GB vs 0,86±0,21 mg/kg/min in SG, p>0.05). IGI was
significantly higher in GB group (34,6±7,5 vs 26,1±4,3 mU/l, p<0.05),
while AUCins was comparable (172±20 vs 167±18, p>0.05). After sur-
gery all proglucagon family hormones showed increased secretion in both
groups, but only AUCglp-1 and AUCoxynt correlated with IGI in both
groups and were significantly higher after GB vs SG.
Conclusion: GB produces higher first phase insulin secretion rate com-
paring to SG. The first phase insulin secretion augmentation is mediated
by GLP-1 and oxyntomodulin after metabolic surgery.
Supported by: Grant 17-15-01435 RSF
Disclosure: I. Sklyanik: Grants; 17-15-01435 Russian Science
Foundation.
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Loss of carboxypeptidase E in pancreatic beta cells does not acceler-
ate the development of obesity-induced glucose intolerance in mice
Y.-C. Chen1, A.J. Taylor2, K. Fok1, C.B. Verchere1,2;
1Department of Surgery, University of British Columbia, Vancouver,
2Department of Pathology & Laboratory Medicine, University of
British Columbia, Vancouver, Canada.

Background and aims: Carboxypeptidase E (CPE) is an essential en-
zyme in the processing of neuroendocrine propeptides, removing basic
amino acids following prohormone convertase cleavage. Human and
mice lacking functional CPE have elevated levels of plasma proinsulin,
become obese, and develop diabetes through undefined mechanisms. We
aimed to investigate whether lack of CPE in pancreatic β cells contributes
to the development of diabetes.
Materials and methods: We generated β-cell specific-Cpe knockout
(βCpeKO; Ins1cre/+ x Cpefl/fl) mice, and analyzed secretory granules by
electron microscopy, insulin secretion dynamics by islet perifusion, and
plasma insulin- and proinsulin-like immunoreactivity by ELISA. In ad-
dition, we fed male and female βCpeKO and Wt (Cpefl/fl) mice a low
(10% total energy) or high (45%) fat diet for 24 weeks, and monitored
weight gain, fasting plasma glucose levels, insulin sensitivity, and glucose
tolerance.
Results: Both male and female βCpeKO mice on chow diet displayed a
~20-fold elevation in serum proinsulin-like immunoreactivity, and had
markedly increased proportion of immature secretory granules in islet β
cells. Interestingly, kinetics of glucose-stimulated insulin secretion were

similar in βCpeKO and Wt islets, suggesting that impaired granule mat-
uration does not impact exocytosis. Mature (fully processed) insulin
levels were also similar in islets from βCpeKO and Wt mice, suggesting
the presence of compensatory mechanisms that enable complete, albeit
impaired, proinsulin processing. When placed on a high-fat diet for 24
weeks, βCpeKO mice do not show accelerated development of weight
gain or glucose intolerance compared to Wt littermates, suggesting that
secretory stress induced by insulin resistance does not unmask
dysglycemia in mice with β-cell Cpe deficiency.
Conclusion: Our data suggest that, despite having elevated propeptide-
processing burden, β cells can produce mature insulin without Cpe.
Obesity and diabetes in mice caused by CPE mutations cannot be ex-
plained by loss of β-cell CPE alone.
Supported by: CIHR (PJT - 153156) & JDRF (3-PDF-2017-373-A-N)
Disclosure: Y. Chen: None.
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The impact of lifestyle on adipose tissue inflammation and pancreatic
beta cell plasticity
P. Gama-Perez1, A. Gonzalez-Franquesa2, N. Dahdah1, R. Fernandez-
Ruiz3,4, M. Kulis4, L. Herrero5, J.I. Martin-Subero4,6, P.M. Garcia-
Roves1,7;
1Physiological Science, University of Barcelona, Barcelona, Spain, 2The
Novo Nordisk Center for Basic Metabolic Research, University of
Copenhagen, Copenhagen, Denmark, 3CIBERDEM, Barcelona, Spain,
4IDIBAPS, Barcelona, Spain, 5Biochemistry and Physiology, University
of Barcelona, Barcelona, Spain, 6Pathology, Pharmacology and
Microbiology, University of Barcelona, Barcelona, Spain, 7IDIBELL,
Barcelona, Spain.

Background and aims: Lifestyle interventions (LI) promoted by calorie
restriction and exercise have shown to be a successful approach to combat
the metabolic perturbations induced by overfeeding and obesity. We use a
model of diet-induced obesity (C57BL6/J male mice fed with a high-fat
diet) to study and integrate tissue-specific metabolic adaptations, and to
assess the degree of reversibility that can be reached by undergoing a LI.
Pancreas and adipose tissue play a significant role in the association between
obesity, inflammation and systemic glucose derangements. In this sense, our
model provides an excellent opportunity to explore the relation that could
exist between pancreatic βcell plasticity and adipose tissue inflammation.
Materials and methods: Phenotypic-related parameters such as body
composition, insulin, glucose tolerance, and fasting insulin levels were
assessed in DIO mice and after the LI. Additionally, pancreas and eWAT
were excised for immunohistochemistry studies. Pancreatic islets were
isolated for in vitro glucose-stimulated insulin secretion, and
transcriptomic analysis were performed in eWAT (RNA sequencing).
Results: Lifestyle intervention was sufficient to recover most of the pa-
rameters altered by high-fat feeding; body weight (Ctrl: 29.33±0.24g;
HFD: 43.21±0.42g; Int: 29.59±0.21g), glucose tolerance (AUC for
Ctrl: 15045±522; HFD: 33712±1011; Int: 6985±824), eWAT weight
(Ctrl: 0.613±0.03g;HFD: 1.957±0.094g; Int: 0.594±0.051g) and pancre-
as weight (Ctrl: 0.383±0.028g; HFD: 1.073±0.095g; Int: 0.550±0.032g).
However, despite the improvement in insulin sensitivity, insulin levels
after an overnight fasting remained elevated after intervention (Ctrl:
0.397±0.02 ng/mL; HFD: 1.152±0.143 ng/mL; Int: 1.048±0.094 ng/
mL). This result could be explained by the expansion of βcell mass in
HFD revealed by morphological analysis, and not recovered after inter-
vention, since the increased in vitro insulin secretion of the islets upon a
glucose stimuli was reverted in intervention animals (Ctrl: 2.61±0.35%;
HFD: 5.64±0.99%; Int: 2.41±0.55%). In parallel, histological analysis of
eWAT showed an incomplete remodeling of the tissue after intervention,
with increased infiltration of immune cells and a strong non-reverted
upregulation of inflammatory-related transcripts. An extended phase of
intervention, implemented to alleviate the energetic stress produced by
the calorie restriction, was successful promoting the complete histological
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remodeling of eWATand the reversion of its inflammatory profile, as well
as pancreatic βcell mass and plasma insulin levels.
Conclusion: The lack of plasticity apparently observed in our model after
weight loss and the recovery of insulin sensitivity was completely solved
with the implementation of the extended phase of intervention. This
strongly reinforces a close connection between adipose tissue inflamma-
tion and pancreas plasticity.
Supported by: MICINN, ISCIII-FIS, FEDER
Disclosure: P. Gama-Perez: None.
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Disrupted diurnal regulation of glucose homeostasis following mas-
sive beta cell ablation
V. Petrenko1,2, M. Stolovich-Rain3, B. Vandereycken4, Y. Dor3, C.
Dibner1,2;
1Department of Medicine, University of Geneva, Geneva, Switzerland,
2Department of Cell Physiology and Metabolism, University of Geneva,
Geneva, Switzerland, 3Developmental Biology and Cancer Research,
Institute for Medical Research Israel-Canada, The Hebrew University-
Hadassah Medical School, Jerusalem, Israel, 4Faculty of Science,
University of Geneva, Geneva, Switzerland.

Background and aims: Pancreatic islet cellular oscillators have been
recently demonstrated to play a critical role in regulating glucose homeo-
stasis in physiological conditions. However, little is known about alter-
ations of the molecular clockwork upon islet dysfunction. We aimed to
assess diurnal regulation of glucose homeostasis, islet hormone secretion
and circadian transcriptome of α- and β-cells upon acute hyperglycemia
following massive β-cell ablation.
Materials and methods:We used Insulin-rtTA/TET-DTAmouse model of
doxycycline-inducedβ-cell ablation, combinedwith triple reporter ProGcg-
Venus/RIP-Cherry/Per2::Lucmouse line, allowing specifically label α- and
β-cells, and to assess their circadian oscillators. Diurnal insulin and gluca-
gon secretion profiles were measured in blood serum using Mercodia
ELISA kits, paralleled with the assessment of glycaemia level.
Additionally, ultrastructure of α- and β-cells was analyzed by transmission
electron microscopy. RNA sequencing (RNAseq) has been conducted in
separated α- and remnant β-cells around-the-clock, and compared to the
daily gene expression profiles in physiological situation. Finally, the role of
the islet oscillators inβ-cell dysfunctionwas studied in clock deficient mice.
Results: Our data suggest that beyond overall tendencies for
hypoinsulinemia and hyperglucagonemia following massive β-cell loss,
there are significant perturbations in these hormone temporal profiles. Most
prominent changes in islet hormone levels were observed during the feeding
time, leading to greater diurnal variations in glycemia. Importantly, clock
deficient Bmal1KO mice developed long-lasting severe hyperglycemia fol-
lowing partial β-cell ablation, paralleled with hyperglucagonemia. RNAseq
analyses conducted across 24 h in α- and residual β-cells following β-cell
loss suggest massive changes in β-cell temporal transcriptome landscape,
with more modest alterations in α-cell transcript expression. Of note, core-
clock gene expression profiles were perturbed in remnant β-cells.
Comparative temporal transcriptome analysis of β-cells from intact islets or
following ablation suggested altered expression of the genes involved in
hormone secretory pathway along with activation of transcripts responsible
for cell proliferation. Interestingly, electronmicroscopy analyses revealed that
not only residual β-cells contained lower amount of secretory granules, but
above 60% of those granules represented immature population, in contrast to
less than 10% of such population in matched controls.
Conclusion: Loss of β-cell mass and hyperglycemia in Insulin-rtTA/TET-
DTA mice disrupt the molecular clock in residual β-cells, and induce cell-
specific changes in gene transcription patterns, paralleled with compromised
diurnal regulation of insulin and glucagon secretion and glucose homeostasis.
Supported by: Swiss National Science Foundation grant
31003A_166700/1
Disclosure: V. Petrenko: None.
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Bisphenol-A consumption impairs endocrine pancreas proliferation
in menopausal female mice that fed on a high-fat diet
K.M. de Oliveira1, L.S. Figueiredo1, T.R. Araújo2, I.N. Freitas2, J.N.
Silva1, E.M. Carneiro2, R.A. Ribeiro1;
1Instituto Macaé de Ciência e Tecnologia (IMCT), Universidade Federal
do Rio de Janeiro (UFRJ), Macaé, 2Universidade Estadual de Campinas
(UNICAMP), Campinas, Brazil.

Background and aims: Bisphenol-A (BPA) is a constituent of several
utensils and food packing, but some studies indicate that it has estrogenic,
antiestrogenic and antiandrogenic actions that can impair glucose and lipid
metabolism.Herein,we evaluated the effects ofBPAconsumption on glucose
homeostasis and endocrine pancreatic morphofunction in ovariectomized
(OVX) mice that fed on a high-fat diet (HFD).
Materials and methods: Menopause was induced in adult Swiss female
mice through ovariectomy. After 14 days the females that exhibited anestrus
were submitted or not to HFD or normolipid diet (CTL group), associated or
not with 1μg/mLBPA in their drinkingwater (HBPA orCBPAgroups) for 3
months. Data were analyzed by Kolmorogov-Smirnov normality distribution
test and compared using parametric (ANOVA followed by Newman-Keuls)
or non-parametric tests (Kruskal-Wallis followed by Dunns; P < 0.05; CEUA
UFRJ-Macaé approval n° MAC035).
Results:HFD females displayed higher bodyweight (BW; 58.7 ± 1.9 g) and
increased mesenteric (40.4 ± 2.1 mg/g BW) and parametrial fat pads (45.8 ±
4.1 mg/g BW), when compared to CTL (46.2 ± 1.3 g, 19.6 ± 1.6 and 33.1 ±
2.6 mg/g BW, respectively). These obesity parameters in HBPA females
(63.2 ± 1.2 g, 40.2 ± 4.4 and 45.6 ± 3.4 mg/g BW) were similar to HFD.
In addition, HFD female were hyperglycemic (101.4 ± 5.5 mg/dL),
hyperinsulinemic (0.7 ± 0.1 ng/mL), insulin resistant (HOMA-IR = 3.8 ±
0.7) and glucose intolerant (34366 ± 3077 mg/dL.min-1), in comparison with
CTL (82.9 ± 4.9 mg/dL, 0.1 ± 0.1 ng/mL, 22016 ± 1632 mg/dL.min-1 and
HOMA-IR= 0.5 ± 0.02, respectively). These glucose homeostasis parameters
in HBPA (105.8 ± 4.9 mg/dL, 32544 ± 2362 mg/dL.min-1, 0.7 ± 0.2 ng/mL
and HOMA-IR = 5.7 ± 1.3) did not differ from HFD. Isolated islets from
HFD group hypersecreted insulin at 11.1 and 22.2 mM glucose (2. 6 ± 0.3
and 4.6 ± 0.6 ng/islet.h), when compared to CTL (1.2 ± 0.2 and 2.4 ± 0.3 ng/
islet.h). At these conditions the insulin released byHBPA islets was similar to
HFD (2.7 ± 0.2 and 3.8 ± 0.6 ng/islet.h). HFD and CTL pancreases exhibited
similar islet (9410 ± 814 and 9689 ± 899 μm2, respectively) β- (7641 ± 695
and 8137 ± 801 μm2) and non-β cell (1759 ± 143.5 and 1436 ± 114.8 μm2)
areas. But,HBPApancreases had higher islet (16002± 1282μm2),β- (13559
± 1137 μm2) and non-β cell (2707 ± 189 μm2) areas, than HFD. The HFD
regimen induced islet proliferation since the ratio of islet-cells immunolabeled
for Ki67 was 126% higher. In contrast, HFD regimen associated with BPA
intake reduced Ki67 immunolabeled cells in HBPA islets, when compared to
HFD. HFD islets displayed an enhancement of 137% in glucagon mRNA
expression, in comparison with CTL islets. However, HBPA islets exhibited
reductions of 66% and 68% in pancreatic and duodenal homeobox 1 (PDX)-
1 andNeurogenin-3 (Ngn)-3mRNAs, respectively, but an increase of 95% in
tumor necrosis factor (TNF)-α gene expression, when compared to HFD
islets.
Conclusion: BPA consumption together with HFD regimen induced endo-
crine pancreatic tissue hypertrophy and impairs islet-cell proliferation inOVX
mice. These effects is probably linked with reductions in gene expressions of
the transcript factors, PDX-1 andNgn-3, and also in part due to augmentation
of the pro-inflammatory gene, TNF-α, in HBPA islets.
Supported by: FAPERJ and CAPES
Disclosure: K.M. de Oliveira: None.
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C-peptide decline is individual and age-dependent even years after
the diagnosis of type 1 diabetes
M. Harsunen1,2, V. Harjutsalo1, P. Pietilä1, T. Härkönen1, J. Ilonen3, C.
Forsblom1, D. Gordin1, M. Knip2, P.-H. Groop1, P. Miettinen2, T. Tuomi1;
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1Research Program for Clinical and Molecular Metabolism, University of
Helsinki, 2New Children's Hospital, University of Helsinki and Helsinki
University Hospital, Helsinki, 3Institute of Biomedicine, University of
Turku, Finland.

Background and aims: Beta cell destruction in type 1 diabetes (T1D) is
presumed to lead to absolute insulin deficiency. However, C-peptide pro-
duction has been reported in 29-80% of patients years after diagnosis. On
the other hand, a S-C-peptide of ≥0.2nmol/l in autoantibody (AAB)-neg-
ative patients with disease duration ≥ 2-3 years is clinically used as a
criterion for testing for monogenic diabetes. We investigated the natural
decline of C-peptide in T1D.
Materials and methods: Serum C-peptide concentrations were measured
in two patient groups diagnosedwith T1D at Helsinki University Hospital: 1)
1180 patients diagnosed <16 yrs of age with repeated measurements of ran-
dom C-peptide until undetectable (median follow-up 2 yrs; range <1-14 yrs);
data for AAB and HLA genotypes for 802 (Pediatric Diabetes Register); 2)
110 patients diagnosed ≥16 yrs of age with data at diagnosis and 2-4 yrs later.
For long-term analysis, we analysed data from 4108 participants in the
FinnDiane (Finnish Diabetic Nephropathy) Study (median[IQR] age at diag-
nosis 14.3[13.7] yrs, duration 20.9[18.7] yrs). Regression and generalized
additive models were used for statistical analysis.
Results:ThemedianC-peptide concentrationwas age-dependent at diagnosis
(≥16 yrs: 0.30[0.25] vs. 10-15 yrs: 0.22[0.17] vs. 5-9 yrs: 0.19[0.15] vs. 0-4
yrs: 0.17[0.14]nmol/l; P<0.001). Only 0.7% of the children with age at onset
<5 yrs had a C-peptide ≥0.2nmol/l 3 yrs after diagnosis compared to 5.6%
diagnosed at 5-9 yrs, and 17.1% at >10 yrs (p<0.0001). Most patients were
AAB positive. Interestingly, insulin secretion improved in some patients years
after diagnosis. There was an association between a C-peptide decline to
<0.2nmol/l and positive AAB (≥ 3 AAB: HR[95% CI]=2.92[1.34-6.40],
p=0.007) as well as HLA risk genotypes (1.26[1.00-1.58], p=0.046)(Cox
regression adjusted for age, gender, BMI). In the cross-sectional long-duration
FinnDiane cohort, age at diagnosis correlated with C-peptide. An initial expo-
nential fall of C-peptidewas followed by a slower decline (figure). 4.8% had a
C-peptide ≥0.2nmol/l at 5.2[1.3-16.0] yrs after diagnosis. Lower C-peptide
was observed in patients with higher HbA1c, hypertension and higher choles-
terol (p<0.0001). BMI had no significant impact on C-peptide preservation.
Conclusion: The C-peptide decline is individual and age-dependent even
years after the diagnosis of T1D. In young children - but not in adoles-
cents and adults - C-peptide level of 0.2nmol/l seems to differentiate T1D
from other diabetes forms. HLA susceptibility genes in T1Dmight play a
role in the development of insulin deficiency after diagnosis.
Disclosure: M. Harsunen: None.
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Persistent antidiabetic benefits following treatment with a GIP/xenin
hybrid in combination with exendin-4 in high fat fed mice
N. Irwin, S.L. Craig, R.A. Perry, S.S. Vyavahare, M.T. Ng, P.R. Flatt,
V.A. Gault;
Ulster University, Coleraine, UK.

Background and aims: Hybrid peptides, designed as single mole-
cules capable of positively modulating multiple gut hormone re-
ceptors, show therapeutic promise for type 2 diabetes mellitus
(T2DM). In this regard, a GIP/xenin hybrid peptide has recently
been characterised, and shown to potentiate the biological actions
of GIP, which are severely diminished in T2DM. The current
study has determined the ability of exendin-4 to augment the
antidiabetic benefits of (DAla2)GIP/xenin-8-Gln in high fat fed
(HFF) and examined persistence of beneficial metabolic effects.
Materials and methods: HFF mice (n=12) received twice daily
(09:30 and 17:00 h) injections of saline vehicle, (DAla2)GIP/
xenin-8-Gln (25 nmol/kg bw), exendin-4 (25 nmol/kg bw) or a
combination of both peptides for 28 days. Energy intake, body
weight, blood glucose and plasma insulin concentrations were
measured at regular intervals. Intraperitoneal glucose tolerance
(18 mmol/kg bw) and insulin sensitivity (10 U/kg bw) tests were
conducted at the end of the study. Terminal analyses included
examination of pancreatic insulin content and islet architecture
by immunofluorescence microscopy. On day 28 observations were
continued in a sub-group (n=6) of mice following cessation of
treatment regimens for a further 14 days, with assessment of the
same parameters as above.
Results: There was a significant reduction (P<0.001) in body weight
change on day 28 in all HFF treatment groups, but this effect reversed
following 14 days cessation of treatment. Individual therapy with
(DAla2)GIP/xenin-8-Gln and exendin-4, but not combined treatment,
significantly (P<0.05) reduced cumulative energy intake over the
28 day period, with this effect fading by day 42. Circulating glucose
and HbA1c were reduced (P<0.05 - P<0.01) in all treatment groups on
both days 28 and 42. Corresponding plasma insulin levels were decreased
(P<0.05) by combined treatment on day 28, and in all HFF treatment
groups on day 42, and associated with consistently elevated
(P<0.05 - P<0.001) pancreatic insulin content. Following a glucose
challenge on day 28, overall glucose and insulin AUC values were
significantly (P<0.05 - P<0.01) decreased in all treatment groups. On
day 42, glucose tolerance was still improved (P<0.05), with no
change in glucose-induced insulin secretion. The glucose lowering
action of exogenous insulin was augmented (P<0.01) on days 28
and 42, in mice treated with exendin-4 alone and in combination
with (DAla2)GIP/xenin-8-Gln. Interestingly, each treatment paradigm
significantly (P<0.01 - P<0.001) decreased overall islet and alpha cell
areas when compared to saline HFF controls on day 28. In addition,
beta cell area was reduced (P<0.001 and P<0.05, respectively) in
HFF mice treated with exendin-4 alone, or in combination with
(DAla2)GIP/xenin-8-Gln, but beta:alpha cell ratio increased (P<0.05)
in these mice. Changes in pancreatic islet architecture were largely
retained on day 42.
Conclusion: The present study affirms the antidiabetic attributes of
(DAla2)GIP/xenin-8-Gln, with favourable effects augmented by
exendin-4. Prominently, metabolic advantages of (DAla2)GIP/xenin-8-
Gln and exendin-4 combined therapy were persistent in nature, suggest-
ing enduring positive antidiabetic effects. Thus, novel therapies that in-
clude a GIP, xenin and GLP-1 component have clinically exploitable
benefits for human T2DM and merit further investigation.
Supported by: INI; EFSD/Lilly
Disclosure: N. Irwin: Grants; Invest Northern Ireland, European
Foundation for the Study of Diabetes.
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Relationships between GIP and GLP-1 secretion in people with nor-
mal or impaired glucose tolerance
J.A.Marathe1,2, H. Pham3,4, L. Trahair3,4, L.Q. Huynh3,4, T.Wu3,4, C.K.
Rayner3,4, M.A. Nauck5, M. Horowitz3,4, K.L. Jones3,4, C.S. Marathe3,4;
1School of Medicine, University of Tasmania, Hobart, Australia,
2Department of Cardiology, Royal Adelaide Hospital, Adelaide,
Australia, 3Adelaide Medical School, University of Adelaide, Adelaide,
Australia, 4Centre of Research Excellence in Translating Nutritional
Science to Good Health, University of Adelaide, Adelaide, Australia,
5Diabetes Center Bochum-Hattingen, Medical Department I, Ruhr-
University, Bochum, Germany.

Background and aims: The two ‘incretin’ hormones, glucose-dependent
insulinotropic peptide (GIP) and glucagon-like peptide-1 (GLP-1), are secret-
ed following intestinal macronutrient exposure; GIP primarily from the prox-
imal small intestine and GLP-1 from the more distal small intestine and
colon. Their relative importance to the incretin effect in health is contentious
and it is uncertain whether there is a relationship between GIP and GLP-1
secretion in humans, although this has been observed in rodents. We evalu-
ated the relationship between theGIP andGLP-1 responses to an oral glucose
load in people with normal (NGT) or impaired glucose tolerance (IGT).
Materials andmethods:Onehundred apparently healthy people (48males,
52 females; mean age: 68±1.0 years; mean BMI: 26±0.4 kg/m2) consumed a
75g glucose drink (standard OGTT). Venous blood was sampled before and
at intervals for 240 min after the drink for measurements of plasma glucose,
GIP andGLP-1 concentrations. Incremental areas under the curve (iAUC) for
GIP and GLP-1 were determined from t=0-60 min and t=0-240 min for the
NGT and IGT groups. Data are shown as mean ± SEM.
Results: Fifty people had NGT and 41 IGT; 9 people had diabetes and
were excluded. In both groups, there were increases in both plasma GIP
and GLP-1 following the glucose drink, with no difference between the
two groups in the magnitude of the responses between t=0-60 min for
either GIP (NGT: 1486±73 vs IGT: 1332±94 pmol/L.min) or GLP-1
(NGT: 740±124 vs IGT: 691±102 pmol/L.min), or between t=0-
240 min for GIP (NGT: 6027±346 vs IGT: 5172±371 pmol/L.min) or
GLP-1 (NGT: 1550±260 vs IGT: 1187±176 pmol/L.min). There was a
weak relationship between the iAUCs for GIP and GLP-1 in the com-
bined group for 0-60 min (r=0.19, P=0.045) and 0-240 min (r=0.23,
P=0.015) (Figure), and in the IGT group alone for 0-240 min (r=0.34,
P=0.01) , but not for 0-60min (r=0.23, P=NS), or in the NGT group for 0-
60 min (r=0.14, P=NS) or 0-240 min (r=0.15, P=NS).
Conclusion:Glucose-stimulated GIP and GLP-1 responses are similar in
health and IGT, and are weakly related to each other.

Disclosure: J.A. Marathe: None.
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Weight loss one year after bariatric surgery is more strongly associ-
ated with increases in the postprandial response of glicentin rather
than GLP-1
A. Kokkinos1, N. Perakakis2, N. Peradze2, N. Tentolouris1, W. Ghaly2,
E. Pilitsi2, J. Upadhyay2, A. Alexandrou3, N. Katsilambros1, C.S.
Mantzoros2;
1First Department of Propaedeutic Internal Medicine, Medical
School, National and Kapodistrian University of Athens,
Athens, Greece, 2Division of Endocrinology, Diabetes and
Metabolism, Beth Israel Deaconess Medical Center, Harvard
Medical School, Boston, USA, 3First Department of Surgery,
Medical School, National and Kapodistrian University of
Athens, Athens, Greece.

Background and aims:Bariatric surgery leads to profound and sustained
weight loss through several mechanisms, including changes in gastroin-
testinal (GI) hormones which favor satiety. The present study examined
changes in the postprandial profile of six hormones; GLP-1, glicentin,
glucagon, GIP, PYY, and ghrelin, and their association with weight loss
and satiety after Roux-en-Y gastric bypass (RYGB) or vertical sleeve
gastrectomy (VSG).
Materials andmethods: Eleven morbidly obese patients undergoing
RYGB and 17 undergoing VSG were consecutively recruited.
There were no differences between the groups in baseline weight,
age, and BMI. Patients were examined before surgery and 3, 6,
and 12 months postsurgically. On each occasion, they underwent
a mixed meal test and blood samples were obtained at baseline
and every 30 minutes up to 3 hours postprandially for the mea-
surement of GI hormones. At the same time points, visual analog
scales (VAS) for the subjective perception of hunger and satiety
were completed.
Results: Patients lost a significant and comparable amount of
weight after both procedures [RYGB at 12 months (median,
IQR): -30.5%, (-46.0 - [-27.0]), VSG at 12 months: -32.0%, (-
38.3 - [-27.6]), p=0.52]. Postprandial ghrelin area under the curve
(AUC) was significantly reduced 3, 6, and 12 months after VSG
(p=0.002, <0.001, and <0.001, respectively), with no changes af-
ter RYGB. There were no significant changes in postprandial glu-
cagon AUC after either operation. GIP postprandial AUC was
reduced at all postsurgical time points only after RYGB
(p=0.007, p=0.002, p<0.001 at 3, 6, and 12 months respectively).
PYY postprandial AUC was increased at all time points after
VSG (p=0.04), and 6 (p=0.01) and 12 months (p<0.001) after
RYGB. There was an increase in GLP-1 AUC after VSG at 3
(p=0.02) and 12 months (p=0.03). The corresponding increase
was not significant after RYGB. Glicentin postprandial AUC
was very robustly increased after both operations at all postsurgi-
cal time points (all p<0.05). When all patients were considered
together, the relative increase in the postprandial response was
highest for glicentin at 3, 6, and 12 months after surgery
(289.7%, 280%, 227.1%), followed by PYY (52.7%, 47.6%,
68.6%), and GLP-1 (35.1%, 23.6%, 41.6%). Glicentin changes
at 3 months were associated with weight loss six and 12 months
(r=-0.618, p=0.004) after surgery, whereas GLP-1 changes at 3
months were associated with weight loss at 6 months (r=-0.432,
p<0.05). Furthermore, glicentin levels at the 3rd and 6th postop-
erative month were positively associated with feeling of satiety
(r=0.328, p<0.001 at 6 months).
Conclusion: Changes in the postprandial concentrations of
glicentin are robustly associated with weight loss and satiety after
bariatric surgery, more than changes in GLP-1. Studies are war-
ranted in order to explore the role of this proglucagon posttrans-
lational product as a potential target for the treatment of obesity.
Clinical Trial Registration Number: NCT03851874
Disclosure: A. Kokkinos: None.
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Up-regulation of expressions of PYY, GLP-1, and NTS by intermit-
tent hypoxia in enteroendocrine cells
R. Shobatake1,2, H. Ota3, A. Itaya-Hironaka3, A. Yamauchi3, M.
Makino3, S. Sakuramoto-Tsuchida3, T. Uchiyama3, N. Takahashi2, S.
Ueno1, K. Sugie1, S. Takasawa3;
1Neurology, NaraMedical University, Kashihara, Nara, 2Neurology, Nara
City Hospital, Nara, Nara, 3Biochemistry, Nara Medical University,
Kashihara, Nara, Japan.

Background and aims: Sleep apnea syndrome (SAS) causes intermittent
hypoxia (IH) during sleep. Accumulating evidence indicates a strong
relationship between obesity and SAS. We previously demonstrated the
IH-induced up-regulation of the mRNA levels of anorexigenic peptides
POMC and CART via GATA transcription factors in human neuronal
cells. Appetite is regulated not only by the central nervous system but
also by the peptides from gastrointestinal endocrine cells. Here, we in-
vestigated the effects of IH on the gene expression(s) of appetite-
inhibiting gut hormones.
Materials and methods: Human enteroendocrine Caco-2 and mouse
STC-1 cells were exposed to IH [64 cycles of 5 min hypoxia (1% O2)
and 10 min normoxia (21% O2)] or normoxia for 24 hours. After the
treatment, the mRNA levels of peptide YY (PYY), glucagon-like peptide-
1 (GLP-1), and neurotensin (NTS) were measured by real-time RT-PCR.
The concentrations of PYY, GLP-1, and NTS in the culture medium were
measured by ELISA. Reporter plasmids were constructed by inserting
promoter fragments of PYY (-2,694 to +72), glucagon (GCG) (-1,100 to
+125), and NTS (-2,938 to +209) upstream of a firefly luciferase reporter
gene in the pGL4.17 and were transfected into Caco-2 cells for luciferase
assay. Caco-2 cells were treated with epigenetic regulators, 5 μM of 5-
azacytidine (5AZC), 100 μM of genistein, 1 μM of Trichostatin A (TSA),
50μMof resveratrol, and 200 μMof quercetin. Six hours after the addition
of these agents, cells were exposed to IH or normoxia for 24 h and were
harvested and real-time RT-PCR was conducted.
Results: Real-time RT-PCR revealed that IH significantly increased the
mRNA levels of PYY (2.51 fold, P=0.0003), GLP-1 (4.16 fold,
P=0.0064), and NTS (9.18 fold, P=0.029) in Caco-2 and those of Pyy
(1.53 fold, P=0.0035), Glp-1 (2.24 fold, P=0.0003), and Nts (1.22 fold,
P=0.018) in STC-1 cells. ELISA showed that the concentrations of PYY,
GLP-1, and NTS in the culture medium were significantly increased by
IH. Luciferase reporter assays for PYY, GCG, and NTS revealed that the
promoter activities of PYY, GCG and NTS were not increased by IH. We
then found that PYY, GLP-1 and NTS mRNAs have potential target se-
quences for microRNA (miR)-96, -527, and -2116, and real-timeRT-PCR
revealed that no miRNA level was decreased by IH. As promoter assays
did not reflect the chromatin structure, we tested a possibility that IH
might affect the chromatin structure, resulting in the up-regulation of
PYY, GLP-1, and NTS mRNAs. The mRNA levels of PYY, GLP-1, and
NTS were significantly up-regulated even in normoxia by TSA and were
significantly decreased even in IH by 5AZC. Furthermore, the combined
treatment of TSA+5AZC showed the IH-induced up-regulation of PYY,
GLP-1, and NTS mRNA levels in Caco-2 cells.
Conclusion: IH may regulate the expressions of PYY, GLP-1, and NTS
via alterations in the chromatin structure in enteroendocrine cells. It is
possible that TSA has an effect similar to IH and that 5AZC have an effect
opposite to IH on PYY, GLP-1, and NTS mRNA expressions. IH could
have an anorexigenic influence on the enteric nervous system.
Disclosure: R. Shobatake: None.
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Distinct mechanism for the elevation of plasma glucose-dependent
insulinotropic polypeptide by high-fat-diet and by leptin-deficiency
E. Lee1, X. Zhang1, J. Miyamoto2, I. Kimura2, R. Hatano1, T. Miki1;
1Chiba University, Chiba, 2Tokyo University of Agriculture and
Technology, Fuchu, Japan.

Background and aims:We previously reported that co-administration of
maltose plus the α-glucosidase inhibitor (α-GI) miglitol (maltose/
miglitol) suppresses GIP (glucose-dependent insulinotropic
polypeptide) secretion through a SCFAs (short chain fatty acids)/gut
microbiome/GPR41 pathway. In addition to its role as an incretin, GIP
acts as a pro-adipogenic hormone that promotes proliferation and lipid
accumulation of adipocytes, suggesting that inhibition of GIP signaling
could be a novel therapeutic approach against obesity. However, alter-
ation of plasma GIP in obesity and its underlining mechanism has not
been thoroughly examined. In the present study, we examined plasma
GIP in diet-induced obesity (DIO) mice and leptin-deficient Lepob/ob,
both of which exhibit elevated plasma GIP, but through a mechanism
yet to be clarified.
Materials and methods: Studies of DIO mice. Twelve-week-old wild-
type mice (WT) fed 60% HFD (WT/HFD) or normal diet (WT/ND) for 4
weeks were subjected to the measurement of plasma portal GIP and K-
cell number and GIP mRNA in the duodenum and the terminal ileum.
Alteration of gut microbiome and increase in plasma SCFAs by maltose/
miglitol were examined by microbiome sequencing and GC-MS, respec-
tively. Studies of Lepob/ob. The role of leptin in GIP secretion was evalu-
ated in Lepob/obwith (Ob-Trans) or without (Ob-Sham) subcutaneous fat
transplantation performed at 6 weeks of age, and controls (WT-Sham).
Temporal changes of body weight, blood glucose, and plasma GIP in the
tail vein were monitored for 11 weeks, and then the mice were subjected
to measurement of plasma GIP, K-cell number, and GIP mRNA.
Results: Four-week-HFD feeding significantly increased portal GIP con-
centrations (214.1±26.0 pg/ml in WT/HFD; 110.3±9.3 pg/ml in WT/ND,
P<0.0001). Although K-cells are the most abundant in the duodenum,
HFD-induced increment in K-cell number (1.06 fold in the duodenum vs
1.71 fold in the terminal ileum) and GIP mRNA expression (1.67 fold in
the duodenum vs 5.00 fold in the terminal ileum) was more prominent in
the terminal ileum, in which K-cells express Gpr41. In spite of the appar-
ent change in gut microbiome by HFD feeding, maltose/miglitol admin-
istration significantly increased portal SCFAs concentrations in WT/
HFD. In concordance with these results, maltose/miglitol administration
evoked significant decrease in portal GIP concentrations in WT/HFD
(45.4 % decrease, P<0.0001), as well as in WT/ND (48.1 % decrease,
P<0.001). Tail vein GIP concentrations in Lepob/obwere significantly
higher than those in WT(167.7±24.2 pg/ml in Ob-Sham, 71.5±3.9 pg/
ml in WT-Sham, P<0.0004), but did not correlate with their body weight.
Notably, fat transplantation to Lepob/obameliorated the elevated plasma
GIP (73.6 ±8.8 pg/ml in Ob-Trans, P<0.004 vs Ob-Sham) along with
attenuation of body weight gain and improvement of hyperglycemia. In
contrast to the increase by HFD, neither K-cell number nor GIP mRNA
was found to be increased in Lepob/ob.
Conclusion:Mechanism for the increase in plasma GIP in DIO mice and
Lepob/obare distinct; dependent on transactivation of GIP in the former but
independent in the latter.
Supported by: the Ministry of Education, Culture, Sports, Science and
Technology, Japan
Disclosure: E. Lee: None.

513
Elucidating the interactions between the microbiome, intestinal im-
munity and circadian secretion of glucagon-like peptide-1
S.E. Wheeler1, A. Martchenko1, D. Prescott2, P.L. Brubaker1,3;
1Physiology, University of Toronto, Toronto, 2Immunology, University of
Toronto, Toronto, 3Medicine, University of Toronto, Toronto, Canada.

Background and aims: Epidemiological data have implicated circadian
disruption as a risk factor for metabolic disease. Obese and type 2 diabetic
individuals demonstrate intestinal dysbiosis, compromised immunity and
impaired secretion of the incretin glucagon-like peptide-1 (GLP-1).
Studies show that GLP-1 contributes to glycemic control through its
release in a circadian pattern. Oscillations in the gut microbiome and its
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role in regulating GLP-1 secretion have also been reported, while
intraepithelial lymphocytes (IEL) can limit GLP-1 bioavailability.
Western Diet (WD) feeding results in loss of rhythmic GLP-1 release,
associated with elevated GLP-1 in mice; however, the underlying mech-
anism remains unknown. The goal of this study was to examine the
relationship between intestinal immunity, the microbiome and circadian
GLP-1 secretion, under normal conditions and in diet-induced obesity.
Materials and methods: Male and female C57Bl/6J mice fed regular
chow (RC) or WD for 16wk were sacrificed at peak (ZT14) and trough
(ZT2) of GLP-1 secretion (Zeitgeber Time; hours after lights on).
Intestines were collected for gravimetric analysis, RT-qPCR, characteri-
zation of IEL and lamina propria lymphocytes (LPL) and ex vivo GLP-1
secretion assay; feces for 16S rRNA gene sequencing, analysis of short-
chain fatty acids (SCFAs) and secondary bile acids (sBAs).
Results: Intestinal weight was greater at ZT14 (onset of the dark/active
period) than (ZT2) in RC mice, consistent with elevated nutrient intake, a
pattern that is lost in WD-mice. Ex vivo ileal cultures from RC and WD
animals displayed a significant response to forskolin (p<0.001); however,
the response was dampened in cultures from WD mice (p<0.001), impli-
cating the intestinal environment, including immunity and microbiota, as
regulators of GLP-1 secretion. Reduced expression of tight junction
genes, occludin and claudin-3 (p<0.001) was found at peak GLP-1 secre-
tion in RC animals and both time points inWDmice, suggesting impaired
barrier integrity. CD8+ Tcell IELs were decreased (p<0.05) at peak GLP-
1 secretion in RC animals and at both time points in WD feeding
(p<0.05). In contrast, LPL CD8+ T cells opposed the pattern in GLP-1
secretion in both RC and WD animals. This is consistent with the role of
IELs in limiting GLP-1 bioavailability and indicates a role for LPLs to
maintain mucosal immunity when IELs are reduced. 16S sequencing
showed A. muciniphila, a species known to positively correlate with
GLP-1, to be increased (p<0.05) at the peak of GLP-1 secretion.
Furthermore, A. muciniphila levels paralleled GLP-1 in WD animals,
exhibiting a loss in pattern and an increase at both peak and trough
(p<0.001). SCFAwere negatively correlated to GLP-1 secretion in both
RC and WD animals, while deoxycholic acid (DCA), a predominant
microbial sBA, was elevated at peak GLP-1 secretion in RC animals
(p<0.01) as well as at both time points in WD diet animals (p<0.001).
Conclusion: These data suggest that the intestinal environment differs
with time of day and that the corresponding changes in immune cell
populations as well as microbial species and their derivative sBAs are
key in establishing the normal rhythm in GLP-1 secretion and the com-
pensatory increase observed under WD conditions. These data will aid in
development of therapeutics to increase endogenous GLP-1 to improve
metabolic disorders.
Supported by: CIHR
Disclosure: S.E. Wheeler: None.
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Deficiency of glucose-dependent insulinotropic polypeptide (GIP) se-
cretion alleviates increasing obesity and insulin resistance with aging
Y. Kanemaru, N. Harada, S.S. Kuwahara, S. Yamane, E. Ikeguchi, Y.
Murata, S. Kyo, N. Inagaki;
Department of Diabetes, Endocrinology and Nutrition, Graduate School
of Medcine, Kyoto University, Kyoto, Japan.

Background and aims: Glucose-dependent insulinotropic polypeptide
(GIP) is an incretin secreted from enteroendocrine K cells, and potentiates
glucose-dependent insulin secretion from pancreatic β-cells. High-fat in-
take causes GIP hypersecretion and GIP is involved in obesity and insulin
resistance under high-fat diet-fed condition. We previously reported that
body fat mass, insulin resistance, and plasma GIP levels are increased in
aged (54-week old) mice compared to those in young (4-week old) mice,
suggesting that hypersecretion of GIP from K-cells might be involved in
age-related obesity and insulin resistance. In this study, we investigated
the effect of GIP secretion on body weight, fat mass, insulin tolerance,

and insulin sensitivity using GIP-knockout mice under normal diet-fed
condition.
Materials and methods: We previously generated GIP-knockout mice.
GIP gene expression was entirely absent in homozygous (GIP-/-) mice,
and was reduced in heterozygous (GIP+/-) mice by 50% compared with
that in wild-type (WT) mice. From the age of 5 weeks to 50 weeks, the
mice were weighed under normal-fat diet-fed condition (10% fat). At 50
weeks of age, glucose tolerance tests(OGTTs) and insulin tolerance
tests(ITTs) were performed; CT scan analysis was performed to evaluate
fat content in liver and visceral and subcutaneous fat mass. Locomotor
activity, food intake, energy expenditure, and weight of soleus muscle
were also measured.
Results: At 38 weeks of age, GIP-/- mice showed significantly reduced
body weight compared to WT and GIP+/- mice. Visceral and subcutane-
ous fat mass were significantly decreased in the GIP-/- mice compared to
those in WTand GIP+/- mice. Fat content in liver tended to be decreased
in the GIP-/- mice compared to that in WTand GIP+/- mice. At 50 weeks
of age, OGTTs showed that blood glucose levels did not differ between
the three groups. Insulin levels were significantly lower in the GIP-/- mice
than those in WT and GIP+/- mice. In ITTs, GIP-/- mice had higher
insulin sensitivity than WT and GIP+/- mice. Plasma adiponectin levels
were increased and plasma leptin levels were decreased in GIP-/- mice.
These results reveal that GIP-/- mice but not GIP+/- mice have reduced
body weight and fat mass and improved insulin sensitivity compared to
those of WT mice. There was no significant difference in locomotor
activity, food intake, and weight of soleus muscle between the three
groups, but energy expenditure measured by indirect calorimeter was
increased in the GIP-/- mice.
Conclusion: Lack of GIP secretion reduces age-related body weight and
fat mass and alleviates increasing insulin resistance with aging. On the
other hand, 50% reduction of GIP secretion does not affect age-related
obesity or insulin resistance.
Disclosure: Y. Kanemaru: None.

515
Effects of medium-chain triglyceride (MCT) on long-chain triglycer-
ide (LCT)-induced GIP secretion and body weight gain
Y. Murata1, N. Harada1, S. Kishino2, S. Yamane1, K. Iwasaki1, E.
Ikeguchi1, Y. Kanemaru1, T. Kato1, T. Hatoko1, S. Kyo1, J. Ogawa2, A.
Hirasawa3, N. Inagaki1;
1Department of Diabetes, Endocrinology and Nutrition, Graduate School
of Medicine, Kyoto University, Kyoto, 2Division of Applied Life
Sciences, Graduate School of Agriculture, Kyoto University, Kyoto,
3Department of Genomic Drug Discovery Science, Graduate School of
Pharmaceutical Sciences, Kyoto University, Kyoto, Japan.

Background and aims: Glucose-dependent insulinotropic polypeptide
(GIP) is secreted from enteroendocrine K cells located in the small intes-
tine. GIP secretion is strongly stimulated after long-chain triglyceride
(LCT) ingestion, and is involved in LCT diet-induced obesity and insulin
resistance. We previously reported that single administration of medium-
chain triglyceride (MCT) oil does not induce GIP secretion and that long-
termMCT diet feeding induces less body weight (BW) gain compared to
LCT diet feeding. Recently, we found that simultaneous administration of
MCT oil reduces LCT oil-induced GIP secretion. In this study, we inves-
tigated the mechanism of suppression of LCT oil-induced GIP secretion
by MCT oil. Furthermore, we evaluated the effect of suppression of GIP
secretion by MCT oil on BW under long-term LCT diet feeding using
GIP-knockout (KO) mice.
Materials and methods: Thin-layer chromatography and gas chroma-
tography were performed to clarify the digestion and absorption of MCT
in gastrointestinal (GI) tract. We measured plasma GIP and GLP-1 levels
after single oral administration of LCToil (olive oil [10mL/kg]) or LCT+
MCT oil (olive oil [10mL/kg]+MCT oil [3mL/kg]) in wild-type (WT)
mice. Intestinal transit, intestinal lipase activity, gallbladder contraction,
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and plasma triglyceride (TG) and free fatty acid (FFA) levels were mea-
sured.We also evaluated BW change under long-term LCT diet (45% fat)
feeding with daily administration of MCT oil or saline (1mL/kg) by oral
gavage in WT and GIP KO mice.
Results: MCT oil was digested into medium-chain fatty acids (MCFAs)
in small intestine but not in stomach, without cholecystokinin (CCK)
actions such as extrapancreatic enzyme secretion and gallbladder contrac-
tion, and was rapidly absorbed into small intestine. Plasma GIP levels but
not GLP-1 levels were decreased in LCT+MCT oil group compared to
those in LCT oil group. Intestinal lipase activity, gallbladder contraction,
and plasma TG and FFA levels were decreased in LCT+MCT oil group
compared to those in LCT oil group, but intestinal transit did not differ
between the two groups. These results suggest that MCFAs digested from
MCT inhibit CCK action after oral administration of LCT oil. We then
evaluated GIP secretion in LCT oil and LCT+MCT oil groups treated
with CCK agonist. CCK agonist induced complete gallbladder contrac-
tion and fully restored lipase activity and GIP levels in LCT+MCT oil
group to levels similar to those in LCT oil group. Daily MCT oil admin-
istration significantly reduced BW under long-term LCT diet feeding in
WT mice. In contrast, BW was not different between MCToil and saline
groups in GIP KO mice.
Conclusion: MCT oil reduces LCT oil-induced GIP secretion through
suppression of CCK action. MCT oil suppresses BW gain under long-
term LCT diet feeding through reduced GIP action in vivo.
Disclosure: Y. Murata: None.

516
Differential changes in glucagon and GLP-1 after partial
pancreatoduodenectomy might represent an attempt to increase the
incretin effect in insulin-resistant subjects
T. Mezza1, G. Sorice1, S. Moffa1, C.M.A. Cefalo1, F. Cinti1, A. Mari2,
J.J.H. Holst3, A. Giaccari1;
1Fondazione Policlicnico Universitario A. Gemelli IRCCS, Rome, Italy,
2CNR, Padova, Italy, 3Panum Institute, University of Copenhagen,
Copenhagen, Denmark.

Background and aims: Non-diabetic insulin-resistant (IR) subjects dis-
play a relative compensation characterized by altered islet morphology
and impaired beta-cell functional capacity. Hyperglucagonemia and im-
paired first-phase insulin secretion are considered trademarks of type 2
diabetes. However, alpha-cell mass is already increased in non-diabetic
IR humans, suggesting a key role of alpha-cells in the compensatory
mechanisms to cope with reduced beta-cell glucose sensitivity and the
increased insulin demand in IR states. We have already demonstrated that
following pancreatoduodenectomy (PD), healthy patients display an in-
crease in GLP-1 secretion. The mechanism contributing to greater GLP-1
secretion is not fully understood and suggests either hypersecretion by
existing intestinal L-cells and/or other potential sources of the incretin
hormone, such as α-cells.
Materials and methods: To investigate the dynamic changes of in-vivo
GLP-1 secretion, insulin secretion (IS), sensitivity and incretin effect, 16
non-diabetic patients (10 F/6M, 51±15 yrs., BMI 27.9±5.3 kg/m2) sched-
uled for PD underwent a mixed meal test of 830 kcal (MMT), a 2-h
hyperglycemic clamp (HC), and a hyperinsulinemic euglycemic clamp
before and after surgery. β-cell glucose sensitivity (GS) was calculated as
the ratio of IS and glucose increments, both during the HC and the MMT.
The incretin effect was estimated as the ratio of GS during the HC and
MMT.
Results: When subjects were classified as insulin-sensitive or resistant,
IR subjects displayed a significant reduction in the incremental first phase
IS at baseline (p=0.04 insulin-resistant vs. insulin- sensitive), which did
not decrease following PD (IR pre-surgery 226±78.7 vs. post- surgery
176.7±67.8 pmol•min-1•m-2, p=0.66). Both groups experienced a signif-
icant reduction of second phase ISR (p<0.05 for both groups) and
arginine-induced IS (p<0.05 for both groups) after surgery, with no

significant difference observed in the reduction delta; while a significant
reduction in basal ISR and GS was observed only in IR subjects after
surgery (respectively p=0.03 basal ISR and p=0.05 GS). IR subjects
displayed a significant increase in the GLP-1 and glucagon secretion
(respectively p=0.04 and p<0.05 compared to insulin-sensitive), and after
surgery GLP-1 secretion significantly increased in both groups (P<0.05),
but the increase was greater in IR compared to insulin-sensitive subjects
(54.4% vs. 36.2 %). Further, the incretin effect was significantly de-
creased in the insulin-sensitive patients (before surgery 3.21±0.88 vs.
after surgery 1.48±0.31, p=0.05), whereas no changes were observed in
IR subjects (before surgery 2.03±0.41 vs. after surgery 2.16±0.96, p=NS).
Conclusion: Our data revealed that GLP-1 and glucagon secretion are
increased in IR subjects and suggest that acute islet mass reduction leads
to different functional effects in insulin-resistant subjects compared to
controls. Impaired β-cell GS and reduced first-phase IS, observed in
response to iv glucose challenge, are relatively compensated by preserved
incretin effect following PD in insulin-resistant subjects. This may be
driven by the increased GLP-1 secretion which, given the
hyperglucagonaemia, might be derived from the gut as well as the
pancreas.
Supported by: EFSD/NovoNordisk, Lilly and AstraZeneca
Disclosure: T. Mezza: None.
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517
Glucose controls glucagon secretion with minor changes in alpha cell
[Ca2+]c whereas sulfonylureas control glucagon secretion by increas-
ing alpha cell [Ca2+]c and via somatostatin
B. Singh, F. Khattab, P. Gilon;
Université Catholique de Louvain (UCL), Brussels, Belgium.

Background and aims: The mechanisms by which glucose (G) and
KATP channels control glucagon release are poorly understood. A rise in
[Ca2+]c is considered as a signal triggering glucagon secretion. However,
the effects of glucose and KATP channels on α-cell [Ca2+]c are hotly
debated. In the present study, we tested the effects of glucose and KATP

channel blockers (sulfonylureas) on α-cell [Ca2+]c using mice expressing
the Ca2+indicator, GCAMP6f, specifically in α-cells, and we studied the
correlation between α-cell [Ca2+]c and glucagon secretion. We also in-
vestigated the paracrine influence of somatostatin (SST) using Sst-/-mice.
Materials and methods: Several mouse models were used including
Lox-STOP-Lox-GCaMP6f, GluCre/Lox-STOP-Lox-GCaMP6f and
GluCre/Lox-STOP-Lox-GCaMP6f/Sst-/- mice. Secretion experiments
were performed on perifused islets and [Ca2+]c measurements on either
perifused islets (in confocal microscopy) or dispersed islet cells. All ex-
periments were performed in the presence of 2 mmol/l alanine, 2 mmol/l
arginine and 2 mmol/l glutamine. Immunodetections of glucagon, SST
and GCaMP6f were performed on dispersed islet cells.
Results: Control experiments showed that, in GluCre/Lox-STOP-Lox-
GCaMP6f mice, 95% of GCaMP6f-positive cells were immunoreactive
for glucagon and that GCaMP6f expression did not affect glucagon se-
cretion. This validates the GluCre/Lox-STOP-Lox-GCaMP6f mouse
model. We tested the effects of glucose and sulfonylureas (tolbutamide
100 μmol/l and gliclazide 25 μmol/l) on α-cell [Ca2+]c and glucagon
secretion. Sulfonylureas increased [Ca2+]c in both α-cells within islets
and dispersed α-cells at 1 (G1) and 7 mmol/l (G7) glucose, whereas they
inhibited glucagon secretion from islets at G1 but stimulated it at G7. We
hypothesized that inhibition of glucagon secretion by sulfonylureas in G1
is mediated by SST. Therefore, we generated GluCre/Lox-STOP-Lox-
GCaMP6f/Sst-/- mice, lacking SST. In this model, sulfonylureas failed
to inhibit glucagon release but still increased [Ca2+]c in both G1 and
G7. Furthermore, application of exogenous SST strongly inhibited gluca-
gon secretion withmild effect on α-cell [Ca2+]c. On the other hand, a drop
or a rise of the glucose concentration stimulated and inhibited, respective-
ly, glucagon secretion without affecting [Ca2+]c that oscillated randomly
and non-synchronously between α-cells, in mice lacking or not SST, and
in the presence or the absence of sulfonylureas. Interestingly, in the pres-
ence of the KATP channel opener, diazoxide, and 30 mmol/l K+ which
both clamp the membrane potential and induce a sustained increase in
[Ca2+]c, a rise of the glucose concentration did not affect α-cell [Ca2+]c
but inhibited glucagon release in mice with or without SST, demonstrat-
ing that the sugar decreases the efficacy of Ca2+ on exocytosis indepen-
dently of SST.
Conclusion: We show that sulfonylureas have two opposite actions, a
direct stimulatory effect on α-cells by increasing [Ca2+]c and an indirect
inhibitory effect by stimulating SST secretion which inhibits glucagon
release. We demonstrate that glucose controls glucagon release by a
mechanism that is mainly independent of [Ca2+]c and KATP channels.
We also show that glucose decreases the efficacy of [Ca2+]c on exocytosis
in α-cells, a process that is, at least partly, independent of SST.
Supported by: FNRS, ARC and EFSD/Lilly Young Investigators
Disclosure: B. Singh: None.

518
Glucagon-like peptide 2 is produced from isolated human islets
W. He, O. Rebello, K. Maedler;
University of Bremen, Bremen, Germany.

Background and aims: Classically, proglucagon is post-translationally
processed into glucagon-like peptide-1 (GLP-1) and glucagon-like pep-
tide-2 (GLP-2) in equal amounts in the gut, with glucagon being pro-
duced in α-cells within pancreatic islets. Recent studies also show
GLP-1 production from rodent and human pancreatic α-cells. However,
little is known about intra-islet GLP-2 production and its action. In this
study, we investigated GLP-2 production, GLP-2 receptor (GLP-2R) ex-
pression and the effect of chronic GLP-2R activation in human islets.
Materials and methods: Isolated human islets from healthy donors were
plated onto ECM-coated dishes and exposed to high glucose (22.2 mM;
HG), palmitate (0.5 mM), cytokine mix (IL-1β / IFNγ ) or
Lipopolysaccharide (LPS) in the presence or absence of the DPP4 inhib-
itor Linagliptin or the TLR4 inhibitor TAK-242 for 24 or 72 hours. To
study the effects of GLP-2R activation in human isles, the GLP-2R ago-
nist Teduglutide and/or antagonist GLP-2(3-33) were added 2 hours prior
to the treatments and maintained throughout the culture. Secreted active
GLP-2 (full-length, uncleaved by DPP4) into the culture media was ex-
amined by ELISA. GLP-2R localization was determined by double stain-
ing for GLP-2R and insulin or glucagon. To evaluate β-cell function,
glucose-stimulated insulin secretion (GSIS) from islet supernatants and
insulin content from human islets were examined by insulin ELISA. Islet
expression of GLP-2R (GLP2R) and cytokines/chemokines (IL1B, IL6,
IL8 and TNF) were evaluated by qRT-PCR.
Results: Human islets under control conditions of 5.5 mM glucose se-
creted active GLP-2 during the 3-day culture (mean: 758 pg/ml per 100
islets); this was 2.9-fold increased by HG/palmitate and potentiated by
Linagliptin under all control and treatment conditions. LPS also signifi-
cantly increased active GLP-2 secretion, which was fully blocked by the
TLR4 inhibitor TAK-242. Immunohistochemical staining revealed β-cell
localization of GLP-2R in human islets. GLP2R mRNA levels were re-
duced by HG/Pal (by 36%) and largely deprived by the cytokine mix (by
89%), compared to basal control conditions. The GLP-2R agonist
Teduglutide reduced LPS-induced IL1B expression in human islets, and
its antagonist GLP-2(3-33) abolished such reduction. In contrast, LPS-
induced IL6, IL8 and TNF expression was not affected by Teduglutide.
Functionally, GLP-2R activation by Teduglutide affected neither HG/
palmitate- nor LPS-impaired GSIS and insulin content in cultured human
islets.
Conclusion: Our results reveal intra-islet production of GLP-2 and its
increase by diabetogenic milieu, together withβ-cell GLP-2R expression.
Chronic GLP-2 action does not affect β-cell function. The reduction of
LPS-induced IL1B by GLP-2R activation suggests a potential for anti-
inflammatory therapy.
Supported by: The IIDP Islet Award Initiative (IAI)
Disclosure: W. He: Grants; The IIDP Islet Award Initiative (IAI).

519
Paracrine regulation of somatostatin secretion in pancreatic islets
B. Svendsen, J.J. Holst;
University of Copenhagen, Copenhagen, Denmark.

Background and aims: The endocrine pancreas comprises the islets of
Langerhans, consisting of primarily β-cells, α-cells, and δ-cells respon-
sible for the secretion insulin, glucagon, and somatostatin. A certain level
of intra-islet communication is thought to exist, where the individual
hormones may reach and regulate the secretion of other islet cells, via
diffusion through the interstitial fluid and/or via transportation by the islet
microcirculation. Glucagon has been demonstrated to importantly regu-
late insulin secretion, whereas the intra-islet hypothesis suggests that in-
sulin reduces glucagon secretion, while somatostatin powerfully inhibits
both insulin and glucagon secretion, adding to the conundrum of the
islets. In this study we investigated secretion of somatostatin and how it
is affected by glucagon using the perfused mouse pancreas as model.
Materials and methods: We used the perfused mouse pancreases from
wildtype mice as well as glucagon receptor knockout mice (Gcgr-/-) and
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transgenic mice with diphtheria toxin mediated alpha cell knock-down
(DT-Gcg), perfused with low (3.5 mM) and high (12.0 mM) glucose
concentrations together with arginine, glucagon, somatostatin, and insulin
as well as GLP-1 receptor antagonists. Effluent concentrations of insulin,
glucagon and somatostatin were measured. Methods and protocols as in
Svendsen et al, Cell Rep 2018.
Results:Only significant changes are mentioned. Infusion of somatostat-
in markedly reduced secretion of insulin and glucagon. A tonic inhibitory
role of endogenous somatostatin was demonstrated with infusion of so-
matostatin receptor antagonists (mixture covering all receptor subtypes)
which significantly increased glucagon secretion at low and high glucose,
whereas insulin secretion was only increased at high glucose levels.
Infusion of glucagon dose-dependently increased somatostatin secretion
in control mice (p<0.05; n=9). Exogenous glucagon had no effect on
somatostatin secretion in Gcgr-/- mice or control mice with combined
infusion of GLP-1 receptor exendin 9-39. DT-induced knockdown of
glucagon producing cells led to reduced somatostatin secretion in re-
sponse to 12mM glucose and arginine infusions. In Gcgr-/- mice (where
glucagon levels are dramatically increased) overall somatostatin secretion
was increased. However, combined infusion of exendin 9-39 in Gcgr-/-

mice completely abolished somatostatin secretion in response to glucose
and arginine. Insulin infusions had no effect on secretion of somatostatin,
neither direct infusion of insulin nor insulin receptor antagonist (S961).
Conclusion:Our findings demonstrate suggest that somatostatin and glu-
cagon secretion are linked in a reciprocal feed-back cycle with somato-
statin inhibiting glucagon secretion at low and high glucose levels and
glucagon stimulating somatostatin secretion via both the glucagon and
GLP-1 receptors. Importantly, blocking glucagon signaling abolished so-
matostatin secretion in response to glucose and arginine. The glucagon
effect was independent of glucagon-stimulated insulin secretion.
Furthermore, insulin receptor antagonism did not affect somatostatin or
glucagon secretion in the perfused mouse pancreas.
Supported by: Lundbeck Foundation, Independent Research Fund
Denmark, Novo Nordisk Found
Disclosure: B. Svendsen: Grants; Carlsberg Foundation, Lundbeck
Foundation, Novo Nordisk Foundation, Independent Research Fund
Denmark.

520
The glucagonotropic effect of sulfonylureas
E.-H. Früh, C. Elgert, K. Grupe, M. Asuaje-Pfeifer, I. Rustenbeck;
Institute of Pharmacology and Toxicology, Technical University of
Braunschweig, Braunschweig, Germany.

Background and aims: Pancreatic alpha-cells release their peptide hor-
mone by depolarization-triggered exocytosis. Since alpha-cells express
glucokinase and KATP channels, one might expect that glucose and sul-
fonylureas affect glucagon secretion in the same way as insulin secretion
when paracrine effects are inhibited. However, a large body of conflicting
observations exists. Here, we have compared the effects of pharmacolog-
ical KATP channel closure and potassium depolarization on alpha- and
beta-cells from NMRI islets.
Materials and methods: Insulin and glucagon were determined by
ELISA (Mercodia) from the fractionated efflux of batch-perifused
NMRI mouse islets. To obtain single alpha-cells, islets were incubated
with alloxan for 20 min before dissociation in Ca2+-free solution. The
surviving cells were cultured for 24 h in RPMI 1640 with 5 mM glucose.
The cytosolic Ca2+ concentration ([Ca2+]i) was measured by
microfluorometry of Fluo-4. The plasma membrane potential was mea-
sured by patch-clamping using the perforated patch mode, the KATP chan-
nel currents in the inside-out mode. Single cells were assessed immuno-
cytochemical on griddedmicro-Dishes (ibidi) using fluorescence antibod-
ies against insulin, glucagon and somatostatin.
Results: At 1 mM glucose 20 mM arginine increased glucagon secretion
without affecting insulin secretion of perifused islets. In the presence of

1 mM glucose all of the non-beta cells (survivors of alloxan treatment)
reacted to 20 mM arginine by increasing [Ca2+]i, but only 50% did so in
response to 1 mM glutamate or 1 mM glutamine. About 85% of these
cells were identified as alpha cells by immunofluorescence. All cells
which responded to glutamate also increased [Ca2+]i, concentration-
dependently in response to 15 and 40 mM KCl. 15 mM KCl depolarized
by 11.0 ± 2.2 mV, 40 mM KCl depolarized by 29.1 ± 4.7 mV, both
responses were less by about 10 mV than obtained with beta cells. The
depolarization in response to 500 μM tolbutamide was much less pro-
nounced and occasionally practically absent, which was reflected by a
largely variable increase in [Ca2+]i. In inside-out patches from alpha cells
the inhibition of ATP-sensitive currents by tolbutamide wasmore variable
than in beta cells, but the mean value was not significantly different. In
islets perifused with 1 μM clonidine 500 μM tolbutamide increased glu-
cagon secretion by ca. 50%, whereas 40 mMKCl increased by more than
300%.
Conclusion: KATP channel-blocking sulfonylureas induce a variable,
mostly moderate increase of the depolarization-induced Ca2+ influx in
alpha cells and, in consequence, exert a moderate stimulatory effect on
glucagon secretion. Since a strong depolarization by KCl has a marked
glucagonotropic effect, provided insulin secretion is blocked, the reason
for the much smaller effect of KATP channel block as compared with beta
cells consists in the less decisive role of alpha cell KATP channels to
contribute to plasma membrane depolarization.
Supported by: DDG General Project Funding
Disclosure: E. Früh: Grants; DDG General Project Funding.

521
Glucagon secretion is mediated by Stathmin-2 through the
endosomal pathway
F. Asadi, S. Dhanvantari;
Western University and Lawson Health Research Institute, London,
Canada.

Background and aims: In people with diabetes, dysfunction of pancre-
atic alpha cells results in hyperglucagonemia which contributes to hyper-
glycemia. Thus, inhibition of glucagon hypersecretion from the α cell is
an appealing strategy for the treatment of diabetes. Recently, we have
described a dynamic glucagon interactome within the secretory granules
of the alpha cell line, αTC1-6, that contains proteins that modulate glu-
cagon secretion. The aim of the present study was to investigate the role
of select proteins within the interactome in the regulation of glucagon
secretion.
Materials and methods: Following a short-term (15 min) or long-term
(24h) incubation of αTC1-6 cells, media were collected for proteomic
analysis of the secreted glucagon interactome by silver nitrate staining
coupled with liquid chromatography/mass spectrometry. Glucagon-
protein interactions were determined in a neuronal cell line (PC12) and
a pancreaticα-cell line (αTC1-6 cells) transfected with a tagged glucagon
construct, and also in non-transfected αTC1-6 cells. Glucagon-protein
interactions were determined by immunoprecipitation-immunoblotting.
Confocal immunofluorescence microscopy was used to show
colocalization of glucagon and protein in both PC12 and αTC1-6 cells.
The functional role of candidate proteins on glucagon secretion was de-
termined by overexpression or siRNA-mediated depletion in αTC1-6
cells followed by glucagon ELISA.
Results:We have identified two distinct glucagon-immunoreactive bands
secreted from αTC1-6 cells. Proteomic analysis of these bands revealed
the presence of stathmin-2. siRNA-mediated depletion of stathmin-2 in-
creased secretion of free glucagon and decreased bound glucagon secre-
tion without affecting total glucagon secretion. In contrast, overexpres-
sion of stathmin-2 suppressed secretion of both bound and free glucagon.
Immunoprecipitation-immunoblotting and confocal immunofluorescence
microscopy showed interaction and co-localization, respectively, between
stathmin-2 and glucagon in transfected PC12 and αTC1-6 cells as well as
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in non-transfected αTC1-6 cells. Over-expression of stathmin-2 in
αTC1-6 cells increased colocalization of glucagon with early endosomal
and late endosomal/lysosomal markers, and depletion of stathmin-2 re-
duced the levels of colocalization within these compartments.
Conclusion: We propose an interactome-based model for glucagon se-
cretion from pancreatic α cells. Our results suggest that stathmin-2 may
act as a transporter protein, shuttling glucagon through the endosomal-
lysosomal system to regulate glucagon secretion. Based on our findings,
we propose that stathmin-2 may be a novel target for the treatment of
hyperglucagonemia of diabetes.
Supported by: SD is recipient of NSERC Canada; FA is recipient of
Dean's award
Disclosure: F. Asadi: None.

522
Mild physiologic hyperglycaemia impairs insulin-mediated suppres-
sion of plasma glucagon in healthy normal glucose tolerant subjects
D. Tripathy1,2, A. Merovci3, X. Chen1, R. DeFronzo1;
1Medicine, University of Texas Health Science, San Antonio, 2Medicine,
South Texas Veteran Health Care System, San Antonio, 3University of
Texas Health Science, San Antonio, USA.

Background and aims:Hyperglycemia adversely affects skeletal muscle
and hepatic insulin sensitivity (glucotoxicity). However, the effect of
physiologic hyperglycemia on glucose-mediated and insulin-mediated
suppression of glucagon is not known. The aim of the present study
was to evaluate effect of a chronic (72 hours) physiologic increase (+45
mg/dl) in plasma glucose concentration on the suppression of plasma
glucagon concentration in healthy NGT individuals.
Materials and methods: Twelve healthy subjects with normal glucose
tolerance without family history of T2DM ( FH-) (9M/3F, age = 50± 4
yrs, BMI = 27 ± 1 kg/m2) and 8 with FH of T2DM (FH+) (4M/4F, age =
48±2, BMI = 26±1 kg/m2) received an OGTT and 2-step hyperglycemic
(+125 and +300mg/dl) clamp (duration of each step = 80 minutes) before
and after 72 hour glucose infusion. Plasma insulin and C-peptide concen-
trations were obtained every 2-5 minutes during each hyperglycemic
clamp step and plasma glucagon concentrations were measured every
10 minutes. The ratio of insulin/glucagon was measured and used as an
index of insulin-medicated suppression of plasma glucagon.
Results: FPG concentration increased from 97±4 to 140±4 mg/dl during the
72 hour glucose infusion. Following chronic glucose infusion, plasma insulin
levels were significantly higher during the basal state and during each hyper-
glycemic clamp step (by 59% and 78%) during the 0-80 and 80-160min time
periods, respectively. There was no difference in plasma glucagon levels fol-
lowing chronic glucose infusion. However, the plasma insulin/glucagon ratio
was significantly higher during the fasting state (by 76% , p<0.05) and during
the first (by 128%, p<0.005) and second (by 178%, p<0.005) hyperglycemic
clamp steps. There was no difference in the effect of chronic glucose infusion
on glucagon secretion between subjects with and without FH of T2DM.
Conclusion: These results demonstrate that sustained physiologic hyper-
glycemia for 72 hours (i.e. glucotoxicity) impairs insulin-mediated sup-
pression of glucagon, and could contribute to fasting and post-prandial
hyperglycemia in T2DM patients.
Supported by: NIH
Disclosure: D. Tripathy: None.

523
Pancreatic alpha-IDE ablation leads to hyperglucagonaemia and im-
paired glucagon secretion
B.Merino1, C.M. Fernández-Díaz1, K.H. Kaestner2, M.A. Leissring3, G.
Perdomo4, I. Cózar-Castellano1;
1University of Valladolid (UVA), Valladolid, Spain, 2University of
Pennsylvania, Philadelphia, USA, 3University of California, Irvine,
USA, 4University of Burgos (UBU), Burgos, Spain.

Background and aims: Insulin Degrading Enzyme (IDE) is a
metalloprotease known by its ability to degrade insulin and other peptides
such as glucagon. Ide genetic locus has been associated with type-2 dia-
betes mellitus. Our research group has previously reported that IDE is
expressed in pancreatic beta- and alpha-cells of both rodents and humans,
having higher expression in alpha-cells. We have also described insulin
secretion dysregulation when IDE activity is lost in the pancreatic beta-
cell. In this study we focus in unravelling the role of IDE in the physiol-
ogy of pancreatic alpha cells and glucagon secretion.
Materials and methods: We have generated a tamoxifen inducible
alpha-cell specific Ide knock- out mice (α-IDE-KO) driving Cre-
recombinase expression under the glucagon promoter. We have measured
fasting glucose and glucagon plasma levels in α-IDE-KOmice. We have
performed glucose stimulated glucagon and insulin secretion in isolated
pancreatic α-IDE-KO islets and alpha cells (α-TC1.9) treated with the
pharmacological IDE inhibitor (6bk) and we have measured IDE protein
levels in α-TC1.9 after chronical exposure to high glucagon levels.
Results: α-IDE-KO mice have shown higher fasting glucagon plasma
levels in circulation thanWTmice. Both, α-IDE-KO pancreatic islets and
IDE-inhibited α-TC1.9 cells, displayed constitutive glucagon secretion
independently of glucose concentrations. Although, glucose stimulated
insulin secretion was not affected. Furthermore, chronical exposure to
high glucagon concentrations resulted in increased IDE protein levels in
pancreatic alpha cells.
Conclusion: IDE loss of function in pancreatic alpha cells promotes
in vivo hyperglucagonemia and in vitro constitutive glucagon secretion.
Thus, IDE is required for normal glucagon secretion in vitro and in vivo.
Supported by: MINECO
Disclosure: B. Merino: None.

524
A population-based model of glucagon kinetics to enable measure-
ment of glucagon secretion by deconvolution
M.C. Laurenti1, C. Dalla Man2, J.D. Adams1, A. Egan1, C. Cobelli2, A.
Vella1;
1Mayo Clinic, Rochester, USA, 2University of Padova, Padova, Italy.

Background and aims: Impaired glucose tolerance arises out of im-
paired postprandial insulin secretion and delayed suppression of gluca-
gon. Recent studies have demonstrated that β-cell and α-cell dysfunction
can occur independently in prediabetes. Quantification of the relative
contribution of α-cell dysfunction to glucose tolerance has been lacking
because, unlike the case with β-cell function, there is a dearth of infor-
mation regarding glucagon kinetics in humans. This is necessary to en-
able reconstruction of glucagon secretion from peripheral glucose con-
centrations, either by deconvolution or through mechanistic models.
Materials and methods: As part of a series of experiments examining
the interaction between a lack of glucagon suppression with intact or
impaired insulin secretion we studied 34 non-diabetic subjects (age =
52 ± 2 years, BMI = 28 ± 1 Kg/M2). An intravenous glucose infusion
mimicking the systemic appearance of 50g oral glucose was administered
in the presence of a somatostatin infusion to inhibit endogenous hormone
secretion. Glucagon was infused at a rate of 0.65ng/kg/min, starting
120 min after initiation of the experiment, while keeping endogenous
secretion suppressed. The observed changes in glucagon concentrations
were then used to estimate the kinetic parameters of glucagon (volume of
distribution, V, and clearance rate, CL). A population-based model was
developed using stepwise linear regression, enabling estimation of both V
and CL from easily measurable anthropometric characteristics.
Results:A single exponential model provided the best fit for the data and
individualized parameters were estimated: Vind=13 ± 1 L, CLind=1.49 ±
0.1 L/min (corresponding to a half-life of 6.2 ± 0.3 min). Results showed
that both V (R2=0.32) and CL (R2=0.53, Figure 1) correlated (p ≤ 0.01)
withWeight and Height used to calculate Body Surface Area (BSA). This
enabled development of a population-based model using anthropometric
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characteristics to predict Vand CL. When compared with the individual-
ized kinetic values, Vand CL estimated using the population-basedmodel
did not differ (p > 0.9). The mean values for the population-based param-
eters were similar to that of the individually measured values (Vpop= 13 ±
0.5 L, CLpop=1.50 ± 0.1 L/min).
Conclusion: These data demonstrate that it is feasible to derive glucagon
kinetic parameters from anthropometric characteristics in a manner sim-
ilar to that utilized for C-peptide (and insulin secretion). This will simplify
the study of glucagon secretion and enable quantitation of its contribution
to glucose tolerance in large populations.

Supported by: NIH: DK78646, DK116231
Disclosure: M.C. Laurenti: None.
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The role of endogenous and exogenous testosterone (T) therapy in
regulating resistance exercise-induced modulation of glycaemic con-
trol in young and older men, respectively
S.S. Rudrappa1, N. Gharahdaghi1, C. Hamrock2, H. Aziz1, B.E.
Phillips1, N.J. Szewczyk1, D.J. Wilkinson1, K. Smith1, I. Idris1, P.J.
Atherton1;
1University of Nottingham, Nottingham, UK, 2University college Dublin,
Dublin, Ireland.

Background and aims: Insulin resistance has assumed paramount
importance as a risk factor for many metabolic diseases, coinci-
dent with the established pandemic of obesity, worldwide. The
main behavioural strategies to overcome insulin resistance remain
diet and exercise. However, the “andropause”, so-called due to
age-related testosterone(T) depletion has been associated with im-
paired glycaemic control - leading to investigations of the role of
T in regulating insulin sensitivity. Recently, T therapies have been
evaluated in humans with variable effects, such that the role and
efficacy of T therapy in relation to glycaemic control across age
remains unclear. The aim of this study was therefore to investi-
gate the mechanistic and therapeutic role of T therapy during 6-
wks of supervised resistance exercise training(RET), in relation to
insulin sensitivity in groups of healthy younger and older men.
We hypothesized T is a key factor in regulating exercise-induced
improvements in glycaemic control.
Materials and methods: Healthy non-hypogonadal men were recruit-
ed (n=34;‘younger group’18-30y and ‘older group’60-75y; all
BMI≤30kg.m-2, serum T>230ng·dl-1 ) with the aim of determining
the role of: i) endogenous suppression of T in relation to RET-
induced improvements in glycaemic control, and ii) provision of
exogenous T therapy adjuvant to short-term RET in older men.
Thus, young men were assigned in a randomised double-blinded
fashion to receive injection of either: placebo (YP; saline, n=8) or
the GnRH analogue, Goserelin acetate 3.6mg (YG; n=8). Instead,
older men received placebo (OP; saline,n=9) or Testosterone esters
250 mg (OT;n=9). All subjects underwent 6-wks whole body RET
(3sets, 8-10 reps 80% 1-RM) with 75g oral glucose tolerance testing
(OGTT baseline, after injection and after RET)
Results: Provision of Goserelin significantly reduced serum T in YG
(vs.YP), while the OT group elicited marked enhanced serum T(both
P<0.05) that were sustained throughout RET. Over 6-weeks of RET,
both the OT group(1367±572 mU-1.2h-1, P=0.03) and YP group(2381
±1013 mU-1.2h-1, P=0.009) showed decreased insulin area under
curve (AUC), respectively. Further, measures of C-Peptide highlight-
ed decreases in OT compared to OP(OT:601±46 ng.ml-1 vs.OP:830
±77 ng.ml-1, P=0.02), with a decreasing trend in YP compared to
YG(551±57 ng.ml-1 vs. 789±116 ng.ml-1, P=0.08). Additionally,
Cederholm index of peripheral insulin sensitivity in YP showed an
increase from OGTT before and after RET(61.7±4.7 vs.74.5±3.7,
P<0.05), and in OT, showed a significant increase from baseline to
OGTT after RET(57.3±5.1 vs 68.6±5.3 mg·L2·mmol·L−1·mU−1·min−1,
P<0.05). Finally, Matsuda index of insulin sensitivity in YP yielded
significant increases based on fold-change from baseline OGTT to
OGTT after RET(9.9±2.4 vs 12.8±3.2,P<0.05).
Conclusion: T therapy(OT) and non-suppressed endogenous T(YP), en-
hanced insulin sensitivity (supported by reduced c-peptide) in older and
young men, respectively, coupled with RET. We conclude: i)endogenous
T is an important mediator of exercise-induced improvements in insulin
sensitivity, and ii)T therapy adjuvant to pre/re-habilitation exercise may
be of value to overcome the burgeoning trend of worsening insulin resis-
tance with ageing.
Clinical Trial Registration Number: NCT02152839
Disclosure: S.S. Rudrappa: None.
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Flexible insulin therapy: untethered insulin regimen using insulin
degludec and continuous subcutaneous insulin infusion in exercising
adults with type 1 diabetes: FIT untethered
R. Aronson1, A. Li1, R.E. Brown1, S. McGaugh2, L. Yavelberg2, M.C.
Riddell2;
1LMC Diabetes & Endocrinology, Toronto, 2York University, Toronto,
Canada.

Background and aims:Avid exercisers with type 1 diabetes (T1D) using
continuous subcutaneous insulin infusion (CSII) routinely remove their
pump for prolonged periods around exercise, predisposing to
hypoinsulinemia, hyperglycemia and ketosis. We examined the safety
and efficacy of an “Untethered” regimen - evenly splitting basal insulin
between adjusted CSII and a daily injection of insulin degludec.
Materials and methods: This study used a randomized cross-over de-
sign to explore glycemic outcomes following an in-clinic, fasted exercise
(30-min high-intensity and 90-min moderate intensity) in adults with
T1D. After a 1-week run-in, participants were randomized to Usual
CSII or Untethered CSII, for 5-week periods including a week of optimi-
zation, and then crossed over. During the Usual period, the previous CSII
regimens were continued. For the Untethered period, the usual basal dose
was evenly split between insulin degludec injected each morning and
50%-reduced CSII basal rate. In each exercise session, the pump was
suspended 60 minutes prior to exercise and throughout exercise. A linear
mixed-effect model was applied to compare glycemic outcomes between
two CSII regimens with adjustment of pre-exercise glucose levels.
Results: Twenty-seven participants (age 34 ± 10 years (mean ± SD); 52%
males; T1D duration 16 ± 11 years; CSII duration 7 ± 5 years; mean A1c
7.2 ± 0.5%) have completed one or both periods. In the 6 hours following
exercise, the Untethered arm showed significantly more Time in Range
(TIR) than the Usual arm: 27% following high intensity (p=0.02) and 97%
following moderate intensity exercise (p<0.001). The Untethered arm also
demonstrated significantly less time in hyperglycemia with 24% less fol-
lowing high intensity (p=0.04) and 54% less following moderate intensity
exercise (p<0.001). Therewas very little hypoglycemia in either study arm.
Consistent improvement inmean 6-hour glucosewas seen inUntethered vs
Usual arm: 9.2 ± 2.4 vs 10.6 ± 1.9 mmol/L respectively in high intensity
exercise (p=0.056) and 9.4 ± 2.5 vs 11.5 ± 2.8 mmol/L respectively in
moderate intensity exercise (p<0.001) (Table). There were no differences
in pre-exercise glucose or total daily insulin dose (TDD). Both regimens
were well-tolerated with no serious adverse events.
Conclusion: An “Untethered” regimen of daily injection of insulin
degludec and adjusted-rate CSII is safe and effective in avidly exercising
subjects with T1D using CSII and may offer improved glycemic control
in the immediate period following high- and moderate-intensity exercise.

Clinical Trial Registration Number: NCT03838783
Supported by: Novo Nordisk Canada Inc.
Disclosure: R. Aronson: Grants; AstraZeneca, Eli Lilly, Valeant,
Janssen, Senseonics. Honorarium; Novo Nordisk, Sanofi.

527
Glycaemic impact of pre-and post exercise insulin aspart adjust-
ments in individuals with type 1 diabetes treated with insulin
degludec: a cross over randomised trial
O.M. McCarthy1, O. Moser2, M.L. Eckstein2, R. Deere3, J. Pitt1, S.C.
Bain1, J. Hayes1, D.M. Williams1, R.M. Bracken1;
1Swansea University, Swansea, UK, 2Medical University of Graz, Graz,
Austria, 3Bath University, Bath, UK.

Background and aims: To examine the glycaemic responses to alter-
ations in insulin aspart before and/or after exercise in individuals with
type 1 diabetes on a background of insulin degludec (U100).
Materials and methods: After preliminary testing, sixteen individuals
(13 males, age 35 ± 14 years, BMI 26.0 ± 3.4 kg/m2, HbA1c 7.2 ± 1.3 %,
diabetes duration of 15 ± 12 years) on a basal insulin degludec and bolus
insulin aspart regimen attended the laboratory to complete four 23-hour
inpatient phases with meal-induced glycemic disturbances and a 45-
minute evening bout of semi-recumbent cycling at 58 ± 9 % VO2max.
One hour prior to and following exercise, participants administered either
a 100% (Full) or 50% (Reduced) dose of individualised insulin aspart
alongside the consumption of identical carbohydrate (CHO) rich meals
(Pre ex; 1.0 ± 0.0 g.CHO.kg-1.bm, 496 ± 62 kcals. Post-ex; 1.0 ± 0.0
g.CHO.kg-1.bm, 492 ± 55 kcals). Venous blood-glucose (BG) was mea-
sured throughout the remainder of the overnight laboratory stay.
Hypoglycaemia was defined as BG ≤3.9 mmol. l-1. Data were tested for
normal distribution via Shapiro-Wilk test and group differences were
analysed by means of Kruskal-Wallis or one-way ANOVA tests with post
hoc analysis used when appropriate (p≤0.05).
Results: Glycaemia was similar between trials until the pre-exercise meal
(p=0.39). Following the consumption of the pre-exercise meal, BG rose in
all arms (p<0.001), albeit to a lesser extent in full compared to reduced dose
trials (p=0.05). Both the absolute drop (Full-FullΔ -3.5 ± 2.9, Full-reduced
Δ -4.4 ± 2.3, Reduced-FullΔ -3.4 ± 1.4, Reduced-ReducedΔ - 3.6 ± 2.1
mmol.l-1, p=0.54), and rate of change (Full-Full -0.1 ± 0.1, Full-Reduced -
0.1 ± 0.1, Reduced-Full -0.1 ± 0.0, Reduced-Reduced -0.1 ± 0.1
mmol.l.min-1, p=0.11) in BG were similar across conditions, though a
significant reduction in exercise duration due to hypoglycaemia was noted
under the 100% insulin dose trials (Full-Full 35 ± 11, Full-Reduced 33 ± 7,
Reduced-Full 38 ± 10, Reduced-Reduced 41 ± 7 minutes, p=0.02). The
number of occurrences of exercise-induced hypoglycaemia was greater
under the 100% (Full-Full 11 and Full-Reduced 14) as opposed to the
50% insulin dose trials (Reduced-Full 8 and Reduced-Reduced 7,
p=0.05). One hour after exercise and immediately prior to the second
insulin manipulation, BG was similar across trials (p=0.51). In the 6 hours
thereafter, BGwas best preserved under the Reduced-Reduced trial and this
preservation response continued into the nocturnal period. The occurrence
of nocturnal hypoglycaemia was equally low between conditions (Full-Full
3, Full-Reduced 0, Reduced-Full 3, Reduced-Reduced 1, p=0.28)
Conclusion: A reduction to mealtime insulin aspart in the pre-and post-
exercise period, on a background of insulin degludec serves as an effec-
tive glycaemic preservation strategy to avoid low glucose concentrations
in the hours following exercise. However, the effectiveness of this strat-
egy appears to wane into the night-time period when comparable occur-
rence of hypoglycaemia were evident irrespective of dose reduction.
Clinical Trial Registration Number: DRKS00013509
Supported by: Novo Nordisk
Disclosure: O.M. McCarthy: None.

528
Resistance exercise training improves glucose tolerance and beta cell
function in C57BL/6 mice
G.A. Bronczek, J.F. de Barros, G.M. Soares, J.F. Vettorazzi, E.
Marconato-Júnior, E.M. Carneiro, A.C. Boschero, J.M. Costa-Júnior;
Department of Structural and Functional Biology, University of
Campinas, Campinas, Brazil.
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Background and aims: Resistance exercise training can benefit glycemic
control in type 1 diabetic patients and presents reduced risk of hypoglycemic
events. These benefits can be linked with a cross-talk mechanism between
skeletal muscle and the endocrine pancreas, mediated by myokines.
However, the impact of this type of exercise upon pancreatic beta-cell func-
tion has not been explored. Here, we aimed to verify the effects of resistance
exercise training upon glucose homeostasis and beta-cell function.
Materials and methods: C57BL/6 mice were randomly assigned into two
groups: control (CON) and resistance exercise training (RET). TheRETmice
performed 1 session/day, 5 days/week for 12 weeks. Each training session
consisted of 8 climbs, carrying progressive weights (50-100% of the body
weight). We analyzed body composition (body weight, perigonadal fat con-
tent and gastrocnemius weight). We also evaluated glucose-insulin homeo-
stasis through glucose and insulin tolerance test, fasting glycemia and insulin
levels. Moreover, we evaluated the expression of genes associated with en-
doplasmic reticulum (ER) stress and beta-cell function. Data were analyzed
by Student´s t-test. Data are mean ± SEM, and the difference between the
groups were considered statistically significant if P ≤ 0.05.
Results:At the end of the training period, RETmice presented reduced body
weightwhen compared toCON (31.84 g ± 0.70CONx28.32 g± 0.69RET),
in addition to lower perigonadal fat pad (1.13 % body weight ± 0.06 CON x
0.90%bodyweight ± 0.06 RET) and no alterations in gastrocnemius weight.
We also performed a strength test and, as expected, RET mice showed in-
creased maximum carrying capacity (27.75 g ± 1.03 CON x 32.75 g ± 1.10
RET). Regarding glucose-insulin homeostasis, there was no difference be-
tween groups in insulin sensitivity (kITT: 6.80 ± 0.40 CON x 5.99 ± 0.50
RET) six hours after the exercise session. However, RET mice presented
reduced fasting glycemia (171.2 mg/dL ± 4.64 CON x 151.0 mg/dL ± 5.04
RET) and improved glucose tolerance (AUC: 25751 ± 833.8CONx22657 ±
494.5 RET). These results were probably due to an increase in insulinemia
(2.24 ng/μL ± 0.33 CON x 5.39 ng/μL ± 1.19 RET). This increase in
insulinemia may be explained, at least in part, by an improvement of beta-
cell function, which may be related with the reduction in expression of some
genes related to ER stress, such as, XBP1 (1.00 arbitrary unit (UA) ± 0.18
CON x 0.49 UA ± 0.09 RET), ATF4 (0.99 UA ± 0.15 CON x 0.60 UA ±
0.07RET) andCHOP (1.09UA±0.27CONx0.39UA±0.10RET), aswell
as, the increase in the expression of the gene Ins-2 (1.00 UA ± 0.51 CON x
3.80 UA ± 1.25 RET), which is associated with the beta-cell function.
Conclusion: Taken together, these findings suggest that resistance exer-
cise can be considered as a therapeutic strategy to benefit glycemic con-
trol and improve beta-cell function in the diabetes context.
Supported by: FAPESP, CNPq, CAPES
Disclosure: G.A. Bronczek: None.

529
Lower cardiorespiratory response to HIIT exercise programme in
type 1 diabetes sedentary individuals
S. Murillo1,2, L. Brugnara1, L. Alvarado3, A. Novials1;
1CIBERDEM-IDIBAPS, Barcelona, 2Universitat de Barcelona,
Barcelona, 3IDIBAPS-Universitat de Barcelona, Barcelona, Spain.

Background and aims: Regular physical activity can help individuals with
type 1diabetes (T1D) to reduce cardiovascular risk and improveHbA1c levels.
However, the glycaemic responses to exercise are influenced by different
factors, including the type of exercise. High Intensity Interval Training
(HIIT) is characterized by including high-intensity bouts of exercise followed
by rest periods. Its intervallic character could lead to an improvement in per-
formance parameters without disturb glycaemic control. The aim in this first
phase of the studywas tomeasure differences in body composition and fitness
capacity between T1D and controls in response to a HIIT training program.
Materials and methods: 17 sedentary individuals with T1D (age=35.5
±6.4 yr., BMI= 24.7±3.8kg/m2, body fat= 32.5±5.6%, VO2max= 23.8
±5.4ml·kg-1·min-1), with a duration of diabetes of 15.5±8.6 yr. and
HbA1c of 7.2±0.8% volunteered to participate in the study. 14 non-
diabetic controls matched for sex, BMI and physical activity levels were

enrolled in the study. Before the start and at the end of the study, clinical
data, body composition by DXA and performance parameters (VO2max
and 1 repetition maximal for lower-extremity limbs - 1RM test) were col-
lected. Exercise program included 9 sessions (3/week) of HIIT based on
static bicycle activity. Each training session included a 5-min warm-up, 10
bouts of 30-sec at 120-130% of the VO2max followed of 2-min rest at 50%
VO2max. Individuals with diabetes wore a continuous glucose monitoring
(CGM) sensor to evaluate glucose levels during the study.
Results: In individuals with T1D, no differences were observed in mean
glycaemia, time in range or hypoglycemic episodes between days with or
without exercise training. That group showed a slight reduction in total
body fat (from 32.5±5.6% to 31.9±5.7%, p<0.01) and an increase in lean
mass (45.7±10.1kg to 46.1±10.2kg, p=0.003) while there were no changes
in body composition in control group. An increase in VO2max was ob-
served in control group (before: 22.9±6.1 mlO2 kg

-1 min-1; after: 27.1±5.6
mlO2 kg-1 min-1; p<0.001) but not in T1D (before: 23.8±5.5 mlO2 kg-1

min-1; after 25.0±5 mlO2 kg
-1 min-1; p=0.23). Otherwise, T1D group in-

creased strength capacity in 1RM test (before: 140.5±54.4kg; after: 151
±58.3kg; p=0.02) even though there were no statistically significant change
in control group (before 127.1±52.1kg; after: 137.6±48kg; p=0.17).
Conclusion:Despite the improvement in body composition andmaximal
strength capacity, the cardiorespiratory response to a 3-week HIIT-exer-
cise program was attenuated in sedentary T1D individuals, compared
with similar control group. Factors affecting this lower response to exer-
cise need to be investigated.

Supported by: 2014_SGR_520 and CIBERDEM
Disclosure: S. Murillo: None.
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Reproducibility of glucose trajectories during fixed exercise in type 1
diabetes
P.L. Kristensen1, G.T. Notkin2, S. Mølsted2, U. Pedersen-Bjergaard3;
1Department of Endocrinology and Nephrology, Nordsjællands Hospital,
Hillerød, 2Department of Research, Nordsjællands Hospital, Hillerød,
3Department of Endocrinology and Nephrology, Nordsjællands
Hospital, Denmark, Denmark.

Background and aims: Blood glucose fluctuations in people with type 1
diabetes (T1DM) is a result of several factors acting in concert, including
physical activity. Prediction of the effect of physical activity on the glucose
level is difficult, since there may be inter-individual and intra-individual bio-
logical variation. Previous studies have investigated the reproducibility of
plasma glucose patterns during moderate exercise in children and adults with
T1DM and reported mostly reproducible results between two exercise ses-
sions. The purpose of this study was - with continuous glucose monitoring
(CGM) - to assess the reproducibility of the glucose trajectory during three
times of fixed exercise at a moderate intensity in people with T1DM.
Materials and methods: Twelve adults with T1DM performed three test
sessions on an ergometer bike on three different days during approximate-
ly three weeks. Each test session lasted 30 min and the exercise intensity
was 70% of the aerobic capacity. Two hours before the tests the
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participants had a standard breakfast meal. The interstitial glucose (IG)
was measured by CGM. The statistical analysis primarily aimed - at an
individually level - to compare the slope of the glucose trajectory in all
three sessions (session 1, 2 and 3). If IG dropped below 3.9 mmol/l, this
and the rest of the glucose values were truncated.
Results: The 12 participants were 37 (27 - 46) years old (median (IQR)),
included six males and six females, and their HbA1c was 65 ± 15 mmol/mol
(mean ± SD). Duration of T1DM was 16 ± 9.3 (mean ± SD) years. Nine
participants used insulin pump, three were on pen based basal bolus therapy.
In 35 of the 36 sessions IG declined during cycling. In the last session, which
was the very first session, a paradox IG increment was observed. Since we
consider unaccountedmethodological bias for this adverse response, we have
omitted this session from the analysis. There was no correlation between the
slopes of each three sessions, meaning that when the individual slopes at visit
1 and 2 and 1 and 3 and 2 and 3 were compared, the distribution of slopes in
the three visits was not different, but identical (Figure 1). The standard devi-
ations of the slopes at visits 1, 2 and 3 were almost identical. The mean IG
decline for all participants was 4.4 (1.0) mmol/l/hour (SD). Using data from
all 35 sessions, there was no association between baseline IG and slopes: -
0.21 (-0.49 - 0.077) mmol/l per mmol/l/min.
Conclusion: This study suggests that the glucose level changes assessed
by CGM are reproducible and therefore predictable when people with
type 1 diabetes are exposed to identical regimes of moderate to high
exercise on an ergometer bike for 30 minutes two hours after a meal.
This finding forms an important methodological base for future research
and can be used when counselling people with type 1 diabetes who wants
to do exercise in a safe way and.

Clinical Trial Registration Number: NCT02942069
Disclosure: P.L. Kristensen: None.

531
Type 2 diabetes remission one year after an intensive lifestyle inter-
vention: a secondary analysis of a randomised controlled trial
M. Ried-Larsen1, M. Yun Johansen1, C. MacDonald2, K. Hansen1, R.
Christensen3, A.-S. Wedell-Neergaard1, N. Pilmark1, H. Langberg2, A.
Vaag4, B. Pedersen1, K. Karstoft1;
1Centre for Physical Activity Research, Rigshospitalet, Copenhagen,
Denmark, 2Social Medicine, University of Copenhagen, Copenhagen,
Denmark, 3Musculoskeletal Statistics Unit, The Parker Institute,
Bispebjerg and Frederiksberg Hospital, Copenhagen, Denmark,
4AstraZeneca, Gothenburg, Sweden.

Background and aims: We aimed to investigate whether intensive life-
style intervention induced partial or complete type 2 diabetes (T2D) re-
mission one year after the termination of the intervention.
Materials andmethods: In a secondary analysis of a randomized, assessor-
blinded, single-center trial, patients with non-insulin dependent T2D (dura-
tion<10 years), were randomly assigned (2:1, stratified by sex, from April
2015 to August 2016) to a lifestyle intervention group (n=64) or a standard
care group (n=34). The primary outcomewas partial or complete T2D remis-
sion defined as non-diabetic glycemia with no glucose-lowering medications

at the outcome assessments at both 12- and 24-months from baseline. All
participants received standard care with a standardized, blinded, target-driven
medical therapy during the initial 12-months. The lifestyle interventionmore-
over included 5-6 weekly aerobic and combined aerobic and strength training
sessions (30-60 min) and individual dietary plans aiming for BMI ≤ 25 kg/
m2. No intervention was provided during the 12 months follow-up period.
Results: Among 98 randomized participants, 93 (mean [SD] age, 54.6 [8.9]
years; 46 [43%] women; mean [SD] baseline HbA1c 6.9 [1.8] %) were
included. At follow-up, 23% in the intervention and 7% in the standard care
group met the criteria for any T2D remission (odds ratio (OR) [95% CI] 4.4
[0.8 to 21.4], p=0.08). Assuming participants lost-to-follow-up (N=5) had
relapsed, theOR [95%CI] for T2D remissionwas 4.4 [1.0 to 19.8] (p=0.048).
Conclusion: The statistically non-significant three-fold increased remis-
sion rate of T2D calls for further large-scale studies to understand how to
implement sustainable lifestyle interventions in T2D.
Clinical Trial Registration Number: NCT02417012
Supported by: Trygfonden
Disclosure: M. Ried-Larsen: None.

532
The effects of growth hormone and anabolic androgenic steroids on
carbohydrate metabolism in men involved in recreational activity
M.P. Lykhonosov1, A.Y. Babenko1, V.A. Makarin2, Y.N. Fedotov2;
1First Pavlov State Medical University, St. Petersburg, 2Federal State
Budgetary Educational Institution of Higher Education "Saint-
Petersburg State University", St. Petersburg, Russian Federation.

Background and aims: Performance enhancing drugs (PED) is quite
prevalent in men involved in recreational activity. There is a widespread
misperception that PED use is safe or that adverse effects are manageable.
The number of studies on the effect of self-contained use of growth
hormone (GH) and AAS (in combination or separately) on carbohydrate
metabolism among non-professional athletes is not enough and it is dif-
ficult to conduct them for ethical reasons. Hypothesis: GH is an insulin
antagonist and causes hyperglycemia, AAS increases glucose utilization.
Their use can affect glucose homeostasis.
Materials andmethods:Ananonymous surveywas conducted amongmale
non-professional athletes. 1815 questionnaires were distributed. The question-
naires were available in two formats an electronic version (Google Forms) and
printed version. GH and AAS users who signed the informed consent were
involved into the study and examined at the peak of the use of performance
enhancing drugs. Inclusion criteria were: the use of injectable forms of testos-
terone (propionate and enanthate) in weekly dosage of 250 to 1000 mg com-
binedwithGH5-10 IUdaily. The duration of use of PEDwere up to 4months.
BMI, HbA1c, immunoreactive insulin (IRI), Fasting plasma glucose (FG) and
homeostatic model assessment-insulin resistance HOMA-IR were checked.
Results: 762 questionnaires were received. 550 were acceptable. Out of 550
respondents GH users n= 200 (36.4%), AAS users n = 167 (30.4%), GH +
AASusers n=93 (16.9%).Surveyed21patients (21M), age26±2.8.BMI29.8
± 3.1 (kg/m2). The duration of use of AAS andGH1.5 ± 0.3 years, the average
duration of the course was 7.8 weeks. Glucosemetabolism: HbA1c 4.9%, [4.0;
5.1] (normal 4.0-5.6%); FG 4.2 mmol / l, [3.9; 4.8] (normal 3.3-5.5); IRI 32.5
mcIU / mL, [15; 39] (normal 2,6-24,9); HOMA-IR 6.2 [2.6; 7.9] (normal to
2.7). Significant correlations were found between the duration of administration
of AAS and HOMA-IR (R = 0.493, p = 0.002), the applied doses of AAS and
HOMA-IR (R = 0.397, p = 0.008), and also between GH and HvA1c (R =
0.439, p = 0.001),GHandFG (R=0.327, p = 0.008). Therefore, the longer and
in high doses AAS are taken, the more pronounced is insulin resistance, while
GH also has a significant effect on glucose metabolism.
Conclusion: The use of GH and AAS among non-professional athletes is
widespread. Indicators of glucose metabolism in athletes abusing GH and
AAS are characterized by increased levels of IRI and insulin resistance
with low HbA1c and lean glucose levels. Self-administration of large
doses of GH and AAS can lead to violation of carbohydrate metabolism.
Disclosure: M.P. Lykhonosov: None.
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The effect of diabetes-associated genetic variation in TCF7L2 on
postprandial glucose metabolism independent of islet cell secretion
A.M. Egan1, J.D. Adams1, C. Cobelli2, C. Dalla Man2, A. Vella1;
1Mayo Clinic College of Medicine, Rochester, USA, 2Universita di
Padova, Padova, Italy.

Background and aims: The T-allele at rs7903146 in TCF7L2 is associ-
ated with increased risk of type 2 diabetes (T2DM), mediated by small,
but significant, defects in insulin secretion and glucagon suppression.
However, given the potential biological roles of TCF7L2, it has been
suggested that this variant also has effects on insulin action and on hepatic
glucose metabolism. Any changes in these parameters would be indepen-
dent of alterations in α-cell and β-cell secretion. Therefore, we sought to
examine the effect of rs7903146 genotype on glucose metabolism when
postprandial insulin and glucagon concentrations were matched in non-
diabetic subjects.
Materials and methods: We studied 60 non-diabetic subjects, half of
whom had the TT genotype at rs7903146 while the remainder had the
diabetes-protective (CC) genotype. The genotype groups were matched
for age, weight, sex, and fasting glucose. On the day of study, they re-
ceived intravenous glucose (labeled with [3-3H]-glucose) infused to mim-
ic the systemic appearance of 50g oral glucose. Endogenous hormone
secretion was inhibited by somatostatin and Insulin was infused in a
manner replicating non-diabetic post-prandial insulin concentrations.
Glucagon was infused at a rate of 0.65ng/kg/min, starting 120 minutes
after initiation of the glucose challenge and continued till the end of the
experiment so as to mimic post-prandial suppression. Endogenous glu-
cose production (EGP) and glucose production (Rd) were measured using
the tracer-dilution technique.
Results:By design, fasting (31 ± 7 vs. 39 ± 10 pmol/l), peak (121 ± 10 vs.
136 ± 14 pmol/l) and integrated (area above basal - AAB) insulin con-
centrations did not differ between TT and CC genotype groups, respec-
tively (all p > 0.05). Similarly fasting, nadir (30 ± 2 vs. 31 ± 3 ng/l) and
integrated glucagon concentrations did not differ between groups. In
these circumstances, with matched glucagon and insulin concentrations,
peak (10.9 ± 0.3 vs. 11.0 ± 0.4 mmol/l) and AAB glucose (1178 ± 59 vs.
1171 ± 80mmol per 5hr, p = 0.76) did not differ. Fasting, nadir (3 ± 1 vs. 4
± 1 μmol/kg/min, p = 0.25) and integrated EGP also did not differ be-
tween groups. Similarly, no differences in peak (68 ± 3 vs. 78 ± 4
μmol/kg/min) and integrated Rd were observed (all p > 0.05).
Conclusion: These data indicate that when insulin and glucagon concen-
trations are matched, diabetes-associated genetic variation in TCF7L2
does not directly alter glucose metabolism. This makes an effect of
TCF7L2 on insulin action, glucose effectiveness or glucose metabolism
independent of alterations in glucagon and insulin secretion unlikely.
Supported by: NIH/NIDDK Grant: DK116231 and NIH Training Grant
5T32DK007352-37
Disclosure: A.M. Egan: None.
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Reduced insulin clearance relates to increased liver fat content in
recent-onset type 2 diabetes and to impaired glucose control in
recent-onset type 1 diabetes
S. Antoniou1,2, O.-P. Zaharia1,3, P. Bobrov3,4, K. Strassburger3,4, Y.
Karusheva1,3, K. Bodis1,3, Y. Kupriyanova1,3, V. Burkart1,3, J.-H.
Hwang1,3, K. Muessig1,2, A. Gastaldelli5,6, M. Roden1,2, J. Szendroedi1,2;
1Institute for Clinical Diabetology, German Diabetes Center, Leibniz
Center for Diabetes Research at Heinrich Heine University,
Duesseldorf, Germany, 2Division of Endocrinology and Diabetology,
Medical Faculty, Heinrich Heine University, Duesseldorf, Germany,
3German Center for Diabetes Research (DZD), München-Neuherberg,
Germany, 4Institute for Biometrics and Epidemiology, German Diabetes

Center, Leibniz Center for Diabetes Research at Heinrich Heine
University, Duesseldorf, Germany, 5Institute of Clinical Physiology
Consiglio Nazionale delle Ricerche, Pisa, Italy, 6Department of
Medicine, Division of Diabetes, University of Texas Health Science
Center at San Antonio, San Antonio, USA.

Background and aims: Insulin clearance can be lower in longstanding
insulin resistant states, whereas hepatic insulin kinetics are not yet clear in
patients with newly diagnosed diabetes mellitus. We therefore aimed to
assess hepatic and whole-body insulin clearance as well as the role of
possible metabolic modulators in individuals with known diabetes dura-
tion of less than one year.
Materials and methods: Volunteers with type 1 (T1D; n=276, 66%
male, age 37±12 years, BMI 25±4 kg/m2) or type 2 diabetes (T2D;
n=451, 69%, 53±10 years, 32±6 kg/m2), with good glycemic control
(HbA1c 6.6±1.1% and 6.42±0.9 % respectively) and glucose-tolerant
humans (CON; n=143, 65%, 44±14 years, 27±5 kg/m2) underwent
hyperinsulinemic-euglycemic clamps to assess whole-body insulin sensi-
tivity (M-value) and whole-body insulin clearance (ICWBIC,

ml*kg-1*min-1). Administration of insulin, which was used in 36% of
the patients, was discontinued for 12 hours and oral glucose-lowering
agents for 3 days prior to the examination. Hepatic insulin clearance
was calculated from the ratio of the areas under the curve of plasma C-
peptide and insulin during intravenous glucose tolerance (ICIVGTT, 0-60
min) and mixed meal tolerance tests (ICMMT, 0-180 min). Hepatocellular
lipid content (HCL) was measured by 1H-magnetic resonance spectros-
copy and steatosis was defined as HCL >5%. All analyses were adjusted
for age, sex and BMI.
Results:Compared to T2D and CON, T1D had a lower ICIVGTT (7.9±5.4
vs. 10.6±3.6 and 10.7±3.1, all p<0.05) as well as ICMMT (5.9±2.8 vs. 9.9
±31.4 and 8.6±2.3, all p<0.05), which in turn correlated negatively with
HbA1c (r=-0.234 and r=-0.029, both p <0.05). In T2D, ICIVGTT was
positively correlated with the M-value (r=0.379, p<0.05). T2D patients
with hepatic steatosis (n=76) had 8% and 7% lower ICWBIC and ICIVGTT

(both p<0.05) compared to T2D without steatosis (n=56). CON with
steatosis (n=21) also showed a trend towards impaired ICWBIC

(p=0.059) than those without steatosis (n=94). ICMMT positively correlat-
ed with the M-value (r=0.289 and r=0.272, both p<0.05) in T1D and
T2D, but not in CON.
Conclusion: Glycemic control impairs insulin clearance particularly in
T1D patients, whereas steatosis reduces clearance in T2D suggesting
different compensatory mechanisms of insulin kinetics.
Clinical Trial Registration Number: NCT01055093
Disclosure: S. Antoniou: None.
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Inhibition on macrophage inflammatory protein 1b retards the pro-
gression of hyperglycaemia in experimental diabetes
T.-T. Chang1, L.-Y. Lin2, J.-W. Chen1;
1Institute of Pharmacology, National Yang-Ming University, Taipei City,
2Div. Endocrinol & Metab., Taipei Veterans General Hospital, Taipei
City, Taiwan.

Background and aims: Systemic inflammation has been related to the
progression of hyperglycemia in diabetes mellitus (DM). Macrophage
inflammatory protein (MIP)-1β may be upregulated in DM patients.
This study aimed to investigate if inhibition on MIP-1β could retard the
progression of hyperglycemia in different experimental hyperglycemia
models.
Materials and methods: Streptozotocin-induced diabetic mice, Leprdb/
JNarl diabetic mice, and C57BL/6 mice fed a high fat diet were used for
the experiment models of type 1 DM, type 2 DM, and metabolic syn-
drome individually. The pancreatic β-cell line NIT-1 was treated with
streptozotocin for in vitro experiments. Mice were randomized to receive
an intraperitoneal injection of an anti-MIP-1β neutralizing monoclonal
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antibody and were injected 3 times per week for 2 or 4 weeks. Mouse
IgG2A isotype was administered as a control.
Results: In streptozotocin-induced diabetic mice, inhibition on MIP-1β
maintained blood sugar (DM group 440.5 ± 24.8 mg/dl vs. MIP-1β
inhibition for 4 weeks group 259.8 ± 89.3 mg/dl, P<0.01) and increased
serum insulin levels (DMgroup 0.25 ± 0.05 ng/mL vs. MIP-1β inhibition
for 4 weeks group 0.71 ± 0.05 ng/mL, P<0.01) with increased islet cell
proliferations and decreased pancreatic interleukin (IL)-6 and -8 expres-
sion. In type 2 diabetes and metabolic syndrome models, MIP-1β inhibi-
tion retarded the progression of hyperglycemia (DM group 656.3 ± 39.7
mg/dl vs. MIP-1β inhibition for 4 weeks group 377.0 ± 33.6 mg/dl in the
type 2 diabetes model, P<0.01; DM group 245.4 ± 18.7 mg/dl vs. MIP-
1β inhibition for 4 weeks group 208.6 ± 24.4 mg/dl in the metabolic
syndrome model, P<0.01), reduced serum tumor necrosis factor-α (DM
group 16.65 ± 3.28 pg/mL vs. MIP-1β inhibition for 4 weeks group 7.36
± 2.79 pg/mL in the type 2 diabetes model, P<0.01; DM group 3.87 ±
0.50 pg/mL vs. MIP-1β inhibition for 4 weeks group 1.31 ± 0.22 pg/mL
in the metabolic syndrome model, P<0.01) and IL-6 levels (DM group
186.13 ± 71.58 pg/mL vs. MIP-1β inhibition for 4 weeks group 28.75 ±
16.04 pg/mL in the type 2 diabetes model, P<0.01; DM group 15.20 ±
2.88 pg/mL vs. MIP-1β inhibition for 4 weeks group 6.40 ± 0.69 pg/mL
in the metabolic syndrome model, P<0.01), and improved insulin resis-
tance with the reduction on phosphorylation of insulin receptor substrate-
1 in skeletal muscle and in liver tissues. Further, MIP-1β inhibition di-
rectly protected pancreatic β-cells from streptozotocin stimulation
in vitro.
Conclusion: Inhibition on MIP-1β protected pancreatic islet cells, im-
proved insulin resistance and retarded the progression of hyperglycemia
in different experimental models, suggesting the potential role of MIP-1β
related inflammation in clinical DM.
Supported by: V105E18-004-MY3, V105C-117, and V104C-101 from
Taipei VGH
Disclosure: T. Chang: None.
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When there is no haemolysis, plasmaC-peptide levels are stable up to
5 days at 4°C
A. Niwaha1,2, W. Nakanga1,2, J.-C. Katte1, B. Shields1, A. Jones1, M.
Nyirenda2, T. McDonald1;
1University of Exeter, Exeter, UK, 2NCD Theme, MRC/UVRI and
LSHTM Research Unit, Entebbe, Uganda.

Background and aims: C-peptide is the best measure of endogenous
insulin secretion and has become crucial in the clinical management of
diabetes in most countries. Until now, there is minimal evidence regard-
ing the effect of hemolysis on the stability of C-peptide on and off cells in
different storage conditions. In this study, we investigated the impact of
mild-moderate and severe/high hemolysis on the stability of plasma and
serum c-peptide on and off cells, stored at room temperature or 4oC.
Materials and methods: The study was conducted in the clinical
Biochemistry laboratory. We collected a total of 36 plasma and serum
samples from 3 non-diabetic volunteers in the fasting, random and post-
meal state. To cause low (mild-moderate) hemolysis, we induced hemo-
lysis by freezing the samples for 8 minutes and 13 minutes for high
(severe) hemolysis to match their respective hemolysis indices.We inves-
tigated the impact of hemolysis, preservative type and storage conditions
on the stability of C-peptide over 5 days.
Results:Without hemolysis, plasma C-peptide (EDTA) stored at 4oCwas
stable in the up to 5 days; Plasma C-peptide (EDTA) stored at room
temperature, was more stable in the off-cell sample than on-cell sample
at 95% and 90% of the baseline respectively after 48 hours. After 72
hours, C-peptide in the on-cell sample reduced by more than 25% of
baseline. SerumC-peptide stored at 4oC remained stable at approximately
98% of the baseline in both the samples off and on cells after 48 hours. In
the serum sample stored at RT, the c-peptide levels had reduced by 20%

of the baseline after 48 hours. With hemolysis, In the presence of mild-
moderate hemolysis, Plasma C-peptide (EDTA) remained stable (>95%
baseline) in the on and off-cell samples kept at 4oC after 72 hours. Plasma
C-peptide at room temperature had reduced by 10% and 30% in the off
and on-cell samples respectively after 24 hours. Serum C-peptide at room
temperature had reduced by more than 20% in both the on and off-cell
samples after 24 hours. Severe hemolysis markedly reduced the stability
of C-peptide in both serum and plasma analytes.
Conclusion: Together, the findings underscore the importance of
assessing for hemolysis, immediate centrifuging and separating in C-
peptide sample handling. In settings where analysis is not done in real-
time, C-peptide, if collected in plasma (EDTA) tubes and kept at 4o C can
be accurately tested within 5 days of sample collection if there is no
hemolysis. Any degree of hemolysis markedly reduces serum c-peptide
levels.
Disclosure: A. Niwaha: None.
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Factors that influence estimated renal threshold for glucose in sub-
jects with newly diagnosed diabetes, pre-diabetes and normal glucose
tolerance
J. Chen, Z. Sun;
Department of Endocrinology, Zhongda Hospital, Institute of Diabetes,
Medical School, Southeast University, Nanjing, China.

Background and aims: The role of kidney in glucose homeostasis has
gained much more attention, which largely through renal glucose reab-
sorption. Recent studies have confirmed the efficacy of selective sodium
glucose co-transporter 2 inhibitors in diabetes treatment by reducing renal
threshold for glucose (RT) and promoting urine glucose excretion (UGE).
However, so far, little research has been designed to investigate factors
that influence RT. The aim of this study was to investigate factors that
influence RT in subjects with newly diagnosed diabetes (NDM), pre-
diabetes (PDM) and normal glucose tolerance (NGT).
Materials and methods: A total of 629 individuals, aged 18 to 65,
without previously diagnosed diabetes were included in this study. Each
subject was given an oral glucose tolerance test (OGTT) during which
plasma glucose and UGE were measured and these data were used to
calculate RT. Multiple linear regression analysis and logistic regression
analysis were carried out to analyze risk factors associated with high RT.
Results: Compared with NGT group, participants with PDM and NDM
were older, have higher UGE and higher RT. The prevalence of high RT
(≥ 180 mg/dl) was 20%. In addition, compared with low RT group (< 180
mg/dl), age, systolic blood pressure, HbA1c, triglycerides, and waist-to-
hip ration (WHR) were significantly higher, whereas high-density lipo-
protein-cholesterol (HDL-C) was significantly lower in high RT group (p
< 0.05). Moreover, RT was significantly and positively related to age,
systolic blood pressure, triglycerides, total cholesterol (TC), low-density
lipoprotein-cholesterol (LDL-C), WHR and body mass index (BMI),
while an inverse relationship between HDL-C and RT was observed.
However, after multivariable adjustment, the positive associations
between systolic blood pressure, triglycerides, TC, LDL-C, BMI
and RT are no longer significant, while age and WHR were still
positively associated with RT. In addition, HDL-C was still neg-
atively correlation with RT. Furthermore, a binary logistic regres-
sion analysis was performed to identify the factors associated with
the risk of high RT. The results showed that age ≥ 40 years,
elevated triglycerides and central fat distribution were significant-
ly associated with an increased odds ratio of high RT in the
multi-adjusted model (Table 1). Moreover, female showed a
1.88-fold increased odds ratio for high RT compared with male.
Conclusion: Age, gender, fat distribution, and triglyceride are in-
dependently associated with the risk of high RT. The cause-effect
relationship between the identified risk factors and RT needs fur-
ther investigation.
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Supported by: National Key R&D Program of China
Disclosure: J. Chen: None.
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Direct effects of glucagon on human adipocytes
M.J. Pereira, K. Thombare, P.G. Kamble, A. Sarsenbayeva, P.
Lundkvist, K.E. Almby, J.W. Eriksson;
Uppsala University, Uppsala, Sweden.

Background and aims: Glucagon acts as a counter-regulatory hormone
to insulin and is a primary regulator of hepatic glucose production.
Glucagon receptor (GCGR) is expressed mainly in liver and kidney and
its expression in human adipose tissue (AT) is presumed to be low. In type
2 diabetes (T2D), plasma glucagon levels are elevated compared to
healthy controls (fasting reference rage <60 pM and <18 pM, respective-
ly), which can contribute to hyperglycemia. However, no studies have
addressed the impact of glucagon on human adipocyte glucose metabo-
lism. Therefore, we aimed to study glucagon effects on human adipocyte
glucose and lipid metabolism and to determine the expression levels of
the GCGR in human adipose tissue.
Materials and methods: Adipocytes isolated from AT obtained from
healthy volunteers (9M/14F, 20-74 yrs, BMI: 22.0-54.0 kg/m2) were pre-
incubated without (control) or with glucagon (0.01-100 nM) and w/wo
insulin for 10-15 min. Then, 14C-glucose uptake and lipolysis (w/wo the
beta-adrenergic agonist, isoproterenol) were measured. Furthermore, sub-
cutaneous abdominal ATwas obtained with needle biopsies from 20 con-
trol and 20 metformin-treated T2D (HbA1c: 6.6 ± 0.3% [48.8±8.6mmol/
mol], mean±SD) subjects matched for gender (10M/10F), age (58 ± 11 vs
58 ± 9 y) and BMI (30.8 ± 4.6 vs 30.7 ± 4.9 kg/m2). AT was used to
measure GCGR gene expression and to measure 14C-glucose uptake
(w/wo insulin) in adipocytes isolated with collagenase.
Results: Ex vivo incubation of human adipocytes with glucagon dose-
dependently (0.01-100 nM) increased basal and insulin-stimulated glu-
cose uptake by about 2- and 1.7-fold (p<0.05), respectively, with the
maximum effect observed at 10 nM (a supraphysiological level).
Glucagon at 0.1 nM, which corresponds to a high physiological concen-
tration in T2D subjects, significantly increased basal and insulin-
stimulated glucose uptake by 1.3-fold (p<0.05). In contrast, glucagon
did not modify the adipocyte insulin sensitivity to glucose uptake.
Glucagon dose-dependently increased basal and isoproterenol-
stimulated lipolysis up to 3.7- and 2.0-fold (p<0.05) at 1 nM, respectively,
compared to control. However, glucagon did not affect the ability of
insulin to inhibit isoproterenol-stimulated lipolysis. GCGR mRNA ex-
pression was detected in 30% of the samples (23 out of 79). Upon fasting,
GCGR gene expression levels did not differ between T2D and control
subjects (0.012±0.020 vs 0.016±0.030 FPKM, p=NS: respectively).
GCGR mRNA expression in AT was positively correlated with fasting
(r=0.66, p<0.05) and insulin-stimulated (25 and 1000 μU/mL) glucose
uptake (r=0.73 and r=0.66, p<0.05, respectively) in isolated adipocytes
from both control and T2D group.
Conclusion: Paradoxically, glucagon at high concentrations can increase
both glucose uptake and lipolysis in human adipocytes. The GCGR gene

is variably expressed and at low levels in human subcutaneous AT. Taken
together our data suggest an important role of glucagon in regulation of
adipocyte metabolism.
Supported by: EXODIAB, SSMF, SW Diabetes Fond, ALF
Disclosure: M.J. Pereira: None.
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Sex dimorphic role of estrogen receptor α in physiological regulation
of hepatic metabolism
B. Tramunt1,2, S. Smati1,3, N. Grandgeorge1,2, A. Fougerat3, M.
Guillaume1, J.-F. Arnal1, C. Naylies4, Y. Lippi4, H. Guillou3, A.
Montagner1, P. Gourdy1,2;
1Institute of Cardiovascular andMetabolic Diseases, INSERM, Toulouse,
2Diabetology Department, CHU de Toulouse, Toulouse, 3Toxicology and
Integrative Metabolism Team, INRA Toxalim, Toulouse, 4Get-TRiX,
INRAToxalim, Toulouse, France.

Background and aims: Besides their pivotal role in sexual development
and reproduction, estrogens, mainly 17β-estradiol (E2), contribute to
whole-body metabolic homeostasis, protecting against a myriad of pa-
thologies including type 2 diabetes and Non Alcoholic Fatty Liver
Disease (NAFLD). Numerous experimental studies have demonstrated
that the estrogen protective effects are mediated by ERα. To date, phys-
iological function of hepatic ERα is viewed as a hormonal sensor re-
quired for reproduction. Our preliminary data demonstrating that hepatic
ERα expression is circadian under the control of food intake, we aimed to
determine the physiological role of this receptor in the adaptation of
metabolic hepatic pathways according to nutritional status (fasted/fed).
Materials and methods: Twelve-week-old male and female mice har-
boring a specific ERα deletion in hepatocyte (LERKO) and their wild-
type littermates (LERWT) were fed a chow diet and sacrificed at ZT16 in
fed or fasted (16 hours) state. Hepatic transcriptomic profiles were deter-
mined by microarray and expression of genes of interest confirmed by
qRT-PCR.
Results: Transcription profiles reveal a strong sex dimorphic influence of
hepatocyte ERα on liver gene expression. Indeed, a greater number of
genes are differentially expressed (lFCl > 1,5) according to genotypes in
females than in males (4577 genes vs 64 genes, respectively). In females,
hepatic ERα is involved in the regulation of metabolic pathways in both
fed and fasted status. Indeed, expression and activity of the transcriptional
factorChREBPβ, a glucose-inducedmaster regulator of lipidmetabolism,
is specifically decreased in the liver of LERKO female mice.
Accordingly, Fasn, a key enzyme of de novo lipogenesis, presents the
same expression profile. In fasted state, gene expression of PPARα, a
crucial actor of lipid oxidation, and of its target genes, such as Cyp4a14
or Vnn1, is increased in the absence of hepatic ERα in females, although
not altered in males.
Conclusion: This study suggests that hepatocyte ERα acts as a nutrition-
al sensor in the liver of female mice, playing a significant role in meta-
bolic adaptations to the nutritional status (fasted/fed). Further characteri-
zation of this sex dimorphic modulation of hepatic metabolic flexibility
will provide important new insights to promote gender-based approaches
for the prevention/treatment of metabolic diseases, a major medical chal-
lenge in the next future.
Supported by: SFD, SFN
Disclosure: B. Tramunt: None.
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Sodium nitrate attenuates high fat diet-induced glucose intolerance
and skeletal muscle mitochondrial ADP insensitivity
H. Brunetta1,2, H. Petrick2, K. Dennis2, V. Politis-Barber2, A. Kirsh2, P.-
A. Barbeau2, E. Nunes1, G. Holloway2;
1Federal University of Santa Catarina, Florianopolis, Brazil, 2University
of Guelph, Guelph, Canada.
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Background and aims: While the underlying etiology of insulin resis-
tance is not fully understood, mitochondria play a crucial role through
increased redox stress, due, in part, to attenuation in mitochondrial ADP
sensitivity. Importantly, mitochondria are highly responsive to lifestyle
interventions, including dietary modifications. Dietary nitrate consump-
tion has been shown to improve glucose tolerance in a diet-induced obe-
sity model. However, the effects of dietary nitrate on mitochondrial func-
tion under insulin resistance and lipid overload have not been explored.
Therefore, we aimed to investigate the effects of dietary nitrate supple-
mentation on glucose homeostasis and skeletal muscle mitochondrial
function in a high-fat diet-induced mouse model.
Materials and methods:Male C57Bl/6J mice (~20-22 weeks old) were
randomly assigned to consume a control diet (10% fat), or a high-fat diet
(HFD, 60% fat) in the presence or absence of a 4 mM sodium nitrate via
drinking water (n=10/group) for 8 weeks. At the end of the treatment,
whole-body metabolic characterization (indirect calorimetry, glucose tol-
erance test) and mitochondrial respiration in permeabilized skeletal mus-
cle fibres were performed.
Results: HFD increased body mass, whole-body lipid oxidation, and
glucose intolerance compared to Lean mice (P<0.05). Dietary nitrate
supplementation did not change body mass gain, respiratory exchange
ratio, total energy expenditure, and fasting blood glucose values.
However, dietary nitrate ingestion prevented high-fat diet-induced glu-
cose intolerance (P<0.05). Regardless of nitrate consumption, HFD did
not change maximal mitochondrial respiration. HFD attenuated mito-
chondrial ADP sensitivity ~40%, as the apparent ADP Km was 50%
higher (1143 ± 70 μM ADP) than Lean mice (821 ± 74 μM ADP). In
this context, dietary nitrate totally prevented HFD-induced impairments
in mitochondrial ADP sensitivity (apparent Km 869 ± 69 μMADP). As a
result, while submaximal mitochondrial respiration in the presence of
physiological ADP concentrations (25 μM) was impaired following
HFD, nitrate supplementation completely prevented this response.
Conclusion:Dietary nitrate supplementation attenuated diet-induced glu-
cose intolerance in association with a maintaining skeletal muscle mito-
chondrial ADP sensitivity. Thus, sodium nitrate may be used to target
mitochondrial health and improve some metabolic impairments related to
obesity.
Supported by: NSERC-Canada and CAPES-Brazil
Disclosure: H. Brunetta: Grants; Natural Sciences and Engineering
Research Counci l of Canada (NSERC); Coordenação de
Aperfeiçoamento de Pessoal de Nível Superior - Brasil (CAPES).
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Antidiabetic and glucose lowering effects of [S4K] substituted ana-
logue of CPF-AM1 peptide from Xenopus amieti in db/db mice
Y.H.A. Abdel Wahab, V. Musale, C.R. Moffett, P.R. Flatt;
University of Ulster, Coleraine, UK.

Background and aims: We previously demonstrated that the modified an-
alogue of CPF-AM1; [S4K] CPF-AM1 (GLGKVLGKALKIGANLL.NH2)
exhibited insulinotropic effects in vitro and acute antihyperglycemic properties
in vivo in mice with high fat diet induced obesity-diabetes. We expanded on
our previous studies to investigate the long-term effects of [S4K] CPF-AM1
on glucose homeostasis in genetically obese-diabetic (db/db) mice.
Materials and methods: Genetically obese-diabetic mice (db/db) were
treated with [S4K] CPF-AM1 (75nmol/kg body weight, i.p.) for 28 days.
Other groups similarly received exendin-4 (25nmol/kg) or the native pep-
tide CPF-AM1 (75 nmol/kg bw). Body weight, energy intake, water
intake, circulating plasma glucose and insulin, HbA1c, glucose tolerance
(18mmol/kg), insulin sensitivity (50units/kg), body composition, plasma
lipids, liver and kidney functions, and insulin-secretory responses of islets
were studied. Expression of genes involved in insulin signalling and
secretion were examined.
Results: Treatment of adult db/db mice with [S4K] CPF-AM1, signifi-
cantly decreased blood glucose by 16% and was associated with 1.5-fold

increase in insulin secretion (P<0.05, n=8) without appreciably altering
cumulative energy intake. [S4K] CPF-AM1 improved glucose tolerance,
insulin sensitivity and resulted in 29% decrease of HbA1c (P<0.05).
Responses of isolated islets from db/db mice to well-known insulin se-
cretagogues such as GLP-1 (1μM), GIP (1μM), alanine (10mM), argi-
nine (10mM) and KCl (30mM) were significantly improved by [S4K]
CPF-AM1 (P<0.01-P<0.001). [S4K] CPF-AM1, treatment had no signif-
icant effects on lipid profile and body composition. Elevated biomarkers
of liver and kidney function (plasmaALT, AST, ALP and creatinine) were
significantly lowered (0.9-1.6-fold), (P<0.05- P<0.001). The elevated ex-
pression of insulin signalling genes (Slc2a4, Insr, Irs1, Akt1, Pik3ca,
Ptb1) in the skeletal muscles of db/db were significantly downregulated
by [S4K] CPF-AM1 treatment (P<0.05-P<0.001). Expression of insulin
secretion genes (Ins1, Abcc8, Kcnj11, Slc2a2, Cacn1c, Gck, Glp1r, Gipr)
were significantly upregulated (P<0.05-P<0.001) in all peptide treated
mice compared to control as was Pdx1 gene expression (P<0.01-
P<0.001). Furthermore, Stat1 gene expression was down regulated by
[S4K] CPF-AM1 treatment (P<0.05).
Conclusion: These data indicate that [S4K] CPF-AM1 exhibits a broad
range of antidiabetic actions in db/db mice suitable for the treatment of
type 2 diabetes.
Supported by: Diabetes UK Basic Science
Disclosure: Y.H.A. Abdel Wahab: None.
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Methylglyoxal activates p53 in human endothelial cells but not in
renal tissue of diabetic BTBROb/Ob mice
X. Zhang, A. Rodriguez, J. Qiu, H.-P. Hammes, B. Krämer, B. Yard;
Department of Nephrology, Endocrinology and Rheumatology, Fifth
Department of Medicine, Medical Faculty Mannheim, University of
Heidelberg, Mannheim, Germany.

Background and aims: Progression of diabetic nephropathy is related to
dicarbonyl stress. In vitro studies have shown that methylglyoxal (MGO)
causes severe damage to a variety of cultured cells but only at high
concentrations, exceeding by far the concentrations in diabetic patients.
Since MGO may activate p53 at lower concentrations, the present study
sought to substantiate the relevance of the in vitro findings by assessing 1)
if activation of the p53 pathway indeed occurs, 2) if this is associated with
mTOR inhibition and increased autophagy, 3) the in vivo concentrations
of glyoxal (GO), MGO and 3-deoxyglucosone (3-DG) in serum and renal
tissue of diabetic mice and 4) if the in vitro findings related to mTOR
inhibition and autophagy also hold true in vivo for renal tissue of diabetic
mice.
Materials and methods: Human umbilical vein endothelial cells
(HUVECs) were stimulated with different concentrations of MGO (0-
800 μmol/l). Hereafter, DNA damage and cell toxicity were assessed by
TUNEL and MTT assay respectively. Phopho-p53, as well as phosphor-
4EBP1 and p70S6K were studied by western blot analysis (WB).
Autophagy was studied by the expression of p62 sequestosome and
LC3B in WB. RNA isolated from renal tissue of BTBROb/Ob mice
sacrificed at week 24 after birth was used for gene-expression profiling
and gene set enrichment analysis (GSEA). GO,MGO and 3-DG in serum
and renal tissue were assessed by GCMS.
Results: 1) High concentrations of MGO (800 μmol/l) increased the
numbers of TUNEL positive endothelial cells in a time dependent man-
ner. Yet, DNA damage was not the main cause of toxicity as only a
minority of cells (approximately 10%) was TUNEL positive. 2) In vitro
MGO indeed activates p53 as reflected by an increased p53 phosphory-
lation. 3) This was paralleled by a decreased phosphorylation of 4EBP1
and p70S6K suggesting inhibition of mTOR. 4) Compatible with inhibi-
tion of mTOR, MGO dose-dependently increased autophagy. 5) In vivo
MGO concentrations were in nM range and were not significantly in-
creased in serum or renal tissue of diabetic as compared to non-diabetic
mice. Only 3-DG was significantly increased in diabetic mice. 6) No
evidence for p53 activation, mTOR inhibition or autophagy was found
in renal tissue of diabetic mice.
Conclusion: High concentration of MGO may affect HUVECs metabo-
lism through the activation of p53 and inhibition of mTOR. This was
however not observed in diabetic BTBROb/Ob mice. Because no differ-
ences in MGO concentrations in renal tissue between diabetic and non-
diabetic mice were found this argues against MGO as pivotal mediator of
renal damage in the BTBROb/Ob model and suggests a more important
role for 3-DG.
Supported by: DIAMICOM GRK 1874/2
Disclosure: X. Zhang: None.
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Differences in HbA1c and glucose 3-year trajectories in recently di-
agnosed type 2 diabetic patients: an IMI-DIRECT study
A. Mari1, C. Jennison2, A. Jones3, E.R. Pearson4, R. Bizzotto1, for the
IMI-DIRECT Consortium;
1Institute of Neurosciences, National Research Council, Padova, Italy,
2Department of Mathematical Sciences, University of Bath, Bath, UK,
3National Institute for Health Research Exeter Clinical Research Facility,
University of Exeter Medical School, Exeter, UK, 4Population Health &
Genomics, School of Medicine, University of Dundee, Dundee, UK.

Background and aims: The relationships between glucose and glycated
hemoglobin (HbA1c) have been widely studied, but knowledge on the
progression patterns of the two markers in recently diagnosed type 2
diabetes (T2D) is scarce. Based on the prospective data of the DIRECT
study, we evaluated and compared the progression rates of glucose and
HbA1c.
Materials andmethods: Subjects recently diagnosed with T2D (0.58 [1]
years from diagnosis; median [IQR]; age 64 [11] years; BMI 29.8 [7.1]
kg/m2), treated only with lifestyle or metformin until baseline visit, and
with HbA1c<60 mmol/mol within previous 3 months were enrolled in a
3-year prospective study. Visits were performed at baseline, 9, 18, 27 and
36 months, with measurement of HbA1c and fasting glucose (FPG; not at
27 months). Liquid mixed meal tests (MMT) were administered in the
morning at baseline, 18 and 36 months for assessment of insulin sensi-
tivity (as OGIS index) and beta-cell function (glucose sensitivity and
insulin secretion at 7.5 mmol/L glucose). Subjects with at least two
HbA1c points were included (N=737). Conditional linear mixed-effect
models were used to quantify HbA1c and FPG progression, to minimize
the effects of baseline values. The slope of the trajectories of HbA1c (σH)
and FPG (σG), adjusted (additively) for BMI changes and standardized
dosage of the antidiabetic treatments, quantified the progression rate.
Baseline predictors of the progression rate were evaluated using the
Spearman’s ρ.
Results: Average progression was positive for both σH (0.47 [098]
mmol/mol/year) and σG (0.19 [0.21] mmol/L/year). However, σG was
more frequently positive than σH (656 vs 556 subjects, p<0.0001,
McNemar test). σH and σG were linearly correlated (r=0.70), although
the correlation coefficient was driven by fast progressors (r=0.48 exclud-
ing subjects with σH>2.7). Uncorrected meanMMT glucose over 2 hours
(MMTG) increased from baseline to 36m, from 9.2 [2.5] to 10.0 [3.1]
mmol/L, a ~10% increase, similarly to FPG. The ratio MMTG/FPG in-
creased marginally (from 1.30 [0.20] to 1.32 [0.21]), i.e., MMTG
progressed in proportion to FPG. The 24-h mean glucose slope estimated
from σH and the HbA1c-mean glucose conversion equation (eAG), was
considerably lower than σG (0.07 [0.19] mmol/L/year), confirming faster
progression for the morning fasting and MMT glucose. Key baseline
functional parameters of good glucose control were predictors of lower
σH (insulin sensitivity, ρ=-0.16; beta-cell glucose sensitivity, ρ=-0.10;
insulin secretion at standardized glucose, ρ=-0.18; all p<0.005) but not
of lower σG (all p>0.05).
Conclusion: 1) progression to hyperglycemia is faster for fasting and
MMT glucose measured in the morning than for HbA1c or estimated
average glucose. 2) HbA1c and fasting glucose progression are modestly
correlated when fast progressors are not considered. 3) Classical function-
al predictors of HbA1c progression were not predictive of fasting glucose
progression. 4) Fasting and MMT morning glucose appears thus not
representative of overall progression to hyperglycemia.
Supported by: IMI-JU GA n°115317 (DIRECT)
Disclosure: A. Mari: Grants; IMI-JU agreement n°115317.
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ChREBP is a mediator of dexamethasone-induced intestinal Glut5
expression
A.-R. Oh1, J. Kim1, J. Lee1, Y.-S. Kang1, H.-J. Lee2, J.-Y. Cha2,3;
1Gachon University, Incheon, 2Gachon University College of Medicine,
Incheon, 3Gachon Medical Research Institute, Gil Hospital, Incheon,
Republic of Korea.

Background and aims:Glucocorticoids (GCs) are well known hormone
regulating energy metabolism especially glucose synthesis, anti-inflam-
mation, and homeostasis. When GCs bind to the glucocorticoid receptor
(GR), GC-GR complex translocates into the nucleus and binds with glu-
cocorticoid response element (GRE) on the promoter region of the target
gene. In the small intestine, GCs are involved in intestinal differentiation
and regulate the expression genes involved in fructose metabolism.
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Glucose transporter 5 (GLUT5), well known as one of the hexose trans-
porters which principally located in intestine lumen apical membrane, is a
specific transporter of fructose. Intestinal Glut5 gene expression increases
dramatically by dexamethasone (Dex) and dietary fructose via epigenetic
regulation (histone acetylation and histone methylation) and the carbohy-
drate response element binding protein (ChREBP), respectively. Here, we
investigate whether ChREBP is involved in the Dex-induced intestinal
Glut5 gene expression using Caco-2BBE cells and ChREBP knockout
mouse model.
Materials and methods: We have performed quantitative real time-PCR
and western blot in Caco-2BBE cells treated with various concentrations of
Dex and vehicle (ethanol) for various time. To investigate the effects of Dex
on transcriptional activity of ChREBP, we have performedwestern blot and
immunohistochemistry.WTandChREBPknockoutmicewere divided into
three groups of 10 animals each (Group1: Suckling (0-14 days of age)
stage, Group2: Weaning (14-28 days) stages, Group3: Adult stages).
Vehicle or Dex was intraperitoneally injected in each group of mice.
Results: ThemRNA and protein levels of Glut5 are increased byDex in a
dose- and time-dependent manner but the levels of ChREBP expression
are not changed by Dex in Caco-2BBE cells. Dex-induced Glut5 expres-
sion is further increased by ChREBP overexpression, suggesting Dex
regulates ChREBP activity. Using immunohistochemistry and western
blot analysis, we show that ChREBP translocates into the nucleus by
Dex, which increases the Glut5 gene expression. Dex-treated ChREBP
knockout mice have showed the decreased induction of fructolytic genes
such as Glut5 and ketohexokinase compared with WT mice.
Conclusion: These results suggest that the Dex increases Glut5 gene
expression via regulating histone modification and ChREBP
translocation.
Supported by: NRF-2016R1A2B4015866, 2019R1A2C2006001,
2018H1A2A1062963, HI14C1135
Disclosure: A. Oh: None.
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Contribution of the liver in hyperammonaemia caused by HI/HA
gain of function mutation of glutamate dehydrogenase
K. Luczkowska1, P. Maechler2;
1Universite de Geneve, Genève, 2PHYM, Universite de Geneve, Genève,
Switzerland.

Background and aims: The early infancy-onset hyperinsulinism/
hyperammonemia syndrome (HI/HA) is characterized by elevated plasma
ammonia levels accompanied by severe hypoglycaemia and epilepsy in
about 40% of cases. It is a genetic disease caused by gain-of-function
mutations in GLUD1, a gene encoding for the enzyme glutamate dehy-
drogenase (GDH). Mammalian GDH is catalysing the reversible reaction
of glutamate to α-ketoglutarate (α-KG) plus ammonia. HI/HA syndrome
gives rise to increased (3-5 times) plasma ammonia levels, presumably
due to systemic expression of mutant GDH. To explore the effects of
GDH-S445L mutation on hepatic ammonia metabolism we transduced
in vivo liver-specific GDH knockout mice with adenoviruses carrying
human mutant GDH. We performed challenges of gluconeogenic amino
acids, both in vivo and ex vivo, to assess ammonia homeostasis. This
study aims to elucidate the contribution of the liver in the elevated circu-
lating ammonia levels associated with the GDH-S445L mutation.
Materials andmethods:We used tamoxifen induced liver specific GDH
knockout mice (Hep-Glud1-/-) for in vivo expression of human mutant
GDH following retroorbital injection of 109 PFU of adenovirus (Ad-
GDHmut). Control Glud1fl/fl floxed mice were injected with saline. The
efficiency of transduction was controlled by immunoblotting on liver
extracts. After an overnight fast, amino acid-induced gluconeogenesis
was stimulated by i.p. glutamine and alanine challenges. To assess the
systemic turnover of ammonia, blood samplings at different sites of the
vasculature were performed (abdominal aorta, portal vein, hepatic vein,
renal vein) and ammonia, urea and glutamate levels were determined.

Results: Immunoblotting indicated that the level of Ad-GDHmut expres-
sion in the liver of Hep-Glud1-/- mice accounted for approx. 70% of
endogenous Glud1fl/fl control mice. Both alanine and glutamine are im-
portant substrates for gluconeogenesis. The ammonia production from
glutamine is contributed by both deamidation to glutamate by glutamin-
ase and then deamination to αKG by GDH. However, alanine solely
relies on GDH for ammonia production. Upon in vivo amino acid chal-
lenges, there was no difference in glucose production between Glud1fl/fl

control and Hep-Ad-GDHmut. Although urea concentrations were stable
throughout the study, circulating glutamate increased in Hep-Ad-
GDHmut, up to 350% of the control mice values. The efficiency of
ammonia clearance from the portal vein was substantially decreased by
83% in Hep-Ad-GDHmut versus control mice (p<0.05). In parallel,
ex vivo challenge with glutamine and alanine in perfused liver indicated
ammonia intolerance in Hep-Ad-GDHmut mice at the expense of urea
production.
Conclusion: Our study shows that Hep-Ad-GDHmut livers were less
efficient at ammonia disposal in vivo. Ex vivo, Hep-Ad-GDHmut livers
acutely challenged with amino acid were ammonia intolerant. Overall,
GDH-S445L mutation seems to impair the efficiency of hepatic nitrogen
disposal.
Disclosure: K. Luczkowska: None.
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Fructose contributes more than glucose to hepatic de novo synthesis
of saturated fatty acids and oleate
J. Jones1, J. Silva2, F. Martins2, I. Viegas3, C. Marques1, M. Macedo2;
1Center for Neurosciences, Cantanhede, 2CEDOC, Lisbon, Portugal,
3Center for Functional Ecology, Coimbra, Portugal.

Background and aims: A high intake of sugar, for example sucrose or
high-fructose corn syrup, is strongly associated with obesity and hepatic
lipotoxicity with the fructose component considered to be more lipogenic
compared to glucose. The degree of lipotoxicity is related to both the
amount and type of fatty acid, with C16 and C18 saturated fatty acids
(SFA) being considered to be more lipotoxic than mono- or polyunsatu-
rated fatty acids (MUFA, PUFA). Since both SFA and MUFA can be
synthesized via de novo lipogenesis (DNL), our objective was to compare
the contribution of equal amounts of exogenous fructose and glucose to
the synthesis of SFA and oleate - the principal MUFA species of hepatic
triglyceride (TG). This was achieved in a mouse model by a novel 13C
NMR isotopomer analysis of hepatic triglyceride that allows the contri-
butions of 13C-enriched glucose and fructose to de novo synthesis of
specific fatty acid classes to be measured.
Materials and methods: At the start of the dark period in a 12h/12h
dark/light cycle, 9 C57/BL6 mice (4M, 5F) fed with standard chow were
provided with drinking water containing 17.5% w/w unlabeled glucose
and 17.5%w/w fructose enriched to 20%with [U-13C]fructose. A second
group (4M, 6F) were given the same glucose/fructose mixture except that
the glucose was enriched to 50% with [U-13C]glucose and the fructose
was unlabeled. Animals were allowed to feed naturally overnight and
then sacrificed at the end of the dark cycle. Livers were freeze-clamped
and triglycerides were extracted and purified from other lipid species and
analyzed by 13C NMR.
Results: 13C NMR spectra of hepatic triglycerides had well-resolved
signals for SFA and MUFA isotopomers in the terminal fatty acid posi-
tions that allowed enrichment of these fatty acids from [U-13C]fructose
and [U-13C]glucose via DNL to be measured and the fractional contribu-
tion of each sugar to total TG-SFA and TG-oleate to be estimated. During
overnight feeding, 4.6 ± 0.4% of TG-SFAwas accounted by DNL from
fructose compared to only 1.4 ± 0.1% from exogenous glucose (p =
0.0003). For oleate, 2.8 ± 0.3% of TG-oleate was accounted for by de
novo synthesis from fructose versus only 1.1± 0.1% from glucose (p =
0.004). While the contribution of glucose DNL to SFA was not signifi-
cantly different from that of oleate (1.4 ± 0.1% vs. 1.1 ± 0.1%, p = 0.27)
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the contribution of fructose DNL to SFA was significantly higher com-
pared to its contribution to oleate (4.6 ± 0.4% vs 2.8 ± 0.3%, p = 0.021).
Conclusion: Following ingestion of equal amounts of glucose and fruc-
tose, fructose contributed more acetyl-CoA for DNL of both SFA and
oleate compared to exogenous glucose. Moreover, in comparison to ex-
ogenous glucose, DNL from fructose contributed proportionally more to
the appearance of SFA than it did to oleate. Hence, in addition to increas-
ing the overall hepatic lipid burden, fructose also shifts the fatty acid
distribution towards the more lipotoxic SFA species.
Supported by: POCI-01-0145-FEDER-028147
Disclosure: J. Jones: None.
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Glucose uptake and its metabolism in microvascular endothelial cells
S. Yazdanikivi, A. Klip;
Cell Biology Program, The Hospital for Sick Children, Toronto, Canada.

Background and aims: Glucose, an essential energy substrate, travels in
the blood and crosses the endothelia of capillaries to parenchymal cells. In
brain, and to some extent in muscle and adipose tissue, the endothelial cells
of capillaries form tight junctions that impair strong resistance to
paracellular transport. Impaired blood vessel function is observed in diabe-
tes and might reduce glucose access to tissues. Surprisingly, the molecular
mechanism whereby endothelial cells handle glucose for its trans-
endothelial delivery is poorly understood. Accordingly, how this process
may be affected under diabetogenic conditions is also scantly defined in
molecular terms. Here, we investigate the mechanisms whereby glucose
enters microvascular endothelial cells, hypothesizing that uptake is part of
the process of its trans-endothelial glucose delivery to tissues. If so, glucose
entering these cells must be largely spared from intracellular degradation.
Materials and methods:We used a fluorescent derivative of glucose (2-
NBDG) to analyze the fate of glucose taken up by primary human adipose
tissue-derived microvascular endothelial cells (HAMEC). Imaging was
performed by live cell confocal fluorescence microscopy and
complemented with measurements of glycogen content and metabolism.
Results:We found that HAMEC and brain microvascular endothelial cells
take up 2-NBDG and accumulate it in unique intracellular puncta, whereas
the 2-NBDG taken up by myoblasts appears largely dispersed in the cyto-
plasm. HAMEC express the facilitative glucose transporters GLUT1 and
GLUT3, and their inhibitors cytochalasin B and phloretin significantly
reduced the fluorescent intensity of intracellular 2-NBDG puncta. This
observation suggests that the majority of glucose uptake into HAMEC is
transporter-mediated. To examine the nature of the intracellular fluorescent
puncta formed by 2-NBDG, we investigated whether they are of
endosomal or metabolic origin. The 2-NBDG puncta did not colocalize
withmembrane-derivedmarkers or lysosomemarkers, suggesting that they
are not endosomal. We instead hypothesized that 2-NBDG incorporates
into glycogen and that the fluorescent puncta represent this metabolic
structure. Using a ‘pulse-chase’ strategy, the fluorescent puncta became
progressively more intense over 60 min (P=0.01), diminishing thereafter.
This time-dependent reduction was prevented by inhibiting glycogen phos-
phorylase, the first enzyme in the degradation of glycogen towards glucose
6-phosphate. This finding suggests that after 2-NBDG enters the cell, it
may incorporate into glycogen generating the fluorescent puncta.
Consistent with this prediction, glucagon and adrenaline treatments re-
duced the accumulation of fluorescent puncta (P=0.005, P=0.02; respec-
tively). HAMEC also proved to have high level of glycogen compared to
myoblasts and to express all the enzymes required for glycogen synthesis
and degradation including glucose-6-phosphatase.
Conclusion: Trans-endothelial glucose transport, mediated via transporters,
is potentially an important mechanism by which the endothelium regulates
glucose delivery to the tissue. Storing and degrading glycogen might con-
tribute to the trans-endothelial delivery of glucose to target tissues.
Supported by: CDA
Disclosure: S. Yazdanikivi: None.
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Metabolic activity of valvular interstitial cells under diabetic
conditions
J.I. Selig1, D.M. Ouwens2,3, A. Lichtenberg1, P. Akhyari1, M. Barth1;
1Department of Cardiovascular Surgery, University Hospital of the
Heinrich-Heine-University Duesseldorf, Medical Faculty, Duesseldorf,
2Institute of Clinical Biochemistry and Pathobiochemistry, German
Diabetes Centre (DDZ), Duesseldorf, 3German Center for Diabetes
Research (DZD), München-Neuherberg, Germany.

Background and aims: Long-term imbalances in the metabolic state like
hyperinsulinemia (HI) or hyperglycemia (HG) trigger pathological cell pro-
cesses and initiate diabetes-associated diseases. One of these disorders is the
calcific aortic valve disease, even though respective cellular mechanisms
are largely unknown. We have previously demonstrated that the main cell
type of aortic valves, valvular interstitial cells (VIC), are sensitive to insulin
and become insulin resistant in response to HI and HG. Now, we analyzed
key parameters of metabolic function to estimate metabolic activity of VIC
for a better understanding of underlying physiological mechanisms.
Materials and methods: Metabolic activity of VIC was examined by a
Seahorse XFe96 extracellular flux analyzer, which measures oxygen con-
sumption rates (OCR) and extracellular acidification rates (ECAR). For each
assay, 750 cells per well were cultured for five days under normoglycemia
(NG, 100mg/dl) or HG (450mg/dl) with or without HI (100 nM). Glycolysis
was calculated from OCR and ECAR under basal conditions and in response
to consecutive injections of insulin, rotenone/antimycinAand2-deoxyglucose.
Mitochondrial function was measured by OCR under basal conditions and
with consecutive injections of oligomycin, FCCP and rotenone/antimycin A.
Investigationswere performed in independent experiments usingVIC from six
individual sheep. All data were normalized for protein content.
Results: Glycolytic rate assay showed a significant increase in basal and
glycolytic proton exchange rates of ovine VIC under HI and NG as well as
of cells under HG with normal insulin levels. This effect was abolished in
cells cultured under both diabetic conditions, HI and HG. Glycolytic proton
exchange rates of cells under NG and HG further increased in response to
insulin injection, while cells treated with HI did not react on acute insulin
stimulation. This effect indicates insulin resistance of VIC under HI on glu-
cose oxidation. Compensatory glycolysis measured after inhibition of the
respiratory chain by rotenone/antimycin A was increased in VIC under HI
and NG as well as under HG alone. The combination of HI and HG showed
no significant differences in compensatory glycolysis to control cells, but to
VIC treatedwithHI underNGconditions. In linewith the glycolytic rat assay,
the mitochondrial stress test showed significant differences in mitochondrial
function of VIC due to HI or HG cultivation. The parameters basal and
maximal respiration, ATP production as well as spare respiratory capacity
were enhanced in VIC cultured under HI and NG conditions and in cells
under HGwithout HI. Furthermore, the basal respiration was reduced in VIC
under HG with additional HI in comparison to HG control, while the other
parameters remained unaffected by the combined diabetes treatment.
Conclusion: The here presented data suggest that VIC are activated in
their glycolytic and mitochondrial function due to HI and HG, despite the
previously described insulin resistance of VIC under diabetic conditions.
Metabolic activity of VIC appears to be stimulated by increased insulin or
glucose levels, which substantiates the versatile effects of pathological
insulin and glucose conditions.
Supported by: German Heart Foundation
Disclosure: J.I. Selig: Grants; Dr. Rusche - research project of the
German Heart Foundation.
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DNAJB3/HSP-40 cochaperone as a novel target of α-lipoic acid: sig-
nificance for metabolic stress and insulin signalling
A. Diane, N. Mahmoud, I. Bensmail, N. Khattab, M. Dehbi;
Qatar Biomedical Research Institute, Hamad Bin Khalifa University,
Doha, Qatar.
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Background and aims: Increased insulin resistance (IR) in peripheral
organs is one of the early and primary core metabolic defects leading to
type 2 diabetes (T2D); a metabolic disorder that is rising globally at
alarming rates. Identification of critical genes/pathways dysregulated in
IR conditions and elucidating their role in the pathogenesis of IR and T2D
are imperative to prevent IR and reduce the epidemic spread of the dis-
ease. The heat shock response (HSR) is one the critical pathways signif-
icantly impaired in obesity-induced IR and T2D both in human and in
experimental animals. Our research is focused on DNAJB3 cochaperone,
a member of the DNAJ/HSP40 family that was significantly reduced in
adipose tissue biopsies from obese and T2D individuals. Low levels
correlated with increased metabolic stress and reduced cardiopulmonary
performance. Restoring its normal expression with physical exercise was
associated with reduced metabolic stress and improved glucose homeo-
stasis both in vivo and in vitro, suggesting DNAJB3 as a potential drug
target for the management of metabolic defects leading to IR and T2D. α-
lipoic acid is a natural compound well known for its antioxidant, anti-
inflammatory, and insulin mimetic properties, in part by inducing a set of
HSPs, however, the effect on DNAJB3 has never been investigated. The
aim of this study was to investigate the effects of α-lipoic acid on the
endogenous expression of DNAJB3 and the relevance of such effect to
metabolic stress and glucose metabolism
Materials and methods: C2C12 myoblasts were treated with either
0.3mM α-lipoic acid or vehicle for 24 hours and the expression of
DNAJB3 was monitored by RT-PCR and western blots. The effect of
α-lipoic acid on mitigating Tunicamycin-indued ER stress was carried
out by measuring the mRNA levels of common ER stress markers as well
by measuring the transcriptional activity of ATF6 using Luciferase report-
er assays. The effect of DNAJB3 in mediating the beneficial action of
Lipoic acid on ER stress along with other forms of metabolic stress was
tested by knocking down its expression with specific DNAJB3 siRNA.
Results: α-lipoic acid significantly increased both mRNA and protein
expression of DNAJB3 (P˂0.05) compared to vehicle.α-lipoic acid atten-
uated significantly Tunicamycin-induced ER. Interestingly, knocking
down the expression of DNAJB3 abolished the protective effect of α-
lipoic acid on Tunicamycin-induced ER stress. In our cellular model, we
have also shown that α-lipoic acid improved mitochondrial biogenesis
and function, promoted insulin-stimulated glucose uptake and enhanced
the antioxidant scavenging system.
Conclusion: Our findings demonstrated for the first time that DNAJB3/
HSP-40 cochaperone represents a molecular intermediate through which
α-lipoic acid mediates its beneficial effects in reducing persistent ER
stress, an important driver to IR and T2D.
Supported by: QBRI, Hamad Bin Khalifa University intramural grant
(IGP 2014-001)
Disclosure: A. Diane: None.
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Pentose pathway oxidation of glucose is a significant source of
NADPH for de novo lipogenesis as evidenced by extensive transfer
of glucose hydrogens into fatty acid position 3
G. Belew1, J. Texeira1, P. Oliveira1, J. Rito1, J. Silva2, I. Viegas3, J.
Jones1;
1Center for Neurosciences, Cantanhede, 2CEDOC, New University of
Lisbon, Lisbon, 3Center for Functional Ecology, Coimbra, Portugal.

Background and aims: De novo lipogenesis (DNL) may contribute to
elevated tissue and circulating lipid levels in Type 2 diabetes and fatty
liver disease. In addition to acetyl-CoA precursors, this pathway also
requires a source of NADPH. While glucose oxidation via the pentose
phosphate pathway (PPP) is a well-known pathway for NADPH forma-
tion, flux through this pathway in the liver is considered to be very low
relative to glycolysis.Moreover, the NADPH generated can be utilized by
other biosynthetic pathways as well as for glutathione reduction. For this
reason, PPP activity that is directly coupled to DNL is poorly

characterized at the present time. During DNL, the hydrogens of
NADPH are incorporated into position 3 and the other odd-numbered
carbon positions of the fatty acid chain. In turn, if the NADPH was
formed via PPP, its hydrogens originated from positions 1 and 3 of glu-
cose. Therefore, if the PPP has a significant role in supplying NADPH for
DNL, then hydrogens 1 and 3 of glucose will be transferred into the odd-
numbered sites of the synthesized fatty acids. We tested this hypothesis in
mouse models by providing [U-2H7]glucose and [3-2H]glucose as pre-
cursors, and measuring the transfer of 2H into position 3 of newly-
synthesized fatty acids by 2H NMR.
Materials and methods: Nine adult male C57BL/6 mice fed with stan-
dard chow were given overnight access to drinking water containing 15
g/100 ml fructose and 15g/100ml glucose enriched to 20%with [U-2H7]-
and [U-13C6]glucose. A second group of 12 mice were subjected to an
identical procedure except that [U-2H7]glucose was substituted by In the
morning, liver triglycerides were isolated, purified and subsequently an-
alyzed by [3-2H]glucose. 13C and 2H NMR spectroscopy. The 2H/13C-
enrichment ratios in position-3 of triglyceride fatty-acids was used to
determine the fraction of glucose hydrogens transferred into this site.
Results: For the mice provided with [U-2H7]glucose, the fraction of glu-
cose 2H transferred from both positions 1 and 3 into fatty-acid position-3
was 47±12% while for the mice fed [3-2H]glucose, the fraction of 2H
transferred was 35±14%. Thus, glucose hydrogens 1 and 3 accounted
for at least 47±12% of NADPH hydrogens used for DNL while the
glucose hydrogen 3 accounted for at least 35±14% of this total.
Conclusion: Glucose hydrogens can be only transferred into odd-
numbered sites of fatty acids via NADPH generated from the PPP. We
demonstrate that this could be followed in animal models by quantifying
2H-enrichment of fatty acid position 3 from [U-2H7]glucose or
[3-2H]glucose. This provides a novel approach for determining the cou-
pling of PPP activity to lipogenesis. Our studies indicate that exogenous
glucose contributed a major fraction of NADPH for fatty acid synthesis
via the PPP.
Supported by: Marie Curie ITN FOIE GRAS
Disclosure: G. Belew: None.
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Lack of melatonin type 1A receptor results in dysregulated whole-
body metabolism characterised by hyperglucagonaemia, glucose in-
tolerance and enhanced insulin secretion
C.L. Lyons, D. Grajales, A. Hamilton, H. Mulder, M. Fex;
Unit of Molecular Metabolism, Department of Clinical Sciences, Lund
University, Malmö, Sweden.

Background and aims: Disturbances in the circadian rhythm are
associated with impaired metabolism. A single nucleotide poly-
morphism mapping to melatonin receptor type 1B (MTNR1B/
Mt2) locus results in increased fasting glucose, impaired insulin
secretion and an increased risk of developing type 2 diabetes.
However, less is known about the other melatonin receptor
(MTNR1A/Mt1), localised to the murine alpha cells in the pan-
creas, and its role in islet biology and whole-body metabolism,
and is thus the aim of this project.
Materials and methods: Mice with a lack of the melatonin type 1
receptor (Mt1-/-) and wildtype (WT) controls, on a C3H/He back-
ground, underwent an intravenous glucose tolerance test while
sedated (IVGTT, 1g/kg, n=13-30 mice, 12-14 weeks). Islets from
Mt1-/- and WT mice were isolated, starved for 1h and stimulated
with various secretagogues for 1h to assess their insulin and glu-
cagon secretory capacity (n=6-15 mice, 12-14 weeks). ELISA was
used to measure hormone secretion from both plasma and isolated
islets. The local ethics committees in Lund and Malmö approved
all animal studies.
Results: Increasing concentrations of glucose from 1 to 6 and
16.7mmol result in inhibition of glucagon secretion from WT
islets. Within the Mt1-/- islets there is a significant increase in
glucagon secretion (*p<0.05) and a lack of glucagon suppression
compared to the WT islets. Inclusion of arginine, a depolarizing
agent, with the high glucose, inhibits glucagon secretion in the
Mt1-/- islets and normalises it to that of the WT islets. Despite
both genotypes secreting the same amount of glucagon during an
IVGTT, those with a lack of Mt1 have increased basal (16.6 ± 3.6
vs. 12.5 ± 2.8 pg/ml) and final (10.5 ± 1.04 vs. 8 ± 0.65 pg/ml,
*p<0.05, mean ± SEM) (75 minutes post glucose injection) glu-
cagon secretion compared to WT. This hyperglucagonemia occurs
in parallel to increased insulin secretion (****p<0.0001) and re-
duced glucose clearance (*p<0.05) in vivo in Mt1-/-mice, as mea-
sured by AUC. There is no difference in body weight between the
genotypes, which can often explain differences in whole-body
metabolism. Both insulin (1.4-fold increase, *p<0.05) and gluca-
gon (2.5-fold increase, **p<0.01) content in unstimulated islets is
significantly increased in Mt1-/- mice compared to their WT coun-
terparts, despite no difference in in vitro insulin secretion between
WT and Mt1-/- islets.
Conclusion: Lack of melatonin type 1 receptor can result in
hyperglucagonemia both in vitro and in vivo. An impaired glucagon re-
sponse may be contributing to the glucose intolerance observed in the
Mt1-/- mice, where increased insulin is released to compensate for the
increased glucose in vivo. The defect in the glucagon signalling pathway,
mediated by melatonin, needs to be further investigated. Current work is
utilising mice with fluorescently labelled alpha cells and a lack of mela-
tonin type 1 receptor to characterise the effect of melatonin on cAMP
signalling, calcium and plasma membrane potential. Deciphering how
melatonin can deregulate in vitro glucagon secretion and in vivo whole-
body metabolism will help elucidate the negative effect that melatonin
can have on islet biology and how it contributes to the development of
type 2 diabetes.
Supported by: EFSD/Lilly Young Investigators, Påhlssons, Craaford, VR,
T2D systems
Disclosure: C.L. Lyons: None.

552
Hormonal factors and type 2 diabetes risk in women: a 22 year
follow-up study on more than 83,000 women from the E3N cohort
study
S. Tatulashvili1, G. Gusto2, B. Balkau3, E. Cosson1, F. Bonnet4, H.
Bihan1, G. Fagherazzi2;
1Avicenne Hospital, Bobigny, 2Paris-Saclay University, Villejuif, 3Paris-
Saclay University, Gustave Roussy, 4Rennes Hospital, Rennes, France.

Background and aims: Early screening and the treatment of glucose
metabolism disorders could lower the risk of further complications. For
this purpose it is important to identify the risk factors of type 2 diabetes
mellitus (T2DM). The aim of this study was to determine the association
between various hormonal factors and the risk of incident type 2 diabetes
in the large prospective female E3N cohort study.
Materials andmethods: The study included 83 799 French women from
the Etude Epidemiologique de Femmes de la Mutuelle Générale de
l'Education Nationale (E3N) prospective cohort followed between 1992
and 2014. Cox multivariable models adjusted for the main T2DM risk
factors were used to estimate hazard ratios (HR) and 95% confidence
intervals (CI) between various hormonal factors and T2DM risk.
Results:We observed that the elevated age at menarche (HR= 0.88 [0.81-
0.95)) the younger age at first term pregnancy (HR= 0.90 [0.82-0.98]),
breastfeeding (HR= 0.90 [0.85-0.95]), the elevated number of total men-
strual cycles (HR= 0.75 [0.68-0.82]), the elevated age at menopause
(HR= 0.70 [0.63-0.78]) and the elevated duration of sex hormone expo-
sure (HR= 0.66 [0.61-0.73]) was asosciated with a lower risk of type 2
diabetes.While, the use of contraceptive pills (HR= 1.33 [1.25-1.42]) and
the elevated duration of menstrual cycles (HR= 1.23 [1.07-1.41]) was
associated with the elevated risk of type 2 diabetes
Conclusion: It seems that longer exposure to sex hormones but later in
life could reduce diabetes. Risk induced by oral contraceptives could lead
to perronalized advice for young women at risk.
Disclosure: S. Tatulashvili: None.

553
Comparison of the metabolic benefits of chronic apelin-13 peptide
analogue administration versus incretin mimetics in diabetic db/db
mice
F.P.M. O'Harte, V. Parthsarathy, P.R. Flatt;
Biomedical Sciences Research Institute, Ulster University, Coleraine,
UK.

Background and aims: Apelin is recognised as a beneficial adipokine
with potential benefits in cardiovascular disease, and more recently in
metabolic disorders including obesity and type 2 diabetes. We have pre-
viously shown that stable apelin-13 peptide analogues demonstrate prom-
ising acute in vivo antidiabetic effects in high fat fed diet induced obese
(DIO) diabetic mice. Here the efficacy of two stable peptide analogues of
apelin-13 namely, (pGlu)apelin-13 amide and the acylated analogue
(pGlu)(Lys8GluPAL)apelin-13-amide, were compared in a head to head
study with exendin-4 and liraglutide following chronic (21-day) admin-
istration in adult diabetic db/db mice.
Materials and methods: Five groups of 9-week old male diabetic db/db
mice (n=8) received twice daily (09:00 and 17:00 h for 21 days) administra-
tion of saline vehicle, (pGlu)apelin-13-amide, (pGlu)(Lys8GluPAL)apelin-13
amide, exendin-4(1-39) or liraglutide all at a dose of 25 nmol/kg bodyweight.
Control non-diabetic C57BL/6J mice were treated twice daily with saline for
21 days. Bodyweight, food intake, non-fasting blood glucose, plasma insulin,
glucose tolerance, lipid profiles, as well as post-treatment glycated
haemoglobin and pancreatic islet cell morphology were assessed.
Results: No changes in bodyweight or food intake were observed with
apelin treatments, but exendin-4 showed a reduction in cumulative food
intake (p<0.01) compared with saline-treated db/db mice. Apelin ana-
logues and incretin mimetics showed sustained improved glycaemic
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control (non-fasting blood glucose, p<0.05 to p<0.001, from day 9 to 21)
and enhanced insulinotropic responses versus saline-treated db/db mice.
All apelin analogues and incretin mimetics showed improved OGTT and
ipGTT versus saline-treated db/db mice (p<0.05 to p<0.001). Apelin
analogue treatment significantly reduced glycated haemoglobin by 1.5-
1.6% after 21 days (p<0.05), which was similar to incretin mimetics.
(pGlu)apelin-13 amide was superior to incretin mimetics and reduced
plasma triglycerides by 34% (p<0.05), compared to saline-treated db/db
mice. Apelin analogues and liraglutide unlike exendin-4 reduced pancre-
atic α-cell area by 15-20%, (p<0.05 to p<0.01) and all peptide treatments
improved pancreatic insulin content by 39-72% (p<0.05 to p<0.01), ver-
sus saline-treated db/db mice. Islet beta-cell area was increased by both
incretin mimetics (p<0.05 to p<0.01).
Conclusion: Overall, longer-term administration of apelin-13 based an-
alogues was as effective as incretin mimetics in counteracting the meta-
bolic derangements of db/db mice. Apelin based therapy showed benefi-
cial effects on islet cell morphology and provided a viable alternative
therapeutic approach for alleviating the metabolic dysfunction encoun-
tered in this genetic model of type 2 diabetes.
Supported by: Invest NI PoC508
Disclosure: F.P.M. O'Harte: None.

554
Serum MR-proADM and leptin predict cardiovascular disease in
middle-aged patients with type 2 diabetes
C. Vavruch1, S. Chisalita2, C.J. Östgren1, F.H. Nystrom1;
1Department of Medical and Health Sciences, Linköping University,
Linköping, 2Department of Endocrinology, Department of Medical and
Health Sciences, Linköping University, Linköping, Sweden.

Background and aims: Adrenomedullin (ADM) is a hypotensive pep-
tide found to be increased in both plasma and adipose tissue of obese
individuals. The levels are related to comorbidities of obesity: type 2
diabetes (T2DM), hypertension, atherosclerosis, and coronary heart dis-
ease. MR-proADM is a biologically inactive fragment which splits from
ADM’s precursor pre-proADM in a 1:1 ratio with ADM. BMI has been
shown to be significantly correlated to plasma MR-proADM levels even
after adjustment for age and gender. Leptin is a hormone secreted by
adipose tissue and it regulates metabolism and reduces appetite. A posi-
tive relationship between MR-proADM and leptin has been shown in
obese persons. Both leptin and MR-proADM are individually associated
with cardiovascular mortality in patients with T2DM.
Materials and methods: We used baseline data from participants in the
CARDIPP study, a cohort of middle-aged patients with T2DMwho were
recruited between 2005-2008. Traditional risk markers for vascular dis-
ease were analysed and we also determined carotid-femoral pulse-wave
velocity (PWV) and intima-media thickness (IMT) of carotid arteries as
indirect measures of arteriosclerosis. Patients were followed for incidence
of ischemic heart disease mortality and morbidity until the end of 2016
using the national Swedish Cause of Death and Hospitalization
Registries. Using Cox regression, we analysed serum MR-proADM and
leptin levels together with gender, BMI, apo B, systolic blood pressure,
HbA1c levels, diabetes duration, PWV and IMT, against mortality and
morbidity.
Results: 381 men and 202 women had baseline data for all analysed
parameters. Men had 58 events (11.6%) and women 17 events (6.5%)
during follow-up. In the total group as well as in groups separated ac-
cording to gender, there were significant correlations between the leptin
andMR-proADM (p < 0.001, in total group r = 0.448, for men r = 0.422,
for women r = 0.503). Cox regression in the total group showed a hazard
ratio (HR) for leptin of 1.672 (p = 0.013, CI 1.114-2.511) and HR forMR-
proADM of 6.09 (p = 0.026, CI 1.236-29.997) independently of BMI,
apo B, systolic blood pressure and HbA1c levels. When separated by
gender, results remained significant in men for leptin (p = 0.034 (CI
1.041-2.715)) but not for MR-proADM (p = 0.071 (CI 0.862-37.841))

and not at all in women (leptin p = 0.059 (CI 0.970-5.572) and MR-
proADM p = 0.369 (CI 0.143-185.270)). However, these results were
no longer significant when IMT and PWV were added to the Cox regres-
sion (leptin p = 0.07, MR-proADM p = 0.305) in either gender, nor in the
total material.
Conclusion:We found independent associations between circulating lep-
tin and MR-proADM in middle-aged patients with T2DM. However,
results were not significant in women, when calculations were separated
according to gender, and this might be due to few events. The finding of
significant relationship of both leptin and MR-proADM to mortality and
morbidity in major arteriosclerotic events (stroke, myocardial infarction
or death from cardiovascular disease) that was not independent of extent
of IMT and level of PWV suggests that leptin and MR-proADM are
related to development of arteriosclerosis per se, that secondarily induces
cardiovascular disease and mortality in patients with type 2 diabetes.
Clinical Trial Registration Number: NCT01049737
Disclosure: C. Vavruch: None.

555
11beta-HSD type 1 inhibitor ameliorates glucose impairment associ-
ated with hypercortisolaemia: an investigator-initiated phase I/IIa
clinical trial
A. Nagayama, K. Ashida, K. Chikui, M. Yano, M. Sakamoto, M.
Kabashima, Y. Otsuka, N. Hasuzawa, Y. Goto, S. Akasu, S. Iwata, N.
Wada, H. Nakayama, T. Igawa, M. Nomura;
Kurume University School of Medicine, Kurume, Japan.

Background and aims: Cushing’s syndrome (CS) and Subclinical
hypercor t i so lemia (SCH) show poor prognosis due to
hypercortisolemia, which causes metabolic disorders such as dia-
betes mellitus, hypertension, dyslipidemia, and osteoporosis. Pre-
receptor cortisol regulation by 11β-hydroxysteroid dehydrogenase
(11β-HSD1) has been shown to play an important role in aug-
menting local cortisol activity in target tissues. To improve prog-
nosis and develop a novel treatment for these refractory diseases,
we have been constructing a patient registry of CS and SCH, and
carried out clinical study using novel 11β-HSD1 inhibitor.
Materials and methods: We performed a prognostic survey using the
registry comprising 112 patients (40%CS, which was included Cushing’s
disease, adrenal CS, and ectopic ACTH syndrome, and 60% SCH)
founded on a multicenter database at our University hospital and related
facilities since 2002. Then, we performed an investigator-initiated phase
I/IIa clinical trial to assess the safety and efficacy of a 11β-HSD1 inhibitor
in 16 patients with refractory CS and SCH with impaired glucose toler-
ance between 2016 and 2018.
Results: The prevalence of complications of glucose impairment, hyper-
tension, and dyslipidemia was 75%, 48%, and 23% in CS and 72%, 49%,
and 31% in SCH, respectively. Despite surgery, 70% of CS patients were
not cured. In addition, 59% of SCH patients have not undergone surgery.
Administration of 11β-HSD1 inhibitor for 24 weeks showed its safety
and efficacy with reduction of urine 11α- and 11β-tetrahydrocortisol/
11β-tetrahydrocortisone ratio by one-tenth. The participants showed sig-
nificant amelioration of body compositions measured with bioelectrical
impedance analysis in body weight, −1.6 ± 0.9 kg, p = 0.0095; body fat
percentage, −2.5 ± 0.6%, p < 0.01; bodymuscle percentage, 2.4 ± 1.5%, p
< 0.01; represents as mean ± SD value, N=14. The area under the curve of
glucose under 75g-oral glucose tolerance test showed significant reduc-
tion in participants with obesity (BMI > 30); −55.4 ± 10.5 mg/dL×hr, p =
0.018, N=3.
Conclusion:Considerable number of patients has not been cured and still
need treatment for hypercortisolemia. Although 11β-HSD1 bi-
directionally interconverts the inactive glucocorticoid cortisone and the
active cortisol, it predominantly generates cortisol and was activated by
hypercor t i so lemia , which promotes the development of
hypercortisolemia-related metabolic disorders. Inhibition of 11β-HSD1
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activity is expected to be a new therapeutic approach for the patients with
high 11β-HSD1 activity, including diabetes mellitus and obesity.
Clinical Trial Registration Number: 18250
Supported by: JP17lk0201043
Disclosure: A. Nagayama: None.

556
Gender differences in the effect of ghrelin on pancreatic islet survival
N.V. Hewawasam1, A.L. Austin2, A. King2, M. Patterson1, S. Reeves1,
A.C. Hauge-Evans1;
1Department of Life Sciences, University of Roehampton, London,
2School of Life Course Sciences, King's College London, London, UK.

Background and aims: Ghrelin is expressed in a number of tissues
including stomach, hypothalamus and islets of Langerhans. It inhibits
insulin secretion and promotes islet survival. In addition, ghrelin displays
gender dimorphism with regards to plasma levels in humans and rodents,
and orexigenic responses in rodents. However, most studies relating
ghrelin to islet function have investigated islets from male rodents and
gender unspecified human islets. The aim of this study was to explore
whether there are any gender specific differences in mRNA expression of
Ghrelin, ghrelin receptor (Ghsr) and oestrogen receptor 1 (Esr1) in mu-
rine islets, and whether treatment with acyl-ghrelin (AG) affects their
expression levels as well as apoptosis in islets from both groups. It was
also tested whether any effect observed is conveyed via the Growth
Hormone Secretagougue Receptor type 1a (GHSR1a).
Materials and methods: Oestrus cycle stage was determined by
haematoxylin and eosin (H&E) staining of vaginal smears. Islets from
male and female CD-1mice were incubated with 10 or 100 nmol/l AG +/-
5 μmol/l GHSR1a antagonist YIL781 for 48h and exposed to TNF-α
(1000 U/ml) and IL-1β (50 U/ml) for 20h. Gene expression was deter-
mined by quantitative PCR and apoptosis by measurement of caspase 3/7
activity.
Results: H&E staining showed that the majority (67%) of female mice
used were synchronised at metestrus stage with the remaining at oestrus
stage (33%), (n=24). Expression of Ghrelin was not significantly different
in stomach (p>0.5, n=3) and hypothalamus of male and female mice.
Ghrelin receptor (Ghsr) expression was 2-fold greater in islets from female
mice (p<0.05), however Ghrelin (p>0.2, n=3) and oestrogen receptor 1
(n=2) mRNA expression was not significantly different between the two
groups. Following incubation with 100 nmol/l AG, mRNA expression of
Ghrelin (p>0.9, n=3), Ghsr (p>0.09, n=3) and Esr1 (n=2) remained un-
changed in both groups. Treatment with 10 and 100 nmol/l AG reduced
cytokine-induced apoptosis compared to control in islets from female
(45%±4 (10 nmol/l), p<0.0001 and 35%±4 (100 nmol/l) p<0.001, n=6,
experiment representative of four repeats), but not male mice (113%±8 (10
nmol/l) p>0.6 and 113%±10 (100 nmol/l), p> 0.6, n=6, experiment repre-
sentative of three repeats). Treatment with 5 μmol/l YIL781 did not reverse
the observed protective effect of ghrelin in islets from female mice.
However, it resulted in significant reduction in apoptosis (47%±6 (5
μmol/l YIL781), p<0.0001 and 35%±.4 (5 μmol/l YIL781 + 100 nmol/l
AG), p<0.001, n=6, experiment representative of three repeats).
Conclusion: Our results suggest a differential effect of ghrelin on islet
survival in male and female mice which may involve regulation of an
endogenous islet ghrelin receptor, and suggest a potential agonistic effect
of GHSR1a antagonist YIL781.
Disclosure: N.V. Hewawasam: None.

557
The efficacy of GIP(3-30)NH2 as a GIP receptor antagonist in
humans
L.S. Gasbjerg1,2, E.J. Bari2, S. Stensen2, B. Hoe2, A.R. Lanng2, D.S.
Mathiesen2, M.B. Christensen2,3, B. Hartmann1,4, J.J. Holst1,4, M.M.
Rosenkilde1,4, F.K. Knop2,5;

1Department of Biomedical Sciences, University of Copenhagen,
Copenhagen, 2Center for Clinical Metabolic Research, Gentofte
Hospital, Hellerup, 3Department of Clinical Pharmacology, Bispebjerg
Hospital, Copenhagen, 4Novo Nordisk Foundation Center for Basic
Metabolic Research, Copenhagen, 5Department of Clinical Medicine,
University of Copenhagen, Copenhagen, Denmark.

Background and aims: Glucose-dependent insulinotropic polypep-
tide (GIP) is secreted from enteroendocrine cells during food in-
take and exerts several important actions including potentiation of
glucose-induced insulin secretion from pancreatic beta cells. The
naturally occurring fragment of GIP, GIP(3-30)NH2 has turned out
to be a selective and efficacious GIP receptor antagonist. In clin-
ical studies, we have infused GIP(3-30)NH2 in doses from 800 to
1000 pmol/kg/min. Here, we evaluated the potency of GIP(3-
30)NH2 in humans with respect to insulin secretion during a
hyperglycaemic glucose clamp.
Materials and methods: Glucose infusion rates, heart rate, blood pres-
sure, and appetite were evaluated on six separate hyperglycaemic clamp
(10 mmol/l) days in eight healthy men (age 20-26 years, BMI 20-27 kg/
m2) receiving separate 60-minute infusions of saline (day A) and GIP(3-
30)NH2 at four different rates (2 (day B), 20 (day C), 200 (day D), and
2000 pmol/kg/min (day E)) during simultaneous infusion of GIP (1.5
pmol/kg/min) (days A-E) or saline alone (placebo) (day F) in a
randomised, doubled-blinded, crossover design. Data are presented as
mean ± SD.
Results: Mean plasma glucose levels were similar on all study days
averaging 10.4 ± 1.1 mmol/l. Mean plasma GIP levels were similar on
study days A-E averaging 98 ± 21 pmol/l. The infused volume of glucose
was significantly lower on day D, E, and F (35 ± 14, 34 ± 11, and 22 ± 8.7
g, respectively) compared to A (43 ± 16 g, p < 0.007), resulting in a 55 ±
40% (D) and 62 ± 46% (E) reduction relative to day A. Infusion of GIP +
placebo (day A) resulted in increased heart rate (+4.9 ± 2.2 bpm from
baseline, p = 0.0005) and this was not seen on day D and E (p = 0.31 and
p = 0.79, respectively). Blood pressure was similar on all study days.
Evaluated by visual analogue scales, appetite measures, nausea, and com-
fort were similar on all study days.
Conclusion: According to the amount of glucose needed to main-
tain a hyperglycaemic clamp, GIP(3-30)NH2 antagonises the GIP
receptor dose-dependently with the most pronounced effects of the
doses 200-2000 pmol/kg/min within the tested range (2-2000
pmol/kg/min).

Clinical Trial Registration Number: H-18019266
Supported by: EFSD/Novo Nordisk
Disclosure: L.S. Gasbjerg: Grants; EFSD. Stock/Shareholding; Antag
Therapeutics Aps.
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The role of peripheral serotonin in obese and diabetic Wistar rats
studied by using of LP533401
I. Bogomilov1, V. Mihneva2, R. Nikolov3, N. Boyadjieva3;
1Military Medical Academy-Sofia/Medical University of Sofia, Sofia,
2Military Medical Academy-Sofia, Sofia, 3Medical University of Sofia,
Sofia, Bulgaria.

Background and aims: Although 95% of serotonin is produced in the
periphery, its functions have been ignored until now. Recently it became
clear that the serotonin system in the periphery regulates multiple physio-
logical aspects independently of the brain-derived serotonin. In particular,
peripheral serotonin plays a pivotal function in the regulation of glucose and
lipid homeostasis by acting on different organs and cell types. Serotonin
produced in pancreatic b- cells promotes insulin secretion and during preg-
nancy also b-cell proliferation. Serotonin produced in intestine acts on the
liver to promote gluconeogenesis and to suppress hepatic glucose uptake,
and on white adipocytes to promote lipolysis and to suppress glucose up-
take, adiponectin production and insulin action. Serotonin produced directly
in the adipocytes suppresses thermogenesis and glucose uptake in another
functional type of fat - brown adipose tissue. Moreover, serotonin might act
directly on muscle to promote glycolysis, and it promotes cytokine produc-
tion in macrophages. This plethora of actions of peripheral serotonin is
being recently unraveled by studies utilizing cell specific deletion ap-
proaches to target specific receptors or rate limiting enzymes for serotonin
synthesis. With our study, we want to see how peripheral serotonin affects
hyperglycemia, peripheral insulin resistance and obesity in rats.
Materials and methods: Serotonin is a crucial factor supporting pancreatic
b-cell function, using the Tph1 inhibitor - LP533401 (peripheral serotonin
inhibitor), in our experiments, aiming suppressing serotonin synthesis in in-
testinal enterochromaffin cells and in pancreatic b-cells of experimental ani-
mals. We used forty Wistar rats separate in 2 groups- rats with obesity and
diabetes and healthy rats (control group). Each of this groupswas separated in
other 2 - onewith daily intraperitoneal injection of LP533401 (0,5mg/kg) and
one without. In 4 weeks period we were tracking blood glucose level, insulin
secretion and rats weight. The differences in the mean values among the
groups are greater than would be expected by chance; there is a statistically
significant difference (P = <0.001) using SPSS program
Results: It was shown that after application of LP533401 the weight of the
rats in diabetic and obese group rats decreased by 35,4% (P<0,05), and by
15,4% (P<0,05) in the control group using LP544401 and no significant
dynamic in the groups without daily intraperitoneal injection of LP533401.
In the diabetic and obese rats group inwhich LP533401was appliedwe had
registered reduction of hyperglycemia (blood glucose over 7,0 mmol/l) by
65,4% (P<0,05) compering the results before the start of using LP533401
and 53,6%(P<0,05) compering with diabetic and obese rats group in which
we were not using LP533401. The research also shows decreasing of insu-
lin resistance by 35,8 % (P<0,05) in diabetic and obese rats group using
LP533401 compering with the results in the beginning of the study.
Conclusion:UsingLP533401 inhibitor for treatment of obesity and obesity-
induced diabetes in male Wistar rats, LP533401 significantly reduces hyper-
glycemia and peripheral insulin resistance and further reducing body weight
not only in the obese and diabetic rats group, but also in the control group.
Disclosure: I. Bogomilov: None.

559
Sclerostin resistance improves glucose metabolism and protects bone
mass in a mouse model of type 1 diabetes
G. Leanza1, F. Fontana2, Y. Alippe2, S.-Y. Lee2, R. Strollo1, P. Pozzilli1,
M. Remedi3, R. Civitelli2, N. Napoli1;
1Department of Medicine, Unit of Endocrinology and Diabetes, Campus
Bio-Medico University of Rome, Roma, Italy, 2Department of Medicine,
Bone andMineral Diseases, Washington University in St Louis, St Louis,
USA, 3Department of Medicine, Division of Endocrinology, Metabolism
and Lipid Center, Washington University in St Louis, St Louis, USA.

Background and aims: Type 1 diabetes (T1D) is characterized by met-
abolic abnormalities and bone fragility. In humans and preclinical models
of T1D, serum markers of bone formation are decreased suggesting re-
duced bone turnover rates. Moreover, circulating levels of the Wnt inhib-
itor sclerostin (Scl) are higher in T1D patients.We aimed to test the role of
Scl in T1D bone disease and glucose metabolism.
Materials and methods:We introduced the Scl-resistant Lrp5A214V mu-
tation, associated with high bone mass (HBM), in mice carrying the
Ins2Akita mutation (Akita), which causes hypoinsulinemia and
hyperglycaemia at age 4-5 week.
Results: Both Akita and Akita/HBM mutants developed diabetes (non-
fasting blood glucose ≥300mg/dl), albeit with different onset timing. At 6
weeks, 30% of Akita/HBM mice developed hyperglycaemia, compared
to 90% of Akita (n=10). Only at 12 weeks was the majority of Akita/
HBM mice hyperglycaemic. At 6 weeks, Akita mice had a significant
impairment in glucose tolerance in an intraperitoneal glucose tolerance
test (ipGTT) relative to Akita/HBM mice (p<0.05 for difference in areas
under the curve AUC; n=5-7). Furthermore, at both 7 and 30 weeks of
age, Akita/HBM showed a significant improved insulin sensitivity in an
ip insulin tolerance test relative to Akita mice (p<0.05 for difference in
AUC; n= 4-7). At 6 weeks, we also measured serum insulin, glucagon
and C-peptide during an ipGTTat baseline and 30 minutes after dextrose
injection (n=2-6). At baseline, serum insulin and C-peptide were unde-
tectable in both Akita groups. No differences in serum insulin and C-
peptide 30 minutes after dextrose injection were found in Akita/HBM
relative to Akita. Thus, Scl resistance may improve peripheral glucose
metabolism and slow the onset of T1D, although it does not prevent it.
Importantly, bone mass was 18% higher in Akita/HBM relative to Akita
littermates at 12 weeks (p<0.001; n=3-6), a difference that persisted up
until at least 18 weeks of age, despite prolonged hyperglycaemia.
Conclusion: In summary, even though we have not yet measured bone
strength, Wnt stimulation protects bone mass and may retard the onset of
metabolic abnormalities in T1D.
Disclosure: G. Leanza: None.

560
Endogenous glucose-dependent insulinotropic polypeptide exerts di-
verging and tissue specific in obese patients with type 2 diabetes
S. Stensen1, L.S. Gasbjerg2,1, L.L. Krogh1, A.H. Sparre-Ulrich2,3, K.
Skov-Jeppesen2, M.H. Jensen2, B. Hartmann2, T. Vilsbøll4,5, J.J.
Holst2,6, M.M. Rosenkilde2,6, M.B. Christensen1,7, F.K. Knop1,5;
1Center for Clinical Metabolic Research, Gentofte Hospital, Hellerup,
2Department of Biomedical Sciences, University of Copenhagen,
Copenhagen, 3Antag Therapeutics APS, Copenhagen, 4Steno Diabetes
Center Copenhagen, Gentofte, 5Department of Clinical Medicine,
University of Copenhagen, Copenhagen, 6Novo Nordisk Foundation
Center for Basic Metabolic Research, University of Copenhagen,
Copenhagen, 7Department of Clinical Pharmacology, University of
Copenhagen, Copenhagen, Denmark.

Background and aims: The incretin hormone glucose-dependent
insulinotropic polypeptide (GIP) is released from the small intestine fol-
lowing meal ingestion and potentiates glucose-stimulated insulin secre-
tion. Exogenous GIP has a poor insulinotropic effect in patients with type
2 diabetes. The aim of this study was to investigate the effects of endog-
enous GIP on glucose, bone, and lipid metabolism. We hypothesised that
endogenous GIP had no or negligible effects in glucose and bone homeo-
stasis in patients with type 2 diabetes.
Materials and methods: We investigated postprandial effects of endog-
enous GIP in patients with type 2 diabetes using the GIP receptor antag-
onist, GIP(3-30)NH2. In a randomised, double-blinded, placebo-con-
trolled, cross-over study, 10 patients with type 2 diabetes (mean±SD;
HbA1c 52±0.83 mmol/mol (6.9±3.2%); BMI 32.5±4.8 kg/m2) received
250-minute infusions of GIP(3-30)NH2 (1,200 pmol/kg/min) or placebo
(saline) during two separate standardised liquid meal tests.
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Results: Compared with placebo, GIP(3-30)NH2 infusion caused lower
postprandial insulin (Δ% ±SD; -19±15%, p=0.010) and C-peptide (-14
±21%, p=0.021) responses, but had no effect on plasma glucose excur-
sions (p=0.692) based on baseline-subtracted AUCs (bsAUC). Compared
with placebo, GIP(3-30)NH2 infusion decreased peak glucagon concen-
trations (Δ -33.3±25.6 pmol/l, p=0.046) but there were no differences in
bsAUC (p=0.580). Postprandial inhibition of bone resorption (as assessed
by carboxy-terminal collagen crosslinks (CTX)) was ~50% lower during
GIP(3-30)NH2 infusion compared with placebo (40 vs. 20 % reduction,
p=0.005; Figure).
Conclusion:Endogenous GIP seems to havemarginal stimulatory effects
on postprandial insulin and glucagon secretion with no effect on post-
prandial glucose concentrations in patients with type 2 diabetes. In con-
trast, endogenous GIP was a major determinant of postprandial suppres-
sion of bone resorption in these patients.

Clinical Trial Registration Number: NCT03702660
Supported by: Novo Nordisk Foundation and European Foundation for
the Study of Diabetes
Disclosure: S. Stensen: None.
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Individual effects of gastric bypass surgery on longitudinal blood
protein profiles: an IMI DIRECT study
C.E. Thomas1, R.S. Häussler1, M.-G. Hong1, V. Raverdy2, M. Dale1, A.
Viñuela3, M. Canouil4, E.T. Dermitzakis3, P. Froguel4, S. Brunak5, F.
Pattou2, J.M. Schwenk1, The IMI DIRECT Consortium;
1Affinity Proteomics, Science for Life Laboratory, School of Biotechnology,
KTH - Royal Institute of Technology, Stockholm, Sweden, 2Centre
Hospitalier Régional Universitaire de Lille 2, Lille, France, 3Department
of Genetic Medicine and Development, University of Geneva Medical
School, Geneva, Switzerland, 4Université de Lille, CNRS, Institut Pasteur
de Lille, Lille, France, 5Department of Bio and Health Informatics,
Technical University of Denmark, Kgs. Lyngby, Denmark.

Background and aims:Weight loss through bariatric surgery offers one
approach to induce significant, often lasting weight-loss and remission in
obese patients with type 2 diabetes (T2D). To study the effects of surgery
on early remission of diabetes through proteins in blood, we profiled the
sera from patients before and after gastric bypass surgery.
Materials and methods: Serum samples were collected at baseline (M0),
1st month (M1) and 3rd month (M3) after Roux-en-Y surgery from two
independent study sets of 67 and 79 obese T2D patients (BMI > 35 kg/m2).
Using highly sensitive and multiplexed immunoassays (Olink), we quan-
tified 184 proteins and investigated the longitudinal profiles (M0-M1-M3).
Results: The two most common longitudinal protein profiles had an
initial post-surgery increase (~22%) or decrease (~18%) from M0 to
M1 before approaching pre-surgery levels at M3. However, most proteins
displayed several different longitudinal profiles that were dependent on
the individual. We found nine proteins for which the profiles for >80% of
patient responses agreed and could be grouped into three or fewer longi-
tudinal profile patterns. CSTB and FABP4 levels peaked at M1 for >70%
of patients. Levels of OPN,MMP3, IGFBP-2 and REG1A increased from
M0 toM1 followed by a heterogenous response inM3, where for IGFBP-
2 and MMP3 ~50% of patients continued to increase. SELE and CNDP1
levels decreased from M0 to M1 and then each increased, decreased or
remained stable towards M3 in similar proportions. Comparing M0 to
M3, levels changed (FDR < 0.001) for ~17% of proteins in both study
sets. Of these >60% decreased over time. None of these were associated
to change in BMI, HbA1c or cardiovascular traits (FDR > 0.001).
Conclusion:We identified a limited number of proteins for which bariatric
surgery induced consistent changes across individuals. Some of these pro-
teins were involved in coagulation, lipid metabolism, bone remodeling and
islet cell regeneration. The dominant change in protein levels was short-
term alteration followed by reversal towards the baseline levels, suggesting
transient effects of surgery on the plasma proteome. However, the hetero-
geneity in individual protein profiles may point at different mechanisms of
remission that will be further explained by using the available clinical,
genomics and transcriptomics data. Identifying proteins with common re-
sponse across many patients is a true challenge for biomarkers, hence
multiple samples and different layers of data are needed to deconvolute
the consequence of a heterogeneous response to therapy.
Clinical Trial Registration Number: NCT01129297
Supported by: IMI grant agreement n°115317 (DIRECT)
Disclosure: C.E. Thomas: None.

562
Metabolic outcomes in obese type 2 diabetes patients after bariatric
embolisation of the left gastric artery
Z. Ramazanova1, M. Darsigova1, E. Pashkova1,2, A. Ametov1;
1Moscow Health Department, Federal State Budget Educational
Institution of Further Professional Education "Russian Medical
Academy of Continuing Professional Education" of the Ministry of
Health of Russia, Moscow, 2Moscow Health Department, State
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Budgetary Health Care Institution "City Clinical Hospital after S.P.
Botkin", Moscow, Russian Federation.

Background and aims: to study the effect of bariatric left gastric artery
embolization on metabolic outcomes in obese Type 2 diabetes patients.
Materials and methods: the study involved 10 obese patients (7 men
and 3 women) aged from 24 to 55 years with a diagnosis of Type 2
diabetes in combination with obesity (BMI>35 kg/m2 - BMI>40 kg/
m2). All patients received X-ray endovascular bariatric embolization of
the left gastric artery with 500-700 μm polyvinyl alcohol. At baseline and
6 months after the surgery all the patients had anthropometric and labo-
ratory examination (fasting glucose, HbA1c, insulin, C-peptide, HOMA-
IR and high-molecular adiponectin).
Results: analysis of the data obtained showed that the average weight
before embolization of the left gastric artery was 156±29.8 kg, at 6-month
follow-up it was 125±24 kg (p = 0.01), average baseline BMI was 50.1
±11.4 kg/m2, at 6 months - 41.3±8.4 kg/m2 (p = 0.01) correspondingly.
At baseline the average fasting glucose level was 6.9±1.5 mmol/l, at 6-
month follow-up - 5.1±0.9 mmol/l (p<0.001). At the same time the aver-
age level of HbA1c at baseline was 6.2±1.0%, 6 months after emboliza-
tion the average level of HbA1c reached 5.3± 0.6% (p<0.001), baseline
insulin was 15.1±4.6 MCU/ml, at six months it decreased to 8.41±0.94
MCU/ml (p< 0.001), the average level of C-peptide before bariatric em-
bolization was 3.96±1.0 ng/ml, by the month 6 it decreased to 3.11±0.64
ng/ml (p = 0.01). At baseline the average HOMA-IR was 4.3±1.5, after
half a year of follow-up - 1.8±0.33 (p<0.001). We also determined the
average level of high-molecular adiponectin which prior to bariatric em-
bolization was 20±9.8 μg/ml, by the 6th month of the observation the
indicator increased to 43.1±11.3 μg/ml (p<0.001).
Conclusion: preliminary findings show that bariatric embolization led
not only to the body weight loss by an average of 19.4%, but also a
decrease fasting glucose, glycated hemoglobin, insulin, C-peptide,
HOMA-IR. At the same time, we observed an increase in the level of
high molecular weight adiponectin as a universal marker of metabolic
health, which will further allow to conduct a comprehensive study of
carbohydrate and fat metabolism in order to determine the influence of
left gastric artery embolization on metabolic health in patients with Type
2 diabetes mellitus in combination with obesity.
Disclosure: Z. Ramazanova: None.

563
Pituitary GLP-1 receptor expression in the pathology of type 2 dia-
betes and metabolic syndrome in patients undergoing bariatric
surgery
M. Boss1, L. Deden2, M. Brom1, F. Berends2, S. van Lith1, E.
Hazebroek2, M. Gotthardt1;
1Nuclear Medicine, Radboud UMC, Nijmegen, 2Bariatric surgery,
Vitalys, Rijnstate, Arnhem, Netherlands.

Background and aims: Glucagon-like peptide-1 (GLP-1) stimulates in-
sulin secretion via GLP-1 receptors (GLP-1R) on pancreatic beta cells
and stimulates the hypothalamic-pituitary-adrenal (HPA) axis, resulting
in cortisol secretion. In individuals with obesity and type 2 diabetes
(T2D), increased levels of glucocorticoids were found. This potentially
results in insulin resistance, increased adipose tissue mass and insufficient
insulin secretion. Currently, the mechanism of HPA axis activation by
GLP-1 is not completely understood, but may play an important role in
the development of T2D. To investigate this potential role of GLP-1, we
used the radiolabeled GLP-1 analogue 68Ga-exendin. The aim was to
assess GLP-1R expression in the pituitary in patients with differences in
metabolic health; patients with morbid obesity and T2D, patients with
partial or complete T2D remission after Roux-en-Y gastric bypass
(RYGB) surgery.
Materials andmethods:Nine patients prior to and four patients one year
after RYGB surgery were included. One hour after injection of 68Ga-

exendin (100±5 MBq), whole-body PET/CT imaging was performed.
Pituitary tracer uptake was measured, expressed as maximum standard-
ized uptake value (SUVmax)
Results: Pituitary radiotracer uptake in patients prior to RYGB surgery is
significantly higher compared to patients one year after surgery, SUVmax:
4.5±2.5 vs. 1.8±1.0 g/ml, p=0.04; BMI: BMI 39±5 vs. 29±3 kg/m2,
p<0.01. Radiotracer uptake in the pituitary and BMI were positively
correlated (r=0.64, p=0.019).
Conclusion: Expression of GLP-1R in the human pituitary has not been
visualized in vivo before. The differences in pituitary GLP-1R expression
between patients may influence the susceptibility for HPA axis activation
by GLP-1. This suggests that HPA axis activation may play an important,
and to date underestimated, role in the pathophysiology, treatment and
remission of T2D. GLP-1R imaging could be a valuable tool for further
elucidating the role of pituitary GLP-1 signaling in T2D, metabolic syn-
drome and in characterization and prediction of therapy response in indi-
vidual patients.
Disclosure: M. Boss: None.

564
Changes in parathyroid sensitivity after bariatric surgery in patients
with type 2 diabetes: role of magnesium
A. Morejon, C. Musso, M. Faingold, E. Mingote, J. Santamaria, L.
Bosio, F. Di Fermo, L. Schurman, C. Sedlinsky;
U. A. Dr. Cesar Milstein, Ciudad Autonoma de Buenos Aires, Argentina.

Background and aims: There is a known interplay between calci-
um (Ca), phosphate (P), vitamin D and parathormone (PTH) se-
cretion in order to maintain their appropriate concentrations.
Magnesium (Mg) is another important factor behind that
homeostasis.
This study was developed to describe the differences in PTH levels
among patients with and without type 2 diabetes (DM and non-DM
respectively) after one year of bariatric surgery (BS) and to assess which
related factors possibly influence their concentration.
Materials and methods:We conducted a retrospective analysis of obese
patients who underwent BS, between July 2015 and February 2018. Data
were obtained from those patients who were screened one year after BS.
All patients received 100000 U of cholecalciferol monthly from pre-
surgical period, mineral and multivitamin supplements according to in-
ternational recommendations for bariatric patients. We recorded data on
PTH, 25-hydroxyvitamin D (25(OH)D), Ca, P and Mg before and one
year after BS. Hypomagnesemia was defined as Mg ≤1.8 mg/dl.
Sufficiency of vitamin D was considered 25(OH)D ≥30 mg/dl. We com-
pared those parameters between DM and non-DM patients. Chi-square
test and Mann-Whitney U test were used to evaluate the differences.
Correlations among variables were analized with Pearson coefficient.
Results: We included 39 patients aged 64 (38-72) ys, 92.3% female,
43.6% DM. There were no differences on age, body mass index (BMI)
and sex distribution among DM and non-DM. Sleeve gastrectomy was
performed in 86.4% of non-DM and 70.6% of DM patients underwent
Roux-en-Y gastric bypass/one-anastomosis gastric bypass. Before BS,
Mg deficiency was more frequent in DM (70.6 vs 13.6%, p=0.0001) with
an OR of 15.2 (IC 95% 3-75.5) for hypomagnesemia. However, this
difference did not continue to be significant after surgery, with a preva-
lence of hypomagnesemia of 28.6% in DM vs. 18.2% in non-DM. In DM
before surgery, BMI had a positive correlation with PTH (p=0.003) and a
negative correlation with Ca (p=0.03). The positive correlation between
BMI and PTH persisted after BS (p=0.02). Interestingly, only in non-DM,
PTH decreased significantly from 39.6 (5.4-112) to 26.9 (12.2-72) mg/dl
(p=0.016). In contrast to DM, PTH concentration was 20.1 (3-121) before
and 27.1 (10.5-75.6) mg/dl after BS (p=0.917). After one year, we ob-
served that 25(OH)D increased significantly in DM from 16.5 (5.2-30.9)
to 30.2 (16.9-50.5) mg/dl (p=0.005) and in non-DM from 14.8 (6-37.7) to
38 (16.9-68) mg/dl (p=0.004). Thus, 83.3% of non-DM vs 40% of DM
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reached sufficiency of vitamin D (p=0.035), and this was no different
between the type of BS. No differences on Ca and P were observed.
Conclusion: Mg is a known modulator of PTH synthesis and secretion.
Vitamin D and Ca modulate PTH secretion in normal conditions. Several
authors have previously demonstrated that DM is associated with lowMg
levels. In our present abstract, we show that even though PTH correlates
positively with BMI in DM, both pre and post surgically, only in non-DM
PTH levels decreased significantly after BS in response to an increased
level of vitaminD.We could then propose that hypomagnesemia preclud-
ed the normal rise of PTH in DM patients in the context of low vitamin D
concentrations generating a resistance of parathyroid cells to PTH secre-
tion. This condition was reverted after achieving normal Mg levels after
BS in DM, due to an increase in parathyroid sensitivity to Ca and vitamin
D levels.
Disclosure: A. Morejon: None.

565
Lowered serum FGF21 level with restored FGF21 signalling in liver
and white adipose tissue contributes to the improved lipid metabo-
lism after bariatric surgeries
Q. Liu, M. Wei, X. Huang, Y. Cheng, Y. Shao, S. Wang, M. Zhong, S.
Liu, G. Zhang, S. Hu;
General Surgery, Qilu Hospital of Shandong University, Jinan, China.

Background and aims: Fibroblast growth factor 21 (FGF21) is an
important hormone with multiple metabolic beneficial effects.
Paradoxically increased FGF21 with impaired FGF21 signaling
has been reported in diabetic state. Bariatric surgery can pro-
foundly improve metabolic parameters. However the detailed
mechanism underlying this effect is yet to be revealed. Altered
circulating FGF21 has been reported after bariatric surgery with
contradict results. The aim of this research is to investigate the
effect of bariatric surgeries on FGF21 serum level and related
signaling pathway, and the possible relationship between FGF21
and the postoperative metabolic improvement of bariatric
surgeries.
Materials and methods: Male Wistar rats were divided into four
groups: normal group (n=10), sham group (n=10), duodenal-
jejunal bypass (DJB) group (n=10) and sleeve gastrectomy (SG)
group (n=10). Chow diet was given to normal group and other
three groups were fed with high fat diet followed with low dose
of streptozotocin to induce diabetes. Metabolic parameters includ-
ing body weight, food intake, glucose tolerance and lipid profiles
were monitored. FGF21 level in both serum and liver was mea-
sured after surgery. FGF21 signaling pathway was evaluated in
liver and white adipose tissue (WAT). And FGF21 related meta-
bolic functions including lipogenesis and fatty acid (FFA) oxida-
tion in liver, and lipolysis in WAT were also detected after
surgery.
Results: Improved glucose tolerance, insulin sensitivity and lipid profiles
were observed after bariatric surgery, along with lowered hepatic and
adipose lipid accumulation. Serum and hepatic FGF21 level decreased
in both DJB and SG group. The level of FGF receptor 1 (FGFR1) and the
phosphorylation of extracellular regulated protein kinases 1/2 (ERK1/2)
increased in both DJB and SG groups. But the expression of KLB was
only observed in WAT after DJB and SG surgery. We also found de-
creased level of Srebp-1c, Scd1, Acc, Fasn and increased Cpt1α in liver,
and decreased Hsl and Atgl in WAT after DJB and SG surgery.
Conclusion: FGF21 level decreased after DJB and SG surgery with im-
proved FGF21 signaling. And the improved FGF21 action may contrib-
ute to the postoperatively improved lipid metabolism by suppressing
lipogenesis and enhancing FFA oxidation in liver as well as inhibiting
lipolysis in white adipose tissue.
Supported by: NNSFC and TSFSP
Disclosure: Q. Liu: None.

566
Glucose absorption via SGLT1 is important for incretin hormone
secretion after gastric bypass surgery
C. Martinussen1,2, S. Veedfald1,3, C. Dirksen1, K.N. Bojsen-Møller1,
M.S. Svane1, G.V. Hall4, V.B. Kristiansen1, J.J. Holst3, S. Madsbad1;
1Hvidovre Hospital, Hvidovre, 2Danish Diabetes Academy, Odense,
3Dep. of Biomedical Sciences and NNF Center for Basic Metabolic
Research, University of Copenhagen, Copenhagen, 4Clinical
Metabolomics Core Facility, Rigshospitalet, Copenhagen, Denmark.

Background and aims: Roux-en-Y gastric bypass (RYGB) is associated
with rapid incretin hormone secretion in response to glucose ingestion, but
the mechanisms are unclear. Particularly glucagon-like peptide-1 (GLP-1)
responses are exaggerated after the surgery and appear to be important for
postoperative weight loss and diabetes remission. Thus, understanding how
glucose triggers gut hormone secretion after RYGB could advance the
discovery of new drugs for the treatment of diabetes and obesity. The
accelerated postprandial glucose absorption after surgery could play a cru-
cial role for incretin hormone secretion. Accordingly, animal studies imply
that releases of both GLP-1 and glucose-dependent insulinotropic polypep-
tide (GIP) are triggered by intestinal glucose uptake through the sodium-
glucose transporter 1 (SGLT1). Our aim was to investigate the importance
of SGLT1 mediated glucose absorption for entero-pancreatic hormone se-
cretion and glucose metabolism after RYGB.
Materials and methods: In a single-blinded randomized crossover study,
10 RYGB-operated patients with no history of diabetes (age 47 ± 5 years,
BMI 36 ± 7 kg/m2, HbA1c 35 ± 4 mmol/mol, time from surgery 6 ± 1
years, mean ± SD) were provided an oral glucose drink (50 g) on two
separate days with or without acute pretreatment with a high dose (600
mg) of the dual SGLT1/SGLT2 inhibitor Canagliflozin (CANA).
Paracetamol and 3-O-Methyl-D-glucopyranose (3-OMG) were added to
the drink to evaluate the entry rate of the drink to the small intestine and
intestinal glucose absorption, respectively. Blood was sampled before and
for 4h after ingestion of the glucose drink and concentrations of glucose,
lactate, paracetamol, total GLP-1, total GIP, glucagon and pancreatic poly-
peptide (PP) were measured in plasma. Insulin, C-peptide and 3-OMG
were measured in serum. Glucosuria was evaluated after 2 and 4 hours.
Results: CANA reduced peak plasma glucose (11.8 vs. 8.4 mmol/l,
p<0.01) and tended to lower overall plasma glucose (AUC placebo:
1453, CANA: 1343 min∙mmol/l, p=0.08). CANA delayed the absorption
of glucose (time to peak of 3-OMG: 50 vs. 132 min, p<0.01), but not
paracetamol (time to peak: 24 vs. 25 min, p=0.87). CANA inhibited the
early release of GLP-1 with a reduction in peak plasma concentrations of
28% (p=0.03, 95%CI [-46%, -2.9%]), but prolonged the secretion so that
overall concentrations of GLP-1 were comparable to placebo (AUC above
basal: 6067 vs 7273 min∙pmol/l, p=0.23). CANA effectively suppressed
GIP secretion, reducing peak plasma concentrations by 57% (p<0.01) and
AUC above basal by 28% (p=0.01). Similarly, CANA reduced the peaks of
serum insulin and C-peptide (both p<0.01), whereas plasma glucagon was
increased (AUC 3216 vs. 4160 min∙pmol/l, p=0.02). In addition, CANA
diminished the postprandial rise in plasma lactate and pulse rate and caused
marked glucosuria (0.2 vs. 11 g), but did not affect PP.
Conclusion: Acute SGLT1/2 inhibition after gastric bypass inhibits glucose
absorption and the early release of GLP-1, GIP and insulin, while plasma
glucagon is increased. The results support that SGLT1 mediated glucose ab-
sorption is important for incretin hormone secretion after gastric bypass surgery.
Clinical Trial Registration Number: NCT03426956
Supported by: European Research Council, Danish Diabetes Academy,
Novo Nordisk Foundation
Disclosure: C. Martinussen: Grants; Danish Diabetes Academy funded
by the Novo Nordisk Foundation, European Research Council (ERC)
under the European Union’s Horizon 2020 research and innovation pro-
gram (grant agreement No 695069-BYPASSWITHOUTSURGERY),
Novo Nordisk Foundation (NNF15OC0017188), Research Foundation
for health research of the Capital Region of Denmark, Internal Research
Foundation at Hvidovre Hospital.
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Early effects of RYGB on hormone regulation and autonomic nerve
activity in patients with obesity and type 2 diabetes
P. Katsogiannos1, P.G. Kamble1, U. Hammar1, M. Sundbom2, U.
Wiklund3, M.J. Pereira1, J.W. Eriksson1;
1Dept. of Medical Sciences, Clinical Diabetes and Metabolism, Uppsala
University, Uppsala, 2Dept. of Surgical Sciences, Uppsala University,
Uppsala, 3Radiation Sciences, Biomedical Engineering & Informatics,
Umeå University, Umeå, Sweden.

Background and aims: We and others have previously shown a rapid
improvement of glycemic control and remission of type 2 diabetes (T2D)
after Roux-en-Y Gastric Bypass (RYGB). The mechanisms underlying
these changes are elusive. Here we explored short-term effects of RYGB
on incretins, counterregulatory hormones and autonomic nerve system
(ANS) activity.
Materials and methods: T2D patients with BMI 30-45 kg/m2 were
randomized to either RYGB or standard-of-care medical treatment
(2:1). The RYGB arm consisted of 13 patients (age 55 ± 9 yrs, 3M/10F,
diabetes duration 4 ± 3 yrs, HbA1c 55 ± 12 mmol/mol). They were
assessed at baseline, 4 and 24 weeks (wk) post-surgery as follows: 1)
Heart-rate variability (HRV). 2) an intravenous (IV) arginine (5g) chal-
lenge to assess beta-cell capacity. 3) 3-hour oral glucose tolerance test
(OGTT) with frequent blood sampling to measure hormonal changes.
The non-surgery arm (control group) consisted of 6 patients (age 49 ± 5
yrs; 4M/2F, diab. dur. 4 ± 1 year, HbA1c 48 ± 9mmol/mol) were assessed
at baseline and 24 wk.
Results: Compared to baseline, glucagon-like peptide 1 (GLP-1)
and gastric inhibitory polypeptide (GIP) levels were non-
significantly lower upon fasting, but higher during OGTT at 4-
and 24-wk post-RYGB (p<0.01). The total AUC for GLP-1 was
higher at 4 and 24 wk than baseline (p<0.05), while GIP rose more
rapidly and to higher peak levels during OGTT at post-RYGB
visits than baseline (p=0.001). Glucagon during OGTT was higher
post-RYGB. At 4 wk, peak glucagon levels were higher than base-
line (Estimated CI: 34.20 (19.42 to 48.98), p<0.001), but lower
than 24 wk (-18.17 (-33.08 to -3.25), p<0.05). At 24 wk, peak
glucagon was higher than baseline (16.03 (1.71 to 30.35),
p<0.05). Fasting FFA and glycerol levels were similar between
visits. However, the OGTT-AUC for FFA at 24 wk was reduced
compared to baseline (p<0.05) and 4 wk (p=0.06). Glycerol during
OGTT did not change after RYGB. At 4 wk, fasting cortisol was
lower than baseline (47.62 (-81.43, -13.80), p<0.01) and 24 wk (-
64.38 (-105.5, -23.3), p=0.36). Fasting IGF was higher at 24 wk
than baseline (24.38 (14.46, 34.30), p<0.001). The Matsuda index
was increased both at 4 and, more so, at 24 wk (p< 0.01). In
contrast, there was no change after RYGB in the relative insulin
increase during an IV arginine test. Total HRV at 4 and 24 wk
post-RYGB was significantly increased. There were significant
rises in Ptot (total variability measurement) and also in spectral
components such as PLF, and PHF at 4 and 24 wk post-RYGB
compared to baseline (p<0.05). PLF/PHF ratio, a measure of balance
between sympathetic and parasympathetic activation, did not
change at 4 weeks post-RYGB compared to baseline, but signifi-
cantly decreased at 24 wk post-RYGB (p<0.05). In the control
group, no significant changes were observed in any of the above
measures.
Conclusion: There are rapid adaptations within 4 weeks after RYGB as
follows: increased insulin sensitivity, increased levels of glucose-
stimulated incretins and glucagon to oral glucose. Increased heart rate
variability, and in particular the HF component, suggests an elevated
parasympathetic outflow after surgery. These findings support that neu-
rohormonal mechanisms are involved in the rapid improvement of glu-
cose metabolism after RYGB.
Clinical Trial Registration Number: NCT02729246
Disclosure: P. Katsogiannos: None.
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Optimal model of insulin therapy in patients after pancreatectomy:
open, prospective, randomised, intervention study: characteristics of
the study group
J. Jurczynska1, W. Korcz2, S. Hammoud1, W. Pawłowski2, M.
Słodkowski2, L. Czupryniak1;
1Department of Diabetology and Internal Medicine, Medical University
of Warsaw, Warsaw, 2Department of General, Gastroenterological and
Oncological Surgery, Medical University of Warsaw, Warsaw, Poland.

Background and aims: There is little data on optimal model of insulin
therapy in diabetes patients after pancreatectomy. The aim of the study is
to identify the optimal model of insulin therapy in patients already with
diabetes prior to or diabetes developing after pancreatectomy performed
due to pancreatic tumor. In addition, the study aims at evaluating the
relationship between subclinical inflammation and the efficacy of insulin
treatment and the risk of developing chronic complications in subjects
with diabetes after pancreatectomy
Materials and methods: The study was designed as is an open, prospec-
tive, randomized, intervention study. Until March 2019 49 patients (16
women, 33 men) aged 19-77 yrs (mean age [±SD] 63.0±1.41) with pan-
creatic tumor confirmed in imaging studies have been enrolled. The pa-
tients who underwent total or partial pancreatectomywere randomized into
two groups: Group 1 - treated with human insulin preparations, Group 2 -
treated with insulin analogues. All patients who underwent total pancrea-
tectomy were treated with insulin, while the patients who had partial pan-
createctomy performed were treated with basal insulin when the fasting
plasma glucose was >140 mg/dl and with prandial insulin when postpran-
dial plasma glucose was >180 mg/dl. At this stage of data analysis we
report the results on general insulin requirement after pancreatic surgery.
The study was approved by Local Ethics Commitettee.
Results: 46 patients were operated on (12 had circumferential pancreatic
resection, 7 - Traverso - Longmire procedure, 8 - Whipple procedure, 4 -
total pancreatoduodenectomy). In 12 operated patients during laparotomy
metastatic cancer was confirmed. The most common histopathological
diagnosis were adencarcinoma of the pancreas (n=21) and carcinoma of
the ampulla of Vater (n=7). In 13 patients type 2 diabetes was diagnosed
3.5±2.1 years before the surgery. At baseline diabetes was diagnosed in 9
patients (aged 65±4.2 years, BMI 29.4±4.6 kg/m2), impaired glucose
tolerance (IGT) - in 13 (56±11.3 years, BMI 28.2±4.7 kg/m2), impaired
fasting glucose (IFG) - in 11 (64.0±1.4 years, BMI 28.9±4,5 kg/m2). 8
patients had IFG and IGT (63.5±0.7 years, BMI 30.5±2.1 kg/m2).
Interestingly, the first - degree relatives of the patients with pancreatic
cancer had history of breast cancer (n=8; 38 %) and lung cancer (n=7;
33%). All patients after total pancreatectomy were treated with insulin
(daily insulin dose 31±14 IU), while 10 (38%) of those after partial pan-
createctomy did not require any insulin therapy in the first 3 months after
surgery. The patients after partial pancreatectomy who did require insulin
treatment daily insulin was 12±9 U.
Conclusion: Over a one third of individuals who underwent partial
pancretectomy do not require insulin therapy in the first 3 months after
surgery. This finding might be helpful while making the decision on the
surgery procedure in patients with pancreatic tumor. The results of the
study confirm that in moderately overweight individuals aged > 50 years
newly diagnosed diabetes or short history of diabetes may be associated
with pancreatic cancer, and that family history of breast or lung cancer is
associated with increased risk of developing pancreatic cancer.
Supported by: Polish Diabetes
Disclosure: J. Jurczynska: None.
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The colon is a source of extra-pancreatic glucagon: demonstration in
a mouse model of pancreatectomy
M. Le Gall1, A.-C. Jarry1, J. Le Beyec1,2, A. Mevel1, J.-P. Riveline3, J.-F.
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Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S274



1Centre de Recherche sur l'inflammation, Paris Cedex 18, 2Sorbonne
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Background and aims: Glucagon is considered as a specific pancreatic
hormone. However, an extra-pancreatic source of glucagon, whose secre-
tion is inappropriately induced by oral glucose, has been suspected for
years in diabetic patients after pancreatectomy. Glucagon and glucagon-
like peptide 1 (GLP-1) are both derived from the differential maturation
of the same precursor, proglucagon, by prohormone convertase 2 (PC2)
in the pancreas, and prohormone convertase 1/3 (PC1/3) in the intestine,
respectively. We postulate that after pancreactectomy, the intestine be-
comes capable of producing glucagon from the proglucagon.
Materials and methods: We set up an 85% subtotal pancreatectomy
model in C57Bl6 mice. Control (Ct) mice underwent a laparotomy.
Blood glucose, glucagonemia, insulinemia were measured in the fed ver-
sus fasted state and during an oral glucose tolerance tests (OGTT) 1 week
post-surgery. Immunostainings for glucagon, GLP1, PC1/3, PC2 were
performed on the residual pancreas and the different intestinal segments.
The ability of the residual pancreas and remodeled intestine to secrete
glucagon were measured ex vivo.
Results: Pxmice developed hyperglycemia in the fed state (351 mg/dl Px
mouse vs. 140 mg/dl controls, P<0.05). This hyperglycemia was accom-
panied by oral glucose intolerance (AUC +278% in Px P<0.01 mice vs.
Ct). In Px mice, glucagonemia increases between fasting and fed state but
also during an OGTT. After pancreatectomy, the mass of α cells did not
increase in the remaining pancreas and the residual α cells did not secrete
detectable glucagon levels. On the other hand, the colon presented
glucagon- and PC2-expressing cells and was able to secrete glucagon
ex vivo after pancreatectomy (+290.6%, P<0.05 Px vs Ct).
Conclusion: In this mouse model of subtotal pancreatectomy, we reca-
pitulated the abnormal secretion of glucagon in response to oral glucose
observed in pancreatectomized patients. We excluded the residual pan-
creas as a source of glucagon and showed that the colon can produce and
secrete glucagon. Our results could pave the way for new therapeutic
strategies to counter poor glycemic control in diabetic patients.
Supported by: SFD
Disclosure: M. Le Gall: None.
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The impact of bariatric surgery on incident cardiovascular disease and
mortality in patients with and without type 2 diabetes in the UK:
matched controlled cohort study
P. Singh1, A. Subramanian2, R. Singhal3, S. Bellary4, K.
Nirantharakumar2, A. Tahrani1;
1Institute of Metabolism and Systems Research, University of
Birmingham, Birmingham, 2Institute of Applied Health Research,
University of Birmingham, Birmingham, 3Department of Bariatric
Surgery, University Hospital Birmingham NHS Trust, Birmingham,
4Life and Health Science, Aston University, Birmingham, UK.

Background and aims: Obesity & Diabetes (T2DM) are associated with
increased cardiovascular disease (CVD) risk and premature mortality. Cohort
studies showed that bariatric surgery may reduce CVD incidence and mor-
tality, but real- life data from the UK are limited. Hence, we conducted a
population-based study examining the impact of bariatric surgery on incident
Hypertension (HTN), Atrial fibrillation (AF), CVD & mortality.
Materials and methods: A retrospective cohort study of adults (18-
75years) who had bariatric surgery (Gastric band, sleeve gastrectomy/
gastroplasty, gastric bypass or duodenal switch) between 1/1/1990 and
31/1/2018. We utilised The Health Improvement Network (THIN), a
validated and representative primary care electronic database. Each ex-
posed patient was matched to 2 controls for age, gender & baseline BMI.
Adults with a BMI <30 kg/m2 and Gastric cancer at baseline were ex-
cluded. The study variables were identified using Read codes. Patients
with the outcome of interest at baseline were excluded from the analysis.
CVDwas defined as ischemic heart disease/ heart failure/cerebrovascular
disease. We conducted Cox regression using STATA version15.
Results: The study included 5170 exposed & 9995 control participants, mean
age (±SD)45.3 (±10.5) years&80.86%were female.Themedian follow-upwas
3.88years (IQR 1.77-6.4years). Results of the unadjusted and adjusted analyses
are summarised inTable1.After adjusting for age, gender, baselineBMI, diabetes
status, smoking, alcohol intake, social deprivation & ethnicity, the adjusted HR
(adj HR) for incident HTN in the exposed vs control patients was 0.41 (95%CI
0.34-0.5, p=< 0.001). The adj HR for incident AF, CVD and mortality (further
adjusted for baseline CVD) were 0.93 (95%CI 0.68- 1.27, p=0.649); 0.79 (95%
CI 0.61-1.01, p =0.062) and 0.7 (95% CI 0.55- 0.89, p= 0.004) respectively. In
patients with T2DM (1176 exposed & 2089 controls), and after similar adjust-
ment to the above-mentioned+diabetesduration, bariatric surgerywasassociated
with lower risk of incidentHTN(adjHR0.34 , 95%CI0.20- 0.56, p<0.001),AF
(adj HR 0.58, 95%CI 0.33- 1.02, p= 0.06) and mortality (adj HR 0.63, 95%CI
0.42- 0.92, p= 0.018) but notCVD (adjHR0.77, 95%CI 0.51- 1.16, p= 0.204 ).
For patients without T2DM please refer to Table 1.
Conclusion: Bariatric surgery was associated with reduction in the risk of
composite CVD, HTN & mortality compared to matched controls with obe-
sity who did not have bariatric surgery. The impact of bariatric surgery on
incident AF and mortality was greater in patients with T2DM compared to
those without T2DM.

Disclosure: P. Singh: None.
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Pre-operative circulating succinate levels as a biomarker for diabetes
remission after bariatric surgery
V. Ceperuelo-Mallafré1,2, G. Llauradó2,3, N. Keiran1,2, E. Benaiges1,2,
B. Astiarraga4,2, L. Martínez1, S. Pellitero5,2, J. González-Clemente6,2, A.
Megía1,2, N. Vilarrasa7,2, J. Vendrell4,2, S. Fernández-Veledo1,2;
1Institut d´Investigació Sanitària Pere Virgili. Endocrinology and
Nutrition Service, Hospital Universitari de Tarragona Joan XXIII,
Tarragona, 2CIBER de Diabetes y Enfermedades Metabólicas
Asociadas (CIBERDEM)-Instituto de Salud Carlos III, Madrid,
3Department of Endocrinology and Nutrition, Hospital del Mar,
Institut Hospital del Mar d'Investigacions Mèdiques (IMIM),
Barcelona, 4Institut d´Investigació Sanitària Pere Virgili.
Endocrinology and Nutrition Service, Hospital Universitari de
Tarragona Joan XXIII. Rovira I Virgili University, Tarragona,
5Department of Endocrinology and Nutrition. Germans Trias i
Pu jo l Resea rch Ins t i t u t e , Ba rce lona , 6Depa r tmen t o f
Endocrinology and Nutrition. Hospital de Sabadell. Corporació
Sanitària Parc Taulí. Institut d’Investigació i Innovació Parc
Taulí (I3PT) (Universitat Autònoma de Barcelona), Sabadell,
7Obesity Unit and Endocrinology and Nutrition Departments.
Hospital Universitari de Bellvitge, L’Hospitalet de Llobregat,
Spain.

Background and aims: Bariatric surgery has emerged as an effec-
tive treatment for obesity, leading to marked weight loss and the
improvement of related comorbidities such as type 2 diabetes.
Several predictive outcome scores for type 2 diabetes remission
have been developed to help identify those patients most likely to
benefit from surgery. We sought to determine the potential use of
baseline circulating concentrations of succinate to predict type 2
diabetes remission following bariatric surgery.
Materials and methods: Forty-five obese patients with type 2 dia-
betes were randomly assigned to Roux-en-Y gastric bypass, sleeve
gastrectomy or laparoscopic greater curvature plication.
Anthropometrical parameters were evaluated and a complete bio-
chemical analysis including circulating serum succinate concentra-
tions was performed at baseline and 1-year after surgery.
Results: Baseline concentrations of circulating succinate were an
independent predictor of type 2 diabetes remission after bariatric
surgery. Patients achieving remission after 1-year had lower levels
of baseline circulating succinate (47.8 [37.6-64.6] μM vs. 64.1
[52.5-82.9] μM; p=0.018). Moreover, circulating succinate con-
centrations were significantly decreased 1-year after surgery
(58.9 [46.4-82.4] μM vs. 46.0 [35.8-65.3] μM, p=0.005). In mul-
tivariate analysis, the best logistic regression model showed that
baseline circulating succinate (odds ratio [OR]=11.3, p=0.031) and
the type of surgery (OR=26.4, p=0.010) were independently asso-
ciated with type 2 diabetes remission. The C-statistic for this
model was 0.899 (95% confidence interval: 0.809-0.989), which
significantly improved the prediction of remission when compared
with current available scores. Interestingly, patients had a different
response to the type of surgery (restrictive vs. malabsorptive tech-
niques) according to baseline circulating succinate concentrations,
with significant differences in remission rates.
Conclusion: Circulating succinate concentrations are reduced after
bariatric surgery and have predictive value for type 2 diabetes
remission independently of previously described pre-surgical fac-
tors and improve upon the current available scores to predict
remission.
Clinical Trial Registration Number: NCT14104758
Supported by: PI14/00228;PI17/0153;SAF2015-65;PI14/01997;PI17/
01556;PI15/01562
Disclosure: V. Ceperuelo-Mallafré: None.
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Influence of CGM-derived variables on DJBL anthropometric and
metabolic outcomes
A. Colás1, M. Varela2, M. Mraz3,4, D. Novak5, D. Cuesta-Frau6, L.
Vigil2, M. Haluzik7,4, B. Vargas2;
1Department of Internal Medicine, Hospital Universitario 12 de Octubre,
Madrid, Spain, 2Department of Internal Medicine, Hospital Universitario
deMóstoles, Móstoles, Spain, 3Department of Diabetes, Diabetes Centre,
Institute for Clinical and Experimental Medicine, Prague,
Czech Republic, 4Department of Medical Biochemistry and Laboratory
Diagnostics, 1st Faculty of Medicine and General University Hospital,
Charles University, Prague, Czech Republic, 5Department of
Cybernetics, Czech Technical University in Prague, Prague,
Czech Republic, 6Technological Institute of Informatics, Universitat
Politècnica de València, Alcoi Campus, Spain, 7Centre for
Experimental Medicine, Institute for Clinical and Experimental
Medicine, Prague, Czech Republic.

Background and aims: Duodeno-jejunal bypass liner (DJBL) is an en-
doscopically inserted device that has been recently proposed as an alter-
native to bariatric surgery. Its role in the treatment of type 2 Diabetes
Mellitus (T2DM) has yet not been established. In the present work: 1)
we analyse the possible correlation of Continuous Glucose Monitoring
(CGM)-derived variables to anthropometric and/or metabolic response to
DJBL implantation; and 2) we search for basal CGM-derived variables
that may help to select patients who may benefit the most from DJBL
implantation for the treatment of T2DM.
Materials andmethods: Thirty obese patients with T2DMwere subject-
ed to implantation of a DJBL for weight loss and improvement of glucose
control. A 7-days CGMwas performed at baseline and after 10 months of
DJBL implantation. For each registry, a 4-day measurement period was
selected. The study was approved by the Ethics Committee and written
informed consent was obtained from each patient. Anthropometric im-
provement was measured by means of change in body mass index (BMI)
and waist circumference (WC); metabolic response was measured by
means of change in fasting blood glucose (FBG) and HbA1c. Besides,
two CGM-derived metrics were described as a surrogate of “tonic” glu-
cose control (% of Time Under 6.2mmol/l -TU6.2-) and “phasic” glucose
control (Area Over 7.7 mmol/l -AO7.7-).
Results: The implantation of DJBL significantly reduced body
weight (BMI 42.3 ± 6.8 vs. 38.1 ± 7.25 kg/m2, p<0.01) and
improved glucose control (FBG 10.7 ± 5.6 vs. 8.38 ± 2.86
mmol/l, p<0.05; HbA1c 75.1 ± 18.75 vs. 55.43 ± 13.58
mmol/mol, p<0.01). Anthropometric changes (AnthC) showed a
poor correlation with metabolic changes (MetC) (ΔBMI ~
ΔFBG: rho= 0.23, p=n.s.; ΔWC ~ΔFBG: rho=0.19, p=n.s.;
ΔWC~ΔHbA1c: rho=0.22, p=n.s.). While AnthC correlated with
change in TU6.2 (ΔBMI ~ ΔTU6.2: rho= -0.59, p<0.01), MetC
showed better correlation with AO7.7 (ΔFBG ~ ΔAO7.7:
Pearson=0.60, p<0.01; ΔHbA1c ~ ΔAO7.7: Pearson=0.68,
p<0.01). Basal AO7.7 correlated strongly with metabolic success-
ful outcome (defined as drop in FBG ≥ 5 mmol/l or drop in
HbA1c ≥ 25% of its initial value) in a logistic regression model
(beta=0.0016, p=0.03). Subgroup analysis showed that DJBL suc-
cess rate was more pronounced in patients with worse basal
AO7.7 (value above the median) than those with better control
at baseline (0.85 vs. 0.31 (Chi2= 5.67, p=0.02)).
Conclusion: Implantation of DJBL in obese diabetic patients showed
good metabolic and anthropometric outcomes, measured by means of
CGM-derived variables. Diabetic population can be divided according
to its relative loss of tonic or phasic glycaemic control. Glucose dynamics
obtained by CGM-data analysis may help optimize patient profiling with
regard to DJBL implantation.
Disclosure: A. Colás: None.
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Regulation of insulin clearance is altered after Roux-en-Y gastric
bypass and sleeve gastrectomy
H. Honka1, R.A. DeFronzo1, A. Gastadelli2, M. Salehi1,3;
1Division of Diabetes, UT Health Science Center at San Antonio, San
Antonio, USA, 2Cardiometabolic Risk Unit, CNR Institute of Clinical
Physiology, Pisa, Italy, 3Bartter Research Unit, Audie Murphy Hospital,
San Antonio, USA.

Background and aims: Recent evidence suggests that liver has the ca-
pacity to regulate glucose metabolism by altering insulin clearance (ICR).
Roux-en-Y gastric bypass (RYGB) surgery and sleeve gastrectomy (SG)
improve glucose tolerance partially due to enhanced post-meal insulin
response, yet the effect of these procedures on ICR is largely unknown.
The aim of this study was to characterize ICR after RYGB and SG.
Materials and methods: Glucose, insulin and C-peptide levels were
measured during a mixed-meal study in non-diabetic subjects with prior
RYGB (N=18) or SG (N=14) and 7 age- and BMI-matched non-surgical
controls with normal glucose tolerance. Insulin clearance (ICR) under
fasting conditions and during mixed-meal test was calculated as molar
ratio of C-peptide to insulin. Insulin sensitivity was assessed by oral
glucose insulin sensitivity (OGIS) index.
Results: The three groups were matched for fasting glucose, BMI and age;
and surgical groups for weight loss and time since surgery. Compared to
controls, subjects after bariatric surgery had lower 2-hour glucose (91.6.5
±3.0 vs. 121±5.3 mg/dL, P<0.001) and tended to have higher ICR at base-
line (16.4±2.4 vs. 7.6±0.7, P=0.06). After meal, ICR was reduced in both
surgical and controls (P < 0.01 in two-way ANOVA); however, the extent
of reduction was more pronounced in subjects with prior surgery (50% vs.
30 %, P<0.01) but similar among the RYGB and SG subjects. Indices of
insulin clearance during fasting or fed conditions were not associated with
those of insulin sensitivity (OGIS in RYGB, SG, and control: 440±12.6,
393±14.0, and 390±21.6 mL/min m2, respectively, P<0.05).
Conclusion: These findings indicate that meal-induced ICR reduction is
exaggerated after RYGB and SG despite enhanced insulin clearance un-
der fasting conditions. Alteration in the post-meal ICR after these surger-
ies can affect glucose tolerance by enhancing postprandial
hyperinsulinemia.
Clinical Trial Registration Number: NCT02823665
Supported by: Finnish Cultural Foundation (no. 00180071), NIDDK
(DK105379)
Disclosure: H. Honka: None.
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Altered intestinal sensing and handling of dietary lipids after Roux-
en-Y gastric bypass
M.S. Svane1,2, C. Martinussen1,3, C. Dirksen1, K.N. Bojsen-Møller1,
E.R. Carlsson1, B. Hartmann2, T.R. Clausen4, S. Veedfald2,1, V.B.
Kristiansen1, J.F. Rehfeld5, H.S. Hansen2, J.J. Holst2, S. Madsbad1,2;
1Hvidovre Hospital, Hvidovre, 2University of Copenhagen, Copenhagen,
3Danish Diabetes Academy, Odense, 4Novo Nordisk A/S, Måløv,
5Rigshospitalet, Copenhagen, Denmark.

Background and aims: Enhanced postprandial gut hormone release
contributes to weight loss and improved glycaemic control after Roux-
en-Y gastric (RYGB). Elucidating the underlying mechanisms could lead
to new treatments of both obesity and type 2 diabetes. Rapid passage of
nutrients to the intestine seems to be involved, but the importance of
different nutrients is not clarified and enteroendocrine hormone secretion
in response to dietary lipids (triacylglycerol (TAG)) and its derivates
(long-chain fatty acids (LCFA) and monoacylglycerols) may be altered
by RYGB. We aimed to dissect the role of different lipid components on
gut hormone secretion and on lipid and bile acid metabolism after RYGB.
Materials and methods: In a randomized crossover study, 10 RYGB-
operated and 10 unoperated matched individuals (CON) (Age: RYGB 42

± 2 (mean ±SEM) yrs, CON 43 ±3, BMI: RYGB 32.4 ±2 kg/m2, CON
32.5 ±2, sex 5/5 (M/F) in both groups) were provided 3 equimolar oral
lipid formulations on separate days: olive oil (OO, digested to 2-Oleoyl-
Glycerol (2OG)+LCFA); 1,3-dioctanoyl-2-oleoyl-glycerol (dietary oil
(DO), digested to 2OG + medium-chain fatty acids (MCFA)); and
tricaprylin (containing only MCFA). Enteroendocrine secretory effects
of LCFA and 2OG were investigated, whereas the MCFA in tricaprylin
served as a negative control. Accordingly, OO vs DO reflects the effect of
LCFA, whereas DO vs tricaprylin reflects the impact of 2OG. Hormone
secretions are assessed as positive incremental areas under the curve
(piAUC).
Results: In both groups, GLP-1 and CCK responses were larger after OO
than after DO (both p<0.05); and peak GLP-1 in response to OO were
higher after RYGB (p=0.03 vs CON), whereas peak of CCK did not differ
between the groups. After RYGB, OO was superior to DO in stimulating
neurotensin (RYGB: OO: 11 ±0.2 nmol/L x min, DO: 3.2 ±0.7,
tricaprylin: 2.4 ±0.3; CON: OO: 3.0 ± 0.6, DO: 2.1 ±0.4, tricaprylin:
0.6 ±0.2) and PYY (RYGB OO: 4.0 ±1 nmol/L x min, DO: 1.1 ±0.2,
2.0 ±0.6; CON: OO: 2.2 ±0.5, DO: 1.1 ±0.3: tricaprylin: 1.9 ±0.9)
(p<0.01 for OO vs DO in RYGB for both neurotensin and PYY), whereas
these differences were not significant in CON. Neurotensin responses
were four-fold larger after RYGB than in CON (p<0.01). Both OO and
DO induced significant GIP responses in CON, but not after RYGB.
Plasma TAG responses to OO were reduced after RYGB (iAUC p=0.04
vs. CON), but chylomicrons where comparable between groups
(ApoB48: iAUC p=0.24 vs. CON). Fasting and peak circulating bile
acids were higher after RYGB (both p<0.05 vs. CON), but iAUC did
not differ (p=0.48).
Conclusion: Enteroendocrine responses to dietary TAG are altered by
RYGB. This appears to be mediated primarily by the LCFA moiety,
which was a potent stimulus for especially neurotensin and PYY in
RYGB-operated, but not in unoperated individuals. RYGB was associat-
ed with diminished circulating TAG responses but with higher bile acid
concentrations in the postprandial state. These results indicate that gut
hormone responses to dietary lipids depend on the specific fat derivates
as well as the intestinal site of delivery. The hormones triggered by fat
ingestion could be involved in weight loss and diabetes remission follow-
ing RYGB.
Clinical Trial Registration Number: NCT03223389
Supported by: ERC, DDA, Novo Nordisk Foundation, Region H
Disclosure: M.S. Svane: None.
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Effect of liraglutide 3.0 mg on glycaemic parameters in adults with
overweight/obesity and type 2 diabetes treated with basal insulin:
SCALE insulin trial
D. Dicker1, A.L. Birkenfeld2, T. Garvey3, G. Mingrone4, S.D. Pedersen5,
A. Satylganova6, D. Skovgaard6, D. Sugimoto7, N. Zeuthen6, O.
Mosenzon8;
1D Hasharon Hospital, Petah Tikva, Israel, 2Universitätsklinikum,
Dresden, Germany, 3University of Alabama, Birmingham, USA,
4UCSC, Rome, Italy, 5C-ENDO Diabetes & Endocrinology Clinic,
Calgary, Canada, 6Novo Nordisk, Søborg, Denmark, 7Cedar Crosse
Research Center, Chicago, USA, 8Hadassah Hebrew University
Hospital, Jerusalem, Israel.

Background and aims: Liraglutide at doses ≤1.8 mg once-daily with
basal insulin is an established treatment for T2D. The SCALE Insulin trial
investigated the efficacy and safety of liraglutide 3.0 mg for weight man-
agement in adults with obesity and T2D on basal insulin; here we report
the glycaemic effects.
Materials and methods: This 56-week double-blind trial randomised
adults with T2D (HbA1c 6-10%) and overweight/obesity (BMI ≥27 kg/
m2) to liraglutide 3.0 mg (n=198) or placebo (n=198), both as adjunct to
intensive behaviour therapy (IBT). All patients were on basal insulin and
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≤2 oral antidiabetic drugs at baseline (BL). Patients on sulphonylurea
(SU) were stratified between arms. Insulin doses were titrated weekly in
both arms to achieve the same fasting plasma glucose (FPG) targets.
Week 56 outcomes were assessed using all observed values regardless
of treatment status at week 56 and a jump-to-reference (placebo at 56
weeks) multiple imputation approach for missing data.
Results: Mean characteristics at randomisation: 57 years old, 48% male,
BMI 36 kg/m2, HbA1c 7.9%, FPG 8.0 mmol/L, diabetes duration 12 years,
34% on SU. 195 and 197 participants, respectively, were exposed to
liraglutide 3.0mg and placebo, with 166 (83.8%) and 168 (84.8%) on drug
at week 56. Mean ΔHbA1c at 56 weeks was -1.09% vs -0.55% with
liraglutide vs placebo, respectively (estimated treatment difference [ETD]
-0.53; p<0.0001) (Figure). MeanΔFPG was -1.02 vs -0.64 mmol/L (ETD
-0.39, p=0.1502), respectively. At week 56, the 7-point self-measured
blood glucose profile showed improved postprandial glucose control
(Δmean daytime value: liraglutide, -2.2 mmol/L; placebo, -1.5 mmol/L)
(ETD -0.69; p=0.0032). Mean total insulin dose increased by 2.8U vs
17.8U (ETD -15U, p<0.0001) with liraglutide vs placebo, respectively,
from BL mean of 38U. Proportion of individuals achieving the composite
endpoint of HbA1c <7.0% + ≥5% weight loss (WL) with liraglutide and
placebo was 39.0% and 13.9% (OR 3.94, p<0.0001), respectively, and for
HbA1c <7.0% + ≥5%WL + no documented symptomatic hypoglycaemia
(DSH) was 17.8% and 6.2% (OR 3.28, p=0.0006), respectively. DSH (on
drug) occurred at rates of 4.25 vs 2.99 events/patient-year with liraglutide
vs placebo, respectively, in patients taking SU at BL, and 2.90 vs 4.75
events/patient-year in patients not taking SU at BL.
Conclusion: In insulin-treated patients with T2D and overweight/obesity,
liraglutide 3.0 mg + IBT achieved better glycaemic control vs placebo +
IBT (based onΔHbA1c), in addition to clinically relevant WL, with need
for less basal insulin and no increase in risk of hypoglycaemia.

Clinical Trial Registration Number: NCT02963922
Supported by: Novo Nordisk
Disclosure: D. Dicker: Employment/Consultancy; Steering committee
and advisory boards: Novo Nordisk, Advisory boards: Sanofi, Boehringer
Ingelheim, AstraZeneca, Teva. Lecture/other fees; Speaking fees: Novo
Nordisk, Sanofi, Boehringer Ingelheim, AstraZeneca and Teva.
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Efficacy and safety of liraglutide 3.0 mg in individuals with over-
weight or obesity and type 2 diabetes treated with basal insulin: the
SCALE Insulin trial
G.Mingrone1, T. Garvey2, A.L. Birkenfeld3, D. Dicker4, S.D. Pedersen5,
A. Satylganova6, D.C. Skovgaard6, D. Sugimoto7, N. Zeuthen6, O.
Mosenzon8;
1UCSC, Rome, Italy, 2University of Alabama, Birmingham, USA,
3Universitätsklinikum, Dresden, Germany, 4D Hasharon Hospital, Petah
Tikva, Israel, 5C-ENDO Diabetes & Endocrinology Clinic, Calgary,
Canada, 6Novo Nordisk, Søborg, Denmark, 7Cedar Crosse Research
Center, Chicago, USA, 8Hadassah Hebrew University Hospital,
Jerusalem, Israel.

Background and aims: Liraglutide 3.0 mg is approved for weight manage-
ment in adultswith andwithout type 2 diabetes (T2D). Liraglutide up to 1.8mg
has been used in combination with insulin for treatment of T2D, but combina-
tion of a 3.0 mg dose with insulin has not previously been investigated.
Materials and methods: The 56-week double-blind SCALE Insulin trial
randomised individuals with insulin-treated T2D and overweight or obesity
(BMI ≥27 kg/m2) to liraglutide 3.0 mg or placebo, both as adjunct to intensive
behaviour therapy.All individualswereon stable treatmentwith basal insulin and
up to 2 oral antidiabetic drugs. Primary endpoints were mean change in body
weight (%) and proportion with weight loss (WL) ≥5% at week 56. Endpoints
were analysed using all observed values regardless of week 56 treatment status,
and a jump-to-reference multiple imputation approach to missing data.
Results: Mean baseline characteristics at randomisation (n=198) for
liraglutide 3.0 mg included: 55.9 years of age, 54.5% female, weight 101
kg, BMI 35.9 kg/m2, diabetes duration 11.4 years, HbA1c 7.9%.
Corresponding placebo values (n=198) were 57.6 years, 50.0% female,
weight 99 kg, BMI 35.3 kg/m2, 12.8 years of age, HbA1c 8.0%. Of those
randomised, 195 were exposed to liraglutide 3.0 mg and 197 to placebo, with
166 (83.8%) and 168 (84.8%) on drug at week 56. The primary analysis
demonstratedWL at week 56 of −5.85% and −1.53%, respectively, estimated
treatment difference (ETD) −4.32 (95% CI −5.48; −3.16, p<0.0001). The
proportion achieving WL ≥5% was 51.80% of individuals on liraglutide
and 23.98% on placebo (OR 3.41, p<0.0001). Respective values for >10%
WL were 22.77% and 6.55% (OR 4.21, p<0.0001) (other efficacy outcomes
in Table). HbA1c reduction was greater with liraglutide vs placebo (−1.09 vs
−0.55%, p<0.0001), and there were respective changes in insulin dose of
+2.8U and +17.8U from a baseline mean (both groups) of 38U (ETD
−15U, p<0.0001). Documented hypoglycaemia (on-drug) occurred at respec-
tive rates of 7.42 and 9.38 events/patient-year with liraglutide 3.0 mg and
placebo, with 3 and 2 severe events in each group respectively. Adverse event
incidence was similar for liraglutide 3.0 mg and placebo, except in gastroin-
testinal events (liraglutide 3.0 mg, 62.1%; placebo, 46.7%).
Conclusion: In individuals with basal insulin-treated T2D, liraglutide
3.0 mg was superior to placebo with respect to mean and categorical
WL, and improvements in glycaemic control. More hypoglycaemic epi-
sodes were reported in individuals with placebo vs liraglutide 3.0 mg and
no new safety or tolerability issues were observed.

Clinical Trial Registration Number: NCT02963922
Supported by: Novo Nordisk
Disclosure: G. Mingrone: Grants; Investigator grants from Novo
Nordisk. Other; Board member: Johnson & Johnson, Fractyl Inc and
Keyron Ltd.
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577
Wrist circumference is a biomarker of adipose tissue inflammation
and cardiovascular risk in non-diabetic obese children
C. Luordi1, E. Maddaloni1, C. Bizzarri2, S. Pedicelli2, S. Zampetti1, L.
D'Onofrio1, C. Moretti1, M. Cappa2, R. Buzzetti1;
1Sapienza University of Rome, Rome, 2Bambino Gesù Children’s
Hospital, Rome, Italy.

Background and aims: The increase of childhood obesity is associated
with an increase in the prevalence of cardiovascular risk factors. Wrist
circumference has recently emerged as a sensitive anthropometric index
of cardio-metabolic risk in youths. Whether wrist circumference is asso-
ciated to adipose tissue inflammation and with the risk of developing
cardiovascular disease later in adulthood is still unclear. In this study
we aim to evaluate the relationship between wrist circumference, markers
of adipose tissue inflammation and future cardiovascular risk in a popu-
lation of obese children and adolescents.
Materials and methods:Wrist circumference, waist to hip ratio (WHR)
and biochemistry were measured in 280 non-diabetic overweight/obese
children aged 13 ± 2 years undergoing an oral glucose tolerance test.
Truncal fat percentage was measured by Dual-energy X-ray absorptiom-
etry. Serum adiponectin and leptin levels were determined using a quan-
titative enzyme-linked immunosorbent assay. Cardiovascular risk was
estimated by the “Metabolic syndrome Score” (MetS score), which was
validated in children for the prediction of cardiometabolic outcomes in
adults.
Results: Pre-diabetes was diagnosed in 47 (16.8%) subjects. Subjects
with prediabetes had higher levels of leptin and lower levels of
adiponectin than subjects with normal glucose tolerance (NGT)
(p=0.035; p=0.001 respectively). Wrist circumference and WHR did
not differ between subjects with pre-diabetes and NGT. Subjects in the
upper 50th percentiles of wrist circumference had lower levels of
adiponectin (6.08 [3.86-8.82] vs 7.81 [4.61-12.31] μg/ml; p= 0.003)
and higher levels of leptin (35.85 [17.05-57.12] vs 24.26 [9.66-43.06]
ng/ml, p=0.0001), but did not differ in terms of truncal fat percentage
(p>0.05). WHR was not associated to adiponectin levels, but leptin was
lower in subjects in the upperWHR 50th percentiles (26.52 [12.63- 44.31]
ng/ml vs 34.63 [15.39-59.02] ng/ml; p=0.02). MetS score was directly
related to wrist circumference (r= 0.5 p<0.001) and leptin (r=0.32
p<0.0001), and inversely related to adiponectin (r= -0.34 p<0.0001).
Conclusion:Our study shows that wrist circumference relates better than
WHR to adipose tissue dysfunction. Moreover, we show a strong rela-
tionship between wrist circumference and future risk of cardiovascular
events estimated by MetS score. Overall, this suggests wrist circumfer-
ence as the ideal anthropometric marker of cardiometabolic risk in obese
children.
Supported by: Italian Ministry of Health "Ricerca finalizzata"
Disclosure: C. Luordi: Grants; Italian Ministry of Health "Ricerca
finalizzata".

PS 036 Diabetic complications of the mind

578
Glimepiride attenuates diabetes-induced tau hyperphosphorylation
in vivo and in vitro by up-regulatingOGT-involvedO-GlcNAcylation
R. Huang1,2, S. Tian1, H. Zhang1, S. Wang1;
1Department of Endocrinology, Zhongda Hospital, School of Medicine,
Southeast University, Nanjing, 2Department of Endocrinology, Nanjing
First Hospital, Nanjing Medical University, Nanjing, China.

Background and aims: Diabetes mellitus can increase the risk of cogni-
tive dysfunction, while the exact mechanisms remain unclear and effec-
tive treatment approaches are lacking. Aberrant O-GlcNAcylation has
been identified to be involved in the pathogenesis of Alzheimer’s disease
via competition with tau phosphorylation at serine (Ser) and threonine
(Thr) sites. This study was designed to investigate the neuroprotective
role and possible mechanisms of glimepiride on diabetes-associated cog-
nitive dysfunction (DACD).
Materials and methods: Fifteen-week old male KK-Ay mice were used
as DACD models and given 1 mg/(kg·d) or 2 mg/(kg·d) glimepiride
gavage for twelve weeks, and their age, gender-matched C57BL/6 mice
were used as controls. Morris water maze tests were performed before
sacrifice to evaluate cognitive functions. HE and Nissl staining were
conducted to assess morphology changes, and immunofluorescence
staining was used to detect the location of O-GlcNAcylation, and its
relative expression level with tau phosphorylation. Western blot was per-
formed to detect O-GlcNAcylation and tau phosphorylation levels in
mouse hippocampus. Advanced glycation end products (AGEs)-cultured
HT22 cells were used as a model of high glucose toxicity, and to explore
the mechanisms of neuroprotective role of glimepiride.
Results:DACDmice exhibited loosely arranged cells, decreased number
of Nissl body, decreasedO-GlcNAcylation level and increased tau protein
phosphorylation levels at Ser396, Ser404, Thr212 and Thr231 sites in the
hippocampus. Glimepiride attenuated learning and memory impairment,
improved cell morphologies and increased the number of O-
GlcNAcylation-positive neuronal cells in the hippocampal CA3 region
of KK-Ay mice. Meanwhile, O-GlcNAcylation level was increased, and
tau protein phosphorylation levels at Ser396 and Thr212 sites were de-
creased after glimepiride treatment, accompanied by elevated O-GlcNAc
transferase (OGT) level. In AGEs-cultured HT22 cells, glimepiride in-
creased O-GlcNAcylation level and tau phosphorylation level at Thr212
site, both of which were reversed by OSMI-1, a selective inhibitor of
OGT.
Conclusion: Our study indicated that glimepiride attenuates diabetes-
induced tau hyperphosphorylation in vivo and in vitro by up-regulating
OGT-involved O-GlcNAcylation. These findings highlighted that
glimepiride may be a promising drug for the treatment of DACD.
Supported by: NSFC (No.81570732, SW and No.81870568, SW)
Disclosure: R. Huang: None.

579
Glucagon-like peptide-1 alleviated carboxymethyl lysine induced
neuronal apoptosis via peroxisome proliferation activated receptor-γ
H. Zhang1, B. Song2, R. Huang1, S. Tian1, S. Wang1;
1Department of Endocrinology, Affiliated Zhongda Hospital of Southeast
University, Nanjing, 2Department of Endocrinology, First Affiliated
Hospital of Jinzhou Medical University, Jinzhou, China.

Background and aims: Although type 2 diabetes mellitus (T2DM) is
one of the well-recognized risk factors for Alzheimer's disease (AD), with
neuronal apoptosis, the neural mechanisms underlie the effects of T2DM
upon AD remains unclear. Carboxymethyl lysine (CML), a certain con-
tents of advanced glycation end products (AGEs), increasing in T2DM
individuals and targeting to its receptor, plays an important role in the
pathological process of AD with T2DM. Glucagon-like peptide-1 (GLP-
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1), binding to glucagon-like peptide-1 (GLP-1R), is a promising target to
remedy neuronal apoptosis and showing a potential neuroprotective ef-
fect. Peroxisome proliferation activated receptor-γ (PPAR-γ) is a com-
mon target to alleviate insulin resistance in T2DM and associated with
cells apoptosis. This present study aims to investigated the role of
PPAR-γ in GLP-1 alleviated neuronal apoptosis induced by CML.
Materials and methods: CML were used to trigger the apoptosis of
PC12 cells, which had been induced to neuros by neuronal growth factor.
GLP-1R were observed to explore the potential effects of GLP-1 on
apoptosis induced by CML. In addition, GLP-1 administration assay
was performed to alleviate cells apoptosis which is measured by flow
cytometry. To investigate the role of PPAR-γ in CML induced apoptosis
in PC12 cells, PPAR-γ were measured. As the relationship of GLP-1R
and PPAR-γ remains unclear, IP assay were performed to detect the
direct-interaction between them. Moreover, GW9662, a specific blocker
of PPAR-γ, was administrated to explore its essential effects.
Results: Compared with cells without CML, there are increased levels of
apoptosis among cells with CML. Furthermore, CML down-regulated the
levels of GLP-1R in PC12 cells. However, GLP-1 decreased the levels of
apoptosis induced by CML. Interestingly, we found increased PPAR-γ
expression levels in cells with GLP-1 administration. Moreover, direct-
interaction between PPAR-γ and GLP-1R were detected by IP assay. In
addition, GW9662 abolished the protect effect of GLP-1 from CML
induced apoptosis.
Conclusion:GLP-1 could alleviated the levels of apoptosis in PC12 cells.
This depends on the interaction between GLP-1R and PPAR-γ.
Supported by: NSFC (No.81570732, SW and No.81870568, SW)
Disclosure: H. Zhang: None.

580
Effects of the bile acid TUDCA on glucose metabolism of mice with
Alzheimer's disease
L. Zangerolamo, J.F. Vettorazzi, C. Solon, G.M. Soares, L.A. Velloso,
E.M. Carneiro, A.C. Boschero, H.C.L. Barbosa-Sampaio;
Obesity and Comorbidities Research Center - Biology Institute,
University of Campinas, Campinas, Brazil.

Background and aims:Alzheimer's disease (AD) is a neurodegenerative
disease, hallmarked by the accumulation and extracellular deposition of
β-amyloid protein, mainly in the hippocampus, resulting in the process of
neuronal death. Metabolic disorders characteristic of Type 2 Diabetes
(T2D), such as glucose intolerance and insulin resistance, have been
found in mice with AD, suggesting an intimate relationship between
Diabetes and Alzheimer. TUDCA is an endogenous bile acid with potent
neuroprotective properties, that regulates glucose metabolism by improv-
ing insulin secretion, signaling and degradation. Mice with AD have
reduced brain levels of TUDCA, and the treatment with TUDCA reduces
the accumulation of β-amyloid. We aimed to investigate the effects of
TUDCA on glucose homeostasis in an AD mice model.
Materials andmethods: 2-months-old C57BL/6mice were submitted to
intracerebroventricular injection of 3 mg/kg of streptozotocin (Stz) for
induction of AD, and after that half of them received 300 mg/kg of
TUDCA for 10 days. We evaluated glucose homeostasis through glucose
and insulin tolerance tests, as well as fasted and fed glycemia. Behavioral
analysis was performed by the novel object recognition test (NORT).
Protein content of β-amyloid and pGSK3β was quantified by Western
Blot. Gene expression of IDE and proinflammatory cytokines was eval-
uated by qPCR. Hippocampus IDE activity measurement was performed
using the SensoLyte 520 IDE Activity Assay Kit. Insulin levels were
evaluated in serum of fasted mice and after 30 minutes of glucose gavage.
Data were analyzed by one-way ANOVA. Data are mean ± SEM, and the
difference between the groups were considered statistically significant if
P ≤ 0,05.
Results: Mice were submitted to intracerebroventricular injection of Stz
for induction of AD, which was confirmed by increased amyloid

oligomer (1,67 ± 0,08 Stz x 1,13 ± 0,04 Stz+TUDCA, fold change of
Ctl) and proinflammatory cytokines (TNF-α: 4,04 ± 0,34 Stz x 1,16 ±
0,11 Stz+TUDCA; IL-1β: 1,52 ± 0,12 Stz x 0,75 ± 0,13 Stz+TUDCA,
fold change of Ctl), reduction of pGSK3β protein content (0,60 ± 0,08
Stz x 1,04 ± 0,12 Stz+TUDCA, fold change of Ctl) in hippocampus and
reduced discrimination index in NORT (0,63 ± 0,03 Ctl x 0,46 ± 0,03 Stz
x 0,59 ± 0,03 Stz+TUDCA, discrimination index). The treatment with
TUDCA reduced β-amyloid deposition and gene expression of proin-
flammatory cytokines and increased pG3K3β protein content, as well
as increased NORT index, compared to Stz. Moreover, TUDCA treat-
ment improved glucose tolerance (17607 ± 943,8 Ctl x 21618 ± 1048 Stz
x 17940 ± 685 Stz+TUDCA, area under the curve), fasted (88,0 mg/dL ±
2,57 Ctl x 110,0 mg/dL ± 4,26 Stz x 94,80 mg/dL ± 4,62 Stz+TUDCA)
and fed (156,0 mg/dL ± 3,47 Ctl x 176,0 mg/dL ± 2,70 Stz x 140,5 mg/dL
± 3,20 Stz+TUDCA) glycemia. TUDCA treatment also increased serum
insulin after glucose gavage, compared to Stz mice (1,63 ng/mL ± 0,38
Ctl x 3,36 ng/mL ± 1,22 Stz x 8,27 ng/mL ± 0,24 Stz+TUDCA), as well
as decreased IDE activity (0,0263 ± 0,0044 Ctl x 0,0033 ± 0,0001 Stz x
0,0016 ± 0,0001 Stz+TUDCA, IDE activity per μg total protein) and IDE
gene expression (0,68 ± 0,03 Stz x 0,41 ± 0,03 Stz+TUDCA, fold change
of Ctl) in the hippocampus.
Conclusion: Our results show that the bile acid TUDCA improves glu-
cose homeostasis in amodel of AD, indicating TUDCA as potential target
to treat AD associated metabolic disorders.
Supported by: FAPESP 2015/23729-1 and 2018/20213-2
Disclosure: L. Zangerolamo: None.

581
The interplay between glucometabolic markers, incretins, AGEs and
cognition in an elderly population
E. Dybjer1, G. Engström1, K. Nägga2, C. Helmer3, P.M. Nilsson1;
1Department of Clinical Sciences, Malmö, Lund University, Malmö,
Sweden, 2Clinical Memory Research Unit, Department of Clinical
Sciences, Malmö, Lund University, Malmö, Sweden, 3Inserm,
Bordeaux Population Health Research Center, team LEHA, University
of Bordeaux, Bordeaux, France.

Background and aims: The mechanisms behind diabetes-related cogni-
tive impairment and dementia are yet unknown. Animal studies have
shown that incretins (Glucose-dependent Insulinotropic Peptide, GIP,
and Glucagon-like peptide 1, GLP-1) may have neuro-protective poten-
tial and there is an ongoing clinical trial evaluating the effect of
linagliptin, a dipeptidyl peptidase IV (DPP-IV) inhibitor, on cognition
in humans. It has been proposed that both insulin signalling and
Advanced Glycation End products (AGEs) can modify pathophysiolog-
ical processes behind Alzheimer’s Disease (AD), by regulating Β-amy-
loid plaque and neurofibrillary tangle formation, but the evidence is not
clear. The aim of this observational study was to investigate relationships
between physiological levels of glucometabolic biomarkers and cognitive
test results in a population-based setting.
Materials and methods: Data were obtained from the population-based,
cross-sectional Malmö Diet and Cancer Study Re-examination cohort
during 2007-2012, in which 3001 people (mean age 72 years) underwent
the OGTT and cognitive tests including the Mini Mental State
Examination (MMSE) measuring global cognitive function and A
Quick Test of Cognitive Speed (AQT) measuring processing speed and
executive functioning. Regression analyses were performed to investigate
associations between biomarkers or related indices as exposure variables
(serum insulin, plasma glucagon, Insulin Sensitivity Index (ISI), HOMA-
IR, serum GIP and plasma GLP-1 measured during the OGTT, and also
Skin Autofluorescence (SAF) AGE on a sub-population of 454 individ-
uals) and cognitive test results as outcomes.
Results: Positive associations after adjustment for demographics and
lifestyle factors were found between MMSE results (measured in score
points out of 30) and the following variables: ISI (B=0.822, p=0.004), 2-h
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plasma glucagon (B=0.596, p=0.026), 2-h serum GIP (B=0.581,
p=0.040) and 2-h plasma GLP-1 (B=0.585, p=0.038), respectively.
Negative associations were found between MMSE and HOMA-IR (B=
-0.734, p=0.006), fasting plasma GLP-1 (B= -0.544, p=0.033) and SAF
(B= -1.459, p=0.030). Higher levels of fasting plasma GLP-1 were asso-
ciated with worse AQTscores (longer test time) (B=0.008, p=0.022), and
higher ISI was associated with better AQT scores (B= -0.010, p=0.018).
No significant associations were found between serum insulin and cog-
nitive test results.
Conclusion: Higher insulin sensitivity and higher levels of plasma glu-
cagon, serum GIP and plasma GLP-1 measured two hours after glucose
administration were cross-sectionally associated with better cognitive test
results. Higher insulin resistance, fasting levels of plasma GLP-1 and
SAF levels were associated with worse cognitive test results.
Longitudinal and interventional studies are needed to confirm these find-
ings and to evaluate possible neuro-modulating effects of these
biomarkers.
Supported by: The Research Council of Sweden
Disclosure: E. Dybjer: None.

582
Glycine ameliorates cognitive impairment by attenuating oxidative
stress in STZ-induced diabetic rats
Z. Wang, J. Zhang, L. Liu, L. Chen, J. Li, X. Guo;
Peking University First Hospital, Beijing, China.

Background and aims: Alzheimer disease (AD) is characterized by the
accumulation of senile plaques (mostly composed of amyloid-β, Aβ) and
neurofibrillary tangles in the hippocampus, leading to progressive cogni-
tive impairment. AD and diabetes share pathological mechanisms, includ-
ing oxidative stress. As one of the major pathways underlying oxidative
stress, the receptor of advanced glycation endproducts (RAGE) can acti-
vate NADPH oxidase (Nox), thus generating massive reactive oxygen
species, causing neuronal death and vascular dementia in AD. We have
previously reported that oral treatment of glycine could ameliorate oxi-
dative stress and reduce the expression of RAGE pathway in the kidney
and aorta of STZ-induced diabetic rats. In the present study, we deter-
mined the effect and safety of glycine on the cognitive function of dia-
betic rats and explored possible mechanisms.
Materials and methods: The STZ-induced diabetic rats were treated
with or without glycine (1% in drinking water) for 12 weeks. The cogni-
tive function was evaluated by Morris water maze test. The mRNA ex-
pression of amyloid precursor protein (APP), the precursor of Aβ, and
beta-secretase 1 (BACE-1), the APP processing emzyme, was determined
using PCR. The protein expression of RAGE, Nox4 and the marker of
oxidative stress, 3-nitrotyrosine, was measured by immunohistology. The
cognitive function of aged rats receiving short term (8 week) or long term
(80 week) of glycine treatment was determined to assess its safety.
Results: Our results showed that in the second and the third day of
training, the mean escape latency of the diabetic rats receiving glycine
treatment (DG) was significantly reduced compared with the diabetic rats
(DM) (p < 0.05), but the significancewas lost at the last day of training. In
the DM group, the time spent in the target quadrant of platform seemed to
be reduced compared with the control group, whereas a trend of increase
in time was observed in the DG group. The number of crossings of the
platform area in the DM group was significantly reduced compared with
the Control group (p < 0.05), but wasmarkedly increased in the DG group
compared with the DM group (p < 0.05). No significant differences of
swimming speed were detected among the four groups. In the homoge-
nates of hippocampi, the mRNA expressions of APP and BACE-1 were
significantly increased in the DMgroup compared with the Control group
(p < 0.05), but were decreased after glycine treatment (p < 0.05). The
protein expression of RAGE, Nox4 and 3-nitrotyrosine were markedly
increased in the hippocampi of the DM group compared with the Control
group (p < 0.05, p < 0.05, p < 0.01 respectively), but were decreased after

glycine treatment (p < 0.05). The number of crossings of the aged rats
receiving 80 weeks of glycine treatment was significantly increased com-
pared with the Control group (p < 0.05).
Conclusion:Our study showed that oral glycine treatment might attenuate
AD pathology by reducing the RAGE pathway and ameliorating subse-
quent oxidative stress, thus improving cognitive function of diabetic rats.

Disclosure: Z. Wang: None.

583
Effects of linagliptin (LINA) versus glimepiride (GLIM) on cognitive
performance in type 2 diabetes: the CAROLINA COGNITION study
G.J. Biessels1, C. Verhagen1, J. Janssen1,2, E. van den Berg1,3, A.
Passera4, G. Wallenstein5, B. Zinman6, M.E. Espeland7, O.E. Johansen8;
1UMC Utrecht Brain Center, Utrecht, Netherlands, 2Julius Center for
Health Sciences and Primary Care, UMC Utrecht, Utrecht, Netherlands,
3Erasmus MC - UMC, Rotherdam, Netherlands, 4HMS Analytical
Software GmbH, Sulzbach, Germany, 5Boehringer Ingelheim,
Ingelheim, Germany, 6Lunenfeld-Tanenbaum Research Institute, Mount
Sinai Hospital, Toronto, Canada, 7Wake Forest School of Medicine,
Winston-Salem, USA, 8Boehringer Ingelheim, Asker, Norway.

Background and aims: T2D is associated with cognitive dysfunction and
an increased risk of dementia, particularly in those with cardiovascular (CV)
disease. Although hyper- and hypoglycaemia potentially play a pathophysi-
ologic role, underlying mechanisms are largely unclear and no therapies,
including commonly used glucose lowering medications such as sulfonyl-
ureas (SU), have proven efficacy in preventing cognitive decline. Incretin
therapies, based on mechanistic studies, have been postulated to modulate
this risk via glycaemic and non-glycaemic pathways. We assessed the effect
on accelerated cognitive decline of the DPP-4 inhibitor LINAversus the SU
GLIM in early T2D with CV risk factors or established CV disease.
Materials and methods: The CAROLINA COGNITION study was an
integral part of CAROLINA that randomised participants to LINA 5 mg or
GLIM 1-4 mg oral once daily with a primary outcome of time to first CV
death, non-fatal myocardial infarction, or non-fatal stroke. The primary
cognitive outcome was the occurrence of accelerated cognitive decline,
defined as a regression based index score ≤16th percentile on either the
Mini-Mental State Examination (MMSE) or a composite measure of atten-
tion and executive functioning, and was analysed in participants with a
baseline MMSE ≥24 using the Latin alphabet. The primary assessment
was analysed at the end of treatment. Subgroup analyses by nine baseline
factors were also planned. We also prespecified an analysis of accelerated
cognitive decline at week 160 as well as absolute changes in cognitive
performance markers.
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Results:Of the 6033 participants treated in CAROLINA, 4018were eligible
for the CAROLINA COGNITION study. Of these, 3163 (38.0% female,
mean±SD age 64±9 years, MMSE 28.5±1.7, BMI 30.8±5.0 kg/m2, eGFR
76±19 ml/min/1.73m2, HbA1c 7.1±0.6%, diabetes duration 7.6±6.1 years)
were on-treatment at the end of trial cognitive assessment and represent the
primary analysis population. Over a median observation period of 6.1 years,
accelerated cognitive decline occurred in 27.8% (449/1618, LINA) vs 27.6%
(426/1545, GLIM); odds ratio (OR) 1.01 (95% CI 0.86, 1.18, p=0.91). No
treatment differenceswere observed in any subgroup (Figure), or at week 160
(OR 1.07 [0.91, 1.25], p=0.41). Absolute cognitive performance changes
were also similar between treatment groups.
Conclusion: In a large, international CV outcome trial in people with
T2D at elevated CV risk, no difference in risk for cognitive decline was
observed between LINA and GLIM over 6.1 years.

Clinical Trial Registration Number: NCT01243424
Supported by: Boehringer Ingelheim and Eli Lilly and Company
Diabetes Alliance
Disclosure: G.J. Biessels: Employment/Consultancy; UMC Utrecht
Brain Center, University Medical Center Utrecht. Grants; Boehringer
Ingelheim.

584
Insulin sensitivity predicts cognitive decline in prediabetes
C. Willmann1, K. Brockmann1, R. Wagner1, S. Kullmann1, H. Preissl1,
W. Maetzler2, T. Gasser1, D. Berg2, G.W. Eschweiler1, F. Metzger1, A.J.
Fallgatter1, H.-U. Häring1, A. Fritsche1, M. Heni1;
1Universitätsklinik Tübingen, Tübingen, 2Christian-Albrechts University,
Kiel, Germany.

Background and aims: The link between type 2 diabetes and cognitive
dysfunction appears to start in the prediabetic state. Although cross sec-
tional studies have linked insulin resistance to impaired cognition, this
mechanism has not yet been sufficiently studied longitudinally without
confounding by overt diabetes (and its treatment).
Materials and methods: We investigated participants of the ‘Tübinger
Evaluation of Risk Factors for Early Detection of Neurodegeneration’
(TREND) study longitudinally. Subjects underwent a comprehensive
neurocognitive assessment battery at baseline and every 2 years afterwards
(median follow up 4.0 q1-3: 2.2-4.3 y). Subjects with an HbA1c of 5.6-6.5%
without known diabetes were metabolically investigated by a five-point 75g
oral glucose tolerance test (OGTT) with assessment of insulin sensitivity and
insulin secretion (N=175). Subjects with newly diagnosed diabetes or with
depression (BDI >20) were excluded (N=15). Data were analyzed by mixed

models using sex, age and glycemic trait as fixed effects. Subject and time
between measurements were used as random effects.
Results: Insulin sensitivity was negatively associated with the
CERAD sum score (Consortium to Establish a Registry for
Alzheimer's Disease) in a time-dependent manner (p=0.0057).
This result is mainly driven by a worse performance in the mem-
ory domain due to declining insulin sensitivity (p=0.029). These
interactions remained significant after adjusting for glycemia
(p≤0.04). No interactions between time and insulin sensitivity for
executive, visuospatial or language domains were found. There was
no association with insulin secretion.
Conclusion: In summary, insulin resistance predicts cognitive decline,
specifically memory impairment in prediabetic persons. Therefore, insu-
lin resistance rather than sole elevation of blood glucose predispose
neuro-cognitive impairment. Diabetes treatments that improve insulin
sensitivity might therefore have the potential to postpone/prevent cogni-
tive decline in diabetes.
Supported by: BMBF 01GI0925
Disclosure: C. Willmann: None.

585
Effects of INS1-E hIAPP-derived exosomes on hippocampal cells:
amylin's toxicity as a link between type 2 diabetes and Alzheimer´s
disease
J. Burillo, M. Fernández-Rhodes, C. Guillén, P. Marqués, C. González,
B. Jiménez, M. Jordán, G. García, S. Fernández, M. Benito, M. Benito;
Biochemistry and Molecular Biology, Complutense University of
Madrid, Madrid, Spain.

Background and aims: Type 2 diabetes mellitus (T2DM) is and will
be one of the main health problem together with obesity. This
disease enhances the development of pathologies such as retinopa-
thies, hepatic damage or neurodegeneration. Indeed, the transition
from prediabetes to T2DM focus on the pancreatic beta cells. On
this regard, we are trying to understand if beta cells could establish
intercellular communication and how it may influence on the path-
ogenesis of neurodegenerative disorders such as Alzheimer´s dis-
ease (AD). We demonstrated that high insulin demand in predia-
betic stage forces beta cell and causes endoplasmic reticulum (ER)
stress, driving to a dysfunction in folding proteins like amylin
(IAPP). We saw that misfolded human amylin (hIAPP) tends to
aggregate and accumulate in cytoplasm of beta cell, increasing
ER stress, impairing autophagy and affecting mitochondrial dy-
namics and mitopaghy. Other results of neuronal cells overexpress-
ing a pro-aggregating alpha synuclein isoform show this toxic pro-
tein accumulation could be solved by secreting it inside extracel-
lular vesicles called exosomes. Exosomes are secreted by cells as
intercellular communication, bearing mRNA, miRNA or proteins,
and there are evidences about its role in neurodegenerative diseases
as a possible detoxification system. We have proved that INS1-E
hIAPP cells are able to secrete exosomes bearing high amount of
toxic amylin. As amylin aggregates co-localized with amyloid beta
in brain parenchyma of AD and T2DM patients, we hypothesize if
this detoxifying mechanism could turn into a link between beta
cells and neurons, and what effects could these hIAPP-bearing
exosomes.
Materials and methods: We have isolated exosomes from INS1-E WT,
INS1-E overexpressing rIAPP and hIAPP cells using a commercial kit,
characterized and added to HT-22 cells to assess by western blot and
immunofluorescence assays how exosomes affect them. To visualize
amylin beta-sheet aggregates, we use a new labelling compound devel-
oped by organic synthesis that is able to emit fluorescence when it is
bound to beta-amyloid structures.
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Results: Submitting INS1-E hIAPP cells to high glucose levels to stimulate
amylin secretion, we have detected amylin beta-sheet aggregates in cyto-
plasm, and this accumulation is aggravated when autophagy or ubiquitin
proteasome system (UPS) are blocked. In addition, using the inhibitor
GW4869, it seems that INS1-E hIAPP accumulates higher amounts of
amylin beta-sheet aggregates when we block exosome secretion. We have
seen that HT-22 cells treated with hIAPP-exosomes experiment some ER
stress, and when are submitted to oxidative stress, showed an impairment in
autophagosomes elimination. Exosomes from INS1-E hIAPP also cause an
injury in mitochondria and cause a pro-fission status in HT-22 cells.
Conclusion: We suggest that exosomes eliminate toxic amylin
beta-sheet aggregates generated in the INS1E hIAPP cells by a
detoxifying mechanism. On this regard, we are generating a new
mouse model expressing hIAPP (TghIAPP) in a phenotype of
T2DM (iLIRKO) to explore hIAPP aggregates effects and the role
of exosomes in vivo. These exosomes could be a vehicle to carry
on these toxic products to other tissues, aggravating neurodegen-
eration and establishing a possible new link between T2DM and
neurodegenerative diseases.
Supported by: MICINN (SAF2017-82133-R), MOIR2-CM B2017/BMD-
3684, ISCIII (CB07/08/0001)
Disclosure: J. Burillo: None.
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Dementia incidence from combinations of diabetes, hypertension,
dyslipidaemia and body mass index: Japan Gerontological
Evaluation Study
H. Yokomichi1, K. Kondo2, Y. Nagamine2, Z. Yamagata1, M.
Mochizuki3, N. Kondo4;
1Department of Health Sciences, University of Yamanashi, Yamanashi,
2Department of Social Preventive Medical Sciences, Chiba University,
Chiba, 3Department of Pediatrics, University of Yamanashi, Yamanashi,
4Department of Health Education and Health Sociology, The University
of Tokyo, Yamanashi, Japan.

Background and aims: Dementia risk may vary with diabetes, hy-
pertension, dyslipidaemia, obesity and underweight. While diabetes
doubles the risk of dementia, how other metabolic diseases affect
dementia risk are inconclusive. This prospective cohort study com-
pared the above risk factors in older adults and explored which
profile of combination of metabolic disease and body mass index
(BMI) is associated with the highest risk for dementia.
Materials andmethods: The Japan Gerontological Evaluation Study
randomly selected older adults aged 65 years or more without
dementia from two municipalities. Participants completed a health
check-up in 2010 and were followed up for the primary outcome
of dementia onset. Diabetes, hypertension, dyslipidaemia and un-
derweight were diagnosed by medications or health examination
results. We calculated adjusted hazard ratios (aHRs) (95% CIs)
for dementia and its incidence per 100 person-years.
Results: Among 3,696 participants (42.8% male), 338 (9.2%) de-
veloped dementia. Participants’ mean age at baseline was 73.4
(SD: 5.8) years. Men and women with diabetes had 2.22 (1.26-
3.90) and 2.00 (1.07-3.74) aHRs, respectively, for dementia com-
pared with those without diabetes. Underweight women had 1.72
(1.05-2.81) aHR for dementia compared with normal weight wom-
en. In a sensitivity analysis, excluding the history of stroke covar-
iate, aHRs of diabetes in men and women were 2.21 (1.26-3.88)
and 2.00 (1.07-3.74), respectively, and the aHR of underweight in
women was 1.73 (1.06-2.83). Underweight men with dyslipidaemia
and underweight women with hypertension had 4.15 (1.79-9.63)

and 3.79 (1.55-9.28) aHRs for dementia compared with normal
weight participants without these diseases. Underweight men with
dyslipidaemia had the highest incidence of dementia (6.30/100 per-
son-years), followed by underweight women with hypertension
(5.54/100 person-years), without diabetes (3.35/100 person-years),
without dyslipidaemia (3.18/100 person-years) and with
dyslipidaemia (3.09/100 person-years). There were statistically sig-
nificant trends of lower BMI and a higher incidence of dementia in
men (p=0.004) and women (p=0.0002).
Conclusion: In a Japanese older adult population, prevalent diabe-
tes was a risk factor for dementia. Our data also suggest that
underweight men and women with hypertension or dyslipidaemia
had a higher risk for dementia. Insufficient protein intake and
underexercising have been recognised as major reasons for decline
in muscle mass and weight, which may be a risk factor for de-
mentia onset. Clinicians must evaluate reasons for their patients
being underweight and provide interventions according to their
disease profiles.

Supported by: Grants of KAKENHI to NK and HYand of Health Labour
Sciences Research to KK
Disclosure: H. Yokomichi: Grants; Health Labour Sciences Research
Grants (H28-Choju-Ippan-002 and H30-Junkankito-Ippan-004), Japan
Society for the Promotion of Science KAKENHI Grant Numbers
(JP25253052 and JP18K17376).
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Gamma-glutamyl transferase variability and the risk of dementia in
diabetes: a nationwide population-based cohort study
S.-H. Hong1, K. Han2, S. Park2, S. Kim3, N. Kim1, K. Choi1, S. Baik1, Y.
Park2, H. Yoo1;
1Internal Medicine, College of Medicine, Korea University, Seoul,
2Biostatistics, College of Medicine, The Catholic University of Korea,
Seoul, 3Family Medicine, College of Medicine, Korea University, Seoul,
Republic of Korea.

Background and aims: Gamma-glutamyl transferase (GGT) has
been reported to be associated with oxidative stress and inflamma-
tory reaction. Variability in various biomarkers has emerged as a
new clinical indicator for diseases including neurodegenerative dis-
orders. We investigated the association between GGT variability and
dementia risk for the first time in diabetes mellitus (DM)
population.
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Materials and methods: The Korean National Health Insurance
Service datasets of Claims and Health Check-ups from 2004 to
2016 were used for this retrospective longitudinal study. The risk
of incident dementia (all-cause dementia, Alzheimer disease, and
vascular dementia) was analyzed according to the quartiles of GGT
variability in ≥ 40-year-old-DM individuals without baseline
dementia.
Results: During 6.12 years of follow-up, 37,983 cases of dementia
were developed. The fully-adjusted hazard ratios (HRs) and 95%
confidence intervals (CIs) for all-cause dementia increased in the
higher quartiles of GGT variability compared with the lowest quar-
tile (HR; Q2, 1.04 [95% CI 1.01-1.07]; Q3, 1.09 [95% CI 1.06-
1.13]; Q4, 1.23 [95% CI 1.19-1.26]). The association between
GGT variability quartiles and dementia risk remained significant
even after adjusting for log-transformed baseline GGT level (Q4,
1.20 [95% CI 1.17-1.24]). The fully-adjusted HRs for all-cause de-
mentia was highest in the group with high baseline GGT concentra-
tion and the highest GGT variability quartile (HR 1.26 [95% CI
1.21-1.30]).
Conclusion: In subjects with DM, the high variability of GGT increased
the risks of dementia independently of diverse risk factors including
baseline GGT levels.

Disclosure: S. Hong: None.
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Consumption of fermented dairy products modulates gut mi-
crobiota and reduces cardiometabolic risk factors in diet-
induced obese mice
L.R. Perazza1,2, N. Daniel1,2, M. Blais3, T.V. Varin2, J.L. Martinez2, M.
Bouchard3, M.-J. Dubois1,2, G. Pilon1,2, P. Mitchell1, C. Asselin4, M.
Lessard3, Y. Pouliot2, S. Gauthier2, D. Roy2, A. Marette1,2;
1Faculty of Medicine; Laval University, Quebec, 2Institute of Nutrition
and Functional Foods; Laval University, Quebec, 3Sherbrooke R & D
Centre; Agriculture and Agri-Food Canada, Sherbrooke, 4Faculty of
Medicine and Health Sciences; Sherbrooke University, Sherbrooke,
Canada.

Background and aims: Metabolic syndrome (MetS) and chronic low-
grade inflammation are risk factors connecting poor dietary habits to type
2 diabetes (T2D) and cardiovascular disease (CVD). The gut microbiota
composition is modulated by diet, linking nutrient sensing to immuno-
regulation. Dairy products are thought to exert beneficial effects on MetS
and recent meta-analyses suggest that fermented dairy products consump-
tion reduces T2D and CVD risk, but the mechanisms remain unclear.
Thus, we evaluated whether fermented dairy products could modulate
gut microbiota composition and influence cardiometabolic risk factors
in mouse models of diet-induced obesity and CVD.
Materials and methods: The wild type (WT) and the pro-
atherogenic LDLr-/- ApoB100/100 mice (LRKOB100) were respec-
tively fed for 12 and 24 weeks with high-fat high-sucrose (HFHS)
diet, or HFHS in which 50% of non-dairy proteins were replaced
with proteins issued from either milk (MP), fermented milk prod-
uct (FMP) or yogurt product (YP). Mice fed the HFHS diet with
non-dairy protein (NDP) were used as controls.
Results: The beta diversity composition determined by principal compo-
nent analysis (PCoA) revealed a distinct clustering pattern in gut micro-
biota profile of mice fed with FDP as compared to the non-fermented
products in both genotypes. Genes involved in intestinal immunity and
integrity, such as regenerating islet-derived (Reg)-3 (β, γ isoforms), nitric
oxide synthase 2 and occludin were increased by YP consumption as
compared to NDP. FMP attenuated hepatic inflammation as reveled by
MCP-1 (ng/liver; mean±SEM; NDP, 1322.4±102.1; FMP, 627.4±80.6;
P<.0001), IL-1β (ng/liver; mean±SEM; NDP, 293.8±22.9; FMP, 169.6
±24.4; P=.0004) and INFγ (ng/liver; mean±SEM; NDP, 55.5±3.6, MP,
56.2±3.6; FMP, 30.4±4.5; P=.0024 vs NDP; P=.0026 vs MP) levels in
LRKOB100 mice. Furthermore, YP fed-mice showed improved insulin
sensitivity (Matsuda insulin sensitivity index; mean±SEM; NDP, 0.98
±0.1; YP, 1.24±0.18; p=.0478) as well as reduced circulating intracellular
(ICAM-1; pg/ml; mean±SEM; NDP, 36.37±1.97; YP, 27.18±2.14;
P=.0335) and vascular adhesion molecule-1 (VCAM-1; ng/ml; mean
±SEM; NDP, 974.57±38.26; YP, 833.4±23; P=.0149). FMP-fed mice
also exhibited decreased systemic levels of VCAM-1 (ng/ml; mean
±SEM; NDP, 974.57±38.26; FMP, 769.15±34.95; P=.0003).
Conclusion: FDP modulate gut microbiota composition concomitantly
with increased expression of genes involved on intestinal immunity and
integrity in YP-fed mice. FMP-feeding significantly attenuated hepatic
inflammation, a crucial component of non-alcoholic fatty liver disease.
YP-feeding exerted further beneficial effect on glucose homeostasis as
revealed by improved insulin sensitivity in HFHS-fed mice. Furthermore,
both FDP decreased the systemic levels of key adhesion molecules
known to be involved in plaque instability in atherosclerosis. Overall
these data suggest that fermented dairy products reduce cardiometabolic
risk factors in obese mice potentially through their impact on the gut
microbiota.
Supported by: Dairy Farmers of Canada, Agriculture and Agri-Food
Canada and the Canadian
Disclosure: L.R. Perazza:Grants; Dairy Farmers of Canada, Agriculture
and Agri-Food Canada and the Canadian Institutes for Health Research.
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Changes in intestinal microbiota effect islet function via controlling
inflammation in a mice model of vitamin A deficiency
Y. Zhou, Z. Sun, Y. Zhang, Y. Chen, X. Wang;
Department of Endocrinology, Zhongda Hospital, Institute of Diabetes,
School of Medicine, Southeast University, Nanjing, China.

Background and aims: Both clinical and basic studies have shown
vitamin A (VA) plays a critical essential role in insulin sensitivity
and pancreatic dysfunction. However, the exact mechanisms in-
volved in VA-related changes in glucose metabolic disorders re-
mains unclear. Recent evidence has suggested intestinal microbio-
ta was intimately linked to the metabolic syndrome. Here, we
explored whether and how intestinal microbiota affects glucose
homeostasis in VA-deficiency diet-fed mice.
Materials andmethods:Male C57BL/6 mice were randomly placed
on either a VA-sufficient diet (VAS) or a VA-deficient diet (VAD)
for 10 weeks. After 10 weeks, cohorts of mice deprived of VA
for 10 weeks were switched to VA-deficient rescued diet (VADR)
for an additional 8 weeks. Glucose metabolic phenotype was
assessed via glucose tolerance tests, insulin secretion assays, and
immunohistochemistry staining. Change of intestinal microbiota
was assessed using 16S gene sequencing. The intestinal morphol-
ogy, intestinal permeability, expression of intestinal epithelial
tight-junction proteins, and intestinal and systemic inflammation
were assessed using histological staining, quantitative polymerase
chain reaction, and enzyme-linked immunosorbent assay.
Results: In lined with decreased pancreatic VA levels, VAD mice
displayed irregularly shaped islet morphology, increased area under
the curve glucose, reduced glucose-stimulated insulin secretion, and
loss of β-cell mass. Reintroduction of dietary VA to VAD mice restores
pancreatic VA levels, normal islet size distributions, and endocrine hor-
mone profiles. Redundancy analysis showed intestinal microbiota di-
versity is significantly associated with area under the curve glucose and
β-cell mass. VAD mice exhibited increased intestinal permeability, im-
paired tight-junction integrity, and higher expression of systemic lipo-
polysaccharide and intestinal inflammatory cytokines compared to that
of VAS mice. VADR treatment abolished most of the VAD effects
associated with inflammation response to a similar extent as that ob-
served following VAS-controlled changes in intestinal microbiota.
Conclusion:We found that changes in intestinal microbiota effect islet func-
tion through a mechanism involving controlling intestinal inflammatory phe-
notype in VADmice. Intestinal microbiota influences could be considered as
a newhighlighted additionalmechanism, contributing to the effect ofVADon
pancreatic endocrine function impairment.

Supported by: National Natural Science Foundation of China (NSFC-
81870534)
Disclosure: Y. Zhou: None.
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Composition and function of gut microbiome in a murine model of
metabolic syndrome associated to catch-up growth
P. Martinez-Oca1,2, T. Fernández-Marcelo2, I. Robles-Vera3, A.
Sánchez-Roncero1,2, F. Escriva1,2, C. Álvarez1,2, E. Fernández-Millán1,2;
1Bioq. y Biol. Mol, Fac. Farmacia UCM, Madrid, 2CIBERDEM, ISCIII,
Madrid, 3Farmacología, Fac. Medicina, UGR, Granada, Spain.

Background and aims: Obesity and diabetes, metabolic disorders
encompassed within the metabolic syndrome, have become a major
health problem in Western Societies. Not only the genetic pool but
mainly the influence of environmental factors may explain the dra-
matic increase of these diseases in the last few years. Accumulating
evidence suggests that adverse nutrition during pregnancy and early
postnatal life predisposes to develop these pathologies. Gut micro-
biota could be involved in this predisposition given that the neonatal
period is critical for the adequate gastrointestinal tract colonization
and determines adult intestinal function. Then, by identifying
changes in fecal bacterial composition and gut barrier function, we
aimed to propose a potential mechanism by which maternal under-
nutrition contributes to alter offspring metabolism.
Materials and methods: Offspring of Wistar rat dams fed ad
libitum (control [C]) or 65% food-restricted during pregnancy
and suckling time (undernourished [U]) were weaned onto a
high-fat (HF) diet (CHF and UHF, respectively) to drive catch-
up growth. Faecal samples were obtained from rats aged 3 and 25
weeks, and microbiome composition was determined by 16S
rRNA gene sequencing and bioinformatics analysis. The faecal
SCFA concentrations were analysed by GC-MS. Colon morpho-
metric and integrity studies were performed by using Alcian blue-
PAS staining and immunofluorescence. Blood lipopolysaccharides
(LPS) levels were measured by limulus test.
Results: We detected a significant increase in the diversity and rich-
ness of species in the faecal samples from U suckling rats and reduced
Firmicutes:Bacteroidetes ratio. U neonates showed an important deple-
tion of Lactobacillus, Alkaliphilus and Allobacullum with a higher
abundance of Bacteroides and Desulfovibrio compared with C neo-
nates. Longitudinal studies revealed that food-restricted rats manteined
this dysbiosis in adulthood with a marked expansion in Akkermansia
and Parabacteroides as compared to C group with the subsequent
changes in the main faecal SCFAs profile: acetate, butirate and propi-
onate. Morphometric measurements showed a manifest reduction in
the colonic mucus thickness from U and UHF groups. These results
are in agreement with the marked increase in the relative abundance of
the mucus-degrading genera, Desulfovibrio and Akkermansia, detected
in both, neonatal and adult U rat feaces, respectivly. In assessing the
colon barrier integrity by zonula occludens 1 and occludin immuno-
staining, we observed a clearly disrupted in HF-feeding rats and more
significantly in U ones even before the catch-up. These events were
also correlated with a rise in the circulating levels of LPS.
Conclusion:We suggest that both together, dysbiosis associated to
increase in mucin-degrading bacterias and disruption of the intes-
tinal barrier, seem to enhance undernourished individuals suscep-
tibility to chronic metabolic endotoxemia playing a key role in
the long-term health consequences of catch-up growth.
Supported by: CIBERDEM ISCIII, MINECO BFU2016-77931-R, CAM
B2017/BMD-3684. Spain.
Disclosure: P. Martinez-Oca: None.
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Obesity associated subclinical inflammation is reflected in the blood
bacterial signature
R. Chakaroun1,2, L. Scheffler2,2, M. Blüher1, M. Stumvoll1,2, A. Crane2,
A. Dietrich2, P. Kovacs1,2;
1Medical Department III – Endocrinology, Nephrology, Rheumatology,
University of Leipzig Medical Center, Leipzig, 2IFB Adiposity Diseases
Leipzig, University of Leipzig Medical Center, Leipzig, Germany.

Background and aims: The gut microbiome has emerged as an
environmental factor contributing to obesity and type 2 diabetes
(T2D). While the majority of studies have focused on associations
between gut microbiome and metabolic disease, few have evi-
denced relevant and experimentally convincing atopobiosis. We
therefore sought to test, whether bacterial DNA (DNAbac) can
be amplified in the blood of subjects with severe obesity and
T2D. We also hypothesised, that if evidenced, DNAbac load and
composition are associated with the individual metabolic burden.
Materials and methods: sixty-four subjects matched for BMI, sex
and partially for age were recruited (NT2D = 32, NnonT2D=32).
Metabolic phenotyping included measurements of glycemia,
lipids, inflammatory markers and lipopolysaccharide binding pro-
tein (LBP). DNAbac in the blood was quantified using 16S rRNA
primers and E. coli (JM109) dilution under strict procedures min-
imizing contamination. Bacterial amplicons were generated using
custom V4-V5 primers and sequenced on Illumina Hiseq.
Negative controls were carried out to control for contamination
at each experimental step. Resulting reads were quality filtered
and analysed using QIIME2. Amplicon sequence variants were
inferred with DADA2 and taxonomy derived using ARB-SILVA
database. Putative contaminants were filtered using the package
Decontam. Statistical and ecological analyses were performed
using Phyloseq and Vegan.
Results: Subjects with T2D were characterised with central obesity
(increased WHR) but did not display the expected increased in-
flammation, as they were metabolically very well controlled.
Bacterial DNA was not sig. different between T2D and nonT2D
(DNAbac T2D=0.61 [0.47;1.34], nonT2D=0.63 [0.43;0.81] fg/ng
DNA extraction , p=0.41), but was positively correlated with tri-
glycerides (ρ =0.29, p < 0.05) and negatively with leukocytes (ρ
=-0.39, p<0.01). LBP was positively associated with inflammation
(CRP) and T2D severity (microalbuminuria). After stringent con-
trol for contaminants, experimentally as well as bioinformatically,
an obesity signature in the blood bacteria was still discernable.
Abundant taxa belonged to Proteobacteria (58.7%), Firmicutes
(12.03%), Patescibacteria (11.75%), Cyanobacteria (9.5%) and
Actinobacteria (2.5%) without differences in alpha diversity mea-
sures between groups. Relative abundance of Proteobacteria was
significantly associated with WHR. Firmicutes were negatively
associated with WHR and Cyanobacteria positively associated
with leukocytes (all p < 0.05). Available metadata explained
around 9% of blood microbiome composition. Constrained RDA
identified T2D status, WHR and leukocytes as significant predic-
tors for blood bacterial composition (p=0.011, 0.021 and 0.007
respectively).
Conclusion:We identify a blood bacteria signature related to obesity and
reflecting inflammatory status even after stringent control for contamina-
tion. To understand the contribution of atopobiosis to local inflammatory
processes in metabolic disease, own ongoing efforts will elucidate whether
blood microbiome signature is reminiscent of further tissues involved in
metabolic disease i.e. adipose tissue and whether blood microbiome
changes after metabolicweight loss intervention such asmetabolic surgery.
Disclosure: R. Chakaroun: Grants; R.C. was supported by the Metarot
Programm from the Integrated Center for Research and Treatment (IFB
Adiposity), R.C. was supported by junior research grant by the Medical
Faculty, University of Leipzig.
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Gut microbiota during obesity is sufficient to impair insulin clear-
ance in mice
J.D. Schertzer1, K.P. Foley1, S. Zlitni2, B. Duggan1, N. Barra1, F. Anhê1,
J. Cavallari1, B. Henriksbo1, T. Lau1, Y. Chen1, T. Wu1, M. Huang1;
1Biochemistry and Biomedical Sciences, McMaster University,
Hamilton, Canada, 2Departments of Genetics and Medicine, Stanford
University, Stanford, USA.

Background and aims: Hyperinsulinemia can be a cause and conse-
quence of obesity and insulin resistance. Dynamic insulin responses are
controlled by insulin secretion versus insulin clearance coupled with deg-
radation. Increased insulin secretion or reduced insulin clearance can
contribute to hyperinsulinemia. The triggers for changes in insulin clear-
ance during obesity are ill defined. It is known that components of the
intestinal microbiota can regulate aspects of diet-induced obesity and
glucose metabolism, including insulin secretion. We hypothesized that
components of the microbiota also regulate insulin clearance during
diet-induced obesity.
Materials and methods: Male C57Bl/6J mice were fed control diet or an
obesogenic, low fibre, high fat diet (HFD) for 16 weeks. A subset of mice
were treated with antibiotics for 2 weeks. Further, germ free mice were
colonized with the microbiota derived from the fecal material of “donor”
mice that were fed chow or HFD. Insulin clearance was measured by the
serum insulin/C-peptide ratio during an oral glucose tolerance test (OGTT)
and measurement of human insulin after intraperitoneal injection in mice.
Results: Mice fed a HFD had increased adiposity and impaired insulin
clearance, measured by a 2.7 fold increase in area under the curve (AUC)
for serum insulin 1 hour after injection of insulin and a 1.28 fold increase
in insulin/C-peptide during a 2 hour OGTT (P < 0.05). Antibiotic admin-
istration to HFD-fed mice improved insulin clearance, evidenced by a
43% reduction in serum insulin AUC 1 hour after insulin injection rela-
tive to insulin levels in HFD-fed mice that did not receive antibiotics (P <
0.05). Colonization of germ free mice with the microbiota from chow or
HFD fed “donor” mice showed that “recipient” mice exposed to feces
from chow fed mice had 47% lower serum insulin AUC 1 hour after
injection of insulin compared to “recipient” mice exposed to feces from
HFD fed mice, but only when previously germ free “recipient”mice were
fed a HFD (P < 0.05).
Conclusion: Our results show that the intestinal microbiota is an inde-
pendent factor regulating insulin clearance. Diet-induced changes in the
intestinal microbiota and the consequent impairment in insulin clearance
may contribute to hyperinsulinemia, insulin resistance and obesity.
Defects in insulin clearance may be caused by ectopic lipid deposition
or tissue-specific immune responses in liver and skeletal muscle, the key
sites of insulin clearance and degradation. Determination of the microbial
products and cell-specific responses that underpin how microbiota influ-
ence insulin clearance during obesity is warranted.
Supported by: CIHR, Diabetes Canada
Disclosure: J.D. Schertzer: Grants; Canadian Institutes of Health
Research, Diabetes Canada.
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Rhyolite alleviates systemic inflammation and insulin resistance con-
comitant with the modulation of gut microbiota in high-fat diet in-
duced obese mice
H. Mifune1, Y. Sakai1, Y. Tajiri2;
1Institute of Animal Experimentation, Kurume University School of
Medicine, Kurume, 2Division of Endocrinology and Metabolism,
Department of Internal Medicine, Kurume University School of
Medicine, Kurume, Japan.

Background and aims: Rhyolite (R) is a kind of volcanic rock which
contains silicon dioxide (SiO2) more than 70% of its ingredient. Silicon is
known to be an active component of dietary fiber and expected to have anti-
obesity and anti-inflammation effects through the modulation of gastro-
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intestinal microbiome. Silicon has also been proved to be effective in
adsorbing nocuous compounds and then expelling them from the body of
animals. Inflammation is a major cause of atherosclerotic disorder, and obe-
sity is often complicated with low grade inflammation. The aim of this study
is to elucidate a possible role of R powder (Inner SCare®, Best Amenity Co.,
Japan) as anti-obesity and anti-inflammation agent in obese model mice.
Materials and methods: Male C57BL/6J mice at 5 weeks old were fed
ad libitum either control diet (CD), high-fat diet (HFD; 60kcal% fat) or
HFD mixed with 0.1%R (HFD+R) for 12 weeks. Before and after 12-
week treatment, feces samples were collected and stored at −80°C for
bacterial 16S rRNAgene sequencing. At 17 weeks old, body composition
was measured by CT (R_mCT2, Rigaku Co., Japan), then they were
euthanatized. Blood samples were collected by cardiac puncture for the
measurement of serum lipid and insulin. White adipose tissue were ob-
tained and stored at −80°C for the measurement of RNA expression
related to inflammation. Data were presented as mean±S.E.
Results: Body fat ratio was non-significantly reduced from 60.0±2.7% in
HFD to 55.1±2.7% in HFD-R, both of which were much higher than that in
CD (26.2±2.7%, P<0.0001). Although serum triglyceride or free fatty acid
level was comparable among 3 groups, serum insulin level which had been
increased in HFD (1.16±0.30 ng/mL) was significantly (P<0.05) reduced in
HFD-R (0.43±0.10 ng/mL) to the level similar to that in CD (0.42±0.19 ng/
mL). Expressions of inflammation-related molecules such as MCP-1 and
TNF-α, which had been severely aggravated in HFD, were markedly sup-
pressed by the supplementation of R for 12 weeks (Figure). The increment of
Parabacteroides distasonis, known to be related to obesity, was detected in
the feces of HFD after 12 weeks. In HFD-R, however, the bacteria of interest
had completely disappeared to the same condition as before experiment.
Conclusion: A long-term supplementation of R rich in silicon obviously
alleviated inflammation and insulin resistance which had been observed in
HFD-induced obese mice. Taking the change of intestinal microbiome into
account, these beneficial effects of R supplementation could be attributable to
putative mechanisms that R in the intestinal tract may modulate intestinal
immunity and strengthen the intestinal barrier system. To elucidate more
precise mechanisms of R supplementation, histological examinations for liv-
er, adipose tissue and intestine are warranted and now ongoing.

Disclosure: H. Mifune: Employment/Consultancy; None. Grants; Best
Amenity Co., Japan. Honorarium; None. Lecture/other fees; None. Non-
financial support; None. Stock/Shareholding; None. Other; None.
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Oligofructose alters small intestinal microbiota to improve intestinal
nutrient-sensing mechanisms
F.A. Duca1,2, E.T. Beauchemin1, S.N. Weninger3, A.I. Lane3, G.J.
Caporaso4,5;
1ACBS, The University of Arizona, Tucson, 2Bio5, The University of
Arizona, Tucson, 3Department of Physiology, The University of Arizona,
Tucson, 4Pathogen and Microbiome Institute, Northern Arizona
University, Flagstaff, 5Department of Biological Sciences, The
University of Arizona, Flagstaff, USA.

Background and aims: The gut microbiota is a salient contributor to
the development of metabolic disease. Therefore, manipulations to
the microbiota may serve as a potential treatment for obesity.
Consumption of prebiotics, nondigestible carbohydrates like
oligofructose (OFS), beneficially alter the microbiome, resulting in
decreased food intake and bodyweight, although the exact mecha-
nisms remain unknown. Despite the importance of small intestinal
(SI) nutrient feedback mechanisms in regulating food intake, no
studies have examined the effect of OFS on SI microbiota and SI
signaling. Given recent evidence highlighting the importance of SI
microbiota on regulating metabolic homeostasis, we hypothesized
OFS impacts SI nutrient-sensing mechanisms.
Materials and methods: We treated high-fat diet (HFD)-fed Sprague
Dawley rats with OFS for 6 weeks, and measured food intake, body
weight and adiposity. The DNA contents of the duodenum, jejunum,
and cecum was extracted and amplification of the V4 16S rRNA gene
was performed and sequenced with MiSeq and analyzed using QIIME2.
Nutrient-induced satiation studies were performed to examine whether
OFS increased sensitivity to small intestinal nutrients, and RT-qPCR
was run to examine intestinal expression of chemosensory machinery.
These studies were repeated in rats that received a SI microbiota 'switch'
transplant. Finally, germ-free mice were inoculated with the small intes-
tinal microbiota of HFD- and OFS-HFD-fed rats, and body weight, food
intake, and adiposity were measured.
Results: OFS significantly decreased bodyweight gain, food intake, and
adiposity during HFD feeding. OFS significantly improved nutrient-
induced satiation to a SI intralipid or liquid meal infusion and increased
SI gene expression of nutrient transporters SGLT1 and CD36 compared
to HFD alone, all of which was recapitulated with SI microbiota transfer.
Accordingly, OFS treatment uniquely altered the composition of the SI
microbiota in the duodenum, jejunum, and ileum of HFD rats. Finally,
germ-free mice that received SI transplants from OFS-HFD rats gained
significantly less weight and had significantly reduced adiposity com-
pared to HFD SI transplant.
Conclusion: These results highlight the importance of the SI microbiota
in energy regulation, which has been largely overlooked. Furthermore,
these studies identify a potential role of the SI in the beneficial metabolic
effects of OFS.
Supported by: ABRC
Disclosure: F.A. Duca: None.
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Liraglutide shows better weight-loss and cardiometabolic benefits
than lorcaserin and pioglitazone in a novel diet-induced obese rat
model
F. Briand1, E. Brousseau1, C. Dubroca2, J. Maupoint2, C. Costard2, T.
Sulpice1;
1Physiogenex, LABEGE, 2Cardiomedex, LABEGE, France.

Background and aims: To evaluate drugs targeting obesity/type 2 diabetes
on weight loss and cardiometabolic benefits, and mimic human hyperener-
getic nutritional behavior, we set-up a new diet-induced obese (DIO) rat
model fed a free choice (FC) diet: control chow (CC) or high fat/cholesterol
(HFC) diet, and normal water (NW) or 10% fructose water (FW).
Materials and methods: After an 8-week FC diet period, Sprague
Dawley rats were treated with vehicle, liraglutide 0.4mg/kg s.c. QD
(LIRA, a GLP-1 receptor agonist), lorcaserin 18mg/kg p.o. QD
(LORCA, a 5-HT2C receptor agonist) and pioglitazone 10mg/kg p.o.
QD (PIO, a PPARgamma agonist) for 5 weeks.
Results: FC diet induced high intake of HFC and FW, resulting in sig-
nificantly higher caloric intake and overweight, as compared with rats fed
a CC diet alone. LIRA induced a 12% body weight loss (p<0.01 vs FC),
with marked reduction in HFC and FW intake and lower visceral fat mass
(p<0.001). LORCA induced lower body weight gain (p<0.001 vs FC),
while PIO showed higher body weight gain (p<0.01). FC diet raised
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HOMA-IR index by 66% (p<0.05 vs CC), which was 50% lower with
LIRA and PIO (both p<0.05 vs. FC), but unchanged by LORCA.Glucose
intolerance induced by FC diet was significantly improved by LIRA,
LORCA and PIO. During an insulin tolerance test, glucose area under
the curve was 27% higher in FC rats (p<0.001 vs CC) and was signifi-
cantly reduced by LIRA and PIO, but not by LORCA. LIRA reduced
liver fatty acids, triglycerides and cholesterol by 68, 71 and 51% (all
p<0.001). PIO reduced liver triglycerides and LORCA had no effect on
liver steatosis. Using echocardiography, we detected a diastolic dysfunc-
tion with reduced E/A ratio under FC diet (p<0.01 vs CC), which was
improved by both LIRA and LORCA (both p<0.01 vs FC). LIRA also
raised fractional shortening (p<0.01 vs FC).
Conclusion: LIRA showed superior cardiometabolic benefits than
LORCA and PIO in our DIO rat fed a FC diet. This novel model mim-
icking human overfeeding will be useful to evaluate drugs targeting obe-
sity /type 2 diabetes.
Disclosure: F. Briand: Employment/Consultancy; Physiogenex. Stock/
Shareholding; Physiogenex.

596
Dulaglutide in type 2 diabetic elderly patients: a real world study
M. Occhipinti1, A. Turco2, F. Baccetti3, S. Cosimi1, I. Cuccuru4, E.
Lacaria2, C. Lencioni4, P. Orsini2, S. Bertoli1, A. Di Carlo4, G.
Gregori3, G. Di Cianni2;
1Diabetes and Metabolic Diseases Unit, Lido di Camaiore, 2Diabetes and
Metabolic Diseases Unit, Livorno, 3Diabetes and Metabolic Diseases
Unit, Carrara, 4Diabetes and Metabolic Diseases Unit, Lucca, Italy.

Background and aims: In type 2 diabetic (T2DM) patients once a week
administration of GLP1 receptor agonists may represent a great resource, in
order to improve glycemic control, simplify therapy and favor compliance. To
date, there are few evidences about safety and efficacy of this class of drugs in
elderly people. Aim of our study was to analyze the impact of Dulaglutide
(DU) treatment in a cohort of T2DM patients over 70 years old.
Materials and methods: We collected data from a cohort of 751 T2DM
patients (41% f and 59% m, age 64± 10 years, diabetes duration 12.4± 7.8
years) attending at 4 out-patients diabetic clinicwho startedDU from02/2016
to 02/2019. For all patients parameters of glycemic control, BMI, SBP (sys-
tolic blood pressure),DBP (diastolic blood pressure) andGFR,were analyzed
at baseline and every 6 months until three years. Of those 751 patients, 234
were older than 70 years (groupA, 74±4 years), when startedDU therapy and
517 were younger than 70 years (group B, 61±8 years). Group B showed an
higher BMI (33.1±5.54 kg/m2 vs 31.46±7.17, p<0,05) and lower duration of
illness (10±7 vs 16±8 years, p<0.001). In all cases DU was prescribed ac-
cording to parameters of Italian Medicines Agency in add-on to OHA and/or
basal-insulin or in substitution of OHA and/or insulins.
Results: At the first control visit (after 6 months) in both groups (A
n=105 and B n=261) we observed a significant improvement of HbA1c
(Group A 8,01%±1,2 vs 7,33% ±1.02; Group B 8,01%±1,2 vs
7,13%±1,03), BMI (Group A 32,3±5,59 vs 31,4±5,17 kg/m2; Group B
33,1 ± 5,5 vs 32,19±5,7 kg/m2) and SBP (Group A 144±20 vs 140±15
mmHg; Group B 143±20 vs 139± 17 mmHg). All p were < 0.001 except
for SBP (p<0.05). DBP and GFR didn’t change from baseline. We ob-
served that these results were maintained during follow-up without dif-
ferences between groups after 12 months [group A (n.=52) HbA1c
7,26%±0,66, BMI 30,03±6,40 kg/m2, SBP 138±16 mmHg and group B
(n=130) HbA1c 7,0%±1,44, BMI 33,13±5,13 kg/m2, SBP 140±17
mmHg], and after 24 months [group A (n=29) HbA1c 7.22%±0,7, BMI
30.6±4.9 kg/m2, SBP 142±17 mmHg and group B (n=63) HbA1c
7.1%±1.37, BMI 34.45±6.68kg/m2 , SBP 141±17 mmHg]. After 2 years
of DU treatment GFR remains stable without statistically significant dif-
ferences (Group A 77,2 ±9,94 vs 72,72 ±16,79 ml/min ; Group B 80,93
±16,65 vs 84,86±21,47 ml/min). Drop out percentage was similar in both
groups (group A 22,5% vs group B 23 %). Moreover DU treatment
allowed to stop previous therapies with sulfanilureas for 80% of patients

(66 in group A; 116 in group B) whereas 23% of patients suspended
insulin therapy (31 in group A; 48 in group B).
Conclusion: In our Real-World setting experience, DU treatment is safe
and effective allowing a simplification of diabetic therapy, especially in
older patients burdened with comorbidities.
Disclosure: M. Occhipinti: None.

597
Pro-autophagy, anti-aging effects of metformin in patients with
prediabetes
M.R. Burge, K. Aldrete, Y. Gu, L. VanDyke, Y. Zhu,M.Myla,M.Mudd,
V. Deretic;
Endocrinology, University of New Mexico, Albuquerque, USA.

Background and aims: Metformin may exert pro-autophagy, anti-
aging effects on human tissues through activation of AMP-
activated protein kinase (AMPK) and/or inhibition of mammalian
Target of Rapamycin (mTOR). We hypothesized that 12 weeks of
metformin therapy would increase pro-autophagy gene expression
as compared to placebo among patients with prediabetes in a
randomized, double-blind clinical trial. Prediabetes was chosen
as a model of aging because metformin is already approved for
use in such patients.
Materials and methods: We randomized 25 subjects (15 F, 10M) to
metformin (titrated to 1000 mg po q AM and 500 mg po q PM) or
matching placebo (calcium carbonate titrated to 1296 mg po q AM and
648 mg po q PM) for 12 weeks in addition to standard lifestyle recom-
mendations. Anthropomorphic and clinical parameters were obtained in
the fasting state at 0, 4, and 12 weeks, and blood was collected for
determination of leukocyte expression of the following pro-autophagy
genes using quantitative polymerase chain reaction (qPCR): Autophagy
Related 4D Cysteine Peptidase (ATG4D), Autophagy Related Gene 9B
(ATG9B), p62 Sequestosome 1 Gene (p62/SQSTM1), UV Radiation
Resistance Associated Gene (UVRAG), and UNC-51-like autophagy
activating kinase (ULK1). We also assayed serum concentrations of
Galectin 3 (GAL3), which mediates cell-cell adhesion, cell-matrix inter-
actions, macrophage activation, angiogenesis, metastasis, and apoptosis.
Results: The 13 subjects randomized to metformin were well-matched to
the 12 placebo subjects. Specifically, age (58.8±10.1 vs 60.8±8.3 years,
p=0.60), BMI (34.7±5.8 vs 32.5±3.7 kg/m2, p=0.26), sex (8F5M vs
7F5M, p=0.87), and A1c (6.0±0.3 vs 6.0±0.3%, p=0.95) did not differ
at baseline. At the conclusion of the study, there was no difference be-
tween the groups with respect to change in fasting glucose, A1c, or
insulin sensitivity by Homeostasis Model Assessment (HOMA).
Results of the qPCR determination of gene expression were normalized
to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression
levels using an internal control and are shown in the data table. Results
are represented as fold-change over the course of the 12 week study
(Week 12 - Week 0) in arbitrary units.
Conclusion: In this double-blind, placebo controlled study, metformin
therapy demonstrated measurable beneficial effects on the expression of
two pro-autophagy genes (p62 and UVRAG) in human leukocytes as
compared to placebo. These putative anti-aging effects of metformin in
humans should be confirmed in other tissues.

Clinical Trial Registration Number: NCT03309007
Supported by: 1P20GM121176, 1U54TR001349
Disclosure: M.R. Burge: None.
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Associations of BACE1 C786G gene polymorphism and plasma
BACE1 level with cognitive functions in type 2 diabetic patients
S. Tian, R. Huang, D. Guo, H. Lin, J. Wang, K. An, S. Wang;
Southeast University, Nanjing, China.

Background and aims: β-Site APP-cleaving enzyme 1 (BACE1), is in-
volved in the pathophysiology of Type 2 diabetes mellitus (T2DM) and
Alzheimer’s disease (AD) respectively. We aimed to investigate the role of
BACE1 in T2DM patients with mild cognitive impairment (MCI), and to
determine whether BACE1 C786G polymorphism is related to T2DM-
associated MCI.
Materials and methods: We recruited 186 T2DM patients and divided
them into two groups, 92 MCI and 94 healthy-cognition controls, according
to Montreal Cognitive Assessment (MoCA) scores. Sociodemographic char-
acteristics, clinical parameters and neuropsychological tests were assessed.
BACE1 C786G gene polymorphism and plasma BACE1 level were
determined.
Results: The MCI group exhibited a significantly higher plasma BACE1
level than the control group (p = 0.001). After adjusting some confounding
factors, plasmaBACE1 levels were negatively associatedwithMoCA,Clock
Drawing Test and Logical Memory Test scores (r = −0.220, p = 0.039; r =
−0.221, p = 0.038; and r = −0.333, p = 0.001, respectively), whereas posi-
tively associated with Trail Making Test-B time in theMCI group (r = 0.216,
p = 0.042). Multivariable logistic regression model showed that high plasma
BACE1 level was an independent risk factor forMCI in T2DMpatients (OR
= 1.492, p = 0.027). No significant difference was observed in the BACE1
genotype or allele distributions between MCI and control groups. Increased
MCI riskwas found in BACE1G allele comparedwith C allele (OR= 1.317,
p = 0.193). The plasma BACE1 levels of GG and GC genotypes were
significantly higher than that of CC genotype in T2DM patients with MCI
(p = 0.035; p = 0.026, respectively).
Conclusion: Increased plasma BACE1 levels were significantly associated
with T2DM-associated MCI, especially the impairment of visuospatial abil-
ities, visual/logical memory and executive functions. Additionally, increased
plasma BACE1 level might be influenced by BACE1 C786G gene muta-
tions. Further investigation with a large population size should be conducted
to confirm these observed findings.

Clinical Trial Registration Number: ChiCTR-OCC-15006060
Supported by: NSFC (No.81570732, SW and No.81870568, SW)
Disclosure: S. Tian: None.

599
Insomnia increases risk of future development of cognitive impair-
ments in patients with type 2 diabetes: a prospective study
C. O, B.W.H. Siu, C. Ding, A.O.Y. Luk, E.Y.K. Chow, R.C.W. Ma,
J.C.N. Chan, A.P.S. Kong;
The Chinese University of Hong Kong, Hong Kong, Hong Kong.

Background and aims: Diabetes is known to be a risk factor of chronic
cognitive impairments. However, only a few studies investigated the fac-
tors mediating this association. In this longitudinal study, we aimed to
examine the association between insomnia and future risk of cognitive
impairments in patients with type 2 diabetes (T2D).
Materials and methods: T2D patients aged ≥60 years without any diag-
nosis of dementia or cognitive impairments at baseline were recruited
from Hong Kong Diabetes Register. Shift workers were excluded. Sleep
habit, including habitual snoring, and insomnia status were assessed by
the Insomnia Severity index (ISI) questionnaires and validated sleep
questionnaires at baseline. Insomnia was defined as ISI score ≥15.
Cognitive impairment, the outcome measure, was censored by checking
the electronic medical record of the subjects on February 2019.
Results: Between July 2010 and May 2015, a total of 981 T2D were
recruited in this present analysis [58.1% men, mean age ± standard devi-
ation (SD) = 62.5 ± 2.5 years]. 85 (8.7%) suffered from insomnia at
baseline. After a median (interquartile range) follow up of 6.8 (1.7) years,
24 (2.5%) developed cognitive impairment. T2D with insomnia were
more likely to be women (10.9% versus 7.0%, p=0.031) and had higher
fasting plasma glucose (mean ± SD = 7.81 ± 2.60 mmol/L versus 7.40 ±
2.21 mmol/L, p = 0.044) and HbA1c levels (7.81 ± 1.68% versus 7.41 ±
1.31%, p = 0.035). T2D with insomnia were more likely to have poorer
glycemic control [regression coefficient (95% confidence interval) =
0.388 (0.100-0.677), p = 0.008] and sensory neuropathy [odds ratio
(95% confidence interval) = 1.068 (1.016-1.122), p = 0.009] than those
without insomnia after adjustment of confounders. T2D with insomnia
had increased risk of developing cognitive impairments [hazard ratio
(95% confidence interval) = 4.108 (1.385-12.179); p = 0.011], after ad-
justment for age, gender, smoking and drinking habit, body mass index
(BMI), HbA1c, hypoglycemic episodes, medications and habitual
snoring.
Conclusion: Insomnia is associated with a 4-fold increase risk of devel-
oping chronic cognitive impairment in Hong Kong Chinese with T2D.
Disclosure: C. O: None.

600
Role of LRP in regulating leptin transport in the choroid plexus
Y.-B. Kim, J. Seo, M.-C. Kang, N. Mendes, T. Araujo, W.-M. Yang;
Beth Israel Deaconess Medical Center, Boston, USA.

Background and aims: Leptin is an adipocyte-derived hormone that
reduces food intake and stimulates energy expenditure. In order to
achieve its physiological actions, it needs to enter the brain. The precise
routes of brain entry of many metabolic signals have not been identified,
but most studies suggest that transport across the BBB and CSF barrier
are required. LRP1 or LRP2 has suggested as potential receptors for leptin
in vitro. This study was designed to determine whether LRP1 or LRP2
mediates leptin’s transport across the blood-CSF barrier at the choroid
plexus (ChP).
Materials and methods: Mice lacking LRP1 or LRP2 in the choroid
plexus were studied. Body weight, adiposity and leptin-induced food
intake and hypothalamic Stat3 phosphorylation were measured.
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Results:Here we show that deletion of LRP1 in the epithelial cells of the
ChP and the ependymal cells of the ventricles causes hyperleptinemia.
This effect is independent of body weight and adiposity. In addition, mice
lacking LRP1 in the epithelial cells of the ChP and the ependymal cells of
the ventricles are insulin-resistant. Most importantly, leptin-induced food
intake and hypothalamic Stat3 phosphorylation were significantly im-
paired in Foxj1-Cre; LRP1lox/lox mice compared with LRP1lox/lox mice.
However, ICV leptin decreased food intake and increased hypothalamic
Stat3 phosphorylation in Foxj1-Cre; LRP1lox/lox mice. There were no
differences in both food intake and Stat3 phosphorylation between
LRP1lox/lox mice and Foxj1-Cre; LRP1lox/lox mice. However, deletion of
LRP2 in the epithelial cells of the ChP and the ependymal cells of the
ventricle had no effects on body weight and adiposity. The ability of IP
leptin to reduce food intake and to increase hypothalamic Stat3 phosphor-
ylation was normal.
Conclusion: These data clearly demonstrate that LRP1 in the epithelial
cells of the ChP mediates leptin transport across the blood-CSF barrier at
the ChP and further implicate that defective leptin transport may not
contribute to the regulation of body weight homeostasis.
Supported by: NIH R01DK106076
Disclosure: Y. Kim: None.

601
Hypothalamic JAZF1 control of hepatic glucose metabolism through
PI3K-Akt and AMPK pathway
X. Xu1, L. Li1, G. Yang2;
1Key Laboratory of Diagnostic Medicine (Ministry of Education),
College of Laboratory Medicine, Chongqing Medical University,
Chongqing, 2Department of Endocrinology, The Second Affiliated
Hospital, Chongqing Medical University, Chongqing, China.

Background and aims: JAZF1 has been found to serves as a metabolic
regulator in glycolipid metabolism. On 2016 EASD, we report that the
change of hypothalamic JAZF1 expression alter hepatic glucose produc-
tion (HGP) and insulin signaling. Genome-wide association studies have
shown that JAZF1 polymorphisms are closely associated with T2DM.
JAZF1 mRNA expression levels in hypothalamus are relatively high,
with the accumulated evidence indicates that hypothalamus has a key role
in regulation of glycolipid metabolism. Thus, the present study was de-
signed to investigate in both vivo and vitro the impact of central JAZF1
on glucose metabolism and the involved signal pathways.
Materials and methods: We upregulated of mediobasal hypothalamus
JAZF1 in HFD-fed rats by delivering Ad-JAZF1 and evaluated the im-
pact on changes in glucose kinetics during pancreaticeuglycemic clamps
in HFD-fed rats in vivo. Changes in hypothalamic InsR-PI3K (PIP3)-Akt
and AMPK pathways were measured by immunohistochemistry and
western blot. In addition, AMPK activator AICAR was infused in
MBH to investigate the underlying mechanism of Ad-JAZF1 on HGP
and insulin sensitivity in HFD-fed rats. In vitro, SH-SY5Y cells and
PHNs was transfected with Ad-JAZF1 or Ad-GFP to evaluate the effects
of up-regulation JAZF1 on PI3K-Akt and AMPK pathway.
Results: In vivo, upregulation of mediobasal hypothalamus JAZF1
marked reduced BW and food intake, but increased energy expen-
diture in HFD-fed rats. Consistent with this, the c-fos-positive
cells in hypothalamic ARC, result in significantly increased Akt,
InsR phosphorylation and activation of PIP3 formation but down-
regulated AMPK phosphorylation in the hypothalamus of HFD
rats compared with Ad-GFP treatment. Furthermore, activation
of AMPK by AICAR in Hypothalamus Blocks the Ability of
MBH JAZF1 to Regulate Glucose Metabolism. In in vitro study,
Ad-JAZF1 treatment in insulin resistant SH-SY5Y and primary
hypothalamic neurons cells resulted in significant elevation in
the phosphorylation levels of InsR and Akt, higher percentage
of PIP3-positive cells, but decreased phosphorylation of AMPK.

Conclusion: Our findings revealed that hypothalamic JAZF1 activated
hypothalamic InsR-PI3K-Akt, inhibited AMPK signaling pathways and
thereby regulated HGP.
Supported by: National Natural Science Foundation of China
81670755;81570752
Disclosure: X. Xu: None.

602
Vagus nerve activation attenuates hyperglycaemia induced barrier
dysfunction in mouse gut and brain by antioxidative stress and
antiapoptosis reactions
C. Feng, L. Xu, W. Wu, Y. Jiang, X. Xu, X. Zhu;
Department of Endocrinology, Wuxi People’s Hospital, Nanjing Medical
University, Wuxi, Jiangsu, Wuxi, China.

Background and aims: Bidirectional communications between gut and
brain play an important role in the process of glucose homeostasis. The
brain was thought to sense gut stimuli only by hormones released in
minutes to hours after ingesting a meal. However, recent study showed
vagal neurons could synapse with gut epithelial sensor cells and transduce
luminal signals to brain in milliseconds. Hyperglycemia altered local
permeability of both gut and brain and induced barrier dysfunction. The
“leaky” intestinal mucosal responsed to microbiota and diatery antigens
and developed excessive mucosal inflammation, immune response, reac-
tive oxygen species (ROS) generation and β cell destruction. However,
the protective roles of vagus nerve in the gut-brain axis of diabetic pa-
tients and its further molecular mechanisms were still unknown. In this
study, we hypothesized that vagus nerve activation was closely related
with barrier dysfunction induced by hyperglycemia in the gut-brain axis.
We performed in vivo experiments and used streptozotocin (STZ) to es-
tablish diabetes (DM) model. Our study assessed the degree and synchro-
nization of barrier dysfunction, excessive ROS generation and cell apo-
ptosis induced by hyperglycemia in both gut and brain after diet. We
further evaluated the activation level and protective effects of vagus nerve
and explored its molecular mechanisms.
Materials and methods: 30 Sprague-Dawley (SD) rats were randomly
divided into three groups: control group (n=10) fed with standard diet,
HFD group (n=10) and DM group (n=10) fed with high fat diet. STZ was
injected in the rats of DM group to establish DMmodel. Blood and tissue
samples of intestinal mucosal and medulla oblongata were collected at
fasting state or at 0.5h after feeding. C-fos and ZO-1 were tested by
immunofluorescence. Cell apoptosis was quantified by TUNEL staining.
The protein levels of Bax, Bcl-2, cytochrome c, caspase 3, ERK 1/2 and
p38 were determined by western blot.
Results: Compared to control and HFD group, c-fos reflecting vagus
nerve activation was significantly decreased in both gut and brain of
diabetic mice after feeding. Expressions of ZO-1 in the intestinal mucosal
barrier and blood brain barrier were also decreased in DM group after a
meal. TUNEL staining showed that cell apoptosis was dramatically in-
creased in the gut-brain axis of diabetic mice. The percentage of cell
apoptosis was 15.00 % ± 7.94 % in the intestinal of DM group compared
to 5.00 % ± 3.00 % of control group. Meanwhile, the amount of cell
apoptosis was 12.33 % ± 6.81 % in the medulla oblongata of diabetic
mice and 2.33 % ± 1.31 % of control group. What’s more, western blot
results revealed hyperglycemia induced excessive ROS generation, mito-
chondrial dysfunction and phosphorylation of MAPKs in the gut-brain
axis.
Conclusion: Our study indicated that decreased vagus nerve activation
was closely related with hyperglycemia-induced barrier dysfunction and
cell apoptosis in the gut-brain axis of mice. Vagus nerve played a key role
in the process of antioxidative stress and antiapoptosis reactions after
receiving gut nutrient signals.
Supported by: National Natural Science Fund of China (No.81500630)
Disclosure: C. Feng: None.
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603
Alx3 expressed in the hypothalamic arcuate nucleus regulates food
intake and body composition
M. Mirasierra, A. Fernández-Pérez, M. Vallejo;
CIBER de Diabetes y Enfermedades Metabólicas Asociadas
(CIBERDEM), Instituto de Investigaciones Biomedicas Alberto Sols,
CSIC/UAM, Madrid, Spain.

Background and aims: The aristaless-type homeodomain transcription
factor Alx3 is expressed in pancreatic islets, where it regulates glucose
homeostasis by stimulating the expression of the insulin gene in beta
cells, or by coordinately inhibiting that of the glucagon gene in alpha
cells in a glucose-dependent manner. In mice, Alx3 deficiency leads to
enhanced islet cell apoptosis and mild hyperglycemia without reaching
levels characteristic of overt diabetes. Independently of its function in the
pancreas, we have previously reported that Alx3-deficient mice show
signs of hypothalamic dysfunction suggested by data from positron emis-
sion tomography and diffusion-weighted magnetic resonance imaging.
The presence of Alx3 in neurons of the arcuate nucleus was evidenced
by immunofluorescence studies. In addition, Alx3-deficient mice exhibit
decreased oxygen consumption, energy expenditure and respiratory ex-
change ratio. These studies strongly suggest that Alx3 may contribute to
the systemic regulation of metabolic homeostasis by acting at the hypo-
thalamic level independently of its functions in the pancreas. In the pres-
ent study, we determined that the expression of anorexigenic genes in the
arcuate nucleus of Alx3-deficient mice is altered, leading to changes in
food intake and body composition.
Materials and methods: We used Alx3-knockout and control mice of
similar age and body weight. Gene expression was determined by RT-
qPCR in freshly dissected small blocks of hypothalamic tissue containing
the arcuate nucleus. Body mass composition was analyzed by magnetic
resonance imaging. Muscle function was assessed by treadmill, rotarod
and strength tests.
Results: The observation that Alx3-deficient mice exhibit reduced food
intake but similar body weight relative to wild type animals led us to the
hypothesis that hypothalamic function regulating feeding and body com-
position could be altered. Expression of Alx3 in the arcuate nucleus,
previously detected by immunofluorescence, was confirmed by RT-
qPCR. The expression of the orexigenic genes Npy and Agrp in response
to fasting was similar in wild type and Alx3-deficient mice, but the ex-
pression of the anorexigenic genes Pomc and Cart was altered. When
food intake was measured upon refeeding after an overnight fasting, we
found that Alx3-deficient mice stopped eating shortly after the onset of
the refeeding period coinciding with elevated expression of Cart in the
arcuate nucleus, and then proceeded to eat at a lower rate than controls.
The hypothalamic expression of receptors for leptin, ghrelin and erythro-
poietin was unaltered. The expression of the alphaMSH receptor MC4R
was similar in Alx3-mutant and in control mice, but the expression of
MC3R was reduced in Alx3-deficient animals. Magnetic resonance im-
aging showed increased proportion of fat mass and reduced proportion of
lean mass relative to body weight in Alx3-deficient animals. Consistently,
muscle function was reduced in mutant mice relative to controls.
Conclusion: Our data indicate that Alx3 in the arcuate nucleus of the
hypothalamus regulates food intake and body composition.
Supported by: MINECO (BFU2011-24245 (BFU2014-52149-R and
BFU2017-89336-R) and CIBERDEM.
Disclosure: M. Mirasierra: None.

604
KBP-088 improves food preference in high fat diet fed rats
N. Sonne, A.T. Larsen, M.A. Karsdal, K. Henriksen;
Endocrinology, Nordic Bioscience, Herlev, Denmark.

Background and aims: The Dual Amylin and Calcitonin Receptor
Agonists (DACRAs) improve glucose tolerance and reduces body
weight, hence making it a candidate as an anti-obesity and glucose-
homeostatic drug. In this study the food preference effects of the
DACRA, KBP-088, was investigated in High Fat Diet (HFD) fed rats
using two different dosing regimens; once daily (QD) or once every other
day (QAD).
Materials and methods: Male Sprague Dawley rats were housed 2 per
cage and fed a HFD (60% fat, Research Diet, #D12492) for 11 weeks and
then allocated to the following groups based on body weight: control,
vehicle, KBP-088 QD or KBP-088 QAD (n=12 rats per group, thus food
intake n=6 per group). Once allocated, the rats were acclimatized to HFD
and chow (13% fat, LabDiet, #5002) for 7 days, with the exception of the
control group that continued on HFD only. At study start, control and
vehicle rats received a s.c. daily dose of saline (0.9%) while KBP-088 rats
received either 1.5 nmol/kg QD or 3 nmol/kg QAD. Body weight and
food intake was monitored daily. An OGTT was performed following 5
weeks of treatment with the last dose being given 24 h prior. The rats were
terminated after 6 weeks and the subcutaneous and visceral adipose tis-
sues were weighed.
Results: KBP-088 significantly reduced the body weight with a final
vehicle-corrected weight loss of 14 % (73 g) and 16 % (84 g), in the
QD andQADgroups respectively. KBP-088QD attenuated caloric intake
briefly compared to vehicle and control rats (average of 78 and 76
kcal/day/rat) and then steadily inclined until reaching vehicle and control
levels after 15 days (60 kcal/day/rat). In contrast, the food pattern of the
KBP-088QADgroup fluctuated throughout the study reflecting the QAD
dosing regimen. Interestingly, the accumulated chow intakes from the
KBP-088 QD and QAD groups (852 kcal/rat and 1218 kcal/rat) were
significantly higher (P=0.006 and P<0.0001) than in the vehicle (476
kcal/rat) group suggesting an altered food preference. Furthermore, the
KBP-088 QAD group had a significantly higher chow intake than QD
(P=0.007) although the total accumulated caloric intake did not differ
(2622 kcal/rat in the QD group and 2507 kcal/rat in the QAD group). In
line with the KBP-088 induced bodyweight loss, adipose tissues weighed
significantly less compared to vehicle and control (P<0.003 for all adi-
pose tissues). KBP-088 significantly improved glucose tolerance during
the OGTT (P<0.05) as it required less insulin to control the glucose
challenge compared to vehicle and control.
Conclusion: This study show, that DACRA treatment improves food
preference in terms of a higher intake of less calorie-dense foods on the
expense of HFD intake. Interestingly, dosing in a QAD regimen even
further increase the food intake from less calorie-dense foods compared
to dosing QD. However, this difference between QAD and QD does not
result in a further weight loss.
Disclosure: N. Sonne: Grants; The Danish Research Foundation (Den
Danske Forskningsfond).

605
Lemborexant, a novel orexin receptor antagonist for insomnia, im-
proves glucose metabolism in type 2 diabetic mice
H. Tsuneki, K. Sato, K. Kon, T. Wada, T. Sasaoka;
Department of Clinical Pharmacology, University of Toyama, Toyama,
Japan.

Background and aims: Sleep disturbances reduce insulin sensitivity,
thereby increasing the risk of type 2 diabetes. Therefore, anti-insomnia
drugs may help to prevent metabolic disorders. Somnogenic profiles are
different among anti-insomnia drugs: dual orexin receptor antagonists
(DORAs), but not GABAA receptor modulators, can promote natural
sleep. However, their influences on glucosemetabolism remain uncertain.
In the present study, we compared the effects of lemborexant (a novel
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DORA) and diazepam (a GABAA modulator) on glucose metabolism in
type 2 diabetic mice.
Materials and methods: Genetically-obese db/db mice and high fat diet
(HFD)-induced obese C57BL/6J mice were used as type 2 diabetic ani-
mals. Lemborexant, diazepam, or vehicle was administered daily at the
beginning of resting phase for >3 weeks. Orexin knockout (OXKO) mice
were fed HFD for >16 weeks.
Results: In db/db mice, daily resting-phase administration of diazepam
had no effect on blood glucose levels in glucose tolerance test (GTT). In
contrast, the resting-phase administration of lemborexant to db/db mice
significantly improved glucose tolerance in GTT, without affecting body
weight, food intake, energy expenditure, serum insulin levels, and sys-
temic insulin sensitivity in insulin tolerance test (ITT). Also in HFD-
induced obese mice, the resting-phase administration of lemborexant im-
proved glucose tolerance in GTT, without affecting body weight and
systemic insulin sensitivity in ITT. The beneficial effect of lemborexant
on glucose metabolism was associated with increased locomotor activity in
the awake phase. The increased locomotion was not due to abnormal psychi-
atric activity, because no abnormality was observed inmemory-, anxiety- and
depression-related behaviors determined by Y-maze, elevated plus maze, and
forced swim tests, respectively. OXKO mice, a mouse model exhibiting
fragmented sleep and wakefulness states, showed reduced locomotor activity
in the awake phase, impaired glucose tolerance, and NAFLD/NASH-like
phenotypes in the liver under HFD-fed condition. Therefore, lemborexant-
induced sleepmay increase the quality of wakefulness, thereby promoting the
locomotor activity and improving glucose metabolism.
Conclusion: Resting-phase administration of lemborexant, but not diaz-
epam, improved glucose metabolism in type 2 diabetic mice.
Amelioration of daily sleep-wake cycles by DORA may contribute to
prevent the development of type 2 diabetes.
Supported by: JSPS KAKENHI Grant Number JP18K08468
Disclosure: H. Tsuneki: None.

606
Insulin modulates dopaminergic tone in the human brain: a com-
bined PET/MRI study
S. Kullmann, D. Blum, A. Jaghutriz, B. Bender, H.-U. Häring, C. La
Fougère, H. Preissl, A. Frtische, M. Reimold, M. Heni;
University of Tuebingen, Tuebingen, Germany.

Background and aims: Insulin and dopamine signaling in the human
brain are known modulators of whole-body glucose metabolism. Brain
insulin resistance contributes to impaired postprandial glycemia and
could predispose to type 2 diabetes. Experimental evidence suggests a
crucial interaction between insulin and dopamine with dopaminergic dys-
function in brain insulin resistance. We now investigated the presence of
such an interaction in the human brain.
Materials and methods: In 10 healthy young men (age 27±3 years, BMI
23.6±2.3 kg/m2, HOMA-IR 1.8±1.1), we performed combined PET/MRI
measurements using dynamic [11C]-Raclopride in combination with the
intranasal application of 160 U insulin and placebo on two separate days in
randomized, blinded order. Dopamine receptor binding potential as a mea-
sure of dopaminergic tone was estimated in regions of interests (ROI).
Results: Intranasal insulin delivery to the human brain increased dopa-
mine receptor binding potential in the bilateral ventral and dorsal striatum,
a major dopaminergic brain region (pFWE<0.001 cluster level). This
response tended to be stronger in participants with higher BMI but was
not statistically associated with HbA1c, fasting glucose, or HOMA-IR.
Conclusion: Hence, insulin delivery to the human brain influences do-
paminergic tone in the striatum. As earlier studies found insulin sensitiv-
ity of this region to be involved in the postprandial modulation of whole-
body insulin sensitivity, the detected mechanismmight be involved in the
regulation of postprandial glycaemia. Alterations in this mechanism could
therefore predispose to type 2 diabetes, a hypothesis that must be tested in
further studies.

Clinical Trial Registration Number: NCT03637075
Supported by: German Centre for Diabetes Research (DZD e.V.)
Disclosure: S. Kullmann: Grants; The study was partly supported by a
gran from the German Federal Ministry of Education and Research
(BMBF) to the German Centre for Diabetes Research (DZD, 01GI0925).

607
Neuroprotective effects of HM15211, a novel long-actingGLP-1/GIP/
Glucagon triple agonist in the neurodegenerative disease models
W. Kim, J. Kim, S.-H. Lee, S. Bae, I. Choi, Y. Kim;
Hanmi Pharmaceutical co., ltd., Dongtan, Republic of Korea.

Background and aims: HM15211 is a novel long-acting GLP-1/gluca-
gon/GIP triple agonist that is being developed for the treatment of obesity
and non-alcoholic fatty liver disease (NASH). Accumulating evidence
has shown that obesity, type 2 diabetes, and NASH increase the risk of
developing progressive neurodegenerative disease such as Parkinson’s
disease (PD), Alzheimer’s disease (AD) and multiple sclerosis (MS).
Previous studies with HM15211 have demonstrated a unique activity
profile that exerted neuroprotective effects in the 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP) induced sub-chronic PD mice model.
In the present study, we evaluated 1) the neuroprotective effects of
HM15211 in chronic MPTP/probenecid PD model, 2) the protection of
AD progression in diabetic model, and 3) neuroprotective effect in the
relapsing-remitting experimental autoimmune encephalomyelitis (EAE)
model of MS.
Materials and methods:A chronic PD mice model induced by MPTP
and probenecid intraperitoneal injection and the aged db/db mice were
used to investigate the prophylactic effect of HM15211 on AD. In
addition, and to further confirm the neuroprotective effects of
HM15211, the relapsing-remitting EAE mouse model established by
injecting SJL mice with an emulsion of PLP139-151 in complete
Freund's adjuvant, followed by administration of pertussis toxin was
utilized. To assess the motor function of chronic PD model, the trac-
tion test, pole test and rotarod test were conducted. To assess histo-
logical changes, the hemi brain of all mice was sectioned and stained.
In aged db/db mice, pathological features of AD such as Aβ1-42 and
AGE accumulations were determined. To evaluate the neuroprotective
effects of HM15211 in the EAE model, EAE was scored on a from
scale 0 to 10 daily and the spinal cord was stained with H&E and
Luxol fast blue. In addition splenic regulatory T (Treg) cells and anti-
inflammatory cytokine were also analyzed in the spleen or spinal cord,
respectively.
Results: In a chronic PDmicemodel, HM15211 administration protected
MPTP/P-induced dopaminergic neuronal cells from damage both in the
striatum and the substantia nigra and effectively inhibited the α-synuclein
toxicity, which was induced by MPTP/P. HM15211 also reduced the area
covered by microglia and IFN-γ levels and reversed the induction of IL-
10 levels. In addition HM15211 significantly improved the
MPTP/probenecid induced motor impairments in behavior tests. In addi-
tion, HM15211 also prevented the accumulation of Aβ1-42 in the cortex
and effectively decreased the AGE, which are a factor in worsening of
neurodegenerative disease in aged db/db mice. Moreover, HM15211 de-
creased inflammatory cytokines and reduced oxidative stress, which are a
pathological feature of AD and it reduced activated microglia in the
cortex and hippocampus of the db/db mice brain. In another experiment,
HM15211 was shown to have anti-inflammatory and neuroprotective
effects in the EAE mouse model of MS. HM15211 significantly reduced
the EAE clinical score and resulted in the reversal of histopathological
sequelae compared to vehicle. Interestingly, HM15211 also enhanced the
population of splenic Treg cells and upregulated IL-10 mRNA level,
which is well known as an anti-inflammatory cytokine.
Conclusion:Based on these observations, HM15211might be a potential
therapeutic option for the neurodegenerative diseases.
Disclosure: W. Kim: None.
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Incidence and risk as well as protective factors regarding diabetic
ketosis in people with type 1 diabetes: a secondary analysis of the
PRIMAS and INPUT studies
B. Kulzer1,2, D. Ehrmann1,2, C. Albrecht1, T. Haak1, N. Hermanns1,2;
1Research Institute of the Diabetes Academy Mergentheim (FIDAM),
Diabetes Centre Mergentheim, Bad Mergentheim, 2University of
Bamberg, Bamberg, Germany.

Background and aims:Diabetic ketosis (DK) is a risk factor for diabetic
ketoacidosis (DKA), a potentially life-threatening condition. In this pro-
spective analysis, we analysed risk and protective factors for the inci-
dence of DK in a sample of people with type 1 diabetes.
Materials and methods: For this analysis we combined 4 prospective
educational studies examining the efficacy of an education programme
for type 1 diabetes (PRIMAS) and for insulin pump users (INPUT). Two
randomized controlled trials tested the education programmes against a
control condition and two comparative effectiveness research trials tested
the education programmes in real world settings. We analysed prospec-
tively the incidence of DK 6 months after the end of the education phase
and determined risk and protective factors for occurrence of DK by using
univariate tests and a multivariate logistic regression model.
Results: Analyses were based on 760 participants with type 1 diabetes
(age 45.0 ±14.0 years, 55% female, 11.6 ±2.5 education years, BMI 27.1
±5.3 kg/m2, 63.6%with CSII-therapy, 20.5 ±13.6 years diabetes duration,
HbA1c 8.1 ±1.2%; hypoglycaemia unawareness score 1.4 ± 1.5, depres-
sion score 14.5 ±9.0, 8.4% reported DK in the year before baseline). The
self-reported incidence of DK between baseline and follow-up-
assessment was 38 events per 100 patient years; but only 5.5% of the
sample reported at least one DKA event, which indicated a highly skewed
distribution. In univariate tests, people reporting DK were significantly
more frequent on insulin pump therapy (81% vs. 62.5%; p=.006); did not
participate in the educations programmes PRIMAS or INPUT (40.5% vs.
25.3%, p=0.30), had a higher baseline depression score (17.3 ±9.6 vs.
14.3 ±8.9, p=.038) and reported more frequently DK events before base-
line (35.7% vs. 6.8%; p<.001). In a multivariate logistic regression anal-
ysis, participation in diabetes education (OR 0.51; 95% CI 0.26 - 0.99)
and previous DK (OR 6.3 95% CI 3.0 - 13.1) were independent baseline
predictors of DK at follow-up
Conclusion: Self-report of DK is clearly a limitation of this study. With a
frequency of 38 self-reported events per 100 patient years, DK seems to
be approx. 20-times more frequent than DKA-associated hospital stays.
However, mean incidence and percentage of study participants affected
by DK clearly indicates the existence of risk groups for DK. Insulin pump
users, reporting higher depression scores, non-participation in diabetes
education and previous DK episodes were univariate risk factors. In the
multivariate analysis, only previous DK episodes and non-attendance in
diabetes education remained significant independent risk factors. For the
prevention of DK, the identification of persons at risk is important.
Previous DK emerged as the most important risk factor and diabetes
education as the most important protective factor for future DK episodes.
Clinical Trial Registration Number: NCT02868931
Supported by: This study was supported by Berlin Chemie
Disclosure: B. Kulzer: Employment/Consultancy; Roche Diagnostics,
Novo Nordisk. Grants; Berlin Chemie, Roche Diagnostics,
AstraZeneca, Lilly Deutschland. Lecture/other fees; MSD.

609
Healthspan expansion in old mice by an AAV-mediated FGF21 gene
therapy
C. Jambrina, V. Sacristan, J. Rodo, M. Garcia, E. Casana, S. Muñoz, S.
Darriba, X. Leon, I. Grass, V. Jimenez, F. Bosch;
Universitat Autonoma de Barcelona, Bellaterra, Spain.

Background and aims: Both body weight gain and insulin resistance
increase with aging, resulting in increased risk of cardiovascular disor-
ders. Fibroblast growth factor 21 (FGF21) is considered a promising
therapeutic agent for these age-related diseases. The aim of this study
was to evaluate the potential for extending healthspan and counteracting
insulin resistance and body weight gain in old mice of the long-lasting
secretion of FGF21 into the bloodstream following a single administra-
tion of adeno-associated viral (AAV) vectors to the skeletal muscle
(Skm).
Materials and methods: 12-month-old C57Bl6 mice were administered
intramuscularly with AAV1 vectors carrying a murine FGF21 coding
sequence (AAV-FGF21) or non-coding AAV-Null vectors (as age-
matched controls) into the quadriceps, gastrocnemius, and tibialis
cranialis muscles of each hind limb. Untreated 2- and 7-month-old
C57Bl6 mice were used as controls. Insulin resistance and motor skills
were evaluated by means of intraperitoneal insulin tolerance test and grip
strength, hang wire and rotarod tests. Microrarray gene expression anal-
ysis was performed in different tissues from 20-month-old AAV-FGF21
and AAV-null-treated mice and in 2- and 7-month-old mice.
Results: Animals treated with FGF21-encoding vectors at 12 months of
age showed a marked increase in circulating FGF21, which was parallel
to high levels of expression of vector-derived FGF21 in the 3 injected
muscles. Old mice injected intramuscularly with AAV-FGF21maintained
the body weight they had at the initiation of the study and were slimmer
than controls, which steady increased their weight as animals aged.While
the weight of the muscles was barely affected by FGF21 gene transfer, the
weight of the white and brown depots as well as that of the liver were
considerably reduced in 20- month-old FGF21-treated mice and indistin-
guishable from those of 2-month-old mice. In contrast to null-injected
animals, 22-months old mice treated with AAV-FGF21 showed markedly
improved insulin sensitivity, coordination and strength, which were sim-
ilar to those shown by 2-month-old mice. Assessment of survival and
gene expression analysis is ongoing.
Conclusion: Altogether, these results demonstrate that AAV-mediated
overexpression of FGF21 in skeletal muscle leads to sustained secretion
of therapeutically-relevant levels of this factor to the bloodstream and
highlight the therapeutic potential of this approach to expand healthspan
and counteract age-related insulin resistance and body weight gain in the
future.
Supported by: SAF2014-54866R; MYOCURE, PHC-14-2015-667751
and EFSD/MSD
Disclosure: C. Jambrina: Grants; SAF2014-54866R Ministerio de
Economía y Competitividad, 2014 SGR 1669 Generalitat de Catalunya,
ICREA Academia award to F.B., MYOCURE, PHC-14-2015-667751,
EFSD/MSD European Research Programme on Novel Therapies for
Type 2 Diabetes, 2013.

610
Apolipoprotein CIII silencing: a novel strategy to combat metabolic
disorders
P. Recio-López, P.-O. Berggren, L. Juntti-Berggren, I. Valladolid-
Acebes;
Karolinska Institutet and Karolinska University Hospital, Stockholm,
Sweden.

Background and aims: Apolipoprotein CIII (apoCIII) is a key regulator
of lipid metabolism and is known to increase in obesity and diabetes
mellitus. Growing evidences support that apoCIII can be a druggable
target in the battle against metabolic disorders. Our aims were: 1)
Design and screen different small-interference RNAs (siRNAs) aimed
to silence mouse apoCIII mRNA; 2) Test in vivo the efficacy and the
efficiency of these compounds in mice with high levels of apoCIII.
Materials and methods: In silico approaches were used to design up to
eight siRNAs against mouse apoCIII. In vitro dose-response screenings
were performed in Hepa 1-6 cells by using the Renilla luciferase assay to
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measure the capacity of each siRNA to lower apoCIII. An inactive siRNA
directed against firefly luciferase was used as a negative control. For
in vivo studies, we used 12-week old Ob/Ob mice given i.v injections
of either the inactive siRNA or a mix of the two most effective siRNAs
against apoCIII (doses: 0.25, 0.5 and 1 mg/kg, respectively). A fourth
group of Ob/Obmice received a sham injection.Mice were treated during
three consecutive days and body weight (BW)wasmonitored. Thereafter,
liver, intestine and plasma were collected for evaluation. Quantitative
Real-Time PCR (qRT-PCR) studies were used to measure liver and intes-
tine apoCIII mRNA levels and to determine whether or not the siRNAs
had an impact on the apoAI-CIII-AIV cluster gene. Finally, we measured
a number of metabolic parameters in plasma from our Ob/Ob-treated
mice, including triglycerides; HDL-cholesterol; LDL-cholesterol;
alanine-aminotransferase (ALT); glucose; insulin; and c-peptide. Data is
expressed as mean ± SD of n ≥ 5. The non-parametric two-tailed Mann-
Whitney U t-test was used for statistical analyses.
Results: In vitro dose-response studies in Hepa 1-6 cells showed that the
most effective siRNAs exhibited a maximal apoCIII inhibition (Imax) of
91 ± 0.006% and 93 ± 0.013%, respectively. In vivo, we showed that the
combination of these active siRNAs were able to silence liver apoCIII
mRNAup to 99.3 ± 0.5% at the highest dose administered as compared to
those Ob/Ob mice receiving the sham injection (P<0.001). In the intes-
tine, the maximal inhibitory capacity of the active siRNAs was 54.6 ±
14.8% (1mg/kg apoCIII-siRNA-treated Ob/Ob mice vs sham-injected
Ob/Ob mice, P<0.01). ApoAI and apoAIV remained unaltered in liver
and intestine from all treatment groups, thus proving the specificity of the
active siRNAs. ApoCIII silencing did not affect BW in any of the treat-
ment groups (BW between 40.6 ± 3.4 g to 43.8 ± 3.8 g). Interestingly, Ob/
Ob mice treated with 1 mg/kg of the active siRNAs significantly reduced
circulating lipids as compared to those treated with the equivalent dose of
the control siRNA (Triglycerides in mg/dL: Ob/Ob-apoCIII siRNAs,
176.2 ± 23.9 vs Ob/Ob-Control siRNA, 255.03 ± 52.1, P<0.01; HDL-
Cholesterol in mg/dL: Ob/Ob-apoCIII siRNAs, 32.7 ± 4.6 vs Ob/Ob-
Control siRNA, 43.6 ± 10.7, P<0.05). However, apoCIII silencing did
not affect plasmaALT levels. Finally, althoughwe did not find changes in
plasma glucose upon apoCIII silencing, both insulin and c-peptide
showed a tendency towards reduction in Ob/Ob mice treated with the
active siRNAs as compared to those treated with equivalent doses of
the control siRNA.
Conclusion: Our findings indicate a therapeutic potential of siRNAs
against apoCIII in vivo for future treatment and/or prevention of metabol-
ic diseases by silencing apoCIII.
Supported by: SDA, KIF, VR, ERC-2013-AdG 338936-BI, NNF, FE-PF,
SRP-DKI, FK&AWF, SaJF, AZ
Disclosure: P. Recio-López: None.

611
The alternative complement pathway is associated with an adverse
lipid profile: the CODAM study
S. Jin, Y. Xin, C. van der Kallen, N. Vogelzangs, I. Arts, C. Schalkwijk,
C. Stehouwer, M. van Greevenbroek;
Maastricht University, Maastricht, Netherlands.

Background and aims: Complement C3 is associated with insulin resis-
tance and has been identified as a risk factor for the development of type 2
diabetes mellitus (T2DM). Animal studies suggest that silencing of com-
plement genes, mainly those from the alternative pathway, may affect
lipid metabolism. In a human observational cohort, we now investigated
the associations of the alternative complement pathway components with
lipoprotein profiles.
Materials and methods: Complement components [i.e. C3, C3a, Bb,
factor D, factor H, properdin, andMASP-3] and lipoprotein profiles mea-
sured by nuclear magnetic resonance spectroscopy were obtained in plas-
ma from 523 participants (60±7 years, 61% men) of the Cohort on
Diabetes and Atherosclerosis Maastricht (CODAM). Linear regression

analyses were used to investigate associations of plasma complement
concentrations with concentrations of 14 individual lipoprotein sub-
classes, ranging from very large VLDL to small HDL, as well as the mean
particle size of the major lipoprotein classes (all standardized [std]
values). All analyses were adjusted for age, sex, glucose metabolism
status (normal glucose metabolism, prediabetes, T2DM), medication
use, smoking status, alcohol consumption, physical activity, and energy
intake to control for potential confounding. A false discovery rate adjust-
ed P-value (q-value) of <0.05 was regarded significant.
Results: Participants with higher C3 concentrations had more circulating
VLDLs (stdβs ranging from 0.36 to 0.27), IDL and LDLs (stdβs ranging
from 0.14 to 0.16), and small HDL (stdβ=0.21). In contrast, they had
fewer large and very large HDL particles (stdβs= -0.36). Also, in those
with higher C3 concentrations, all lipoprotein subclasses were enriched in
triglycerides. We observed similar but weaker associations for the com-
ponents and regulators of alternative pathway activation (i.e. Factor D,
Factor H, properdin, and MASP-3), but no associations for the activated
products (C3a and Bb).
Conclusion: The alternative complement pathway, andmost prominently
C3, is associated with an adverse lipid profile that is characterized by
more triglyceride-enriched lipoproteins and fewer large HDL particles.
Supported by: CSC, NOSR, DDRF, DHF
Disclosure: S. Jin: None.

612
Effect of central SFRP5 on hepatic glucose fluxes and VLDL-
triglyceride secretion
H. Shen, L. Li;
Key Laboratory of DiagnosticMedicine (Ministry of Education), College
of Laboratory Medicine, Chongqing Medical University, Chongqing,
China.

Background and aims: In obese and diabetic mice, the relationship has
been confirmed between secreted frizzled-related protein 5 (SFRP5) and
energy homeostasis and insulin resistance. However, the role of central
SFRP5 is not clear in hepatic glucose lipid metabolism, and this issue will
be further studied.
Materials and methods: HFD (High-fat-diet) -fed rats received
intracerebro- ventricularly (ICV) infusions of vehicle or Sfrp5 during a pan-
creatic euglycemic clamp. Indirect calorimetric experiments were conducted
to study whether ICV SFRP5 affects energy metabolism. Glucose tolerance
test (GTT) experimentwas used to verify the effect of ICVSFRP5on glucose
metabolism. In order to establish the relationship between ICV Sfrp5 and
hepatic glucose production (HGP), the effect of ICV Sfrp5 was evaluated
on glucose kinetics in rats fed with ncd-or HFD by using insulin clamp. ICV
Sfrp5 proteinwas injected intoNCD (normal chowdiet) orHFD-fed rats after
Tyloxapol pretreatment to further evaluate whether ICV Sfrp5 regulates very
low-density lipoproteins triglyceride (VLDL-TG) secretion.
Results: Single injection of ICV SFRP5 could reduce food intake
and increase energy consumption of rats fed with HFD. ICV
Sfrp5 in HFD-fed rats significantly increased the glucose infusion
required to maintain euglycemia due to HGP inhibition during the
clamps. ICV Sfrp5 significantly increased glucose infusion rate
(GIR) and glucose treatment rate (GRD), and decreased HGP
(about 47%) in rats fed with HFD. ICV Sfrp5 also lowered cir-
culating triglycerides via inhibition of hepatic VLDL-TG secre-
tion. These changes were accompanied by an inhibition of en-
zymes related to lipogenesis in the liver.
Conclusion: Current studies have shown that central SFRP5-dependent
brain-liver nerve circuits play an important regulatory role in increasing
energy metabolism and maintaining glucose and fat metabolism.
Supported by: National Natural Science Foundation of China
(81570752)
Disclosure: H. Shen: None.
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Sustainable remission of type 2 diabetes requires maintenance of low
level of intrapancreatic fat and is dependent on decreased hepatic
VLDL-TG export
R. Taylor1, S. Zhyzhneuskaya1, C. Peters1, A. Jesuthasan1, A.C. Barnes1,
K.G. Hollingsworth1, N. Sattar2, M.E.J. Lean2, A. Al-Mrabeh1;
1Newcastle University, Newcastle upon Tyne, 2Glasgow University,
Glasgow, UK.

Background and aims: Liver fat levels determine VLDL produc-
tion which supplies triglycerides to all tissues including the pan-
creas. Excess fat is known to decrease β-cell function. DiRECT
demonstrated that effective weight loss is durable in restoring β-
cell function and achieving remission of diabetes. The decrease in
triglyceride level in liver and pancreas appears central to the re-
mission process. In a subgroup of DiRECT participants who had
remission, we investigated the relationship between hepatic
VLDL-TG production and fat accumulation within the pancreas.
Materials and methods: Metabolic changes after 24 months were
compared in people who achieved durable remission (n=20) and
those who lost remission after initial reversal (relapsers: n=13), or
those who failed to achieve remission (nonresponders: n=13).
Liver, pancreas, and abdominal fat was quantified by magnetic
resonance using in house developed methods. Hepatic VLDL1-
TG production was quantified in vivo by competitive blockage
of lipoprotein lipase activity via Intralipid infusion. Insulin secre-
tion was measured using Stepped Insulin Secretion Test with
Arginine (SISTA).
Results: Weight loss induced a major decrease in liver, pancreas,
and abdominal fat regardless of remission. However, people who
remained in remission (HbA1C<48mmol/mol) had a lesser rise in
liver and pancreas fat at 2 years compared with relapsers (3.6±0.9
vs. 6.6±1.4%, p=0.04, and -0.48±0.25 vs. 0.96±0.39%, p=0.005,
respectively). There was a strong correlation between change in
weight and change in liver fat between baseline to 24 months
within the whole group (r=0.58, p<0.0001). Those who maintained
remission lost more intrapancreatic fat between baseline to 24
months compared with nonresponders (-1.65±0.24 vs. -0.51
±0.35%, p=0.013) or relapsers who re-accumulated what was ini-
tially lost (-1.65±0.24 vs. -0.10±0.34%, p=0.002). Relapsers were
characterized by a sharp increase in weight between 5 and 24
months (84.6±3.4 to 95.9±4.4kg, p<0.0001). This was associated
with rise in liver fat (2.1±0.5 to 8.3±1.4%, p=0.001), VLDL-TG
production (406.1±42.2 to 561.3±37.3mg/kg/day, p=0.005), pancre-
as fat (7.1±0.5 to 8.0±0.6%, p=0.031), and loss of first phase
insulin secretion (0.10[0.054-0.122] to 0.04[0.027-0.052]
nmol/min/m2, p=0.012). The extent of weight loss determines
change in visceral fat. The change in visceral fat between baseline
and 24 months was greater in those who maintained remission
compared with the relapsers (-85.0±14.9 vs. -30±12.4cm2,
p=0.008). Using multivariate logistic regression on the changes
between baseline and 12 months, remission of diabetes was asso-
ciated with both hepatic VLDL-TG production and plasma VLDL-
TG concentration (p=0.004, and p=0.009, respectively). There was
also association between loss of remission at 24 months and the
change in VLDL-TG production (p=0.001).
Conclusion: These data are consistent with a mechanistic link between
hepatic VLDL-TG export, fat accumulation within the pancreas, and β-cell
function. They highlight the importance of body weight maintenance on
hepaticVLDL-TGexport as themajor determinant of type 2 diabetes reversal
and remission.
Clinical Trial Registration Number: 03267836
Supported by: Diabetes UK
Disclosure: R. Taylor: None.

614
Characterisation of the gene expression of pancreatic preadipocytes
and adipocytes from patients with different metabolic status
M. BarrosoOquendo1,2, E. Lorza-Gil1,2, F. Gerst1,2, B.A. Jaghutriz1,2, F.
Fend3, A. Königsrainer4, R. Wagner1,2, M. Heni1,2, H.-U. Häring1,2, S.
Ullrich1,2, D. Siegel-Axel1,2;
1German Center for Diabetes Research (DZD e.V.) and Institute for
Diabetes Research and Metabolic Diseases of the Helmholtz Center
Munich at the Eberhard-Karls-University of Tübingen, Neuherberg,
2Department of Internal Medicine IV, Division of Endocrinology,
Diabetology and Nephrology, University Hospital Tübingen, Tübingen,
3Institute of Pathology and Neuropathology, University Hospital
Tübingen, Tübingen, 4Department of General, Visceral and Transplant
Surgery, University Hospital Tübingen, Tübingen, Germany.

Background and aims: The contribution of pancreatic fat accumu-
lation for the pathogenesis of type 2 diabetes is still a matter of
debate. Clinical studies show a negative correlation between insu-
lin secretion and fat accumulation in the pancreas of patients with
prediabetes and diabetes. However, it is still not clear whether
adipocyte infiltration into the pancreatic parenchyma is detrimen-
tal to islet function. Adipocytes not only store lipids but also
secrete hormones, metabolites and cytokines. Previous studies
suggest that the secretome of fat cells is variable and depend on
their localization and the metabolic milieu. This study aims to
characterize the transcriptome of preadipocytes and adipocytes
isolated from pancreas resections of patients with normal glucose
regulation (NGR), prediabetes (PD) and type 2 diabetes (DM).
Materials andmethods:Human pancreatic preadipocytes (pPA) iso-
lated from pancreatic resections of male patients were cultured
and differentiated into adipocytes (pAd). Monocultures of pPA
or pAd were used for RNA-Seq differential expression analysis
(n=4/group). Significance (padj<0.05) was evaluated with the R
package.
Results: The in vitro maturation of pPA into pAd led to the differential
expression of over 2000 transcriptomes in pAd. Differentiation into pAd
was accompanied by an induction of ADIPOQ (adiponectin), genes re-
lated to lipid metabolism (APOE, FABP4, LPL, LBP and LIPE) and
transcription factors (PPARG and CEBPA). However, the induction of
APOE, LIPE, PPARG and CEBPA in pAd isolated from patients with
DM was lower than in patients with NGR. Furthermore, a significant
higher mRNA level of SLC2A4 (GLUT4) and a lower mRNA level of
TIMP1 (metalloproteinase inhibitor 1) was observed only in differentiated
pAd derived from patients with NGR. Likewise, in pAd from patients
with NGR and PD but not with DM, differentiation increased SCD
(stearoyl-CoA desaturase) expression. In contrast, pPA predominantly
expressed genes involved in cell proliferation (FGF1 and ICAM1) and
extracellular matrix (ECM) components synthesis (LAMA1, FN1,
COL4A1 and COL4A2). These genes were significantly suppressed in
pAd. No differential expression between pPA isolated from patients with
NGR, PD and DM was observed.
Conclusion: pPA expressed genes involved in cell proliferation
and ECM remodeling, while the differentiation into pAd induced
the expression of adiponectin and genes involved in lipid and
glucose metabolism. The impaired induction of APOE, LIPE,
SCD and SLC2A4 observed in pAd isolated from patients with
DM suggests alterations in lipid metabolism and glucose uptake,
which may play a role in the crosstalk between fat cells and islets
and, therefore, in the pathogenesis of type 2 diabetes.
Supported by: Project received funding from BMBF (01GI0925) and
IMI2JU (RHAPSODY 115881)
Disclosure: M. Barroso Oquendo: None.
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Serine palmitoyl transferase 2 deficiency in mice hepatocytes im-
proves glucose tolerance and protect against obesity
J. Lallement1, E. Foppen1, F. Lachkar2, N. Kassis1, H. Le Stunff1,3, C.
Magnan1, C. Cruciani-Guglielmacci1;
1Biologie Fonctionelle et Adaptative UMR CNRS 8251, Université Paris
Diderot, Paris, 2Centre de Recherche des Cordeliers, INSERM, Sorbonne
Université, Université Paris Descartes, Université Paris Diderot, Paris,
France, 3Institut des Neurosciences Paris-Saclay (Neuro-PSI) CNRS
UMR 9197, Université Paris-Sud, Université Paris Saclay, Orsay, France.

Background and aims: Numerous studies have shown the role of
ceramides as lipotoxic inducers, which could impair insulin signalling
pathway and cause insulin resistance, leading to type 2 diabetes
(T2D). Recently, several studies suggested that ceramides could be
relevant plasma biomarkers of T2D susceptibility. Indeed, plasmatic
content of ceramide precursors, the dihydroceramides, are significantly
elevated in individuals, who will progress to T2D up to 9 years before
disease onset. Ceramides belong to sphingolipids family and they are
components of cell membranes. Three different pathways lead to
ceramides biosynthesis. Among them, de novo synthesis, very active
in the liver, allows ceramides biosynthesis from dietary source and
involves serine palmitoyl transferase 2 (SPT2), the rate limiting en-
zyme. In this study, we investigate the role of de novoceramide syn-
thesis in the liver on energy homeostasis.
Materials and methods: Therefore, using the cre-lox system, we gen-
erated mice, which don’t express SPT2 in the liver (SPT2ΔHep). The
SPT2ΔHep mice and their littermate controls (SPT2lox/lox) were fed
with control diet or high fat diet (HFD) for 2 months, during which
we measured body weight gain and body composition. We also
assessed insulin tolerance, glucose stimulated insulin secretion and
studied glucose tolerance and glycemia response after injection of
gluconeogenic substrates (pyruvate and glycerol).
Results:We found that SPT2ΔHep mice are protected against body mass
gain induced by HFD and display a decreased body fat mass. For
SPT2ΔHep mice, fed with HFD, glucose tolerance is significantly en-
hanced, without any modification of glucose stimulated insulin secretion
compared to the control mice. SPT2 deficiency in the liver seems to
slightly improve insulin sensitivity but alters gluconeogenesis ability
from pyruvate and glycerol. We also measured glycemia time course
during a 24H fast, and SPT2ΔHep mice displayed a lower glycemia com-
pared to controls after 5h of food deprivation. These results suggest a
defect in the production or the storage of glucose by the liver.
Conclusion: These results highlight the involvement of ceramides de novo
biosynthesis in the liver on glucose homeostasis. The improvement of insulin
sensitivity suggests that ceramides could be plasma active biomarkers acting
on insulin target tissues. Furthermore, we noticed that SPT2ΔHep mice dis-
play yellow plasma compared to control mice. We hypothesize an accumu-
lation of plasmatic bilirubin, which could be due to bile acid excretion defect
leading to bile acid accumulation in the plasma. We now investigate the
involvement of bile acid response receptors, such as TGR5, known to in-
crease energy expenditure, leading to improvement of glucose tolerance.
Supported by: European Consortium "Rhapsody" IMI initiative
Disclosure: J. Lallement: None.

616
Pancreatic steatosis in non-diabetic and type 2 diabetic subjects and
relationships with islet morphometry
M. Suleiman1, C. De Luca1, P. De Simone1, U. Boggi1, F. Grano2, M.
Bugliani1, D. Campani1, P. Marchetti1, L. Marselli1;
1University of Pisa, Pisa, 2University of Siena, Siena, Italy.

Background and aims: Little information is available on intra-
pancreatic adipose tissue (iPAT) and its relations with islet cell features
in humans.

Materials andmethods: In the present study we performed morpho-
logic and morphometric studies on iPAT of 9 overweight/obese
non-diabetic (ND, age: 65±5 yrs; 4M/5F; BMI: 31.3±0.4 Kg/m2,
mean±SEM) and 13 matched type 2 diabetic (T2D, age: 70±2 yrs,
8M/5F; BMI: 30.0±0.8 kg/m2) organ donors. Adipocytes were
identified by different techniques (including red oil and anti-
FABP4 stainings) and quantified on a fluorescence DM5500
Leica microscope using the MetaMorph v 1.8.0 software, with a
tresholded mask applied in exclusive mode. Macrophages were
identified by immunohistochemistry using anti-CD68 and anti-
CD163 (Dako) antibody. Assessment of insulin (Abcam Ab) and
glucagon (Sigma Ab) positive cells was also performed.
Results:The number of adipocytes trended higher (+32.8%) in T2D
(8.9±1.4/mm2) compared to ND (6.7±2.1/mm2) and their size was
greater in T2D (9,319±1,028 μm2) than ND (5,639±639 μm2,
p=0.01). iPAT area in relation to acinar tissue was 90.4% higher
(p=0.07) in T2D (7.6±1.3%) than ND (3.9±1.5%). The amount of
adipocytes with adjacent ≥ 3 CD68+ cells was higher (p=0.048) in
T2D (31/281, 11%) than ND (7/147, 5%). CD163 abundance was
similar in ND and T2D samples. Insulin positive area (T2D: 0.49
±0.06%; ND: 0.55±0.09%) and glucagon positive area (T2D: 0.24
±0.03%; ND: 0.32±0.07%) did not differ significantly between the
two groups. Adipocyte size was negatively associated with islet
number in ND+T2D (p=0.06) and positively with insulin area in
ND (p=0.058); there was a significant, positive relationship be-
tween the amount of adipocytes and the number of islets in T2D
(p=0.017).
Conclusion: In conclusion, we found significant differences in the iPAT
of T2D as compared to ND, including increased adypocite size and
amount of CD68+ cells adjacent to adipocytes; some of these parameters
correlated with islet morphometric indices.
Supported by: RHAPSODY, grant agreement No 115881
Disclosure: M. Suleiman: None.
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Relationship between sarcopenia and frailty on pre-diabetic and di-
abetic older patients
T.N. Nguyen1,2, H.T.T. Nguyen1,2, T.X. Nguyen2, T.T.H. Nguyen2,
H.T.T. Vu1;
1Hanoi Medical University, Hanoi, 2National Geriatric Hospital, Hanoi,
Viet Nam.

Background and aims: Aging and diabetes are both risk factors for
functional disability. Diabetes-related complications and coexisting mor-
bidities partially explain the deterioration in physical function. The de-
cline in muscle mass, strength and function associated with diabetes leads
to sarcopenia, frailty and eventually disability. The aim of this study was
to investigate the relationship of sarcopenia and frailty in pre-diabetic and
diabetic older patients.
Materials and methods: A cross-sectional study was conducted in
National Geriatric Hospital, Vietnam on pre-diabetic and diabetic patients
aged 60 years or above. Sarcopenia was defined as having low lean mass
plus low grip strength and low gait speed according to the criteria of the
Foundation for the National Institutes of Health (FNIH). Frailty was de-
fined by Fried’s frailty criteria.
Results: A total of 432 patients was recruited, mean age 71.9(8.9) years
(ranging from 60 to 100 years), 62.8% female. Among pre-diabetic and
diabetic patients, the rate of sarcopenia was 40.5% and 51.8%, and the
prevalence of frailty was 13.3% and 18.4%, respectively. 9.5% of pre-
diabetic patients and 15.8% of diabetic patients had both of frailty and
sarcopenia. Of frail patients with pre-diabetes and diabetes, sarcopenia
accounted for 71.4% and 87.5%. Sarcopenia was significantly associated
with increased risk for frailty in pre-diabetic participants (OR: 3.00;
95%CI: 1.02-8.59) and in diabetic participants (OR: 7.13; 95%CI 2.45-
20.74) adjusted for age, gender, risk of falls, having three or more chronic
diseases and fasting plasma glucose.
Conclusion: Sarcopenia was related with higher risk for frailty in diabetic/
pre-diabetic patients. Sarcopenia might be an intermediate step in the devel-
opment of frailty in patients with diabetes/pre-diabetes. Thus, early detection
of sarcopenia and frailty in older adults with diabetes/pre-diabetes should be
routine clinical practice to prevent frailty or to intervene earlier in frail patients.
Disclosure: T.N. Nguyen: None.

618
Fasting glucose and cardiovascular disease and mortality in Korean
older adults with diabetes: a nationwide population-based study
J. Huh1, J. Lee2;
1Yonsei University Wonju College of Medicine, Wonju, 2Seoul National
University Bundang Hospital, Seongnam-Si, Republic of Korea.

Background and aims: Growing evidences shows that fasting glucose
target should be different according their health condition in older adults
with diabetes. However, there are limited data regarding the relationship
between fasting glucose level and health outcomes in Korean older people
with diabetes. We aimed to examine the association of fasting glucose with
mortality and cardiovascular events in in Korean older adults with type 2
diabetes. We tried to identify the fasting glucose levels associated with
lowest risk of mortality and cardiovascular(CV) events by comorbidities.
Materials and methods:We identified 227,938 aged 65 years and older
type 2 diabetes subjects without a history of MI and stroke who
underwent >_2 health examinations from 2009 to 2010 and were follow-
ed up until 2017 in the Korean National Health Insurance System cohort.
Our primary exposure variable was mean fasting glucose level from
2009-2010. Comorbidity load in individuals were assessed by Charlson
comorbidity index (CCI).
Results: The data showed a J-shaped distribution for all-cause mortality and
CV events regardless of sex, age and number of comorbidities. Fasting

glucose levels associated with the lowest mortality were 110-124mg/dL and
the lowest CV events were 90-124mg/dL, respectively (Table). Stratified
analysis by CCI revealed that optimal fasting glucose levels for lowest car-
diovascular events were higher in subjects with higher CCI than lower CCI
(~80-139 mg/dL vs. 95-139 mg/dL, P for interaction = 0.047).
Conclusion: J shaped relationship exists between fasting glucose and all-
cause mortality and CVevent in Korean older diabetic patients. The optimal
fasting glucose rage for the lowest all-cause mortality and CV events were
110-124 and 95-110mg/dL, respectively. The dramatic increase of the CV
event risk in too low level of fasting glucose (less than 95mg/dL) were noted
in patients with high comorbidity. This finding suggest that more stringent
targets for fasting glucose are associated with increased adverse health out-
come especially in older adults with many comorbidities.

Disclosure: J. Huh: None.

619
Frailty is associated with reduction of circulating stem cells in elderly
diabetic patients
B. Bonora, R. Cappellari, A. Avogaro, G. Fadini;
Department of Medicine, University of Padova, Padova, Italy.

Background and aims: Circulating stem cells (CSCs) represent a subtype
of white blood cells including hematopoietic stem cells (HSCs), endothelial
progenitor cells (EPCs) and mesenchymal stem cells (MSCs). We previ-
ously showed that, among patients with type 2 diabetes, lower levels of
circulating HSCs predict the future development or worsening of micro-
and macroangiopathy. Since CSCs are involved in the homeostasis of pe-
ripheral organs and tissues, the reduction of their level in the blood may
represent a condition wherein the organism loses resilience. Frailty is de-
fined as a loss in one or more functional domains (physical, psychical,
social), that increases vulnerability to stress and is associated with adverse
outcomes. Although patients with diabetes have a reduction in CSCs, an
association between CSCs and frailty has never been explored so far. Thus,
we evaluated whether the state of frailty is associated with alterations of
levels of CSCs in a population of elderly diabetic subjects,.
Materials and methods: Diabetic patients aged >65 years were enrolled
in the study. Blood sampleswere collected and CSCs levels were assessed
by flow cytometry. The Italian Frailty Index (IFi) questionnaire (the
Italian version of Rockwood's frailty index) was administered to each
subject for the evaluation of frailty status.
Results: Eighty-seven patientswere enrolled and divided in twogroups accord-
ing to themedianvalueof IFi.More frail patientshad significantly lower levels of
the HSCs defined as CD34+ (250±95 vs 315±170/106; p=0.032), CD133+ (179
±94 vs 133±52/106; p=0.006), or CD34+CD45dim (264±155 vs 204±90/106;
p=0.031) compared to less frail patients (Figure). No difference was found in
the levels of EPCs andMSCs between the two groups. Upon univariate regres-
sion analysis, the levels of CD34+, CD133+ and CD34+CD45dim cells inversely
correlatedwith IFi,whereas no significant correlationwas foundbetween IFi and
EPCs orMSCs levels. In multivariate regression analysis, CD133+ cells showed
an inverse correlation with IFi, independently from age and sex (β= -0.22,
p=0.032). When patients were divided in two groups according to the median
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value of CD133+, those with lower levels of CD133+ cells had significantly
higher IFi score (15.7±7.5 vs 12.6±6.4; p=0.044).
Conclusion: In elderly patients with diabetes, reduction of HSCs is as-
sociated with frailty independently from chronological age. We speculate
that reduction of HSCs can contribute to unfavorable outcomes associated
with frailty by impairing organ homeostasis and tissue repair. On the other
side, frailty could itself be a cause of reduction in HSCs, driving a vicious
cycle wherein stem cells play a central role. In a longitudinal analysis of
this cohort, we will explore whether CSCs levels predict the development
of frailty and of frailty-associated outcomes.

Supported by: Cariplo Foundation 2016-0922
Disclosure: B. Bonora: None.

620
Development of type 2 diabetes from normal glucose tolerance and
prediabetes
F. Lexman, B. Daka, U. Lindblad, M. Hellgren;
Department of Public Health and Community Medicine/Primary Health
Care, Medicin, Sahlgrenska University, Gothenburg, Sweden.

Background and aims: The development of type 2 diabetes (T2DM) is
preceded by a prediabetic condition defined by: Impaired fasting glucose
(IFG) and/or Impaired glucose tolerance (IGT). A recent study from
Malmö suggests that there are four subgroups of T2DM with character-
istic metabolic differences. The aim of this study was to explore if indi-
viduals with IGT, IFG and normal glucose tolerance (NGT), develop
T2DM with different characteristics.
Materials and methods: Data were collected from: - The Skaraborg
Project, a longitudinal study including 2816 randomly chosen individuals
with a follow-up of 1327 representative individuals after ten years. - The
DIAVIP Study, a randomized, controlled trial comprising 123 individuals
with IFG or IGT. Total study duration was eight years. All participants in
the Skaraborg Project and the DIAVIP study who developed T2DM from
IFG, IGT or NGT were included in this study (n=87). General linear
models were used to compare data between the groups who developed
T2DM from IGT, IFG andNGT, respectively. Associations between these
groups and the characteristic subgroups defined by the Malmö group
were calculated with Chi-square tests.
Results: Individuals with prior IFG developed T2DM characterised by
being less obese (Δ BMI=3.0, CI:0.2-5.9 P=0.034), younger (Δ
years=8.0, CI:1.0-15.1, P=0.025) and had a non-significant tendency to
have lower beta-cell function (Δ=0.13, CI: -0.05-0.31, p=0.163) than
individuals with prior IGT. Individuals with prior IFG, how developed
T2DM were also characterized by a significantly lower HOMA-bc as
compared to individuals with prior NGT (Δ=0.23, CI:0.1, P=0.011).
Individuals with prior NGT, who developed T2DM, had characteristics
from both individuals with prior IFG and IGT. There was a significant
association between individuals with prior IFG and the development of an

insulin-deficient sub-group of T2DM (p=0.015) calculated with a chi-
square test.
Conclusion: Individuals with different prediabetic conditions seem to
develop T2DMwith different characteristics and in particular individuals
with prior IFG seem to develop a primarily insulin-deficient type of
T2DM, indicating that early treatment with insulin may be indicated in
this particular group of patients but further studies are needed.
Supported by: skaraborg/skovde
Disclosure: F. Lexman: None.

621
Novel clusters of adult-onset diabetes: casuistic from an endocrinol-
ogy department
V. Pires, C. Ivo, D. Verissimo, J. Silva, L. Lopes, D. Passos, J. Jácome de
Castro, M. Marcelino;
Hospital Forças Armadas, Lisboa, Portugal.

Background and aims: Type 2 diabetes (T2D) is a heterogeneous dis-
ease for which causal mechanisms are incompletely understood and sub-
classification may improve patient management. In the latest assessment
of patients with adult-onset diabetes, five new subgroups were defined: an
autoimmune form, two severe forms (insulin-deficient and insulin-
resistant diabetes) and two mild forms (obesity and age-related diabetes).
The aim of this study was to stratify patients with T2D into subgroups and
assess the impact of the clusters on outcomes and therapeutics.
Materials andmethods:We conducted a cluster analysis of patients with
T2D (n=1280) in an Endocrinology department. Clusters were based on
three variables (presence of antibodies, age at diagnosis and BMI) and
data from patient records was collected on development of complications
and therapeutics.
Results: We identified 4 clusters of T2D, with significantly different
patient characteristics. Cluster 1 (autoimmune) consisted of 2% of
patients, Cluster 3 (obesity-related diabetes) of 63%, Cluster 4 (age-
related diabetes) of 13% and Cluster 2 the remaining 22%. Clusters 1
to 4 presented a mean age at diagnosis of 46, 52, 54 and 72, respec-
tively. Cluster 3 presented the highest mean BMI value (31,7 kg/m2).
The remaining clusters presented a mean BMI of 24,4 kg/m2. Cluster
1 had the highest mean HbA1c (7,3%), while Cluster 4 the lowest
(6,6%) (p-value 0,033). Insulin was prescribed to 73% of patients in
cluster 1 vs. <30% in other clusters (p-value < 0,001). Combination
therapy was required more often in clusters 2 and 3 than in cluster 4
(p-value < 0,001). Most patients in Clusters 2 and 3 presented family
history of diabetes vs. < 40% in the other clusters (p-value < 0,001).
Retinopathy was most frequent in clusters 1 (18%) and 2 (16%) vs.
<10% in other clusters (p-value 0,001). Diabetic kidney disease was
the most common complication with a prevalence of around 20% in
clusters 2, 3 and 4, without statistical significance. No significant
difference was found concerning macrovascular complications.
Conclusion: Clusters 1 and 2 were characterized by early-onset dis-
ease, higher HbA1C and low BMI. Furthermore, they presented the
highest prevalence of retinopathy. These individuals may benefit from
early intensified treatment with injectable therapies to prevent diabetic
complications. Cluster 3 presented the highest BMI. These individ-
uals appear to represent the ‘standard diabetic patient’ in our clinical
practice. As combination therapies were the treatment of choice, we
should select one that promote weight loss, in addition to Metformin.
Cluster 4 was characterized by late-onset disease, low HbA1c and
low BMI. Also, monotherapy was adequate. This new classification
is easily replicable in a real word setting, especially among general
practioners. It will be exciting to explore whether individuals respond
differently to medications based on the pathway predominantly
disrupted or whether they have a variable rate of progression and
diabetic complications.
Disclosure: V. Pires: None.
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Skeletal muscle oxidative capacity is poorer in the presence of type 2
diabetes in older adults of European, but not South Asian or African
Caribbean origin
S. Jones, T. Tillin, S. Williams, J. Wang, S. Eastwood, A.D. Hughes, N.
Chaturvedi;
University College London, London, UK.

Background and aims: The prevalence of type-2 diabetes (T2DM)
is elevated in people of South Asian and African Caribbean origin
compared to Europeans. T2DM is associated with metabolic dis-
turbances to skeletal muscle. Ethnic differences in skeletal muscle
function are contentious and evidence is largely from studies that
recruited young, healthy men. This study aims to examine skeletal
muscle oxidative capacity in older adults with, or without, T2DM
and determine if ethnic disparities between South Asians, African
Caribbeans and Europeans exist.
Materials and methods: Participants in the Southall and Brent
Revisited (SABRE) study, a population-based cohort resident in
UK comprised of Europeans (E) and first generation South Asian
(SA) and African-Caribbean (AC) migrants undertook a sub-
maximal exercise test including measurements of whole-body oxy-
gen uptake (VO2). Post-exercise, recovery time constants (τ) were
calculated using Near Infrared Spectroscopy (NIRS) combined with
transient arterial occlusions; longer τ represents poorer muscle ox-
idative capacity. Body composition was measured using DEXA.
Analysis of associations was by multiple linear regression adjusted
for age and sex.
Results: 185 participants (mean age=74±6 years, male=138 (75%),
E=80, SA=74, AC=31) undertook skeletal muscle measurements.
Prevalence of T2DM was 11%, 26% & 23% in E, SA and AC
ethnicity, respectively. South Asians had longer τ compared to
Europeans after adjustment for presence of T2DM (β(95%CI):
9.7(2.0, 17.4)s, p=0.01). Differences in lean body mass explained
some of the difference in τ between Europeans and South Asians
(β(95%CI): 6.1(-3.0, 15.3)s, p=0.19). Only Europeans had a longer
τ in the presence of T2DM (β(95%CI): 16.6(1.8, 31.3)s, p=0.028).
τ could not explain lower whole-body oxygen uptake in South
Asians compared with Europeans (β(95%CI): -1.9(-3.2, -0.6)ml/
min/kg p=0.004).
Conclusion: Older adults of South Asian origin have poorer skeletal
muscle oxidative capacity than Europeans independent of T2DM. In the
presence of T2DM Europeans have impaired skeletal muscle oxidative
capacity. Interventions that target increasing muscle mass may be bene-
ficial in older adults, especially older adults of South Asian origin.
Supported by: BHF project grant
Disclosure: S. Jones: None.
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Circulating palmitoleic acid is associated with insulin sensitivity, beta
cell function and glucose tolerance in non-diabetic individuals
D. Trico1,2, A. Mengozzi1, L. Nesti1, A. Mari3, A. Natali1;
1University of Pisa, Pisa, 2Sant'Anna School of Advanced Studies, Pisa,
3National Research Council, Padua, Italy.

Background and aims: Animal studies suggest that circulating palmitoleic
acid (16:1n-7) produced by adipocyte de novo lipogenesis may directly im-
prove muscle and liver insulin signaling and protect β cells from apoptosis.
However, studies in humans yielded controversial results. We examined the
relationship of plasma palmitoleate with clamp-derived insulin sensitivity,
OGTT-derived β-cell function, and glucose tolerance in a large cohort of
non-diabetic subjects.
Materials and methods: In the Relationship between Insulin
Sensitivity and Cardiovascular disease (RISC) study cohort, fasting
plasma concentration of palmitoleate was measured by isotope

dilution ultrahigh-performance liquid chromatography coupled to
tandem mass spectrometry. Total NEFA were assayed by fluorime-
try. Insulin sensitivity (M/I) was measured by a hyperinsulinemic-
euglycemic clamp. Insulin secretion and β-cell function parameters
were estimated by glucose, insulin and C-peptide modelling during
a 75g OGTT. The fatty liver index (FLI), which has been validated
against liver ultrasound, was calculated using clinical and biochem-
ical data. Body composition including fat mass (FM%) was assessed
by bioelectrical impedance.
Results: A total of 1,234 clinically-healthy subjects were enrolled
(683 females and 551 males, age 43.8±8.3 years, BMI 25.5±4.0 kg/
m2, FM% 28±9%, plasma NEFA 531±210 μmol/l). Plasma
palmitoleate concentration was 13±8 μmol/l, being higher in older
subjects (age: r=0.10, p=0.0003) and in females than males (15±8
μmol/l vs 10±6 μmol/l, p<0.0001). Enrichment of palmitoleate in
the total NEFA pool (PO%) was 2.3±0.8% and increased with adi-
posity (FM%: r=0.30, p<0.0001) and total NEFA concentration
(r=0.19, p<0.0001). In univariate analyses, PO% positively correlat-
ed with insulin sensitivity (r=0.20, p<0.0001), β-cell glucose sensi-
tivity (r=0.08, p=0.008), β-cell potentiation (r=0.15, p<0.0001),
glucose tolerance (2h plasma glucose: r= -0.08, p=0.008), and plas-
ma adiponectin (r=0.18, p<0.0001). Furthermore, PO% negatively
correlated with alanine transaminase levels (r= -0.15, p<0.0001) and
FLI (r= -0.07, p=0.02). The effect of PO% on insulin sensitivity, β-
cell function parameters and glucose tolerance remained significant
after adjustment for potential confounders, including age, sex, BMI,
FM%, and total NEFA (figure).
Conclusion:Circulating palmitoleic acid,which increaseswith adiposity and
total NEFA concentration, is independently associated with insulin sensitivity,
β-cell function, and glucose tolerance in non-diabetic individuals. These data
support the putative role of palmitoleate as a beneficial “lipokine”, a lipid
hormone that may be released by the adipose tissue to prevent the negative
effects of obesity and excess NEFA on systemic glucose metabolism.

Supported by: EFSD Future Leaders Mentorship Programme, EU grant
QLG1-CT-2001-01252
Disclosure: D. Trico: None.
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Identification of novel genes regulating fat distribution and their
functional relevance in adipose biology
E. Guiu-Jurado1,2, D. Holstein1, L. Jacob1, N. Garcia-Cubero1, J.
Klein3, A. Dietrich4, M. Stumvoll1,2, P. Kovacs1,2, M. Blüher1,2;
1Leipzig University, Faculty of Medicine, Divisions of Endocrinology
and Nephrology, Leipzig, 2Leipzig University, IFB Adiposity Diseases,
Leipzig, 3Lübeck University, Department of Internal Medicine, Lübeck,
4Leipzig University, Faculty of Medicine, Division of clinic for Visceral,
Transplantation and Thorax and Vascular Surgery, Leipzig, Germany.

Background and aims: Body fat distribution (FD) is a heritable trait
and a well-established predictor of adverse metabolic outcomes, in-
dependent of overall adiposity. To better understand the genetic basis
of FD and its molecular links to cardiometabolic traits, genome-wide
association meta-analyses (GWAS) of traits related to waist and hip
circumferences were performed revealing numerous genetic variants
associated with waist to hip ratio (WHR). Yet, their exact role in FD
remains unexplored. Therefore, we want test the hypothesis that loci
associated with human FD carry genes regulating adipose biology.
The aims of the project are the prediction of the target genes of
genetic variants associated with body FD and the study of their func-
tion in adipose tissue (AT).
Materials and methods: We used publicly available datasets from the
Roadmap Epigenomics and ENCODE project to predict which genetic
variants are likely to act in AT. Furthermore, we used chromosome con-
formation capture data (Hi-C) which allowed us to identify genes in
topologically associated domains which surround genetic loci associated
with FD, since these genes may serve as targets for genetic variants
associated with FD. Then, using own microarray data, we studied which
of these target genes were significantly differently expressed between
different ATs so they may have a role in the regulation of FD. We
identified two candidate genes which could be involved in FD: phospha-
tidylethanolamine N-methyltransferase (PEMT) and sorting nexin 10
(SNX10). To validate the microarray data, we analyzed subcutaneous
(SAT) and visceral adipose tissue (VAT) mRNA expression of PEMT
and SNX10 in 160 morbidly obese patients (BMI > 40 Kg/m2) by RT-
qPCR. Finally, we performed in vitro si-RNA mediated silencing of Pemt
and Snx10 during adipogenesis in immortalized murine cell lines derived
from epididymal and inguinal fat depots to study the function of these
genes in adipose biology.
Results: Our results indicate that PEMT and SNX10 mRNA expres-
sion were significantly increased in SAT compared to VAT in mor-
bidly obese patients (p<0,001), independent of their diabetes status.
VAT PEMT mRNA expression correlated positively with hip cir-
cumference (r=0,532, p<0,016). In regard to the knock-down exper-
iments, only in Pemt silencing in epididymal cell line showed a
significant reduction of lipid accumulation in day 8 of differentia-
tion compared to control knock-down (p<0,05).
Conclusion: The results reported here suggest that PEMT and SNX10 may
play a role in body fat distribution. Future studies are necessary to gain further
knowledge about their function in the development of obesity and its comor-
bidities. We are currently analyzing PEMT and SNX10 gene expression in a
larger cohort with extendedmetabolic phenotypes and genotyping the specif-
icWHR associated loci for expression quantitative trait locus (QTL) analysis.
Supported by: DFG-SFB1052 “Obesity Mechanisms”
Disclosure: E. Guiu-Jurado: None.

625
Leptin: a new marker for development of post-transplant diabetes?
I. Dedinská, P. Skálová, K. Graňák, M. Vnučák, J. Miklušica, Ľ. Laca, P.
Galajda, M. Mokáň, M. Mokáň;
University Hospital Martin and Jessenius Faculty of Medicine, Martin,
Slovakia.

Background and aims: Obese patients have increased leptin production
and selective resistance to its central anti-adipogenic effects, yet its pro-
inflammatory immunostimulating effects persist.
Materials and methods: In a group of 70 patients who underwent pri-
mary kidney transplantation (KT) we examined adiponectin and leptin
levels at the time of KT and 6 months post-transplantation. Patients with
diabetes mellitus type 1 or type 2 at the time of KT were excluded from
the study.
Results: We found that leptin levels significantly increased during the
post-transplant period (P = 0.0065). Overall, leptin levels were positively
correlated with the level of triacylglycerols, post-transplant diabetes
mellitus (PTDM) development and acute rejection (AR). We discovered
that, in particular, high leptin levels were associated with AR [OR 2.1273;
95%CI 1.0130-4.4671 (P = 0.0461)] and PTDMdevelopment [OR 7.200;
95%CI 1.0310-50.2836 (P = 0.0465)], whereas, low adiponectin levels
represent a risk factor for the development of insulin resistance [HR
38.6135; 95%CI 13.3844-67.7699 (P <0.0001)] and obesity [HR
3.0821; 95%CI 0.8700-10.9192 (P = 0.0053)].
Conclusion: We found that a high serum concentration of leptin before
KT is associated with both PTDM development and AR and merits fur-
ther investigation in relation to KT.

Disclosure: I. Dedinská: None.
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Retinal microperimetry: a useful tool for detecting insulin-resistance
related cognitive impairment in morbid obesity
A. Ciudin1,2, A. Ortiz Zuñiga1,2, E. Fidilio3, D. Romero Godoy1,2, M.
Sanchez Perez3, M. Comas Martinez3, O. Simó- Servat1,2, C. Hernández
Pascual1,2, R. Simó Canonge1,2;
1Institut de Recerca Vall d’Hebron, Universitat Autònoma de Barcelona
(VHIR-UAB), Barcelona, 2CIBER de Diabetes y Enfermedades
Metabólicas Asociadas (CIBERDEM). Instituto de Salud Carlos III,
Madrid, 3Vall Hebron University Hospital, Barcelona, Spain.
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Background and aims: There is clear association between type 2
diabetes (T2D) and Alzheimer’s disease. Both share common phys-
iopathological pathways, such as inflammation, oxidative stress and
insulin resistance. Recently, morbid obesity (MO) without diabetes
has been associated with mild cognitive impairment (MCI) even in
young people and it has been suggested that insulin-resistance could
be a major determinant, but this findings require further validation.
In the last three years, our group demonstrated that retinal
microperimetry is a useful tool to identify cognitive impairment in
patients with type 2 diabetes. Retinal sensitivity and gaze fixation
assessed by microperimetry significantly correlated with neuropsy-
chological tests used in clinical practice. On this basis, the aim of
this study is to explore the presence and the factors associated with
the cognitive impairment in morbid obese patients as well as the
utility of retinal microperimetry in identifying these alterations.
Materials and methods: We have evaluated 50 consecutive patients
with MO (24 associated T2D) attended at the Morbid Obesity Unit
of our center matched by age and gender with 15 healthy
normoweight controls. All patients were functionally literate, with-
out severe auditory and visual abnormalities. All patients underwent
a complete physical examination, biochemical analysis, cognitive
evaluation and retinal function assessment. The cognitive function
was evaluated using Minimental State Evaluation test and Montreal
Cognitive Assessment Test. Retinal function was assessed by stan-
dard microperimetry (MAIA microperimeter 3rd generation).
Retinal sensitivity and gaze fixation parameters (P1 and P2 fixation
points, BCEA63 and BCEA95) were used for the evaluation of the
analysis.
Results: The MO patients showed a signif icant ly lower
neurocognitive performance than the controls: MoCA score 24.82
±3.3 versus 29±1.5, p=0,002. Mean age of the two groups was
45.88±10.23 and 43.83±7, 82, p=0,591 respectively. Cognitive
function was inversely correlated with the HOMA-IR (r=-0,505,
p=0,014) and BMI (r-0,427, p=0, 03) and the AUROC for cognitive
impairment prediction was 0.764 (p=0,046, CI [0.533-0.976]) and
0.750 (p=0,042, CI [0.560-0.940]) respectively. The retinal
microperimetry parameters showed significant differences between
MO patients and controls. The AUROC for cognitive impairment
prediction using microperimetry parameters was 0.893, p=0,003, CI
[0.760-1.025]. No differences were seen in the cognitive status,
BMI and microperimetry parameters between the MO with T2D
and MO without T2D.
Conclusion: 1) Insulinresistance rather than diabetes is a major underly-
ing mechanism accounting for the higher prevalence of cognitive impair-
ment detected in young morbid obese subjects. 2) The assessment of the
retinal function using a non-invasive functional test (MAIA
microperimetry) is a useful tool for identifyingmorbid obese patients with
cognitive impairment.
Disclosure: A. Ciudin: None.

PS 041 From mice to men?
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A dominant negative PPARγ isoform at the crossroad between adi-
pogenesis and obesity
S. Cataldi1, M. Aprile1, P. Italiani2, K. Dumas3, S. Giorgetti- Peraldi3, J.-
F. Tanti3, A. Ciccodicola1, V. Costa1;
1Institute of Genetics and Biophysics “A. Buzzati-Traverso”, National
Research Council, Naples, Italy, 2Institute of Protein Biochemistry,
National Research Council, Naples, Italy, 3Université Côte D’Azur,
Inserm, C3M, Team Cellular and Molecular Pathophysiology of
Obesity and Diabetes, Nice, France.

Background and aims: Low- grade chronic inflammation and the re-
duced capacity to recruit and differentiate new adipose cells into mature
insulin-sensitive adipocytes are hallmarks of hypertrophic obesity. These
alterations correlate with a low activity of PPARγ, a transcription factor
governing the adipogenesis. Our group has identified PPARγΔ5, a new
dominant negative PPARγ isoform naturally expressed along adipogen-
esis and in mature human and mouse subcutaneous adipose tissue (SAT).
Interestingly, comparing the SATs of T2D and euglycemic obese patients,
we found higher ratio of alternative/canonical PPARG mRNAs
(PPARGΔ5/cPPARG), positively correlated with BMI. Moreover, high
PPARγΔ5 levels impair the adipogenic ability of precursors cells. Thus,
as inflammation and low adipocyte differentiation rate are typical features
of hypertrophic obesity, we evaluated whether pro-inflammatory factors
affect the physiologic balance between canonical and dominant negative
PPARγ isoforms.
Materials and methods: Epidydimal AT were isolated from LPS-
injected C57BL/6J mice, sacrificed after 5h. Human monocytes isolated
from healthy blood donors were differentiated in macrophages byM-CSF
(50 ng/ml) and LPS (10 ng/ml). THP 1 cells were differentiated in mac-
rophages by PMA (50ng/mL). Human mature and hypertrophic adipo-
cytes were in-vitro generated from hTERT-immortalized adipose-derived
mesenchymal stem cells (AdMSCs). AdMSCs were treated with condi-
tioned media (c.m.) of macrophages, hypertrophic adipocytes and human
recombinant cytokines. Gene expression was analyzed by qPCR and P
value by paired Student t test.
Results: To investigate the effect of pro-inflammatory stimuli on
PPARG, C57BL/6J mice were injected with LPS to induce cyto-
kines production in AT. Interestingly, epidydimal AT of LPS-
treated mice revealed an increase of PpargΔ5/cPparg ratio vs con-
trol mice (n=4; p val<0.01). Since hypertrophic AT is character-
ized by infiltration of pro-inflammatory macrophages and restrict-
ed neo-adipogenesis, we tested if activated macrophages might
affect the splicing at PPARG locus in human adipocyte precursor
cells. Notably, c.m. of primary and in vitro cultured human pro-
inflammatory macrophages (secreting high levels of TNFα, IL1β,
IL6 and IL8) increase PPARGΔ5/cPPARG ratio in AdMSCs.
Interestingly, TNFα is able to induce PPARGΔ5/cPPARG ratio
in undifferentiated cells. Other than inflammatory stimuli, we also
tested if factors released by hypertrophic adipocytes can affect
PPARG splicing. Interestingly, AdMSCs treated with c.m. of
in vitro-generated hypertrophic adipocytes displayed a significant
increase in PPARGΔ5/cPPARG ratio.
Conclusion: Our study reveals that specific pro-inflammatory factors -
typically highly secreted in the insulin-resistant AT of patients with hy-
pertrophic obesity - are potent stimuli to cause an unbalance in
PPARGΔ5/cPPARG ratio. It favours in turn the accumulation of domi-
nant negative isoform PPARγΔ5, that are likely to contribute to the
impairment of PPARγ activity in hypertrophic AT. Data suggest that it
may exacerbate the reduction of the neo-adipogenesis, hallmark of insulin
resistance in obese individuals.
Supported by: PON SHARID
Disclosure: S. Cataldi: None.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S301



628
Targeting Cyr61-mediated adipose angiogenesis to treat obesity
S. Metz, T.O. Kilpeläinen, M.P. Gillum;
Novo Nordisk Foundation Center for Basic Metabolic Research,
University of Copenhagen, Copenhagen, Denmark.

Background and aims: Obesity is a major contributor to global bur-
den of chronic disease, in particular type 2 diabetes and cardiovas-
cular disease. There is currently a great unmet need for developing
effective and safe anti-obesity treatments. Genomic studies provide
novel molecular targets for the treatment of obesity by discovering
genes and pathways involved in obesity. Interestingly, recent large-
scale meta-analyses of GWAS for adiposity traits have identified
multiple genetic loci implicated in angiogenesis. These findings
suggest a role for adipose angiogenesis as a critical pathway affect-
ing obesity. Angiogenesis in white adipose tissue promotes energy
storage, and selective inhibition of angiogenesis in white adipose
tissue could thus provide a therapeutic option for the treatment of
obesity by restricting fat deposition. Alternatively, the local delivery
of proangiogenic factors to brown adipose tissue could increase
energy consumption, prompting a lean and insulin sensitive pheno-
type. However, the potential of recent angiogenesis-linked genetic
discoveries for the development of novel obesity therapies remains
largely unexplored. Here, we aim to investigate a potent regulator of
adipose angiogenesis, cysteine-rich angiogenic inducer 61 (CYR61)
and its effect on obesity by using a combination of human epidemi-
ological studies, in vitro experiments, and in vivo mouse studies, in
order to examine its potential as a therapeutic target for obesity.
Materials and methods: Genetic association studies for CYR61 var-
iants and body composition traits were performed in the UK
Biobank, and phenome-wide association studies (PheWAS’s) were
subsequently carried out by screening the UK Biobank and pub-
lished GWAS results. Furthermore, we will measure 3-D, vessel-
like structure formation in vitro in human umbilical vein endothelial
cells (HUVEC) relative to native Cyr61. A BAC-transgenic mouse,
expressing human Cyr61 under control of the adiponectin promoter,
has been developed for in vivo examinations to test whether local
overexpression of Cyr61 augments fat mass. The body composition
and metabolic health of the mice will be assessed using magnetic
resonance imaging (MRI) and metabolic biomarkers.
Results: In ~450,000 European ancestry participants of the UK
Biobank, we identified a rare (MAF 0.8%) Ser316Cys variant in
CYR61 associated with body fat percentage (P=1.1x10-9), in partic-
ular trunk fat percentage (P=3.8x10-11) and trunk fat mass
(P=3.7x10-8). The Cys316 minor allele was associated with a 0.4
%-unit increase in body fat percentage, a 0.5% increase in trunk fat
percentage, and a 0.3 kg increase in trunk fat mass. To study wheth-
er these genetic associations are mediated by changes in adipose
angiogenesis, we are currently performing in vitro experiments in
angiogenesis HUVEC assays and in vivo studies in mice.
Conclusion: Our results suggest a critical role of CYR61 in adipose an-
giogenesis and an increase in body fat. Ongoing in vitro and in vivo
experiments will provide further insights into the mechanistic role of
Cyr61 in the development of obesity and subsequent metabolic
consequences.
Supported by: Novo Nordisk Foundation
Disclosure: S. Metz: None.
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Functional exploration of subcutaneous adipose stem cells in pro-
gramming of metabolic disease
C. Lefevre, C. Pinteur, B. Morio, H. Vidal, A. Mey;
CarMeN Laboratory, Université de Lyon, INSERM U1060, INRA 1397,
Université Claude Bernard, Lyon, France.

Background and aims: Maternal overnutrition during the perinatal pe-
riod (gestation and lactation) increases the incidence of obesity and met-
abolic diseases at the adulthood (type 2 diabetes and cardiovascular dis-
eases). The mechanisms of this nutritional programming of metabolic
diseases are poorly understood. In white adipose tissue adipose stem cells
(ASC) represent key players in adipose tissue homeostasis. During the
perinatal period ASC also support white adipose tissue development and
may be more vulnerable to microenvironmental changes. We make the
hypothesis that ASC represent a determining factor in the nutritional
programming of type 2 diabetes during the perinatal life since alterations
of ASC may have delayed consequence on adipose tissue functions. To
address this question we have developed an experimental model of nu-
tritional programming in mouse C57/Bl6 by overfeeding the mothers
during lactation, as this period has been shown to represent the most
sensitive period to programming in mice. Our goal is to determine wheth-
er permanent alterations of ASC can be induced during the perinatal
period and precede functional alterations of adipose tissue.
Materials and methods: Breastfeeding C57/Bl6 mothers have been ex-
posed to a standard diet (SD) or to a high fat high sucrose diet (HFHS).
After weaning, the male offspring has been fed with SD or HFHS diet
during the 6 weeks to reach adulthood. Before sacrifice, the glucose
metabolism was analyzed by performing GTT and ITT. Next, subcutane-
ous adipose tissue was harvested for RNA extraction and for isolation of
ASC. The functional status of ASC and of the adipose tissue was ad-
dressed by PCR.
Results: The HFHS diet during breastfeeding was sufficient to induce
glucose intolerance equivalent. HFHS given after weaning only or to
programmed animals did not hampered the phenotype. The analysis of
adipose tissue indicated that neither inflammation (IL6, IL1β, TNFα), nor
the alterations of the storage functions (Dgat2,Hsl, Lpl, adiponectin), that
prelude insulin resistance and type 2 diabetes, were observed in none of
the groups. This indicate that this protocol was suitable to address the
early stage of obesity. ASC isolated from programmed animals showed
inhibition of two genes involved in adipogenesis: PPARγ and CEBPα
independently of the post-weaning diet.
Conclusion: Maternal overnutrition during lactation durably change
ASC transcriptome in the adult offspring. This confirms that ASC are
targets of perinatal overnutrition and may represent determining factors
for the delayed expression of type 2 diabetes in programmed animals.
These results validate our protocol for further explorations of ASC
alterations.
Supported by: Glofoods (INRA, CIRAD), INSERM, EDISS
Disclosure: C. Lefevre: None.
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Liver IDE deficiency is a risk factor for nonalcoholic fatty liver dis-
ease and prediabetes development
D.O. Borges1,2, R.T. Ribeiro3,4, C. Penha-Gonçalves5, M.P. Macedo1,4;
1Metabolic Disorders Group, Chronic Diseases Research Center -
CEDOC, Lisbon, 2Molecular Bioscience Ph D Program, Insituto de
Tecnologia Química e Biológica António Xavier - ITQB NOVA,
Oeiras, 3Education Research Centre, Associação Protectora dos
Diabéticos de Portugal - APDP, Lisbon, 4Department of Medical
Sciences, University of Aveiro, Aveiro, 5Genetic Diseases Laboratory,
Instituto Gulbenkian de Ciência, Oeiras, Portugal.

Background and aims: The development of Type 2 diabetes (T2D) is
widely accepted as being propelled by the interaction of genetic
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susceptibility factors and metabolic cues, including obesity. Genetically,
the insulin degrading enzyme (IDE) locus was associated to T2D suscep-
tibility, with IDE playing a central role in hepatic insulin clearance (IC)
and consequently in insulin resistance development. To further explore
the added risk of an obesogenic challenge we tested the hypothesis that
hepatic IDE deletion amplifies liver steatosis and glucose intolerance in
liver specific IDE knockout (L-IDE-KO) mice under diet induced obesity
(DIO).
Materials andmethods:C57Bl/6micewith IDE exon 2 flankedwith lox P
sites were crossed with the albumin-Cre driver mouse strain to generate L-
IDE-KO mice. To study effects of DIO, animals were submitted to high fat
diet from 6 to 18 weeks of age. Glucose tolerance and hepatic insulin clear-
ance (area under the curve for C-peptide /area under the curve for insulin)
were evaluated. Livers were collected for steatosis scoring, triglycerides con-
tent quantification, determination of IDE activity and mRNA expression
analysis of lipid and glucose related pathways.
Results: Wild type (WT) mice under DIO showed decreased IDE activity
when compared to lean mice, suggesting that down-modulation of IDE func-
tion is part of the metabolic impairments elicited by the diet. Interestingly, L-
IDE-KOmice under DIO did not aggravate the impairment in hepatic insulin
clearance but showed exacerbated glucose intolerance. Indeed, hepatic IDE
activity was inversely correlated with glucose tolerance, suggesting that ge-
netic control of IDE is a determinant of glucose metabolism. Remarkably,
expression levels of GLUT2 in the liver were decreased in L-IDE-KO mice
even in the absence of DIO challenge, strongly suggesting that IDE is in-
volved in genetic mechanisms controlling hepatic glucose uptake. In lipid
homeostasis, L-IDE-KO mice under DIO presented more pronounced
steatosis and higher hepatic triglycerides deposition than WT DIO mice.
Accordingly, gene expression of liver SREBP2 and SREBP1a mRNA was
higher in DIO L-IDE-KO when compared to DIO WT, as well as Elovl2,
suggesting and increase in lipogenesis pathway.
Conclusion: Our results unveil that, under a hypercaloric regimen, liver
IDE insufficiency has a central role promoting liver steatosis and glucose
intolerance. Down regulation of liver GLUT2 expression could explain
the higher glucose excursions; while up regulation of lipid related tran-
scription factors and lipogenic enzymes could be associated to the ob-
served hepatic lipid increment. In the current pandemic obesity context,
liver IDE may be a risk factor to NAFLD and prediabetes development.
Supported by: FCT: PTDC/BIM/MET/2115/2014; LISBOA-01-045-
FEDER-024325
Disclosure: D.O. Borges: Grants; PTDC/BIM/MET/2115/2014,
LISBOA-01-045-FEDER-024325.
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Extended indirect calorimetry with isotopic CO2 sensors allows real
time quantification of substrate oxidation inmice: fat oxidation levels
depend on body fat mass
E.M. van Schothorst1, J.M.S. Fernández-Calleja1, L.M.S. Bouwman1,
H.J.M. Swarts1, A. Oosting2, J. Keijer1;
1Human and Animal Physiology, Wageningen University, Wageningen,
2Danone Nutricia Research, Utrecht, Netherlands.

Background and aims: Indirect calorimetry (InCa) is used to estimate
whole-body energy expenditure and substrate use based on O2 consumption
and CO2 production in humans and animals. 13CO2 enrichment analysis of
breath samples allows for qualitative investigation of oxidation of labelled
exogenous (dietary) substrates, but is limited by sampling frequency and
quantification, requires expensive equipment, and lacks information on CO2

production rates and total substrate oxidation obtained by InCa. Moreover,
whole body oxidation rates depend on lean mass, but little is known for
exogenous substrates in light of overweight and obesity.
Materials and methods: Gas sensors for 13CO2 and

12CO2 were incor-
porated into a commercial InCa system to obtain a mouse metabolic
phenotyping tool for simultaneous sensitive quantification of exogenous
and total substrate oxidation, from which endogenous substrate oxidation

is calculated. Starches natural high enriched in 13C (maize) versus low
(wheat) were given to adult wild-type mice as part of their pellets as a
proof of principle. Next, we used a liquid mixed meal (7 kJ) containing
tracer 13C glucose or 13C palmitate to quantify exogenous glucose versus
fat oxidation in a group of lean and diet-induced obese mice with differ-
ences in body fat mass (Echo-MRI measurements).
Results: Oscillations in 13CO2 enrichment associated with postprandial and
post-absorptive stateswere detected, andwe could discriminatemice fed diets
containing wheat vs maize 13C enrichment (p<0.01). Upon a single mixed
meal, quantification and dissecting exogenous vs whole body total carbohy-
drate and fat oxidation showed over 13 h that ~70% of the glucose and ~48%
of the palmitate ingestedwere oxidized.Mice with a higher fat mass oxidized
less exogenous palmitate relative to total fat oxidation after ingesting the
mixed meal (Pearson, r2=0.350, P=0.0023), while oxidation rate of ingested
glucose was unrelated to fat mass.
Conclusion: In conclusion, an extended InCa systemwith 13CO2 and

12CO2

sensors is an accessible and powerful technique to quantify, continuously and
in real-time, the differential oxidation of exogenous, endogenous, and whole-
body substrates in mouse models of human metabolism, providing new
physiological insights. It demonstrated that oxidation rates of exogenous fats
versus whole body total fat were lower in animals with increased fat mass,
while glucose oxidation rate remained similar.
Supported by: NWO-STW, CONACYT
Disclosure: E.M. van Schothorst: None.
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The organ cross talk in the regulation of glucose homeostasis through
heat shock protein 72 expression
T. Kondo, S. Kitano, N. Miyakawa, T. Watanabe, R. Goto, M. Igata, J.
Kawashima, H. Motoshima, T. Matsumura, E. Araki;
Metabolic Medicine, Kumamoto University, Kumamoto, Japan.

Background and aims: Cell stresses, such as endoplasmic reticulum stress
or oxidative stress are considered to be key mediators in pathophysiology of
type 2 diabetes. Heat shock protein (HSP) 72, a major inducible heat shock
protein against heat, serves to protect cells from those cellular stresses and
works in protein quality control. Induction of HSP72 improves glucose intol-
erance in type 2 diabetic model mice. In this study, we investigated glucose
metabolism inwhole bodyHSP72deficient (KO)mice. The effects of hepatic
HSP72 induction in KO mice were also investigated.
Materials and methods: KO mice and control mice were subjected to a
high-fat diet regimen. Metabolic parameters and pathophysiological exami-
nation were performed. HSP72 was overexpressed in mice by lenti-virus to
investigate the role of HSP72 in liver. The phenotype of other tissues such as
adipose tissue or pancreas was evaluated in liver specific HSP72 restored
mice.
Results: There were no significant differences in body weight and food
intake betweenKO and control group. Fasting and random-fed blood glucose
levels were significantly higher in KO mice than those in control mice. The
fasting insulin level was significantly lower in KOmice. Upon glucose chal-
lenge, blood glucose levels were higher inKOmice. On insulin tolerance test,
KO mice exhibited insulin resistant phenotype. Visceral fat mass was in-
creased and hepatic steatosis was obvious in KO mice with increased
SREBP-1c mRNA expression. Upon insulin stimulation, phosphorylation
of Akt was decreased in KO liver, with increased activation of JNK.
Hepatic gluconeogenesis was enhanced in KO mice accompanied by in-
creased G6Pase and PEPCK mRNA expression as well as those enzymatic
activities. When restoring HSP72 expression specifically in liver by lenti-
virus onKOmice, blood glucose, hepatic steatosis and gluconeogenesis were
totally ameliorated. Interestingly, visceral fat size and macrophage infiltration
were both reversed, but insulinopenic phenotype was not by hepatic HSP72
induction. Adiponectin promoter or human-insulin promoter derived induc-
tions of HSP72 transgenic mice lines were established. Hepato-adipose and
hepato-islet cross-talk in the regulation of glucose homeostasis may be dif-
ferent by tissue specific HSP72 induction.
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Conclusion: Deficiency of HSP72 leads to type 2 diabetic phenotype. As
induction of HSP72 in liver is beneficial to improve glucose homeostasis in
KO, the abundance of HSP72 in liver is critical in diabetic pathophysiology,
and appropriate HSP72 induction may serve as a target in the treatment of
type 2 diabetes. Our mice models may also contribute to investigate organ
cross-talk in the regulation of glucose homeostasis.
Supported by: Grant-in-Aid for Scientific Research from the Japan
Society for the Promoti
Disclosure: T. Kondo: None.
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The germ free humanised mouse: a new model of insulin resistance
inherited over generation
R. Burcelin1, A. Waget2, P. Chaillie2, E. Brousseau3, P. Gourdy1, B.
Lelouvier4, T. Sulpice5, F. Briand3, Y. Barreira2;
1Inserm U1048 I2MC, Toulouse, 2UMS006 zootechnie HUMICE,
Toulouse, 3PHYSIOGENEX SAS, Labège innopole, 4VAIOMER SAS,
Labège innopole, 5PHYSIOGENEX SAS, Toulouse, France.

Background and aims: We aimed at establishing a transgenerational
model of mice conventionalized with the microbiota from healthy, treat-
ment naïve or metformin treated type 2 diabetic humans, to demonstrate
the role of gut microbiota on the development of metabolic diseases over
generations
Materials and methods: C57 and C3H male and female germ-free mice
were colonized at F0 with the microbiota from healthy, type 2 diabetic
(T2D) treatment naive or metformin treated aged matched human indi-
viduals. We established mouse lines (healthy, diabetic naïve, diabetic
treated) and studied the F1, F2, F3 generations, under normal chow.
Glucose tolerance, insulin sensitivity as assessed by the two step
hyperinsulinemic clamp, body weight and incretin sensitivity in vivo
and in vitro on enteric neurons were studied.
Results: At the F0 generation body weight gain (BWG) recorded for 12
weeks was similar betweenmales irrespectively from the microbiota used
to colonize the germ free mice. However, in females the BWG was 20%
in mice colonized with the microbiota from diabetic patients. Glucose
tolerance was studied in males and females from the F1 generation and
was 20% higher in the diabetic naïve and diabetic treated mouse lines
when compared to healthy for both sexes. Similarly, insulin resistance
was more pronounced in male mice that have inherited the microbiota
from T2D at the F2 generation. Insulin sensitivity was reduced by 20 and
30% in mouse lines from the diabetic naïve and diabetes treated mouse
lines respectively, when compared to healthy mouse line. Furthermore,
the diabetic mouse lines were 40% resistant to GLP-1 induced-insulin
secretion when compared to healthy line. The primary culture of enteric
neurons were resistant to GLP-1 as well.
Conclusion: We here show that the metabolic phenotype of type 2 dia-
betes is inherited over generation. The stabilized mouse lines represent
hence a novel model with impaired metabolic phenotypes from human
gut microbiota origin that does not require a fat-enriched diet to be trig-
gered. Pharmacological and food supplement strategies could be tested on
this model with microbiota from human origin
Supported by: REGION FEDER
Disclosure: R. Burcelin: Honorarium; honorarium from physiogenex.
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Pancreatic beta cell imaging probe accounting for in-vivo GLP1R
agonist’s efficacy
T. Murakami1, H. Fujimoto2, N. Fujita1, K. Hamamatsu1, D. Yabe3, N.
Inagaki1;
1Department of Diabetes, Endocrinology and Nutrition, Kyoto
University, Kyoto, 2Radioisotope Research Center, Agency of Health,
Safety and Environment, Kyoto University, Kyoto, 3Department of
Diabetes and Endocrinology, Gifu University, Gifu, Japan.

Background and aims: Glucagon-like peptide-1 receptor agonists
(GLP1RA) are widely used for the treatment of type 2 diabetes mellitus
around the world. However, in clinical trials, some patients didn’t respond
well to the therapy and cautions should be taken to certain patients in-
cluding those with reduced insulin secretory capacity, which were often
difficult to be proven in clinical settings because of the apparently reduced
insulin secretory capacity with chronic hyperglycemia and glucose toxic-
ity. Therefore, it is clinically important to predict GLP1RA efficacy. For
the purpose of visualization and quantification of β cells, GLP1R-
targeted imagings like single photon emission computed tomography
and positron emission tomography have recently emerged. These tech-
nologies have not been used for personalized prediction of drug efficacy
for diabetes, however they have been developed for detection of
insulinoma and transplanted islets, and the evaluation of β-cell mass so
far. Therefore, we investigated whether such a β-cell imaging probe
targeting GLP1R could have any accountability for GLP1RA efficacy
in vivo.
Materials and methods: We developed 111Indium-labeled exendin-4
(111In-Ex4) as a radioisotope (RI)-labeled GLP1R-targeted imaging
probe. Diabetic mice aged over 23 weeks old were selected from
NONcNZO10/LtJ male mice that were fed for different durations with
11%-fat chaw. After a 3-week administration of dulaglutide (Dula) as a
GLP1RA, mice with non-fasting blood glucose levels under or over 300
mg/dL were defined as responders and non-responders, respectively. In
addition, oral glucose tolerance tests as well as the measurement of
glycohemoglobin, fasting plasma insulin, non-fasting blood glucose and
plasma insulin levels were performed. Moreover, after the washout peri-
od, 111In-Ex4 was injected via tail vein and ex-vivo pancreatic RI accu-
mulations (111In-Ex4 values) were examined.
Results: The non-fasting blood glucose levels after the 3-week Dula
treatment were 172.5±42.4 mg/dL in responders and 330.8±20.7 mg/dL
in non-responders respectively, although those at baseline were not sig-
nificant between the two groups. 111In-Ex4 values were significantly
different resulting in no overlap between the two groups (p<0.01).
111In-Ex4 values showed significant correlations with post-treatment
glycohemoglobin and glucose area under curve (AUC) during oral glu-
cose tolerance test (R2=0.76 and 0.80; p<0.01 and <0.01, respectively).
The receiver operating characteristic AUC for identifying responders of
111In-Ex4 values showed 1.00 (p<0.01), which was greater than those of
body weight (0.66, p=0.25), age (0.53, p=0.79), fasting blood glucose
(0.77, p=0.09), and fasting plasma insulin per blood glucose (0.66,
p=0.26), although AUCs of glycohemoglobin (0.94, p=0.01) and non-
fasting glucose (0.86, p=0.01) were also significant.
Conclusion: 111In-Ex4 values accounted for the in-vivo Dula efficacy.
This result suggested the possibility that GLP1R-targeted imaging probe
could predict the efficacy of GLP1R agonists and could open possibilities
for expanding GLP1R-targeted imaging applications.
Disclosure: T. Murakami: None.
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Liraglutide alleviates hepatic steatosis and liver injury in type 2 dia-
betes rats via a GLP-1R dependent AMPK pathway
L. Yang1, C. Lin1, R. Zhou2, L. Zhao2, X. Zhuo1;
1Department of Endocrinology, Zhujiang Hospital of Southern Medical
University, Guangzhou, 2Department of Pathology, School of Basic
Medical Sciences, Southern Medical University, Guangzhou, China.

Background and aims: Nonalcoholic fatty liver diseases (NAFLD)
ranging from non-alcoholic fatty liver to non-alcoholic
steatohepatitis have a high preference in Type 2 diabetes mellitus
(T2DM) patients. However, no anti-diabetic drug is approved for
the treatment of NAFLD in T2DM patients. The aim of the pres-
ent study was to identify the effects of liraglutide combined with
basal insulin treatment on attenuating hepatic steatosis and liver
injury, as well as the underlying mechanisms.
Materials and methods: We used T2MD-ZDF rats to study the ef-
fects of liraglutide and insulin on hepatic steatosis and liver injury.
Normal hepatocytes LO2 and hepatoma HepG2 cells were adopted
to study the influence of liraglutide and insulin combination treat-
ment on oxidative stress level and cell apoptosis of hepatic cells.
Results: Although multiple daily injection of basal-bolus insulin is the final
therapeutic process for T2DM,we found that insulin treatment aggravated the
hepatic steatosis and oxidative stress in ZDF rats. Here, besides glycemic
control, we demonstrated a stimulatory role of liraglutide, an anti-diabetic
drug, in relieving hepatic steatosis and liver injury in ZDF rats.
Interestingly, liraglutide could also alleviate the insulin aggravated hepatic
fatty accumulation.GLP-1 agonist (liraglutide andEx-4) activated the expres-
sion of peroxisome proliferator-activated receptor α (PPARα) via a GLP-1R
dependent AMPK pathway. As a nuclear transcription factor, PPARα could
mediate the effect of GLP-1 in alleviating hepatic steatosis through differen-
tially regulating the expression of its targeting genes including acetyl CoA
carboxylase (ACC) and carnitine palmitoyl transferase la (CPT1a) both
in vitro and in vivo. Moreover, our results indicated that GLP-1 could relieve
liver injury through decreasing the oxidative stress that stimulated by hepatic
steatosis. Insulin might aggravate hepatic steatosis and liver injury through
inhibiting the expression of GLP-1R. Insulin itself, however, does not stim-
ulate the apoptosis of hepatic cells.
Conclusion: In this research, we investigated the feasibility of liraglutide
treatment combined with basal insulin in attenuating hepatic steatosis and
liver injury in ZDF rats,which will provide a theoretical basis for the combi-
nation treatment recommended by the latest clinical practice guidelines for
T2DM.

Supported by: NSFC(No.81270966, 81500679)
Disclosure: L. Yang: None.

636
High fat diet inducedweight gain is attenuated by the prevention, but
not reversal, of hyperleptinaemia
M.M. Kwon, L. Wang, T.J. Kieffer;
Cellular and Physiological Sciences, University of British Columbia,
Vancouver, Canada.

Background and aims: The fat derived hormone leptin acts on the brain
to lower body weight and blood glucose levels. Unexpectedly, high fat
diet (HFD) fed mice, which are obese and diabetic, are hyperleptinemic.
We sought to determine whether preventing or reversing high fat diet
induced hyperleptinemia alters weight gain or aberrant glucose metabo-
lism associated with obesity.
Materials and methods: We generated mice with tamoxifen inducible
leptin knockdown (leptin-iKD mice). These mice were hemizygous for
both the floxed and mutated leptin alleles (Lepob/flox) and also carried the
tamoxifen inducible Cre gene driven by the ubiquitin promoter (UBC-
Cre-ERT2). Mice lacking the Cre allele (leptin-ctl) were included as con-
trols. To prevent diet-induced hyperleptinemia, both leptin-iKD and
leptin-ctl mice were injected with tamoxifen at 9 weeks of age, then fed
a HFD for ~6 weeks. In a complementary study, we reversed diet induced
hyperleptinemia by feeding leptin-iKD and leptin-ctl mice a HFD for ~9
weeks then injecting tamoxifen.
Results: Before tamoxifen injection, leptin-iKD mice had slightly higher
plasma leptin levels compared to leptin-ctl mice (2.5±0.3 vs 1.5±0.3
ng/ml; p=0.15) but body weight (29.6±1.3 vs 29.2±0.7 g) and blood
glucose levels (12.1±0.6 vs 10.5±1.7 mM) were comparable. After ta-
moxifen injection, plasma leptin levels decreased temporarily in both
leptin-iKD and leptin-ctl mice (0.7±0.1 vs 0.9±0.1 ng/ml day 15 post
tamoxifen injections). Eventually, plasma leptin levels in leptin-ctl mice
returned to levels comparable to non-injected wildtype control mice (4.7
±0.8 vs 5.0±1.7 ng/ml on day 44 post tamoxifen injections) while leptin
levels remained significantly lower in leptin-iKD mice (2.0±0.4 ng/ml).
On day 44 post tamoxifen injections, leptin-iKD mice had moderately
increased body weight compared to leptin-ctl mice (40.7±4.1 vs 35.9±1.3
g) but comparable blood glucose levels (11.4±0.7 vs 10.5±0.8 mM).
Upon confirming leptin knockdown, we fed mice a HFD for ~6 weeks,
which led to hyperleptinemia (28.2±2.3 ng/ml after 56 days of HFD
feeding) and weight gain (44.7±1.6 %) in leptin-ctl mice. In contrast,
despite HFD feeding, leptin-iKD mice had significantly lower plasma
leptin levels (8.2±2.7 ng/ml), which correlated with a robust attenuation
of weight gain (29.5±3.6 %) compared to the leptin-ctl group (p<0.0001).
HFD fed leptin-iKD mice and leptin-ctl mice had comparable fasting
blood glucose levels, glucose tolerance, and insulin sensitivity. In addi-
tion, circulating lipids were not altered in HFD fed leptin-iKD mice;
plasma triglycerides, free fatty acids, glycerol, and cholesterol levels were
comparable between leptin-iKD and leptin-ctl groups. In a separate study,
we fed leptin-iKD and leptin-ctl mice a HFD for ~9 weeks, which led to
weight gain (16.4±0.7 and 17.9±0.7 g) andmild hyperglycemia (14.6±0.8
and 14.5±0.9 mM), then injected these mice with tamoxifen. Leptin-iKD
mice had increased weight gain (5.5±1.5 g on day 38 post tamoxifen) and
significantly elevated blood glucose levels (15.7±1.2 mM on day 72)
compared to control mice (1.5±1.2 g and 12.3±1.2 mM).
Conclusion: Preventing high fat diet induced hyperleptinemia is benefi-
cial for dampening weight gain but does not alter blood glucose levels,
glucose tolerance, insulin sensitivity, or circulating lipid profiles. In con-
trast, reversing hyperleptinemia in diet induced obese mice worsens
weight gain and increases blood glucose levels.
Supported by: CIHR
Disclosure: M.M. Kwon: None.
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Effect of the administration of hydroxytyrosol, an olive oil phenolic
compound, on weight and fat loss: preliminary data from a
randomised double-blind prospective study
C. Fytili1,2, A. Kokkinos1,2, C. Dimosthenopoulos3, D. Simos1, I.K. Tseti4,
M. Halabalaki5, N. Katsilambros1,2, N. Tentolouris1,2, L.-A. Skaltsounis5;
1First Department of Propaedeutic Internal Medicine, Diabetes Center,
Laiko General Hospital, Athens, 2School of Medicine, National and
Kapodistrian University, Athens, 3Dietetic Department, Laiko General
Hospital, Athens, 4INTERMED Pharmaceutical Laboratories Ioulia and
Eirini Tseti ABEE, Athens, 5Faculty of Pharmacy, Department of
Pharmacognosy and Chemistry of Natural Products, National and
Kapodistrian University of Athens, Athens, Greece.

Background and aims:Olive oil is a basic nutrient of the Mediterranean
diet with favorable effects on cardiometabolic health. Hydroxytyrosol
(HXT) is a phenolic compound of olive oil which is derived from
oleuropein and has antioxidant, antineoplastic, and anti-inflammatory
properties. The present randomized double-blind prospective study ex-
amined the effect of HTX administration for 6 months on weight and fat
loss in overweight and obese women.
Materials and methods: Thirty overweight and obese adult women
with a BMI 27-35 kg/m2 and stable body weight defined as <5%
change during the past 3 months, who were euthyroidic and under
standard hypolipidemic and other treatment and without serious
health problems were included. Participants were randomly
assigned to 3 groups: group A received 15mg of HXT daily,
group B received 5mg of HXT daily and group C received pla-
cebo for 6 months. HXT or placebo was administered in the form
of capsules 3 times daily before meals. All visited a dietitian on a
monthly basis for 6 months and all investigators were blinded as
to group assignment. Body weight, fat mass and visceral fat were
measured at baseline and after 1, 3 and 6 months. Fat mass was
measured with TANITA bioelectrical impendance analysis and vis-
ceral fat with TANITA ViScan (Tanita Corporation of America,
Inc., Arlington Heights, IL, USA). Changes in body weight, fat
mass and visceral fat were compared with ANOVA; post-hoc
pairwise comparisons were performed using the Tukey’s test.
Results: There were no significant differences at baseline in age,
level of exercise and menstruation status among the study groups.
Mean weight loss was -4.17±1.85, -1.21±1.03 and -1.98±0.83kg
for groups A, B and C, respectively at month 1 (P=0.01). At 3
months, mean weight loss was -8.00±3.89, -2.77±2.11 and -4
±2kg, respectively (P=0.005) while at 6 months it was -11,44
±4.01 -2.73±2.43 and -2.33±2.87kg, respectively (P<0.001).
Mean visceral fat loss was -1.87±1.09, -0.22±0.44 and -0.58
±0.58% respectively for groups A, B and C at month 1
(P=0.01). At 3 months, mean visceral fat loss was -3.06±1.08, -
0.62±0.83 and -1.33±0.93% respectively (P<0.001) and at 6
months it was -3.85±1.02, -0.56±1.14 and -1.87±1.65% respec-
tively (P<0.001). Mean fat mass loss was -3.2±1.06, -1.1±0.99
and -2.46±1.78kg for groups A, B and C respectively at 1 month
(P=0.08). At 3 months it was -6.3±3.08, -2.67±1.85 and -2.58
±2.69kg respectively (P=0.017), while at 6 months it was -9.55
±2.43, -2.06±1.72 and -2.13±2.66kg respectively (P=0<0.01). No
significant differences were found between group B and C.
Participants did not report any adverse events associated with
capsule consumption.
Conclusion:Consumption of 15 mgHXT daily divided in 3 doses before
main meals for 6 months was effective in reduction of body weight, fat
mass and visceral fat in overweight and obese women. The intervention
was acceptable and well tolerated.
Supported by: UNI-PHARMA/INTERMED Pharm. Laboratories
Disclosure:C. Fytili:Non-financial support; The capsules were provided
by UniPharma/ INTERMED Pharmaceutical Laboratories.

638
Sex steroid hormones related protection against metabolic dysfunc-
tion through beiging adaptation
J.-F. Louet1, M. Bourcier1, H. Bouguerra1, D. Pisani2, J.-F. Tanti1, M.
Cormont1, E.-Z. Amri2, P. Gourdy3, M. Tannour-Louet1;
1INSERM U1065, Nice, 2Institut de Biologie de Valrose (IBV), Nice,
3Institut des Maladies Métaboliques et Cardiovasculaires (I2MC),
Toulouse, France.

Background and aims: The impact of sex steroids on brown adipose tissue
(BAT) and “beiging” function is of paramount importance since the tremen-
dous capacity of BATand “beige’ adipocytes for combusting not only lipids
but also carbohydrates is actually seen as a promising therapeuticway to clear
excess glucose and triglycerides from blood of patients in pathologic situa-
tions such as type 2 diabetes and obesity. Yet, paradoxically, despite the key
roles of sexual hormones in maintaining energy homeostasis, the molecular
mechanisms and their precisemodes of action in themetabolic tissues remain
largely unexplained, especially along “beiging” adaptation. We hypothesize
that transcriptional coactivators might play a pivotal role in mediating the
metabolic effects of sex steroids and their impact on beiging processes.
Materials andmethods: Subcutaneouswhite adipose tissue (WAT)biopsies
andmature isolated adipocytes from premenopausal womenwere screened by
large unbiased transcriptomic analysis to determine gene expression levels of
important transcriptional coregulators. Specifically, the cell-autonomous im-
pact of the nuclear receptor coactivator SRC-1 in the browning process of
WATwas then addressed using primary fat cells initially collected fromSRC-1
KO and WT mice and subjected to differentiation into either brown or white
adipocyte. In vivo investigation of SRC-1 role on beiging was further per-
formed using β3 adrenergic receptor agonist. Finally, a phenotypic evaluation
of SRC-1 KO has been realized using a metabolic phenotyping pipeline.
Results:We found in subcutaneous WAT biopsies isolated from women,
that, among all key transcriptional coregulators with established roles in
subcutaneous WAT function, SRC-1 displayed the highest levels of gene
expression. SRC-1 was consistently found highly expressed in mature
adipocytes isolated from subcutaneous WAT from an independent cohort
of premenopausal female patients. In a white-to-brown differentiation
model of primary adipocytes isolated from female mice SRC-1 KO and
their WT littermates, we found that the total genetic invalidation of SRC-
1 strongly decreased UCP-1 gene activation during “beiging” adaptation.
Following the injection of β3 adrenergic receptor agonist (CL316,243) to
SRC-1WTand KOmice, a strong decrease in UCP-1 gene induction was
seen in SRC-1 KO compared to WT, in both sexes. Finally, female mice,
between 8 to 10 months of age, gained significantly more body weight
than sex-matched WT littermates. Consistently, SRC-1 KO female mice
displayed glucose intolerance, hyperleptinemia, hyperinsulinemia and
liver steatosis as compared toWT littermates, with no difference in males.
Conclusion: Our findings unveil the central role of SRC-1 in mediating
fuel utilization and protecting against deleterious metabolic effects ob-
served in sexual hormones deprivation situations during aging. Therefore,
this potential key impact of SRC-1 on “sex energy homeostasis” repre-
sents great therapeutic potential in the fight against obesity-related disor-
ders such as type 2 diabetes and cardiovascular diseases.
Supported by: INSERM
Disclosure: J. Louet: None.

639
Effect of estrogen and its interactions with glucocorticoids on human
adipose tissue metabolisms
P.G. Kamble, M.J. Pereira, K. Thombare, K.E. Almby, J.W. Eriksson;
Medical Sciences, Uppsala University, Uppsala, Sweden.

Background and aims: Excess glucocorticoids induce insulin resistance in
human adipose tissue, for example, by inhibiting adipocyte glucose uptake
capacity. Some effects occur in a sex-specific manner, suggesting an interac-
tionwith sex steroids. Estrogen, amajor female steroid hormone,mediates its
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signaling via estrogen receptors (ER) α and β, both expressed in adipose
tissue. The ER levels in adipose tissue vary depending on the type of fat
depot, sex and menopausal state in women, and this may potentially influ-
ence adipose tissue metabolism. We aimed to investigate direct effects of
17-β-estradiol (E2) on glucose uptake capacity of isolated human adipocytes
and if there are interactions between estrogen and glucocorticoid pathways.
Materials and methods: Human subcutaneous adipose tissue was
obtained by needle biopsy from non-diabetic post-menopausal
women (n=43, mean age 67 ± 7 y, BMI 28.0 ± 4.3 kg/m2).
Adipose tissue was incubated with the following for 24 hours: E2
(0.001 nM to 1 nM) or dexamethasone (0.3 uM). After incubation,
part of the adipose tissue was snap frozen for gene and protein
expression analysis and the rest was digested with collagenase and
isolated adipocytes were used to study the 14C-glucose uptake
capacity.
Results: E2 dose-dependently decreased glucose uptake in isolated
adipocytes without affecting cell viability. The maximal effect of E2
was observed at 1 nM, which reduced basal and insulin-stimulated
(25 and 1000 μU/ml) glucose uptake by 37% (p<0.05), 37%
(p=0.14) and 28% (p=0.107), respectively (n=3) compared to con-
trol. E2 treatment (1 nM) increased ERβ gene expression in adipose
tissue by 1.8-fold (n=10, p<0.05) compared to control, but did not
a f f ec t ERα gene (n=10) o r p ro t e in (n=3) exp re s s ion .
Dexamethasone (0.3 μM) exposure significantly decreased ERα
gene and protein expression by 1.3- and 1.5-fold (p<0.01, both),
respectively, but increased the expression of ERβ gene by 2.3-fold
(p<0.01). In regression analysis (n=24), dexamethasone-induced re-
duction in expression of ERα gene was positively correlated with
BMI (ρ=0.414, p<0.05), waist circumference (ρ=0.417, p<0.05),
HOMA-IR (ρ=0.413, p<0.05) and C-peptide (ρ=0.575, p<0.01). In
multivariate analysis, BMI (standard β coefficient = 0.507, p <
0.05; model: r 2 = 0.257) remained a significant predictor of
dexamethasone-induced reduction in expression of the ERα gene.
No s ign i f i can t a s soc i a t i on was obse rved be tween the
dexamethasone-induced ERβ gene expression and clinical variables,
suggesting that inhibition of ERα signaling by dexamethasone could
be a major pathway by which glucocorticoids affect insulin sensi-
tivity in adipose tissue. Ongoing analyses address mechanisms for
E2 action on adipocyte glucose uptake, including the role of ER
subtypes and interactions with glucocorticoids.
Conclusion: Estrogen can impair glucose uptake in subcutaneous adi-
pose tissue from post-menopausal women, most likely via ERβ.
Dexamethasone seems to interact with ERs in a selective manner to
downregulate ERα and upregulate ERβ, which may contribute to its
metabolic actions including interactions with estrogen.
Supported by: SDF, EF, EXODIAB, ALF
Disclosure: P.G. Kamble: None.
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Beneficial effects of troxerutine on ovariectomy-induced postmeno-
pausal metabolic syndrome model
M. Hüttl1, M. Poruba2, H. Malínská1, I. Marková1, O. Oliyarnyk1, D.
Miklánková1, L. Kazdová2, R. Vecera2;
1Institute for Clinical and Experimental Medicine, Prague, 2Faculty of
Medicine and Dentistry, Palacky University, Olomouc, Czech Republic.

Background and aims: Metabolic syndrome (MetS), which preva-
lence is 20-30% in middle-aged population, elevates cardiovascu-
lar diseases (CVD) and type 2 diabetes risk. Its incidence, includ-
ing CVD complications, increases dramatically in women after the
menopause. Troxerutin, a semisynthetic derivate of the flavonoid
rutin, is effective in suppression of peripheral venous inflamma-
tory disorders, however recent studies suggest its other beneficial
effetcs. In our study, we examined the possible positive effects of

troxerutin on metabolic disturbances associated with postmeno-
pausal MetS in an experimental model.
Materials and methods: Wistar rats were ovariectomized (OVX) or
sham-operated (controls) at 8 weeks of age and fed a standard diet for 4
month, in order to fully develop MetS disorders associated with the men-
opausal transition. Thereafter rats were fed a standard diet without or with
troxerutin supplementation (150mg/kg b.wt.) for 4 weeks. Parameters of
lipid and glucose metabolism, insulin sensitivity, oxidative stress and
gene expressions were determined.
Results: The ovariectomy was accompanied with 53%-decrease of
serum 17β-estradiol (p<0.01). OVX rats showed elevated body
weight (+25%; p<0.001), visceral adiposity (+88%; p<0.001), se-
rum cholesterol (+52%; p<0.001), fasting glucose and insulin levels
compare to controls. In OVX rats, serum triacylglyceroles (TAG)
were not influenced while the ectopic lipid deposition into liver
(TAG +57%; p<0.05) and skeletal muscles (+28%; p<0.05) were
markedly elevated as well as hepatic oxidative stress. Adipose and
muscle tissue insulin sensitivity were decreased. Four-weeks-
troxerutin therapy has not significantly reduced weight gain nor
visceral adipose tissue whereas serum TAG (-42%; p<0.05), choles-
terol levels (-17%; p<0.01), pro-inflammatory factors (IL-6 -36%;
p<0.05), leptin (-38%; p<0.05) and HOMA-IR were significantly
decreased. Insulin sensitivity and ectopic lipid deposition were not
improved. Troxerutin ameliorated hepatic oxidative stress: glutation-
dependent enzymes activity as well as glutathion content (+16%;
p<0.01) were increased, lipoperoxidation was reduced and the ex-
pression of Nrf2, the master regulator of anti-oxidative responses,
was elevated. Liver of troxerutin-treated OVX rats showed higher
expressions of Abc transporters which are responsible for cholester-
ol efflux. The therapy protected the liver from an increase of Cyp4a
isoforms and lipoprotein lipase expression, closely relating to insu-
lin resistance. Troxerutin-treated OVX rats exhibited markedly im-
proved fatty acid (FA) composition of hepatic phospholipids as their
anti-inflammatory index was significantly increased (+46%;
p<0.001), which was represented by an increased profile of saturat-
ed FA and a decreased profile of n3-PUFA.
Conclusion: In postmenopausal MetS model, troxerutin favourably af-
fected lipid metabolism and liver impairment. Oxidative stress ameliora-
tion, positive changes in CypP450 influencing endogenous substrate me-
tabolism and anti-inflammatory effect may be involved in themechanism.
Our results suggest therapeutic troxerutin benefit in the prevention of
disturbances associated with postmenopausal MetS.
Supported by: Czech Science Foundation, project number 17-08888-S
Disclosure: M. Hüttl: None.
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Yogurt consumption improves glucose homeostasis in a diet-induced
mouse model of diabetes
N. Daniel1,2, R. Nachbar1,2, T.T.T. Tran3, P. St-Pierre1,2, A. Cotillard3, L.
Quinquis3, M.-J. Dubois1,2, H. Koutnikova3, A. Marette1,2;
1Heart and Lung Institute, Laval University, Québec, Canada, 2Institute of
Nutrition and Functional Foods, Québec, Canada, 3Danone Nutricia
Research, Palaiseau, France.

Background and aims: Epidemiological data suggest that yogurt
consumption reduces the incidence of type 2 diabetes, but exper-
imental evidence and potential mechanisms of action are lacking.
We investigated the effect of yogurt consumption at 8% daily
energy intake (2 servings per day in humans) to reduce the de-
velopment of type 2 diabetes in a mouse model fed a high-fat
high-sucrose diet that contains a protein mixture representative of
US diet based on USDA data (HFHS-PM).
Materials and methods: Yogurt (2% fat, 5% protein, 7% carbohydrate,
Lactobacillus bulgaricus CNCM I-1519, Streptococcus thermophilus
CNCM I-1630) was lyophilized and the product (LYP) was incorporated
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into the HFHS-PM diet (HFHS-PM+LYP; 4.8 kcal/g). The control group
was kept on the HFHS-PM diet adjusted for calories and macronutrient
composition (4.8 kcal/g). A group of healthy control mice was fed a low-
fat low sucrose diet (LFLS-PM; 3.7 kcal/g). Mice were single-housed,
food was changed every day, body weight and food intake were recorded
weekly and daily, respectively. Blood samples were collected at several
timepoints to measure fasting glucose and insulin levels. Three indepen-
dent experiments were performed with group sizes in experiments 1, 2
and 3: HFHS-PM+LYP n=24, 24 and 36 mice respectively; HFHS-PM
n=24, 24 and 36 mice and LFLS-PM n=18, 14 and 35 mice. The mice
were challenged with diets for 12, 15 and 13 weeks, fasted for 4h, 6h and
5h and blood was collected at 12, 11 and 12 weeks in experiment 1, 2 and
3, respectively.
Results:Mice fed HFHS-PM gained more body weight and devel-
oped hyperinsulinemia and hyperglycemia as compared to LFLS-
PM fed mice in all 3 experiments. Food intake was slightly re-
duced in HFHS-PM+LYP fed mice in all 3 experiments (P<0.05)
while body weight gain was reduced transiently in experiment 1
(P<0.05). The LYP treatment reduced fasting insulin and glucose
in all experiments, reaching the level of statistical significance in
experiment 3 (P<0.01 and P=0.017, respectively) that had the
largest group sizes. Although differences between experimental
conditions were observed, we carefully conducted a pooled sum-
mary analysis of physiological efficacy. The LYP treatment slight-
ly reduced daily energy intake at 12 weeks of intervention (3
studies, 230 mice, -0.5 kcal/day mean difference, 95% CI: -0.88
to -0.21, P=0.002). This was associated with a decrease in body
weight at 12 weeks of intervention (3 studies, 234 mice, -1.2g
mean difference, 95% CI: -2.21 to -0.12, P=0.030). Furthermore,
LYP consumption reduced fasting insulinemia (3 studies, 235
mice, 0,79 mean ratio, 95% CI: 0.69 to 0.93, P=0.006) and
fasting glycemia (3 studies, 234 mice, -0.7 mmol/l mean differ-
ence, 95% CI: -1.05 to -0.28, P<0.001).
Conclusion: These data show that incorporation of yogurt into the
HFHS-PM diet seems to improve glucose homeostasis in this diet-
induced mouse model of diabetes. These data build on epidemiological
observations and provide the first pre-clinical evidence that yogurt con-
sumption potentially exerts beneficial metabolic effects that in a long term
may contribute to reducing body weight and incidence of type 2 diabetes.
Supported by: Danone Nutricia Research
Disclosure: N. Daniel: Grants; Danone Nutricia Research.
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Nutrigenomic signature of high-sucrose diet effect in non-obese mod-
el of metabolic syndrome and prediabetes
O. Seda1, H. Malinska2, M. Huttl2, I. Markova2, L. Sedova1, L.
Kazdova2;
1Charles University, Prague, 2Institute for Clinical and Experimental
Medicine, Prague, Czech Republic.

Background and aims: The association between excess dietary carbohy-
drates and insulin resistance as well as range of cardiometabolic risk factors
has been repeatedly observed. However, the susceptibility to these detri-
mental metabolic effects is substantially modulated by genetic factors. The
aim of this study was to analyze, on metabolic and transcriptomic levels,
the effect of short-term high-sucrose diet (HSD) administration to non-
obese, polygenic model of metabolic syndrome, the hereditary
hypertriglyceridemic rat (HHTG) in contrast to Wistar rat strain.
Materials and methods: Adult male rats (n=6/strain/diet) of HHTG
and Wistar strains were fed standard diet (STD) for 2 months (con-
trol groups) or standard diet followed by 14 days of high-sucrose
diet (HSD, experimental groups). We assessed the morphometric
and metabolic profiles of all groups, including glucose tolerance
tests and in vitro insulin sensitivity of visceral fat and muscle tis-
sues. Two-way ANOVA with STRAIN and DIET as major factors

was used (STATISTICA 13). The transcriptomic profiling of liver,
skeletal muscle and visceral fat was performed using Affymetrix®
Rat Gene 2.1 ST Array Strip Resulting data were subjected to sys-
tems biology-level analyses using Partek Genomics Suite and
Ingenuity Pathways Analysis.
Results: HSD feeding in 2 weeks increased epididymal adipose tis-
sue (EAT) weight in both strains (P diet˂0.05), but not body weight.
In addition, HSD feeding elevated levels of fasting glucose (P di-
et˂0.05), insulin (P diet˂0.01) and FFA (P diet˂0.05, P
strain˂0.05), but adiponectin was decreased only in HHTG rats
(P˂0.01). Insulin sensitivity of EAT was significantly reduced (P
diet˂0.05, P strain˂0.05), but HSD did not change triglycerides or
insulin sensitivity in muscle. HSD feeding in both strains led to
marked accumulation of hepatic triglycerides (P diet˂0.01).
However, cholesterol concentrations in the liver were reduced after
HSD (P diet˂0.01) in both strains. HSD significantly changed ex-
pression (FDR<0.05) of a) in muslce: 20 transcripts in HHTg and 21
in Wistar (only 2 in common); b) in EAT: 324 transcripts in HHTG
and 729 in Wistar (134 in common); c) in liver: 658 transcripts in
HHTG and 996 transcripts in Wistar (384 in common). Network
analysis revealed overrepresentation of genes involved in transport,
synthesis or regulation of lipid metabolism (Srebf, Ppara, Pparg,
Scd), mitochondrial dysfunction, excessive oxidative stress response
(Nrf2-mediated) and endoplasmic reticulum stress. Expression of
genes related to sterol biosynthesis and oxidative phosphorylation
was down-regulated, whereas genes involved in fatty acid synthesis
(Fas, Acc), oxidative or endoplasmic reticulum stress were up-
regulated after HSD. The most affected pathways were insulin re-
ceptor signaling in HHTG and mitochondrial dysfunction and oxi-
dative phosphorylation in Wistar rats. Major regulator nodes of the
mechanistic networks included insulin, Scd and miR-27 for HSD
effect in HHTg and Lipe, miR-27 and Vegf in Wistar strain.
Conclusion: While most of the HSD-incuced metabolic and tran-
scriptome shifts were common to both tested strains, we identified a
substantial number of functionally related transcripts (signature modules)
specifically sensitizing the HHTG metabolic syndrome model to detri-
mental effects of HSD.
Supported by: RVO-VFN64165
Disclosure: O. Seda: None.

643
The combination of atorvastatin with silymarin enhances hypolipid-
aemic, antioxidant and anti-inflammatory effect in a non-obese mod-
el of metabolic syndrome
I. Markova1, M. Hüttl1, H. Malinska1, D. Miklankova1, O. Oliyarnyk1,
L. Kazdova1, R. Vecera2;
1Institute for Clinical & Experimental Medicine, Prague, 2Faculty of
Medicine and Dentistry, Palacky University, Olomouc, Czech Republic.

Background and aims: Hypolipidemic and cardioprotective effects
of statins can be associated with development of myopathies and
disorders of insulin secretion. This may be related to increased ox-
idative stress due to statin-induced decreased synthesis of coenzyme
Q10, whose deficiency leads to mitochondrial dysfunction.
Silymarin (SM) plant extract contains a mixture of flavolignans
and polyphenols with antioxidant, anti-inflammatory and hepatopro-
tective actions. The aim of the study was to investigate whether the
combination of atorvastatin (ATV) with SM can favorably influence
oxidative stress and metabolic disorders in the model of genetically
fixed hypertriglyceridemia associated with metabolic syndrome.
Mate r i a l s and me thod s : Adu l t ma l e s o f h e r e d i t a r y
hypertriglyceridemic rats (HHTg) were fed a standard diet for four
weeks a) without supplementation; b) supplemented with ATV in a
dose 5 mg/kg b.wt./day or c) supplemented with ATV and 1% mi-
cronized SM (ATV+SM). Insulin sensitivity was measured
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according to basal and insulin-stimulated incorporation of 14C-U-
glucose into lipids ex vivo.
Results: ATV treatment did not influence food intake or body
weight. ATV increased serum levels of HDL cholesterol and de-
creased levels of triacylglyceroles (TAG) (-50%; p<0.001). In the
combination ATV+SM, the hypolipidemic effect was increased (-
62%; p<0.001). ATV mildly elevated glycemia and insulinemia
but the combination ATV+SM reduced levels of serum insulin (-
48%; p<0.05) and slightly improved glucose tolerance measured
by oral glucose tolerance test. ATV increased ectopic TAG accumu-
lation in liver (+15%) and skeletal muscles (+49%; p<0.05) but the
combination ATV+SM significantly diminished this negative effect.
While ATV alone did not affect basal or insulin-stimulated adipose
tissue sensitivity, the combined ATV+SM intervention increased in-
sulin sensitivity (p<0.01). ATV slightly increased levels of MCP-1
and hsCRP (+28%; p<0.05) in circulation, but its combination with
SM suppressed this negative effect. In the liver of HHTg rats, only
the combination of ATV+SM increased the activities of the antiox-
idant enzymes superoxid dismutase and catalase and reduced the
amount of lipid peroxidation products (TBARS, -34%; p<0.01).
During the study, no negative effects of statin therapy on skeletal
muscles were observed, creatine kinase activity did not differ be-
tween experimental groups.
Conclusion: Compared to ATV treatment, the combined administration
of ATV with SM potentiated hypolipidemic effect, reduced ectopic lipid
accumulation, increased antioxidant and anti-inflammatory actions. The
results suggest that SM may favorably influence side effects of statin
therapy.
Supported by: Czech Science Foundation, project number 17-08888-S
Disclosure: I. Markova: None.

PS 043 Adipose tissue: what, where and how?

644
Circular RNA H19 binds with polypyrimidine tract-binding protein
1 to induce adipogenic differentiation in vivo
Y. Zhu, X. Lin, W. Gui, Z. Zhang, H. Li;
Department of Endocrinology, Sir Run Run Shaw Hospital, Hangzhou,
China.

Background and aims: Themetabolic syndrome (MetS) is characterized of
a cluster of medical disorders, comprising central and abdominal obesity,
systemic hypertension, insulin resistance, and dyslipidemia. Abdominal obe-
sity is considered a critical factor among all metabolic traits of the MetS,
which is related to the dysfunction in adipose tissue. According to previous
reports, patient suffering MetS exhibited impaired function in adipocytes,
however, the underlying molecular mechanism has not been clearly defined.
In this study, we aim to figure out the function of human circular RNA H19
(hsa_circH19) in regulating the adipogenic differentiation in human adipose-
derived stem cells (hADSCs).
Materials andmethods: Firstly, we collected blood samples from patient
with MetS and normal people to evaluate the expression level of
hsa_circH19 in both groups. Then, we established hADSCs cell line that
transiently lacked hsa_circH19 expression by RNA interference technol-
ogy, and detected the changes in expression levels of adipogenic differ-
entiation related genes. Moreover, oil red O and Nile red staining assay,
free fatty acids (FFA) and triglyceride (TG) assessment were applied to
explore the effect of hsa_circH19 on hADSCs differentiation. Then, we
used RNA Pull-down and RIP to define the related RNA binding protein
(RBP) of hsa_circH19 and to verify the regulating factors in this process.
Finally, confocal images of immunocytochemical analysis helped to fig-
ure out the translocation of RBP target regulatory protein.
Results: Compared to normal people, the individuals suffering MetS
exhibited higher expression level of hsa_circH19 (P<0.05). Silencing
hsa_circH19 in hADSCs lead to a reduction in expression of adipogenic
differentiation related genes (PPAR-Y, CEBP-A, FAS, ACC). At the same
time, the phenomenon that 125-KDa precursor SREBP-1c increased
while 68-KDa mature SREBP-1c declined was observed in western blot.
Moreover, knocking down hsa_circH19 resulted in less lipid droplets
accumulation, along with a lower level of released FFA and stored TG.
According to bioinformatics analyses, has_circH19 shared binding sites
with polypyrimidine tract-binding protein 1 (PTBP1) and we confirmed
their combination through RNA pull-down and RIP assay. Based on the
alternation of two forms of SREBP1c proteins, confocal images of im-
munocytochemical analysis demonstrated that hsa_circH19 induced pre-
cursor SREBP1c to cleavage and promoted mature SREBP1 nuclear
translocation with the assistance of PTBP1.
Conclusion: Hsa_circH19 promotes hADSCs adipogenic differentiation
through interacting with PTBP1 to regulate the transcription of
adipogenic differentiation related genes, suggesting hsa_circH19 is in-
volved in lipid metabolism, and may become a novel biomarker of MetS.
Supported by: the National Natural Science Foundation of China
81873653
Disclosure: Y. Zhu: None.

645
Perinodal fat cells differ from other fat cell locations regarding fat
accumulation, expression of cytokines, chemoattractants, adhesion
molecules and ECM components
B. Schreiner1, P. Kosmidis2, M. Scharpf2, J.L. Nono3, A. Königsrainer4,
F. Fend5, A. Peter1,3, H.-U. Häring1,3, D.I. Siegel-Axel1,3;
1Dept. of Internal Medicine IV, Division of Endocrinology, Diabetology,
Nephrology, Clinical Chemistry, University Hospital, Tübingen,
2Institute of Pathology and Neuropathology, University Hospital,
Tübingen, 3Institute for Diabetes Research and Metabolic Diseases of
the Helmholtz Center Munich at the University of Tübingen and
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German Center for Diabetes Research (DZD e.V.), Neuherberg,
4Department of General, Visceral and Transplant Surgery, University
Hospital, Tübingen, 5University Hospital, Institute of Pathology and
Neuropathology, Tübingen, Germany.

Background and aims: Previously we studied fat cells from ectopic fat
depots and the crosstalk with fatty liver via the hepatokine fetuin-A. We
found that pancreatic fat cells influence islets and vice versa contributing
to pancreatic inflammation and islet (dys)function. Very limited data are
available regarding the fat depot covering lymph nodes, the perinodal
adipose tissue. Peripancreatic lymph nodes surround the pancreas.
Lymphatic capillaries are found in the exocrine pancreas, at islet-
exocrine interfaces, along capillaries and fibrotic structures within or
close to islets. Here we examined characteristics of perinodal
preadipocytes (PNPA) and differentiated adipocytes (PNA) which might
contribute to fat deposition and chronic inflammation/immune cell acti-
vation in fatty pancreas.
Materials andmethods: PNPAwere isolated from 5 human perinodal fat
specimens. PNPAwere differentiated (14 d in special differentiation me-
dia) to PNA and intracellular fat accumulation was visualized by oil red
staining. To imitate individuals with prediabetes and fatty liver, PNPA
were incubated with 600 μg/ml human fetuin-A or HSA ± 60 μM pal-
mitate. mRNA expression and protein secretion of cytokines, adhesion
molecules, angiogenic, proinflammatory and ECM proteins were quanti-
fied by realtime PCR and luminex. (Immuno)histochemistry was per-
formed at lymph node resections with established methods.
Results: Histological sections showed much fat around lymph nodes. In
contrast to visceral, subcutaneous, renal sinus, perivascular or pancreatic
fat cells, nearly 100 % of PNPA differentiated into PNA and the cyto-
plasm was overloaded with fat droplets. Surprisingly, PNA released this
fat into culture medium at the end of the differentiation period. We never
observed this phenomenon in other fat cell types in vitro. If differentiation
medium was added again, PNA further accumulated intracellular fat.
PNPA showed high mRNA levels of proinflammatory factors IL-6, IL-
8, the chemoattractant MCP-1 and ICAM but also IL-1β, TNF-α, HGF,
VEGF and ECM proteins. Fetuin-A/palmitate stimulated IL-6/-8, MCP-
1, ICAM very potently (up to 20fold).
Conclusion: Recently we showed that pancreatic parenchyma and islets
contain many fat cells. It is not clarified if preadipocytes migrate into the
pancreas and differentiate to mature fat cells or if they originate from
mesenchymal stem cells, or endothelial cells of lymphatic or arterial ves-
sels. Since the lymphatic and vascular system invade many tissues includ-
ing the pancreas, a transport of fatty acids, triglycerides, or even fat cell
precursors is possible. Furthermore, the crosstalk with fatty liver-derived
fetuin-A/palmitate triggers pancreatic inflammation via monocytes/
macrophage invasion and (pro)inflammatory chemoattractants or
cytokines.
Supported by: This study supported in parts by a grant (01GI0925) from
the Federal Minist
Disclosure: B. Schreiner: None.

646
Adropin modulates white adipogenesis
M. Skrzypski, M. Jasaszwili, T. Wojciechowicz, M. Billert, K.W.
Nowak;
Department of Animal Physiology and Biochemistry, Poznan University
of Life Sciences, Poznan, Poland.

Background and aims: Adropin is a circulating protein encoded by
Energy Homeostasis Associated (Enho) gene, which is highly expressed
in the liver and brain. Animal studies showed that deficiency of adropin is
associated with obesity, impaired glucose production as well as
dyslipidaemia. By contrast, over-expressing or adropin-treated mice lose
weight and have lower levels of lipogenic genes expression in adipose
tissue. These results provided strong evidence indicating that adropin is

involved in body weight and lipid metabolism regulation. Nevertheless,
the role of adropin in controlling adipose tissue formation remains un-
known. Thus, in the present we evaluated the effects of adropin on pro-
liferation and differentiation of white preadipocytes into mature fat cells.
Materials and methods: The effects of adropin on adipogenesis were
studied using primary preadipocytes isolated from Wistar male rats
(weighing 80-100 g) and murine 3T3-L1 cell line. Cell proliferation
was assessed by BrdU incorporation. Gene mRNA expression and pro-
tein phosphorylation were studied by Real Time PCR and Western blot,
respectively. Triacylglycerol accumulation was evaluated by Oil Red O
staining.
Results: Enho mRNA expression was detected in rat primary
preadipocytes as well as 3T3-L1 cells. Adropin stimulated proliferation
of rat preadipocytes and 3T3-L1 cells. In addition, adropin increased
AKT and ERK1/2 phosphorylation in 3T3-L1 cells. Adropin failed to
induce cell growth in the presence of AKT and ERK1/2 inhibitors. In
addition, adropin treatment decreased adipogenic genes (Pparγ, C/ebpβ
and Fabp4) mRNA expression in rat preadipocytes and 3T3-L1 cells
differentiated for 7 days. Furthermore, lower level of intracellular triacyl-
glycerol was detected in rat preadipocytes and 3T3-L1 cells differentiated
in the presence of adropin.
Conclusion: In summary, we found that adropin promotes growth of
preadipocytes via ERK1/2- and AKT-dependent mechanisms.
Furthermore, we provide evidence that adropin suppresses differentiation
of preadipocytes into mature adipocytes. These results indicate that
adropin may contribute to the modulation of white adipose tissue biology
by controlling adipogenesis process.
Supported by: Funded by the National Science Centre of Poland
(2016/23/D/NZ4/03557).
Disclosure: M. Skrzypski: None.

647
Insulin receptor isoforms in human adipose tissue and adipose stem
cells
V.A. Genchi, A. Cignarelli, S. Perrini, S. Porro, C. Caccioppoli, A.
Natalicchio, L. Laviola, F. Giorgino;
Department of Emergency and Organ Transplantation, University of Bari
Aldo Moro, Bari, Italy.

Background and aims: Insulin regulates the development and metabo-
lism of adipose tissue (AT) by the activation of its tyrosine kinase receptor.
The insulin receptor (IR) consists of two isoforms deriving from alternative
splicing: a short isoform (IR-A) mainly expressed in undifferentiated cells
with prevalentmitogenic property, and a long isoform (IR-B)with prevalent
metabolic activity especially in insulin sensitive organs (i.e. liver, muscle).
The contribution of both isoforms to the pathogenesis and progression of
metabolic abnormalities, particularly of AT dysfunction, is still poorly un-
derstood. For this purpose, we investigated the expression of total IR, IR-A
and IR-B in human AT and adipocyte precursors.
Materials and methods: Biopsies of abdominal subcutaneous AT (S-
AT) and visceral AT (V-AT) were obtained from 76 subjects with different
BMI. Adipose-derived stem cells (ASC) were also isolated from both AT
depots and were analyzed before and after differentiation into adipocytes
(dASC). Gene expression analysis was carried out by Real-time PCR in
AT, ASC and dASC. Insulin signaling of ASC derived from both tissues
was evaluated by immunoblotting analysis of Akt and Erk phosphoryla-
tion. Adipogenesis and lipogenesis were assessed by Nile red and oil-
Red-O staining, respectively.
Results: mRNA levels of IR-Awere 2-fold and 3-fold higher compared
to IR-B in S-AT and V-AT, respectively. Total IR and IR-A mRNA levels
were also 2-fold higher in S-ASC compared to V-ASC. Accordingly, S-
ASC exhibited a greater insulin-induced Akt phosphorylation (4-fold) as
compared to V-ASC. IR-A expression displayed a positive correlation
with BMI in S-ASC (r = 0.50; p = 0.04) but not in V-ASC, in which an
inverse correlation was noted (r = -0.66; p = 0.01). Adipocyte
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differentiation in the presence of human insulin was associated with in-
creased mRNA expression of IR-A in both S-dASC (3-fold) and V-dASC
(2.8-fold), and of total IR (5-fold) and IR-B (2-fold) only in S-dASC.
Moreover, S-dASC showed higher IR-A mRNA expression (2.5-fold)
when compared to V-dASC, similarly to S-ASC and S-AT. In V-dASC,
but not in S-dASC, lipogenesis assessed by oil-Red-O staining was pos-
itively correlated with expression of total IR evaluated in undifferentiated
cells (r = 0.94; p = 0.04), while the rate of adipogenesis assessed by Nile
Red staining showed a correlation with the pAkt/pErk ratio (r = 0.95; p <
0.01). Accordingly, in V-dASC the extent of both lipogenesis (r = 0.91; p
= 0.01) and adipogenesis (r = 0.86; p = 0.02) were positively related to
total IR expression at differentiated stage.
Conclusion: Expression of total IR, IR-A and IR-B differs in relation to
the stage of tissue development (ASC, dASC, AT) and in a depot-related
manner (S vs V). Particularly, IR-A appears to be the prevalent IR isoform
in human AT and adipocyte precursors and to be particularly involved in
the expansion of S-AT in human obesity. Future studies are needed to
manipulate the development of specific fat depot by the differential phar-
macological activation of each IR isoforms and/or modulation of factors
involved in IR splicing mechanism.
Disclosure: V.A. Genchi: None.

648
Inhibition of methionine aminopeptidase 2 enzyme enhances insulin
responsiveness in human adipocytes
M.F. Pino;
Translational Research Institute for Metabolism and Diabetes, Orlando,
USA.

Background and aims: Methionine aminopeptidase proteins (MetAP1/
2) perform the first modification of protein co-translation, the removal of
N-terminal methionine. MetAP2 inhibitors induce significant and
sustained weight reduction with the majority of that being fat mass, as
well as glycemic control, in animal models and human. The precise
mechanism for the anti-obesity effect of MetAP2 inhibitors is not well
understood nor its direct effects on the adipocyte itself. Our objective was
to examine the direct effect of ZGN-1062 (a MetAP2 inhibitor similar to
ZGN-1061) on human adipocyte function in vitro.
Materials and methods: Biopsies of the abdominal subcutaneous region
(SAT, n=6) were performed in individuals participating in institutional
clinical studies at the Translational Research Institute for Metabolism
and Diabetes. Progenitor cells were isolated from the stroma-vascular
fraction of SAT and differentiated using an established adipogenic proto-
col for 11-14 days and treated with 10nM of ZGN-1062 for 24hr. Efficacy
of MetAP2 inhibition was determined by monitoring MetAP2 protein
levels (via LC/MS), N-terminal methionine substrate cleavage (via LC-
SRM), and ERK phosphorylation (via Western Blot), β-adrenergic stim-
ulation (8-bromo-cAMP; 1mM) and insulin inhibition (35 pM) of lipol-
ysis. Glycerol release in conditioned media was measured using Wako
reagents (Wako Diagnostics, Richmond, VA).
Results:Differentiated adipocytes treated with compound ZGN-1062 for
24 hr caused a 3-fold N-terminal methionine retention in thioredoxin
(p=0.0004), ~40% reduction of phospho-ERK1/2 (p≤0.01) and a 30%
increase in MetAP2 expression (p=0.001). Differentiated adipocytes
treatedwith cAMP had a 6.81-fold increase of glycerol release and insulin
treatment had a 28.2% reduction of glycerol release. Adipocytes treated
with ZGN-1062 for 24 hr had a 40% reduction of glycerol release when
compared to insulin (p=0.0008). Adiponectin release nor cAMP induc-
tion of lipolysis was not altered by ZGN-1062.
Conclusion: Inhibition of MetAP2 in differentiated adipocytes enhances
insulin suppression of lipolysis, thus inhibiting free fatty acid release
which can be one of the mechanisms by which MetAP2 inhibition might
lead to improvements in glycemic control in vivo.
Disclosure: M.F. Pino: None.

649
PPARγ isoforms as Dr Jekyll and Mr Hyde in insulin sensitivity and
adipocyte hypertrophy
M. Aprile1, C. Simona1, R. Tatè1, M. Ambrosio2, M. Blüher3, A.
Ciccodicola1, V. Costa1;
1Institute of Genetics and Biophysics "Adriano Buzzati Traverso" (IGB-
ABT), Napoli, Italy, 2Department of Translational Medicine, University
of Naples “Federico II”, Napoli, Italy, 3Department of Surgery, University
of Leipzig, Leipzig, Germany.

Background and aims: The obesity-related risk for insulin resis-
tance (IR) and type 2 diabetes (T2D) is strictly related to
expandibility of subcutaneous adipose tissue (SAT). Indeed, a re-
stricted neoadipogenesis leads to adipocyte hypertrophy, local and
systemic inflammation, ectopic lipid accumulation and IR. We
recently described a new dominant negative PPARγ isoform
(PPARγΔ5) associated with impaired adipogenesis and positively
correlated to BMI. Here, we investigated the potential correlation
between the dual PPARγ activity - as expression ratio between
canonical and dominant negative isoforms (PPARγ/PPARγΔ5) -
and IR in hypertrophic obesity.
Materials and methods: We differentiated in vitro normal and hy-
pertrophic adipocytes from hTERT-immortalized adipose-derived
mesenchymal stem cells, comparing them by quantification assay
(n=3 Oil Red O staining, n=200 for lipid droplet segmentation),
microscopy (n=3, immunofluorescence and electron microscopy)
and gene expression analysis (n=3, RT-PCR, qRT-PCR, western
blot, FACS). SAT samples (n=59) were obtained from a German
cohort of individuals with T2D (n=20), impaired (IGT, n=11) and
normal glucose tolerance (NGT, n=28), classified according
fasting glucose levels and after OGTT. Pval was assessed by
Student's t test or Kolmogorv-Smirnov test and correlation analy-
sis by linear models implemented in R language.
Results: We generated the first in-vitro model of human immor-
talized hypertrophic adipocytes, comparing them to normal coun-
terpart (mature adipocytes). Hypertrophic cells (vs normal adipo-
cytes) show substantial differences in cytoskeletal organization,
nuclear architecture, lipid droplet number (reduction of 41%)
and size (5 fold increase of mean area) and doubling lipid con-
tent. Hypertrophic adipocytes show a reduced expression
(pval<0.05) of modulators of lipid storage droplets (e.g. PLIN1,
PLIN2), of lipid metabolism and insulin sensitivity (e.g. FABP4,
PPARG, ADIPOQ, GLUT4) and an increase (pval<0.05) of genes
encoding lipoprotein lipase (LPL). According to positive correla-
tion between BMI and PPARγΔ5/PPARγ expression ratio, hyper-
trophic cells display an increased PPARγΔ5/PPARγ ratio of 70%
vs normal adipocytes (pval<0.05). Since the glucose transporter
Glut4 (associated with insulin sensitivity in SAT) is a PPARγ
target, an increased PPARγΔ5/PPARγ ratio can be correlated to
a reduced GLUT4 expression. Interestingly, GLUT4 expression
negatively correlates to PPARγΔ5/PPARγ in SAT of IGT and
T2D (n=31, r=-0.39; p=0.03) patients and not in NGT individuals
(n=28, r=0.11; p=0.578), suggesting PPARγΔ5/PPARγ ratio as a
new predictive parameter of Glut4 activity.
Conclusion: Substantial differences occur in hypertrophic vs normal adipo-
cytes, including a reduced PPARG total expression and an increased
PPARγΔ5/PPARγ ratio, negatively correlated to GLUT4 in SAT of IGT
and T2D patients. Since PPARγ and PPARγΔ5 oppositely affect PPARγ
target genes (e.g. Glut4) and adipogenesis, these data confirm that
PPARγΔ5/PPARγ ratio should be taken into account and suggest that an
increased PPARγΔ5/PPARγ ratio (associated to a reduced neoadipogenesis
and increased BMI) may account for IR in hypertrophic obesity.
Supported by: PON SHARID
Disclosure: M. Aprile: None.
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650
The secretome from visceral adipose stem cells and mature adipo-
cytes of obese subjects induces apoptosis and insulin resistance in
cardiac progenitor cells
S. Porro, S. Perrini, C. Caccioppoli, R. D'Oria, V.A. Genchi, A.
Cignarelli, A. Natalicchio, L. Laviola, F. Giorgino;
Department of Emergency and Organ Transplantation, University of Bari
Aldo Moro, Bari, Italy.

Background and aims: Expansion of abdominal visceral (AV) and epi-
cardial (E) adipose tissue is associated with cardiovascular risk in subjects
with the metabolic syndrome. The viability of cardiac progenitor cells
(CPC) is essential for myocardial tissue function and physiological turn-
over. This study aimed to assess whether the secretome from AV and E
adipose stem cells (ASC), ASC-derived mature adipocytes, and isolated
AVmature adipocytes may affect the viability and insulin responsiveness
of CPC in human obesity.
Materials and methods: ASC were isolated from AVand E adipose tissue
biopsies of non-diabetic subjects with varying levels of BMI and used before
and after differentiation into adipocytes in vitro. CPCwere isolated from right
auricle biopsies of healthy non-obese subjects and exposed or not to condi-
tioned media (CM) of AV-ASC, E-ASC, AV-ASC-derived adipocytes and
isolated AV mature adipocytes. Induction of apoptosis was assessed by
caspase-3 cleavage and ELISA assay for cytoplasmic oligonucleosomes,
and insulin signaling by immunoblotting analysis of Akt Ser473
phosphorylation.
Results: The CM of AV-ASC isolated from obese subjects induced CPC
apoptosis in a time-dependentmanner (4-8-24 h) (p<0.05 vs. controlCPC). In
addition, exposure of CPC to CM of obese AV-ASC resulted in marked
inhibition of insulin-stimulated Akt phosphorylation (p<0.05 vs. control
CPC). In contrast, the CM of AV-ASC isolated from non-obese subjects
did not induce apoptosis nor impaired insulin signaling compared to control
cells (p>0.05). Similarly to AV-ASC, exposure of CPC to the CM of in vitro
differentiated adipocytes from AV-ASC of obese subjects also induced apo-
ptosis in a time-dependent manner (4-8-24 h) and inhibited insulin-mediated
Akt phosphorylation (p<0.05 vs. control CPC), whereas no effects on apo-
ptosis or insulin signaling were observed when CPCwere exposed to CM of
adipocytes differentiated in vitro from AV -ASC of non-obese subjects
(p>0.05 vs. control CPC). Furthermore, similarly to the results obtained from
adipocytes differentiated in vitro, the CM of AV mature adipocytes isolated
from obese subjects induced apoptosis of CPC after 4 h of exposure (p<0.05
vs. control CPC) and inhibited insulin-mediated Akt phosphorylation, where-
as no effects on apoptosis or insulin signalingwere observedwhenCPCwere
exposed to CM of mature adipocytes isolated from non-obese subjects
(p>0.05 vs. control CPC). Of note, the CM of E-ASC isolated from obese
subjects also induced CPC apoptosis and impaired insulin-stimulated Akt
phosphorylation as compared to control (p<0.05 vs. control CPC).
Conclusion: In conclusion, human obesity is associated with the secre-
tion of factor(s) frommature adipocytes, AV-ASC and E-ASC, which can
impair insulin action and viability of the CPC. Furthermore, this ability is
retained when ASC are differentiated into mature adipocytes, providing a
potential link between expansion of AV and E adipose tissue and devel-
opment of myocardial dysfunction.
Disclosure: S. Porro: None.

651
Improvement of glucose homeostasis by SIRT1 and calorie restric-
tion is associated with differential gene network regulation in white
adipose tissue
J.A. Villena1,2, R. Pardo1, L. Herrero3,4, M. Vilà1;
1Laboratory of Metabolism and Obesity, Vall d'Hebron Research
Institute, Barcelona, 2CIBER de Diabetes y Enfermedades Metabólicas
Asociadas, Madrid, 3School of Pharmacy, University of Barcelona,
Barcelona, 4CIBER de Obesidad y Nutrición, Madrid, Spain.

Background and aims: Calorie restriction (CR) exerts multiple effects
on health, including the prevention and amelioration of systemic insulin
resistance and type 2 diabetes. However, the precise molecular mecha-
nisms by which CR improves glucose homeostasis have not been well
defined. SIRT1, a NAD+-dependent protein deacetylase, has been sug-
gested to act as a key mediator of the cellular responses to CR. However,
whether SIRT1 is sufficient to precisely mimic the effects of CR remains
unclear. Given the central role of white adipose tissue (WAT) in the
control of glucose homeostasis, in the present study we aimed at
unraveling the mechanisms by which CR and SIRT1 modulate adipose
function and control glucose homeostasis.
Materials and methods: To identify the gene networks regulated by CR
and SIRT1, a gene expression profiling study using Mouse Gene 1.0 ST
DNA microarrays (Affymetrix) was conducted in WAT from age-
matched SIRT1 transgenic mice (SIRT1-Tg), mice that had been subject-
ed to 40% CR for 3 months (CR40) or control mice fed ad libitum (AL).
All experimental groups were fed a high fat diet (45% Kcal from fat)
(HFD).
Results:Compared to ALmice, calorie restriction prevented bodyweight
gain associated with high fat feeding, whereas SIRT1 overexpression
resulted in a milder, but significant, reduction in body weight. Despite
differences in weight, both SIRT1-Tg and CR40mice exhibited a remark-
able improvement in glucose homeostasis compared to AL control mice.
Gene expression profiling in WAT revealed a relatively low degree of
overlap between the transcriptional programs regulated by SIRT1 and
CR. Among the genes commonly regulated by SIRT1/CR, gene networks
related to extracellular matrix appeared down-regulated, whereas genes
related to the immune system function appeared commonly modulated in
WATof both models. CR-specific transcriptome was characterized by the
differential regulation of gene networks related to mitochondrial function
and extracellular matrix remodeling, while the exclusive transcriptomic
response to SIRT1 overexpression was characterized by enrichment in
networks related to the immune system, particularly to T cell activation.
Consistent with the transcriptomic analysis, we found that CR specifically
repressed genes related to extracellular matrix and dramatically increased
mitochondrial biogenesis. Interestingly, gene expression and immuno-
histological assays demonstrated that reduction of HFD-induced inflam-
mation was a common trait in WAT of SIRT1 and CR40 mice.
Conclusion:Our study suggests that SIRT1 is not a major mediator of the
effects of CR on gene expression in WAT, since WAT of CR40 and
SIRT1-Tg mice exhibit substantially different transcriptomic profiles.
The gene networks commonly regulated by SIRT1 and CR appear re-
stricted to genes related to the modulation of HFD-induced inflammation.
Therefore, considering the causative role of WAT inflammation in the
development of insulin resistance, it is plausible to speculate that CR
improves glucose homeostasis through SIRT1 by reducing inflammation.
Supported by: SAF2011-23886 and BFU2015-64462R
Disclosure: J.A. Villena: Grants; SAF2011-23886, BFU2015-64462R.
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Analysis of long noncoding RNA profiles in human adipose tissue
highlights the metabolic relevance of adipogenic linc-GALNTL6-4
J. Latorre1,2, J. Moreno-Navarrete1,2, M. Buxó3, M. Sabater1,2, A.
Lluch1,4, F. Comas1,2, M. Ballester5, W. Ricart1,2, F. Ortega1,2, J.
Fernández-Real1,2;
1Department of Diabetes, Endocrinology and Nutrition (UDEN), Institut
d'Investigació Biomèdica de Girona, Girona, 2CIBER de la Fisiología de
la Obesidad y la Nutrición (CIBEROBN),Madrid, 3Institut d'Investigació
Biomèdica de Girona, Girona, 4Institut d’Investigació Biomèdica de
Bellvitge (IDIBELL), Barcelona, 5Animal Breeding and Genetics
Programme, Institute for Research and Technology in Food and
Agriculture (IRTA), Caldes de Montbui, Spain.

Background and aims: Bariatric surgery has demonstrated to be an
excellent approach to identify abnormal expression patterns in obese
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adipose tissue (AT). Identification of triggering factors transcriptionally
modulated by regulatory long noncoding RNAs (lncRNA) may be very
useful in this context.
Materials and methods: Microarray analysis performed in the ab-
dominal subcutaneous AT of sixteen morbidly obese women before
and ~2 years after laparoscopic Roux-en-Y gastric bypass revealed a
couple of lncRNA highly related to weight loss (>[2] fold-change,
adjusted p-value <0.0001). The functional relevance of changes af-
fecting these lncRNA in AT was studied in association with mes-
senger RNA. Real-time PCR in expanded samples validated longi-
tudinal and cross-sectional associations found in subcutaneous and
visceral fat depots. Target lncRNA were also explored in ex vivo
isolated adipocytes, during adipogenic differentiation, and under
conditions mirroring in vitro obese-related complications. RNA
fluorescent in situ hybridization (FISH) and lentiviral-mediated
knockdown of linc-GALNTL6-4 were also performed in human ad-
ipocyte precursor cells.
Results: The analysis of transcriptomes performed in human AT
led to identification of 435 putative lncRNA with significant var-
iations upon weight loss (adjusted p-value <0.05). One hundred
and seventy-eight lncRNA exhibited decreased expression levels,
while 257 showed enriched expression upon weight loss. Only
two of them showed fold-changes above [2] plus adjusted FDR
p-values<0.0001: the linc-NUDT10 and linc-GALNTL6-4.
Integration of available mRNA annotations pointed out the rela-
tionship between upregulated linc-GALNTL6-4 and processes
linked to fatty acid metabolism. Additional exploration in visceral
and subcutaneous AT samples confirmed decreased linc-
GALNTL6-4 in obese subjects, while linc-NUDT10 was consis-
tently increased. Expression of both linc-GALNTL6-4 and linc-
NUDT10 was higher in ex vivo isolated and in vitro differentiated
human adipocytes, but linc-GALNTL6-4 was completely
abolished under conditions that mirror inflammation in obese
AT. This unique lncRNA shows expression patterns concordant
with its nuclear and cytoplasmic location, and the knockdown in
adipocytes displayed impaired differentiation and diminished ex-
pression of adipogenic markers.
Conclusion: Current results identify a couple of lncRNA closely linked
to the normalization of gene expression patterns in obese AT upon weight
loss, and highlight the key relevance of linc-GALNTL6-4 as a modulator
of metabolic functions in fat cells.
Supported by: CIBEROBN, PERIS, AGAUR, FEDER, FIS
Disclosure: J. Latorre: None.
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The obesity susceptibility gene TMEM18 promotes adipogenesis
through direct activation of PPARG signalling
K. Landgraf1,2, N. Klöting2,3, M. Gericke4, N. Maixner5, E. Guiu-
Jurado3, M. Scholz6, A.V. Witte7, F. Beyer7, M. Lacher8, A. Villringer7,
P. Kovacs2, A. Rudich5, M. Blüher3, W. Kiess1, A. Körner1,2;
1Center for Pediatric Research Leipzig (CPL), University Hospital for
Children & Adolescents, Leipzig, Germany, 2Integrated Research and
Treatment Center (IFB) Adiposity Diseases, University of Leipzig,
Leipzig, Germany, 3Department of Medicine, University of Leipzig,
Leipzig, Germany, 4Institute of Anatomy, University of Leipzig,
Leipzig, Germany, 5Department of Clinical Biochemistry and
Pharmacology, Ben-Gurion University of the Negev, Beer-Sheva, Israel,
6Institute for Medical Informatics, Statistics and Epidemiology,
University of Leipzig, Leipzig, Germany, 7Department of Neurology,
Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig,
Germany, 8Department of Pediatric Surgery, University of Leipzig,
Leipzig, Germany.

Background and aims: Besides FTO, variants in TMEM18 confer the
strongest polygenic risk for obesity in children and adults. However, the

mechanisms by which TMEM18may confer obesity risk remain unclear.
Therefore, the aim of the present study was to decipher the functional
relevance of TMEM18 for adipocyte development and adipose tissue
(AT) accumulation in normal development and in the context of obesity.
Materials and methods: We analysed TMEM18 expression in isolated
adipocytes and cells of the stroma-vascular fraction from lean and obese
children of our Leipzig Childhood AT cohort, and addressed associations
with TMEM18 obesity risk genotype, measures of obesity and obesity-
related AT dysfunction. In addition, we investigated the importance of
TMEM18 for adipocyte formation in vivo using zebrafish as an animal
model for AT development and addressed the molecular mechanisms
underlying TMEM18 function in vitro.
Results:We demonstrate that adipocyte expression of TMEM18 is
linked to obesity risk variants in lean children and is dysregulated
in obese children indicating a role of TMEM18 in AT. Using
whole mount in situ hybridisation on zebrafish larvae, we show
co-expression of TMEM18 and PPARG in a visceral region where
also first adipocytes develop. Morpholino-mediated inhibition of
TMEM18 expression resulted in a reduction in the number of
visceral adipocytes but did not affect zebrafish development per
se indicating that TMEM18 is essential for adipocyte formation.
Interestingly, TMEM18-mediated inhibition of adipogenesis was
accompanied by a down-regulation of PPARG expression both
in vivo and in vitro. Using luciferase reporter and chromatin im-
munoprecipitation assays, we detected a specific activation of
PPARG1 in presence of TMEM18, which was mediated by direct
binding of TMEM18 to the PPARG1 promoter. We further dem-
onstrate that the regulatory link between TMEM18 and PPARG1 is
evident in adipocytes of children. Both, PPARG1 and TMEM18
adipocyte expression was reduced in obese compared to lean chil-
dren and correlated with adipocyte hypertrophy, adipokine serum
levels, inflammation and insulin resistance. Finally, using in vitro
analyses in isolated AT biopsies and pre-adipocytes we provide
evidence that TMEM18 is directly involved in inflammation-
induced inhibition of PPARG1.
Conclusion: Our findings indicate that the obesity gene TMEM18 is
essential for adipocyte formation in vitro and in vivo by directly
interacting with the PPARG1 promoter and that TMEM18 is a mediator
of the inflammation-induced PPARG1 dysregulation associated with met-
abolic alterations in the obese state.
Clinical Trial Registration Number: NCT02208141
Supported by: German Research Foundation CRC1052 C05
Disclosure: K. Landgraf: None.
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Plasma from pre-pubertal obese children increases monocytes-
endothelial interaction: potential mechanisms linking inflammation
and insulin resistance
N. Di Pietro, N. Di Pietrantonio, C. Palmerini, P. Di Tomo, D.Mandatori,
C. Giannini, A. Mohn, G. Bologna, G. Formoso, F. Chiarelli, A. Pandolfi;
University G. d'Annunzio, CeSI-MeT, Chieti, Italy.

Background and aims: Childhood obesity is commonly associated
with early signs of endothelial dysfunction. However, the mecha-
nisms leading to vascular dysfunction linked to inflammation and
selective insulin resistance (IR) in obese children are still unclear.
We recently demonstrated that an in vitro model of Human
Umbilical Vein Endothelial Cells (HUVECs) cultured with plasma
from pre-pubertal severely obese (OB) children showed a reduced
insulin-stimulated nitric oxide production and bioavailability, in-
creased endoplasmic reticulum stress and NF-kB activation. Based
on this, aim of this study is to evaluate whether OB-plasma com-
pared with plasma from normo-weight (CTRL) children might: (i)
increase ROS production; (ii) induce an imbalance between pro-
and anti-atherogenic insulin pathways and then (iii) increase
monocytes-HUVECs interaction.
Materials and methods: Plasma were obtained from OB- (N=32,
age: 10 ± 1.2; BMI: 26.6 ± 1.6) and CTRL-children (N=32, age:
12.6 ± 5.7; BMI: 16.6 ± 2.4). Fasting insulin and fasting plasma
glucose were measured. For the in vitro experimental protocols,
HUVECs were serum starved for 2 hrs and cultured with 10%
CTRL- or OB-plasma for 16 hrs. In some experiments Insulin (40
ηM and 100 ηM, mimicking CTRL- and OB-plasma insulin
range, respectively), TNF-α (1 ηg/ml, inflammatory inducer) and
H2O2 (100 μM, ROS inducer) were also used as controls. The
monocytes-HUVECs interaction was evaluated by cell adhesion
assay. Flow cytometry analysis was performed to assess: ROS
levels, Akt activation (by increase of phospho-Ser473 Akt level),
MAPK activation (by increase p44/42 MAPK levels), pS6K1 ac-
tivation (by increase phospho-T389/T412 S6K1 levels, down-
stream kinase effector of mTOR), VCAM-1 and ICAM-1 mem-
brane exposure.
Results: OB-children presented higher fasting insulin levels com-
pared to CTRL-children (17.8 ± 4.8 vs 5.4 ± 2.3 mU/ml,
p<0.005), while no difference was found in terms of fasting plas-
ma glucose. In the in vitro experiments, after 16 hrs of incubation
with OB-plasma, HUVECs exhibited a significant increase in
monocytes-adhesion (1.75-fold increase OB vs CTRL, p<0.05),
VCAM-1 and ICAM-1 membrane exposure (1.2 and 1.1-fold in-
crease OB vs CTRL, respectively, p<0.05), ROS production (1.7-
fold increase OB vs CTRL, p<0.05) and MAPK activation (1.5-
fold increase OB vs CTRL, p<0.05) as compared to cells exposed
to CTRL-plasma. In the same experimental conditions, both
phospho-Ser473 Akt (1.8-fold increase CTRL vs OB, p<0.05)
and phospho-T389/T412 S6K1 (1.7-fold increase CTRL vs OB,
p<0.05) levels were significantly higher following CTRL-plasma
stimulation in comparison to OB-plasma.
Conclusion: Taken together, our in vitro data demonstrate, for the first
time, that plasma from obese children induces endothelial increased
inflammatory/oxidative stress associated with an imbalance between
pro- and anti-atherogenic insulin pathways. Notably, all these molecular
alterations promote enhanced monocytes-endothelium interaction which
in turn leads to early development of atherogenesis. Therefore, our study
may contribute to better understand the mechanisms underlying the onset
of endothelial dysfunction in childhood obesity.
Clinical Trial Registration Number: #254 14.03.2017 ENDCELL-OB
Disclosure: N. Di Pietro: None.
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Liver and adipose tissue expression of VDR is associated with adi-
pose tissue inflammation and hepatic fat accumulation in obese sub-
jects with and without type 2 diabetes
F.A. Cimini1, I. Barchetta1, C. Chiappetta1, D. Capoccia1, L. Bertoccini1,
V. Ceccarelli1, C. Di Cristofano1, G. Silecchia1, S. Morini2, M.G.
Baroni1, F. Leonetti1, M.G. Cavallo1;
1Sapienza University of Rome, Rome, 2University Campus Bio-Medico
of Rome, Rome, Italy.

Background and aims: The vitamin D (VD)/vitamin D receptor
(VDR) axis has been brought into play in several processes un-
derlying the development of insulin-resistance, inflammation and
fibrosis at both visceral adipose tissue (VAT) and hepatic level. A
bulk of evidence from epidemiological studies demonstrated the
existence of an association between low circulating VD levels and
the presence of obesity-related diseases, such as metabolic syn-
drome, type 2 diabetes (T2D) and non-alcoholic fatty liver disease
(NAFLD). Besides, mice with VDR deletion were shown to be
protected from experimentally-induced hepatic steatosis and the
VDR-mediated intrahepatic fat accumulation has been recently
proven to be uncoupled from the action of VD. Likewise, VDR
mediates lipid storage into the adipocytes and, similar to what
observed for liver parenchyma, this receptor takes part to the
regulation of VAT immune-responses. Despite the well-
established association between metabolic diseases and
hypovitaminosis D, little is known on the role of VDR in VAT
and liver in condition of VAT dysfunction and NAFLD.
Therefore, aim of this study was to investigate the expression of
VDR in hepatic and adipose tissue from obese patients in relation
to the presence of NAFLD and VAT inflammation.
Materials and methods:We recruited forty obese subjects with and
without T2D candidate to bariatric surgery referring to our outpa-
tient clinics at Sapienza University of Rome, Italy. All the partic-
ipants underwent complete metabolic characterization and intra-
operative hepatic and omental biopsies. VDR and VD hydroxy-
lases (CYP27A1, CYP2R1, CYP27B1) expression was evaluated
by immunohistochemistry and real-time PCR in both tissues, and
VAT inflammation was explored by the morphological analysis
and the evaluation of the expression of inflammatory, hypoxia
and fibrosis mediators (UNC5B, NTN1, IL-8, CAV-1, MIP-1,
MIP-2, TIMP-1, CASP-3, CASP-7, HIF1a, WISP-1) in VAT; se-
rum 25(OH)VD levels were also measured by colorimetry.
Results: In our study population, simple steatosis was diagnosed
in 50% and NASH in 25% patients. Liver VDR expression was
significantly higher in obese subjects with NAFLD in comparison
with those without NAFLD (p=0.04), and correlated with greater
micro-vesicular steatosis (p=0.035) and hepatic inflammation
(p=0.019). Increased hepatic VDR expression was associated with
worse metabolic profile, as described by greater waist circumfer-
ence (p=0.02), presence and duration of T2D (p=0.03; p= 0.025)
and HbA1c level (p= 0.02); moreover, it correlated with an in-
creased VDR expression in the VAT (p= 0.01) and with the pres-
ence of VAT inflammation, as expressed by more pronounced
macrophages' infiltration (p= 0.001) and local expression of pro-
inflammatory markers, such as IL-8 (p= 0.001), MIP-1 (p=
0.001), MIP-2 (p= 0.001) and TIMP-1 (p= 0.001). Hepatic/VAT
VDR expression was not associated with either VD hydroxylases
expression in liver and VAT or circulating 25(OH)VD levels.
Conclusion: This study demonstrates that, in metabolic diseases, VDR is
overexpressed in both liver and VATand its expression is associated with
enhanced fat accumulation and inflammation in these organs, indepen-
dently from hepatic/VAT VD metabolism and systemic VD balance.
Disclosure: F.A. Cimini: None.
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Up-regulation of RETN, TNFα, and CCL2mRNAs in adipocytes by
intermittent hypoxia via down-regulation of miR-452
T. Uchiyama1, A. Itaya-Hironaka2, A. Yamauchi2, M. Makino2, S.
Sakuramoto-Tsuchida2, R. Shobatake2, H. Ota2, M. Takeda3, C.
Ohbayashi3, S. Takasawa2;
1Biochemistry and Diagnostic Pathology, Nara Medical University,
Kashihara, 2Biochemistry, Nara Medical University, Kashihara,
3Diagnostic Pathology, Nara Medical University, Kashihara, Japan.

Background and aims: Sleep apnea syndrome (SAS) is a highly
prevalent disease characterized by upper airway narrowing or col-
lapse during sleep that leads to a cessation of airflow. Recurrent
short cycles of oxygen desaturation followed by rapid reoxygen-
ation (intermittent hypoxia [IH]), which are typical features of
SAS, contribute to the development of impaired glucose
tolerance/insulin resistance. We have investigated the mechanisms
by which IH induces impaired insulin secretion and insulin resis-
tance using pancreatic β cells, hepatocytes, and neuronal cells.
Recent researches have demonstrated that IH causes adipose tissue
inflammation/dysfunction leading to insulin resistance; however,
the detailed mechanism remains unknown. In the present study,
we investigated IH-induced changes of adipokine levels and their
regulation mechanisms.
Materials and methods: Human adipocytes SW872 cells and
mouse 3T3-L1 cells (undifferentiated preadipocytes and differen-
tiated adipocytes) were exposed either to 70 cycles/24 h of IH
(5 min hypoxia [5% CO2•1% O2]/10 min normoxia [5%
CO2•21% O2]), mimicking SAS patients, or normoxia for 24 h.
After the treatment, mRNA levels of the resistin (Retn), tumor
necrosis factor α (Tnfα), C-C motif chemokine ligand 2 (Ccl2),
leptin, adiponectin, and IL-6 were measured by real-time RT-PCR,
and the levels of RETN, TNFα, and CCL2 in the culture medium
were measured by ELISA. Reporter plasmids were prepared by
inserting the promoter fragments of human RETN (-979~+20),
TNFα (-966~+19) and CCL2 (-3,455~+25) upstream of a firefly
luciferase reporter gene in pGL4.17 vector. After the reporter
plasmids were transfected into SW872 cells, the cells were ex-
posed either to IH or normoxia for 24 h, and lysed, and the
promoter activities were measured. To clarify the role of miR-
452, miR-452 mimic and non-specific control RNA (miR-452
mimic NC) were introduced into SW872 cells just before IH/
normoxia exposure, and the mRNA levels of RETN, TNFα, and
CCL2 were measured by real-time RT-PCR.
Results: (1) The mRNA levels of Ccl2 were significantly increased in
3T3-L1 preadipocytes (P=0.0131), 3T3-L1 adipocytes (P=0.0002), and
SW872 cells (P<0.0001). The mRNA levels of Retn and Tnfα were
significantly increased in 3T3-L1 adipocytes (P=0.0498 and P=0.0237,
respectively) and SW872 cells (P=0.0257 and P=0.0312, respectively).
(2) The levels of RETN, TNFα, and CCL2 in IH-treated cell medium
were significantly increased (P=0.0256, P=0.0215, and P<0.0001, re-
spectively). (3) The promoter activities of RETN, TNFα and CCL2 were
not increased by IH. (4) Target mRNA search of microRNA (miR)s using
MicroRNA.org program revealed that all the mRNAs have a potential
target sequence for miR-452. (5) The miR-452 level of IH-treated cells
was decreased than that of normoxia-treated cells (P=0.0458). (6) The IH-
induced up-regulation of RETN, TNFα, and CCL2 was abolished by
introduction of miR-452 mimic but not by miR-452 mimic NC.
Conclusion: These results indicate that IH stress down-regulates miR-
452 in human adipocytes, resulting in the increased levels of RETN,
TNFα, and CCL2 mRNA via the inhibition of the miR-452-mediated
mRNA degradation, leading SAS patients to insulin resistance.
Supported by: KAKENHI
Disclosure: T. Uchiyama: Grants; KAKENHI.
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Mechanisms of LXR-mediated control of obesity-induced
metaflammation and insulin-resistance
N.A. Letelier1,2, C. Caelles3,2, A.F. Valledor1,2;
1Cell Biology, Physiology and Immunology, University of Barcelona,
Barcelona, 2Institute of Biomedicine of the University of Barcelona
(IBUB), Barcelona, 3Biochemistry and Molecular Biology, University
of Barcelona, Barcelona, Spain.

Background and aims: Metaflammation (low-grade chronic
inflammation state) is a hallmark in obesity- induced insulin re-
sistance, initially orchestrated by metabolic cells within the adi-
pose tissue in response to excess nutrients and further supported
by infiltrated immune cells. Initial steps in metaflammation are
the result of increased production of reactive oxygen species
and endoplasmic reticulum stress in hypertrophic adipocytes,
which promote insulin resistance either directly or through the
enhancement of the inflammatory response. Another key event is
the polarization of local macrophages from an anti-inflammatory
to a pro- inflammatory state. The adipocyte stress response results
in secretion of the cytokine TNF-α and, in addition, drives mast
cell, T-lymphocyte and NK-cell activation resulting in local pro-
duction of the cytokine interferon (IFN)- , an important inducer of
macrophage pro-inflammatory activation. Expression of many
metabolic and inflammatory genes is controlled by liver X recep-
tors (LXR) and retinoid X receptors (RXR). LXR/RXR heterodi-
mers recognize specific response elements on their target genes.
Upon binding either natural or synthetic ligands, corepressors are
released in exchange for coactivators, resulting in transcriptional
activation. LXR agonists increase insulin sensitivity and stimulate
insulin secretion leading to improved carbohydrate metabolism in
various animal models of T2D and insulin resistance.
Materials and methods: C57BL/6 animals were fed for 10 weeks
on either standard (STD) chow or high fat diet (HFD). The latter
group was further divided into two subgroups (10 animals/group)
receiving either vehicle or 20 mg/kg/daily of GW3965 (pharma-
cological LXR agonist) by oral gavage, throughout the last 14
days of the experiment. Body weights were measured weekly.
At week 10, mice were subjected to OGTT or IPITT. Gene ex-
pression was evaluated by real time q-PCR. The measurement of
pancreatic content was performed through Acid-Ethanol Extraction
and ELISA. Whole body insulin was measured by ELISA using
plasma samples. The statistical analysis used was ANOVA with a
Tukey post-hoc test.
Results: GW3965 administration improved the glucose tolerance and
insulin sensitivity in HFD fed mice, reaching the levels of the STD group,
and also, decreased the systemic concentrations of insulin, but did not
change the pancreatic content of insulin in comparison to the HFD group.
In GW3965-treated mice, we observed the induction of the LXR target
genes Abca1, Srebp1c and Cd38 in epididymis, muscle and spleen but
LXR activation did not alter the expression of Glut4, Chrebp or the
cytokines Tnf-α and Il-6. In epididymis, we did not observe changes in
Adiponectin or Cd68 mRNA levels but GW3965 reduced the levels of
Leptin in comparison to HFDmice. Finally, we did not observe effects of
GW3965 on the expression of IFN- or IL-17 in epididymis, muscle, liver
or spleen.
Conclusion: Our data show a significant improvement in whole body
insulin sensitivity and glucose tolerance upon LXR activation, as well as
a decrease in the systemic concentration of insulin but not the pancreatic
insulin content. Also, GW3965 administration in HFD mice decreased
the mRNA levels of Leptin in adipose tissue but did not have effects on
the expression of Adiponectin, CD68, IFN- or IL-17.
Supported by: Grant 201605.31 Fundació La Marató de TV3. CONICYT
BECAS CHILE 2016
Disclosure: N.A. Letelier: None.
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Serum and adipose tissue chemerin is differentially associated with
insulin sensitivity and this effect is modulated by adiposity
M. Karczewska-Kupczewska1, A. Nikolajuk2, M. Stefanowicz3, N.
Matulewicz3, I. Kowalska1, M. Straczkowski2;
1Department of Internal Medicine and Metabolic Disorders, Medical
University of Bialystok, Bialystok, 2Department of Prophylaxis of
Metabolic Diseases, Institute of Animal Reproduction and Food
Research, Polish Academy of Sciences, Olsztyn, 3Department of
Metabolic Diseases, Medical University of Bialystok, Bialystok, Poland.

Background and aims: Chemerin is an adipokine and hepatokine,
which is involved in the regulation of adipogeneses, metabolic
processes and insulin sensitivity. Data regarding the associations
of serum and adipose tissue chemerin with insulin resistance and
obesity are contradictory. The difference in results may come
from an inclusion of subjects with an advanced metabolic distur-
bances, like morbid obesity, nonalcoholic fatty liver disease, type
2 diabetes to most studies. Therefore, the aim of the present study
was to assess serum chemerin concentration and adipose tissue
chemerin expression in young subjects without overt metabolic
disturbances.
Materials and methods: The study group comprised 105 healthy
young subjects, 44 normal-weight, 31 overweight and 30 obese.
Insulin sensitivity was measured with hyperinsulinemic-
euglycemic clamp. Subcutaneous adipose tissue biopsy was per-
formed in all participants and mRNA expression of chemerin,
insulin signaling and adipogenic genes was measured. Serum
chemerin was measured with ELISA.
Results: Serum chemerin was higher in the obese in comparison with the
normal-weight group and overweight groups (p=0.0001 and p=0.025,
respectively). In contrast, adipose tissue chemerin expression was lower
in obese in comparison with normal-weight and overweight subjects
(p=0.0001 and p=0.008, respectively). Serum chemerin was not related
to its adipose tissue expression in the entire study population. However, in
subgroup analysis the relationship between serum chemerin and its adi-
pose tissue expression was positive in normal-weight and overweight
groups (r=0.57, p<0.0001 and r=0.54, p=0.001, respectively) and nega-
tive in the obese group (r=-0.38, p=0.037). Serum chemerin was not
related to insulin sensitivity in the entire study population. However, the
relationship between serum chemerin and insulin sensitivity was positive
in the normal-weight and overweight groups (r=0.31, p=0.039 and
r=0.52, p=0.002, respectively) and negative in the obese group (r=-
0.54, p=0.002). In the entire study population, serum chemerin was also
positively related to hsCRP, serum concentrations of fetuin A, as well as
with alanine aminotransferase activity. Adipose tissue chemerin was pos-
itively related to whole-body insulin sensitivity (r=0.48, p<0.0001), inde-
pendently of BMI. Adipose tissue chemerin was also positively related to
adipose tissue insulin signaling (IRS1, IRS2, PIK3CA) and adipogenic
(CEBPA, CEBPB, PPARG) gene expression, independently of BMI.
Conclusion: Our data show that serum and adipose tissue
chemerin is differentially associated with insulin sensitivity and
the relationship between serum chemerin and insulin sensitivity
is modulated by adiposity. In contrast, adipose tissue chemerin
is positively associated with insulin sensitivity across the wide
range of BMI and may be proposed as a biomarker of metabol-
ically healthy adipose tissue. Our results may also suggest that
liver, and not adipose tissue, is the source of an increased serum
chemerin in obesity.
Supported by: 2001/03/B/NZ7/04980; UDA-POIG.01.03.01-00-128/08
Disclosure: M. Karczewska-Kupczewska: None.
659

Proinflammatory cytokine HMGB1 increases leptin secretion with a
TLR2/TLR4 mechanism in type 2 diabetes related inflammation
A. Coppola1, B. Capuani1, F. Pacifici1, D. Pastore1, R. Arriga1, S. Rea1,
A. Andreadi1, A. Bellia2, M. Tesauro2, D. Della-Morte3, G. Sconocchia4,
D. Lauro2;
1Department of Systems Medicine, University of Rome "Tor Vergata",
Rome, 2Department of Systems Medicine, University of Rome "Tor
Vergata" University Hospital “Fondazione Policlinico di Tor Vergata”,
Rome, 3Department of Systems Medicine, University of Rome "Tor
Vergata" San Raffaele Roma Open University, Rome, Italy, 4Institute of
Translational Pharmacology National Research Council (CNR), Rome,
Italy.

Background and aims: Chronic low grade inflammation and im-
mune system activation are related to Type 2 Diabetes mellitus
(T2DM) pathogenesis. T2DM is characterized by insulin resis-
tance, impaired glucose tolerance and proinflammatory cytokines
secretion increase. However, mechanisms underlying inflammation
and metabolic diseases onset have not been clarified yet. Among
increased cytokines, High Mobility Group Box (HMGB)-1 was
able to induce T2DM related inflammation through the activation
of TLR2 and TLR4 receptors on peripheral blood mononuclear
cells (PBMCs). Moreover, T2DM patients showed high serum
leptin levels independently of their body fat mass; during meta-
bolic impairment, leptin might modulate immune response acting
on lymphocytes and NK cells. Aim of present study is to inves-
tigate HMGB1 capability to regulate leptin secretion from human
PBMCs in basal conditions and in T2DM related inflammation
Materials and methods: Human PBMCs and their myeloid and
lymphoid subsets were isolated from healthy subjects, primed
with IL-2 (200U) for 72 hours(h) and treated with HMGB1
(2μg/ml) for 48h to reproduce ex-vivo T2DM related inflammato-
ry state. Leptin and IL-1β release was evaluated by ELISA assay.
TLR2 and TLR4 expressions were evaluated by flow cytometry
and their signalling inhibition has been performed with TLR2-IgA
(10ug/ml) and TAK242 (100U) respectively. Data were analyzed
with Mann-Whitney-Wilcoxon test and p<0.05 values were con-
sidered statistically significant
Results: PBMCs and theirs myeloid subset were able to secrete leptin,
while lymphoid subset showed a significant decrease in basal leptin se-
cretion compared total PBMCs. Among blood subpopulations, NK-T
showed the higher basal leptin levels. IL-2 plus HMGB1 treatment in-
creased leptin secretion in total PBMC andNK subset with no variation in
NK-T or lymphoid subset while monocytes showed not significant in-
crease in leptin secretion. IL-2 priming was able to increase TLR2 and
TLR4 expression explaining improved HMGB1 action compared with
control. To confirm that leptin secretion increase was parallel with inflam-
mation, we treated PBMCs with different TNF-α dosages showing an
increase in leptin secretion. Leptin secretion due to IL-2/HMGB1 treat-
ment significantly decreased in presence of TLR2 and TLR4 selective
inhibitors. To clarify biological effect of secreted leptin we stimulated
isolated monocytes with the same amount of leptin released by IL-2/
HMGB1 treated PBMCs and we demonstrated a significant increase in
IL-1β secretion after leptin treatment.
Conclusion: we showed that 1) leptin is basally secreted from PBMCs
and theirs subpopulation. 2) HMGB1 increases secretion of leptin from
PBMCs andNK cells through a TLR2/TLR4mediatedmechanism, 3) the
amount of leptin released has a biological effect in mediating pro-
inflammatory cytokines secretion. Targeting leptin to restore its physio-
logical levels may represent a new tool to ameliorate T2DM
complications.
Disclosure: A. Coppola: None.
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The glycolytic by-product methylglyoxal is present in monocytes and
granulocytes and has pro-inflammatory properties
X. Zhang1, K. Wouters1, N. Hanssen2, J. Scheijen1, M. Streeter3, J. van
de Gaar1, M. Fontaine4, D. Spiegel3, E. Biessen4, C. Schalkwijk1;
1Internal Medicine, Maastricht University, Maastricht, Netherlands,
2Internal Medicine, Maastricht University Medical Centre, Maastricht,
Netherlands, 3Chemistry, Yale University, New Haven, USA,
4Pathology, Maastricht University, Maastricht, Netherlands.

Background and aims: Immune cell activation has been identified as a
key driver of diabetic complications. The dicarbonyl compound
methylglyoxal (MGO) is formed as a byproduct of glycolysis and its levels
peak after a glucose-load in individuals with diabetes, but the source of
theseMGO peaks is unknown.We investigatedwhetherMGO is formed in
immune cells and whether MGO affects immune cell function.
Materials and methods:MGOwas quantified in human blood fractions
using ultra-performance liquid chromatography-tandem mass spectrom-
etry. Next, we estimatedMGO content in the specific circulating immune
subfractions with flow cytometry using a fluorescent probe that detects
MGO (mean fluorescence intensity/MFI). The effect of MGO on human
monocyte-derived macrophage function in vitro was tested by high con-
tent microscopy analysis. Quantitative changes in circulating immune cell
numbers were studied upon a bolus of 25μg highly purifiedMGO inmice
10 minutes, 24h or 72h prior to sacrifice.
Results:MGO levels in plasma were much higher in whole blood than in
plasma (3,1±0,27 μM vs 0,29±0.02 μM). The majority of MGO in the
cellular fraction was in leukocytes, with low levels in platelets and red
blood cells. Within leukocytes, flow cytometry showed that granulocytes
(4028±166 MFI) and monocytes (4732±309 MFI) contained higher
levels of MGO while lymphocytes contain lower MGO levels (1164
±48 MFI). Ex vivo incubation of immune cells with glucose increased
MGO in granulocytes (+12,7%) and monocytes (+7,1%). Treatment of
human macrophages with MGO (334 μM) enhanced phagocytosis
(+39.7%) and apoptosis (+75%). Injection of MGO in healthy mice re-
sulted in a 7-fold increase of circulating neutrophils after 10 minutes
compared to PBS injection, which normalized after 24h. In parallel, there
was a transient hepatic neutrophil infiltration 10 minutes after the MGO
bolus (9,3 fold). Circulating Ly6chi monocytes were 40% decreased 72h
post injection and hepatic macrophages increased after 72h compared to
controls (35,7±6,5 vs 24,22±6,8 macrophages per microscopic view).
Conclusion:MGO is present in a high concentration in granulocytes and
monocytes and may affect immune cell function and recruitment.
Supported by: Dutch Heart Foundation (2013T143), CSC
Disclosure: X. Zhang: None.

661
Apabetalone modulates Th1 responses in diabetes and CVD through
intrinsic and extrinsic mechanisms: in vitro and in human studies
N.C.W. Wong1, L. Fu1, L.M. Tsujikawa1, B.D. Rakai1, S. Wasiak1, M.
Sweeney2, J.O. Johansson2, E. Kulikowski1;
1Resverlogix, Calgary, Canada, 2Resverlogix, San Francisco, USA.

Background and aims: Tcells play a dominant role in promoting chron-
ic inflammation and insulin resistance during type 2 diabetic mellitus
(T2DM) progression and the development of associated complications
such as cardiovascular disease (CVD). Upon stimulation, circulating T
cells enter into tissues/organs where they change their phenotype to either
the Th1 tissue damage state or the Th2 tissue regeneration state. This
phenotypic switching process, known as Th1/Th2 polarization, is regu-
lated through intrinsic pathways (intracellular factors) and extrinsicmech-
anisms (extracellular microenvironments). In the process of T2DM and
onset of CVD, naïve T cells polarize to Th1 phenotype and produce pro-
inflammatory Th1 cytokines leading to tissue damage. Apabetalone
(RVX-208) is an oral compound that regulates gene transcription by
blocking the activity of the epigenetic readers, bromodomain and extra-

terminal (BET) proteins. In phase 2 trials, apabetalone treatment reduced
the incidence of major adverse cardiovascular events (MACE) by 44% in
CVD patients and by 57% in diabetic CVD patients. Here we examined
whether apabetalone contributes to lowering CVD risk by affecting genes
involved in Th1 responses.
Materials and methods: PBMCs derived from T2DM/CVD patients or
normal donors were stimulated with CD3 and CD28 antibodies and co-
treated with apabetalone. Th1 marker changes driven by apabetalone
were determined by mRNA assays. To further evaluate apabetalone in-
duced changes, we assessed levels of circulating inflammatory mediators
in plasma from patients in phase 2 trials via a SOMAscan® proteomic
analysis (a measure of ~1300 analytes).
Results: PBMCs express lower basal levels of pro-inflammatory cyto-
kines (e.g. IL2 and IL17) in diabetic patients receiving glycemic treat-
ments and/or cholesterol lowering therapies relative to normal controls.
However, upon CD3 and CD28 antibody stimulation, their resting T cells
become hyper-activated and increase the expression of IL2, IL17 and
TNFα by approximately 7-, 3- and 4- fold compared to controls.
Apabetalone attenuates this over production by up to 65%. Anti-CD3
and anti-CD28 stimulation induces similar levels of IFN-γ in T2DM vs
control. However, apabetalone still suppresses the induced IFN-γ by
40%. T-bet is the key transcription factor that drives Th1 polarization
and thus exacerbates chronic inflammation. With in vitro anti-CD3 and
anti-CD28 stimulation, T-bet is induced up to ~5 fold in PBMCs from
T2DM patients, and apabetalone diminishes this upregulation by 50%.
Consistent with the in vitro results, in diabetic CVD patients treated with
200mg apabetalone for 24 weeks, IL2 and IFN-γ abundance in plasma
were reduced by 11% and 21% versus baseline, respectively. In contrast,
plasma IL2 was increased by 22% and IFN-γ was reduced by 2% in
patients treated with placebo.
Conclusion: For the first time, we demonstrate the immunomodulatory
action of apabetalone on T cells from patients with T2DM and CVD
through intrinsic (preventing the upregulation of the transcription factor
T-bet) and extrinsic (inhibiting the production of Th1 cytokines) mecha-
nisms. Downregulation of Th1 responses by apabetalone may contribute
to the reduction in CVD events observed in phase 2 studies. The ability of
apabetalone to prevent MACE in post-acute coronary syndrome patients
with T2DM and low HDL-C is being assessed in the phase 3 trial
(BETonMACE).
Clinical Trial Registration Number: NCT01058018
Disclosure: N.C.W. Wong: Employment/Consultancy; Resverlogix.
Stock/Shareholding; Resverlogix.
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Inhibition of AGEs by pyridoxamine prevents diet-induced systemic
inflammation and skeletal muscle insulin resistance by restoring
SphK/S1P3/RhoA signalling
A.S. Cento1, D. Collotta2, F. Chiazza2, M. Aragno1, M. Collino2, R.
Mastrocola1;
1Department of Clinical and Biological Sciences, University of Turin,
Turin, 2Department of Drug Science and Technology, University of
Turin, Turin, Italy.

Background and aims: Impaired balance of the sphingolipid metabo-
lism intermediates ceramide (Cer) and sphingosine-1-phosphate (S1P) is
suggested to be involved in inflammatory response leading to impaired
insulin signaling in skeletal muscle. In addition, S1P generated from
sphingosine kinase-1 (SphK1) can exert different effects depending on
the specific S1P-receptor involved. In particular, the S1P3 is reported to
act as pro-inflammatory and pro-fibrogenic receptor and to modulate
RhoA/ROCK signaling which can inactivate IRS-1 disrupting insulin
signaling. Emerging evidence suggests that accumulating Advanced
Glycation End-products (AGEs) can alter the sphingolipids metabolism
equilibrium, possibly contributing to the onset of insulin-resistance. We,
thus, investigated whether AGEs inhibition by pyridoxamine
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administration in a diet-induced insulin resistance model can prevent
inflammatory response and insulin resistance through modulation of
SphK/S1P3/RhoA signaling.
Materials andmethods:C57Bl/6J mice were fed a control diet (CD) or a
western diet (WD; 45% fat, 23% sucrose) for 22 weeks. After 4 weeks of
dietary intervention, two subgroups of CD and WD fed mice started
supplementation with the anti-AGEs compound pyridoxamine in the
drinking water (CD+P, WD+P). At the end of protocol plasma metabolic
and inflammatory profiling was performed by Bioplex Multiplex
Immunosystem (BioRad). Activation of the sphingolipid de novo synthe-
sis, expression of the S1P metabolizing enzymes and S1P receptors, ac-
tivation of RhoA/ROCK/IRS-1 pathway have been analyzed by western
blotting in gastrocnemius muscle extracts.
Results: Western diet induced in mice obesity, dyslipidemia, increased
fasting blood glucose, and insulin resistance assessed by oral glucose
tolerance test. Pyridoxamine supplementation partially prevented fasting
glycemia and glucose intolerance. Plasma inflammatory markers were
increased in WD mice and pyridoxamine was able to prevent alterations
of IFN-gamma (P<0.01 vs.WD), IL-10 (P<0.05 vs.WD), and TNF-alpha
(P<0.05 vs. WD). In the gastrocnemius muscle the WD evoked triglyc-
eride content increase with intramyocellular lipid accumulation, and al-
tered sphingolipid metabolism paralleled by increased expression of
SphK1 and S1P3. All these alterations were prevented, at least in part,
by pyridoxamine supplementation. In addition, activated RhoA/ROCK
signaling associated to increasedSer307pIRS-1 was observed in the gas-
trocnemius of WD mice, but when pyridoxamine was administered to
WD mice, both RhoA andSer307pIRS-1 alterations were prevented.
Conclusion: The present results indicate that in diet-induced insulin re-
sistance alterations in skeletal muscle sphingolipid metabolism can affect
insulin signaling through S1P3/RhoA/ROCK/IRS-1 axis and induce a
proinflammatory condition that is reflected at systemic level. The bene-
ficial effect of pyridoxamine supplementation on both lipid and
sphingolipid metabolism and insulin signaling in skeletal muscle and on
inflammatory markers in plasma suggest a direct involvement of AGEs in
the observed diet-induced alterations, providing additional knowledge on
the molecular pathways responsible for insulin resistance development in
skeletal muscle.
Disclosure: A.S. Cento: None.
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Pancreatic fat cells and fetuin-A/palmitate stimulate monocyte mi-
gration and remodelling of extracellular matrix
D.I. Siegel-Axel1,2, B. Schreiner1, R. Wagner1,2, B.A. Jaghutriz1,2, S.
Ullrich2, F. Fend3, A. Königsrainer4, M. Heni1,2, A. Peter1,2, H.-U.
Häring1,2;
1Dept. of Internal Medicine IV, Division of Endocrinology, Diabetology,
Nephrology and Clinical Chemistry, University Hospital, Tübingen,
2Institute for Diabetes Research and Metabolic Diseases of the
Helmholtz Center Munich at the University of Tübingen and German
Center for Diabetes Research (DZD e.V.), Neuherberg, 3Institute of
Pathology and Neuropathology, University Hospital, Tübingen,
4Department of General, Visceral and Transplant Surgery, University
Hospital, Tübingen, Germany.

Background and aims: Previously, we detected in human pancreatic
resections numerous fat cells (huPFC) in close vicinity to monocytes/
macrophages infiltrating the parenchyma and islets. We found also that
plasma components of obese patients with prediabetes, e.g. free fatty
acids (palmitate) and the hepatokine fetuin-A, stimulate the production
of cytokines and chemoattractants in huPFC in vitro and may thereby
trigger inflammation. Proinflammatory tissue macrophages are known
to impair preadipocyte differentiation into adipocytes. However, we
found that macrophage and fat cell numbers differed significantly be-
tween individuals. Here we examined whether huPFC isolated either
from subjects with or without diabetes attract monocytes in case of altered

extracellular matrix (ECM) expression. Furthermore, we investigated
whether the crosstalk with fatty liver derived fetuin-A/palmitate influ-
ences monocyte migration and ECM expression.
Materials and methods: huPFC were isolated from pancreatic resections
of each 3 patients with or without diabetes. Primary huPFCwere cultured in
24 well plates and parts were treated with 600 μg/ml fetuin-A + 60 μmol/L
palmitate. Monocytes were isolated from human blood and seeded on filter
inserts hanging in transwells above huPFC (Chemotaxis Cell Migration
assay, Millipore). Monocytes and huPFC were cocultured for 24 h.
Migrated monocytes on the lower filter side induced by chemotaxis were
measured colometrically. Furthermore, the mRNA-expression of MCP-1,
collagens, MMPs and TIMPs was quantified in huPFC by realtime PCR.
Results: Active monocyte migration through the 5 μm filter pores (aver-
age monocyte diameter: 8-12 μm) was significantly stimulated by
cocultured huPFC compared to transwells containing medium without
huPFC. Fetuin-A/palmitate treatment further increased huPFC-induced
monocyte migration, predominantly in cocultures with huPFC isolated
from patients with diabetes compared to huPFC from individuals without
diabetes. Furthermore, fetuin-A/palmitate stimulated the mRNA-
expression of the chemoattractant MCP-1 in huPFC and reduced the
mRNA expression of the ECM proteins collagen-1/-3/-4, TIMP-2/-3
and MMP-1/-2.
Conclusion:The presence of fat cells per se in pancreas stimulates mono-
cyte migration presumably via the potent chemoattractant MCP-1. Fatty
liver derived fetuin-A/palmitate further triggers this process. This phe-
nomenon seems to be accelerated in the case of diabetes. Fetuin-A/pal-
mitate-induced changes in mRNA levels of various ECM components
indicate a remodelling which may favor monocyte migration through
the network of structural matrix and basal membrane in pancreatic paren-
chyma and islets. We conclude that monocytes transform into macro-
phages and favor inflammation near intrapancreatic fat depots and islets.
This may accelerate β-cell failure and thereby contribute to the pathogen-
esis of type 2 diabetes.
Supported by: This study supported in parts by a grant (01GI0925) from
the Federal Minist
Disclosure: D.I. Siegel-Axel: None.
PS 045 Not all fats are the same...
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Investigation of the fatty-acyl chain profiles of plasma triacylglycerol
in patients with type 2 diabetes using SFC/MS
K. Omori1, N. Katakami1,2, Y. Yamamoto1, N. Taya1, H. Ninomiya1, M.
Takahara1,3, T. Matsuoka1, M. Furuno4, Y. Izumi5, T. Bamba5, E.
Fukusaki4, I. Shimomura1;
1Department of Metabolic Medicine, Osaka University Graduate School
of Medicine, Osaka, 2Department of Metabolism and Atherosclerosis,
Osaka University Graduate School of Medicine, Osaka, 3Department of
Diabetes Care Medicine, Graduate School of Medicine, Osaka
University, Osaka, 4Laboratory of Bioresource Engineering,
Department of Biotechnology, Graduate School of Engineering, Osaka
University, Osaka, 5Division of Metabolomics, Medical Institute of
Bioregulation, Kyushu University, Fukuoka, Japan.

Background and aims: Elevation of triacylglycerol (TAG) levels are
characteristic feature of diabetic dyslipidemia. However, it is unclear
whether the fatty-acyl chain profiles of TAG are altered in patients with
diabetes. Recent advancement in technology have developed novel su-
percritical fluid chromatography/mass spectrometry (SFC/MS)-based
lipidomics approach that enables quantitative profiling of comprehensive
lipid molecular species. We therefore assessed the association between
fatty-acyl chain of TAG and type 2 diabetes (T2D), using SFC/MS-based
lipidomics.
Materials andmethods:Comprehensive lipidomic analysis of fasting plas-
ma using SFC/MS was performed in 20 healthy volunteers and 116 patients
with T2D who didn`t receive lipid lowering agents and thiazolidinediones.
The levels and composition of each fatty-acyl chain of TAGwere investigated
in association with diabetes.
Results: A total of 89 types of TAGs which were composed of
different patterns of fatty-acyl chain combinations are detected.
Four saturated and 11 unsaturated FA were identified as the con-
stituents of these 89 TAGs. Plasma levels of total TAG and most
of fatty-acyl chains of TAG were significantly higher in patients
with T2D compared to the control subjects. In terms of the ratio
of the levels of each fatty-acyl chain to the total amount in TAG,
some of them such as FA 16:0 (palmitic acid), 18:0 (stearic acid)
and 18:1 were significantly lower in patients with T2D compared
to the control subjects (24.3 vs. 25.2% (p<0.05), 2.2 vs. 2.8%
(p<1.0×10-7), and 24.9 vs. 28.4 (p<1.0×10-6), respectively), while
others such as FA 16:1 and 18:2 were significantly higher (17.3
vs. 14.9% (p<1.0×10-3) and 18.9 vs. 17.8 (p<0.05), respectively).
Moreover, such a typical difference in fatty-acyl chain composi-
tion of TAG observed in patients with T2D (e.g. FA 16:0, 18:0
and 18:2) remains significant, even after adjustment for age, sex,
BMI, total TAG levels, LDL cholesterol, HbA1c and eGFR.
Conclusion: This investigation using SFC-MS-based lipidomics data
indicates that the profile of FA constituents in TAG were significantly
altered in diabetic subjects.
Supported by: AMED under Grant Number JP18gm0710005
Disclosure: K. Omori: None.
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Transcription factor ETV5 regulates fatty acid metabolism in the
liver
Z. Mao;
Shenzhen University, Shenzhen, China.

Background and aims: Obesity is a world prevalent problem,
which is associated with multiple chronic metabolic disorders,
such as non-alcholic fatty liver disease (NAFLD). The transcrip-
tion factor ETV5 has been associated with obesity in several
genome-wide association studies (GWAS). However, its exact role
in obesity or lipid metabolism is still elusive. In our present

study, we investigated the role of ETV5 in hepatic lipid metabo-
lism and systemic energy balance.
Materials and methods: We utilized mouse hepatocyte AML-12
cell line transfected with siRNA against ETV5. We also generated
liver specific ETV5-deficient mice by mating ETV5 flox/flox mice
with albumin-cre mice. The mice were fed with normal chow diet
or high-fat diet. We also injected ETV5 shRNA containing lenti-
virus in tail vein to acutely suppress hepatic ETV5 expression.
The serum and liver total triglyceride, total cholesterol and non-
esterified fatty acid were analyzed by the biochemistry method
and Oil Red O staining.
Results: ETV5 protein expression was up-regulated in the nutrient-overload
status. Genetic depletion of ETV5 in mice significantly ameliorated triglyc-
eride accumulation in the liver and in the serum.The bodyweight and glucose
tolerance were not altered in liver specific ETV5 deficient mice under normal
diet or high-fat diet conditions. Interestingly, the serum cholesterol was in-
creased paradoxically. Acute depletion ETV5 by lentivirus injection also
significantly attenuated diet-induced hepatic steatosis but not affected the
body weight and glucose metabolism. In the molecular level, we found that
ETV5 regulated the activity of PPRE signaling pathway and the expression of
multiple cholesterol metabolic genes.
Conclusion: In the current study, we identified ETV5 as a novel factor
which plays an important role in fatty liver disease and systemic choles-
terol metabolism.
Disclosure: Z. Mao: None.
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Metabolomic profile in patients with type 2 diabetes and metaboli-
cally healthy volunteers
J. Veleba1, P. Janovska2, H. Kahleova1, H. Malinska1, K. Velebova1, E.
Hoskova1, J. Kopecky1, K. Bardova2, O. Kuda2, T. Cajka2, M. Hill3, V.
Melenovsky1, J. Kopecky2, T. Pelikanova1;
1IKEM, Prague, 2Institute of Physiology, Academy of Sciences of the
Czech Republic, Prague, 3Institute of Endocrinology, Prague,
Czech Republic.

Background and aims: Type 2 diabetes mellitus (T2D) is closely associ-
ated with impairment of energy substrate metabolism, obesity, and insulin
resistance. Increased levels of free fatty acids (FFA) in circulation, induced by
increased energy intake during alimentary obesity or by disorder of FFA
metabolism in DM2, cause overloading of beta-oxidation of fatty acids in
mitochondria leading to formation of incompletely oxidized lipid particles
acylcarnitines (AcylCN), ectopic deposition of diacylglycerols (DAG) in beta
cells, liver and skeletal muscle and alteration of serum lipid profile. Elevated
levels of branched-chain amino acids (BCAA) reflect accentuated proteolysis
in insulin resistance and higher alimentary intake of BCAAs in western diet.
The aim of this work is to investigate the metabolic profile of serum and its
use for prediction of T2D development.
Materials and methods: We enrolled 20 patients with T2D on met-
formin treatment and 20 volunteers (C) with overweight or obesity
and with normal glucose metabolism. All patients underwent mea-
surement for aminoacid and lipidomic serum profiles, including
AcylCN and DAG using liquid chromography and mass spectrom-
etry. Multivariate regression method with orthogonal projection to
latent structures (OPLS) and the MetaboAnalyst system were used
for statistical analysis.
Results: T2D patients have higher FFA level (mmol/l) than C (0.79±0.36 vs.
0.50±0.19; p<0.001). Levels of AcylCN with the short chain (nmol/l) are
higher in T2D (C2-AcylCN: 9645±2113 vs. 8248±1474; p<0.05, C4-
AcylCN: 47.41±20.66 vs. 33.51±11.58, p<0.01) and long chain C16-
AcylCN was lower on T2D (24.35±5.13 vs. 27.97±5.97; p<0.05).
Metabolomic analysis find higher levels of DAG and triacylglycerols
(TAG), mainly derived from stearic, palmitic and oleic acid (DAG 32:0:
394.19±174.24 vs. 95.59±19.16; p<0.01. DAG 34:0: 153.38±77.04 vs.
35.12±5.83; p<0.01. DAG 36:0: 301.55±140.56 vs. 68.68±10.46; p<0.01.
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TAG54:6: 5725.80±1564.32 vs. 1921.93±308.16; p<0.05. TAG 58:10:
1271.77±310.21 vs. 419.61±84.14; p<0.05). Levels of glucogenic amino
acids and BCAA (umol/l) are increased in T2D (Alanin 35.73 ± 5.78 vs.
31.97 ± 6.38; p<0.05. Prolin 23.103 ± 39.1 vs. 20.43 ± 42.25; p<0.05. Valin
18.66 ± 18.19 vs. 16.44 ± 20.74; p<0.001. Leucin + izoleucin 3.69 ± 24.02
vs. 20.29 ± 25.09; p<0,01. Other amino acid concentrations does not
differ significantly. FFA, C2- and C4-AcylCN, DAG 36:0, DAG
34:0, DAG 32:0, TAG 58:10, TAG 54:6, BCAA, alanin and
prolin are strong predictors of T2D in OPLS and MetaboAnalyst
method.
Conclusion: The amino acid and lipid profile of the serum of T2D
patients and C differ varies in FFA, DAG, TAG, AcylCN and BCAA
levels. These metabolic parameters reflect the disruption of nutrient me-
tabolism in T2D and may serve as predictors of its development.
Clinical Trial Registration Number: NCT01946347
Supported by: This work was supported by Institutional Support MZCR
00023001 (IKEM, Prague)
Disclosure: J. Veleba: None.
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The function of PHF20 in adipogenesis bymodulating FAS transcrip-
tion activity
H. Lee, G. Kong, Q. Tran, C. Kim, J. Park;
Department of Pharmacology andMedical Science, Metabolic Syndrome
and Cell Signaling Laboratory, Research Institute for Cancer, College of
Medicine, Chungnam National University, Daejeon, Republic of Korea.

Background and aims: Adipocytes play a role in energy homeosta-
sis and process the largest energy reserve as triglycerol stay in a
dynamic state, they start expanding when the energy intake is
higher than the expendi ture and undergo mobil izat ion.
Adipogenesis is a tightly regulated cellular differentiation process,
in which the preadipocytes are transformed into differentiated adi-
pocyte cells. Recent evidence indicates that adipose tissue is an
active endocrine organ which helps to regulate several body func-
tions, including insulin-mediated processes, lipid and glucose me-
tabolism. In addition, adipose tissue plays a role in coagulation and
some aspects of inflammation. Previous studies found that there are
loss of body weight and fat storage in Plant Homeodomain Finger
protein 20 (PHF20) knockout mice. Based on this evidence, we
hypothesized that PHF20 would affect adipogenesis and
lipogenesis.
Materials and methods: In this study, we used 3T3L1 cells, a
mouse adipocyte, using western blotting and qRT-PCR to confirm
the expression level of adipogenesis, lipogenesis genes and
PHF20 expression. Promoter assay have used to identify genes
regulated by PHF20. And, the animal model used PHF20 trans-
genic mice, and we compared the metabolic changes with Wild
type mice on fed high fat diet.
Results: In our study, PHF20 is upregulated during adipogenic differen-
tiation at an early stage. Also mRNA levels of PHF20 and Fatty acid
synthase (FAS) are increased during the same period of adipogenic dif-
ferentiation. On the third day of differentiation, PHF20 overexpression
increased FAS expression together with the acceleration of PPARγ and
FABP4 expression. On the contrary, shRNA-mediated depletion of
PHF20 resulted in the reduction of FAS, PPARγ and FABP4 expression.
In addition, PHF20 is able to directly bind to FAS promoter in 3T3L1
cells. Histological analysis of the adipose tissue revealed hypertrophy in
HFD-fed PHF20 transgenic mice, indicating that PHF20 overexpression
affects the adipogenesis and obesity.
Conclusion: Taken together, PHF20 is an important modulater of adipo-
genesis and lipogenesis. Furthermore, these results suggest that the de-
creased PHF20 expression that occurs an important role in preventing
lipid accumulation and obesity.
Disclosure: H. Lee: None.
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Phospholipid transfer protein (PLTP) and metabolic diseases
J. Grober, L. Lebrun, N. Le Guern, J. Pais de Barros, S. Mandard, V.
Deckert, I. Dugail, A. Bernard, L. Lagrost;
INSERM U1231, Dijon, France.

Background and aims: Obesity and type 2 diabetes are metabolic dis-
eases which constitute one of the biggest public health challenge of the
21st century. Their incidence continues to rise by epidemic proportions.
Several clinical studies suggest a link between phospholipid transfer pro-
tein (PLTP) and metabolic diseases but this is still unclear and need to be
further investigated. In addition, we recently observed that mice deficient
in PLTP, PLTP knockout mice (PLTP KO), developed metabolic alter-
ations with age: impaired glucose metabolism as well as body fat accu-
mulation. As PLTP is involved in LPS (known to be involved in the
aetiology of metabolic diseases) neutralisation and detoxification from
the body. Our present study aims to clarify the role of PLTP in the onset
of metabolic diseases.
Materials and methods: For this purpose, wild-type (WT) or PLTP KO
mice were fed with high-fat diet (HFD, 60% kcal) or with the correspond-
ing chow low-fat diet (LFD, 10% kcal) for four months. Several param-
eters such as, body mass, food intake, fat mass, metabolic tests were
performed.
Results: Our results showed that PLTP KO mice had a significantly
increased body weight after only one week of HFD. It results in an
excessive total body fat accumulation, hepatic steatosis or enhanced ad-
ipocytes size. In addition, PLTP KOmice displayed a glucose intolerance
as well as insulin resistance under a HFD whereas a strong postprandial
lipemia is observed in PLTP KO mice fed a LFD. Finally, lipidomic
analysis showed a highly altered lipidome by PLTP deficiency and diet.
Lipidome alterations of PLTP KO mice were mostly attenuated by HFD
except for ceramides plasma levels which remain elevated. Endotoxemia
reflecting the LPS concentration in the blood does not seem to be in-
volved in the PLTP KO mice phenotype. Ageing PLTP KO mice fed a
chow diet, develop fasting hyperglycemia, glucose intolerance,
hyperinsulinemia and insulin resistance.
Conclusion:Our results confirmed the existence of a link between PLTP
and metabolic diseases that seems to be independent of LPS. Of note, is
the dysregulation of lipids postprandial metabolism observed in PLTP
KO mice, whatever the diet. As the absence of PLTP seems to alter the
phenotype of WT mice with age fed a chow diet we propose that post-
prandial hypertriglyceridemia could be a causal factor involved in the
onset of obesity and type 2 diabetes.
Supported by: SFD/BD. ANR-11-LABX-0021-01-Labex LipSTIC
Disclosure: J. Grober: None.
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Low carbohydrate diet elevates blood sphingomyelin in people with
type 1 diabetes
N. Al-Sari1,2, S. Schmidt1,3, T. Suvitaival1, M. Kim1, K. Trost1, A.
Ranjan1,4, M. Christensen1, J. Overgaard1, F. Pociot1,2, K. Nørgaard1,4,
C. Legido-Quigley1,5;
1Steno Diabetes Center Copenhagen, Gentofte, Denmark, 2University of
Copenhagen, Copenhagen, Denmark, 3Danish Diabetes Academy,
Odense, Denmark, 4Copenhagen University Hospital Hvidovre,
Hvidovre, Denmark, 5King’s College London, London, UK.

Background and aims: Reduction of carbohydrate intake stabilizes glu-
cose levels in persons with type 1 diabetes (T1D). To maintain similar
energy intake, a reduction in carbohydrate must be accompanied by an
increase in protein and/or fat intake. However, this dietary change may
affect the lipid balance and lead to an increased risk of cardiovascular
events. We investigated how blood lipid levels responded to dietary
changes and how these changes related to diet-induced changes in meta-
bolic characteristics, such as body mass index (BMI), waist
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circumference, systolic blood pressure (SBP), glycemic variability and
time spent in hypoglycemia.
Materials andmethods: Ten adults with T1D (mean±SD: age 43.6±13.8
years, diabetes duration 24.5±13.4 years, BMI 24.9±2.1 kg, HbA1c 57.6
±2.6 ) using insulin pumps participated in a randomized 2-period cross-
over study with 12-week intervention periods of LowCarbohydrate Diet (
LCD < 100 g carbohydrates/day) or High Carbohydrate Diet (HCD >
250 g carbohydrates/day) respectively, separated by a 12-week washout
period. A comprehensive lipidomics analysis was done for fasting plasma
samples obtained after each diet, and changes in lipid levels were com-
pared with paired tests.
Results: In total, 245 lipid levels were identified from 9 major lipid classes
(Triacylglycerides, Phosphatidylcholines, Phosphatidylethanolamines,
Hexosyl Ceramide, Sphingomyelins, Lysophosphatidylcholines,
Ceramides, Lactosylceramide, and Lysophoshatidylethanolamine). In
the high-resolution lipidomics analysis, phosphatidylcholines and
sphingomyelins were elevated after LCD (not significant). A short-
chain monounsaturated sphingomyelin, SM(d34:1), was elevated after
LCD compared with HCD (p=0.002; see Figure). Sphingomyelins and
phosphatidylcholines were inversely associated with BMI, waist circum-
ference, SBP and glycemic variability (not significant). SM(d34:1) did
not show significant association to changes in clinical measurements.
Conclusion: Plasma from persons with T1D showed an increase in a
monounsaturated sphingomyelin with LCD compared to HCD.
Results from this randomized cross-over study warrant for more
investigation on the long-term effects of diet and lipid homeostasis
in T1D.

Clinical Trial Registration Number: NCT02888691
Disclosure: N. Al-Sari: None.

670
Daytime-dependent changes of plasma lipidome are associated with
insulin sensitivity in humans
O. Ramich (Pivovarova)1,2, K. Kessler1,3, M.J. Gerl4, S. Hornemann1,2,
K.J. Petzke1, M. Kemper1,2, N. Rudovich1,5, T. Grune1,2, K. Simons4,6,
A. Kramer7, A.F.H. Pfeiffer7,2;
1German Institute of Human Nutrition, Nuthetal, Germany, 2German
Center for Diabetes Research (DZD), München-Neuherberg, Germany,
3University of Cambridge, Cambridge, UK, 4Lipotype GmbH, Dresden,
Germany, 5Spital Bülach, Bülach, Switzerland, 6Max Planck Institute of
Molecular Cell Biology and Genetics, Dresden, Germany, 7Charité
University of Medicine, Berlin, Germany.

Background and aims:Meal timing affects body weight in humans via
regulation of daily rhythms of plasma glucose, metabolic hormones, sub-
strate oxidation and inflammation. Here, we used a shotgun lipidomic
analysis to investigate the effect of timing of carbohydrate and fat intake
on lipid metabolism by analyzing of daily patterns of 672 plasma lipids
(14 lipid classes).

Materials and methods: In a cross-over trial, 29 non-obese men
consumed two 4-week isocaloric diets: (1) high-carb food in the
morning and high-fat food in the afternoon versus (2) an inverse
order. After each diet, blood was sampled four times over a 12-h
period, i.e. before and 180 min after completion of two test meals.
Test meals were (i) a high-carb meal (MTT-HC) at 09.00 hr and
high-fat meal (MTT-HF) at 15.40 hr; or (ii) MTT-HF at 09.00 hr
and MTT-HC at 15.40 hr. For both test meals, postprandial re-
sponses of glucose (iAUCglu 0-180) and insulin (iAUCins 0-180),
indices of early and overall insulin secretion (iAUCins/glu 0-30 and
iAUCins/glu 0-180, respectively) and a Gutt’s index sensitivity (ISI
Gutt0-120) were calculated. Subcutaneous adipose tissue (SAT) was
sampled before the first and 180 min after each test meal, and gene
expression was measured by real-time PCR.
Results: Daily lipid patterns showed a complex regulation by both
the time of day (67.8%) and meal composition (55.4%). For both
MTTs, a third of all lipid species showed a diurnal variation in
postprandial responses. For triacylglycerols (TAG), diacylglycerols,
phosphatidylethanolamines and lysophosphatidylethanolamines,
postprandial responses to the same meal were more pronounced in
the morning. TAGs containing shorter and more saturated fatty acids
were enriched in the morning. In SAT, transcripts involved in fatty
acid synthesis (FASN, ACACA, ACSL1), elongation (ELOVL5)
and desaturation (SCD, FADS1, FADS2) showed no diurnal varia-
tion. Seven lipid classes showed a negative association with diurnal
change of insulin sensitivity in MTT-HF, but not with diurnal vari-
ation of glucose and insulin response or indices of early and overall
insulin secretion.
Conclusion: Human plasma lipidome is strongly affected by meal
timing. These results have potential implication for the development of
dietary strategies for weight control based on meal timing.
Clinical Trail Registration Number: NCT02487576
Supported by: DFG KFO218 PF164/16-1 OP, AK, AFHP; DDG 2015,
OP; DZD grant 82DZD0019G, OP
Disclosure: O. Ramich (Pivovarova): None.

671
GPR-10 gene deletion results in alterations of lipid metabolism in the
liver and adipose tissue of mice
J. Funda1, K. Bardova1, B. Neprasova2, M. Rossmeisl1, J. Kopecky1, L.
Maletinska2;
1Department of Adipose Tissue Biology, Institute of Physiology of the
Czech Academy of Sciences, Prague, 2Institute of Organic Chemistry and
Biochemistry of the Czech Academy of Sciences, Prague,
Czech Republic.

Background and aims: GPR-10 is a G-protein-coupled receptor abun-
dantly expressed in parts of the brain engaged in the regulation of body-
weight and food consumption. We aimed to characterize the effects of
GPR-10 gene disruption on energy homeostasis with a focus on adipose
tissue and liver metabolism.
Materials andmethods: The deletion of GPR-10 gene (GPR-10 KO)
was performed on mice with C57BL/6 genetic background. Both
males and females were used in the study and they were fed a
standard diet. Indirect calorimetry was performed in order to detect
alterations at the level of whole body energy homeostasis. The
levels of gene expression were determined using quantitative PCR
analysis and an oral glucose tolerance test (OGTT) was carried out.
Results: 20-week-old GPR-10 KO male mice displayed higher body
weight in comparison with wild-type littermates (g: KO vs. WT: 31.85
±0.90 vs. 28.07±0.48). This was possibly due to increased weight of
adipose tissue depots, specifically; interscapular brown adipose tissue
(iBAT), epididymal and subcutaneous white adipose tissue depots
(eWAT/scWAT), (mg: KO vs. WT; iBAT: 186.25±11.33 vs. 137.50
±7.73; eWAT 867.50±79.16 vs. 416.25±27.45; scWAT 546.25±59.22
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vs. 253.75±21.38). 20-week-old GPR-10 KO female mice displayed ele-
vated expression of metabolic genes in comparison with wild-type litter-
mates, specifically; Ppara (fold increase: liver: 1.38), Pparg (fold in-
crease: liver: 1.33; eWAT: 1.19; scWAT: 1.66), Ppargc1a (fold increase:
liver: 1.34) and Chrebp (fold increase: scWAT: 1.63). Indirect calorimetry
did not reveal any differences in energy expenditure (calories/min: KO vs.
WT; male: 9.35±0.40 vs. 9.33±0.29; female: 8.81±0.40 vs. 8.61±0.25).
29-week-old GPR-10 KOmice of both genders displayed higher levels of
insulin in plasma 30 minutes after glucose administration in comparison
with wild-type littermates (fold increase: male: 2.06; female: 1.36). In
adition, supression of lipolysis by insulin was less pronounced in GPR-
10 KO mice of both genders in comparison with wild-type littermates.
This was reflected by lower decrease in plasmatic NEFA levels 30 mi-
nutes after glucose administration (fold decrease after 30 min: KO vs.
WT; male: 0.25 vs. 0.41; female: 0.26 vs. 0.48) and by higher triglyceride
content in the liver (mg/g of tissue: KO vs. WT; male: 121.63±26.63 vs.
45.93±5.67; female: 60.64±7.15 vs. 40.75±4.19).
Conclusion: GPR-10 gene deletion resulted in gender-dependent alter-
ations of lipid metabolism in the liver and in adipose tissue of GPR-10
KO mice. Gene expression analysis revealed possible compensatory in-
crease in fatty acid metabolism and mitochondrial biogenesis in the liver
and in white fat of GPR-10 KO female mice. GPR-10 KOmice displayed
differential response to OGTT suggesting impairment in insulin
sensitivity.
Supported by: Grant Agency of the Czech Republic (18-10591S)
Disclosure: J. Funda: None.

672
KRIT1/CCM1 loss-of-function affects sphingolipid metabolism in-
ducing hepatosteatosis and predisposing to liver fibrosis and insu-
lin-resistance
R. Mastrocola, A.S. Cento, C. Fornelli, A. Zotta, A. Perrelli, S.F. Retta;
Dept. of Clinical and Biological Sciences, University of Turin, Turin,
Italy.

Background and aims: Loss-of-function mutations of KRIT1/CCM1
predispose to familial cerebral cavernous malformation (CCM) dis-
ease. It has been suggested that the development of cerebral lesions
in genetically predisposed individuals is influenced by secondary
factors, such as oxidative stress and chronic inflammatory condi-
tions. In this perspective, diet-induced metabolic disorders may rep-
resent an additional hit leading to overt CCM disease. Positive out-
comes have been reported after treatment of CCM patients with both
statins, which limit the mevalonate pathway, and the Rho kinase
inhibitor Fasudil. Indeed, KRIT1 loss-of function causes an in-
creased activation of the pleiotropic Rho kinase signaling, which
is also involved in modulation of the mevalonate pathway and in-
sulin resistance development. Since intermediates of the de novo
sphingolipid synthesis, also depending on mevalonate pathway, are
known to regulate both Rho kinase and insulin signaling, we inves-
tigated in in vitro and in vivo models whether KRIT1 loss-of-
function may affect sphingolipid metabolism and influence the de-
velopment of hepatosteatosis and insulin resistance.
Materials and methods: Activation of mevalonate pathway and ex-
pression of the enzymes involved in sphingolipid metabolism have
been evaluated in KRIT1-silenced and -overexpressing cultured
MEFs. In parallel, C57 mice (WT) and heterozygous knockout mice
for KRIT1 (EZ) were fed a standard diet (CD) or a 60% fructose
diet (FD) for 22 weeks, and analyzed by systemic metabolic profil-
ing. Moreover, analyses of sphingolipid metabolism and markers of
inflammation and fibrosis were performed in liver tissue in parallel
to histological analysis.
Results: The manipulation of KRIT1 expression in MEFs resulted in
marked modulation of the lipid and sphingolipid synthesizing en-
zymes. Similarly, heterozygous loss-of-function of KRIT1 in mice

was sufficient to induce hepatosteatosis associated with impaired
expression of many enzymes responsible for the regulation of
sphingolipid synthesis, such as SphK1 (P<0.05 vs. WT CD), and
increased expression of the inflammatory markers IL-1beta and
TLR4 (P<0.05 vs. WT CD), although without alterations of plasma
lipid profile, fasting glucose, and oral glucose tolerance test. The
administration of the FD further enhanced lipid accumulation in EZ
mice liver compared to WT mice fed the FD (triglycerides content:
P<0.05 vs. WT FD), and induced a fibrogenic response with upreg-
ulated fibronectin levels (P<0.05 vs. WT FD), in parallel to in-
creased fasting blood glucose levels (P<0.0.5 vs. WT FD).
Conclusion: To date, extracerebral phenotype of KRIT1 mutation
has been poorly investigated. Our results indicate for the first time
that genetic KRIT1 loss-of-function alters the sphingolipid metabo-
lism, inducing hepatosteatosis and inflammation. The metabolic bur-
den exerted by the fructose diet in heterozygous KRIT1 knockout
mice enhances lipid and glucose metabolism impairments, and fur-
ther aggravates hepatosteatosis, suggesting that an unbalanced nu-
trition in CCM patients may result in worse metabolic disturbances
than in general population, which may in turn contribute to CCM
lesion development.
Supported by: Telethon
Disclosure: R. Mastrocola: None.
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PS 046 Burning down the fat

673
Losartan induces adipose browning via induction of apelin-APJ
pathway
H. Cheon, D. Kim;
Department of Pharmacology, College of Medicine, Gachon University,
Incheon, Republic of Korea.

Background and aims:Losartan is a well-known drug for the treatment of
hypertension, heart failure, and diabetic kidney diseases. Recently, brow-
ning of white adipocyte (converting white adipocyte to beige adipocyte) is
considered as a potential therapeutic strategy for obesity. Apelin, a kind of
the adipokine family, is the endogenous ligand for the G-protein-coupled
APJ receptor expressed at the adipocytes. Recent studies have shown that
apelin interacts with APJ, leading to browning of white adipocytes as well
as brown adipogenesis. To date, the effects of losartan in adipose browning,
and its mechanism(s) involved in browning have not been clearly elucidat-
ed. The goal of the current study was to investigate the browning effects of
losartan focusing on apelin-APJ pathway in differentiated 3T3-L1 white
adipocytes and primary adipocytes, and in vivo condition.
Materials and methods: Fully differentiated 3T3/L1 or primary adipo-
cytes were subjected to UCP-1, apelin, APJ immunostaining and
Mitotracker staining after treatment with various concentrations of
losartan. Gene silencing of apelin or APJ in fully differentiated 3T3/L1
or primary adipocytes was accomplished using a apelin siRNA or APJ
siRNA. Mice (C57BL/6J, 6 weeks old, male) were divided into losartan-
treated groups (10 mg/kg/day and 30 mg/kg/day, dissolved in 0.9% sa-
line) and non-treated (100 μl of 0.9% saline) group. Losartan was given
once daily by oral administration for 2 weeks, and whole body physiol-
ogy as well as adipose tissues were analyzed.
Results: Losartan induced the expression of browning markers including
uncoupling protein-1(UCP-1) in fully differentiated 3T3/L1 and primary
adipocytes, which was accompanied by reduced lipid droplets, increased
mitochondrial biogenesis and oxygen consumption rates. In parallel, the
expression of apelin and APJ was increased by losartan in association
with increased phosphorylations of Akt and AMPK. Knockdown of
apelin or APJ expression by siRNA as well as AgII addition attenuated
losartan-induced browning. In vivo browning effect of losartan was con-
firmed using C57BL/6J mice.
Conclusion: Losartan, known as a selective angiotensin II type 1 (AT1)
receptor antagonist induces browning of fully differentiated 3T3/L1 and
primary adipocytes via apelin-APJ induction. Based on the present re-
sults, losartan may extend its clinical application as an anti-obesity drug.
Supported by: KHIDI
Disclosure: H. Cheon: None.

674
Catalase deficiency facilitates the shuttling of free fatty acids to
brown adipose tissue through lipolysis in white adipose tissue during
sustained fasting
R. Park, R.K. Dutta, C. Park;
Gwangju Institute of Science and Technology, Gwangju, Republic of
Korea.

Background and aims: Catalase, a peroxisomal enzyme, plays an im-
portant role in cellular antioxidant defense by decomposing hydrogen
peroxide to water and oxygen. Although antioxidant enzymatic activity
of catalase is well known but its role in metabolism and maintaining
energy homeostasis in starvation has not been revealed yet.
Materials and methods: The present study investigated the role of cat-
alase in brown adipose tissue (BAT) thermogenesis and lipid metabolism
during nutrient deprivation using catalase knockout (catKO) mice.
Results:We found that catKO mice during fasting depleted the accumu-
lation of hepatic and serum levels of triglycerides, which was potentially

associated with the elevated fat consumption through the activation of
lipolysis mediated by ROS in white adipocytes. We also found the free
fatty acid released through lipolysis was taken by brown adipocytes
through the activation of fatty acid receptor enzyme lipoprotein lipase
(LPL) and cluster of differentiation 36 (CD36) that stimulated heat gen-
eration through activation of uncoupling protein 1 (UCP1) in catKOmice
through ROS generation. Also, co-treatment of an antioxidant N-Acetyl
Cysteine (NAC) with isoproterenol attenuated the lipolysis and UCP1
induction in catKO adipocytes.
Conclusion: Our finding uncovers the new role of catalase during lipid
metabolism and thermogenesis response during fasting condition.
Supported by: GIST Research Institute (GRI) grant funded by GIST in
2018
Disclosure: R. Park: None.

675
Thyroid hormone activates adipose tissue thermogenesis indepen-
dent of UnCoupling Protein 1 (UCP1)
Q. Liu1,2, Y. Gao1,2, T. Feng1,2, X. Hui1,2, A. Xu1,2;
1Department of Medicine, The University of Hong Kong, Hong Kong
Island, 2State Key Laboratory of Pharmaceutical Biotechnology, Hong
Kong Island, Hong Kong.

Background and aims: Brown adipose tissue (BAT) is a main contrib-
utor for the adaptive thermogenesis via the mitochondrial protein
uncoupling protein 1 (UCP1). However, UCP1-deficient mice can still
survive cold temperature, suggesting the existence of alternative thermo-
genic pathways. Additionally, thyroid hormones are known to elevate
metabolic rate in both mammals and in humans. Nonetheless, it remains
unaddressed whether thyroid hormones stimulate adipose tissue energy
expenditure exclusively through up-regulation of UCP1. We aim to ad-
dress whether thyroid hormones elicit adipose tissue thermogenesis via
UCP1-independent manners.
Materials and methods: Ucp1 KO mice were imported from Jackson
Laboratory. Mice were fed with iodine deficient diet or high fat high
sucrose diet. T3 were given to mice orally in their drinking water.
Energy expenditure of mice, tissues and cells were examined respectively
by metabolic cages and seahorse bio-analyser. The relative mRNA ex-
pression levels were examined by Q-PCR. Body temperature of the mice
was measured by thermometer and thermocamera as well.
Results: Ucp1 KO mice and their wildtype (WT) littermates were sub-
jected to stepwise cold adaptation with observation that Ucp1 KO mice
exhibited even higher level of oxygen consumption. Furthermore, the
heightened whole-body oxygen consumption was mainly attributed to
elevation of oxygen consumption rate (OCR) in inguinal white adipose
tissue (iWAT). Notably, mRNA and protein expression levels of type II
iodothyronine deiodinase (Dio2) and intracellular levels of T3 were sig-
nificantly higher in iWAT of Ucp1 KO compared to that in WT mice,
suggesting that T3 in iWAT might participate in over-compensated heat
generation in UCP1-deficient mice. Furthermore, we depleted endoge-
nous thyroid hormones by iodine deficient diet. Compared to those on
control diet, the body temperature of hypothyroidUcp1KOmice dropped
sharply when challenged with 6°C, indicating that thyroid hormones are
strongly required for UCP1-independent thermogenesis. Gain-of-
function study revealed that supplementation of T3 led to an equal induc-
tion of energy expenditure in WT and UCP1 deficient mice. Moreover,
supplementation of T3 caused significant fat loss in obese Ucp1KOmice
at thermoneutrality. These results collectively indicate that thyroid hor-
mone is capable of engaging energy dissipation in WAT independent of
the classical SNS-UCP1 cascade. To gain further insight into T3-evoked
thermogenesis, iWATand iBAT from hypothyroid and hyperthyroid mice
were subjected to RNA sequencing, which identified 2512 genes elevated
by T3 in iWAT of Ucp1 KO mice, and these genes were further overlaid
with those induced by cold exposure in iWAT of Ucp1 KO mice, which
obtained 914 genes. Pathways enrichment analysis of these genes
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revealed several possible pathways might involve in thyroid hormone
induced UCP1-independent thermogenesis.
Conclusion: Thyroid hormone facilitates adaptive thermogenesis in
WAT through UCP1-independent approach, in addition to its canonical
SNS/UCP1-mediated pathway.
Disclosure: Q. Liu: None.

676
Specific lack of p85alpha in brown adipose tissue triggers resistance
to high-fat diet-induced obesity and improves the metabolic profile in
mice
A.R. López-Pastor, A. Gómez-Hernández, C. Rubio-Longás, P.
Majewski, N. Beneit, V. Viana-Huete, G. García-Gómez, S. Fernández,
J. Infante-Menéndez, Ó. Escribano, M. Benito;
Biochemistry and Molecular Biology, Complutense University of
Madrid, Madrid, Spain.

Background and aims: Obesity is a chronic disease of multifactorial
origin in which the imbalance between food intake and energy expendi-
ture leads to an abnormal increase in body fat storage. The development
of obesity depends on the balance between food intake and energy con-
sumption, but also, on the balance between the two types of adipose
tissue, white and brown adipose tissue (WAT and BAT, respectively).
Thus, in recent years, the thermogenic capacity of BAT in humans has
been put in the spotlight as a possible target in the prevention and treat-
ment of obesity. In this sense, the increase in BAT mass and/or function-
ality could suppose a beneficial increase in energy expenditure. It has
been previously published that distinct class I phosphoinositide 3-kinase
(PI3K) isoforms can participate at different levels in metabolic control
and several systemic dysfunctions associated to obesity. In this regard, we
analyzed in vivo whether the lack of p85α in BAT (BATp85αKO) could
modulate the activity and insulin signaling of this tissue improving diet-
induced obesity and its associated metabolic complications.
Materials and methods: We generated BATp85αKO mice using Cre-
LoxP technology, specifically deleting p85α in a conditional manner. To
characterize this new mouse model, we used 6- and 12-month old mice and
also a group submitted to high-fat diet in order to challengeBAT functionality.
Results:Our results suggest that brown fat specific loss of p85α improves its
thermogenic functionality, high fat-induced adiposity andweight gain, insulin
resistance and liver steatosis. The potential mechanisms involved in the ame-
lioration of obesity include: 1) Increased insulin signaling and lower activa-
tion of c-Jun N-terminal kinase (JNK) in BAT; 2) Enhanced insulin receptor
isoform B (IRB) expression and association with IRS-1 in BAT; 3) A lower
proinflammatory profile in the adipocytokines produced by the adipose organ
and 4) Increased inguinal white adipose tissue (iWAT) browning.
Conclusion: Our results provide new mechanisms involved in the resis-
tance to obesity development, supporting the hypothesis that the gain of
BATactivity induced by the lack of p85α in this tissue has a direct impact
on the prevention of diet-induced obesity and its associated metabolic
complications, such as inflammation, insulin resistance and fatty liver.
Supported by: MICINN (SAF2011/22555-SAF2014/51795-R-SAF2017-
82133-R). ISCIII CB07/08/0001
Disclosure: A.R. López-Pastor: None.

677
Cell-autonomous light sensitivity via Opsin3 regulates fuel usage in
brown adipocytes
M. Sato1, K. Yang2, X. Ren3, K.-W. Yau3, Y.-H. Tseng2;
1Graduate School of Dental Medicine, Hokkaido University, Sapporo,
Japan, 2Joslin Diabetes Center, Harvard Medical School, Boston, USA,
3Johns Hopkins University School of Medicine, Bortimore, USA.

Background and aims: Opsin3 (Opn3) is a photosensitive G-protein-
coupled receptor (GPCR) reported to signal through Gi, at least when

expressed heterologously. Although Opn3 is expressed at a higher level
in adipose tissue, whether Opn3 has a function in adipose tissue is entirely
unknown. In this study, we aimed to elucidate the photosensitive func-
tions of Opn3 and identify the molecular events caused by light-activated
Opn3 in brown adipose tissue.
Materials and methods: Murine pre-brown adipocytes were derived
from Wild-type (WT) and Opn3-knockout (KO) mice and immortalized.
These cells were differentiated in the absence or presence of exposure to
white LED light and then glucose uptake and mitochondrial respiration
were measured. To determine whether the effects of Opn3 in brown
adipocytes involve GPCR signaling, we isolated brown preadipocytes
from mice that carried a mutation in the G-protein-binding region of
Opn3 (Opn3-GM), meant to disrupt the interaction with its downstream
G protein. Opn3-GMbrown adipocytes were differentiated and examined
metabolic functions. To identify light-sensitive and Opn3-dependent mo-
lecular signatures in brown adipocytes, RNA-sequencing (RNA-seq)
analysis were performed in WT and Opn3-KO brown adipocytes either
exposed to light or kept in the dark.
Results: In darkness, Opn3-KO brown adipocytes displayed decreased
basal glucose uptake via reduction of Glut 1 protein expression and im-
pairment of glucose dependent mitochondrial respiration. Moreover, in
Opn3-KO brown adipocytes fatty acid dependent mitochondrial respira-
tion was also impaired due to the diminution of CPT1 involved in fatty
acid transport into mitochondria. Interestingly, light exposure increased
basal glucose uptake and Glut1 protein expression in WTcells, but not in
Opn3-KO adipocytes. Also, glucose and fatty acid dependent mitochon-
drial respiration were enhanced by light stimulation only in WT cells. As
well as Opn3-KO cells, Opn3-GM brown adipocytes exhibited a reduc-
tion in glucose uptake and mitochondrial respiration in darkness. RNA-
seq analysis identified 875 light -sensitive genes and 55 % of them (479
genes) were regulated in an Opn3-dependent manner. Applying KEGG-
pathway analysis, many of light-sensitive and Opn3-dependent genes
were involved in carbohydrate or fatty-acid metabolism, which was con-
sistent with functional study. In addition, these genes contributed to well-
known regulatory pathways of brown-adipose-tissue function such as
cAMP and PPAR signaling.
Conclusion: Photoreception through Opn3-GPCR signaling is function-
ally involved in the regulation of fuel metabolism and mitochondrial
respiration in brown adipocytes. This study provides a molecular basis
for developing light-based treatments for obesity and its related metabolic
disorders.
Supported by: MS is supported by SUNSTER and JST, PRESTO
Disclosure: M. Sato: Grants; JST, PRESTO.
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Carotid body modulation: a therapeutic approach to induce adipose
tissue browning and ameliorate metabolism promoting weight loss
B.F. Melo, C.S. Prego, J.F. Sacramento, S.V. Conde;
CEDOC, Nova Medical School, Faculdade de Ciências Médicas, UNL,
Lisboa, Portugal.

Background and aims: Obesity and type 2 diabetes are major causes of
cardiovascular and metabolic disturbances, contributing to significant
morbidity and mortality worldwide. The therapeutic options to treat these
pandemics are clearly scarce. We have proposed a role for carotid body
(CB) in metabolic disturbances by demonstrating that the abolishment of
its activity, through resection of carotid sinus nerve (CSN), prevents and
reverses metabolic dysfunction. Furthermore, CSN resection decreased
weight gain and body fat mass in an obese diabetic animal model. Herein,
we investigated if these effects on weight gain and glucose homeostasis
are related with alterations on white (WAT) and brown (BAT) adipose
tissues function.
Materials and methods: Experiments were performed in 9 weeks male
Wistar rats. Animals were submitted to 10 weeks of high-fat diet (HF)
(5.1Kcal/g) or to a standard diet (2.56Kcal/g). After 10 weeks of diet,
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animals were submitted to either bilateral CSN resection or to a sham
procedure and kept under the respective diets for 9 weeks. Insulin sensi-
tivity, glucose tolerance, caloric intake and body weight were monitored
throughout the protocol. At a terminal experiment, rats were anaesthetised
with pentobarbital (60mg/kg i.p.) andWATand BAT depots were collect-
ed, weighted and stored for analysis of proteins involved in adipose tissue
metabolism, for quantification of UCP-1 protein and mitochondrial den-
sity and for quantification of adipocytes perimeter. In a parallel study,
in vivo glucose uptake of the WAT and BAT depots was evaluated.
Laboratory care was in accordance with the European Union Directive
for Protection of Vertebrates Used for Experimental and Other Scientific
Ends (2010/63/ EU).
Results: HF diet increased total WAT amount by 120% and adipocyte
perimeter in perienteric depot by 60%. In BAT, HF diet decreased insulin
receptor (IR) expression by 68% and increased IL-1 and IL-6 receptors
expression by 30% and 179%.Moreover, HF diet promoted a decrease in
UCP1-labelled cells both in WAT (34%) and BAT (27%) adipose tissues.
In HF animals, CSN resection increased BATamount by 46%, decreased
adipocyte perimeter by 56% and increased the uptake of glucose in WAT
(75%) and BAT (67%) depots. Moreover, it also increased IR expression
in BAT by 157% and decreased significantly IL-1 and IL-6 receptors
expression by 57% and 47%, respectively. Furthermore, HF animals with
CSN resection presented a significantly increase in UCP1-labelled cells,
both in WAT (58%) and BAT (45%) depots.
Conclusion: We conclude that CSN denervation positively impacts
weight gain and metabolic function in HF rats via an improvement of
WAT and BAT metabolism, being CSN modulation a possible approach
for obesity and type 2 diabetes treatment.
Supported by: BFM (PD/BD/128336/2017); JFS (PD/BD/105890/2014)
Disclosure: B.F. Melo: None.

679
Decreased browning potential and impaired mitochondrial function
of adipose-derived stem cells is associated with insulin resistance and
type 2 diabetes
I. Stafeev1,2, S. Michurina1,3, N. Podkuychenko1,3, I. Sklyanik2, A.
Panevina2, E. Shestakova2, K. Yah'yaev4, E. Voichik4, A. Yurasov4, M.
Menshikov1, A. Vorotnikov1,3, Y. Parfyonova1,3, M. Shestakova2;
1National Medical Research Center of Cardiology, Moscow,
2Endocrinology Research Center, Moscow, 3Lomonosov Moscow State
University, Moscow, 4Central Clinical Hospital #1 of LLC Russian
Railways, Moscow, Russian Federation.

Background and aims: While obesity is an established risk factor for
type 2 diabetes (T2DM), some obese individuals do not develop T2DM.
Adipose derived stromal cells (ADSC) are critical for new fat depot for-
mation, which is compromised in T2DM. However, role of thermogenic
potential of ADSC and if it is altered in T2DM remain unclear. Here, we
examined whether ability of subcutaneous ADSC to activate thermogenic
program and glucose uptake during beige differentiation is associated
with T2DM in obese individuals.
Materials and methods: The control (NGT) group patients (N=7) had
long (more than 15 years) morbid (BMI>35kg/m2) obesity and normal
glucose tolerance, while patients of T2DM group (N=7) had the same
obesity and T2DM. Insulin resistance was estimated by DeFronzo
hyperinsulinemic-euglycemic clamp test. Postprandial level of blood se-
rum glucagon-like peptide 1 (GLP1) was assessed by ELISA. The study
was approved by the Endocrinology Research Centre local ethics com-
mittee. ADSC were isolated from subcutaneous adipose tissue biopsies
collected during bariatric surgery. Thermogenesis was induced in ADSCs
undergoing adipogenic differentiation for 21 day with insulin,
isobuthylmethylxanthine, dexamethasone, rosiglitazone, triiodothyronine
(T3) and isoproterenol. Activation of thermogenesis was evaluated by
PGC1α and UCP1 mRNA levels determined by qPCR. Mitochondria
activity was estimated using mitochondrial superoxide indicator

MitoSOX. Insulin sensitivity of differentiated adipocytes was analyzed
by insulin-stimulated [3H]-2-deoxyglucose uptake. Protein expression
was compared by shotgun proteomic analysis using HPLC-MS system.
The Mann-Whitney U-test was used for statistics.
Results: The median M value determined by the clamp test was 1.23
[0.61; 1.57] mg/kg/min in T2DM patients vs. 4.14 [3.44; 5.75] in NGT
group, p=0.009. T2DM patients had reduced GLP1 levels (26.59 [13.25;
39.60] pM in NGT vs. 13.08 [9.92; 18.65] pM in T2DM, p=0.016).
Adipocytes differentiated from ADSCs of T2DM patients had lower
insulin-stimulated glucose uptake (2-fold stimulation), as compared to
NGT patients (4-fold stimulation), lower potential to activate expression
of UCP1 (40-fold in NGT vs. 6-fold in T2DM, p<0.05) and PGC1α (2.5-
fold in NGT vs. 1.5-fold in T2DM, p<0.05) and lower level of mitochon-
drial ROS production after induction of thermogenesis. The proteomic
data demonstrated altered protein expression of antioxidant and mito-
chondrial biogenesis systems according to gene ontology analysis
(p<0.01).
Conclusion: Lower level of thermogenic inducer GLP1 and impaired
ability of diabetic ADSC to upregulate antioxidant and uncoupling pro-
tein expression, mitochondrial respiratory chain activation and expend
excessive energy may underlie reduced glucose consumption by adipo-
cytes and glucose clearance from the blood in T2DM patients.
Supported by: This work was supported by RSF grant #17-15-01435
Disclosure: I. Stafeev: None.

680
Reduction of themitochondrial i-AAAprotease Yme1L inducesmus-
cle atrophy via FoxO3a and MuRF1 activation
Y. Lee, G. Kim, S. Park, J. Lim;
Division of Endocrine andMetabolic Disease, Korea National Institute of
Health, Cheongju-si, Republic of Korea.

Background and aims: Sarcopenia andmuscle atrophy due to prolonged
muscle inactivity are closely associated with many diseases including
metabolic diseases and cardiac failure. Mitochondrial dysfunction is one
of the factors that are most relevant to muscle atrophy; however, the
underlying mechanisms still remain to be elucidated.
Materials and methods: To induce skeletal muscle atrophy, mice were
immobilized by stapling hindlimb of each foot. 5 days later after immo-
bilization, skeletal muscle strength was measured by grip strength and
rotarod test. To induce mitochondrial dysfunction, fully differentiated
C2C12 myotubes were treated with 10 μM carbonyl cyanide m-
chlorophenylhydrazone (CCCP) for 24h. For siRNA transfections, cells
were transfected with gene-specific siRNA at 3 days after differentiation
using Lipofectamine RNAiMAX (Invitrogen).
Results: Here, we observed that skeletal muscle disuse by hindlimb im-
mobilization significantly reduces mitochondrial fusion; however, the ex-
pression of proteins related to mitochondrial fission and mitophagy was
increased. To elucidate the relationship between mitochondrial dysfunction
and muscle atrophy, we treated C2C12 myotubes with CCCP, a mitochon-
drial depolarizing agent. Consistent with animal study, we observed the
activation of forkhead-box typeO 3a (FoxO3a) and increased expression of
E3 ubiquitin ligases, such as muscle RING finger 1 (MuRF1) and atrogin-
1. In addition, we found that the level of Yme1L is markedly decreased in
C2C12 myotubes by treatment with CCCP. Knockdown of Yme1L in-
creased the accumulation of short-form of optic atrophy 1 (OPA1), which
was accompanied by increase in OMA1 expression. And also, loss of
Yme1L induced activation of AMP-activated protein kinase (AMPK)
and FoxO3a, concomitantly with increase of MuRF1 expression.
Conclusion: Taken together, our results suggests that deficiency of
yme1L, and its consequential imbalancing of mitochondrial quality con-
trol system and accumulation of damaged mitochondria, contribute to the
pathological states of muscle atrophy and sarcopenia.
Supported by: Korea National Institute of Health (2017-NG64002)
Disclosure: Y. Lee: None.
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The ROS-inducing mtAtp8 gene polymorphism impairs key genes of
mitochondrial metabolism and antioxidative defense during aging
M. Tiedge, M. Wietzke, J. Niemann, S. Baltrusch;
University of Rostock, Rostock, Germany.

Background and aims: The mitochondrial genome of the conplastic
mtFVB mouse strain is characterized by a mtDNA encoded Atp8 poly-
morphism of the ATP synthase. OXPHOS mutations in liver and beta
cells are linked to obesity, liver steatosis and diabetes. Here, we investi-
gated age-dependent ROS production, dynamics of mitochondrial metab-
olism and antioxidative defense in liver from mtFVB mice compared to
mtAKR controls.
Materials and methods: Conplastic mtAKR (control) and mtFVB
(mutant) mice were monitored over a period of 18 months. Liver samples
were collected at the age of 3, 12 and 18 months. Mitochondrial ROS
production in liver was performed by fluorescence microscopy after sys-
temic injection of the ROS sensor MitoSOX. The gene expression of was
quantified by real time RT-PCR and protein expression was quantified by
Western blot analyses.
Results: ROS production in liver tissue of mtFVB mutants showed
significant peaks at the age of 3 and 18 months compared to control
mice. Expression of key genes for mitochondrial energy metabolism
was increased for nuclear encoded genes Atp5a1 and Ndufb8 in
liver of 3 months-old mutant mice, while gene expression of mito-
chondrial encoded genes mtND2 and mtAtp8 significantly de-
creased. In particular gene expression of PGC1α and TFAM as
key regulators of mitochondrial biogenesis were significantly de-
creased in liver tissue of mtFVB mice at the age of 12 months. In
addition, mtDNA copy numbers were reduced in mtFVB mutants
compared to mtAKR controls. Gene expression of cytoprotective
proteins SOD1, SOD2 and the uncoupler UCP2 were significantly
higher in 3 months- old mtFVB mice compared to controls but
progressively decreased in 12 months-old mutant mice.
Conclusion: The mtAtp8 polymorphism of complex V leads to increased
ROS formation in combination with altered mitochondrial dynamics but
increased gene expression of antioxidative defense enzymes and the un-
coupler UCP2 at juvenile age. Challenge to ROS in liver of mtFVB mice
was only partly compensated by adaption of the oxidative phosphoryla-
tion system. During aging high ROS levels resulted in an exhaustion of
mitochondrial adaption strategies in mtFVB mutant mice. This impair-
ment of mitochondrial adaptation may drive metabolic pathways, which
increase the risk of inflammatory hepatosteatosis and diabetes.
Disclosure: M. Tiedge: None.

682
CRISPR/Cas9-induced knockout of GPR146 in mouse 3T3-L1 fibro-
blasts blunted differentiation into adipocytes
K. Hu He1, P.W. Wohlfart1, J. Fechner1, C.W. Jung1, A. Pall1, M. Korn1,
C. Metz-Weidmann2, C. Rocher3, J.C. Guillemot3, D. Margerie4, K.
Mai5, S. Brachs5, J. Spranger5, N. Tennagels1;
1Diabetes and Cardiovascular Research, Insulin Biology, Sanofi-Aventis
Deutschland GmbH, Frankfurt, Germany, 2R&D Biologics, Sanofi-Aventis
Deutschland GmbH, Frankfurt, Germany, 3Translational Sciences Unit,
Sanofi France, Paris, France, 4Translational Informatics, Sanofi-Aventis
Deutschland GmbH, Frankfurt, Germany, 5Clinic of Endocrinology,
Diabetes andNutrition,Charite -UniversitätsmedizinBerlin, Berlin,Germany.

Background and aims: GPR146 is a class A G-protein coupled re-
ceptor (GPCR), which has been associated to lipid metabolism, and
most recently described as putative receptor of pro-insulin C-pep-
tide. Genome-wide RNA sequencing data from the MAINTAIN
lifestyle intervention study demonstrated that adipose GPR146 ex-
pression is highly correlated to insulin sensitivity suggesting a role
of GPR146 in adipocyte biology. We therefore investigated in an

established mouse adipocyte differentiation cell model the effect of
genetic knockout of GPR146.
Materials andmethods:Genetic knockout of murine Gpr146 in 3T3-
L1 mouse embryo fibroblasts was achieved by CRISPR/Cas9 tech-
nology. Knockout was generated by transfecting cells with pCMV-
Cas9-GFP all-in-one plasmids containing each four different guide
RNAs targeting murine Gpr146 or a universal negative control
(PK), all reagents from Sigma-Aldrich. After single cell clonal se-
lection and expansion of knockout clones, differentiation was in-
duced in knockout and PK cell clones by a mix of standard stimu-
lations, amongst others by insulin and PPAR-gamma agonist.
Differentiation was assessed by Live-Cell Imaging, AdipoRed lipid
droplet staining, and measurement of genetic markers of differenti-
ation by TaqMan Array Microfluidic Cards. In addition, RNA-
Sequencing was performed to identify molecular pathways affected
by the genetic knockout on differentiation days 0, 4, 7, and 10.
Results:Wildtype and control (PK) 3T3-L1 fibroblasts differentiated into
adipocytes within 10 days. In all Gpr146 knockout cell clones however,
no adipocyte differentiation could be observed by lipid staining and ge-
netic markers (see Fig.1). Microfluidic Card and RNA Sequencing con-
firmed lack of expression of mature adipocyte markers, such as CD36,
Fabp4 and Plin1. Furthermore, pathway analysis of the RNAseq data
revealed a number new differentially regulated pathways downstream
of Gpr146, amongst them signaling via Wnt and prostaglandin-E.
Conclusion:GPR146may play a key role in adipocyte differentiation via
pathways typically not expected to be downstream of a G-protein coupled
receptor. How GPR146 is involved in insulin sensitivity in the context of
metabolic disease warrant further investigations.

Disclosure: K. Hu He: Employment/Consultancy; Sanofi-Aventis
Deutschland GmbH.
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The association between long-term glucose variability (GV), cardio-
vascular (CV) death and heart failure (HF) outcomes in the EMPA-
REG OUTCOME trial
A. Ceriello1, A. Ofstad2, I. Zwiener3, S. Kaspers4, J.T. George4, A.
Nicolucci5;
1IRCCS MultiMedica, Milan, Italy, 2Boehringer Ingelheim Norway KS,
Asker, Norway, 3Boehringer Ingelheim Pharma GmbH & Co. KG,
Ingelheim, Germany, 4Boehringer Ingelheim International GmbH,
Ingelheim, Germany, 5Center for Outcomes Research and Clinical
Epidemiology, Pescara, Italy.

Background and aims: Markers of GV have been associated with
CV outcomes in type 2 diabetes (T2D), however, the association
of GV with HF outcomes remains unclear. In EMPA-REG
OUTCOME, empagliflozin reduced the risk of CV death by
38% and HF hospitalizations (HHF) by 35%. Here we explore
the association between GV and CV death/HHF outcomes.
Materials andmethods: In EMPA-REG OUTCOME, 7,020 patients
with T2D and established CV disease received placebo (PBO),
empagliflozin (EMPA) 10 mg or 25 mg and were observed for
a median period of 3.1 years. We defined within-patient GV as
range and standard deviation of HbA1c measurements on-
treatment until week 28. The associations with CV death, first
HHF, and HHF or CV death were explored in PBO and pooled
EMPA arms separately with landmark (LM) analyses at week 28
by Cox regression models adjusted for baseline risk factors in-
cluding changes in HbA1c from baseline to week 12.
Results: GV levels were lower with EMPA (Table). In the LM
analysis, higher GV increased the risk for CV death and CV
death or HHF in both treatment arms. For HHF, no significant
association could be shown (Table).
Conclusion: In EMPA-REG OUTCOME, EMPA reduced GV. An
increase in GV correlated with increased risk of subsequent CV
death and CV death or HHF. The association with HHF alone
was not significant maybe due to a lower numbers of HHF
events, or the assumption that the effects of EMPA on HHF are
largely glucose-independent.

Clinical Trial Registration Number: NCT01131676
Supported by: Boehringer Ingelheim and Eli Lilly and Company
Diabetes Alliance
Disclosure: A. Ceriello: None.

684
Effects of the SGLT2 inhibitor dapagliflozin on cardiac function eval-
uated by impedance cardiography in patients with type 2 diabetes: a
randomised placebo-controlled trial
S. Vigili de Kreutzenberg, B.M. Bonora, A. Avogaro, G. Fadini;
Department of Medicine, University of Padova, Padova, Italy.

Background and aims: Cardiovascular outcome trials (CVOTs) have doc-
umented a strong benefit of sodium glucose cotransporter-2 inhibitors
(SGLT2i) on the risk of hospitalization for heart failure (HF) in patients with
type 2 diabetes (T2D) with or without established cardiovascular disease or
prior history of HF. The mechanisms, however, are not entirely clear.
Materials and methods: 31 patients with uncontrolled T2D on oral agents
with or without insulinwere randomized to receive blind dapagliflozin 10mg
or matching placebo for 12-week on top of their ongoing glucose lowering
medication regimen. Cardiac function was evaluated by resting impedance
cardiography (ICG) at baseline and at the end of the 12-week treatment
period. ICG is a noninvasive technology based on the continuous measure-
ment of thoracic electrical conductivity to process a number of cardiodynamic
parameters related to fluid content, blood flow, cardiac function, and circula-
tory function.We also evaluated changes in glycemic control, blood pressure,
and body weight.
Results: Patients (67.7% males) were on average 63.7 year old, with a
known diabetes duration of 14.1 years and a baseline HbA1c of 8.2% (66
mmol/mol). The vast majority of patients (93.5%)were onmetformin, 32.2%
were on other oral agents, and 51.6%were concomitantly treatedwith insulin.
63.3% of patients had established cardiovascular disease (symptomatic or
asymptomatic) and 35.4% had microangiopathy. After 12 weeks, patients
randomized to dapagliflozin, as compared to those randomized to placebo,
showed improvements in HbA1c (-1.2%; 13mmol/mol), systolic blood pres-
sure (-3.7mmHg), and bodyweight (-3.3 kg). Based on ICG, in both groups,
we detected no significant change in parameters of blood flow (stroke vol-
ume, cardiac output, cardiac index), systolic function (ejection fraction, accel-
eration and velocity indexes, systolic time ratio), circulatory function (system-
ic vascular resistance index), and fluid status (thoracic fluid content, TFC)
after treatment with dapagliflozin or placebo. There was no between-group
difference in the above mentioned parameters. TFC declined in the
dapagliflozin group, but the difference with the placebo group was not sig-
nificant. No correlation was detected between change in HbA1c or body
weight from baseline to the end of follow-up and change in ICG parameters.
Conclusion: To the best of our knowledge, this is the first study exploring
cardiac effects of SGLT2i using ICG in T2D. We observed no change in
cardiac function parameters estimated by ICG in T2D patients who received
dapagliflozin versus placebo for 12 weeks, suggesting mechanisms of action
unrelated to cardiac hemodynamics. The interpretation of such negative find-
ings should also consider short observation time, small sample size, and wide
variability of resting ICG measures.
Clinical Trail Registration Number: NCT02327039
Supported by: AstraZeneca ESR-14-10088
Disclosure: S. Vigili de Kreutzenberg: Grants; AstraZeneca ESR-14-
10088.

685
Cardiovascular events, acute hospitalisations and mortality in pa-
tients with type 2 diabetes who initiate empagliflozin vs liraglutide:
a comparative effectiveness study
R.W. Thomsen1, J.S. Knudsen1, J. Kahlert1, L.M. Baggesen1, M. Lajer2,
P.H. Holmgaard2, A. Ustyugova3, H.T. Sørensen1;
1Department of Clinical Epidemiology, Aarhus University Hospital,
Aarhus, Denmark, 2Boehringer Ingelheim, Copenhagen, Denmark,
3Boehringer Ingelheim International GmbH, Ingelheim, Germany.

Background and aims: In cardiovascular outcome trials, the SGLT2
inhibitor empagliflozin and GLP1 receptor agonist liraglutide caused re-
ductions (14% and 13%, respectively) in major adverse cardiac events
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among patients with type 2 diabetes (T2D) at high cardiovascular (CV)
risk, with comparable reductions in HbA1c (0.4% and 0.3%). We inves-
tigated clinical outcomes (CVevents, acute hospitalizations, and mortal-
ity) among initiators of empagliflozin vs. liraglutide in routine clinical
care.
Materials and methods: Nationwide population-based comparative effec-
tiveness cohort study based on prospective medical databases in Denmark
during 2014-2017. We included 8,296 patients with a first-time prescription
for empagliflozin and 11,855 patients with a first-time prescription for
liraglutide. Co-primary outcomes were (1) a composite of hospitalization
due to stroke, myocardial infarction, unstable angina, coronary revasculariza-
tion, heart failure (HF), or all-cause death (expanded MACE); and (2) a
composite ofHF hospitalization or all-cause death. Secondary outcomeswere
all-cause acute hospitalization or death. We computed incidence rates of
outcomes per 1,000 person-years (pyrs) and used Cox regression to compute
adjusted hazard ratios (aHRs). We applied propensity score balancing of
potential confounders across the two treatment groups through inverse prob-
ability treatment weighting (IPTW), controlling for 12 covariates (age, gen-
der, diabetes duration, number of diabetes drugs, CV disease, CV drugs,
obesity, alcohol abuse, frailty marker, marital status, mental disorders, and
year of initiation).
Results: Before IPTW, empagliflozin initiators were older than liraglutide
initiators (median age 62.4 vs 59.5 years) and more likely male (64% vs
56%). Diabetes duration (6.9 vs 6.4 years) and CV disease history (29.9%
vs 28.0%) were comparable. IPTW substantially increased comparability
between groups, reducing covariate SDs from 0.02-1.39 before propensity
score balancing to <0.05 for all covariates. During mean follow-up of 1.5
years (30,455 person-years in total), the crude incidence rate of expanded
MACE per 1,000 pyrs was 34.9 (n=284) among empagliflozin and 32.4
(n=723) among liraglutide initiators, and rate of HF hospitalization or all-
cause death was 22.8 (n=187) for empagliflozin and 22.6 (n=512) for
liraglutide. After IPTW, time-to-event analysis showed an aHR for expanded
MACEof 0.97 (95%CI: 0.86-1.09) and an aHR forHF hospitalization or all-
cause death of 0.87 (95% CI 0.67-1.12) associated with empagliflozin vs
liraglutide. The aHR for all-cause acute hospitalization or death was 0.88
(95% CI: 0.79-0.98).
Conclusion: This population-based study shows that empagliflozin and
liraglutide initiators have comparable rates of expanded MACE outcomes
in routine clinical care. The estimate for HF hospitalization or all-cause death
was compatible with a modestly reduced risk among empagliflozin initiators
yet with limited statistical precision, while the composite of all-cause acute
hospitalization or death was in favor of empagliflozin. These findings are
consistent with the evidence available to date.
Supported by: Boehringer Ingelheim
Disclosure:R.W. Thomsen:Grants; Supported in part by an institutional
research grant from Boehringer Ingelheim to Aarhus University.

686
Consistent cardiovascular (CV) benefits from empagliflozin across
the spectrum of CV risk factor control: post hoc analysis from
EMPA-REG OUTCOME
S.E. Inzucchi1, K. Khunti2, D.H. Fitchett3, C. Wanner4, M. Mattheus5,
J.T. George6, A. Ofstad7, B. Zinman8;
1Section of Endocrinology, Yale School of Medicine, New Haven, USA,
2Diabetes Research Centre, University of Leicester, Leicester, UK, 3St.
Michael’s Hospital, Division of Cardiology, Toronto, Canada, 4Division
of Nephrology, Würzburg University Clinic, Würzburg, Germany,
5Boehringer Ingelheim Pharma GmbH & Co. KG, Ingelheim,
Germany, 6Boehringer Ingelheim International GmbH, Ingelheim,
Germany, 7Boehringer Ingelheim Norway KS, Asker, Norway,
8Lunenfeld-Tanenbaum Research Institute, Mount Sinai Hospital,
Toronto, Canada.

Background and aims: In the EMPA-REG OUTCOME trial of 7020
patients with T2DM and CV disease, empagliflozin (EMPA) significantly

reduced risk for 3P-MACE, CV death, hospitalisation for heart failure
(HHF) and the composite of HHF or CV death, compared to placebo
(PBO). We explored these outcomes in subgroups based on achievement
of 7 CV risk factor goals at baseline.
Materials and methods: CV risk factor goals at baseline were defined as
follows: HbA1c <7.5%; LDL-C <100 mg/dL or statin use; systolic BP
<140 or diastolic BP <90 mmHg; ACE inhibitor/ARB use;
normoalbuminuria; aspirin use; and non-smoking status.
Results: Within the PBO group alone, the hazard ratio (HR) for 3P-
MACE was 2.21 (95% CI 1.53, 3.19) and 1.42 (1.06, 1.89) for patients
achieving 0-3 or 4-5 risk factor goals at baseline, respectively, compared
to those reaching 6-7. Similarly, patients achieving only 0-3 or 4-5 goals
had increased risk for CV death (HR 4.00 [2.26, 7.11] and 2.48 [1.52,
4.06], respectively), HHF or CV death (HR 2.89 [1.82, 4.57] and 1.90
[1.31, 2.78]) and an increased point estimate for HHF (HR 1.91 [0.96,
3.79] and 1.67 [1.00, 2.80]) versus those achieving 6-7 goals at baseline.
EMPA consistently reduced the risk for these CV events versus PBO
across all subgroups (p for interaction=NS for all; Figure).
Conclusion: In conclusion, CV risk increases with fewer CV risk
factors controlled, but the cardioprotective effect of EMPA was
consistent regardless of the number of risk factors controlled.

Clinical Trial Registration Number: NCT01131676
Supported by: Boehringer Ingelheim and Eli Lilly and Company
Diabetes Alliance
Disclosure: S.E. Inzucchi: Honorarium; AstraZeneca, Boehringer
Ingelheim, Daiichi Sankyo, Eisai, Janssen, Novo Nordisk, Sanofi/
Lexicon, VTV Therapeutics, Intarcia.

687
The risk of heart failure hospitalisation among routine care patients
initiating empagliflozin vs glucagon-like peptide-1 receptor agonists:
a substudy from EMPRISE
S. Schneeweiss1, A. Pawar1, J.M. Franklin1, M. Najafzadeh1, A. Déruaz-
Luyet2, K. Brodovicz2, L.G. Bessette1, M. Kulldorf1, E. Patorno1;
1Brigham & Women’s Hospital, Boston, USA, 2Boehringer Ingelheim,
Ingelheim am Rhein, Germany.

Background and aims: The EMPA-REG OUTCOME® trial showed
that empagliflozin, a sodium-glucose co-transporter-2 inhibitor
(SGLT2i), reduces the risk of cardiovascular (CV) death by 38%, all-
cause mortality by 32%, and hospitalization for heart failure by 35%,
on top of standard of care in patients with type 2 diabetes and established
CV disease. EMPRISE® is a study program on the effectiveness, safety
and healthcare utilization of empagliflozin, a SGLT2i, in routine care
across a spectrum of CV baseline risk using real-world data. The CV
effectiveness of empagliflozin in routine care compared with glucagon-
like peptide-1 receptor agonists (GLP-1 RA), which have also shown CV
benefits in RCTs, remains unexplored. We sought to evaluate the risk of

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S328



heart failure hospitalization associated with the initiation of empagliflozin
compared with the initiation of GLP1 RA.
Materials and methods: Within two commercial (Optum
Clinformatics and Truven Health MarketScan) and one federal
(Medicare fee-for-service) data sources in the U.S., we identified
a 1:1 propensity-score (PS) matched cohort of patients ≥18 years
with type 2 diabetes initiating empagliflozin or a GLP1 RA be-
tween August 2014 and September 2016, with no SGLT2i or
GLP1 RA use in the prior year. The primary outcome was heart
failure hospitalization, defined as a heart failure discharge diagno-
sis in any position (HHF-Broad). We also evaluated a specific
definition of heart failure hospitalization, defined as a heart failure
discharge diagnosis in the primary position (HHF-Specific).
Hazard ratios (HR) and 95% confidence intervals (CI) were esti-
mated controlling for over 140 baseline characteristics in each
dataset and pooled by fixed-effects meta-analysis. Subgroup anal-
yses stratified by the presence of CV disease at baseline were
conducted.
Results:After propensity-score matching, we identified 26,412 pa-
tient pairs with similar characteristics, as measured by standard-
ized differences (Table 1). The average age was approximately 60
years, about 54% of the study participants were males, 25% had
history of CV disease, and approximately 5% had history of heart
failure. Mean follow-up in the PS-matched population was ap-
proximately 6 months for both exposure groups. Compared to
GLP-1 RA, empagliflozin was associated with a 26% decrease
in risk of HHF-Broad [HR (95% CI) = 0.74 (0.60-0.90)], and
with a 36% decrease in risk of HHF-Specific [0.64 (0.40-
0.996)], though this estimate was based on few events. Results
were consistent in patients with and without CV disease.
Conclusion: Results from a large cohort study showed that com-
pared with GLP-1 RA, empagliflozin was associated with a 26%
to 36% decrease in risk of heart failure hospitalization among
routine care patients, supporting the EMPA-REG OUTCOME trial
results.

Clinical Trial Registration Number: NCT03363464
Supported by: Boehringer Ingelheim
Disclosure: S. Schneeweiss: Employment/Consultancy; WHISCON,
Aetion. Grants; Bayer, Vertex. Stock/Shareholding; Aetion.
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Empagliflozin selected cardiovascular and safety outcomes in routine
care: first results from the EMPagliflozin compaRative effectIveness
and SafEty (EMPRISE) study
E. Patorno1, A. Pawar1, J.M. Franklin1, M. Najafzadeh1, A. Déruaz-
Luyet2, K.G. Brodovicz2, S. Sambevski2, L. Bessette1, M. Kulldorff1,
S. Schneeweiss1;
1Brigham & Women’s Hospital, Boston, USA, 2Boehringer Ingelheim,
Ingelheim am Rhein, Germany.

Background and aims: The EMPA-REG OUTCOME® trial
showed that empagliflozin, a sodium-glucose co-transporter-2 in-
hibitor (SGLT2i), reduces the risk of cardiovascular (CV) death
by 38%, all-cause mortality by 32%, and hospitalization for heart
failure (HHF) by 35%, on top of standard of care in patients with
type 2 diabetes and established CV disease. The effectiveness and
safety of empagliflozin has not been evaluated in routine clinical
care. EMPRISE is a study program on the effectiveness, safety
and healthcare utilization of empagliflozin, a SGLT2i, in routine
care across a spectrum of CV baseline risk using real-world data
from Medicare and 2 U.S. commercial claims datasets from
August 2014 to September 2019. In this interim analysis based
on data from August 2014 to September 2016, we evaluated the
occurrence of effectiveness and safety outcomes among patients
with type 2 diabetes initiating treatment with empagliflozin com-
pared with patients initiating treatment with dipeptidyl peptidase 4
(DPP4) inhibitors.
Materials andmethods:Within the three datasets, we identified 1:1
propensity score-matched patients ≥18 years with type 2 diabetes
initiating empagliflozin or a DPP4 inhibitor. We assessed a com-
posite CV outcome (myocardial infarction, stroke, or all-cause
mortality) and an extended CV outcome (plus HHF or coronary
revascularization). Safety outcomes of interest were lower-limb
amputations, bone fractures, diabetic ketoacidosis hospitalization,
and acute kidney injury. We estimated pooled hazard ratios (HR)
and 95% confidence intervals (CI) adjusting for over 140 baseline
covariates.
Results:After propensity-score matching, we identified 17,551 pa-
tient pairs with similar characteristics, as measured by standard-
ized differences (Table 1). The average age was approximately 59
years, almost 54% of the study participants were males, and about
25% had history of CV disease. Compared to DPP4 inhibitors,
empagliflozin was associated with a trend to lower risk of the CV
outcome [HR (95% CI) = 0.82 (0.62-1.10)], and a lower risk of
the extended CV outcome [0.73 (0.60-0.88)] and HHF [0.56
(0.43-0.73)]. Empagliflozin initiators had no significant increase
in the risk of lower-limb amputations [1.20 (0.57-2.53)] and bone
fractures [0.81 (0.41-1.57)], and a reduced risk of acute kidney
injury [0.64 (0.43-0.95)]. We observed a non-significant increase
in the risk of diabetic ketoacidosis hospitalization [1.74 (0.84-
3.58)].
Conclusion: Early findings from EMPRISE showed that compared
with DPP4 inhibitors, empagliflozin was associated with a lower
risk of CV outcomes with varying levels of precision. While the
number of events in this early assessment are still small, the
observed safety data are consistent with the currently available
information on the safety profile of empagliflozin.
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Clinical Trial Registration Number: NCT03363464
Supported by: Boehringer Ingelheim
Disclosure: E. Patorno: Grants; Investigator of investigator-initiated
grants to the Brigham and Women’s Hospital from Boehringer
Ingelheim, National Institute on Aging.

689
Change in categorical urinary albumin creatinine ratio in the
DECLARE-TIMI 58 trial
I. Raz1, S.D. Wiviott2, A. Rozenberg1, T.A. Zelniker2, A. Cahn1, H.J.L.
Heerspink3, J.P. Dwyer4, D.K. McGuire5, E.L. Goodrich2, J.P.H.
Wilding6, I.A.M. Gause-Nilsson7, P.A. Johansson7, A. Langkilde7, M.S.
Sabatine2, O. Mosenzon1;
1Hadassah Hebrew University Hospital, Jerusalem, Israel, 2TIMI Study
Group, Brigham and Women’s Hospital, Boston, USA, 3University
Medical Center Groningen, Groningen, Sweden, 4Vanderbilt University
Medical Center, Nashville, USA, 5University of Texas Southwestern
Medical Center, Dallas, USA, 6University of Liverpool, Liverpool, UK,
7AstraZeneca, Molndal, Sweden.

Background and aims: Sodium-glucose co-transporter-2 inhibitors were
previously shown to improve renal parameters. In this predefined analysis
of DECLARE-TIMI 58, we report the effects of dapagliflozin on change
in categorical urinary albumin-to-creatinine ratio (UACR) according to
patients’ baseline albuminuria in a broad population of patients with type
2 diabetes (T2D).
Materials and methods: In DECLARE-TIMI 58, 17,160 patients
with T2D and multiple risk factors for (59%) or established
(41%) atherosclerotic cardiovascular disease were randomized to
dapagliflozin 10 mg or placebo in addition to standard of care
(81.3% on ACEI/ARB). We report UACR categorical changes
over median follow-up of 4.2 yrs. Categorical change was defined
as repeated change in UACR category over two consecutive
visits.
Results: At baseline, there were 11,644 (68%) patients with normo-
albuminuria (UACR <30 mg/g), 4,030 (23%) with microalbuminuria
(UACR ≥30 to ≤300 mg/g); 1,169 (7%) with macroalbuminuria
(UACR >300 mg/g); UACR was not measured in 2%. Dapagliflozin
improved categorical change in UACR: Dapagliflozin significantly

increased the likelihood that patients improved from micro to normo-
albuminuria (HR 1.46, 95% CI [1.31, 1.62]; p<.0001) and from macro
to micro or normo-albuminuria (HR 1.82, 95% CI [1.51, 2.20]; p<.0001).
Dapagliflozin also decreased the likelihood that patients deteriorated from
normo to micro or macroalbuminuria (HR 0.79, 95% CI [0.72, 0.87];
p<.0001) and from normo or micro to macroalbuminuria (HR 0.54,
95% CI [0.45, 0.65]; p<0.001) [Figure].
Conclusion: In a broad population of patients with T2D, long-term treat-
ment with dapagliflozin increased the chance for improvement and de-
creased the risk for deterioration in UACR.

Clinical Trial Registration Number: NCT01730534
Supported by: AstraZeneca
Disclosure: I. Raz: Employment/Consultancy; Novo Nordisk, Eli Lilly,
Sanofi, Merck Sharp & Dohme, AstraZeneca, Insuline Medical, Medial
EarlySign Ltd, CamerEyes Ltd, Exscopia, Orgenesis Ltd, BOL, Glucome
Ltd, DarioHealth, Diabot, Diabetes Medical Center. Lecture/other fees;
AstraZeneca, Novo Nordisk, Eli Lilly, Sanofi, Merck Sharp &Dohme.
Stock/Shareholding; Glucome Ltd, Orgenesis Ltd, DarioHealth,
CamerEyes Ltd, Diabot, BOL.
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Tubular protection with empagliflozin treatment in subjects with
type 2 diabetes and cardiovascular disease: a sub-analysis of the
EMPA-HEART CardioLink-6 trial
E. Opingari1,2, S. Verma1,2, C.D. Mazer1,2, K.A. Connelly1,2, A.T.
Yan1,2, F. Zuo1, T. Mason1,2, B. Chowdhury1, Y. Pan1, A. Quan1, H.
Teoh1, L.A. Leiter1,2, B. Zinman3,2, D.Z.I. Cherney4,2, R.E. Gilbert1,2;
1St. Michael's Hospital, Toronto, 2University of Toronto, Toronto,
3Lunenfeld-Tanenbaum Research Institute, Toronto, 4University Health
Network, Toronto, Canada.

Background and aims: Sodium glucose cotransporter 2 (SGLT2)
inhibitors exert profound reno-protective changes in type 2 diabe-
tes (T2D). While glomerular protection has been the focus of
attention with this class of antihyperglycemic agents, their prima-
ry site of action is the proximal tubule. To help differentiate
between the glomerular and tubular effects that occur with
SGLT2 inhibition, we assessed changes in urinary albumin-
creatinine ratio (UACR) and kidney injury marker-1 (KIM-1), as
indices of glomerular and tubular injury, respectively, in a
prespecified sub-analysis of the EMPA-HEART CardioLink-6 trial.
Materials and methods: Ninety-seven subjects with T2D (HbA1c

6.5-10.0%), established atherosclerotic cardiovascular disease,
and estimated glomerular filtration rate (eGFR) > 60 mL/min/
1.73m2, were randomized to receive either empagliflozin (10 mg
daily) or placebo in addition to standard of care, and followed
over a 6-month period. Random urine samples were collected at
the randomization and 6-month visits. Data are presented as
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median [CI: 25%, 75%]. The data were log transformed and
between-group differences were determined by analysis of covari-
ance (ANCOVA) to assess the mean percentage difference be-
tween groups at the 6-month visits, adjusting for baseline values.
Results: Urine samples from 78 participants (mean age 63 years,
HbA1c 7.8%, eGFR 88.7 mL/min/1.73m2) were included in the
final analyses. At the randomization visit, urinary KIM-1 was
1.47 [0.69, 2.20] ng/mg creatinine and 1.19 [0.59, 2.14] ng/mg
creatinine for the empagliflozin and placebo groups, respectively.
At the 6-month visit, urinary KIM-1 was 0.75 [0.40, 1.45] ng/mg
creatinine for the empagliflozin group and 0.90 [0.60, 2.05] ng/
mg creatinine for the placebo group. Accordingly, urinary KIM-1
was 34% lower (p=0.03) following 6 months of empagliflozin
treatment compared to placebo (Figure). No significant difference
was observed with UACR or eGFR with empagliflozin treatment
compared to placebo.
Conclusion: In a cohort of patients at relatively low risk of dia-
betic kidney disease progression, empagliflozin treatment for 6
months reduced urinary KIM-1 excretion, suggesting a decrease
in tubular injury pathways. The reduction in KIM-1, in the ab-
sence of changes in albuminuria, raises the possibility that SGLT2
inhibitors may act primarily to protect the proximal tubule, a
major site of diabetes-related kidney injury. Further work is re-
quired to understand the clinical benefit of SGLT2 inhibition in
low renal risk cohorts, including patients with diverse etiologies
of chronic kidney disease.

Clinical Trial Registration Number: NCT02998970
Supported by: Boehringer Ingelheim
Disclosure: E. Opingari: None.
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Efficacy of an intermittent energy restriction diet in a primary care
setting on cardiometabolic health and glycaemic control
K.L. Johnston1, R. Antoni2, C. Steele3, D. Carter3, M.D. Robertson2, M.
Capehorn3;
1Nutrition and Research, LighterLife UK Ltd, Harlow, 2University
of Surrey, Guildford, 3Rotherham Institute for Obesity,
Rotherham, UK.

Background and aims: Intermittent energy restriction (IER) has
attracted considerable attention because short spells of severe en-
ergy restriction alternated with days of habitual intake may be
easier to follow than continuous energy restriction (CER).
However, it’s efficacy in clinical practice remains unknown. This
is the first intervention trial comparing IER versus CER for
weight loss (WL) and which measures both cardiometabolic
health and glycaemic control outcomes in patients with obesity,
registered with an NHS tier 3 weight management setting.
Materials and methods: 197 (n=47 male) patients with obesity
volunteered to participate and selected the diet they wished to
follow. IER participants (n=99) consumed 2638 kJ for two days
per week using formula-based, very low energy diet Foodpacks .
CER participants restricted their daily diet by 2092 kJ/day below
estimated requirements. Both interventions were delivered along-
side RIO standard WL care. Changes in anthropometry, and
fasting cardiometabolic health and glycaemic control markers
were assessed after a six month intervention period
Results: Of the 197 participants (IER=99) who enrolled, 66
(IER=27) completed the WL phase (baseline characteristics in
Table 1). Mean WL was significantly greater in the IER group
(5.4 ± 1.1%) versus the CER group (2.8 ± 0.6%) at 6 months
(diet*time p=0.001). There was a significantly greater reduction in
both fat mass (diet*time p<0.001) and waist circumference
(diet*time p=0.005) in the IER group although FFM was compa-
rably reduced in both groups (diet*time p=0.120). There were NS
between group differences in fasting glucose (diet*time p=0.143)
and reductions in fasting insulin were comparable (diet*time
p=0.873). However, the IER group exhibited a greater reduction
in HbA1c (diet*time p=0.044). Sub-group analysis in individuals
with type 2 diabetes mellitus for measures of glycaemic control
showed that there were NS differences between groups for chang-
es in glucose, insulin or HbA1c (diet * time all p>0.05). Neither
intervention resulted in significant changes in total cholesterol or
LDL cholesterol (diet*time p≥0.349), although HDL cholesterol
increased in the IER group only (diet*time p=0.056). Fasting
triacylglycerol was reduced within the IER group only (p=0.008,
paired t test), but this did not achieve between-group significance.
The relative reduction for systolic blood pressure was greater in
the IER group (diet*time p<0.001) whereas changes in diastolic
blood pressure were comparable (diet*time p=0.701).
Conclusion: Results from the present study provides preliminary
evidence that IER, in the short term, may be more effective at
reducing body weight and improving some cardiometabolic risk
factors and measures of glycaemic control, in patients with obe-
sity within an NHS weight-management setting. Longer-term stud-
ies are needed to further examine this.
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Supported by: LighterLife UK Ltd providing research funding towards
this project
Disclosure: K.L. Johnston: None.
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Physiological effects of VLCD with or without resistance exercise
training or high intensity interval training in overweightmenwithout
diabetes
M.H.F. Abdul Aziz, B. Phillips, I. Ramzan, I. Idris, P.J. Atherton;
University of Nottingham, Nottingham, UK.

Background and aims: Very low-calorie diet (VLCD) is increasingly
being used as a treatment of obesity and diabetes, yet concerns regarding
associated reductions in muscle mass (as a crucial insulin sensitive and
locomotor organ) and impacts on insulin sensitivity and cardiac function
are ill-defined. Further, the mitigating physiological effects of resistance
exercise training (RET) and high intensity interval Training (HIIT) in
tandem to VLCD are poorly defined. We thus explored the effects of
VLCD with and without RET or HIIT on body composition, insulin
sensitivity and cardiac function in overweight people without diabetes.
Materials and methods: 25 men were randomly allocated into VCLD
only (n=10; 46±8y; 104±12kg; BMI 32±4, mean±SD), VLCD+RET (n=7;
40±9y; 100.1±9; BMI 32±2) or VLCD + HIIT (n=8; 46±11y; 101±12kg;
BMI 33±3). Participants were supplied with 6-week VLCD meal replace-
ment, and training groups attended supervised training sessions three times/
week. DXA, OGTT, ultrasound vastus lateralis (VL) muscle thickness and
cardiac function were performed pre and post interventions.
Results: Body weight (∆ -11.1±3 kg, ∆ -11.2±4, ∆ -11.7±4kg), fat mass
(FM) (∆ -6.8±2 kg, ∆ -7.4±2,∆ -7.7±3kg, and fat-free mass (FFM) (∆ -4.3
±2kg, ∆ -3.8±2, ∆ -4±1kg) were all significantly reduced in VLCD,
VLCD+RET and VLCD +HIIT respectively (P<0.0001). No difference
between groups for weight, FM and FFM loss were observed. Changes in
VL muscle thickness ∆ -1.1±2mm (VLCD), ∆ +0.2±1mm (VLCD+
RET), ∆ +0.5±3mm (VLCD+HIIT) were not significant. Significant im-
provements (P<0.05) occurred in insulin sensitivity (HOMA-IR, AUC
insulin/glucose , QUICKI and Matsuda Index) in all intervention groups,
with no between group differences. No correlation between the degree of
insulin improvement and weight loss (R square <0.01 for insulin sensi-
tivity measures). Left ventricular ejection fraction showed stable cardiac
function post-intervention in all groups.
Conclusion: VLCD, with or without RET or HIIT induced marked
weight loss and improved insulin sensitivity during 6-weeks of VLCD,
and was associated with body fat loss and muscle wasting. Exercise failed
to elicit marked attenuation of muscle atrophy during VLCD such that
other adjuvant therapies are needed to offset muscle atrophy during ener-
gy restriction. VLCD was a safe intervention in terms of cardiac health
parameters. Poor correlations observed between total weight-loss and
improved insulin sensitivity suggests more complex underlying metabol-
ic reprogramming in cells and tissues towards insulin signalling in

response to VLCD, rather than weight loss per se. Developing means to
mitigate muscle atrophy with VLCD is crucial to maximising therapeutic
benefits, especially in aging.
Disclosure: M.H.F. Abdul Aziz: None.

693
Dietary intake and hospitalisation due to diabetic ketoacidosis and
hypoglycaemia
A.J. Ahola1,2, V. Harjutsalo1,2, T. Merlin3, C. Forsblom1,2, P.-H.
Groop1,2;
1Folkhälsan Research Centre, Helsinki, Finland, 2Abdominal Center
Nephrology, Helsinki University Central Hospital, Helsinki, Finland,
3Department of Diabetes, Central Clinical School, Monash University,
Melbourne, Australia.

Background and aims: Diabetic ketoacidosis (DKA) and severe
hypoglycaemia are acute conditions of type 1 diabetes that may
require inpatient hospitalizations. We investigated the association
between macronutrient intake and hospitalizations due to DKA
and hypoglycaemia in adult individuals with type 1 diabetes in
the Finnish Diabetic Nephropathy Study.
Materials and methods: At the study visit, participants were thor-
oughly investigated. Dietary intake was measured with a 3-day diet
record that was completed twice with a 2 to 3 months’ interval.
Means of the 3 or 6 (if available) days’ energy and macronutrient
intakes were calculated. Data from individuals with plausible energy
intakes (5.0-14.6 MJ) were included. Data on DKA and
hypoglycaemia hospitalizations, two years prior and after the first
diet assessment, were obtained from the Finnish nationwide health
registries. The associations between macronutrient intakes and hos-
pitalizations were studied with a logistic regression analysis, where
macronutrient data were entered as grams or percentages of energy
intake (E%). In addition, macronutrient substitution model was ap-
plied where one macronutrient at a time was excluded from the
model. Subsequent significant observation would refer to the risk
of hospitalization related to a 5 E% increase in the index macronu-
trient at the expense of the excluded macronutrient.
Results: Data were available from a total of 1391 participants (44%
men, median age 49 years). Over the observation period, 28 (2.0%)
and 55 (4.0%) individuals were hospitalized due to DKA and
hypoglycaemia, respectively. Self-reported alcohol intake was inde-
pendently associated with DKA hospitalization risk (grams, 1.036,
1.005-1.068, p=0.023; E%, 1.108, 1.013-1.212, p=0.026), after
adjusting for age, sex, smoking, HbA1c, HDL-cholesterol concentra-
tion, estimated glomerular filtration rate, and energy intake.
Although individuals in the highest decile of alcohol intake had
increased risk of DKA hospitalizations (grams, 4.107, 1.345-
12.541, p=0.013; E%, 3.562, 1.217-10.419, p=0.020), the relation-
ship was linear such that even modest alcohol intake was associated
with an increased risk. No other macronutrient or fibre intake was
associated with DKA hospitalization risk. In the macronutrient sub-
stitution analyses, increasing alcohol intake at the expense of car-
bohydrates was associated with higher DKA hospitalization risk
(1.752, 1.076-2.854, p=0.024). For the hypoglycaemia hospitaliza-
tions, high carbohydrate intake (grams, 1.012, 1.002-1.023,
p=0.019; E%, 1.060, 1.011-1.111, p=0.016), and low fat intake
(grams, 0.974, 0.950-0.998, p=0.037; E%, 0.946, 0.899-0.995,
p=0.030) were observed as risks. Moreover, substituting carbohy-
drates for fats was associated with increased hypoglycaemia hospi-
talization risk (1.412, 1.076-1.853, p=0.013).
Conclusion: Alcohol intake is a preventable risk factor for DKA.
Hospitalization for hypoglycaemia is associated with higher carbohydrate
and lower fat intake, possibly reflecting dietary changes undertaken to
reduce the risk of hypoglycaemia.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S332



Supported by: Acad. of Finland, NNF, Gyllenberg Fund, FH Res. Fund,
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Research Funds, Stockmann Foundat. Lecture/other fees; PHG:
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Novartis, Novo Nordisk, and Sanofi.
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Intuitive eating during and after pregnancy is associated with lower
BMI, weight retention and fasting glucose at 1-year postpartum in
women with gestational diabetes: a cohort study
J. Puder, D. Quansah, J. Gross, L. Gilbert, A. Horsch;
CHUV, Lausanne, Switzerland.

Background and aims: In women with gestational diabetes (GDM),
there is a need to investigate novel lifestyle approaches to reduce post-
partum weight retention and the risk of future diabetes which are both
gaining significant public health importance. Intuitive eating is an adap-
tive eating behavior where individuals accurately interpret and adhere to
instinctive feedback regarding the required amount and timing of food.
There is a lack of data for intuitive eating in the perinatal period where
feelings of hunger and satiety are often modified. We therefore evaluated
the associations between intuitive eating during and after pregnancy with
BMI, fasting glucose and HbA1c at 1-year postpartum in women with
GDM and in high-risk GDM subgroups with prediabetes or overweight/
obesity prior to pregnancy.
Materials and methods: We included 117 consecutive women with
GDM followed at our tertiary hospital clinic who consented and complet-
ed the “Eating for Physical rather than Emotional Reasons (EPR)” and
“Reliance on Hunger and Satiety cues (RHSC)” subscales of the validat-
ed Intuitive Eating Scale-2 questionnaire during both the first GDM clinic
visit at 24-32 weeks of gestational age and at 1-year postpartum.
Results: Participants’ mean age was 33.21±5.37 years, weight and BMI
before pregnancy and at 1-year PP were 69.46±13.99kg, 25.82±4.69kg/m2

and 72.79±16.22kg, 27.06±5.54kg/m2, respectively. The prevalence of
preconception overweight/obesity was 46.2% and of prediabetes at 1-
year postpartum was 46.1%. In the longitudinal analyses, EPR at the first
GDM visit during pregnancy predicted lower BMI (β=-0.219, p=0.017)
and fasting glucose (β=-0.229, p=0.014) at 1-year postpartum, while asso-
ciations were not significant for RHSC. In the cross-sectional analyses,
EPR and RHSC at 1-year postpartum were associated with lower BMI
(β= -0.337 and -0.243, both p≤ 0.012) and weight retention (β=-0.230
and -0.193, both p≤0.037) and EPR was also associated with lower fasting
glucose and HbA1c (both β= -0.22, both p=0.018). In the subgroup of
women with prediabetes, EPR and RHSC at the first GDM visit predicted
lower fasting glucose at 1-year postpartum, while in the overweight/obese
subgroup this was only significant for EPR (all p≤0.02). In the cross-
sectional subgroup analyses, both EPR and RHSC at 1-year postpartum
were inversely associated with BMI in women with prediabetes and with
fasting glucose in overweight/obese women (all p≤0.03).
Conclusion: Intuitive eating, particularly EPR, during and after pregnan-
cy was related to improved metabolic health at 1-year postpartum in
women with previous GDM. Interventions to increase intuitive eating
could represent a novel approach for postpartum weight and glycemic
control in these women, particularly in high-risk subgroups with predia-
betes or obesity.
Supported by: Unrestriced educational grant from NovoNordisk
Disclosure: J. Puder: None.
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Lower carbohydrate diets in type 2 diabetes/pre-diabetes and meta-
bolic improvements in a UK primary care service
A.A. Khalid1, R. Golubic2, S. Ray3, D.J. Unwin4;
1University of Cambridge, Cambridge, 2Wellcome Trust, MRC IMS and
Dept of Medicine, University of Cambridge, Cambridge, 3NNEdPro
Global Centre for Nutrition and Health, Cambridge, 4Norwood Surgery,
Southport, UK.

Background and aims: Diabetes is a common metabolic disease
which poses a massive health and financial burden, with a total
spend on diabetes prescribing of £316 per patient in 2017/18
(UK) according to Public Health England’s Diabetes Outcomes
Versus Expenditure (DOVE) Tool. We present data from a retro-
spective analysis of a low-carbohydrate diet intervention conduct-
ed in Type 2 diabetic (T2DM) and pre-diabetic patients, in a
primary care service in the North West of England.
Materials and methods: The intervention involved patient-based
goal setting and explanations of the glycaemic consequences of
sugary and starchy carbohydrates, incorporated into 10-minute
primary care consultations and group work. Standard metabolic
outcomes in diabetic and pre-diabetic patients, before and after
the dietary modification, were analysed. The patients included
122 diabetics (80 men, 42 women) and 67 Pre-diabetics (35
men, 32 women). The metabolic parameters were measured using
standard procedures and included body weight, Body Mass Index
(BMI), HbA1C, systolic (SBP) and diastolic (DBP) blood pres-
sure, Total Cholesterol, Serum Triglycerides, Serum High Density
Lipoprotein (HDL) and Triglyceride/HDL ratio. Descriptive statis-
tics were calculated and presented as median and interquartile
range (IQR). Median (IQR) duration of the intervention was 20
months (7,31) for the diabetic and 19 (9, 30) months for the pre-
diabetic patients.
Results:We observed improvements in all the aforementioned metabolic
parameters for diabetic and pre-diabetic patients. Table 1 showsmetabolic
outcomes at baseline and their change after the intervention presented as
median and interquartile range (IQR). The greatest reduction was ob-
served for weight (pre-diabetics: 6.7 kg (4.5, 10.9) and diabetics: 7 kg
(4.5, 12)) and HbA1C (pre-diabetics: 5.0 mmol/mol (3, 6) and diabetics:
16 mmol/mol (9, 31)).
Conclusion: This study emphasises early prevention through non-
pharmacological approaches in the management of T2DM/Pre-Diabetes
focusing on a simple, adaptable and scalable lower-carbohydrate dietary
intervention in the primary care setting. Our results demonstrate an im-
provement in all typically measured cardio-metabolic factors with the
greatest benefits to weight and HbA1C. Given its low cost, this interven-
tion has potential implications on healthcare cost savings if trialled for
potential implementation at scale.

Disclosure: A.A. Khalid: None.
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Effect of starch digestibility modulation on glycaemic variability and
postprandial glycaemic excursions in type 2 diabetic subjects: a pilot
randomised controlled trial
A.-E. Breyton1,2, A. Goux2, S. Lambert-Porcheron1, A. Meynier2, M.
Sothier1, L. VanDenBerghe1, O. Brack3, E. Disse1, M. Laville1, S.
Vinoy2, J.-A. Nazare1;
1Centre de Recherche en Nutrition Humaine Rhône-Alpes, CarMeN
Laboratory, Université Claude Bernard Lyon1, Hospices Civils de
Lyon, Lyon, 2Mondelez International, Saclay, 3Société K.S.I.C.
(Statistique Industrielle-KHI (2)-Consulting), Esches, France.

Background and aims: Beyond the HbA1c level, the reduction of
glycemic variability (GV) and postprandial glycemic excursions
(PPGE) is associated with a better prognosis in type 2 diabetic
(T2D) subjects. As diet remains the cornerstone of T2D manage-
ment, even under pharmacological treatment, diet interventions
regulat ing PPGE may be relevant for control l ing GV.
Modulating starch digestibility, by increasing the content of slow-
ly digestible starch (SDS), has been shown to reduce postprandial
glycemic and insulinemic responses in healthy and glucose intol-
erant subjects. The aim of this study was to determine whether
increasing the content of SDS in the diet of T2D subjects could
reduce GV and PPGE compared to an usual diet (low in SDS).
Materials and methods: Eight T2D subjects (6.5% ≤HbA1c≤8.5%,
22≤IMC≤37 kg/m2, treated with metformin and sitagliptin) con-
sumed a controlled diet containing starchy products either rich or
low in SDS for 1 week in a randomized cross-over design (High-
SDS vs. Low-SDS, respectively, 2-week wash-out). SDS content
of all consumed starchy products was measured by SDS-Englyst
method. During each diet period, glycemic profile was evaluated
for 6 days by CGMS (Continuous Glucose Monitoring System).
GV parameters were calculated: MAGE (Mean Amplitude of
Glycemic Excursions), SD (Standard Deviation), CV (Coefficient
of Variation), MODD (Mean Of Daily Differences), IQR50
(Interquartile 50), ADRR (Average Daily Risk Range), MIME
(Mean Indices of Meal Excursion), Minimum and Maximum of
glycaemia (Cmin and Cmax) and TIR (Time In Range) during
postprandial periods. Total and incremental AUCs were calculated
to evaluate PPGE.
Results: ThemeanSDScontentwas significantly different between the 2 diets
(High-SDS diet: 61.6 ± 4.8 g/d vs. Low-SDS diet: 11.6 ± 0.9 g/d, p<0.0001),
while overall starch content remains similar. GV was significantly improved
and lower withHigh-SDS diet compared to Low-SDSdiet:MAGE (62 ± 7 vs.
80 ± 11mg/dL, p<0.01), SD (27 ± 3 vs. 33 ± 4mg/dL, p<0.05), CV (20 ± 2%
vs. 25 ± 2%, p<0.01),MIMEDeltaG (Incremental Glycemic Peak : 58 ± 3 vs 66
± 4mg/dL, p<0.05) andCmax (226± 3 vs 252± 4mg/dL, p<0.05).During the
postprandial periods, TIR [140-180mg/dL]was significantly higherwithHigh-
SDS diet (36% vs. 29%, p <0.0001) while TIRs [180-250 mg/dL] and > 250
mg/dL, were significantly higher with Low-SDS diet (respectively 19% vs.
14% and 4% vs. 1%, p <0.0001). The iAUC0-120min and iAUC0-240min for the
3 main daily meals were significantly lower on average after High-SDS diet
compared to Low-SDS diet (respectively -13,6% and -12,7%, p<0.001). Other
glycemic parameters did not differ between the two diets.
Conclusion: Controlling starch digestibility of cereal products with con-
trolled food process and simple dietary advices allows increasing the
content of SDS in the diet. Consumption of a High-SDS diet significantly
reduces both GV profile and PPGE and increases the time spent within
appropriate postprandial glycemic target values in T2D subjects.
Modulation of starch digestibility of the diet could be used as a simple
nutritional tool to improve daily glycemic control in T2D.
Clinical Trial Registration Number: NCT 03289494
Disclosure: A. Breyton: Other; The study and the PhD grant were
founded by Mondelez International.

697
Comparative effects of intraduodenal glucose and fat on blood pres-
sure and heart rate in type 2 diabetes
M. Horowitz1, C. Xie1, X. Wang1,2, M.J. Bound1, J. Grivell1, K.L.
Jones1, T. Little1, C.K. Rayner1, T. Wu1,2;
1Adelaide Medical School, University of Adelaide, Adelaide, Australia,
2Department of Endocrinology, Zhongda Hospital, Institute of Diabetes,
School of Medicine, Southeast University, Nanjing, China.

Background and aims: The interaction of nutrients with the small
intestine modulates postprandial cardiovascular responses, such
that more rapid gastric emptying reduces blood pressure markedly
in type 2 diabetes (T2DM). Postprandial hypotension occurs in
~30% of patients with T2DM, but there is little information about
the cardiovascular effects of different macronutrients. We com-
pared blood pressure and heart rate responses to standardised
intraduodenal infusions of glucose and fat in T2DM.
Materials and methods: We evaluated data collected from T2DM
patients without evidence of autonomic dysfunction who had re-
ceived intraduodenal infusion of either glucose (26 patients, 21
male, age 65 ± 2.3 years, BMI 30.3 ± 1.5 kg/m2, HbA1c 6.4 ±
0.1%, duration of known diabetes 4.5 ± 1 years) or fat (14 patients
, 9 male, age 68 ± 2.4 years, BMI 30.7 ± 1.3 kg/m2, HbA1c 6.7 ±
0.2%, duration of known diabetes 6.5 ± 1.5 years), both at a rate of
2 kcal/min over 120 min. Systolic and diastolic blood pressure and
heart rate were measured at regular intervals (glucose infusion: ev-
ery 5 min; lipid infusion: every 3 min) using an automatic sphyg-
momanometer and were analysed in 15 min periods.
Results: Both intraduodenal glucose and lipid infusions were well tolerated.
Systolic blood pressurewas stable for the first 60minof infusion in both groups,
before increasing slightly (P < 0.001 for glucose, P = 0.14 for lipid)without any
difference between them. Diastolic blood pressure decreased in response to
intraduodenal glucose, but not lipid, with a significant difference between them
(P < 0.05). Heart rate increased during both glucose and lipid infusions (P <
0.001 each), with a greater increment in response to fat (P < 0.005).
Conclusion: In patients with T2DM, intraduodenal fat induced a greater
rise in heart rate, but lesser fall in diastolic blood pressure, when com-
pared with isocaloric glucose. The macronutrient composition of meals
may be an important consideration in T2DM patients with symptomatic
postprandial hypotension.

Clinical Trial Registration Number: ACTRN12614001117606;
ACTRN12613001158752; ACTRN12608000433303
Supported by: Investigator-initiated studies funded by Novartis and
Merck, Sharp & Dohme
Disclosure: M. Horowitz: None.
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Nutritional modulation of glucagon response is independent to post-
prandial release of GIP or GLP-1 in healthy or type 2 diabetic
humans
R.L. Barbosa-Yañez1,2, M. Markova1,2, D. Sonnenburg3, M. Kemper1,4,
S. Rohn5, A.F.H. Pfeiffer4,1;
1Clinical Nutrition, German Institute of Human Nutrition, Potsdam,
2German Center for Diabetes Research (Deutsches Zentrum für
Diabetesforschung e.V.), Neuherberg, 3German Institute of Human
Nutrition, Potsdam, 4Department of Endocrinology, Diabetes and
Nutrition, Campus Benjamin Franklin, Charité University Medicine,
Berlin, 5Institute of Food Chemistry, Hamburg School of Food Science,
University of Hamburg, Hamburg, Germany.

Background and aims: Exogenous application of Glucose-Dependent
Insulinotropic Polypeptide (GIP) was shown to stimulate, while
Glucagon-like Peptide 1 (GLP-1) decreased glucagon secretion. We there-
fore wondered whether endogenous food stimulated release of glucagon is
affected by endogenous food stimulated release of GIP or GLP-1.
Materials and methods: In order to achieve differences in endogenous
release of GIP and GLP-1, we took advantage of the very different
incretin releasing properties of the glucose-fructose dimers linked by an
1,2-glycosidic bond in saccharose or a slowly cleaved 1,6-glycosidic
bond in isomaltulose. While saccharose rapidly released GIP and less
GLP-1, isomaltulose releases little GIP but more GLP-1 We provided
isocaloric breakfasts at 8:00 a.m. with 50 g saccharose or isomaltulose
in water combined with either 25 g carbohydrate and 4 g protein in toast
or 28 g protein in curd. The participants had normal glucose tolerance
(n=10) or type 2 diabetes mellitus treated by diet or oral medicationwhich
was stopped prior to the study. A standardized eveningmeal was provided
on the evening before the study. In response to the breakfast, the
isomaltulose released significantly less GIP than the saccharose and sig-
nificantly more GLP-1. Glucagon decreased after either sugar combined
with toast without differences. Thus, the decrease of fasting levels of
glucagon in response to carbohydrates was not affected by endogenous
release of GIP or GLP-1.
Results: The high protein breakfast with 250 g curd containing 28g
milk-protein in combination with 50g saccharose further increased
the GIP- but did not alter the GLP-1 responses compared to the
carbohydrate breakfast. The GIP response was significantly greater
after saccharose vs isomaltulose. The high protein breakfast caused a
biphasic glucagon response with a smaller rapid early increase of
glucagon followed by a more greater and delayed rise with maximal
levels after 2h. This response was almost exactly identical after either
isomaltulose or saccharose in the protein rich breakfast despite the
differences of the incretins. The some experiment was performed in
10 patients with type 2 diabetes. GIP displayed significantly greater
increases after saccharose as compared to isomaltulose while GLP-1
showed greater increases after isomaltulose, similar to the non-
diabetic subjects. The glucagon response was monophasic, signifi-
cantly greater and much more rapid in the type 2 diabetes patients
compared to the controls reaching maximal levels after 30 min
followed by a slow decline. Again, the differences in the incretin
release did not modify the glucagon response.
Conclusion: We conclude that endogenously released incretins do not
modify the basal or protein stimulated response of glucagon.
Disclosure: R.L. Barbosa-Yañez: None.
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Time-restricted eating is feasible but does not reduce energy intake in
adults with type 2 diabetes
E.B. Parr1, B.L. Devlin1,2, K.H. Lim1, J.A. Hawley1;
1Exercise and Nutrition Research Program, Mary MacKillop Institute for
Health Research, Melbourne, 2Department of Dietetics, LaTrobe
University, Melbourne, Australia.

Background and aims: Dietary modification is a common first-line
treatment for individuals diagnosed with type 2 diabetes mellitus
(T2D). Eating habits characterised by periods of fasting have be-
come popular, with time-restricted eating (TRE) one method of
encouraging habitual fasting by reducing the daily “eating win-
dow” (from ≥12 h to an 8-9 h). However, the feasibility of free-
living adults with T2D to achieve and maintain a reduced eating
window (i.e. TRE) and the impact this has on energy intake has
not been determined. The primary aim of this study was to assess
the feasibility of TRE in a group of individuals with T2D. A
secondary aim was to assess whether altering the eating window
via TRE effects total energy intake and macronutrient distribution.
Materials and methods: Eleven participants have been recruited,
with seven participants completed to date. Participants (43% fe-
male, 50 ± 9 y, BMI: 33.3 ± 5.4 kg/m2, HbA1c: 7.5 ± 1.5%)
were enrolled if their self-reported eating window was ≥12 h/d
and they were taking ≤2 hypoglycaemic medications (excluding
sulphonylureas, GLP-1 agonists or insulin). Participants provided
daily food records using the EasyDietDiary app or written records
for a two week baseline period (CON). Participants also
photographed eating occasions to collect timing (embedded in
photo metadata). Immediately following CON, a four-week inter-
vention period (TRE) began, where participants were asked to
consume their energy intake (including caffeine) between 1000
and 1900 h. No dietary guidance regarding food choice was pro-
vided during the CON or TRE periods.
Results: Self-reported compliance to the 1000 - 1900 h TRE win-
dow was 84 ± 13% of the 28 days (~5.8 d/wk; range: 68 - 100%
compliance). The TRE intervention reduced the time window of
energy consumption by 24% from 11 h 59 min to 9 h 05 min.
Compliance with taking photos or recording time of eating was
high (89 ± 9%; range: 77 - 99%) over an average of 244 eating
occasions during the 6 weeks (i.e. 5.8 per day). Neither daily
energy intake (CON: 9306 ± 2262 kJ; TRE: 9523 ± 1654 kJ)
nor macronutrient distribution (CHO:Pro:Fat:Alc - CON:
31:21:44:2%; TRE: 31:21:45:2%) changed between CON and
TRE time periods.
Conclusion: Individuals with T2D complied with the 1000 to
1900 h eating window on at least 5 days per week for four
weeks, demonstrating feasibility of TRE in this population.
Neither energy intake or macronutrient distribution changed with
the shorter eating window, possibly due to the life stage of the
participant cohort. The lack of change in energy intake and mac-
ronutrient distribution suggests participants did not alter their
diet alongside the change in timing of energy intake. Further
interventions are required to assess the potential for TRE to in-
duce dietary changes, and long-term adherence, over periods lon-
ger than four weeks.
Clinical Trial Registration Number: ACTRN12618000938202
Supported by: ESPEN Early Career Fellowship
Disclosure: E.B. Parr: None.
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Changes in gut microbiota in response to a plant-based diet are re-
lated to changes in weight, body composition and insulin sensitivity: a
16-week randomised clinical trial
H. Kahleova1, E. Rembert1, J. Alwarith1, W. Yonas1, A. Tura2, R.
Holubkov3, N. Barnard1;
1PCRM, Washington, USA, 2CNR Institute of Neuroscience, Padova,
Italy, 3University of Utah, Salt Lake City, USA.

Background and aims: Gut microbiota play an important role in weight
regulation, the development of metabolic syndrome, and type 2 diabetes.
The aim of this study was to test the effect of a 16-week plant-based
dietary intervention on gut microbiota composition, body weight, body
composition, and insulin resistance in overweight adults with no history
of diabetes.
Materials and methods: Participants (n=148) were randomized to fol-
low a low-fat vegan diet (n=73) or to make no diet changes (n=75) for 16
weeks. At baseline and 16 weeks, gut microbiota composition was
assessed, using uBiome kits. Dual energy X-ray absorptiometry was used
to measure body composition. PREDIM index was used to assess insulin
sensitivity. Repeated measure ANOVAwas used for statistical analysis.
Results:Bodyweight was reduced significantly in the vegan group (treat-
ment effect -5.8 kg [95%CI, -6.9 to -4.7 kg]; p<0.001), particularly due to
a reduction in fat mass (treatment effect -3.9 kg [95% CI, -4.6 to -3.1 kg];
p<0.001) and in visceral fat (treatment effect -172 cm3 [95% CI, -308 to -
37 kg]; p=0.01). PREDIM increased significantly (p<0.001) in the vegan
group (treatment effect +0.88 [95% CI, +0.5 to +1.2]; p<0.001). The
relative abundance of Faecalibacterium prausnitzii increased in the veg-
an group (treatment effect +4.8% [95% CI, +1.97 to +7.58%]; p=0.001).
Relative changes in Faecalibacterium prausnitzii correlated negatively
with changes in body weight (r=-0.26; p=0.008), fat mass (r=-0.26;
p=0.008), and visceral fat (r=-0.25; p=0.01). The relative abundance of
Bacteoides fragilis increased in the vegan group (treatment effect +19.5%
[95% CI, +14.7 to +24.3%]; p<0.001). Relative changes in Bacteroides
Fragilis correlated negatively with changes in body weight (r=-0.48;
p<0.001), fat mass (r=-0.48; p<0.001), visceral fat (r=-0.24; p=0.02),
and positively with changes in PREDIM (r=0.36; p=0.0004).
Conclusion: A 16-week low-fat vegan dietary intervention induced
changes in gut microbiota that were related to changes in weight, body
composition and insulin sensitivity in overweight adults.
Clinical Trial Registration Number: ClinicalTrials.gov number,
NCT02939638
Supported by: PCRM
Disclosure: H. Kahleova: None.
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Acute effects of delayed-release hydrolysed pine nut oil as a dual
FFA1 and FFA4 agonist on glucose tolerance, incretins, ghrelin and
appetite in healthy humans
K.V. Sørensen1, S.S. Korfitzen2, M.H. Kaspersen3, E.R. Ulven4, J.H.
Ekberg5, A. Bauer-Brandl3, T. Ulven4, K. Højlund1;
1Department of Clinical Research, Steno Diabetes Center Odense,
Odense, 2Department of Clinical Research, University of Southern
Denmark, Odense, 3Department of Physics, Chemistry and Pharmacy,
University of Southern Denmark, Odense, 4Department of Drug Design
and Pharmacology, University of Copenhagen, Copenhagen, 5Center for
Basic Metabolic Research, University of Copenhagen, Copenhagen,
Denmark.

Background and aims: Pinolenic acid, a major component (~20%) of
pine nut oil, is a dual agonist of the free fatty acid receptors, FFA1 and
FFA4, which may regulate release of incretins and ghrelin from the gut.
Here, we investigated the acute effects of hydrolyzed pine nut oil (PNO-

FFA), delivered to the small intestine by delayed-release capsules, on
glucose tolerance, insulin, incretin and ghrelin secretion, and appetite.
Materials and methods: In two cross-over studies, we evaluated 3g
unhydrolyzed pine nut oil (PNO-TG) or 3 g PNO-FFA versus no oil in
eight healthy, non-obese subjects (study 1), and 3 g PNO-FFA or 6 g
PNO-FFA versus no oil in ten healthy, overweight/obese subjects (study
2) in both studies given in delayed-release capsules 30 min prior to a 4-h-
oral glucose tolerance test (OGTT). Outcomes were circulating levels of
glucose, insulin, GLP-1, GIP, ghrelin, appetite and gastrointestinal toler-
ability during OGTT.
Results: Both 3 g PNO-FFA in study 1 and 6 g PNO-FFA in study 2
markedly increased GLP-1 levels (p<0.001) and attenuated ghrelin levels
(p<0.001) during the last two hours of the OGTTcomparedwith no oil. In
study 2, these effects of PNO-FFA were accompanied by an increased
satiety and fullness (p<0.01), and decreased prospective food consump-
tion (p<0.05). PNO-FFA caused only small reductions in glucose and
insulin levels during the first two hours of the OGTT.
Conclusion: Our results provide evidence that hydrolyzed pine nut oil
delivered to the small intestine by delayed-release capsules may reduce
appetite by augmenting GLP-1 release and attenuating ghrelin secretion
in the late postprandial state.
Clinical Trial Registration Number: NCT03062592 and NCT03305367
Disclosure: K.V. Sørensen: None.
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Effects of a guar/whey preload on gastric emptying and glycaemic
responses to oral glucose in healthy older people
L.Q. Huynh1, H.T. Pham1, I.S. Holen2, S. Hatzinikolas1, L. Phillips1,3, T.
Wu1,3, C.H. Malbert4, C.S. Marathe1, T. Hausken5, C.K. Rayner1,6, M.
Horowitz1,3, K.L. Jones1,3;
1Adelaide Medical School, University of Adelaide, Adelaide, Australia,
2Department of Clinical Medicine, University of Bergen, Bergen,
Norway, 3Endocrine and Metabolic Unit, Royal Adelaide Hospital,
Adelaide, Australia, 4Institut national de la recherche agronomique,
Saint-Gilles, France, 5Department of Medicine, Haukeland University
Hospital, Bergen, Norway, 6Department of Gastroenterology and
Hepatology, Royal Adelaide Hospital, Adelaide, Australia.

Background and aims: A whey protein/guar preload (Omniblend
Innovation) has been developed recently to reduce postprandial
glycaemia. The preload comprises 5g guar, 20g (whey) protein and 3g
lactose (total 90kcal) in a sachet, which is added to a ‘shake and take’ cup
containing 150ml water. Our previous trial suggested that this supplement
slowed gastric emptying (GE), but the latter was assessed using a stable
isotope breath test technique which limits the capacity to discriminate
between slowing of GE and a delay in intestinal absorption. Our aim
was to determine the effects of this guar/whey protein preload on GE
(using the ‘gold standard’ technique, scintigraphy), and the glycaemic/
insulinaemic responses to an oral glucose load in healthy older people.
Materials andmethods: Ten healthy older participants (6F, 4M; age: 74.0
± 1.6 yr; BMI: 26.0 ± 0.7 kg/m2) with normal glucose tolerance underwent
concurrent measurements of GE, plasma glucose and insulin for 180 min
on two occasions. Participants were studied after an overnight fast, were
seated with their back against a gamma camera and a cannula inserted into
an antecubital vein for blood sampling. In random order, each received a
test drink comprising 50g glucosemade up to 300mlwith water containing
20MBq 99mTc-calcium-phytate with or without the guar/whey protein pre-
load (90kcal) made up to 150ml with water, ingested 15min before the test
drink. Blood samples were taken immediately before the preload, before
the glucose test drink and at 15-30min intervals thereafter until t=180min.
The early insulin secretory response was estimated by the ratio of the
change in insulin (ΔI0-30) to that of glucose at 30min (ΔG0-30) represented
as ΔI0-30/ΔG0-30. Data are mean values ± SEM.
Results: The guar/whey protein preload reduced both the iAUC0-120

(P<0.05) and peak glucose (control: 9.4 ± 0.5mmol/L vs preload: 8.6 ±
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0.5 mmol/L; P=0.01) (Figure), but had no effect on the GE 50% time
(control: 86.4 ± 8.0 min vs preload: 85.4 ± 4.0 min; P=NS). The rise in
plasma insulin tended to be higher (e.g. iAUC0-30 control: 435.5 ± 70.3
vs preload: 637.5 ± 118.1 U/L.min; P=0.08), and the ΔI0-30/ΔG0-30 ratio
was greater (control: 10.3 ± 2.2 vs preload: 18.5 ± 2.5; P=0.01), after the
preload.
Conclusion: In healthy older people, the glucose-lowering effect of the
whey protein/guar preload appears unrelated to changes in GE and may
reflect increased insulin secretion and/or slowing of small intestinal
absorption.

Clinical Trial Registration Number: ACTRN: 12619000438156
Supported by: Omniblend Innovation
Disclosure: L.Q. Huynh: Grants; Omniblend Innovation.
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Does the cooling of starch products decrease the postprandial
glycaemia in type 1 diabetes?
S. Strozyk, A. Rogowicz-Frontczak, S. Pilacinski, D. Zozulinska-
Ziolkiewicz;
Clinic of Internal Medicine and Diabetology, University of Medical
Science in Poznan, Poznan, Poland.

Background and aims:The goodmetabolic control of diabetes is mainly
related to the quality of food consumed. Starch products contribute to a
direct increase of blood glucose. Cooling of starch products after cooking
causes that the part of the starch is retrograded, becoming a non-
absorbable product in the human digestive tract. Resistant starch is
formed. The above phenomenon may be beneficial for patients with dia-
betes, since the conversion of an available part of starch into an unavail-
able form may contribute to lower postprandial glucose values and thus
lower glycemic variability. The aim of this study was to assess whether
the cooling of starch products such as pasta and rice influence on post-
prandial glycemia in subjects with type 1 diabetes.
Materials and methods: The study included 32 patients with type 1
diabetes. Each participant of the study consumed standardized test meals,
consisting of pasta and long-grain white rice in two forms: as a meal
freshly prepared and served immediately after preparation and cooled
for 24 hours at 40C after preparation and reheated before serving. The
same insulin bolus was administered on test meals in both forms. For each
patient the postprandial glycemia has beenmeasured for 3 hours using the
FreeStyle Libre flash glucose monitoring system.
Results: After consumption of pasta and rice exposed to the cooling
process compared to fresh starch products, a significantly lower value
of maximum glycemia (193 vs. 227 mg / dl, p <0.0001), (179 vs. 199
mg/dl, p = 0.0056), maximum glycemic increase (51 vs. 81 mg / dl, p <0,

0001), (49 vs. 71 mg/dl, p<0, 0001), areas under the glycemic curve
(3815 vs. 9446 mg / dl * 180 min, p <0.0001), (2430 vs. 6039 mg/dl *
180 min, p<0.0001) and significantly shorter time to peak (65 vs. 125
min, p = 0.031),(35 vs. 45 min, p = 0.031) was observed. There was a
significantly higher number of hypoglycemic episodes after eating test
meals with cooling rice compared to fresh ones during 180 minutes of
observation (12 vs. 3, p = 0.0039). Cooling of pasta did not affect the risk
of hypoglycemia.
Conclusion: Exposing starch products to the cooling process results in a
lower increase of postprandial glycemia in subjects with type 1 diabetes.
Exposing rice to the cooling process increases the risk of postprandial
hypoglycemia using a standard insulin dose.
Disclosure: S. Strozyk: None.
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The effects of formula diet with dapagliflozin on metabolic improve-
ment and body composition in type 2 diabetes (Diet-Dapper Study)
Y. Watanabe1, N. Kuribayashi2, D. Uchida3, D. Suzuki4, M. Kato5, D.
Nagayama6, H. Ohashi7, S. Nakamura1, S. Tanaka1, R. Oka1, T.
Yamaguchi1, M. Ohira1, N. Shimizu1, A. Saiki1, I. Tatsuno1;
1Center for Diabetes, Metabolism and Endocrinology, Toho University
Sakura Medical Center, Sakura, 2Misaki Naika Clinic, Funabashi,
3Hotaruno Central Naika, Kisarazu, 4Suzuki Diabetes Clinic, Atsugi,
5Kato Clinic of Internal Medicine, Katsushika, 6Nagayama Clinic,
Oyama, Japan, 7Oyama East Clinic, Oyama, Japan.

Background and aims: Sodium-glucose cotransporter-2 (SGLT2) in-
hibitors such as dapagliflozin induce weight loss, but the mechanism
is thought to involve loss of both body fat and skeletal muscle mass.
The decrease in skeletal muscle mass may lead to worsening of
insulin resistance in type 2 diabetes patients. On the other hand,
formula diet (FD) is a low-calorie food containing low carbohydrates,
low fat, and sufficient protein, vitamins, and minerals to support a
healthy and balanced diet, and is used for the treatment of obesity or
diabetes. Therefore, we examine whether the protein supplementation
is superior to the fat supplementation in metabolic improvement of
the poorly controlled type 2 diabetes patients treated with SGLT2
inhibitor. We compare high protein FD and high fat FD with respect
to improvement of glycemic control and insulin resistance while
maintaining skeletal muscle mass.
Materials and methods:We conduct a prospective, multicenter, double-
blinded, randomized, controlled, investigator-initiated clinical trial. Type
2 diabetes patients who satisfy the eligibility criteria will be randomized
to two groups (1:1) and prescribed 5 mg of dapagliflozin once daily
together with a high protein FD or high fat FD (same number of calories)
to replace one of three meals a day (one meal with FD only and two
normal meals). The observation period for both groups is 24 weeks.
The primary endpoint is the change in HbA1c, and the secondary end-
points are the changes of metabolic parameters including insulin resis-
tance and body composition.
Results: 66 patients were enrolled to each of the high protein FD group
and high fat FD group. HbA1c improved significantly in both groups (-
0.70, p<0.001, -0.62, p<0.001), but there was no difference in the change
in HbA1c between the groups (-9.3% vs. -8.3%, p=0.456). On the other
hand, HOMA-IR significantly decreased in the high protein FD group (-
30.0% vs. 1.3%, p<0.05) and HOMA-B significantly increased in the
high fat FD group (8.1% vs 43.7%, p<0.05). Skeletal muscle mass (-
2.6%, p<0.001, -2.8%, p<0.001) and body fat mass (-9.4%, p<0.001, -
5.6%, p<0.001) decreased significantly in both groups, but there was no
difference between the groups.
Conclusion: Although the supplementation of both high protein FD and
high fat FD with same calories similarly improved the levels of HbA1c
using dapagliflozin in type 2 diabetes patients, the supplementation with
high protein significantly improved the insulin resistance, not but that
with high fat.
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Clinical Trial Registration Number: University Hospital Medical
Information Network (UMIN) 000024580
Supported by: AstraZeneca K.K. and Ono Pharmaceutical Co., Ltd.
Disclosure: Y. Watanabe: Grants; AstraZeneca K.K., Ono
Pharmaceutical Co., Ltd. Lecture/other fees; Takeda Pharmaceutical
Co., Ltd., Mochida Pharmaceutical Pharma Co., Ltd.

705
Nocturnal blood glucose response to a potato-based mixed evening
meal
B.L. Devlin1,2, E.B. Parr2, B.E. Radford2, J.A. Hawley2;
1Department of Dietetics, Nutrition and Sport, LaTrobe University,
Melbourne, 2Mary MacKillop Institute for Health Research, Australian
Catholic University, Melbourne, Australia.

Background and aims: Recommendations for reducing blood glucose
levels in individuals with Type 2 Diabetes Mellitus (T2DM) suggest
avoidance of high glycaemic index (GI) foods, such as white potatoes.
However, GI testing commonly takes place in the morning following an
overnight fast, with foods consumed in isolation and in individuals with-
out T2DM. Research exploring the influence of potato on glycaemic
control in ‘real-life’ is scarce. This study investigated the impact of potato
consumption on postprandial and nocturnal glycaemic response when
consumed as part of a balanced, mixed evening meal in individuals with
T2DM.
Materials and methods: In a randomized, cross-over design, 19 males
and females (age 56.8 ± 9.8 y; BMI: 31.7 ± 6.5 kg/m2) with T2DM (diet
or metformin controlled) completed four experimental conditions.
Standardised meals were provided the day prior to each condition. On a
trial day, participants were provided a standardised breakfast (25% energy
intake (EI)) and lunch (35%EI) with dinner (40%EI) consumed at 1800 h
being either: 1) boiled potato (Boiled), 2) roasted potato (Roasted), 3)
boiled and then cooled for 24 h potato (Cooled) and 4) control condition
of basmati rice (Rice). Nutritional composition of each meal was con-
trolled at 50% carbohydrate, 30% fat and 20% protein and daily energy
requirements were set individually according to resting metabolic rate. A
continuous glucose monitor system (CGMS; iPro2 CGM with Enlite
Sensor, Medtronic, Northridge, CA, USA) was worn for the duration of
each protocol.
Results: Mean interstitial glucose in the nocturnal period of 1200
to 0600 was significantly lower in all three potato conditions
compared to basmati rice (Boiled: 7.5 ± 0.3 mmol/L; Roasted:
7.6 ± 0.2 mmol/L; Cooled: 7.6 ± 0.2 mmol/L; Rice: 9.0 ± 0.5
mmol/L; main effect of condition P=0.02). Incremental AUC
(iAUC) for glucose in the 3 h postprandial period following the
evening meal was not different between conditions (Boiled: 9.01
± 4.2 mmol/L/h; Roasted: 7.2 ± 4.5 mmol/L/h; Cooled: 6.2 ± 3.4
mmol/L/h; Rice: 7.1 ± 3.4 mmol/L/h; P= 0.33). Total 24 h area
under the curve (AUC) was not significantly different in Boiled,
Roasted and Cooled potato conditions compared to Rice (Boiled:
217.9 ± 55.4 mmol/L/h; Roasted: 213.6 ± 51.7 mmol/L/h; Cooled:
216.4 ± 64.1 mmol/L/h; Rice: 231.5 ± 51.6 mmol/L/h; P= 0.76).
Conclusion: Consumption of potato in the evening meal improved noc-
turnal blood glucose levels in individuals with T2DM, compared to
basmati rice. In individuals with T2DM, consuming potatoes as part of
a mixed meal in the evening did not result in a higher blood glucose
response compared to a commonly recommended alternative, basmati
rice. Current dietary advice regarding potatoes and blood glucose control
may not be as valid when potatoes are consumed as part of a mixed meal
in the evening and advice solely based on avoiding high GI foods may be
counterproductive.
Clinical Trial Registration Number: ACTRN12618000480280
Supported by: APRE
Disclosure: B.L. Devlin: Grants; Alliance for Potato Research and
Education Grant.
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The effect of high-fiber diet in combination with metformin therapy
in type 2 diabetes
F. Tramontana, E. Maddaloni, P. Pozzilli, N. Napoli;
Department of Medicine, Unit of Endocrinology and Diabetes, Campus
Bio-Medico University of Rome, Rome, Italy.

Background and aims: The efficacy of increasing dietary fiber intake to
ameliorate glycaemic control in patients with type 2 diabetes (T2D) is still
controversial. In this randomised open-label comparator-controlled study
we hypothesized that a high-fiber diet compared to standard diet im-
proved metabolic control in patients with T2D on metformin
monotherapy.
Materials and methods: Sixty-five T2D overweight patients (BMI be-
tween 25.0 and 29.9 Kg/m2) on metformin monotherapy aged < 75 years
were randomised in a 1:1 ratio to 12 weeks intensive nutrition education
program to follow high-fiber diet (HFD) or standard diet (ISD) recommen-
dations. Dietary recommendations were reinforced in both groups every 4
weeks by study dieticians. HFD is a slightly hypocaloric diet differed in
kilocalories according to energy expenditure of male or female sex (1500
kcal/day for women, 1700 kcal/day for men). Both diets had the same mac-
ronutrient composition and contained a minimum of 35 g of dietary fiber. No
fortified foods or fiber dietary supplements were used in both groups.
Biochemistry, anthropometric measures, food frequency questionnaires to
asses dietary fiber intake were collected at baseline and after 12 weeks.
Results: At baseline the two groups did not differ in terms of mean age,
body mass index (BMI), disease duration, HbA1c, lipid profile and fiber
intake (p > 0.05 for all). After three months, dietary fiber intake signifi-
cantly increase in HDF group but not in ISD group (HFD: 21.8 ± 5.4 g at
baseline vs 27.6 ± 5.5 g after 12 weeks, p < 0.0001; ISD: 20.3 ± 8.3 g vs
20.2 ± 6.1 g, p= 0.91). HbA1c significantly improved in both HFD group
(7.3 ± 1.5% vs 6.4 ± 0.5%, p < 0.01) and ISD group (6.9 ± 1.0% vs 6.4 ±
0.6 %, p < 0.01). At the end of the study HbA1c did not differ between the
two groups. Statistically significantly greater reductions in body weight
was observed in HDF group compared to ISD group (HFD: 84.3 ± 16.8
Kg at baseline vs 82.3 ± 16.9 Kg after 12 weeks, p= 0.0004; ISD: 81.8 ±
16.9 Kg vs 81.2 ± 16.5 Kg, p= 0.22). A significant inverse correlation
between the dietary fiber intake and the reduction of HbA1c levels was
seen across groups (r= -0.250, p < 0.05). Total cholesterol, HDL, LDLc
and triglycerides did not significantly change in both groups.
Conclusion: Intensive nutrition education programs with monthly meet-
ings are effective in reducingHbA1c with either high-fiber or standard diet
recommendations. Importantly, intervention with high-fiber diet resulted
in significantly greater reduction in body weight compared to ISD group.
Disclosure: F. Tramontana: None.

707
Changes of body composition after replacing dietary carbohydrate
with a protein supplement for 48 weeks in obese or overweight
subjects
Y. Nagai, Y. Yamamoto, T. Nakagawa, Y. Tanaka;
Division of Metabolism and Endocrinology, Department of Internal
Medicine, St. Marianna University, Kawasaki, Japan.

Background and aims: Obese or overweight persons have an increased
risk of developing diabetes. Nutritional therapy is important for self-
management of bodyweight. In recent years, low-carbohydrate diets have
attracted considerable attention and several weight loss trials have shown
that such diets are more effective than diets with a higher carbohydrate
content. Though low-carbohydrate diets can achieve weight loss, there is
concern that muscle mass may also decrease. We hypothesized that re-
placement of dietary carbohydrate with a protein supplement would pre-
vent a decrease of muscle mass in persons on a low-carbohydrate diet.
Materials and methods: In 2017-2018, a 48-week prospective random-
ized open-label study was performed at a single center to evaluate the
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effects on body composition when dietary carbohydrate was replaced by a
protein supplement. A total of 20 overweight Japanese subjects (BMI
>25.0) were randomly assigned to two groups: 10 were instructed to
continue a diet with 55-60% carbohydrate (group C), while the other 10
were instructed to restrict dietary carbohydrate to 40-45 % of the total
energy requirement and replace the deficit with a protein supplement
(group P). We measured body composition parameters by dual-energy
X-ray absorptiometry, abdominal fat volume by whole abdominal CT
scanning, and intra-hepatic lipid by proton magnetic resonance spectros-
copy. The appendicular skeletal muscle was calculated as the sum of the
lean mass of arms and legs.
Results: After 48 weeks, the body weight was decreased by 4.7
±1.3 kg in group C and 7.4±1.1 kg in group P, showing no
significant difference between the two groups (-2.6 kg; 95% CI:
-6.2, 0.9, p=0.169). Body composition analysis revealed a signif-
icant decrease of appendicular skeletal muscle in group P (-2.3
kg; 95%CI -3.9, -0.7, p=0.007). Evaluation of abdominal fat vol-
umes by CT revealed similar significant decreases of visceral and
subcutaneous fat volume in both groups, with no significant dif-
ferences between the two groups (-429 cm3; 95% CI: -1130, 271,
p=0.214 for visceral fat volume and -363 cm3; 95% CI: -1352,
626, p=0.450 for subcutaneous fat volume). The intra-hepatic lip-
id content showed a decrease of 4.9±3.8% in group C (p=0.231
vs. baseline) and 13.8 ± 4.8% in group P (p=0.019 vs. baseline),
but there was no significant difference between the two groups (-
8.9%; 95% CI -22.0, 4.3, p=0.173). During the study period, no
adverse effects were noted in either group, including deterioration
of renal function.
Conclusion: Replacing dietary carbohydrate with a protein supple-
ment for 48 weeks resulted in more rapid weight loss than a
conventional energy restriction diet without any adverse effects.
However, this strategy did not achieve desirable weight reduction,
i.e., predominant fat loss with less muscle loss.

Clinical Trial Registration Number: UMIN000033865
Disclosure: Y. Nagai: None.
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Effects of coconut oil on glucose and lipid profile of adults: a system-
atic review with meta-analysis
A. Duarte, C. de Araujo, V. Colpani, F. Gerchman;
Department of Internal Medici, Endocrine e Metabolism, Hospital de
Clínicas de Porto Alegre, Universidade Federal do Rio Grande do Sul,
Porto Alegre, Brazil.

Background and aims: Despite its predominant saturated fatty acids
composition, coconut oil consumption increased substantially due to the
claims of beneficial effects on glycemic control, cholesterol and triglyc-
erides levels presented in social media.We conducted a systematic review
with meta-analysis of randomized clinical trials (RCT) to analyze the
effect of coconut oil intake on glycemic and lipid profiles in adults.
Materials and methods: We searched Medline, Embase and LILACS
for RCT prior to November 2018. Two reviewers independently selected
studies, extracted data and assessed risk of bias. Continuous outcome
parameters were presented as mean differences (MD; 95% CI).
Results:Of the 693 articles retrieved, 17 met the inclusion criteria for the
systematic review (n= 723, 50% females, 18-67 years, study duration [4
hours to 2 years]) and 5 met the inclusion criteria for the meta-analysis
(n= 487, 44% females, 19-67 years, duration [4 to 12 weeks, 1 study of 2
years]). Most of studies presented moderate methodological quality re-
garding randomization, blindness of the assessors and selective reports of
outcomes. Despite in one study insulin sensitivity (HOMA-S) improved
with coconut oil in comparison to soybean oil, no changes in insulin
resistance (HOMA-IR) and β-cell function (HOMA-β) were identified
respectively in comparison to extra-virgin and soybean oils in 2 other
studies. Indeed, fasting glucose levels did not change with the intake of
coconut oil vs butter or other oils (soybean and olive oil; MD 1.5 mg/dL,
95% CI -1.6 to 4.6 mg/dL). The reduction in HbA1c was small but
significantly higher with coconut oil vs other oils (sunflower, chia, saf-
flower and soybean oil; MD -0.3%, 95%CI -0.5 to -0.1%). Regarding the
effect on lipid profile, five studies compared coconut oil intakewith butter
and other oils (sunflower, palm, olive, soybean, chia, safflower and corn).
Although coconut oil intake did not significantly increase LDL-
cholesterol (MD 7.2 mg/dL, 95% CI -6.6 to 20.9 mg/dL), its intake
increased HDL-cholesterol (MD 4.3 mg/dL, 95% CI 0.8 to 7.8 mg/dL)
resulting in no changes in LDL/HDL ratio in comparison with the intake
of other oils (palm, soybean and corn oils; MD 0.1, 95% CI -1.1 to 0.9).
Coconut oil intake did not increase triglycerides levels in comparison
with butter and 7 different oils (sunflower, palm, olive, soybean, chia,
safflower and corn; MD -0.7 mg/dL, 95% CI -8.8 to 7.4 mg/dL).
Conclusion:The claims that coconut oil would improve glycemic control
and lipid profile is based mostly in short duration studies. Its intake
revealed no clinically relevant improvements in glycemic levels and lipid
profile in comparison to the intake of other oils. As a result, the intake of
other oils recommended for consumption in guidelines for the manage-
ment of diabetes and cardiovascular disease should prevail.
Supported by: A.D. was a beneficiary of a CAPES scholarship. This work
was funded by FIP
Disclosure: A. Duarte: None.
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Effect of 3-month therapy with empagliflozin on ambulatory blood
pressure and pulse wave velocity in patients with type 2 diabetes
L. Mpoumi, A.K. Papazafiropoulou, E.M. Tzouganatou, E.
Georgopoulos, A. Ganotopoulou, K. Anagnostopoulou, A. Kamaratos,
A. Melidonis;
First Department of Internal Medicine and Diabetes Center, General
Hospital "Tzaneio", Piraeus, Greece.

Background and aims: It is well known that empagliflozin, except for its
anti-hyperglycaemic effect, has a favorable effect onmajor cardiovascular
outcomes. However, the exact underline pathogenetic mechanism is still
unclear. Therefore, the purpose of this study is to evaluate the effect of
empagliflozin on ambulatory blood pressure (BP) and pulse wave veloc-
ity (PWV), a marker of arterial stiffness, in patients with poorly controlled
type 2 diabetes mellitus (T2D) (HBA1c 7-10%).
Materials andmethods:A total of 32 patients (16 men) with T2D, mean
age (± standard deviation) 64.8 ± 7.1 years, HbA1c 8.2 ± 1.3%, body
mass index 32.1 ± 9.2 Kg / m2, duration of T2D 10.1 ± 4.3 years, were
included into the study. All patients underwent a complete clinical exam-
ination, laboratory testing, and ambulatory BP as well as PWV recording
both on entry into the study and three months after initiation of treatment
with empagliflozin (background antidiabetic therapy remained stable dur-
ing the study period). Ambulatory BP and PWV were measured with the
oscillometric Mobil-O-Graph NGW 24-hour ambulatory BP and PWA
monitor (IEM; Stolberg, Germany).
Results: At baseline, study participants had a mean daytime systolic
blood pressure (SBP) and diastolic blood pressure (DBP) of 129.6 ±
14.8 and 78.1 ± 9.9 mmHg, respectively. After 3-month therapy with
empagliflozin, daytime SBP and DBP were as follows: 128.2 ± 10.4
and 78.3 ± 7.8 mmHg, respectively. With respect to daytime SBP and
DBP, mean change from baseline was -1.4 mmHg (SE=2.6, P=0.61) and
0.2 mmHg (SE=1.9, P=0.91), respectively. Nighttime mean SBP and
DBP at baseline, was 126.3 ± 12.5 and 74.1 ± 8.7 mmHg, respectively.
After 3-month therapy, the above values were as follows: 117.4 ± 9.3 and
69.6 ± 7.1 mmHg, respectively. With respect to nighttime SBP and DBP,
mean change from baseline was -8.9 mmHg (SE=3.3, P=0.03) and -
4.5 mmHg (SE=1.5, P=0.02), respectively. In accordance, the observed
change in mean pulse pressure was: 52.4 ± 9.3 (baseline) to 50.4 ±
8.0 mmHg (month 3) and in heart rate: 75.5 ± 8.5 ± 10.1 (baseline) to
73.7 ± 7.4 bpm (month 3). With respect to mean pulse pressure and heart
rate, mean change from baseline was -2.0 mmHg (SE=1.7, P=0.28) and -
1.8 bpm (SE=2.2, P=0.44), respectively. Empagliflozin reduced PWV
from 9.56 ± 1.34 (baseline) to 8.84 ± 0.90 m/sec (month 3) (P = 0.02),
with a mean change from baseline -0.7 mmHg (SE=0.3).
Conclusion: The results of the present study showed a favorable effect of
3-month therapy with empagliflozin on nighttime SBP and DBP.
Furthermore, empagliflozin therapy showed a statistically significant re-
duction of PWV, a finding that might explain in part its cardioprotective
effects. In contrast, no effect on pulse pressure and heart rate was
observed.
Disclosure: L. Mpoumi: None.
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Comparison of responder and non-responder of ipragliflozin and
metformin for visceral fat reduction: a blinded-endpoint,
randomised controlled study
H. Kato1,2, M. Koshizaka1,2, K. Ishikawa1,2, Y. Maezawa1,2, K.
Yokote1,2;
1Department of Endocrinology, Hematology and Gerontology, Chiba
University Graduate School of Medicine, Chiba, 2Department of
Medicine, Division of Diabetes, Metabolism and Endocrinology, Chiba
University Hospital, Chiba, Japan.

Background and aims: Dipeptidyl peptidase-4 (DPP-4) inhibitors are
often used as the first choice in patients with type 2 diabetes (T2DM) in
Japan. However, T2DM in some patients is not controlled sufficiently
with the DPP-4 inhibitor and requires multiple drug treatment. To identify
the responder of sodium glucose transporter 2 (SGLT2) inhibitor or met-
formin on reducing visceral fat and other effects in Japanese patients with
T2DM inadequately controlled with the DPP-4 inhibitor, a sub-analysis
of a prospective, multicenter, blinded-endpoint, randomized controlled
study were performed.
Materials and methods: The study was conducted to evaluate the effi-
cacy of treatment with SGLT2 inhibitor (ipragliflozin) or metformin
added to sitagliptin for reducing visceral fat and glucose control in 103
patients with T2DM. Patients with T2DM, taking sitagliptin for more
than 12 weeks and having body mass index (BMI) of ≥22 kg/m2 and
HbA1c of ≥7% and <10%were included. They were randomized (1:1) to
receive ipragliflozin (50 mg/day) or metformin (1000-1500 mg/day). The
primary outcomewas percent change in visceral fat area (VFA), measured
using computed tomography (CT) after 24 weeks of therapy. Two radi-
ologists, blinded to the information, analyzed the images. The secondary
outcome included total and subcutaneous fat area (SFA), muscle volume,
bone mineral density measured by CT, fasting blood glucose, insulin
level, HbA1c, and grip strength. Among the patients, responders and
non-responders were divided into two groups according to median values
for percent VFA reduction. Patients with ≥11.01% and ≥4.66% visceral
fat reduction were defined as responders in the ipragliflozin and metfor-
min groups, respectively. The others were defined as non-responders in
each group. Patient background and metabolic improvements were com-
pared between responders and non-responders.
Results: Responders in both groups had larger baseline VFAs than non-
responders (ipragliflozin: 178.3±80.5 vs. 130.3±42.7 cm2, P=0.018; met-
formin: 174.3±55.7 vs. 144.7±81.6 cm2, P=0.014). In ipragliflozin group,
compared to non-responders, responders had high fasting insulin (11.0
±4.8 vs. 7.3±4.6 μIU/mL, P=0.014), low α1microglobulin (α1MG) (4.3
±2.9 vs. 7.3±5.6 mg/L, P=0.044), and high glutamic pyruvic transami-
nase (GPT) levels (61.0±59.2 vs. 35.3±30.3 IU/L, P=0.44). SFA, BMI,
and GPT levels also decreased significantly in ipragliflozin responders.
Conclusion: As the second agent to be used in combination with DPP-4
inhibitors, ipragliflozin is useful in patients with high insulin, low α1MG
levels, and high GPT levels, whereas metformin is useful in patients with
high blood pressure and α1MG levels due to the strong visceral fat re-
duction effect. Our results can help with drug selection for the patients
with T2DM inadequately controlled on DPP-4 inhibitors.
Clinical Trial Registration Number: UMIN000015170
Supported by: AP Inc.
Disclosure: H. Kato: None.
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The effects of canagliflozin on uric acid and gout in patients with type
2 diabetes in the CANVAS programme
K.W. Mahaffey1, J. Li2, S.V. Badve2, Z. Zhou2,3, R. Oh4, M. Lee4, V.
Perkovic2,5, D. de Zeeuw6, G. Fulcher5, D.R. Matthews7, B. Neal2,8;
1Stanford Center for Clinical Research, Department of Medicine,
Stanford University School of Medicine, Stanford, USA, 2The George
Institute for Global Health, UNSW Sydney, Sydney, Australia,
3Department of Radiology, Ren Ji Hospital, School of Medicine,
Shanghai Jiao Tong University, Shanghai, China, 4Janssen Research &
Development, LLC, Raritan, USA, 5The Royal North Shore Hospital,
Sydney, Australia, 6University of Groningen, University Medical
Center Groningen, Groningen, Netherlands, 7Oxford Centre for
Diabetes, Endocrinology and Metabolism and Harris Manchester
College, University of Oxford, Oxford, UK, 8Imperial College London,
London, UK.

Background and aims: Sodium glucose co-transporter 2 (SGLT2) in-
hibitors reduce serum urate levels. In a post hoc analysis we investigated

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S340



the effect of canagliflozin compared to placebo on gout in the
CANagliflozin cardioVascular Assessment Study (CANVAS) Program.
Materials and methods: The CANVAS Program randomly assigned
10,142 participants with type 2 diabetes to canagliflozin or placebo.
Patients with an adverse event attributed to gout or the need for com-
mencement of a drug for gout were identified and the effects of
canagliflozin compared to placebo were estimated by calculating the haz-
ard ratio (HR) and 95% confidence interval (95% CI).
Results: Mean serum urate levels at baseline were 348.2 (standard devi-
ation 94.3) μmol/L in the canagliflozin group and 349.8 (97.1) μmol/L in
the placebo group. Serum urate levels were on average 23.3 μmol/L (95%
CI: -25.4 to -21.3) lower in those treated with canagliflozin compared to
placebo during follow-up. There were 70 individuals who reported an
episode of gout and 147 who required commencement of a drug for gout.
The occurrence of gout or the need for treatment for gout was lower in
those treated with canagliflozin compared to placebo (HR 0.52 95% CI:
0.38 to 0.69). The separate HR for the effect on the risk of gout was 0.58
(95%CI: 0.36 to 0.94) and for the effect on the need for treatment for gout
was 0.52 (95% CI: 0.38 to 0.72).
Conclusion: Canagliflozin reduced serum urate levels and the risk of
adverse events attributed to gout.
Clinical Trial Registration Number: NCT01032629, NCT01989754
Supported by: Janssen Global Services, LLC
Disclosure: K.W. Mahaffey: Grants; Afferent, Amgen, Apple Inc.,
AstraZeneca, Cardiva Medical, Daiichi, Ferring, Google (Verily),
Johnson & Johnson, Luitpold, Medtronic, Merck, Sanofi, St Jude,
Tenax. Honorarium; Ablynx, AstraZeneca, Baim Institute, Boehringer
Ingelheim, Bristol-Myers Squibb, Cardiometabolic Health Congress,
Elsevier, GlaxoSmithKline, Johnson & Johnson, Medscape, Merck,
Mitsubishi, Myokardia, Novartis, Oculeve, Portola, Radiometer,
Springer Publishing, Theravance, University of California San
Francisco, WebMD. Stock/Shareholding; BioPrint Fitness.
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Assessment of liver function in patients with type 2 diabetes receiving
ertugliflozin
S. Gallo1, R.A. Calle2, S.G. Terra3, A. Pong4, L. Tarasenko5, A. Raji4;
1Pfizer Pharma, GmbH, Berlin, Germany, 2Pfizer Inc., Cambridge, USA,
3Pfizer Inc., Andover, USA, 4Merck & Co., Inc., Kenilworth, USA,
5Pfizer Inc., New York, USA.

Background and aims: Sodium-glucose cotransporter 2 (SGLT2) inhib-
itors have been shown to reduce serum levels of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) in patients with type 2 dia-
betes mellitus (T2DM), with or without non-alcoholic fatty liver disease,
and in some studies to improve markers of hepatic steatosis,
steatohepatitis, and liver fibrosis. This post-hoc analysis examines the
effects of ertugliflozin (ERTU), a selective inhibitor of SGLT2 for the
treatment of adults with T2DM, on ALT, AST, and fibrosis-4 index
([FIB-4] a non-invasive marker of hepatic fibrosis); and their association
with changes in glycaemic control (HbA1C) and body weight.
Materials and methods: A pooled analysis of 7 randomised, double-
blind, VERTIS Phase 3 trials comprising 3 treatment groups (ERTU
5 mg [n=1716], ERTU 15 mg [n=1693] or non-ERTU [placebo,
glimepiride or sitagliptin; n=1450]) was conducted. Mean percent change
from baseline in serum levels of ALT and AST, and mean change from
baseline in FIB-4 were calculated at Week 52, along with the association
(Pearson correlation) between changes in ALT, AST, and FIB-4 and
changes in HbA1C and body weight by treatment.
Results: 4859 patients were included in the analysis. The baseline char-
acteristics were balanced across the three treatment groups (mean HbA1C:
66 mmol/mol [8.2%]; mean body weight: 88.6 kg). Mean percent reduc-
tions in ALTand ASTwere greater in the ERTU (5 mg and 15mg) than in
the non-ERTU group, with no difference in absolute changes in FIB-4
between the treatment groups (Table). The reductions in ALT and AST

showed association with reductions in HbA1C and body weight in the 3
treatment groups (r values ranged from 0.12 to 0.16 for HbA1C and from
0.13 to 0.23 for body weight, all P≤0.0002).
Conclusion: ERTU 5 mg and 15 mg produced greater reductions than
non-ERTU treatment in ALTandASTat the end of the 52-week treatment
period with no changes in FIB-4. Changes in ALT and AST showed a
weak association with changes in HbA1C and body weight for all treat-
ment groups.

Clinical Trial Registration Number: NCT01986855, NCT01999218,
NCT01958671, NCT02099110, NCT02036515, NCT02033889,
NCT02226003
Supported by: Merck Sharp & Dohme Corp., Whitehouse Station, NJ,
USA; Pfizer Inc.
Disclosure: S. Gallo: Employment/Consultancy; Employee of Pfizer Inc.
Stock/Shareholding; Pfizer Inc.

713
Canag l i f l o z in in pa t i en t s w i th type 2 d iabe t e s and
macroalbuminuria: data from the CANVAS program
B.L. Neuen1, V. Perkovic1,2, T. Ohkuma1, B. Neal1,3, D.R.Matthews4, D.
de Zeeuw5, K.W. Mahaffey6, G. Fulcher2, R. Oh7, Q. Li1, M. Jardine1,8;
1The George Institute for Global Health, UNSW Sydney, Sydney,
Australia, 2The Royal North Shore Hospital, Sydney, Australia,
3Imperial College London, London, UK, 4Oxford Centre for Diabetes,
Endocrinology and Metabolism and Harris Manchester College,
University of Oxford, Oxford, UK, 5University of Groningen,
University Medical Center Groningen, Groningen, Netherlands,
6Stanford Center for Clinical Research, Department of Medicine,
Stanford University School of Medicine, Stanford, USA, 7Janssen
Research & Development, LLC, Raritan, USA, 8Concord Repatriation
General Hospital, Sydney, Australia.

Background and aims: High levels of albuminuria are associated with
increased progressive loss of kidney function in type 2 diabetes mellitus
(T2DM). SGLT2 inhibitors reduce glomerular hyperfiltration, which
might therefore have particular benefits for people with T2DM and
macroalbuminuria.
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Materials andmethods: The CANagliflozin cardioVascular Assessment
Study (CANVAS) Program randomised patients with T2DM and a his-
tory or high risk of cardiovascular (CV) disease to canagliflozin or pla-
cebo. This analysis assessed effects of canagliflozin on renal and CV
outcomes in participants with macroalbuminuria at baseline (urinary
albumin:creatinine ratio [UACR] >33.9 mg/mmol [>300 mg/g]).
Results: The CANVAS Program included 760 participants (7.5%) with
macroalbuminuria (mean age 64 y, BP 145/80 mmHg, HbA1c 8.5%,
estimated glomerular filtration rate [eGFR] 66 mL/min/1.73 m2, median
UACR 81.6 mg/mmol [722 mg/g]). As compared with placebo,
canagliflozin significantly reduced the geometric mean UACR (change
from baseline to end of follow-up -36%, 95% CI -43 to -28); slowed the
chronic annual decline in eGFR: -1.76 mL/min/1.73 m2 with
canagliflozin vs. -4.77 mL/min/1.73 m2 with placebo (difference 3.01
mL/min/1.73 m2, 95% CI 2.03-3.99); and reduced the risk of the com-
posite outcome of end-stage kidney disease or renal death in combination
with either 40% decrease in eGFR or doubling of serum creatinine
(Figure). Canagliflozin also reduced the risk of all-cause mortality
(Figure), while effects on CV outcomes were broadly consistent with
those previously reported for the overall trial population.
Conclusion: Canagliflozin lowers albuminuria and improves outcomes
in patients with T2DM and macroalbuminuria.

Clinical Trial Registration Number: NCT01032629, NCT01989754
Supported by: Janssen Global Services, LLC
Disclosure: B.L. Neuen: Grants; John Chalmers PhD Scholarship from
The George Institute for Global Health, University Postgraduate Award
from UNSW Sydney, Oxford Australia Clarendon Scholarship from the
University of Oxford. Other; Travel support from Janssen.

714
Effect of adding dapagliflozin as an adjunct to insulin on urinary
albumin-to-creatinine ratio over 52 weeks in adults with type 1
diabetes
J.T. Lahtela1, S. Edelman2, J. Jendle3, P. Dandona4, C. Mathieu5, F.
Thorén6, M.F. Scheerer7, J. Xu8, A. Langkilde6, on behalf of the
DEPICT-1 and -2 Investigators;
1TAYS, Tampere, Finland, 2Division of Endocrinology and Metabolism,
University of California, San Diego, USA, 3Institution of Medical
Sciences, University, Örebro, Örebro, Sweden, 4Division of
Endocrinology, Metabolism and Diabetes, State University of New
York at Buffalo, Buffalo, USA, 5University of Leuven, Leuven,
Belgium, 6AstraZeneca, Gothenburg, Sweden, 7AstraZeneca, Wedel,
Germany, 8AstraZeneca, Gaithersburg, USA.

Background and aims: Dapagliflozin (DAPA), as an adjunct to insulin,
was reported to improve glycaemic control, reduce body weight, and was
well tolerated (DEPICT-1 and 2 studies) in adults with inadequately con-
trolled type 1 diabetes (T1D; HbA1c: 58-91 mmol/mol [7.5-10.5%]).

Materials andmethods: In this pooled post hoc analysis of the DEPICT-
1 and -2 studies, the effect of DAPA on urinary albumin-to-creatinine
ratio (UACR) was evaluated in individuals with T1D with baseline micro
or macroalbuminuria.
Results: UACR was recorded at baseline for 548, 565, and 532 individuals
treated with DAPA 5 mg, DAPA 10 mg, and placebo, respectively; baseline
albuminuria was found in 80, 84, and 87 of these individuals in the respective
arms. Of these 251 individuals, baseline renal functionmeasured as estimated
glomerular filtration rate (eGFR)was normal (eGFR ≥90mlmin-1 [1.73m]-2)
in 93, mildly impaired in (eGFR ≥60-<90 ml min-1[1.73 m]-2) 131, and
moderately impaired in 27 individuals (eGFR <60 ml min-1 [1.73 m]-2).
Changes in eGFR were similar across the treatment arms (data not shown).
Dose-dependent decrease in UACR was observed with DAPA treatment at
Weeks 12, 18, 24, and 52 (Figure). At Week 52, the differences in UACR
between DAPA 10mg vs placebo and DAPA 5mg vs placebowere −31.1%
(95% CI: −49.9, −5.2) and −13.3 (95% CI: −37.2, 19.8), respectively.
Conclusion: Treatment with DAPA, as an adjunct to insulin, provided a
dose-dependent benefit in reducing UACR, suggesting renoprotective
effects in individuals with T1D with baseline albuminuria.

Clinical Trial Registration Number: NCT02268214; NCT02460978
Supported by: AstraZeneca
Disclosure: J.T. Lahtela: Employment/Consultancy; Nonprofit, publicly
funded Tampere University Hospital. Grants; Astrazeneca, Novonordisk,
Bayer AG, Roche. Lecture/other fees; Astrazeneca, Boehringer Ingelheim.
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Two-year effects of ertugliflozin on renal function
M. Maldonado1, D. Cherney2, H.L. Heerspink3, R. Frederich4, A.
Pong5, J. Xu5, J. Liu5, J.P. Mancuso6, I. Gantz5, S.G. Terra7;
1MSD, London, UK, 2Division of Nephrology, University of Toronto,
Toronto, Canada, 3University Medical Center Groningen, Groningen,
Netherlands, 4Pfizer Inc., Collegeville, USA, 5Merck & Co., Inc.,
Kenilworth, USA, 6Pfizer Inc., Groton, USA, 7Pfizer Inc., Andover, USA.

Background and aims: Two RCTs evaluating ertugliflozin 5 mg (E5,
n=652) and 15 mg (E15, n=640) vs non-ertugliflozin (NE, glimepiride or
placebo, n=644) in patients with type 2 diabetes mellitus (T2DM) were
pooled to evaluate effects on eGFR (calculated with the Modification of
Diet in Renal Disease equation [arithmetic mean of change from base-
line]) and albuminuria (assessed by the urine albumin/creatinine ratio
[UACR, geometric mean of % change from baseline]).
Materials and methods: eGFR and UACR were analysed by mixed
model repeated measures with terms for treatment, time, trial, the treat-
ment by time interaction, and baseline covariates (HbA1c, systolic BP,
eGFR/UACR) in the overall population and by presence of albuminuria
(UACR ≥30 mg/g) at baseline.
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Results: Baseline characteristics in the treatment groups were bal-
anced. Overall, mean baseline eGFR was 88.2 ml min−1 1.73 m−2

and geometric mean baseline UACR was 11.6 mg/g. At Week 6,
changes in eGFR were: −2.3, −2.7 and −0.7 ml min−1 1.73 m−2 for
the E5, E15 and NE groups, respectively (Figure). Afterwards, mean
eGFR with ertugliflozin subsequently increased over time, while it
decreased in the NE group. At Week 104, eGFR was greater in the
ertugliflozin groups compared to that in the NE group; NE-adjusted
change from baseline in eGFR (95% CI) was +1.8 ml min−1 1.73 m−2

([0.1, 3.5]; P=0.04) and +2.1 ml min−1 1.73 m−2 ([0.4, 3.8]; P=0.01)
for the E5 and E15 groups, respectively. In patients with baseline
albuminuria (UACR ≥30 mg/g; n=415) the ertugliflozin groups had
greater UACR reductions than the NE group. In patients with baseline
UACR ≥30 mg/g, the percent change from baseline in UACR (95%
CI) at Week 104 compared with the NE group was −29.0% ([−47.0,
−4.9]; P=0.02) for the E5 group and −32.7% ([−50.4, −8.6]; P=0.01)
for the E15 group.
Conclusion: Over 104 weeks, eGFR values were higher with
ertugliflozin than control in patients with T2DM, suggestive of renal
function preservation. Ertugliflozin reduced UACR in patients with base-
line albuminuria.

Clinical Trial Registration Number: NCT01999218 and NCT02033889
(VERTIS SU and VERTIS MET, respectively)
Supported by: Merck Sharp & Dohme Corp., Whitehouse Station, NJ,
USA; Pfizer Inc.
Disclosure:M.Maldonado: Employment/Consultancy; An employee of
MSD, UK. Stock/Shareholding; May own stock in Merck & Co., Inc.,
Kenilworth, NJ, USA.
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An exploration of factors mediating the effects of canagliflozin on
heart failure in patients with type 2 diabetes
B. Neal1,2, J. Li1, V. Perkovic1,3, M. Woodward1,3, G.A. Figtree4, H.L.
Heerspink1,5, K.W. Mahaffey6, D. de Zeeuw5, F. Vercruysse7, W. Shaw8,
D.R. Matthews9;
1The George Institute for Global Health, UNSW Sydney, Sydney,
Australia, 2Imperial College London, London, UK, 3Faculty of
Medicine, University of New South Wales, Sydney, Australia, 4Kolling
Institute, Royal North Shore Hospital, Sydney, Australia, 5University of
Groningen, University Medical Center Groningen, Groningen,
Netherlands, 6Stanford Center for Clinical Research, Department of
Medicine, Stanford University School of Medicine, Stanford, USA,
7Janssen Research & Development, Beerse, Belgium, 8Janssen
Research & Development, LLC, Raritan, USA, 9Oxford Centre for

Diabetes, Endocrinology and Metabolism and Harris Manchester
College, University of Oxford, Oxford, UK.

Background and aims: Canagliflozin (CANA), an SGLT2 inhibitor,
was associated with a reduced risk of heart failure (HF) among
patients with type 2 diabetes compared to placebo (hazard ratio
[HR] 0.67; 95% CI 0.52, 0.87) in the CANagl i f lozin
cardioVascular Assessment Study (CANVAS) Program. The mech-
anism by which CANA provided protection is uncertain, so we
investigated the role of potential mediators.
Materials and methods: We selected for investigation biomarkers
that reflected potential mechanisms for benefits of SGLT2 inhibi-
tion on HF that were recorded at baseline and follow-up among
CANVAS Program participants. The percent mediating effect of
each biomarker was determined by comparing the HRs for the
effect of randomised treatment from an unadjusted model and
from a model adjusting for the biomarker of interest. The separate
effects of changes in the biomarker 6-18 weeks af ter
randomisation and of average levels during follow-up were exam-
ined. Multivariable analyses assessed the joint effects of bio-
markers that mediated most strongly in univariable analyses.
Results: There were 19 biomarkers evaluated for possible mediating
effects. Early changes after randomisation in levels of 3 biomarkers (uri-
nary albumin:creatinine ratio [UACR], serum bicarbonate, serum urate)
were identified as mediating the effect of CANA on HF. Average
postrandomisation levels of 14 biomarkers (systolic blood pressure,
LDL cholesterol, HDL cholesterol, total cholesterol, UACR, weight,
bodymass index, gamma glutamyl transferase, haematocrit, haemoglobin
concentration, serum albumin, erythrocyte concentration, serum bicar-
bonate, serum urate) were identified as significant mediators.
Individually, the 3 with the largest mediating effect were erythrocyte
concentration (45%), haemoglobin concentration (43%) and serum urate
(40%). In a parsimonious multivariable model, erythrocyte concentration,
serum urate and UACR were the 3 that maximised cumulative mediation
(102%).
Conclusion: We identified a diverse set of potential mediators of the
effect of CANA on HF—some mediating effects were anticipated and
others were not. The identified mediators support existing and novel
hypothesised mechanisms for the prevention of HF with SGLT2
inhibitors.

Clinical Trial Registration Number: NCT01032629, NCT01989754
Supported by: Janssen Global Services, LLC
Disclosure: B. Neal: Employment/Consultancy; Abbott, Janssen,
Novartis, Pfizer, Roche, Servier. Grants; Australian National Health and
Medical Research Council Principal Research Fellowship, Janssen,
Roche, Servier, and Merck Schering Plough. Honorarium; Abbott,
Janssen, Novartis, Pfizer, Roche, Servier.
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Sotagliflozin reduces glucose variability and risk for hyperglycaemia
in adults with type 1 diabetes
B.P. Kovatchev1, S. Wang2, J. Oliveira2, J. Stewart3, P. Lapuerta4, R. de
Cassia Castro2;
1University of Virginia Health System, Charlottesville, USA, 2Sanofi US,
Inc., Bridgewater, USA, 3Sanofi Canada, Inc., Laval, Canada, 4Lexicon
Pharmaceuticals, Inc., The Woodlands, USA.

Background and aims: Individuals with type 1 diabetes (T1D) face
daily challenges in achieving optimal glycaemic control by reduc-
ing hyperglycaemia, while avoiding hypoglycaemia. Optimisation
is re f lec ted by the High/Low Blood Glucose Indices
(HBGI/LBGI) - established metrics using self-monitored blood
glucose, or continuous glucose monitoring (CGM) data, to assess
glycaemic variability (GV) and predict the risks of hyper- and
hypoglycaemia with intensification of therapy.
Materials and methods: In the phase 3 inTandem1 and 2 studies,
sotagliflozin (SOTA), a dual sodium-glucose cotransporter1
(SGLT1) and 2 inhibitor, used as adjunct to optimised insulin
therapy in adults with T1D, reduced HbA1c vs placebo.
Significant improvement of glucose time in range (70-180 mg/
dL [3.9-10.0 mmol/L]), without increasing time <3.9 mmol/L
(<70 mg/dL), was previously reported in the pooled CGM
substudy. In this analysis (N=265), we evaluated hyper- and
hypoglycaemic risks with SOTA 200 mg and 400 mg, both taken
once daily, using LBGI and HBGI computed from CGM data.
Results: Compared with placebo, HBGI values were lower with
SOTA 400 mg at Weeks 4, 12, and 24, and SOTA 200 mg at
Weeks 4 and 12 (p<0.0001) (Figure). The percentage of adults in
moderate (4.5-9) or high-risk (>9) HBGI categories was reduced
with SOTA throughout the study for both dosages, and minimal
changes were seen in LBGI values and risk categories.
Conclusion: The CGM profile showed that SOTA reduced GV
through a favourable impact on HBGI without changing LBGI.
Data were first presented at the American Diabetes Association's 78th
Scientific Sessions, June 7-11, 2019, San Francisco, California, USA.

Clinical Trial Registration Number: NCT02384941; NCT02421510
Supported by: Sponsored by Lexicon Pharmaceuticals, Inc., and Sanofi
Disclosure: B.P. Kovatchev: Employment/Consultancy; Sanofi,
Tandem. Grants; Dexcom, Roche, Sanofi, Tandem. Lecture/other fees;
Dexcom. Other; Johnson & Johnson, Sanofi, Dexcom.
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Comparing the effects of dapagliflozin and sitagliptin on glucose var-
iability using FGM in patients with type 2 diabetes: the DIVERSITY-
CVR study
A. Fuchigami, F. Shigiyama, T. Hirose, N. Kumashiro;
Division of Diabetes, Metabolism, and Endocrinology, Department of
Medicine, Toho University Graduate School of Medicine, Tokyo, Japan.

Background and aims: While dipeptidyl peptidase 4 inhibitors
(DPP4i) were reported neutral on cardiovascular (CV) outcomes,
sodium glucose cotransporter 2 inhibitors (SGLT2i) have attracted
attention by suppression of CV outcomes in patients with type 2
diabetes (T2DM). However, there are few prospective studies that
directly compared the efficacy of SGLT2i and DPP4i regarding
the prevention of CV disease risks by monitoring glucose vari-
ability, hypoglycemia, and body weight. Therefore, we performed
the study of dapagliflozin (Dapa) versus sitagliptin (Sita) treat-
ment efficacy on prevention of CV risk factors in type 2 diabetes
patients: The DIVERSITY-CVR. In the present study, we per-
formed the predefined sub-analysis of the DIVERSITY-CVR in
order to evaluate the therapeutic benefits of Dapa and Sita on
glucose variability using flash glucose monitoring (FGM) system.
Materials and methods: This is a prospective, randomized, open,
blinded-endpoint, and parallel-group study. A total of 340 T2DMpatients
with no glucose-lowering agents or treated with metformin alone (20-80
years of age, HbA1c ≥7.1% and <10.0%) were equally randomized to
Dapa or Sita add-on group, and treated for 24 weeks. All subjects under-
took the FGM for 14 days at baseline and 24-week. Then, the effects on
glucose variability assessed by FGM as well as HbA1c, body weight, and
hypoglycemia were compared between the groups.
Results: The clinical characteristics of subjects were aged 58.1 ±
12.2 years, known duration of diabetes; 5.8 ± 6.1 years, body
weight; 74.7 ± 14.2 kg, BMI; 27.9 ± 4.1 kg/m2, and HbA1c;
7.8 ± 0.8% at baseline. Finally, 315 patients were analyzed
{n=159 vs 156, Dapa (7.8 ± 2.8 mg/day) vs Sita (80.6 ± 25.7
mg/day), respectively}. As results, after the 24-week treatment
period, the change of HbA1c level was identical between the both
groups (-0.7 ± 0.8 vs -0.7 ± 0.8%, Dapa vs Sita, respectively) and
the change of fasting plasma glucose level was similar (-19.1 ±
30.1 vs -12.9 ± 32.3 mg/dL). Interestingly, the reduction of body
weight was significantly larger in Dapa group compared to Sita
group (-2.7 ± 3.0 vs -0.4 ± 2.6 kg, p<0.05). However, regarding
the data of glucose variability, the 24 hours standard deviation
and coefficients of variation were significantly reduced in Sita
group vs Dapa group (-8.2 ± 9.8 vs -5.9 ± 10.1 mg/dL and -1.6
± 4.0 vs 0.5 ± 4.5%, respectively, both p<0.05). In addition,
continuous overall net glycemic action calculated every 2 and 6
hours were significantly reduced in Sita group vs Dapa group (-
9.5 ± 10.7 vs -5.8 ± 10.3 mg/dL and -12.7 ± 15.2 vs -9.1 ± 16.8
mg/dL, respectively, both p<0.05). On the other hand, there was
no significant differences in mean of daily difference of blood
glucose between the both groups. The number and duration of
hypoglycemic {<3.0 mmol/L (<54 mg/dL)} or hyperglycemic
{>10.0 mmol/L (>180 mg/dL)} events in 24 hours and 23:00-
6:00 were comparable between the groups. There were no severe
adverse events in both groups.
Conclusion: This DIVERSITY-CVR study is the first study to compare
the effects of Dapa and Sita on CV disease risks in the early-stage T2DM.
Both Dapa and Sita had comparable power on improving HbA1c without
hypoglycemia. However, in the aspect of daily glucose variability
assessed by FGM, Sita achieved more stable glycemic control than
Dapa. These data would provide the better understandings of the effects
of SGLT2i and DPP4i on treatment for T2DM.
Clinical Trial Registration Number: UMIN000028014
Supported by: AstraZeneca K.K.
Disclosure: A. Fuchigami: None.
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Beneficial metabolic effects of empagliflozin alone and empagliflozin
on top of metformin treatment in type 1 diabetes patients
M. Lunder, M. Janić, M. Šabovič, A. Janež;
University Medical Centre Ljubljana, Ljubljana, Slovenia.

Background and aims: There is an increasing interest for the potential use
of oral antidiabetic drugs in type 1 diabetes mellitus (T1DM) patients. We
explored and compared possible beneficial effects metformin, empagliflozin
and metformin/empagliflozin combination on metabolic parameters as well
as insulin doses needed. Such comparison has not been reported so far.
Materials and methods: Forty T1DM patients were randomized into
four groups: 1) empagliflozin (25 mg daily), 2) metformin (2000 mg
daily), 3) metformin/empagliflozin (metformin 2000 mg daily and
empagliflozin 25 mg daily) and 4) control (placebo). Daily insulin doses,
renal and liver function tests and cholesterol values were assessed at
inclusion and after 12 weeks of treatment. One-way analysis of variance
(ANOVA) with Bonferroni post-test was used for statistical analysis.
Results:Metformin, empagliflozin and metformin/empagliflozin signifi-
cantly reduced the total daily insulin doses (for up to -12.4% (p<0.05), -
17.0% (p<0.01) and -20.0% (p<0.01), respectively). Neither metformin
nor empagliflozin influenced serum creatinine and eGFR values.
However, the estimated daily proteinuria and urinary albumin-to-
creatinine ratio significantly decreased in empagliflozin and
empagliflozin/metformin groups, both up to 32 % (P<0.05).
Furthermore, liver index was significantly decreased in empagliflozin
and empagliflozin/metformin groups (up to 27%, P<0.01) and NAFLD
score was also significantly decreased in empagliflozin/metformin group
(up to 28%, P<0.05). Metformin alone did not possess significant effects
on daily proteinuria and liver index. Empagliflozin alone increased LDL
cholesterol, this effect being nullified by the addition of metformin.
Conclusion: Empagliflozin alone or empagliflozin on top of metformin
showed several beneficial effects on metabolic profile in T1DM patients
consisting of reduction of total daily insulin doses and also renal and liver
protection. In summary, our results revealed the promising role of
empagliflozin as adjunctive therapy in T1DM patients.
Clinical Trial Registration Number: NCT03639545
Disclosure: M. Lunder: None.
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Efficacy and safety of dapagliflozin in type 1 diabetes according to
baseline bodymass index: pooled outcomes from the DEPICT-1 and -
2 studies
P. Dandona1, C. Mathieu2, M. Phillip3,4, M.F. Scheerer5, J. Xu6, F.
Thorén7, N. Iqbal6, on behalf of the DEPICT-1 & -2 Investigators;
1Division of Endocrinology, Metabolism and Diabetes, State University
of New York at Buffalo, Buffalo, USA, 2KU Leuven, Leuven, Belgium,
3Schneider Children's Medical Center of Israel, Petah Tikva, Israel, 4Tel-
Aviv University, Tel-Aviv, Israel, 5AstraZeneca, Wedel, Germany,
6AstraZeneca, Gaithersburg, USA, 7AstraZeneca, Gothenburg, Sweden.

Background and aims: Dapagliflozin (DAPA) has recently been ap-
proved as adjunct to insulin in patients with type 1 diabetes (T1D) in
Europe (BMI ≥27 kg/m2) and in Japan. DEPICT-1 and -2 are Phase 3
clinical trials assessing DAPA as add-on to insulin in type 1 diabetes.
Here we present pooled 24-week efficacy and 52-week safety data from
the two studies according to baseline BMI.
Materials and methods: Data from the DEPICT-1 and -2 studies were
pooled and subgroups identified according to baseline BMI: ≤23, >23 to
≤25, >25 to ≤27, >27 to ≤30, and >30 kg/m2. DAPA 5 mg and placebo
(PBO) efficacy and safety data are presented.
Results: 548 and 532 patients received DAPA 5 mg and PBO,
respectively. There were progressively more patients represented
in the higher BMI subgroups. Baseline characteristics were bal-
anced between DAPA and PBO in the individual subgroups, but
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subgroups with higher BMIs had a higher daily insulin dose and
body weight. Baseline HbA1c was similar across subgroups. After
24 weeks there were marked and similar decreases in HbA1c
across all subgroups treated with DAPA, and body weight reduction with
DAPA was more pronounced in the higher BMI subgroups (Table). Total
insulin dose decreased in all subgroups treated with DAPA, with no trend
according to baseline BMI. The odds ratio for achieving the composite of
HbA1c reduction of ≥5.5 mmol/mol (≥0.5%) and no severe hypoglycaemia
with DAPA was highest in patients in the higher BMI subgroups. Adverse
events (AEs) and serious AEs (SAEs) were more frequent with DAPA vs
PBO, occurring at similar rates in the different BMI subgroups (% patients
with an SAEafter 52weeks: 15.3, 11.4, 15.7, 5.5, and 15.5% forDAPA in the
BMI categories ≤23, >23 to ≤25, >25 to ≤27, >27 to ≤30, and >30 kg/m2,
respectively vs 9.5, 6.1, 12.0, 7.1, and 8.8% for PBO). Hypoglycaemia and
severe hypoglycaemia also occurred more frequently in the DAPA group vs
PBO (%patients experiencing severe hypoglycaemia after 52weeks: 9.2, 7.6,
6.7, 13.4, and 9.7% for DAPA vs 7.1, 14.6, 12.0, 8.8 and 8.8% for PBO).
Diabetic ketoacidosis (DKA) occurred more frequently in all DAPA groups
vs PBO, with fewer events in patients with higher baseline BMI; after 52
weeks ‘definite’ adjudicated DKA occurred in 4.1, 7.6, 7.9, 2.4, and 1.3%
with DAPAvs 1.2, 1.2, 1.2, 0.9, and 1.2% receiving PBO.
Conclusion: In the higher BMI subgroups, treatment with DAPA
resulted in greater weight loss, more frequent HbA1c reduction of
≥5.5 mmol/mol (≥0.5%) without severe hypoglycaemia, and fewer
episodes of definite DKA. Other efficacy and safety findings were
similar across subgroups and consis tent with previous
observations.

Clinical Trial Registration Number: NCT02268214; NCT02460978
Supported by: AstraZeneca
Disclosure: P. Dandona: Employment/Consultancy; Novo Nordisk,
AstraZeneca, ABvee. Grants; AstraZeneca, Novo Nordisk, JDRF,
ADA. Honorarium; Novo Nordisk, AstraZeneca, Abvee. Lecture/other
fees; AstraZeneca, Novo Nordisk.
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Efficacy and safety of dapagliflozin in patients with type 1 diabetes by
method of insulin administration: subgroup analysis of the DEPICT-
1 and -2 studies
C. Mathieu1, P. Dandona2, M. Phillip3,4, M.F. Scheerer5, J. Xu6, F.
Thorén7, N. Iqbal6, on behalf of the DEPICT-1 & DEPICT-2
Investigators;
1University of Leuven, Leuven, Belgium, 2Division of Endocrinology,
Metabolism and Diabetes, State University of New York at Buffalo,
Buffalo, USA, 3Schneider Children's Medical Center of Israel, Petah
Tikva, Israel, 4Tel-Aviv University, Tel-Aviv, Israel, 5AstraZeneca,
Wedel, Germany, 6AstraZeneca, Gaithersburg, USA, 7AstraZeneca,
Gothenburg, Sweden.

Background and aims: Use of the sodium-glucose cotransporter-2
inhibitor dapagliflozin (DAPA), combined with insulin (INS), has
demonstrated improved glycaemic control, sustained weight loss
and reduced INS dose versus placebo (PBO) in adult patients

(pts) with type 1 diabetes from two pivotal phase 3 studies,
DEPICT-1 and -2. Here we describe pooled efficacy and safety
outcomes according to the method of administration of INS in
these pts: multiple daily injections (MDI) or continuous subcuta-
neous INS infusion (CSII).
Materials and methods: This was a post-hoc analysis in which
pooled efficacy and safety outcomes are described for pts receiv-
ing DAPA 5 mg, DAPA 10 mg or PBO as adjunct to adjustable
INS therapy administered by MDI or CSII. Efficacy outcomes
(including findings from continuous glucose monitoring) are re-
ported for the 24-week short-term study period and evaluated
using a mixed model, except for pts with an HbA1c reduction
≥5.5 mmol/mol (≥0.5%) without severe hypoglycaemia, which
was evaluated using logistic regression. Safety outcomes are
shown for the 52-week short-term plus long-term extension
period.
Results: In the MDI subgroup there were 352, 362 and 345 pts in
the DAPA 5 mg, DAPA 10 mg and PBO groups, respectively. In
the CSII subgroup there were 196, 204 and 188 in each treatment
group. Efficacy outcomes are shown for each treatment group, by
MDI or CSII therapy (Table). Baseline characteristics were com-
parable between MDI and CSII patient subgroups, as were effica-
cy outcomes versus placebo at Week 24. The percentage of pts
with adjudicated definite diabetic ketoacidosis (DKA) events re-
ported over the 52-week period appeared to be fewer among pts
receiving MDI than among those receiving CSII (Table): 2.6, 2.8
and 0.3% receiving MDI in the DAPA 5 mg, DAPA 10 mg and
PBO groups, respectively; and 6.6, 4.9 and 2.7% receiving CSII
in each treatment group, respectively. Severe hypoglycaemia
events over 52 weeks were balanced between treatment groups
and MDI vs CSII subgroups (Table): ≥1 severe hypoglycaemia
event was reported for 36/352 (10.2%), 27/362 (7.5%) and 35/
345 (10.1%) pts receiving MDI and for 17/196 (8.7%), 24/204
(11.8%) and 18/187 (9.6%) pts receiving CSII in the DAPA 5
mg, DAPA 10 mg and PBO groups, respectively. Adverse events
(AEs) and serious AEs were balanced between pts receiving MDI
and those receiving CSII over the 52-week period.
Conclusion: Efficacy outcomes for pts receiving DAPA 5 mg or 10 mg
were comparable between pts receiving adjustable INS therapy via MDI
and those receiving CSII. DKA events were fewer in those using MDI
than in those receiving CSII for both DAPA and PBO groups.

Clinical Trial Registration Number: NCT02268214; NCT02460978
Supported by: AstraZeneca
Disclosure: C. Mathieu: Employment/Consultancy; Novo Nordisk,
Sanofi, Merck Sharp and Dohme Ltd., Eli Lilly and Company,
AstraZeneca, Boehringer Ingelheim, Roche, ActoBio Therapeutics.
Honorarium; Novo Nordisk, Sanofi, Eli Lilly and Company,
Boehringer Ingelheim, AstraZeneca, Novartis.
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Analysis of patients in the dapagliflozin DEPICT-1 and -2 trials in
type 1 diabetes according to HbA1c subgroup
P. Gillard1, P. Dandona2, C. Mathieu1, M. Phillip3,4, S.R. Heller5, M.F.
Scheerer6, J. Xu7, F. Thorén8, N. Iqbal7, on behalf of the DEPICT-1 &
DEPICT-2 Investigators;
1University of Leuven, Leuven, Belgium, 2Division of Endocrinology,
Metabolism and Diabetes, State University of New York at Buffalo,
Buffalo, USA, 3Schneider Children's Medical Center of Israel, Petah
Tikva, Israel, 4Tel-Aviv University, Tel-Aviv, Israel, 5University of
Sheffield, Sheffield, UK, 6AstraZeneca, Wedel, Germany,
7AstraZeneca, Gaithersburg, USA, 8AstraZeneca, Gothenburg, Sweden.

Background and aims: The sodium-glucose cotransporter-2
dapagliflozin (DAPA) is approved for use in Europe (BMI ≥27 kg/m2)
and in Japan as adjunct to insulin in patients with type 1 diabetes (T1D). It
is currently not known whether the risk/benefit balance differs between
patients with high or very high HbA1c. This analysis compared efficacy
and safety of DAPA in adults with T1D in the pooled DEPICT-1 and -2
studies in subgroups according to baseline (BL) HbA1c.
Materials andmethods: This was a post-hoc, pooled analysis of efficacy
outcomes over 24 weeks and safety outcomes over 52 weeks for sub-
groups of patients with BL HbA1c <75 mmol/mol (<9.0%) or ≥75
mmol/mol (≥9.0%) receiving DAPA 5 mg, DAPA 10 mg or placebo
(PBO), in combination with insulin. Efficacy outcomes were evaluated
using a mixed model, except for proportion of patients with an HbA1c
reduction ≥5.5 mmol/mol (≥0.5%) without severe hypoglycaemia, which
was compared between DAPA 5 mg or 10 mg and PBO using logistic
regression.
Results: Overall, 1261 patients with BL HbA1c <75 mmol/mol and 385
with BL HbA1c ≥75 mmol/mol were included in the efficacy analysis.
24-week efficacy and 52-week safety results are shown in the table.
Efficacy outcomes appeared to be comparable between patient subgroups
(baseline HbA1c <75 mmol/mol vs ≥75 mmol/mol) at BL and at week
24, with the exception of total daily insulin dose (TDI) reduction, which
was greater at 24 weeks in patients with an HbA1c <75 mmol/mol. The
incidence of adverse events (AEs) and serious AEs over 52 weeks were
also comparable between baseline HbA1c subgroups, with the exception
of hypoglycaemia which was lower in patients in the higher HbA1c
subgroup.
Conclusion: In this post-hoc analysis, DAPA in combination with insulin
was efficacious and had a consistent safety profile in patients with T1D
with BL HbA1c <75 mmol/mol and those with BL HbA1c ≥75
mmol/mol. The larger TDI reduction in the subgroup with BL HbA1c
<75 mmol/mol may explain why the HbA1c reduction at 24 weeks was
comparable between BL HbA1c subgroups.

Clinical Trial Registration Number: NCT02268214; NCT02460978
Supported by: AstraZeneca
Disclosure: P. Gillard: None.
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Dapagliflozin in type 1 diabetes: pooled outcomes from DEPICT-1
and -2
L. Hansen1, P. Dandona2, C. Mathieu3, M. Phillip4,5, F. Thorén6, M.F.
Scheerer7, J. Xu1, A.-M. Langkilde6, on behalf of the DEPICT-1 &
DEPICT-2 Investigators;
1AstraZeneca, Gaithersburg, Maryland, USA, 2Division of
Endocrinology, Metabolism and Diabetes, State University of New
York at Buffalo, Buffalo, USA, 3Endocrinology, UZ Gasthuisberg,
Leuven, Belgium, 4Institute for Endocrinology & Diabetes, Petah
Tikva, Israel, 5Tel-Aviv University, Tel-Aviv, Israel, 6AstraZeneca,
Gothenburg, Sweden, 7AstraZeneca, Wedel, Germany.

Background and aims: DEPICT-1 and -2 were near identical studies
assessing dapagliflozin (DAPA) 5 and 10 mg as add-on to insulin in type
1 diabetes (T1D).
Materials and methods: Here we present an analysis of the pooled
population from the two studies. Safety data were available for
548, 566 and 532 patients in the DAPA 5 mg, 10 mg and placebo
groups, respectively and efficacy data for 530, 529 and 532 pa-
tients in each group, respectively.
Results: Baseline characteristics were similar between groups.
Overall mean (SD) age was 43 (14) years, BMI 28 (5) kg/m2,
duration of T1D 20 (12) years and HbA1c 69 (7.7) mmol/mol
[8.5% (0.7%)]. At Weeks 24 and 52, DAPA decreased HbA1c,
systolic BP and weight vs placebo (Table). At Week 24, insulin
dose was decreased with DAPA 5 mg (−8.3%) and 10 mg
(−10.5%) but increased with placebo (+1.4%); this pattern was
also seen up to Week 52. More DAPA vs placebo patients
achieved an HbA1c reduction ≥5.5 mmol/mol (0.5%) without se-
vere hypoglycaemia (Table). Safety of DAPA was consistent with
previous observations in T1D and type 2 diabetes. Severe
hypoglycaemia was balanced across groups. Events adjudicated
as definite diabetic ketoacidosis (DKA) occurred more frequently
with DAPA vs placebo (3.8% vs 1.1% of patients after 52 weeks);
most were of mild or moderate intensity.
Conclusion: Over 52 weeks in this large group of patients with
T1D, DAPA provided glycaemic, weight and BP benefits along
with reductions in insulin dose, increased DKA events, but a low
frequency of severe hypoglycaemia.

Clinical Trial Registration Number: NCT02268214; NCT02460978
Supported by: AstraZeneca
Disclosure: L. Hansen: Employment/Consultancy; Employee of
AstraZeneca.
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Improved treatment satisfaction in patients with type 1 diabetes
treated with sotagliflozin plus insulin vs insulin alone
V.N. Joish1, T. Danne2, R. Preblick3, P. Banks1, S. Sawhne1, P. Lapuerta1,
J.B. Buse4;
1Lexicon Pharmaceuticals, Inc., The Woodlands, USA, 2Department of
Diabetes, Endocrinology, and Clinical Research, Children’s and Youth
Hospital Auf der Bult, Hannover Medical School, Hannover, Germany,
3Sanofi US, Inc., Bridgewater, USA, 4Department of Medicine,
University of North Carolina School of Medicine, Chapel Hill, USA.

Background and aims: Treatment satisfaction reflects patients’ perspec-
tives on the value of their therapy and has been associated with adherence
and willingness to continue treatment. Sotagliflozin, as an adjunct to opti-
mized insulin therapy, has produced improvement in glycaemic control com-
pared with adjunctive insulin (placebo). The objectives of this post hoc anal-
ysis were to evaluate patient-reported treatment satisfaction in the inTandem1
and 2 studies, assess the proportion of patients with type 1 diabetes (T1D)
who achieved clinically meaningful changes in satisfaction scores, and eval-
uate the individual items/domains driving treatment satisfaction.
Materials and methods: Treatment satisfaction was evaluated using the
patient 8-item Diabetes Treatment Satisfaction Questionnaire status
(DTSQs). For each item, patients provided their response using a 7-point
scale. The treatment satisfaction score was the sum of 6 DTSQs items; the
other 2 items measuring perceived frequency of hyperglycaemia and
hypoglycaemia were considered separately. Treatment group comparisons
in the change from Baseline to Week 24 mean score values were evaluated
using mixed model repeated measures methods. Changes in DTSQs scores
from Baseline to Week 24 were assessed as comparisons of responder rates
(>3 increase in DTSQs total score) between treatment groups using Cochran-
Mantel-Haenszel statistics.
Results: Least square mean (LSM) changes in DTSQs total scores were
significantly greater (p<0.001) in the sotagliflozin 200 and 400mg groups
than in the placebo group. Similarly, responder rates were comparable
between the sotagliflozin groups but significantly (p<0.005) higher than
that observed for placebo (Table). Perceived frequency of
hyperglycaemia was lower for sotagliflozin (both doses groups) com-
pared with placebo; perceived frequency of hypoglycaemia was lower
in the 400mg arm of inTandem 1 vs placebo and similar across treatments
in inTandem 2. Time in range (‘perceived frequency of hyperglycaemia’
item) was significantly correlated with improvement in the DTSQs
hyperglycaemia subscale (Pearson correlation coefficient: -0.311;
p<0.001). After 24 weeks of treatment, higher proportions of patients in
the sotagliflozin groups compared with placebo were satisfied with their
current treatment, found it convenient and flexible, and would recom-
mend this form of treatment.
Conclusion: Patients with T1D treated with sotagliflozin, in addition to
optimized insulin therapy, reported clinically significant improvements in
treatment satisfaction compared with placebo, which was associated with
reduction in glycaemic variability.

Clinical Trial Registration Number: NCT02384941, NCT02421510
Supported by: Sanofi US, Inc., Lexicon Pharmaceuticals, Inc.
Disclosure: V.N. Joish: Employment/Consultancy; Lexicon
Pharmaceuticals, Inc.
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Real-world efficacy and safety of long-term adjunctive therapy with
SGLT-2 inhibitors in adults with type 1 diabetes
J. Ferri1, F.J. Ampudia-Blasco1, I. Pellicer2, I.D. Méndez2, B. Moreno2,
A. Rubio2, J.T. Real1;
1Diabetes Reference Unit, Endocrinology&NutritionDepartment, Clinic
University Hospital Valencia, INCLIVA Biomedical Research Institute,
Valencia, 2Endocrinology & Nutrition Department, Clinic University
Hospital Valencia, Valencia, Spain.

Background and aims: SGLT-2 inhibitors (SLGT2-i) reduce hyper-
glycemia by increasing urine glucose excretion by an insulin-
independent mechanism. Although these agents are not currently
approved to be used in Type 1 diabetes (T1D), several phase 2
and phase 3 studies with SGLT2-i and dual SLGT-1/SGLT-2 in-
hibitors have demonstrated similar benefits as those observed in
Type 2 diabetes and an acceptable safety profile. Our aims were
to assess real-world efficacy and safety of available SGLT2-i in
combination with multiple daily injection (MDI) or continuous
subcutaneous insulin infusion (CSII) in adults with T1D.
Materials and methods: Long-term observational study based on
clinical registries obtained from T1D patients followed in our
hospital. All patients started, previous signed informed agreement,
an adjunctive therapy with a SGLT2-i (Empagliflozin 5-10 mg per
day, Dapagliflozin 5-10 mg per day or Canagliflozin 50-100 mg
per day), in combination with MDI or CSII. 86 T1D patients with
≥10 years of diabetes duration (59.3% MDI, 40.7% ISCI) were
analyzed. Changes in HbA1c and weight, as well as adverse ef-
fects and treatment dropouts were registered at 3, 6, 9, 12, 18 y
24 months of follow-up. Adverse events (AE) were asked and
registered at each visit. Statistical analysis was done using
SPSS-24 software. Data are expressed as mean±SD, with a level
of statistical significance of less than 0.05.
Results: Patient baseline characteristics were: age 49.0±9.0 y-old,
54.7% women, BMI 28.0±3,.5 kg/m2, diabetes duration 26.8±11.6
years, and duration of SGLT2-i treatment 24±13 months. At base-
line, HbA1c values were 8.19±0.88% and weight 79.4±13.34 Kg.
After starting adjunctive therapy with SGLT2-i, we observed con-
sistent reductions in HbA1c of -0.65%, -0.51%, -0.54%, -0.34%, -
0.53% and -0.48% at 3, 6, 9, 12, 18 y 24 months post-treatment,
respectively (p<0.05, all comparisons). In addition, we found also
persistent weight loss of -2.26 Kg, -2.69 Kg, -3.04 Kg, -3.01 Kg,
-3.24 Kg y -3.19 Kg at 3, 6, 9, 12, 18 y 24 months post-treat-
ment, respectively (p<0.05, all comparisons). Total daily, basal
and bolus insulin doses pre-treatment (55.07 U., 33.37 U., 23.94
U., respectively) diminished at the end of follow-up in -7.68 U., -
5.19 U. and -3.35 U., respectively (p<0.05, all comparisons). We
found a total of 32 AE, mainly genital mycotic infections (18.6%,
in 11 women and 5 men), recurrent in 9 cases (56.3%). Other AE
were occurred only once: 2 urinary infections (2.3%), 3 ketosis
episodes (3.4%) and 5 DKA (5.8%, 4 in patients on CSII). Only
7 (8.1%) moderate/severe hypoglycemia episodes were reported.
Finally, we had 6 treatment dropouts (6.9%), 5 due to recurrent
genital mycotic infections, and one after a ketosis episode.
Conclusion: In adults with T1D of ≥10 years of diabetes duration,
adjunctive treatment with SGLT2-i in real-life conditions to pre-
vious MDI or CSII was associated with a meaningful and consis-
tent long-term improvement of HbA1c and weight loss despite
reductions in insulin doses, and with an acceptable and manage-
able AE profile over 24 months.
Disclosure: J. Ferri: None.
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Diabetic ketoacidosis in adult patients with type 1 diabetes treated
off-label with SGLT2 inhibitors in a US claims database: Can in-
creased awareness reduce risk over time?
C. Wu1, L. Li1, E.B. Andrews2, X. Li1, Z. Doder1, E. Zalmover1, K.
Sharma1, J.H. Oliveira1, J. Juhaeri1;
1Sanofi, Bridgewater, 2RTI Health Solutions, Research Triangle
Park, USA.

Background and aims: In May 2015, the US Food and Drug
Administration (FDA) warned of an increased risk of diabetic
ketoacidosis (DKA) with sodium glucose cotransporter 2 inhibi-
tors (SGLT2i) in which blood glucose may be only slightly in-
creased compared to typical DKA cases. The FDA warning and
related publications helped raise awareness of this risk in the
scientific community. While not approved for use in type 1 dia-
betes (T1D), SGLT2i have been used in a limited capacity in this
population. The purpose of this study was to evaluate the inci-
dence of DKA in adult T1D patients treated off-label with
SGLT2i before and after the warning.
Materials and methods: This retrospective cohort study was per-
formed using the MarketScan claims database. T1D patients who
were 18 years or older and had at least one dispensing of a
SGLT2i between April 10, 2013 (first dispensing in the database)
and September 30, 2017 were identified. For each patient, the
index date was defined as the date of the first dispensing of a
SGLT2i, and the index treatment episode was defined as the pe-
riod starting on the index date and continuing for the duration of
the days supplied. Any hospitalized DKA events occurring during
the index treatment episode were identified by ICD diagnosis
codes. In addition, a cohort of adult T1D patients who were not
treated with SGLT2i in the study period was identified. For each
non-SGLT2i patient, the index date was April 10, 2013 or the
first date when the diabetes identification criteria were met,
whichever was later. Any hospitalized DKA events occurring
from the index date to the end of follow-up were identified. For
each cohort, the incidence rate of DKA and its 95% confidence
interval (CI) in each calendar year was calculated.
Results: There were 5,299 and 193,550 patients in the SGLT2i and non-
SGLTi cohorts, respectively. In each cohort, the age and sex distributions
were similar across calendar years. In the SGLT2i cohort, the incidence rate
of DKA per 100 person-years (PY) decreased from 15.7 (95% CI: 7.5, 24.0)
in 2013 to 4.2 in 2017 (95% CI: 2.5, 5.9) (Figure). In contrast, in the non-
SGLT2i cohort, the incidence rate of DKA slightly increased from 4.9 (95%
CI: 4.7, 5.1) in 2013 to 5.4 (95% CI: 5.2, 5.6) per 100 PY in 2017.
Conclusion: This study revealed decreasing incidence of DKA in
T1D patients treated off-label with SGLT2i in 2013 - 2017. While
the triggers for the decrease are likely multifactorial, increased
awareness of the potential DKA risk fostered by the FDA com-
munication and related publications are possible contributors. The
decrease in DKA incidence may suggest improved patient selec-
tion and risk mitigation as clinicians gained more experience with
using SGLT2i in T1D patients. Additional analysis to adjust for
other factors, such as changes in baseline DKA risk factors, could
help further illuminate the reason for these trends.

Supported by: Sanofi
Disclosure: C. Wu: Employment/Consultancy; Sanofi. Stock/
Shareholding; Sanofi.
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New diabetes treatment using an innovative FGF1 protein analogue
E. Drzazga1, M. Janiszewski1, K. Bazydlo-Guzenda1, J. Pieczykolan1, J.
Hucz-Kalitowska1, M. Teska-Kaminska1, H. Ziolkowski2, A. Czyrek3,
D. Krowarsch3, M. Zakrzewska3, J. Otlewski3, M. Wieczorek1;
1Celon Pharma S.A., Kielpin, 2University of Warmia and Mazury,
Olsztyn, 3University of Wroclaw, Wroclaw, Poland.

Background and aims: Recent scientific reports highlights the ther-
apeutic potential of fibroblast growth factor 1 (FGF1) in the treat-
ment of type 2 diabetes (T2D). A single injection of FGF1 pro-
tein reduced blood glucose to physiological level, without
hypoglycaemia. However, the application of FGF1 in T2D therapy
is hampered by its strong mitogenic activity, which may cause
serious side effects. It has been proposed that mitogenic response
results from long-term and stable binding of FGF1 to its cognate
receptor (FGFR). Interestingly, the metabolic response occurs after
a short exposure to the protein. Therefore, our goal was to intro-
duce modifications in the FGF1 polypeptide chain, which preserve
antidiabetic activity and simultaneously reduce the proliferative
potential of FGF1.
Materials and methods: For glucose uptake assay, 3T3-L1 cells dif-
ferentiated into adipocytes were used. Cells were treated with pro-
teins at 10 ng/ml for 16h with or without 10 U/ml heparin.
Proliferation assay was performed on NIH3T3 fibroblasts. Cells
were treated with increasing concentrations of proteins (from 0-
100 ng/mL) for 24h and proliferation was assessed on BrdU incor-
poration in DNA. In pharmacokinetic studies (PK) the test proteins
were administered subcutaneously (s.c.) at 0.5 mg/kg and intrave-
nously (i.v.) at 0.1 mg/kg to rats and protein concentration in plasma
was measured up to 48h using ELISA assay. In vivo, efficacy ex-
periment was performed on male db/db mice. Proteins were admin-
istered s.c. at 1 or 5 mg/kg, and glucose concentration levels were
measured up to 168h. Data were analyzed using 2-way ANOVA
with Dunnett’s post hoc test.
Results: In order to select the best protein, we tested variants with
single or multiple substitutions in the FGF1 polypeptide chain (B, C,
BC, D and BCD mutants). Functionality was assessed based on their
metabolic activity and mitogenic properties. In adipocytes FGF1 en-
hanced glucose uptake 3.84-times as compared to non-treated cells.
Interestingly, BCD mutant exhibited a comparable effect to the wild
type (WT) (3.85). Accordingly, in diabetic db/db mice, the proteins
lowered glucose concentrations within 6 hours (p value< 0.0001 for
FGF1 and BCD mutant). Surprisingly, despite short exposure to BCD
mutant (T1/2kel=8h vs 19h for FGF1 from PK study), the glucose
lowering effect was observed up to 72 hours later for both proteins (p
value< 0.05 for FGF1 at 1mg/kg and p value< 0.001 for BCD mutant
at 5mg/kg). However, none of tested proteins caused hypoglycaemia,
regardless of administered dose (1 or 5mg/kg). Moreover, mutant BCD
had higher bioavailability when compared with FGF1 (78% and 33%,
respectively). Finally, proliferation studies on NIH3T3 fibroblasts re-
vealed that BCD mutant markedly reduced proliferation as compared
to FGF1: EC50~ 5 vs 0.7-1.0 ng/mL.
Conclusion: Our study revealed that appropriately tailored FGF1
gene may uncouple metabolic and mitogenic functions of its prod-
uct. Our BCD mutant retains antidiabetic activity of its wild form
and sustainably restores normoglycaemia in diabetic animals.
Notably, its blunted mitogenic capacity accompanied by its short
half-life time in plasma are features that make it towards clinical
application. Therefore we propose the mutant BCD as novel can-
didate for drug, enabling effective treatment for T2D.
Supported by: The National Centre for Research and Development
Disclosure: E. Drzazga: Grants; The National Centre for Research and
Development.
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A short course of rifaximin for glycaemic control in patients with
poorly controlled type 2 diabetes: a randomised, controlled clinical
trial
S.K. Weerasinghe, S.T. De Silva, A. Kasturiratne, M.A. Niriella, R.
Premarathne;
Faculty of Medicine, University of Kelaniya, Ragama, Sri Lanka.

Background and aims: Modulation of the gut microbiome may
help in the management of metabolic disorders such as type-2
diabetes mellitus (T2DM). The use of antibiotics in animals and
prebiotics/probiotics in humans has shown to improve glycaemic
control (GC) by altering the gut microbiota. However, the use of
rifaximin for better GC in T2DM has not been studied
previously.
Materials andmethods: This randomised, controlled study assessed
the effect of rifaximin, a non-absorbable antibiotic, on GC in
poorly controlled T2DM. This was conducted in the outpatient
clinic of the University Medical Unit, of a teaching hospital.
The study was carried out between 1st of January 2018 and
30th of November 2018. 21-patients, aged 18-80 years, with du-
ration of diabetes more than 5-years and poor GC (HbA1c>8%),
were randomized to two groups: intervention group (I) was given
standard therapy plus a course of rifaxamin (400mg, 8-hourly for
2-weeks), control group (C) was given standard therapy only.
Standard therapy was management according to 2017 American
Diabetic Association (ADA) guidelines. GC was assessed by
HbA1c and post-prandial blood sugar (PPBS) series following a
standard rice-based meal at baseline and 4-weeks after the inter-
vention. HbA1c was also repeated at 3-months.
Results: The mean duration of T2DM was significantly longer in
C compared to I (C: 17.36+/-7.47 vs I 8.25+/-4.12 years,
p=0.003). There was no difference in mean-HbA1c at inclusion
between the groups [C: 9.40+/-0.69 vs I: 9.66+/-0.56; p=0.29].
There was no difference in the use of insulin (C: 45.5% vs I:
50.0%, p=0.84), metformin (C: 100.0% vs I: 80.0%, p=0.12),
sulfonylureas (C: 54.5% vs I: 50.0%, p=0.84) or DPP-4-
inhibitors (C: 54.0% vs I: 60.0%, p=0.80) among the gropus.
There was no significant difference in the reduction in PPBS in
4-weeks at 1/2 h (I:-32.1+/-56.06 vs C:-11.36+/-53.86, p=0.39), at
1 h (I: -22.4+/-39.22 vs C:-10.91+/-43.11, p=0.53), at 2 h (C:-
32.8+/-56.04 vs I: -5.73 +/-70.13, p=0.34) or reduction in HbA1c
at 3-months (I:-0.36+/-0.75 vs C:-0.09+/-0.38, p=0.32) between
the groups.
Conclusion:We failed to demonstrate a significant improvement of
GC, by the addition of a 2-week course of rifaximin to the stan-
dard of care, in this cohort of diabetic patients with poor control.
However, there was a trend toward improvement in GC with the
use of rifaximin.
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Results from the sentinel and learning phase of the Simplici-T1 study,
the first clinical trial to test activation of glucokinase as an adjunctive
treatment for type 1 diabetes
C. Valcarce1, J. Freeman1, I. Dunn1, C. Dvergsten1, T. Soeder2, J. Buse3;
1vTv Therapeutics, High Point, 2CATO Research, Durham, 3UNC
Chapel Hill, Chapel Hill, USA.

Background and aims: There is an unmet medical need to provide
people with type 1 diabetes (T1DM) treatment options that help achieve
tighter blood glucose levels without increasing the risk of hypoglycemia
or ketoacidosis. TTP399 is an orally administered, small molecule, liver-
selective GK activator in development as a new potential oral antidiabetic
drug (OAD). In clinical studies evaluating T2DM subjects, TTP399 has
shown significant reductions in postprandial glucose, increasing % time
in range and decreasing% time in hypo or hyperglycemia. In the 6-month
Phase 2b clinical trial in subjects with T2DM, TTP399 significantly re-
duced A1c, and the effect was sustained for the duration of the study
without significant hypoglycemia, dyslipidemia, or ketoacidosis. The
aim of the current investigation is to explore the effect of TTP399 as
adjunctive therapy for the treatment of T1DM.
Materials and methods: The Simplici-T1 trial is an adaptive three-part
(sentinel, learning, and confirming phase) Phase 1b/2 Proof of Concept
study. The Sentinel phase evaluated the safety, pharmacokinetics, and
pharmacodynamics of different dose regimens ranging from 400 to
1200mg daily doses of TTP399 (7 days dosing at each dose level) in 5
adults with T1DM on insulin pump therapy and continuous glucose mon-
itoring (CGM). The learning phase (Part 1) is a double-blinded, placebo-
controlled study evaluating the effect of daily doses of TTP399
(800mgQD) for 12 weeks in approximately 20 adult patients with
T1DM on insulin pumps and CGM.
Results: The sentinel phase showed that TTP399 was well tolerated. No
incidents of severe hypoglycemia or diabetic ketoacidosis occurred dur-
ing this phase, and no detrimental changes in plasma lipids or liver func-
tion were noted. When compared to baseline, trends toward improved
glycemic control (e.g. mean increase in time in range of 24% at the
800 mg dose) while reducing insulin dose (e.g. mean decrease of bolus
insulin dose of 7 U/day at the 800 mg dose) were observed with TTP399.
Moreover, the number and duration of hypoglycemic events were lower
with TTP399 treatment. These results supported continuing to the ran-
domized, placebo-controlled phase of the study. Enrollment of Part 1 has

been completed. Results from Part 1 are not available at the time of
writing this abstract, but they will be presented at the meeting.
Conclusion: Data from the Sentinel phase suggest that TT399 has the
potential to become an effective adjunctive therapy for the treatment of
T1DM. Results from the Part 1 of the Simplici-T1 study will further
inform this hypothesis.
Clinical Trial Registration Number: NCT033353371
Supported by: JDRF
Disclosure: C. Valcarce: Employment/Consultancy; vTv Therapeutics.
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Reduced hypoglycaemic property of glucokinase activator by longi-
tudinal administration in db/db mice
S. Kawata1, A. Nakamura1, H. Miyoshi1, K. Tsuchida1, K. Omori1, K.
Takahashi2, H. Kameda1, K.Y. Cho1, Y. Terauchi3, T. Atsumi1;
1Hokkaido University, Sapporo, 2Sapporo City General Hospital,
Sapporo, 3Yokohama City University, Yokohama, Japan.

Background and aims: Glucokinase activators (GKAs) were developed
as antidiabetic drugs with a dual hypoglycemic effect of enhancing the
insulin secretion ability and hepatic glucose utilization. However, some
clinical trials have shown the nonsustained hypoglycemic efficacy of
GKAs. Therefore, in the present study, we aimed to clarify themechanism
of the loss of GKA effect in db/db mice.
Materials andmethods: Six-week-old db/db mice were exposed to stan-
dard chow (Control group), standard chow containing 0.04% GKA
(GKA group) or standard chow containing 0.005% Ipragliflozin, a
sodium-glucose cotransporter 2 inhibitor (SGLT2i), which has been dem-
onstrated to have long-term hypoglycemic effect in db/db mice (SGLT2i
group). In addition to measuring body weight (BW) and blood glucose
(BG), we evaluated insulin sensitivity by the insulin tolerance test (ITT).
Insulin secretion and glucose tolerance were also evaluated by the oral
glucose tolerance test (OGTT). After 14 and 28 days, we sacrificed these
mice and each organ’s weight was measured. Immunohistochemical anal-
ysis was used to assess β cell mass and proliferation. Additionally, liver
triglyceride (TG) content and gene expression profiles of the liver were
examined.
Results: There was no difference in BW among the three groups.
Regarding BG, a significant decrease was sustained in the SGLT2i group
compared with the Control group until day 28. On the other hand, BG
showed a significant decrease in the GKA group compared with the
Control group until day 6. However, thereafter the difference disappeared
(day 6: Control group: 454 ± 84 mg/dl, GKA group: 257 ± 85 mg/dl,
SGLT2i group: 224 ± 55 mg/dl; day 28: Control group: 588 ± 102 mg/dl,
GKA group: 508 ± 129 mg/dl, SGLT2i group 217±30 mg/dl). ITT dem-
onstrated no difference in the insulin sensitivity among the three groups
on day 9. In the OGTT, the glucose tolerance improved in the SGLT2i
group compared with that in the Control group. In the GKA group, partial
improvement was observed on day 11 compared with the Control group,
but the difference disappeared on day 25. The fasting insulin/BG ratio on
day 11 was significantly increased in the SGLT2i group compared with
the other two groups. No differences were observed in the pancreatic β
cell mass or proliferation among the three groups on day 14. However,
these parameters were significantly increased in the SGLT2i group, but
not in the GKA group, compared with the Control group on day 28.
Although there were no differences in visceral or subcutaneous fat
weight, the liver weight showed a significant increase in the GKA group
and a significant decrease in the SGLT2i group compared with that in the
Control group. Hepatic TG content on day 28 was significantly increased
in the GKA group compared with that in the other two groups (Control
group: 68 ± 23 mg/g liver, GKA group: 183 ± 60 mg/g liver, SGLT2i
group: 54 ± 13 mg/g liver). Finally, the expression levels of mRNA
associated with lipogenesis, such as Fas, Elovl6, Scd1 and PPARγ, were
significantly upregulated in the GKA group compared with the SGLT2i
group.
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Conclusion: We successfully reproduced the unsustainability of GKA
hypoglycemic effect in db/db mice. Our results suggest that GKA en-
hances glucose utilization in the liver at the early phase of administration,
but the hypoglycemic effect is reduced due to increasing hepatic fat
accumulation.
Disclosure: S. Kawata: None.
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Imatinib protects human beta cells against cytokine-induced death
via inhibition of mitochondrial function and activation of AMPK
A. Elksnis1, X. Wang1, C. Krizhanovskii1,2, T.A. Schiffer1, F. Palm1, Y.
Wang1, J. Cen1, P. Bergsten1, T. Karlsborn3, N. Welsh1;
1Dept. of Medical Cell Biology, Uppsala University, Uppsala,
2Karolinska Institutet, Research Unit, Södertälje Hospital, Södertälje,
3Swedish Metabolomics Centre, Umeå, Sweden.

Background and aims: Several protein tyrosine kinase inhibitors are
today used in the targeted treatment of malignancies. Some of these have
also been shown to ameliorate both type 1 (T1D) and type 2 diabetes
(T2D) in treated patients. The Abl-, c-kit- and PDGF-R- inhibitor
Imatinib mesylate (IM) is one of the more studied substances in this
group. Used in the treatment of chronic myeloid leukaemia, IM has also
been shown to decrease human beta-cell death in vitro, and even reverse
the progress of T1D in some animal models. An ongoing clinical study
currently evaluates the effects IM treatment in recent-onset T1D, and
preliminary data suggests that IM may mitigate disease progression.
How these anti diabetic affects are achieved, are still largely unknown.
Here we investigated the possible mechanisms behind the beta-cell pro-
tective effects of IM, with emphasis on metabolic regulation, precondi-
tioning and the role of AMPK.
Materials and methods: EndoC-βH1 cells and human islets were cul-
tured and supplemented with IM and other drugs in various concentra-
tions, with or without cytokines (IL-1β + IFN-γ). Using immunoblotting,
levels of p- and total- AMPK, and other protein levels were assessed.
Additionally, experiments were performed to assess the effects of IM on
the human beta-cell transcriptome, cell viability, oxygen consumption,
mitochondrial function, metabolite composition, glucose and palmitate
oxidation rates, and insulin release.
Results: 6h, but not a 3h treatment of EndoC-βH1 cells with IM resulted
in an increase of phosphorylated AMPK (5μM ≈ 50% increase p<0,05,
15μM ≈ 100 % increase p<0,05). Human islets also responded to IM and
metformin with an increased AMPK phosphorylation (15μM IM ≈ 35%
increase p<0,05, 1mM metformin ≈ 80% increase p<0,01).
Transcriptome analysis revealed that IM affected metabolic pathways
linked to AMPK activation. At basal conditions IM did not significantly
affect cell death. However, IM, when added 6h before cytokines, dose
dependently counteracted cytokine-induced cell death (p<0,01). This ef-
fect was mimicked by the AMPK activator AICAR, and counteracted by
Compound C. Similar results were observed in palmitate + high glucose
treated human islets. Analysis of ATP/AMP, UTP/UMP and GTP/GMP
ratios using HILIC/LCMS revealed that 3h IM decreased the UTP/UMP
ratio, and that 6h treatment was sufficient to decrease all 3 ratios (13-
38%). Analysis of glycolytic intermediates suggested an increased glyco-
lytic flow. In vitro respiration assessments in isolated rat kidney mito-
chondria showed that IM significantly inhibits complex I mediated state 3
respiration by 5-11%, and complex II mediated respiration by 1-7%.
Conclusion: Our findings support that IM at clinically relevant concen-
trations inhibits mitochondrial respiration. IM-induced AMPK activation
in turn mediates protection of beta-cells, an event resembling metformin-
induced mitochondrial preconditioning (mitohormesis). As IM seems to
counteract both T1D and T2D, our results support the notion that phar-
macological modulation of beta-cell mitochondrial activities may repre-
sent a novel strategy in the treatment of diabetes.
Supported by: SDA, Family Ernfors Fund, SCDF, EXODIAB
Disclosure: A. Elksnis: None.
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Phase Ib clinical trial of IMCY-0098 in young adults with recent-
onsent type 1 diabetes
J. Van Rampelbergh1, C. Boitard2, P. Achenbach3, R.D. Leslie4, C.
Dayan5, B. Keymeulen6,7, K.R. Owen8, B. Lapauw9,7, V. Carlier1, R.R.
Ahangarani1, E. Gebruers1, L. Vanderelst1, M. Van Mechelen1, P.
Vandepapelière1;
1Imcyse S.A., Liège, Belgium, 2Hôpital Cochin, Paris, France, 3Helmholtz
ZentrumMünchen, Munich, Germany, 4Queen Mary University of London,
London, UK, 5University Hospital of Wales, Cardiff, UK, 6UZ Brussel,
Brussels, Belgium, 7Belgian Diabetes Registry, Brussels, Belgium,
8University of Oxford, Oxford, UK, 9UZ Gent, Gent, Belgium.

Background and aims: Type 1 diabetes (T1D) is an auto immune
disease whereby pancreatic beta cells are destroyed by effector
CD4 and CD8 T cells. No curative treatment exists. IMCY-0098
(human T1D-peptide) is an innovative immunotherapeutic technol-
ogy, consisting of a synthetic peptide containing an MHC class II
epitope of proinsulin linked to a thioredox motif. In a NOD
mouse model, injection of a murine T1D-thioredox peptide pre-
vents and stops disease development through induction of cyto-
lytic CD4 T cells that leads to apoptosis of antigen presenting
cells and effector T cells activated against beta cells auto antigens.
IMCY-0098 is expected to be disease-modifying by stopping the
autoimmune-mediated destruction of beta cells in the pancreas
through an antigen-specific mechanism of action whilst preserving
overall immune competence of the diabetic patients. The safety,
clinical efficiency and immune responses induced by IMCY-0098
treatment were evaluated in a double blind, randomized phase Ib
clinical trial in young adults with recent-onset T1D.
Materials andmethods: Patients, aged 18-30y, diagnosed ≤6 months
with type 1 diabetes, treated with insulin but with fasting C-peptide
at screening > 0.2nmol/L, HLA-DR3 and/or DR4 positive were
recruited into three sequential cohorts (increasing doses) to receive
IMCY-0098 or placebo in a 3:1 randomization ratio. Treatment was
administered SC with alum as adjuvant. In total, 8 visits were
scheduled per patient during a 6-month-period. Mixed meal toler-
ance tests were performed at screening, week 12 and week 24 and
the daily doses of insulin treatment were recorded. PBMCs were
collected to analyse transcriptomics profile and to measure IMCY-
0098 specific cytolytic CD4 response and beta-cells antigen specific
effector T cell responses by flow cytometry.
Results: 41 patients were recruited (cohort 1: n=8, cohort 2: n=12
and cohort 3: n=21) and all received 4 injections of IMCY-0098
or placebo and were followed up for 6 months. No patient drop-
out has occured after 98% of completed visits. An independent
DSMB reviewed data twice to allow dose escalation and indicated
that there were no safety concerns. In the below table, a safety
overview of the study and per cohort is given in a blinded man-
ner. Ultimately, this study will result in identification of signals of
clinical and immune activity.
Conclusion: Preliminary safety data suggest that IMCY-0098 is
safe in patients with recent onset T1D. Currently, the clinical
study is still blinded. Full study results will be available and
presented at the EASD 2019.
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Clinical Trial Registration Number: NCT03272269
Supported by: EU FP7 // DG06 Walloon Region
Disclosure: J. Van Rampelbergh: Grants; EU FP7 Grant Agreement
602515, DG06, Walloon Region (Belgium).

733
Weight loss and improved glycaemic control in 324 men with
hypogonadism and type 2 diabetes with and without long-term tes-
tosterone therapy: real-world registry data
F. Saad1,2, A. Haider3, K.S. Haider3, G. Doros4, A. Traish5;
1Medical Affairs Andrology, Bayer AG, Berlin, Germany, 2Research de-
partment, Gulf Medical University School of Medicine, Ajman, United
Arab Emirates, 3Private Urology Practice, Bremerhaven, Germany, 4Dpt.
of Epidemiology and Statistics, Boston University School of Public
Health, Boston, USA, 5Dpt. of Biochemistry and Dpt. of Urology,
Boston University School of Medicine, Boston, USA.

Background and aims: Men with type 2 diabetes (T2DM) have a high
prevalence of hypogonadism and vice versa. We investigated long-term
effects of testosterone therapy (TTh) in men with T2DM and
hypogonadism in a urological setting.
Materials and methods: Of 823 men with hypogonadism in a registry,
324 had T2DM. 152 men opted for TTh and received testosterone
undecanoate (TU) injections 1000mg every 12 weeks following an initial
6-week interval (T-group), 172 against TTh and served as controls
(CTRL). All patients received standard diabetes treatment in a diabetes
center. Changes over time of measured parameters between groups were
compared by mixed effects model for repeated measures with random
effect for intercept and fixed effects for time, group and their interaction
and adjusted for age, weight, waist circumference, fasting glucose, blood
pressure and lipids to account for baseline differences between groups.
Results:Mean follow-up: 7.9 years.Mean age: 61.8±5.1 (T-group), 63.6±4.9
(CTRL). T-group: HbA1c (%) progressively decreased from 9.1±1.2 by 2.7
±0.3 at 10 years. CTRL:HbA1c increased from7.8±0.7 by 2.9±0.3 (p<0.0001
for both). T-group: Fasting glucose (mmol/L) decreased from 7.7±1.2 by 1.7
±0.2. CTRL: Fasting glucose increased from 6.3±0.7 by 1.6±0.2 (p<0.0001
for both). T-group: Fasting insulin (μU/mL) decreased from 29.3±4.0 by 17.4
±0.4. CTRL: Fasting insulin increased from 26.1±2.7 by 10.7±1.1 (p<0.0001
for both). T-group: HOMA-IR decreased from 10.2±2.1 by 6.9±0.2 at 10
years. CTRL: HOMA-IR increased from 7.5±1.3 by 7.6±0.5 (p<0.0001 for
both). T-group: 92men (60.5%) received insulin at a mean dose of 36.5±12.2
U/d. Dose requirement declined by 17.7±1.0 U/d. CTRL: 66 men (38.4%)
received insulin at a mean dose of 30.8±6.0 U/d. Dose requirement increased
by 17.7±1.0 U/d (p<0.0001 for both). T-group: Weight (kg) decreased from
113.6±14.1 by 21.4±0.5. CTRL: Weight increased from 101.8±13.0 by 4.8
±0.4 (p<0.0001 for both). T-group:Waist circumference (cm) decreased from
114.4±12.9 by 12.8±0.4. CTRL: Waist circumference increased from 116.9
±13.5 by 5.6±0.4 (p<0.0001 for both). T-group: BMI (kg/m2) decreased from
36.4±4.5 by 6.9±0.2. CTRL: BMI increased from 33.3±5.3 by 1.5±0.1
(p<0.0001 for both). 52 men (34.2%) in the T-group went into remission.
The average time to remission was 8.9 years. No case of remission of T2DM
was observed in CTRL. Since all injections were administered in the doctor’s
office and documented, there was a 100% adherence to TTh.

Conclusion: In men with T2DM and hypogonadism, improved
glycaemic control and weight loss were obtained in men receiving
long-term testosterone therapy. In untreated controls, all these parameters
worsened. Diagnosing and treating hypogonadism in men with T2DM
supports standard diabetes treatment.
Supported by: Partial funding by Bayer AG, Berlin, Germany
Disclosure: F. Saad: Employment/Consultancy; Bayer AG. Stock/
Shareholding; Bayer AG.

734
Effect of tirzepatide, a dual GIP and GLP-1 receptor agonist, on
glycaemic control and body weight in Japanese patients with type 2
diabetes
C.T. Benson1, K. Ohwaki2, K. Furihata3, H. Mimura2, T. Oura2, T.
Imaoka2;
1Eli Lilly and Company, Indianapolis, USA, 2Eli Lilly Japan K.K., Kobe,
Japan, 3P-One Clinic, Tokyo, Japan.

Background and aims: Tirzepatide, a novel dual GIP and GLP-1 recep-
tor agonist (RA), has shown superior glycaemic control and weight loss
compared to a selective GLP-1 RA. A Phase 1, double-blind, placebo-
controlled, randomized, parallel-dose group, 8-week multiple-ascending
dose study investigated safety, tolerability, pharmacokinetics (PK), and
pharmacodynamics (PD) of tirzepatide administered once weekly in 48
Japanese patients with T2DM.
Materials and methods: This study consisted of 1 fixed dose (5 mg) and
2 dose titration (2.5-2.5-5-5-10-10-10-10 mg and 5-5-10-10-10-10-15-15
mg) cohorts of tirzepatide.
Results:With tirzepatide, there were marked reductions from baseline to
Week 8 in fasting serum glucose, HbA1c, and body weight. The half-life
of plasma tirzepatide concentration was approximately 5 days, and sup-
ports once weekly dosing regimen. All doses of tirzepatide were well
tolerated. The most frequently reported treatment-emergent adverse
events were decreased appetite and gastrointestinal adverse events (con-
stipation, diarrhoea, abdominal discomfort, abdominal distension,
vomiting, and nausea). These adverse events were generally dose depen-
dent and mild in severity.
Conclusion: The safety, tolerability, PK, and PD profiles of tirzepatide in
this study appeared comparable to other Phase 1 and 2 studies in non-
Japanese patients with T2DM. The data support Phase 3 development of
tirzepatide for once weekly dosing in Japanese patients with T2DM.

Clinical Trial Registration Number: NCT03322631
Supported by: Eli Lilly and Company
Disclosure: C.T. Benson: Employment/Consultancy; Eli Lilly and
Company. Stock/Shareholding; Eli Lilly and Company.
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735
Tirzepatide, a dual GIP and GLP-1 receptor agonist, improves
markers of beta cell function and insulin sensitivity in type 2 diabetes
patients
M.K. Thomas1, A. Nikooienejad1, R. Bray1, X. Cui1, J. Wilson1, K.
Duffin1, Z. Milicevic2, A. Haupt1, D.A. Robins1;
1Eli Lilly and Company, Indianapolis, USA, 2Eli Lilly and Company,
Vienna, Austria.

Background and aims: Tirzepatide, a novel dual GIP and GLP-1
receptor agonist (RA), showed significantly greater glucose con-
trol and weight loss compared to the selective GLP-1 RA
dulaglutide in a 26-week, randomized, double-blind Phase 2b
study of type 2 diabetes patients.
Materials and methods: Tirzepatide doses tested were 1, 5, 10,
and 15 mg versus placebo and dulaglutide 1.5 mg. Fasting
markers of beta cell function and insulin sensitivity were analyzed
by mixed model repeated measures to explore differentiated mech-
anisms of glucose control by tirzepatide. To evaluate weight loss
contributions to improvements in insulin sensitivity with
tirzepatide, multiple linear regression with potential confounding
variables age, sex, metformin use, and baseline HbA1c was con-
ducted. An intercept-free model with weight loss as the only
covariate was selected as the most significant of all possible
models.
Results: Biomarkers of beta cell function were improved by tirzepatide.
Proinsulin to insulin ratios, insulin processing markers of beta cell stress,
were significantly reduced by tirzepatide 10 and 15 mg compared with
placebo and dulaglutide. HOMA2-B significantly increased with
dulaglutide and tirzepatide 5, 10, and 15 mg compared with placebo.
Tirzepatide 10 mg significantly improved insulin sensitivity as reflected
by lower HOMA2-IR compared with placebo and dulaglutide.
Tirzepatide 10 and 15 mg significantly decreased fasting insulin com-
pared with placebo and dulaglutide, consistent with reduced insulin resis-
tance. Weight loss significantly (p<0.004) explained 22% and 28% of
variation in HOMA2-IR with tirzepatide 15 and 10 mg, respectively,
suggesting the insulin sensitizing effects of tirzepatide are only partly
attributable to weight loss. Multiple markers associated with improved
insulin sensitivity were significantly increased by one or more doses of
tirzepatide compared with placebo or dulaglutide, including adiponectin,
IGFBP1, and IGFBP2.
Conclusion: These data suggest that, compared with the selective GLP-1
RA dulaglutide, tirzepatide has a greater impact on insulin sensitivity and
beta cell function, resulting in improved glycaemic control.
Clinical Trial Registration Number: NCT03131687
Supported by: Eli Lilly and Company
Disclosure: M.K. Thomas: Employment/Consultancy; Eli Lilly and
Company. Stock/Shareholding; Eli Lilly and Company.
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736
SGLT2-inhibitors inhibit tumour necrosis factor-α and interferon-ϒ-
stimulated secretion of IL-6 in human endothelial cells: a potential
anti-inflammatory effect
A.S. Alshnbari, S.A. Millar, S.E. O’Sullivan, I. Idris;
Division of Medical Sciences and Graduate Entry Medicine, School of
Medicine, University of Nottingham, Nottingham, UK.

Background and aims: Recent clinical trials of the sodium-glucose co-
transporter-2 (SGLT2) inhibitor have reported significant benefits in re-
ducing adverse cardiovascular and renal events. The mechanisms for this
and whether SGLT2 inhibitors directly affect cardiovascular tissues re-
mains unclear. Previous in vitro studies, however, showed that acute
stimulation of endothelial cells with canagliflozin directly inhibits IL-
1β-stimulated secretion of the key pro-inflammatory and pro-
atherogenic mediators. This implicates a direct anti-inflammatory effect
of SGLT2 inhibitor therapy. We aim to assess whether prolonged incuba-
tion of human endothelial cells with canagliflozin, dapagliflozin or
empagliflozin confers a protective effect against the pro-inflammatory
stimuli TNF-α and IFN-ϒ. We also attempted to elucidate the underlying
mechanisms by investigating the involvement of different intracellular
signalling pathway. To determine whether the inhibition of c-jun N-ter-
minal kinase (JNK) contribute to the effect of SGLT2i, we examined
whether the inhibitors of JNK modulate IL6-release in response to
TNF-α and IFN-ϒ stimulation.
Materials and methods: Human cardiac microvascular endothelial cells
(HCMECs) were preincubated in the presence or absence of
Canagliflozin (1μM), Dapagliflozin (4 μM) and Empagliflozin (10 μM)
for 5 days and SP600125 (JNK inhibitor, 10 μM) for 1 hr. The cells were
then stimulated with TNF-α (10 ng/mL) and IFN-ϒ (10 ng/mL) for 24
hours. Subsequently, the expression level of IL-6 was analysed using
Quantikine ELISA kits as per the manufacturer’s instructions. We
analysed the direct effect of Canagliflozin (10μM), Dapagliflozin (4
μM) and Empagliflozin (1 μM) for 20 mins on phosphorylation of
CREB, ERK, NFκB, JNK, p38, p70 S6K, STAT3, Akt in HCMECs by
Milliplex assays.
Results: The pro-inflammatory cytokines TNF-α and IFN-ϒ significant-
ly induced expression of IL-6 in HCMECs compared to controls (p =
<0.0001). These effects were significantly inhibited by a clinically-
relevant concentration of Canagliflozin, Dapagliflozin and
Empagliflozin (p < 0.05, p < 0.05, and p = 0.001, respectively, compared
to inflammatory stimulus alone). SP600125 (JNK inhibitor)significantly
inhibited the TNF-α and IFN-ϒ-stimulated IL-6 expression (p = <0.0001
compared to inflammatory stimulus alone), similar to that observed with
the SGLT2 inhibitors.
Conclusion: These data indicate that clinically-relevant concentrations of
SGLT2 inhibitors directly inhibit pro-inflammatory cytokine secretion in
cardiac microvascular endothelial cells, which was similar to the effects
of JNK-inhibition. This striking anti-inflammatory of the SGLT2 inhibi-
tor class merits further mechanistic research.
Disclosure: A.S. Alshnbari: None.

737
Metabolic effect of empagliflozin in methylglyoxal- and high sucrose
diet-induced rat model of prediabetes
H. Malinska1, M. Hüttl1, I. Markova2, D. Miklánkova1, J. Trnovska1, O.
Oliyarnyk1, M. Haluzik1;
1Institute for Clinical and Experimental Medicine, Prague, 2Institute for
Clinical and Expeirmental Medicine, Prague, Czech Republic.

Background and aims: The EMPA-REG OUTCOME study demon-
strated cardiovascular and renal benefits of empagliflozin treatment in
diabetic patients with establishedmacrovascular complications. The exact
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mechanism is not fully understood, however antidiabetic effect alone
does not explain the positive impact of empagliflozin on cardiovascular
mortality. The most common explanation points out to the possible
heamodynamic or metabolic mechanisms. In our study, we investigated
metabolic effect of empagliflozin in rats with serious vascular complica-
tions associated with metabolic syndrome and prediabetes.
Materials and methods: The study were performed on adult male
Wistar rats with induction of serious dicarbonyl stress by
intragastric administration of methylglyoxal (3x/ week in a dose
0.5 mg/kg b.wt.for 4 months) corresponding to chronic vascular
complications with histologically verified progressive nephropathy.
The animals were fed high sucrose diet (70cal %) without or with
empagliflozin in a dose 10mg/kg/day for 6 weeks.
Results: In high-sucrose diet fed rats methylglyoxal administration impaired
glucose tolerance and led to severe microalbuminuria. Empagliflozin admin-
istration decreased body weight (p<0.05), non-fasting glucose (p<0.05) and
insulin (p<0.05), but glucagon levels were not changed. In addition,
empagliflozin increased adiponectin level (p<0.01) and improved skeletal
muscle insulin sensitivity measured according to incorporation of 14-C-U-
glucose into glycogen. Increased FFA (p<0.05) in empagliflozin-treated rats
can be used to generate ketone bodies. Level of β-hydroxybutyrate (p<0.05)
was increased after empagliflozin administration suggesting its possible in-
volvement in the mechanism of positive effect of empagliflozin as an alter-
native substrate for metabolism. In myocardium empagliflozin treatment
switched the substrates utilization: compared to controls empagliflozin-
treated rats exhibited decreased glucose oxidation and increased fatty acid
oxidation (+25%, p<0.05). In kidney cortex, empagliflozin markedly im-
proved oxidative and dicarbonyl stress parameters: decreased level of
methylglyoxal (p<0.05) and elevated glutathione (p<0.01) and antioxidant
enzymes activity superoxide dismutase and glutathione peroxidase compared
to untreated-rats. These alterations in kidney cortex were associated with
increased gene expression of transcriptional factor Nrf2 and can improved
vascular renal complications. To favorable effect of empagliflozin can also
contribute decreased plasma level of uric acid (p<0.05). In addition,
empagliflozin administration decreased microalbuminuria (p<0.05).
Reduction of inflammatory infiltrates and signs of renal fibrosis in
empagliflozin-treated rats were verified based on histological observation.
Conclusion: Our results revealed important systemic effect of
empagliflozin on the alterations in substrates utilization, where
glucose oxidation was diverted to the preference of fatty acid
oxidation in myocardium. Reduced oxidative and dicarbonyl stress
or decreased uric acid are other mechanisms possibly involved in
cardio- and renoprotective effects of empagliflozin.
Supported by: Czech Science Foundation, project number 19-06199S
Disclosure: H. Malinska: None.

738
Cardioprotective mechanisms of short-term empagliflozin treatment
in db/db mice
B. Radlinger1, F. Hornsteiner1, S. Folie1, S. Boentges1, T. Schuetz2, B.J.
Haubner2, S. Haas1, B. Weiss1, H. Tilg3, S. Kaser1;
1Christian Doppler Laboratory for Metabolic Crosstalk, Department of
Internal Medicine I, Medical University Innsbruck, Innsbruck,
2Department of Internal Medicine III, Medical University Innsbruck,
Innsbruck, 3Department of Internal Medicine I, Medical University
Innsbruck, Innsbruck, Austria.

Background and aims: The mechanisms leading to the cardio pro-
tective effects of empagliflozin (EMPA), demonstrated by large
cardiovascular outcome trials, are poorly understood. Several hy-
potheses include altered substrate utilisation, improved ventricular
loading conditions and pleiotropic glucose-independent effects on
cardiomyocyte metabolism. Here we aimed to investigate short-
term effects of empagliflozin treatment on cardiac function and
metabolism in a diabetic mouse model in order to minimize

potential cardioprotective mechanisms of weight reduction and
improved glycemic control.
Materials and methods: Seven week old male db/db mice were either
fed a Western Diet (WD) or a Western Diet enriched with empagliflozin
(EMPA) (30 mg/kg body weight/day). After 7 days, echocardiography
was performed on a subset of mice. After sacrification the heart was
rinsed in PBS and snap frozen for later analysis of markers of cell sur-
vival, insulin signaling and inflammation.
Results: Echocardiographic assessment suggested improved cardiac
function shown by slightly elevated ejection fraction (EF) and
fractional shortening (FS) as well as decreased left ventricular
end-diastolic diameter (LVEDD) and left ventricular end-systolic
diameter (LVESD) in empagliflozin treated mice (Figure 1).
Tissue analysis revealed increased expression of signal transducer
and activator of transcription 1 (Stat1) 1 (p=0.024) and enhanced
expression of p44/42 (Erk1/2) (p=0.021) upon SGLT-2 inhibition.
Protein expression of insulin receptor (p=0.039) and GLUT4
mRNA (p=0.048) expression were reduced in empagliflozin treat-
ed mice. Proteinkinase B/AKT protein levels were upregulated
slightly (p=0.022) but activating S473 phosphorylation decreased
markedly in EMPA treated mice (p=0.003). Additionally mRNA
expression levels of proinflammatory CCL2 (p=0.027) and mac-
rophage marker F 4/80 (p=0.042) were significantly decreased in
empagliflozin treated mice. Finally citrate synthase activity was
found to be increased in the empagliflozin group (p=0.006).
Conclusion: Taken together our data suggest that empagliflozin exerts
short term and glucose-independent effects on cardiac function.
Mechanistically, short-term empagliflozin treatment might affect cell sur-
vival andmight also be associatedwith reduced inflammation in the heart.
Additionally, our data suggest short-term effects on cardiac insulin sig-
naling activity and mitochondrogenesis.

Supported by: Christian Doppler Forschungsgesellschaft, BI RCV
Disclosure: B. Radlinger: Grants; Boehringer Ingelheim RCV.

739
Urine antioxidant status in type 2 diabetic patients treated with
SGLT2 inhibitors: a pilot study
K. Nabrdalik1, P. Stelmach2, H. Kwiendacz1, P. Główczyński3, K.
Sedlaczek3, S. Kasperczyk4, A. Paradysz2, J. Gumprecht1;
1Department of Internal Medicine, Diabetology and Nephrology in
Zabrze, School of Medicine with the Division of Dentistry in Zabrze,
Medical University of Silesia, Katowice, 2Department of Urology in
Zabrze, School of Medicine with the Division of Dentistry in Zabrze,
Medical University of Silesia, Katowice, 3Student’s Scientific
Association by the Department of Internal Medicine, Diabetology and
Nephrology in Zabrze, School of Medicine with the Division of
Dentistry in Zabrze, Medical University of Silesia, Katowice,
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4Department of Biochemistry, School of Medicine with the Division of
Dentistry in Zabrze, Medical University of Silesia, Katowice, Poland.

Background and aims: Oxidative stress biomarkers play an important role
in the pathogenesis or progression of numerous diseases. To prevent destruc-
tion caused by oxidative stress antioxidant defense enzymes are used. SGLT2i
(sodium glucose co-transporter 2 inhibitors) have been recently recognized as
potent antioxidant agents that can protect tissues against oxidative damage,
however this information comes mostly from the animal studies. Since
SGLT2i are acknowledged nephroprotective drugs, we aimed to examine
the urine antioxidant status in patients with type 2 diabetes.
Materials and methods: 72 patients with type 2 diabetes mellitus
(T2DM) of whom 37 were treated with SGLT2 inhibitors
(dapagliflozin n=2, empagliflozin n=18, canagliflozin n=17) and
the remaining ones with insulin (n= 7) and/or other oral antidia-
betic drugs (n=28) and 34 healthy individuals as control were
involved in this study. Urine status of chosen antioxidants namely
CuZn superoxide dismutase (CuZnSOD) and total antioxidant sta-
tus (TAC) were assessed.
Results: TAC and CuZnSOD were significantly lower in patients with
T2DM treated with SGLT-2 inhibitors when compared to the ones not
treated with SGLT2 inhibitor and to healthy subjects (Table 1).
Conclusion: To the best of our knowledge urine antioxidant status
has not been studied among patients treated with SGLT2 inhibi-
tors. Since SOD and TAC have usually lowered activity in the
presence of an increased oxidative stress it is surprising that stud-
ied antioxidants activity is significantly lowered among patients
treated with SGLT2 inhibitors indicating an increase of oxidative
stress in urine of studied patients and the nature of this phenom-
enon needs further explanation.

Disclosure: K. Nabrdalik: None.

740
Serum CTRP5 are lower in patients with insulin resistance and fur-
ther reduced after SGLT2 inhibitors treatment
L. Zhang1, L. Li1, M. Yang2;
1Key Laboratory of Diagnostic Medicine (Ministry of Education),
College of Laboratory Medicine, Chongqing Medical University,
Chongqing, 2Chongqing Three Gorges Central Hospital, Chongqing,
China.

Background and aims: CTRP5 is a member of the C1q tumor
necrosis factor α (TNF-α)-related protein family, mainly
expressed in adipose tissue (AT), muscle, basal lamina and retinal
epithelium. CTRP-5 DNA sequence is highly conserved and has 3
conserved domains: a signal peptide, a collagen and C1q domain.
The increasing CTRP-5 expression was found in subcutaneous fat

in obese individuals using microarray analysis .CTRP-5, as a fat
derived cytokine, may be involved in the pathogenesis of insulin
resistant (IR) and type 2 diabetes mellitus (T2DM). It has been
reported to be related to obesity and IR. Previous studies in
humans and animals have reported contradictory results related
to the association between CTRP5 and IR. However, there is still
a lack of data regarding the association of circulating CTRP-5
with T2DM in humans. The goal of this paper is to investigate
the association between CTRP5 and IR through a cross-sectional
and an interventional study in subjects with newly diagnosed type
2 diabetes mellitus (nT2DM).
Materials and methods: The cross-sectional study was performed
using 118 newly diagnosed T2DM patients (nT2DM group) and
116 healthy subjects (NGT group). All patients were not treated
with any anti-diabetic agents, insulin, diet control or physical
exercise. T1DM patients and T2DM patients with acute and
chronic complications, or other diseases were eliminated from this
study. Normal controls were the individuals who underwent rou-
tine medical check-ups. Seventy-eight patients with T2DM, in-
cluding 38 females and 40 males, attended the interventional
study of SGLT2 inhibitors(SGLT2i) treatment. The patients were
treated with dapaglifozin (DAPA, AstraZeneca), a SGLT2i, 10 mg
once daily before breakfast for 12 weeks. Circulating CTRP5
concentrations were measured by ELISA.
Results: Serum CTRP5 concentrations were significantly reduced in
nT2DM patients when compared to those of healthy individuals (P <
0.01). When considering the study population as a whole, individuals
with IR (homeostasis model assessment of insulin resistance(HOMA-
IR) ≥ 3.8) had lower CTRP5 concentration than individuals without IR
(HOMA-IR < 3.8, P < 0.01). Serum CTRP5 negatively correlated with
age, BMI, HbA1c, fasting blood glucose, 2-hour blood glucose after
glucose overload, fasting insulin and HOMA-IR. After 12 weeks of
SGLT2i treatment, serum CTRP5 levels in T2DM patients were signifi-
cantly reduced following improved glucose metabolism and IR, when
compared with pre-treatment (P < 0.01)
Conclusion: Our results indicate that CTRP5 is likely a marker for IR in
humans.
Clinical Trial Registration Number: ChiCTR-OCC-11001422
Supported by: National Natural Science Foundation of China 81800755
Disclosure: L. Zhang: None.

741
Amelioration of skeletal muscle insulin sensitivity by the short-term
administration of sodium-glucose co-transporter2 inhibitor
Y. Goto, Y. Ohtsuka, Y. Tajiri, A. Nagayama, K. Ashida, S. Akasu, N.
Hasuzawa, Y. Matsuo, S. Iwata, K. Hara, M. Tsuruta, N. Wada, M.
Nomura;
Kurume University School of Medicine, Kurume, Japan.

Background and aims: Diabetes mellitus complicated with obesity
induces hyperinsulinemia due to insulin resistance and leads to
inflammation-related proliferative disorders and a high prevalence
of malignancies. Sodium-glucose co-transporter2 (SGLT2) inhibi-
tors are a new class of oral glucose-lowering drugs that improve
hyperglycaemia by increasing urinary glucose excretion. It has
been reported that long-term aadministration of the SGLT2 inhib-
itor for a couple of months exerted amelioration of insulin resis-
tance via anthropometric change in patients with diabetes. Here,
we investigated whether the short-term administration of SGLT2
inhibitor could ameliorate peripheral insulin resistance indepen-
dent of the change in anthropometric factors in patients with type
2 diabetes.
Materials andmethods:We randomly recruited 20 diabetic patients
who had been admitted in university hospital for the improvement
of hyperglycaemia and given informed consent (14 males, 54.9 ±
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30.2 years old; BMI, 26.6 ± 4.2 kg/m2; HbA1c, 98.2 ± 31.2
mmol/mol; mean ± standard deviation [SD]). After a stabilizing
period for 1 week, SGLT2 inhibitor (10 mg/day of empagliflozin:
E) was administered for 1 week. Before and after one-week ad-
ministration of E, metabolic parameters and body composition
were measured together with the glucose infusion rate (GIR) eval-
uated by the euglycemic hyperinsulinemic glucose clamp
technique.
Results: Because GIR showed skewed distribution, logarithm of GIR
(log GIR) was calculated and adopted instead of GIR. BMI (-0.63 ±
0.29 kg, p < 0.001), amount of body fat (-1.36 ± 1.95 kg, p = 0.0072),
amount of skeletal muscle (-0.61 ± 0.89 kg, p = 0.0082), systolic blood
pressure (-9.7 ± 28.8 mmHg, p = 0.0078), triglyceride levels (-0.44 ± 1.00
mmol/L, p < 0.001) and mean plasma glucose (PG) of daily profile de-
creased significantly (P<0.01), and the amount of urinary glucose (54.7 ±
32.1 g/day, p < 0.001) and log GIR (0.13 ± 0.33, p = 0.0036) were
significantly (p < 0.01) elevated during the one-week treatment by E.
The change of log GIR (Δlog GIR) showed no correlation with the
changes of these parameters. In contrast, Δlog GIR was significantly
correlated with the duration of diabetes mellitus (r = -0.27, p = 0.031)
and the change of SD of PG daily profile (r= -0.53, p = 0.015) (Fig).
Conclusion: In patients with type 2 diabetes, SGLT-2 inhibitor
administration ameliorated insulin sensitivity within one week
without change of body composition. The improvement of insulin
sensitivity due to SGLT-2 inhibitor administration was correlated
negatively with the duration of diabetes mellitus, and positively
with the reduction of daily PG fluctuation. In this context, we
demonstrated the early-phase insulin sensitivity-improving activity
of an SGLT-2 inhibitor in humans, although previous reports have
suggested that SGLT-2 inhibitor administration improves insulin
sensitivity by inducing body composition changes after a few
months.

Clinical Trial Registration Number: 17147
Disclosure: Y. Goto: None.

742
Empagliflozin decreases plasma concentrations of plasminogen acti-
vator inhibitor-1 (PAI-1) in patients with type 2 diabetes
Y. Aso, S. Sakurai, T. Jojima, T. Iijima, I. Usui;
Dokkyo Medical University, Mibu, Japan.

Background and aims: Elevated plasma concentrations of PAI-1, a
fast-acting inhibitor of fibrinolysis, are associated with develop-
ment of vascular thrombotic disease including stroke. Sodium-
glucose co-transporter-2 (SGLT2) inhibitors give rise to volume
depletion due to osmotic diuresis and mild natriuresis, which
may increase the risk of stroke. We investigated effects of
empagliflozin, an SGLT2 inhibitor on plasma concentrations of
PAI-1 and fibrinolysis activity in patients with type 2 diabetes.

Materials and methods: Forty-five patients with type 2 diabetes
were randomly allocated at a 2:1 ratio to receive into
empagliflozin (10 mg/day) treatment (n=30) or standard therapy
(n=15) for 12 weeks. Visceral adipose tissue (VAT) volume was
measured using a dual bioelectrical impedance analysis. We mea-
sured plasma concentrations of PAI-1, thrombin-antithrombin III
complex (TAT) as indicating coagulation activity, and plasmin-
antiplasmin complex (PAP) as indicating fibrinolytic activity.
Serum leptin and HMW adiponectin also were measured as
adipokines.
Results: At baseline in a total of 45 patients, plasma PAI-1
showed positive correlations with waist circumference, VAT, γ-
GTP, leptin, and platelet counts, while it showed negative corre-
lations with HDL cholesterol, HMW adiponectin, and PAP. VAT
significantly decreased in the empagliflozin group, but not in the
control group. Serum level of uric acid and γ-GTP showed a
significant decrease at 12 weeks in the empagliflozin group, while
they were unchanged in the control group. Hematocrit and serum
HMW adiponectin significantly increased in the empagliflozin
group alone. Plasma concentrations of PAI-1 significantly de-
creased in the empagliflozin group, but not in the control group.
We found a significant negative correlation between changes in
plasma PAI-1 and PAP after treatment with empagliflozin. In the
empagliflozin group, changes in plasma PAI-1 also were correlat-
ed positively with those in serum leptin.
Conclusion: Empagliflozin reduced plasma PAI-1 concentration
through synergistic actions of its glucose-lowering effect, visceral
fat reduction, and restoring adipokines balance. The beneficial
effects of empagliflozin on fibrinolysis system by decreasing cir-
culating PAI-1 may be associated with an improvement in vascu-
lar thrombotic outcomes in patients with type 2 diabetes.
Clinical Trial Registration Number: UMIN000025418
Disclosure: Y. Aso: None.

743
Pleiotropic effects under combined therapy with empagliflozin and
linagliptin compared to metformin and insulin glargine in patients
with type 2 diabetes
S. Jung1,2, C. Ott1,3, D. Kannenkeril1, A. Bosch1, M. Karg1, K. Striepe1,
P. Bramlage4, R.E. Schmieder1;
1Nephrology and Hypertension, University Hospital Erlangen, Erlangen,
2Cardiology and Angiology, University Hospital Erlangen, Erlangen,
3Paracelsus Medical School, Nuremberg, 4Institute for Pharmacology
and Preventive Medicine, Cloppenburg, Germany.

Background and aims: The optimal choice of antidiabetic medica-
tion in patients that need combined therapy is under debate. The
aim of the current study was to analyse whether beyond glucose
control the combination of empagliflozin (E) and linagliptin (L)
exerts pleiotropic effects on metabolic parameters, sodium excre-
tion, blood pressure (BP) and vascular function in patients with
T2DM as opposed to the combination of metformin (M) and
insulin glargine (I).
Materials and methods: This was a prospective, open-label, ran-
domized, controlled, single center study including 101 patients
with type 2 diabetes (T2DM). Patients were consecutively ran-
domized (1:1) to either E 10 mg with forced up-titration to
25 mg combined with L 5mg once daily or M 850 or 1000mg
twice daily combined with I once daily (insulin dose was up-
titrated according to glucose levels). All patients underwent BP
and vascular examination at baseline and after 12 weeks of treat-
ment, including measurement of office and ambulatory BP as well
as vascular function under clinical (laboratory) and ambulatory
conditions by validated systems.
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Results: Due to the study design, there was a lower decrease in
HbA1c after 12 weeks of E+L compared to M + I treatment
(∆HbA1c E+L: -0.4±0.7%, M+I: -0.8±0.6%, p=0.001). Due to this
significant difference, adjustment for HbA1c was performed for
further analysis. Of note, no hypoglycaemia was observed during
the study period. There was a greater decrease in body mass
index (BMI) in the E+L than in the M+I group (∆BMI E+L: -
0.8±0.8kg/m2, M+I: 0.09±0.5kg/m2, p<0.001). Of interest, an in-
crease in 24-hour sodium excretion could be observed in the E+L
group (30±73mmol/24h) whereas there was a decrease in the M+I
group (-24.6±80mmol/24h, p=0.002). Comparing the 2 groups,
there were decreases in 24-h ambulatory peripheral systolic (mean
difference between the 2 groups: -5.2±1.5mmHg, p=0.004), dia-
stolic BP (-1.9±1.0mmHg, p=0.036) and pulse pressure (-3.3
±1.0mmHg, p=0.007) in favour of E+L. Vascular parameters such
as central clinical systolic BP (-5.56±1.9mmHg, p=0.009), forward
pressure pulse height (-2.0±0.9mmHg, p=0.028) and 24-h ambu-
latory central systolic (-3.6±1.4mmHg, p=0.045), diastolic BP (-
1.95±1.1mmHg, p=0.041) as well as 24-h pulse wave velocity (-
0.14±0.05m/s, p=0.043) were reduced to a greater extent in the
E+L group than in the M+I group.
Conclusion: The combination of E+L led to sodium excretion, the com-
bination of M+I to sodium retention. BP and parameters of vascular
function improved in the E+L group, but not with M+I. Thus, our data
indicate beneficial pleiotropic effects of a combined therapy with E+L.
Clinical Trial Registration Number: NCT02752113
Supported by: Grant to the institution (University Hospital Erl) by
Boehringer-Ingelheim
Disclosure: S. Jung: Employment/Consultancy; R.E.S is speaker and
advisor for Boehringer-Ingelheim. Grants; Grant to the institution by
Boehringer-Ingelheim.
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Dose-dependent glucosuria of DWP16001: a novel selective SGLT2
inhibitor in healthy male Korean subjects
J. Hwang1, S.-W. Lee1, S. Lee1, K.-S. Yu1, J. Han2, W. Huh2, H. Kim2;
1Clinical Pharmacology and Therapeutics, Seoul National University
College of Medicine and Hospital, Seoul, 2Daewoong Pharmaceutical
Co., Ltd, Seoul, Republic of Korea.

Background and aims: DWP16001, a novel sodium-glucose
cotransporter-2 (SGLT2) inhibitor agent, is under development for the
treatment of diabetes mellitus. This study was conducted to evaluate the
pharmacokinetics (PK), pharmacodynamics (PD) and safety of
DWP16001 after a single and multiple doses in healthy subjects.
Materials and methods: A randomized, double-blind, placebo- and active-
controlled, single- and multiple-dose, dose-escalation phase I study was con-
ducted in five and three dose groups for single- andmultiple-dose, respectively.
Twelve subjects in each dose group received a single-dose of DWP16001 0.2,
0.5, 1, 2, or 5 mg, or multiple doses of DWP16001 0.3, 0.5 or 1mg once daily
for 15 days. In each dose group, eight subjects received DWP16001, two
subjects received dapagliflozin 10 mg and the other two subjects received
placebo. Serial blood samples for PK analysis and interval urine for PD anal-
ysis were collected. Adverse events, vital signs, physical examination, electro-
cardiogram, and laboratory tests were assessed to evaluate the safety profile.
Results: DWP16001 was rapidly absorbed following single and multiple
oral administrations, with the peak plasma concentration of 1.0 - 2.0 hours.
Both the peak plasma concentration and area under the plasma concentration-
time curve ofDWP16001 increased dose-proportionally aftermultiple admin-
istrations in the dose range of 0.3 - 1 mg. In both single- and multiple-dose
groups, the mean elimination half-life was approximately between 15 - 22
hours. Furthermore, a dose-dependent increase in urinary glucose excretion
(UGE) was observed, with the maximum value reaching on the second day
post-dose in all dose groups.After the peakUGEvalue, bothDWP16001 and
dapagliflozin showed a decline in UGE then converging into a steady-state;
where the plateau values did not exceed the estimated maximal SGLT2 inhi-
bition of 65 g/day. The glucosuria remained up to 168 hours after the last
administration of DWP16001 groups [Figure 1]. DWP16001 was well toler-
ated in all dose groups, and all adverse events were mild in severity.
Conclusion: DWP16001 was well-tolerated up to 5 mg after a single oral
administration and up to 1mg aftermultiple oral administrations. DWP16001
displayed a linear PK after multiple-dose in the dose range of 0.3 - 1 mgwith
a substantial glucosuria compared to those of dapagliflozin 10 mg.

Clinical Trial Registration Number: NCT03364985
Disclosure: J. Hwang: None.
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Tofogliflozin is a better candidate than glimepiride for the third line
oral agent added to the metformin plus DPP-4 inhibitor dual thera-
py: results of a randomised control trial
T. Kitazawa1, H. Seino2, H. Ohashi3, T. Inazawa4, M. Inoue5, M. Ai6, M.
Fujishiro7, H. Kuroda8, M. Yamada9, M. Anai10, H. Ishihara11;
1Tokyo Metropolitan Cancer and Infectious Diseases Center Komagome
Hospital, Tokyo, 2Seino Internal Medicine Clinic, Koriyama, 3Oyama East
Clinic, Oyama, 4Kashiwa City Hospital, Kashiwa, 5Sasazuka Inoue Clinic,
Tokyo, 6Tokyo Medical and Dental University Hospital, Tokyo, 7Nihon
University Hospital, Tokyo, 8Green Clinic, Mibu, Japan, 9Yokohama Sakae
Kyosai Hospital, Yokohama, 10RCAST The University of Tokyo, Tokyo,
11Nihon University School of Medicine, Tokyo, Japan.

Background and aims: Metformin and dipeptidyl peptidase-4 in-
hibitors (DPP-4i) are the most commonly used in Japanese pa-
tients with type 2 diabetes mellitus. However, there is no consen-
sus on the third line drug. Systematic reviews and meta-analyses
of previous trials have indicated glycemic control with triple com-
bination therapies to yield similar results. Thus, beneficial effects
on cardiovascular risk factors may be important. There was no
prospective trial examining the third oral agent added to metfor-
min plus DPP-4i. The present study was designed to evaluate
body fat percentage and several insulin resistance parameters after
addition of tofogliflozin (T), a sodium-glucose co-transporter 2
inhibitor, or glimepiride (G) to the dual therapy.
Materials and methods: This is a multicenter, randomized, active-
controlled trial. Patients treated with metformin (≧ 500 mg/day
and ≦ 1,500) plus DPP-4i have been randomly assigned to T
(20 mg/day, n = 33) or G (0.5 mg/day, n = 31) groups for 24
weeks. The primary endpoint was the change in body fat percent-
age from baseline to 24 weeks. The secondary outcomes included
changes in body composition, body weight, parameters related to
glycemic control and islet function analyzed by oral glucose tol-
erance tests (OGTT), lipid parameters, liver and renal function,
and uric acid levels. Safety parameters were also analyzed.
Results: Both treatments reduced HbA1c (at baseline 7.4 ± 0.5%
and 7.5 ± 0.4%, T and G, respectively) similarly at 24 weeks (by
-0.4 ± 0.8% and -0.6 ± 0.6%). Body fat percentages did not
change from baseline in both groups. However, fat mass signifi-
cantly reduced by 0.7 ± 1.5 kg (p = 0.018) in T and tended to
increase by 0.7 ± 1.8 (p = 0.05) in G, and the between-group
difference was significant (p = 0.002). Lean mass also reduced
and increased in T and G, respectively (by -1.3 ± 1.3 kg, p <
0.001 and by +0.9 ± 2.0, p = 0.019). Changes in the lean mass
seemed to be mainly caused by those of body water, which re-
duced and increased in T and G, respectively (by -1.1 ± 1.4 kg, p
< 0.001 and by +0.7 ± 1.3, p = 0.009). Systolic and diastolic
blood pressures were lower than those at baseline in T, although
between-group differences at 24 weeks were not significant. ALT
and uric acid reduced signficantly only in T (p < 0.006 and p <
0.001). Insulin secretion estimated by area under the curve during
OGTT increased in G (p = 0.016), and glucagon secretion in-
creased in T (p = 0.036). Adverse events were observed in
27.3% patients in T and 29.0% in G. None of them were severe.
There was one patient experienced hypoglycemia in G but none
in T.
Conclusion: These data suggested that tofogliflozin is effective not
only for glycemic control but also for reduction of cardiovascular
risks and fatty liver changes, and is a better candidate for the
third line oral agent add-on to the metformin/DPP-4i dual therapy.
Clinical Trial Registration Number: UMIN000026161
Supported by: Kowa Company, Ltd.
Disclosure: T. Kitazawa: None.

746
Pooled analysis of the safety and efficacy of ertugliflozin in the elderly
I. Gantz1, R. Pratley2, S. Dagogo-Jack3, B. Charbonnel4, S. Patel1, A.
Hickman5, J. Liu1, L. Tarasenko6, M.C. Ellison1, A. Pong1, S.G. Terra7;
1Merck & Co., Inc., Kenilworth, USA, 2Florida Hospital Translational
Research Institute for Metabolism and Diabetes, Orlando, USA,
3University of Tennessee Health Science Center, Memphis, USA,
4University of Nantes, Nantes, France, 5Pfizer Inc., Groton, USA,
6Pfizer Inc., New York, USA, 7Pfizer Inc., Andover, USA.

Background and aims: Ertugliflozin (ERTU) is a sodium-glucose
cotransporter 2 inhibitor that improves glycaemic control in adult patients
(pts) with type 2 diabetes mellitus (T2DM). Elderly pts with T2DM are
underrepresented in clinical studies, often present with multiple co-
morbidities and are susceptible to adverse events (AEs). The safety and
efficacy of ERTU in elderly pts (aged ≥65 years) with T2DMwere assessed.
Materials and methods: Pooled analyses based on seven phase III studies
from the VERTIS programme evaluated the safety and efficacy of ERTU in
subgroups of pts aged <65 and ≥65 years. Pts with T2DM received ERTU (5
or 15mg ± sitagliptin [SITA] 100mg) or control (placebo [PBO], glimepiride
or SITA). Safety data were evaluated up to 104 weeks. Efficacy was assessed
in a subset of three PBO-controlled studies at 26 weeks.
Results: Baseline (BL) characteristics were similar between treatment
groups, and between pts aged <65 (n=3605) and ≥65 (n=1254) years, with
the exception ofmeanBLeGFR (90.2mlmin−11.73m−2 in pts aged<65 and
71.4 ml min−1 1.73 m−2 in pts aged ≥65 years). The safety profile of ERTU
was similar in both age groups, except for a higher incidence of volume
depletion AEs with ERTU relative to control (2.4% vs 1.1%) in pts aged
≥65 years. Incidence of renal-related AEs was similar across groups in pa-
tients aged ≥65 years with normal or mildly impaired renal function at BL
(ERTU [0.6%] vs control [0.8%]), suggesting age alone does not increase risk
of renal-related AEs. In the three PBO-controlled studies, ERTU-treated pts
aged <65 and ≥65 years had comparable rates of documented hypoglycaemia
(4.4% vs 6.0%, respectively) and severe hypoglycaemia rates (0.4% vs 0.4%,
respectively). Change from BL in HbA1c is shown in the Figure.
Conclusion: ERTU as a mono- and combination therapy was generally
well tolerated and provided meaningful reductions in HbA1c in elderly
pts with T2DM. Volume depletion AEs occurred at a higher incidence in
elderly pts receiving ERTU relative to control.

Clinical Trial Registration Number: NCT01958671 (MONO),
NCT02033889 (MET), NCT02036515 (SITA2), NCT02226003 (SITA),
NCT01999218 (SU), NCT02099110 (FACTORIAL), NCT01986855
(RENAL)
Supported by: Merck Sharp & Dohme Corp., Whitehouse Station, NJ,
USA; Pfizer Inc.
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Disclosure: I. Gantz: Employment/Consultancy; Is an employee of
Merck Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc.,
Kenilworth, NJ, USA. Stock/Shareholding; May own stock in Merck &
Co., Inc., Kenilworth, NJ, USA.

747
Safety and efficacy of dapagliflozin in the elderly: analysis from the
DECLARE TIMI 58 study
A. Cahn1, S.D. Wiviott2, O. Mosenzon1, I. Yanuv1, A. Rozenberg1, S.A.
Murphy2, E.L. Goodrich2, L.A. Leiter3, J.P.H. Wilding4, I.A.M. Gause-
Nilsson5, M. Fredriksson5, P.A. Johansson5, A. Langkilde5, M.S.
Sabatine2, I. Raz6;
1Hadassah Hebrew University Hospital, Jerusalem, Israel, 2TIMI Study
Group, Brigham and Women’s Hospital, Boston, USA, 3St. Michael's
Hospital, University of Toronto, Toronto, Canada, 4University of
Liverpool, Liverpool, UK, 5AstraZeneca, Molndal, Sweden, 6Hadassah
Hebrew University Hospital, Tel Aviv, Israel.

Background and aims: A substantial proportion of patients with
type 2 diabetes are elderly (≥65 years) or very elderly (≥75).
Data regarding the efficacy and safety of SGLT2 inhibitors in this
population is limited.
Materials and methods: In the Dapaglif lozin Effect on
Cardiovascular Events (DECLARE) TIMI 58 study 17160 patients
(7907 age ≥65 and 1096 age ≥75) with type 2 diabetes were
randomized in a double blind trial to receive dapagliflozin
10 mg or placebo in addition to standard of care for a median
follow-up of 4.2 years.
Results:Overall, dapagliflozin reduced the composite of cardiovas-
cular (CV) death and hospitalization for heart failure (HHF), yet,
did not result in a lower rate of major adverse cardiovascular
events, with no age-based treatment interaction (figure). There
was a lower rate of HHF with dapagliflozin. The renal composite
outcome (sustained decrease of 40% or more in estimated GFR to
less than 60 ml/min/1.73m2, new end-stage renal disease, or death
from renal or cardiovascular causes) was reduced with
dapagliflozin vs. placebo by similar magnitude in all age groups.
Incidence rates of all outcomes were higher in the older vs. youn-
ger patients. Serious adverse events were less frequent with
dapagliflozin vs. placebo in those age ≥65 as well as <65.
Major hypoglycemia events were less frequent in the dapagliflozin
group compared to placebo, with the effect consistent in all ages
including the elderly and very elderly. Fractures and events asso-
ciated with volume depletion, were more common in the elderly,
yet occurred in similar rates with dapagliflozin vs. placebo at all
age groups. Diabetic ketoacidosis was rare, but more events were
observed in the dapagliflozin treatment group, at all ages. Genital
infections leading to discontinuation of study drug were more
common with dapagliflozin vs. placebo irrespective of age.
Analyses of efficacy and safety outcomes for age subgroups ≥75
and <75 yielded consistent results with no age based treatment
interaction (data not shown).
Conclusion: The DECLARE TIMI 58 study established the bene-
ficial CV and renal effects of dapagliflozin in a robust number of
older patients with type 2 diabetes. The overall safety and effica-
cy of dapagliflozin was consistent regardless of age.

Clinical Trial Registration Number: NCT01730534
Supported by: AstraZeneca
Disclosure: A. Cahn: Employment/Consultancy; Medial Early Sign,
Glucome. Grants; AstraZeneca. Honorarium; AstraZeneca,
Novonordisc, Sanofi, Elli Lilly, MSD. Lecture/other fees; AstraZeneca,
Novonordisc, Sanofi, Elli Lilly, MSD. Stock/Shareholding; Glucome.

748
Diabetes regression and remission following a short-term intensive
metabolic intervention with insulin glargine, metformin and
dapagliflozin
N. McInnes1,2, S. Hall1, Y.Y. Liu1, H.C. Gerstein1,2, REMIT-dapa
investigators;
1Population Health Research Institute, Hamilton, 2Department of
Medicine, McMaster University, Hamilton, Canada.

Background and aims: Remission of type 2 diabetes following medical
therapies has not been well studied. We examined diabetes regression and
remission following a short-term intensive metabolic intervention com-
bining lifestyle and glucose-lowering approaches.
Materials and methods: This was an open-label randomised controlled
multi-centre trial in 154 participants with type 2 diabetes treated with 0-2
glucose-lowering medications other than insulin. Participants were
randomised to: (i) 12-week intensive metabolic intervention comprising
lifestyle approaches and treatment with insulin glargine, metformin and
dapagliflozin or (ii) standard diabetes care, and followed for 64 weeks. At
12 weeks, diabetes medications were discontinued if HbA1Cwas <7.3%,
and participants were followed for hyperglycemia relapse. The primary
outcome in this study was complete or partial diabetes remission
(HbA1C<6.5% off chronic diabetes drugs) at 24 weeks. Main secondary
outcomes were complete or partial diabetes remission at 36, 48 and 64
weeks as well as diabetes regression (HbA1C 6.5-6.9% off chronic dia-
betes drugs) at 24, 36, 48 and 64 weeks.
Results: Complete or partial diabetes remission was achieved in 19
(25%) of the intervention group participants and 13 (17%) of the control
group participants at 24 weeks. The relative risk of diabetes remission in
the intervention group compared to the control group was 1.5 (95% CI
0.8-2.7) at 24 weeks, 2.4 (1.2-5.0) at 36 weeks, 2.1 (1.0-4.4) at 48 weeks
and 1.8 (0.7-4.7) at 64 weeks. Diabetes regression at 24 weeks was 2.2
times more likely in the intervention group versus the control group (95%
CI 1.1-4.6), and was achieved in 20 (26%) versus 9 (12%) participants
respectively.
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Conclusion: Following a 12-week intensive metabolic intervention, pro-
portion of participants with diabetes regression but not remission was
significantly higher in the intervention group compared to the control
group at 24 weeks, while diabetes remission was significantly higher in
the intervention group at 36 and 48 weeks. Further studies are needed to
optimize the intensive metabolic intervention.
Clinical Trial Registration Number: NCT02561130
Supported by: AstraZeneca
Disclosure: N. McInnes: Grants; AstraZeneca. Non-financial support;
AstraZeneca.

749
Diuretics use and risk of amputation among patients with insulin-
treated type 2 diabetes
M. Alkharaiji, A.S. Alshnbari, I. Idris;
School of Medicine, University of Nottingham, Nottingham, UK.

Background and aims: Canagliflozin, a sodium-glucose cotransporter-2
(SGLT-2) inhibitor, was linked with a doubling of the risk of lower limb
amputation (LLA). Patients with insulin-treated Type 2 Diabetes (T2D),
in the meanwhile, are associated with increased risk of cardiovascular
events. Since SGLT inhibitor is known to induce hypovolaemia via os-
motic diuresis, we investigate the association between use of diuretics
with LLA in a high-risk cohort. The aim of this study was to analyse
the association between diuretics use and the risk amputation in Insulin-
treated T2D patients.
Materials and methods: A retrospective cohort study was conducted on
11,125 patients with insulin-treated T2D from UK General Practices
using The Health Improvement Network (THIN) database. Cox propor-
tional hazard models were used to estimate the hazard ratios ofLLA. The
risk of LLA was also compared between a propensity score-matched
cohort (1:1 ratio) ofdiuretics users compared to non-users throughout 20
years follow-up time.
Results: Among 11,125subjects, age 56±13, male 53%, 6454(58.1%)
were on diuretics. Diuretics patients with amputation events were signif-
icantly higher 146 vs 42 non-diuretics. In the full cohort, patients with
diuretics treatment were at 90% higher risk of amputation compared to
the non-diuretic users (hazard ratio (HR): 1.89; 95%CI: 1.34-2.69). The
estimates remained significantly higher when adjusting for possible con-
founding effects. Patients with diuretics use were at 2.3 times higher risk
of amputation compared to non-diuretics (aHR: 2.32; 95%CI: 1.47-3.67).
In the matched cohort (n=1,190), the incident rate (per 1000) of amputa-
tion was of no statistical difference in diuretics users compared to non-
users (1.2vs 1.4, respectively). Non-significant results in the adjusted
models with little or no statistical difference confirming that matched
diuretics users are at natural risk of experiencing amputation (aHR:
1.09; 95%CI: 0.32-3.58).
Conclusion: In full cohort analysis, the use of diuretics was associated
with diuretics increased the risk of amputation in patients with Insulin-
treated T2D during 20 years of follow-up. However, applying necessary
adjustments at baseline level revealed evidence that suggests little or no
association between diuretics drug use and reported episodes of amputa-
tion for the matched cohort. We contend that volume depletion does not
play a role in increasing the risk of LLA among high-risk T2D patients.
Disclosure: M. Alkharaiji: None.

750
Genital infections among female patients with type 2 diabetes treated
with SGLT2 inhibitors
A. Nakhleh1,2, N. Shehadeh2,1, L. Gabay3, G. Koren3, E. Haddad1, M.
Zloczower2;
1Diabetes Clinic, Maccabi Healthcare Services, Haifa, 2Institute of
Endocrinology, Rambam Hospital, Haifa, 3Maccabi-Kahn Institute of
Research, Tel Aviv, Israel.

Background and aims: Sodium-glucose linked transporter type 2 (SGLT2)
inhibitors are associatedwith an increased risk of genital infections. However,
most of the evidence comes from randomized controlled trials (RCTs). The
aim of this trial was to assess the risk of genital infections among female
diabetic patients treated with SGLT2 inhibitors in a real-world setting.
Materials and methods: This retrospective cohort study was conducted
using the electronic medical database of our Healthcare Services, a large
HMO in Israel. We retrieved data on consecutive female patients over 18
years of age with type 2 diabetes mellitus, who initiated treatment with
Empagliflozin or Dapagliflozin from March 1, 2015, through March 31,
2018. The date of the first dispensed prescription of SGLT2 inhibitor was
set as the index date. End of follow-up was defined as the first of the
following: the date of the first genital infection diagnosed beyond 30 days
after the index date, death, leaving HMO or March 31, 2018. The pro-
portion of days covered (PDC) with SGLT2 inhibitors was measured by
the number of dispensed SGLT2 inhibitors prescriptions between the
index date and end of follow-up. Genital infections were identified by
either ICD-9 diagnosis codes or dispensed prescriptions of relevant anti-
fungal and local antibacterial medications. The primary outcome was the
adjusted risk of genital infections diagnosed more than 30 days post-
index date, stratified by PDC categories. The adjusted risk was analyzed
using a multivariate Cox model.
Results: The study population included 6153 female patients with a mean
age of 62.3 years and a mean diabetes duration of 11 years. 687 patients
(11.2%) had genital infections in the year before the index date. During a
mean follow-up period of 2.3 years, 1822 patients (29.6%) had genital
infections, 341 (18.7%) of whom had genital infections within 30 days of
the index date. 1542 patients (25.1%) had genital infections beyond 30
days after the index date. After adjustment for age, diabetes duration and
history of genital infections, the hazard ratio (HR) for genital infections,
diagnosed more than 30 days post-index date, was 3.94 (95% CI, 2.64 to
5.88; P<0.0001) for PDC ≥ 80% group compared with PDC < 20%
group. Differences in cumulative hazards for genital infections among
PDC groups began to emerge early and persisted throughout follow-up
(Figure). On Cox regression analysis, older age was associated with a
lower risk of genital infections (HR per 1-year increase in age, 0.98
[95% CI, 0.97 to 0.99]; P=0.005), however, a previous history of genital
infections was associated with an increased risk (HR per event, 1.21 [95%
CI, 1.14 to 1.28]; P<0.001).
Conclusion: In a real-world HMO setting, SGLT2 inhibitors increased
the risk of genital infections and the incidence was significantly higher
than reported in previous RCTs. Younger age appears to be a risk factor
for genital infections.

Disclosure: A. Nakhleh: None.
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Identifying features of sodium-glucose co-transporter 2 inhibitor
(SGLT2i)-associated Diabetic Ketoacidosis (DKA)
A. Stirling, J. Rollo, A. Kernohan, D. McGrane;
Department of Diabetes & Endocrinology, Queen Elizabeth University
Hospital, Glasgow, UK.

Background and aims: SGLT2-inhibitors (SGLT2i) are the newest
class of medications for the management of hyperglycaemia in
Type 2 Diabetes Mellitus (T2DM). They inhibit glucose reabsorp-
tion via the SGLT2 within the proximal tubule which leads to the
development of glycosuria. Diabetic ketoacidosis (DKA) occurs in
the context of insulin depletion’s in Type 1 Diabetes Mellitus
(T1DM) and can also occur in insulinopaenic patients with
T2DM. Recent case reports have demonstrated a possible associ-
ation between SGLT2i and the development of DKA. The purpose
of this retrospective review was to identify features of patients
with T2DM treated with SGLT2i presenting to acute services with
DKA in 2017.
Materials and methods: Episodes of DKA were identified during
2017 using hospital discharge codes. Diabetes diagnosis was iden-
tified using SCI-Diabetes (the Scotland-wide diabetes patient da-
tabase) coding. All patients' records with T2DM and coded as
having DKA were checked to confirm the diagnosis of DKA,
based on Joint British Diabetes Society criteria. The case records
and laboratory results were reviewed for each episode.
Results: 58 patients with T2DM in DKA in 2017 in Greater
Glasgow and Clyde were identified. 12 of these patients (21%)
were treated with an SGLT2i. SGLT2i treated patients had a lower
median admission laboratory glucose of 15.4mmol/L compared
with a median of 35.4mmol/L in the non SGLT2i treated group
(p<0.01). SGLT2i patients were more acidotic, mean H+
89.8nmol/L versus 58nmol/L in the non SGLT2i treated group
(p<0.01). There was no difference between SGLT2i treated and
non-SGLT2i treated patients in BMI, duration of diabetes or last
HbA1c. Risk of DKA in SGLT2i patients was more than double
that expected at 0.21%, relative risk 2.2 (p<0.01). SGLT2i treated
patients were on more diabetes drug classes, median 3, compared
with non-SGLT2i treated patients, median 2 drug classes (p<0.01).
The analysis excluded patients with diabetes of less than one year
duration, most of whom were new diagnoses and not prescribed
any anti-hyperglycaemic medications.
Conclusion: SGLT2i associated DKA is rare but presents with a
more severe acidosis and lower glucose levels. Risk of DKA is
increased by being on an SGLT2i. Ketone and acid-base assess-
ments should be performed on unwell SGLT2i-treated patients,
regardless of blood glucose levels. These drugs should be
suspended in the context of acute illness.
Disclosure: A. Stirling: None.
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Liraglutide 0.9mg improves liver function and fibrosis in type 2 diabetic
patients with nonalcoholic fatty liver disease regardless of BMI
M. Shiomi1, Y. Tanaka1, T. Takada2, K. Otori1;
1Department of Clinical Pharmacy, School of Pharmacy, Kitasato
University, Tokyo, 2Department of Endocrinology, Diabetes and
Metabolism, Kitasato University School of Medicine, Kanagawa, Japan.

Background and aims: Nonalcoholic fatty liver disease (NAFLD)
is strongly associated with metabolic syndrome. Several studies
have shown the efficacy of glucagon-like peptide-1 receptor ago-
nist, liraglutide, in ameliorating NAFLD in patients with type 2
diabetes mellitus (T2DM). These effects may be due to improve-
ment in weight loss, although some authors have refuted the rel-
evance of change in weight. However, no studies have focused on
the relevance of body weight. Liraglutide 0.9 mg is the maximum
dose approved in Japan. In this study, we evaluated the associa-
tion of BMI with liver function and fibrosis (using non-invasive
scores) in T2DM patients with NAFLD treated with liraglutide.
The objective was to assess whether the beneficial effect of
liraglutide on NAFLD is associated with changes in body weight.
Materials and methods: Fifty-five Japanese T2DM patients with
NAFLD who received liraglutide for 24 weeks were included in
this retrospective study. Those with a history of treatment with
thiazolidinediones, vitamin E, or sodium glucose cotransporter 2
inhibitors and those who had changed the type or increased the
doses of other agents were excluded. Fibrosis-4 (FIB-4) index and
aspartate aminotransferase to platelet index (APRI) were used to
assess the status of liver fibrosis. The change (Δ) in each param-
eter was calculated as the value at 24 weeks minus the baseline
value. The relationship between liver function or fibrosis and
clinical characteristics was analyzed; we further performed sub-
group analysis based on Δ BMI (three groups: Δ BMI ≤ −1;
−1 < Δ BMI ≤ 0; 0 < Δ BMI) for in-depth characterization of
the relationship.
Results: The mean HbA1c, the median alanine aminotransferase
(ALT), FIB-4 index, and APRI decreased significantly after 24
weeks (HbA1c, P = 0.001; ALT, P = 0.0007; FIB-4 index, P =
0.004; APRI, P = 0.0001). The mean BMI improved; however the
change was not statistically significant. Δ ALT showed a signif-
icant positive correlation with age (P = 0.03), and significant
negative correlation with BMI (P = 0.03) and Log ALT (P<
0.0001). Δ FIB-4 index showed a significant positive correlation
with HDL (P = 0.02) and Log FIB-4 index (P = 0.03). Δ APRI
showed a significant negative correlation with Log APRI (P <
0.0001). On multivariate analysis, baseline ALT was an indepen-
dent predictor of Δ ALT (P < 0.0001), baseline FIB-4 index was
an independent predictor of Δ FIB-4 index (P = 0.04), and base-
line APRI was an independent predictor of Δ APRI (P < 0.0001).
Baseline BMI was not an independent predictor of change in any
of the liver-related factors. On subgroup analysis according to Δ
BMI, Δ BMI was significant among the three groups (P <
0.0001). However, Δ ALT, Δ FIB-4 index, and Δ APRI showed
no significant difference between the 3 groups.
Conclusion: This study suggests that regardless of BMI, 24-week-long
liraglutide (0.9 mg) therapy improved liver function and the noninvasive
scores related to liver fibrosis in T2DM patients with NAFLD. Despite
the limitations of this retrospective study, it provides important insights
into the impact of BMI on amelioration of liver function and fibrosis in
T2DM patients with NAFLD treated with liraglutide.
Disclosure: M. Shiomi: None.
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Oral semaglutide reduces appetite and energy intake and improves
control of eating in subjects with type 2 diabetes
J. Blundell1, C. Gibbons1, S.T. Hoff2, S. Lövdahl2, K. Dahl2, T.A.
Bækdal2;
1University of Leeds, Leeds, UK, 2Novo Nordisk A/S, Søborg, Denmark
.
Background and aims: Subcutaneous semaglutide, a glucagon-like pep-
tide-1 analogue, has been shown to reduce appetite and energy intake in
obese subjects. Semaglutide is in development for oral once-daily treat-
ment of type 2 diabetes (T2D). This trial compared the effect of once-
daily oral semaglutide on appetite and energy intake with placebo in
subjects with T2D.
Materials and methods: Subjects were randomised to a double-
blind, two-period, crossover trial with a 12-week period of oral
semaglutide (dose-escalated to steady-state at 14 mg) followed by
placebo for 12 weeks or vice versa, separated by a washout pe-
riod of 5-9 weeks. At the end of each 12-week period, there was
a 4-day in-house period in which energy intake was measured
during an ad libitum lunch, evening meal and evening snack
box. Appetite ratings were measured using a visual analogue scale
(VAS) after an overnight fast and during 5-hour standardised
breakfast and 8-hour standardised fat-rich breakfast meal tests.
Control of eating and craving control were evaluated using the
Control of Eating Questionnaire (CoEQ). Changes in body weight
and composition after treatment were assessed by air displacement
plethysmography; these are reported for the first treatment period
only due to a possible rebound effect in subjects receiving oral
semaglutide in the first period.
Results: Fifteen subjects were randomised (13 males, mean age 58.2
years, mean HbA1c 6.9%, mean BMI 30.8 kg/m2), two of whom with-
drew before completing the trial. Ad libitum energy intake was reduced
with oral semaglutide vs placebo during the lunch meal, evening meal
and evening snack box, leading to a reduction in total daily energy
intake of 5096 kJ (Figure). Mean palatability VAS ratings after the meal
indicated no food aversion with either oral semaglutide or placebo.
There were no significant differences between oral semaglutide and
placebo in overall appetite ratings pre-meal (in a fasting state) or during
a standardised breakfast meal. After the standardised fat-rich breakfast
meal, there was a significantly greater mean postprandial fullness rating
in subjects treated with oral semaglutide compared with placebo. No
other significant differences in appetite ratings were observed after a
standardised fat-rich breakfast meal. The CoEQ indicated fewer food
cravings and better control of eating with oral semaglutide vs placebo.
During the first treatment period, mean ± SD body weight loss with
oral semaglutide was 2.9 ± 4.3 kg vs 1.2 ± 3.2 kg with placebo. Body
weight loss with oral semaglutide was attributable to loss of body fat
mass.
Conclusion: Twelve weeks of treatment with once-daily oral semaglutide
resulted in reduced energy intake in subjects with T2D. Appetite was
unchanged, control of eating improved and body weight was reduced.

Clinical Trial Registration Number: NCT02773381
Supported by: Novo Nordisk A/S
Disclosure: J. Blundell: Grants; PI on research grant.
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Weight loss induced by semaglutide once weekly contributes to im-
proved health-related quality of life and treatment satisfaction
J.P.H. Wilding1, H.W. Rodbard2, K.T. Uusinarkaus3, L. Van Gaal4, T.
Hansen5, A.M.L. Sandberg5, S. Tadayon5, M.J. Davies6;
1Institute of Ageing and Chronic Disease, University of Liverpool,
Liverpool, UK, 2Endocrine and Metabolic Consultants, Rockville,
USA, 3DaVita Medical Group, Colorado Springs, USA, 4Antwerp
University Hospital, Antwerp, Belgium, 5Novo Nordisk A/S, Søborg,
Denmark, 6University of Leicester, Leicester, UK.

Background and aims: Semaglutide, a glucagon-like peptide-1 ana-
logue for the once-weekly subcutaneous treatment of type 2 diabetes
(T2D), provided superior glycaemic control and weight loss vs com-
parators in the SUSTAIN clinical trial programme. Weight loss is
recognised as an important outcome in the management of T2D.
This post hoc analysis assessed if weight loss was associated with
improvements in patient-reported health-related quality of life
(HRQoL) and treatment satisfaction in SUSTAIN 2-5 and 7.
Materials and methods: The proportions of subjects who achieved
weight loss responses of ≥5% and ≥10% in the semaglutide arms
were pooled across the trials (N=2,808; comparator data not evalu-
ated), and presented both overall and by dose (semaglutide 0.5 mg
or 1.0 mg). Changes in HRQoL (measured by the Physical
Component Summary [PCS] and Mental Component Summary
scores of the Short Form-36 Health Survey version 2® [SF-
36v2®]) and treatment satisfaction scores (measured by the
Diabetes Treatment Satisfaction Questionnaire, status version
[DTSQs]) were evaluated in subjects who achieved ≥5% and
≥10% weight loss vs those who did not at end of treatment (30,
40 or 56 weeks). Norm-based scoring is used for the SF-36v2®,
setting the general population mean to 50 for each domain; higher
and increasing scores indicate better health. The standard DTSQs
scales range from 0 to 6 on a 7-point Likert scale, where 6 indicates
the highest treatment satisfaction and 0 the lowest, with the excep-
tion of questions on the perception of hyper- and hypoglycaemia,
where 6 indicates the lowest treatment satisfaction and 0 the highest.
Results: Overall, 51.0% and 17.4% of subjects achieved ≥5% and
≥10% weight loss with semaglutide (pooled groups). Significantly
greater improvements in most of the PCS components and the over-
all PCS and DTSQs scores were reported by subjects achieving ≥5%
and ≥10% weight loss vs those not achieving these responses in the
semaglutide 1.0 mg and pooled semaglutide groups (Table). The
DTSQs perception of hyperglycaemia improved in each weight loss
and semaglutide group, while there was no change in the perception
of hypoglycaemia in any group.
Conclusion: Weight loss induced by semaglutide 1.0 mg was associated
with improvements in PCS domains of the SF-36v2®, overall treatment
satisfaction and perception of hyperglycaemia across the SUSTAIN 2-5 and
7 trials. These data suggest that weight loss may be an important factor
determining HRQoL improvements during T2D treatment with semaglutide.
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Clinical Trial Registration Number: NCT01930188, NCT01885208,
NCT02128932, NCT02305381, NCT02648204
Supported by: Novo Nordisk A/S research support
Disclosure: J.P.H.Wilding: Employment/Consultancy; Consultancy For
Novo Nordisk, AstraZeneca, Janssen, MSD, MundiPharma, Napp (paid
to University of Liverpool). Grants; AstraZeneca, Novo Nordisk (to
University of Liverpool). Lecture/other fees; AstraZeneca, Boehringer
Ingelheim, Napp, Novo Nordisk, Mundipharma, Sanofi, Takeda.
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Exenatide once weekly in diabetes patients with stage 2/3 chronic
kidney disease: a pooled 6-month analysis
C. Sjöström1, C. Guja2, J.P. Frias3, L. Suchower4, E. Hardy5, J. Holden5,
S.A. Jabbour6;
1Astrazeneca, Mölndal, Sweden, 2Carol Davila University of Medicine
and Pharmacy, Bucharest, Romania, 3National Research Institute, Los
Angeles, USA, 4Kelly Services, Gaithersburg, USA, 5Astrazeneca,
Gaithersburg, USA, 6Thomas Jefferson University, Philadelphia, USA.

Background and aims: Exenatide is primarily eliminated through the
kidneys and is not currently recommended in patients with moderate to
severe renal impairment. However, analyses of the EXSCEL trial suggest
a possible positive effect of exenatide once weekly (EQW) on chronic
kidney disease (CKD) progression. Here we analyzed the safety and
efficacy of EQW in patients with CKD stage 2 (CKD2; mild renal im-
pairment) and 3 (CKD3; moderate renal impairment).
Materials and methods: Pts treated with EQWor with placebo or a non-
glucagon-like peptide-1 receptor agonist comparator drug (sitagliptin,
metformin, pioglitazone, dapagliflozin, insulin) from 8 phase 3 double-
blind or open-label 26-/28-week studies were pooled and stratified by
CKD stage. Studies were performed on a broad range of background
drugs.
Results: Pts on EQW with baseline CKD2 (N=772) vs CKD3 (N=182)
differed in some baseline characteristics: age <65 y (79% vs 56%), mean
body mass index (31.6 vs 28.3 kg/m2), and type 2 diabetes duration (7.6 vs
9.7 y); however, mean blood pressure (131/79 vs 133/77 mmHg) and mean
HbA1c (8.5% vs 8.3%) were similar. Pts on EQW with CKD3 were mostly
Asian (61% vs 20% with CKD2) as 59% of these were from a Japanese
study. Efficacy for EQW was similar in CKD2 vs CKD3 pts (Figure).
Compared with CKD2 pts, CKD3 pts had higher rates of any adverse events
(AEs) (CKD3 vs CKD2: EQW: 81% vs 72%; comparators: 74% vs 68%)
and of AEs leading to study or treatment discontinuation (EQW: 8% vs 5%;
comparators: 4% vs 2%); however, rates were similar for serious AEs (EQW:
3% vs 3%; comparators: 6% vs 5%). One pt in each arm had a serious AE of
acute kidney injury: EQW in CKD3 and comparator in CKD2.

Conclusion: Pooled results of 8 studies show that EQW is well tolerated
and efficacious in pts with CKD2 and CKD3. Changes in HbA1c, body
weight, and systolic BP were similar between the 2 CKD groups.

Supported by: AstraZeneca
Disclosure: C. Sjöström: Employment/Consultancy; AstraZeneca.
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Liraglutide and semaglutide improve cardiovascular and renal outcomes
across baseline BP categories: analysis of LEADER and SUSTAIN 6
L.A. Leiter1, S.C. Bain2, D.L. Bhatt3, J.B. Buse4, C.D. Mazer1, R.
Pratley5, S. Lindberg6, S. Rasmussen6, H. Vrazic6, S. Verma1;
1St.Michael's Hospital andUniversity of Toronto, Toronto, Canada, 2Institute
of Life Science, Swansea University, Swansea, UK, 3Brigham andWomen’s
Hospital Heart and Vascular Center & Harvard Medical School, Boston,
USA, 4University of North Carolina School of Medicine, Chapel Hill,
USA, 5AdventHealth Translational Research Institute for Metabolism and
Diabetes, Orlando, USA, 6Novo Nordisk A/S, Søborg, Denmark.

Background and aims: High blood pressure (BP) is prevalent in patients
with type 2 diabetes (T2D). This post hoc analysis evaluated major adverse
cardiovascular (CV) events (MACE) and renal events in patients from
LEADER and SUSTAIN 6 (CVoutcome trials) with T2D and high CV risk
who received liraglutide or semaglutide (vs placebo) according to BP cate-
gories: normal (<120/80 mmHg), elevated (systolic 120-129 and diastolic
<80 mmHg), stage 1 hypertension (systolic 130-139 or diastolic 80-89
mmHg), and stage 2 hypertension (systolic ≥140 or diastolic ≥90 mmHg).
Materials and methods: LEADER and SUSTAIN 6 were global
randomised CVoutcome trials of liraglutide and semaglutide, vs placebo,
in 9340 and 3297 patients, respectively, with T2D and high CV risk.
Primary outcome was MACE (CV death, nonfatal myocardial infarction
or nonfatal stroke), with secondary outcomes including nephropathy. We
evaluated the cardiorenal effect of liraglutide and semaglutide on the
primary and secondary renal endpoints by baseline BP categories using
Cox proportional hazards, with treatment and risk group as factors, ad-
justed for baseline characteristics related to cardiorenal risk.
Results: In LEADER, 15%, 14%, 30%and 41%of patients had normal BP,
elevated BP, stage 1 or stage 2 hypertension, respectively; proportions for
SUSTAIN 6 were 13%, 13%, 31% and 43%, respectively. Within each BP
category, baseline demographics were generally well balanced across trial
groups. The effects of liraglutide and semaglutide onMACE and secondary
nephropathy endpoints across BP categories are shown in the Figure.
Conclusion: Liraglutide and semaglutide demonstrated consistent im-
provements in CVand renal outcomes across most baseline BP categories.
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Clinical Trial Registration Number: NCT01179048; NCT01720446
Supported by: Novo Nordisk
Disclosure: L.A. Leiter: Grants; Research grants or support from
AstraZeneca, Boehringer Ingelheim, Eli Lilly, GlaxoSmithKline,
Janssen, Novo Nordisk A/S and Sanofi. Lecture/other fees;
Consultant and/or speaker fees from AstraZeneca, Boehringer
Ingelheim, Eli Lilly, Janssen, Merck, Novo Nordisk A/S, Sanofi
and Servier.
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The effect of once-weekly semaglutide onMACE, blood pressure and
lipids by race and ethnicity: a SUSTAIN 6 post hoc analysis
S.C. Bain1, C.V. Desouza2, T. Gondolf3, T. Hansen3, I. Holst3, R.R. Rea4,
J. Seufert5;
1Swansea University Medical School, Diabetes Research Unit
Cymru, Swansea, UK, 2University of Nebraska Medical Center,
Omaha, USA, 3Novo Nordisk A/S, Søborg , Denmark,
4Department of Internal Medicine, Hospital de Clínicas da
Universidade Federal do Paraná, Curitiba, Brazil, 5University
Hospital of Freiburg, Freiburg, Germany.

Background and aims: In the SUSTAIN 6 cardiovascular (CV) out-
comes trial, once-weekly subcutaneous semaglutide added to standard
of care significantly reduced major adverse cardiovascular events
(MACE: non-fatal myocardial infarction, non-fatal stroke or cardiovas-
cular death) versus placebo over 2 years in subjects with type 2 diabetes.
The aim of this post hoc analysis was to assess the effect of semaglutide
versus placebo on MACE, blood pressure (BP) and lipids by race and
ethnicity in SUSTAIN 6.
Materials andmethods: Two subgroup analyses were carried out, where
data were analysed and stratified by race (Asian, Black/African
American, Caucasian, Other) or ethnicity (Hispanic or non-Hispanic).

In SUSTAIN 6, subjects were randomised to semaglutide 0.5 mg,
1.0 mg or volume-matched placebo. Data for the two semaglutide-dose
groups were pooled and compared with the pooled placebo groups. Time-
to-event results were analysed with a Cox proportional hazards model.
Changes from baseline to week 104 of MACE and individual outcomes,
BP and lipids were analysed using an analysis of covariance (ANCOVA),
adjusted for country, treatment, baseline value and subgroup. The inter-
action between treatment and subgroup was added to the models.
Results: Of the total 3,297 subjects randomised to treatment, 2,736 were
defined by investigators as Caucasian, 273 Asian, 221 Black/African
American and 67 subjects reported as other races; 2,787 subjects were
of non-Hispanic and 510 of Hispanic ethnicity. Mean baseline character-
istics were similar across subgroups (age 64.7 years, males 61.5%, HbA1c

8.7%, diabetes duration 14.2 years). Time to composite MACE and indi-
vidual components were improved with semaglutide across all sub-
groups. Treatment with semaglutide affected BP similarly across race
and ethnicity, except for systolic BP in Black/African American subjects
where an estimated treatment difference for semaglutide vs placebo of
4.47 [0.15;8.79] mmHg was reported from baseline to week 104. The
effect of semaglutide on lipids was similar, irrespective of race or ethnic-
ity (Table).
Conclusion:Overall, there was no evidence of a differential effect
of semaglutide on risk reduction in MACE and its components
nor lipids across race and ethnicity subgroups in this post hoc
analysis of the SUSTAIN 6 CV outcomes trial. An increase from
baseline in systolic BP in Black/African American subjects was
reported with semaglutide. No effect was observed in other sub-
groups for systolic BP, nor on diastolic BP.

Clinical Trial Registration Number: NCT01720446
Supported by: Novo Nordisk A/S research support
Disclosure: S.C. Bain: Honorarium; Novo Nordisk, AstraZeneca, Lilly,
Napp. Lecture/other fees; Novo Nordisk, AstraZeneca, Lilly, Napp.
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Impact of microvascular disease on cardiorenal outcomes in type 2
diabetes: an analysis from the LEADER and SUSTAIN 6 clinical
trials
B. Zinman1, S. Verma2, S.C. Bain3, J.B. Honoré4, J. Mann5, M.A.
Nauck6, R. Pratley7, S. Rasmussen4, M. Sejersten Ripa4, J.B. Buse8;
1Lunenfeld–Tanenbaum Research Institute, Mt. Sinai Hospital,
University of Toronto, Toronto, Canada, 2St. Michael's Hospital and
University of Toronto, Toronto, Canada, 3Institute of Life Science,
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Swansea University, Swansea, UK, 4Novo Nordisk A/S, Søborg,
Denmark, 5Friedrich Alexander University of Erlangen, Erlangen,
Germany, 6Diabetes Center Bochum-Hattingen, St Josef Hospital
(Ruhr-Universität Bochum), Bochum, Germany, 7AdventHealth
Translational Research Institute for Metabolism and Diabetes, Orlando,
USA, 8University of North Carolina School of Medicine, Chapel Hill,
USA.

Background and aims: History of microvascular disease in type 2 dia-
betes (T2D) may increase risk of cardiovascular (CV) events. We
analysed LEADER and SUSTAIN 6 post hoc to evaluate this relation-
ship, and the efficacy of glucagon-like peptide-1 (GLP-1) analogues in
this context.
Materials andmethods: LEADER and SUSTAIN 6 randomised patients
with T2D and high CV risk to liraglutide or semaglutide vs placebo.
Primary endpoint was a composite of CV death, nonfatal myocardial
infarction or stroke (major adverse cardiovascular event [MACE]).
Other endpoints included expanded MACE and a nephropathy compos-
ite. We evaluated cardiorenal risk and effects of liraglutide and
semaglutide in patients with a history of microvascular disease using an
adjusted Cox proportional hazards model.
Results: In LEADER, 62% (5761/9340) of patients had a baseline history
of ≥1 microvascular complication (SUSTAIN 6: 71% [2356/3297]).
These individuals were older, with longer diabetes duration, greater insu-
lin use and lower estimated GFR. Risk of MACE, irrespective of treat-
ment, was higher in patients with microvascular and CV disease vs CV
disease alone. Placebo event rates for MACE, expanded MACE and
nephropathy were higher in those with history of microvascular disease.
Liraglutide and semaglutide reduced CV risk in those with and without
microvascular disease and nephropathy in those with microvascular dis-
ease (Table). Few nephropathy events occurred in those without micro-
vascular disease.
Conclusion: Liraglutide and semaglutide reduced the risk of cardiorenal
events across patients with microvascular disease.

Clinical Trial Registration Number: NCT01179048; NCT01720446
Supported by: Novo Nordisk
Disclosure: B. Zinman: Employment/Consultancy; consulting fees from
Merck, Novo Nordisk, Sanofi-Aventis, Eli Lilly, AstraZeneca, Janssen,
and Boehringer Ingelheim.
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The effect of incretin based therapy on preserving cognitive function
in type 2 diabetes patients
M. Szabo, Z. Fodor, E. Fabian, J. Szabo, A. Virginas;
University of Medicine, Pharmacy, Science and Technology, Tg Mures,
Romania.

Background and aims: Cognitive dysfunction is a well-known
complication of type 2 diabetes. Experimental, preclinical, and
human observational studies suggest that incretin-based therapies
like dipeptidyl peptidase 4 inhibitors (DPP4i) and glucagon like
petide-1 receptor agonists (GLP1 RA), regardless of their glucose
lowering effect, might prevent cognitive decline. The aim of the
present study was to examine the effects of incretin-based therapy
on cognitive performance in type 2 diabetes patients compared to
other glucose lowering medication, and the change of cognitive
function in non-diabetic individuals over a 6-month period.
Materials and methods: A randomized controlled prospective ob-
servational study was carried out on 111 subjects. From these 74
patients were with type 2 diabetes (Group 1 37 with incretin-
based therapy added to Metformin, mean age 63.4 ± 8.6 years,
46% men; Group 2 37 with Metformin and/or sulfonylurea, mean
age 63.7±8.7 years, 46% men) and Group 3 37 healthy subjects
(mean age 62.5±8.9 years, 46% men). The three groups were age,
and gender matched. The two groups with diabetes were also
matched for diabetes duration and HbA1c before inclusion. The
incretin-based therapy was started 3 month (± 2 weeks) before
inclusion in study. Patients with hypothyreosis, vitamin B defi-
ciencies were excluded. Cognitive status was measured with the
help of Mini-Mental State Examination (MMSE) and Montreal-
Cognitive Assessment (MOCA) tests at inclusion and after 6
months. For statistical analysis SPSS version 17.0 was used.
Groups variables were compared using Mann Whitney test, and
Wilcoxon test was used to compare initial and final evaluation; p
was considered significant if less than 0.05.
Results: Cognitive status (according to MMSE and MOCA test
results) did not change significantly during the 6 months in the
diabetes group with incretin therapy, and the healthy controls,
however it declined significantly in the diabetes group without
incretin-based therapy (ΔMMSE - 0.45±0.22, p=0.04). There
was a significant difference between group 1 and 2 regarding
the change of MMSE and MOCCA results (Z = - 3.1, p=0.002,
and Z = - 1.8, p = 0.02). The greatest difference between group 1
and 2 were observed related to decline of attention (0.24±0.21 vs.
- 0.48±0.12, p=0.03), and memory (0.75±0.31 vs. 0.21±0.11,
p=0.04).
Conclusion: Our data show that type 2 diabetes patients treated
with incretin-based therapy had a cognitive function preservation
similar to healthy subjects during the 6-month period, compared
to type 2 diabetes patients without incretin therapy, who had a
cognitive decline. Main benefits were observed regarding attention
and memory preservation.
Disclosure: M. Szabo: None.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S366



PS 056 The future of incretin-based therapies

760
Novel oxyntomodulin analogue, OXM-001 reduce body weight and
improves glucose tolerance
A. Kayed, K.V. Andreasen, M.A. Karsdal, K. Henriksen;
Nordic Bioscience A/S, Herlev, Denmark.

Background and aims: The prevalence of obesity is increasing
every year. In order to counteract this epidemic, we must under-
stand the nature of obesity. Being a multifactorial disease, differ-
ent treatment options exist. We have focused on identifying novel
analogs of the peptide hormone Oxyntomodulin (GLP1/Glucagon
receptor dual agonist] based on evolutionary Oxyntomodulins. A
developmental candidate, OXM-001 has been investigated in both
an acute and a chronic setting. Furthermore, it was also investi-
gated whether OXM-001 had an effect on energy metabolism in a
chronic setting beyond the observed reduction in energy intake.
Materials and methods: Acute effects of OXM-001 on food intake
and body weight was assessed over 96 hours (n=8-12/group).
High-Fat-Diet fed (HFD) female C57BL/6J mice were administrat-
ed Vehicle, OXM-001 (10, 30 and 100 nmol/kg; sc), and
MEDI0382 (30 nmol/kg; sc). Chronic effects of OXM-001 on
food intake, body weight and glucose control were examined in
two separate chronic studies. In the first chronic study, HFD fed
female C57BL/6J mice were administrated Vehicle, and OXM-001
(10, 30 and 100 nmol/kg; sc) every third day for 20 days (n=8/
group). In the second chronic study, HFD fed female mice were
administrated OXM-001 (30 and 100 nmol/kg; sc) and pair-fed to
OXM-001 (30 nmol/kg and 100 nmol/kg; sc) every third day for
23 days (n=8/group). An OGTT was performed at study end.
Furthermore, inguinal and perirenal adipose tissue was collected
and weighed at termination.
Results: The acute effect of OXM-001 was found to be superior to
MEDI0382 as body weight was significantly lowered (P < 0.01). In
the first chronic study, OXM-001 (10, 30 and 100 nmol/kg) signif-
icantly reduced body weight in a dose-depended manner. The mean
body weight loss was 3.6 % (10 nmol/kg, ns), 11 % (30 nmol/kg, p
<0.0001) and 13.9 % (100 nmol/kg, (p <0.0001) when compared to
Vehicle. OXM-001 administration lowered the cumulative food intake
dose-dependably, 9.4 % (10 nmol/kg, ns), 23.6 % (30 nmol/kg, p
<0.05) and 32.3 % (100 nmol/kg, p <0.05) when compared to
Vehicle. In the second chronic study, OXM-001 induced a 18.1 %
(30 nmol/kg, p <0.0001) and a 29 % (100 nmol/kg, p <0.0001) body
weight loss when compared to Vehicle. Furthermore, the pair-fed to
OXM-001 (30 nmol/kg) lost 18.7 % of its bodyweight p <0.0001,
while the pair-fed to OXM-001 (100 nmol/kg) lost 22.5 % of its
bodyweight p <0.0001 when compared to Vehicle. Interestingly,
OXM-001 (100 nmol/kg) induced a larger body weight loss com-
pared to the pair-fed to OXM-001 (100 nmol/kg) group. During
the OGTT, OXM-001 significantly (p<0.0001) lowered BG levels
(%) in a dose-dependent manner compared to Vehicle. OXM-001
administration lowered the cumulative food intake dose-dependably,
29.5 % (30 nmol/kg, p<0.0001) and 56.6 % (100 nmol/kg, p <0.05)
when compared to Vehicle. Inguinal- and Perirenal adipose tissue
was significantly decreased upon OXM-001 treatment. Due to the
unexpected efficacy of OXM-001 on body weight, four mice receiv-
ing OXM-001 (100 nmol/kg) had to be euthanized prior to study end
(3 at Day 17 and 1 at Day 19) due to ethical considerations.
Conclusion: In conclusion, these data indicate that OXM-001 is superior
to the current lead MEDI0382 in an acute setting. A significant reduction
in bodyweight was observed upon OXM-001 treatment affecting abdom-
inal adipose tissue while improving glucose tolerance. OXM-001 could
potentially increase energy expenditure. However, this will be elucidated
in future studies.
Disclosure: A. Kayed: None.
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Efficacy and safety of PEX168, a novel once-weekly GLP-1 RA, for
monotherapy in patients with type 2 diabetes: a phase 3a study
W. Yang1, Q. Ji2, Z. Shan3, Q. Zhang4, Y. Li5, X. Li6, G. Qin7;
1China-Japan Friendship Hospital, Beijing, 2Xijing Hospital, Fourth
Military Medical University, Xi'an, 3The First Hospital of China
Medical University, Shenyang, 4The First Affiliated Hospital of Anhui
Medical University, Hefei, 5The First Affiliated Hospital of Sun Yat-Sen
University, Guangzhou, 6The Second Hospital of Shanxi Medical
University, Taiyuan, 7The Frist Affiliated Hospital of Zhengzhou
University, Zhengzhou, China.

Background and aims: The current pharmacological therapies for type 2
diabetes mellitus (T2DM) are still insufficient, more individual therapies
are needed. Polyethylene glycol loxenatide (PEX168) is a newly devel-
oped long-acting Glucagon-like peptide-1 receptor agonist (GLP-1 RA)
that needs subcutaneous injection once weekly. We evaluated the efficacy
and safety of PEX168 for monotherapy in Chinese patients with T2DM.
Materials and methods: The present study was a multicentre (n=36),
randomized, double-blind, placebo-controlled, phase 3a clinical trial.
T2DM patients with drug-naive received exercise and diet control for at
least 8 weeks, after that, 406 individuals who had inadequate glycemic
control (HbA1c 7.0%-10.5%; Fasting plasma glucose<13.9 mmol/L)
were enrolled in the study. Eligible participants were assigned randomly
(1:1:1) to once-weekly subcutaneous injections of either 100 or 200 μ
PEX168 or volume-matched placebo for 24 weeks, followed by a 28-
week extension period which the placebo group was randomized to
PEX168 100 or 200 μ.
Results: After 24 weeks treatment, the adjusted least-squares means of
HbA1c significantly changed by -0.99% (95% CI -1.18 to -0.80) from
baseline in the PEX168 100 μg group (estimated treatment difference vs
placebo -0.84%, 95% CI -1.12 to -0.57; p<0.0001), significantly changed
by -1.34% (95% CI -1.54 to -1.15) from baseline in the PEX168 200 μg
group (estimated treatment difference vs placebo -1.20%, 95%CI -1.47 to
-0.92; p <0.0001), and non-significantly changed by -0.15% (95% CI -
0.34 to 0.04) from baseline in the placebo group. The proportions of
patients achieved HbA1c levels <7.0% at week 24 were 34.68% and
46.55% in the PEX168 100 and 200 μg groups respectively, which were
significantly higher than in the placebo group (15.7%). The most frequent
adverse reactions reported were mild to moderate gastrointestinal reac-
tions: nausea was reported in 4 (3.17%) who received PEX168 100 μg,
10 (8.33%) who received PEX168 200 μg, and 0 (0%) who received
placebo, and diarrhoea was reported in 3 (2.38%) who received
PEX168 100 μg, 6 (5%) who received PEX168 200 μg, and 3 (2.44%)
who received placebo. No serious adverse events (SAEs) or severe hy-
poglycemic events occurred in each group during the trial.
Conclusion: In combination with dietary and physical activity counsel-
ling, PEX168 once-weekly significantly improved glycemic control
among patients with type 2 diabetes, and showed a favourable safety
profile.
Clinical Trial Registration Number: NCT02477865
Supported by: Jiangsu Hansoh Pharmaceutical Group Co., Ltd., China
Disclosure: W. Yang: None.

762
Polyethylene glycol loxenatide (PEX168) in subjects with renal im-
pairment: a pharmacokinetic study
J.-W. Wang, W. Li, S.-Q. Tang, J. Sun, X.-M. Zhang;
The Third Xiangya Hospital, Central South University, Changsha, China.

Background and aims: Polyethylene glycol loxenatide (PEX168) is a
novel long-acting glucagon-like peptide-1 receptor agonist for type 2
diabetes mellitus (T2DM). Since PEX168 was mainly excreted from
the kidney in prototype, the present pharmacokinetics (PK) study was
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conducted in patients with mild and moderate chronic kidney disease
(CKD) to provide informations for dosesage-modification.
Materials and methods: This was a single-center, open-labeled, parallel-
group, single-dose, phase I clinical trial. Patients with CKD were diagnosed
by the Kidney Disease Outcomes Quality Initiative (K/DOQI) guideline.
Age-, sex-, and body mass index (BMI)-matched subjects with normal renal
function, and with or without T2DM were recruited as controls. Subjects
received a single abdominal subcutaneous injection of PEX168 200 μg.
Pharmacokinetic samples were taken at 0, 24, 48, 72, 96, 120, 144, 216,
312, 480, 648, and 720 h.
Results: Twenty-three patients were included in the pharmacoki-
netics analysis. Vz/F and CL/F were lower in the moderate im-
pairment group than in the other groups. The mean t1/2 (163 h)
in the moderate impairment group were both prolonged compared
to the mild impairment (117 h) and normal (121 h) groups. AUC
0-inf increased by 13% and 100.7% in patients with mild and
moderate CKD. Most adverse events were mild gastrointestinal
disorders, with only one serious adverse event was observed.
Conclusion: A single dose of 200 μg of PEX168 was in general well
tolerated in patients with CKD. The in vivo clearance rate of PEX168 in
patients with moderate CKD is slower than in patients with mild CKD
and normal renal function and dose adjustment might be required. No
extra renal impairment risk was observed.
Clinical Trial Registration Number: NCT02467790
Supported by: Jiangsu Hansoh Pharmaceutical Group Co., Ltd., China
Disclosure: J. Wang: None.
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Effects of efpeglenatide on weight, BMI, and waist circumference in
those with obesity without diabetes stratified by baseline character-
istics: subanalysis of BALANCE 205
C.H. Sorli1, R.E. Pratley2, S. Jacob3, J. Kang4, M.E. Trautmann5, M.
Hompesch5, O. Han4, J. Stewart6, I. Ogbaa1, K.-H. Yoon7;
1Sanofi, Bridgewater, USA, 2Florida Hospital Diabetes Institute
and Translational Research Institute for Metabolism and
Diabetes, Orlando, USA, 3Praxis für Prävention und Therapie,
Villingen-Schwenningen, Germany, 4Hanmi Pharmaceutical Co.,
Ltd, Seoul, Republic of Korea, 5ProSciento, Chula Vista, USA,
6Sanofi Canada, Laval, Canada, 7The Catholic University of
Korea, Seoul, Republic of Korea.

Background and aims: Once-weekly (QW) subcutaneous efpeglenatide
is a long-acting glucagon-like peptide-1 receptor agonist (GLP-1 RA)
being developed to improve glycaemic control in patients with type 2
diabetes mellitus.
Materials and methods: In the BALANCE 205 study in patients
with obesity (median BMI 34.9 [28.1−57.7] kg/m2) without dia-
betes, all doses of efpeglenatide (4 or 6 mg QW; 6 or 8 mg once
every 2 weeks [Q2W]) significantly reduced body weight (BW)
from baseline (BL) to week 21 vs placebo (PBO, p<0.0001; pri-
mary endpoint). In this exploratory subgroup analysis, the effects
of efpeglenatide (in each treatment arm or pooled data) on BW,
BMI, and waist circumference (WC) from BL to week 21 vs PBO
were investigated in patients stratified by BMI, WC, and age (<
or ≥ median BL values).
Results: All efpeglenatide groups were associated with significant
reductions in BW and BMI from BL vs PBO across all subgroups
(Table). Efpeglenatide also led to significant reductions in WC vs
PBO across subgroups apart from lower doses of efpeglenatide in
subgroups with BMI and WC ≥ median (4 mg QW and 6 mg
Q2W), and age ≥ median (4 mg QW). The observed adverse
events mirrored those known for GLP-1 RAs.
Conclusion: All doses of efpeglenatide led to consistent, significant re-
ductions in BW and BMI in patients with obesity without diabetes in all
subpopulations tested; results were consistent with those of the overall

BALANCE population. Note: Data first presented at the American
Diabetes Association, 79th Scientific Sessions, 7−11 June 2019, San
Francisco, USA.

Clinical Trial Registration Number: NCT02075281
Supported by: Study: Hanmi Pharmaceutical. Subanalysis and editorial
assistance: Sanofi
Disclosure: C.H. Sorli: Employment/Consultancy; Sanofi. Stock/
Shareholding; Sanofi.

764
Relationship between glycaemic control and weight loss with once-
weekly efpeglenatide in uncontrolled type 2 diabetes: a subanalysis of
EXCEED 203
M.E. Trautmann1, J. Rosenstock2, C. Morales3, U. Wendisch4, G.
Dailey5, M. Hompesch1, I. Choi6, J. Kang6, J. Stewart7, I. Ogbaa8, C.H.
Sorli8, K.-H. Yoon9;
1ProSciento, Chula Vista, USA, 2Dallas Diabetes Research Center at
Medical City, Dallas, USA, 3Hospital de Día & Unidad de
Investigación de Diabetes, UGC Endocrinología y Nutrición, Hospital
Universitario Virgen Macarena, Sevilla, Spain, 4Gemeinschaftspraxis
für Innere Medizin und Diabetologie, Hamburg, Germany, 5Scripps
Clinic, John R. Anderson V Medical Pavilion, La Jolla, USA, 6Hanmi
Pharmaceutical Co., Ltd, Seoul, Republic of Korea, 7Sanofi Canada,
Laval, Canada, 8Sanofi, Bridgewater, USA, 9The Catholic University of
Korea, Seoul, Republic of Korea.

Background and aims: Efpeglenatide is a long-acting glucagon-like
peptide-1 receptor agonist (GLP-1 RA), administered by once-
weekly (QW) subcutaneous injection, currently being developed
to improve glycaemic control in patients with type 2 diabetes
(T2D). EXCEED 203, a 12-week study of efpeglenatide (0.3, 1,
2, 3, or 4 mg QW) compared with placebo (PBO) and referenced
to open-label liraglutide 1.8 mg in uncontrolled T2D (naïve/met-
formin monotherapy), found significantly improved HbA1c for all
doses of efpeglenatide ≥1 mg, and reductions in body weight for
efpeglenatide 3 and 4 mg.
Materials and methods: This exploratory subanalysis investigated any
potential relationship between glycaemic control and weight loss effects
observed in EXCEED 203.
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Results: At all efpeglenatide doses ≥1 mg and in two combined popula-
tions (low-dose group: efpeglenatide 1 and 2 mg; high-dose group:
efpeglenatide 3 and 4 mg) vs PBO, greater proportions of patients signif-
icantly achieved the composite endpoint of HbA1c <7% (<54 mmol/mol)
and weight loss >3 kg (p<0.05 for all; Table). Linear regression analysis
revealed no correlation between change in HbA1c and change in body
weight throughout the study for all efpeglenatide doses ≥1 mg.
Efpeglenatide was well tolerated with adverse events mirroring those
known for GLP-1 RAs.
Conclusion: Efpeglenatide was associated with greater proportions of
patients achieving the composite endpoint of HbA1c <7% (<54
mmol/mol) and weight loss >3 kg vs PBO without evidence that the
glucose-lowering effects of efpeglenatide were dependent on weight loss.
Note: Data first presented at the American Diabetes Association, 79th
Scientific Sessions, 7-11 June 2019, San Francisco, USA.

Clinical Trial Registration Number: NCT02057172
Supported by: Study: Hanmi Pharmaceutical; Subanalysis and editorial
assistance: Sanofi
Disclosure: M.E. Trautmann: Employment/Consultancy; ProSciento.
Stock/Shareholding; Eli Lilly.
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Efficacy of efpeglenatide in patients with obesity and prediabetes: a
subanalysis of the BALANCE 205 study
I. Ogbaa1, R.E. Pratley2, S. Jacob3, J. Kang4, M.E. Trautmann5, M.
Hompesch5, O. Han4, J. Stewart6, C.H. Sorli1, K.-H. Yoon7;
1Sanofi, Bridgewater, USA, 2Florida Hospital Diabetes Institute and
Translational Research Institute for Metabolism and Diabetes, Orlando,
USA, 3Praxis für Prävention und Therapie, Villingen-Schwenningen,
Germany, 4Hanmi Pharmaceutical Co., Ltd, Seoul, Republic of Korea,
5ProSciento, Chula Vista, USA, 6Sanofi Canada, Laval, Canada, 7The
Catholic University of Korea, Seoul, Republic of Korea.

Background and aims:Once-weekly (QW), subcutaneous efpeglenatide
is a long-acting glucagon-like peptide-1 receptor agonist (GLP-1 RA)
being developed to improve glycaemic control in type 2 diabetes mellitus.
Materials andmethods: In the 20-week BALANCE 205 study, all doses
of efpeglenatide led to significant reductions in body weight (BW) vs
placebo (PBO) in patients with obesity without diabetes (p<0.0001; pri-
mary endpoint). This exploratory analysis investigated the effects of
efpeglenatide on glycaemic control, BW, BMI, waist circumference
(WC) and cholesterol parameters in patients from BALANCE with pre-
diabetes (HbA1c39−46 mmol/mol; 5.7%−6.4% or fasting plasma glucose
[FPG] 5.6−6.9 mmol/L; 100−125 mg/dL) at baseline (n=140/295).

Results: At study end, percentages of patients with normoglycaemia (i.e.
no longer prediabetic) were higher with efpeglenatide (4 mg QW, 64.3%;
6 mg QW, 46.2%; 6 mg once every 2 weeks [Q2W], 40.6%; 8 mg Q2W,
41.7%; pooled efpeglenatide, 48.2%) than with PBO (10.0%; Table). All
efpeglenatide doses led to significant reductions vs PBO in BW and
HbA1c (p<0.0001 for all comparisons; −6.6 kg and −0.4%, respectively
for pooled group), BMI, total cholesterol, FPG and WC (p<0.05 for all),
except the 4 mg QW dose for WC. Adverse events (AEs) mirrored those
known for GLP-1 RAs, with higher rates of gastrointestinal AEs vs PBO,
with no incidences of severe hypoglycaemia.
Conclusion: Treatment with efpeglenatide led to significant improve-
ments vs PBO in HbA1c, BW, BMI, FPG, WC and cholesterol, and
greater proportions of patients achieving normoglycaemia, in patients
with obesity and prediabetes. Note: Data first presented at the American
Diabetes Association, 79th Scientific Sessions, 7−11 June 2019, San
Francisco, USA.

Clinical Trial Registration Number: NCT02075281
Supported by: Study: Hanmi Pharmaceutical. Subanalysis and editorial
assistance: Sanofi
Disclosure: I. Ogbaa: Employment/Consultancy; Sanofi. Stock/
Shareholding; Lexicon.

766
Potential of a novel long-acting glucagon analogue, HM15136, for the
treatment of obesity
J. Choi, J. Kim, J. Kim, S. Lee, J. Lee, S.-H. Lee, I. Choi;
Hanmi Pharm. Co., Ltd, Seoul, Republic of Korea.

Background and aims: Obesity is considered as a main feature of the
metabolic syndrome. Although there are several anti-obesity drugs, their
main mode of action is appetite suppression. Consequently, body weight
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loss (BWL) efficacy is limited with benefits fading when the drugs are
stopped. Glucagon (GCG) has long been used to treat acute-
hypoglycemia caused by excessive insulin administration. Recent studies
demonstrated a stimulatory effect of GCG on energy expenditure and
lipid catabolism, suggesting its potential utilization as an anti-obesity
medication. Since BWL is key for the potential reversal of insulin resis-
tance (IR), we hypothesized that sustained GCG receptor (GCGR) acti-
vation may provide for substantial BWL along with IR improvement and
considerably reduced risk of hyperglycemia. To investigate this hypoth-
esis, we developed a novel long-acting GCG analog, HM15136, with
improved solubility and stability, and evaluated the PK/PD properties of
HM15136.
Materials and methods: Solubility of HM15136 and its solution
stability were evaluated using liquid chromatography analysis. The
intrinsic activity of HM15136 was determined by measuring intra-
cellular cAMP accumulation in CHO cells stably or transiently ex-
pressing GCGR from various species. For PK assessments, blood
samples were collected after single subcutaneous or intravenous
administration of HM15136 in ICR mice, SD rats, and beagle dogs,
followed by quantification of blood HM15136 concentration using
an ELISA. To evaluate the potential therapeutic efficacy in obesity,
diet-induced obesity (DIO) mice and rats were chronically adminis-
tered with HM15136, and BW, BG, and food intake (FI) were mon-
itored. To investigate the FI inhibition-independent BWL mecha-
nism, BW change in DIO mice was compared with liraglutide under
pair-fed controlled condition.
Results: HM15136 showed improved solubility at pH7.0, compared
to native GCG (≥150 mg/mL vs. 0.03 mg/mL), and displayed supe-
rior solution stability over time both at 4°C and 25°C. HM15136
induced intracellular cAMP accumulation in a dose-dependent man-
ner for GCGR of various species with similar maximal potency
compared to native GCG. As to the PK, the half-life of HM15136
was determined as 27 ~ 54, 41 ~ 55, and 27 ~ 35 hrs for ICR mouse,
SD rats, and beagle dogs, respectively. Based on these results, hu-
man PK profiles predict that once-weekly administration would
achieve stable steady state plasma levels. In vivo efficacy studies
indicated that HM15136 treatment for 4 weeks led to significant
BWL in a dose-dependent manner (-21 ~ -53% vs. Veh. for DIO
mice, -10 ~ -64% vs. Veh. for DIO rats). Of note, greater BWL than
liraglutide was also observed even under pair-feeding condition,
suggesting appetite regulation-independent BWL caused by
HM15136. Initial BG elevation was rapidly normalized, and the
BG was maintained within the normal range thereafter.
Conclusion: Based on solubility/stability and cAMP analysis data,
HM15136 possesses improved physicochemical properties compared to
native GCG, while maintaining its full agonistic activity on the GCGR.
The PK results suggest a once-weekly dosing potential in humans. The
efficacy results in obese animal models demonstrate potential therapeutic
benefits of HM15136 over GLP-1RA. Taken together, prolonged GCGR
stimulation with an agent like HM15136 might represent a novel therapeu-
tic option for the management of obesity. Human studies are needed to
confirm these findings, and to fully evaluate the safety profile of HM15136.
Disclosure: J. Choi: None.

767
Sustained glucagon effect on blood glucose and improvements of
insulin resistance mediated by a novel long-acting glucagon ana-
logue, HM15136, in animal models
S. Lee, J. Choi, J. Kim, J. Lee, Y. Kim, I. Choi;
Hanmi Pharm. Co., Ltd, Seoul, Republic of Korea.

Background and aims: HM15136 is a novel long-acting glucagon
(GCG) analog conjugated with human IgG FC fragment via a
short PEG linker. Previously, HM15136 treatment led to meaning-
ful body weight loss (BWL) in obese animal models. Surprisingly,

initial BG elevations were rapidly normalized and maintained
within normal range. Insulin resistance (IR) can lead to imbal-
ances in BG homeostasis in obesity, representing a key risk factor
for impaired glucose tolerance and T2DM onset. Considering the
potential benefit of BWL in improving IR, HM15136 might be a
novel therapeutic option for obesity treatment with a considerably
reduced hyperglycemic risk. To assess this novel concept, the
present study evaluated the effect of HM15136 on BG as well
as BW, and investigated the mechanism leading to IR improve-
ment by HM15136.
Materials and methods: For in vivo efficacy and safety evaluation,
diet-induced obesity (DIO) rats and mice were treated with
HM15136 for 4 weeks, and BG and BW were monitored. At
the end of treatment, blood samples were collected, and HbA1c,
lipid profiles, and HOMA-IR (surrogate marker for IR) were de-
termined. H&E staining and F4/80 staining were performed on
white adipose tissue (WAT) samples to assess adiposity and
WAT inflammation, respectively. Liraglutide was included as a
comparative control. To directly evaluate insulin sensitivity, an
insulin tolerance test (ITT) was performed after HM15136 admin-
istration. For in vitro mechanism studies, 3T3-L1 adipocytes were
incubated with free-fatty acid (FFA) for 2 weeks to induce IR.
Insulin resistant 3T3-L1 adipocytes were then treated with
HM15136, and the cell lysate and conditioned medium were sub-
jected to qPCR and ELISA to examine the expression and the
secretion of FGF21 and adiponectin, respectively. To assess insu-
lin resistance and insulin-mediated signaling, phosphorylation at
the serine residue of IRS-1 (S302) and Akt (S473) were measured
by western blot analysis.
Results: In DIO rats, HM15136 treatment led to remarkable BWL
(-17 ~ -42% vs. Veh). BG monitoring showed that an initial BG
elevation was rapidly normalized and maintained normal thereafter
with no HbA1c increase (3.4±0.08 and 3.7±0.09% for Veh and
HM15136). Similar results were observed in DIO mice, consis-
tently demonstrating no abnormal glycemic control by HM15136.
Interestingly, the BWL effect coincided with the reduction of FFA
and HOMA-IR. In vitro studies in 3T3-L1 adipocytes further con-
firmed the deteriorating effect of FFA on insulin signaling (in-
creased IRS-1 phosphorylation at S302 and decreased Akt phos-
phorylation at S473). These results suggested that improvements
in the lipotoxic milieu explain, at least in part, the IR improve-
ment seen with HM15136. To further explore mechanisms respon-
sible for IR improvement caused by HM15136, inflammatory
markers and adipokines affecting insulin signaling were evaluated.
Accordingly, HM15136 not only inhibited F4/80 expression, but
also increased FGF21 and adiponectin secretion in WAT and 3T3-
L1 adipocytes. Finally, HM15136 enhanced insulin-mediated Akt
phosphorylation, and enhanced BG lowering during ITT.
Conclusion: Our results demonstrated that BWL under by HM15136
treatment is accompanied by the reduction of 1) lipotoxicity, 2) inflam-
matory biomarkers, and the secretion of 3) insulin sensitizing adipokines,
leading to IR improvement and normalized BG maintenance. Human
studies are needed to confirm whether these findings will translate into
humans.
Disclosure: S. Lee: None.
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Results of the cotadutide Japanese phase 2a study in patients with
type 2 diabetes: efficacy and tolerability over 48 days of therapy
M. Asano1, A. Sekikawa1, H. Kim1, D. Robertson2, R.A. Gasser Jr3, P.D.
Ambery4;
1AstraZeneca, Chiyoda-ku, Tokyo, Japan, 2AstraZeneca, Cambridge,
UK, 3AstraZeneca, Gaithersburg, USA, 4AstraZeneca, Mölndal,
Gothenburg, Sweden.
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Background and aims: Cotadutide (MEDI0382) is in clinical develop-
ment for type 2 diabetes (T2DM), obesity, and NASH. It is a GLP1 and
glucagon receptor dual agonist. Trials in non-Japanese populations have
so far demonstrated effective glucose lowering and weight reduction.
Materials and methods: 61 Japanese adult preobese/obese subjects
with T2DM (BMI 24-40 kg/m2; HbA1c 7.0-10.5%) who were
drug naïve were randomised in a 1:1:1:1 ratio to receive
MEDI0382 target doses of 100, 200, 300 μg or placebo for a
total on-treatment period of 48 days including the up-titration
schedule. Each MEDI0382 group received 50 μg for the first 5
days and was then titrated weekly up to the target dose. They
then remained on their maximum dose for 29 days until the end
of the treatment period. The primary endpoints of the study were
safety and tolerability (24-h pulse rate, blood pressure, ECG, vital
signs, lab tests, and adverse events [AEs]) and to assess the ef-
fects of MEDI0382 with percentage change in glucose AUC0-4h as
measured by a standardised MMT from baseline to the end of 48-
day treatment, and percentage change in body weight from base-
line to the end of 48-day treatment. PK profile and immunology
(ADA) were also accessed as secondary endpoints.
Results: 52 of 61 subjects completed therapy. Most common AEs
were gastrointestinal symptoms (nausea: n1 in placebo, n13 in
MEDI0382; vomiting: n0 in placebo, n11 in MEDI0382) in
MEDI0382, most of which were mild in grade (nausea: n1 in
placebo, n9 in MEDI0382; vomiting: n0 in placebo, n7 in
MEDI0382) with a few moderate (nausea: n0 in placebo, n4 in
MEDI0382; vomiting: n0 in placebo, n4 in MEDI0382) and no
severe events. No SAEs were reported. 5 patients, who were all
in MEDI0382 groups, had AEs that led to discontinuation of IP,
which included nausea (n2), vomiting (n1), decreased appetite
(n2), urticaria (n1), folliculitis (n1). No clinical hypo-/
hyperglycaemia was observed. An increase in 24-h average pulse
rate as measured by ABPM was observed with baseline of 77.6,
73.3, and 72.5 bpm; day 48 values of 85.4, 86.4, and 85.5 bpm
in 100, 200, and 300 μg groups, respectively, were seen. No CV-
related AEs were reported. Glucose AUC reduction was seen in
all MEDI0382 groups on day 48 with percentage change from
baseline of -39.7%, -31.2%, and -37.9% in 100, 200, and
300 μg groups, respectively. A dose-dependent trend in body
weight reduction was observed in MEDI0382 groups with per-
centage change from baseline of -2.1%, -2.7%, and -3.7% on
day 48 in 100, 200, and 300 μg groups, respectively.
Conclusion: This study confirmed tolerability of cotadutide at
doses up to 300 μg in Japanese preobese/obese subjects with
T2DM. A significant reduction in blood glucose as measured by
a standardized MMT and body weight reduction associated with
MEDI0382 in Japanese subjects with T2DM were seen over a
treatment period of 48 days. The profile supports exploration of
further dose-ranging cohorts and evaluation of cotadutide in sub-
jects of Japanese descent.
Clinical Trial Registration Number: NCT03645421
Supported by: MedImmune
Disclosure: M. Asano: Employment/Consultancy; AstraZeneca. Stock/
Shareholding; AstraZeneca.
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Real-world weight change, adherence and discontinuation among
type 2 diabetes patients initiating GLP-1 receptor agonists (GLP-
1RAs) in the UK
T. Weiss1, K. Iglay1, R. Carr1, A.P. Mishra2, L. Yang1, S. Rajpathak1;
1Merck & Co., Inc., Kenilworth, 2Complete HEOR Solutions, North
Wales, USA.

Background and aims: GLP-1 RAs are an injectable class of medica-
tions with demonstrated weight loss in clinical trials. However, weight
changes related to GLP-1 RA use have not been well-characterized in a
real-world setting. Further, there are limited real-world data on patient
adherence to and discontinuation of GLP-1 RAs.
Materials and methods: Using the UK Clinical Practice Research
Datalink (CPRD) database (2010-2016), we conducted a retrospective
cohort study of UK T2D patients ≥ 18 years of age initiating GLP-1
RAs to evaluate one-year weight change, as well as GLP-1 RA adherence
and discontinuation. Included patients initiated GLP-1 RA as monother-
apy or as dual therapy with metformin. GLP-1 RA adherence was
assessed using the proportion of days covered (PDC) among all GLP-1
RA initiators with two or more prescriptions. Discontinuation was de-
fined as any GLP-1 RA therapy gap >90 days during follow-up.
Results: 589 patients met the study criteria; Female: 56.4%, median age:
54 years, and median BMI: 41.2 kg/m2. The median one-year weight
change was -3.1 kg; 72.1% of patients experienced weight loss while
the rest of patients reported weight gain. Furthermore, only 32.6% of
patients had a weight loss that is typically considered clinically-
meaningful (≥5%). In terms of adherence, 64.5% of patients were con-
sidered adherent (PDC ≥80%) while 45.2% of patients discontinued
GLP-1 RA by 1 year.
Conclusion: In conclusion, less than one-third of patients initiating GLP-
1 RA achieved ≥5% weight loss. Further, approximately one-third of
patients were non-adherent to therapy and nearly half discontinued treat-
ment within a year. Further investigation on the impact of GLP-1 RA
adherence and discontinuation on real-world effectiveness is warranted.
Disclosure: T. Weiss: Employment/Consultancy; Merck & Co., Inc.
Stock/Shareholding; Merck & Co., Inc.
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Liraglutide as add-on to SGLT2 inhibitors in patients with inade-
quately controlled type 2 diabetes: a 26-week, randomised, double-
blind, placebo-controlled trial
R. Rea1, L. Blonde2, L. Belousova3, U. Fainberg4, P.A. Garcia-
Hernandez5, S.M. Jain6, M.S. Kaltoft4, O. Mosenzon7, J. Nafach8, M.S.
Palle4;
1Endocrinology and Metabolism Service (SEMPR), Universidade
Federal do Paraná, Curitiba, Brazil, 2Ochsner Medical Center, New
Orleans, USA, 3Almazov National Medical Research Centre, St
Petersburg, Russian Federation, 4Novo Nordisk A/S, Søborg, Denmark,
5Endocrinology Service, University Hospital, Monterrey, Mexico,
6TOTALL Diabetes Hormone Institute, Indore, India, 7Hadassah
Hebrew University Hospital, Jerusalem, Israel, 8Dubai Diabetes Center,
Dubai Health Authority, Dubai, United Arab Emirates.

Background and aims: Glucagon-like peptide-1 receptor agonists (GLP-
1RAs) and sodium-glucose cotransporter-2 inhibitors (SGLT2is) reduce
HbA1c, but randomised controlled trial data on their combined use are
limited. The LIRA-ADD2SGLT2i trial compared the effect on glycaemic
control of liraglutide 1.8 mg/day (a GLP-1 analogue) vs placebo as add-on
to SGLT2i ± metformin in patients with type 2 diabetes (T2D).
Materials and methods: In this phase 3b trial, patients with T2D on a
stable dose of SGLT2i ± metformin and with HbA1c 7.0-9.5% were
randomised 2:1 to add either liraglutide 1.8 mg/day or placebo.
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Exclusion criteria included a history of diabetic ketoacidosis (DKA)
while treated with SGLT2i and/or estimated GFR <60 mL/min/1.73 m2.
The primary endpoint was HbA1c change from baseline at 26 weeks; also
assessed after 26 weeks were change in body weight, proportion of pa-
tients achieving HbA1c <7% and safety. All were analysed regardless of
premature trial product discontinuation or initiation of glucose lowering
rescue medication.
Results: Overall, 412 patients were screened, 303 were randomised and
280 (92.4%) completed treatment (92.1% with liraglutide, 93.0% with
placebo). Baseline characteristics were balanced between treatment
groups: mean HbA1c 8.0%, mean body weight 91.1 kg, mean diabetes
duration 9.9 years. At week 26, the mean HbA1c change from baseline
with liraglutide was -0.98% (n=203) vs -0.30% with placebo (n=100)
(estimated treatment difference [ETD]: -0.68%; 95% CI: -0.89, -0.48;
p<0.001). Themean change in bodyweight from baseline with liraglutide
was -2.81 kg vs -1.99 kg with placebo (ETD: -0.82 kg; 95% CI: -1.73,
0.09; p=0.077). In the liraglutide group, 51.8% of patients achieved
HbA1c <7.0% vs 23.2% in the placebo group (odds ratio: 5.1; 95% CI:
2.67, 9.87; p<0.001). A higher proportion of patients in the liraglutide
group reported ≥1 treatment-emergent adverse events (AEs) than in the
placebo group (66.3% vs 47.0%). Nausea was the most frequent AE,
occurring in 26.2% of the liraglutide group and 6.0% of the placebo
group, and it generally had early onset (initial 4 weeks) and was transient.
Similar incidences of hypoglycaemic episodes were reported in both
groups (8.9% with liraglutide vs 8.0% with placebo); none was severe.
The proportion of patients reporting serious AEs was low in both groups
(liraglutide 2.5% vs placebo 1.0%). No fatalities occurred in either group
and there were no reports of acute renal failure, DKA, diabetic foot ulcers
or amputations with liraglutide in combination with SGLT-2i.
Conclusion: In patients with T2D, the addition of liraglutide to SGLT2i
therapy (± metformin) provided superior glycaemic control vs placebo,
and had a safety profile consistent with the known safety profile of both
drug classes.
Clinical Trial Registration Number: NCT02964247
Supported by: Novo Nordisk
Disclosure: R. Rea: Other; Advisory panel, speaker's bureau: fees from
Novo Nordisk, AstraZeneca, Boehringer Ingelheim, Eli Lilly and Sanofi,
Speaker's bureau: fees from Takeda.

771
The effect of dulaglutide in glycaemic control cardiovascular risk
factors and qualitative factors in type 2 diabetes patients under treat-
ment with liraglutide
A. Sotiropoulos1, A. Koutsovasilis1, A. Antoniou2, V. Kordinas1, M.
Pappa1, M. Gerogianni1, S. Bousboulas1, T. Peppas1;
13rd Internal Medicine Department & Diabetes Center, General Hospital
of Nikaia, Athens, 22nd Department of Psychiatry, Attikon University
Hospital, Athens, Greece.

Background and aims: Type 2 diabetes mellitus (T2DM) is the most
common type of diabetes, and patients commonly rely on both oral and
injectable agents to control it. With respect to the injectable agents,
glucagon-like peptide-1 (GLP-1) agonists are growing in popularity.
Liraglutide and dulaglutide are long-acting GLP-1 receptor agonists.
Dulaglutide is used once a week, while liraglutide once a day. The aim of
the study was to investigate dulaglutide’s quantitative and qualitative effect in
patients, who used to take liraglutide independently of their glycemic control.
Materials andmethods: 168 patients in liraglutide treatment were included
in the study and switched to dulaglutide.Most of them (149) were on 1.2mg/
day of liraglutide. Patients were taking the same medication before study for
at least 6 months. The switch to dulaglutide was made on patients with
HbA1c < 7% (Group A) and on patients with HbA1c > 7% (Group B).
Parameters of glycemic control (HbA1c, Fasting Blood Glucose -FBG) and
cardiovascular risk factors (body weight, body mass index, waist circumfer-
ence, and blood pressure) were recorded while treatment satisfaction was

evaluated with the Diabetes Treatment Satisfaction Questionnaire (DTSQ).
Patients’ compliance to therapeutic treatment (usingtheMorisky8-
ItemMedicationAdherenceQuestionnaire), and quality of life (using theSF-
12) were also assessed. Follow up period was 24±2 weeks.
Results: Patients’ age was 56.65±8.43 years. A reduction of HbA1c was
noticed on both groups. GroupB’s HbA1cwas reduced on the 3 and 6month
monitoring compared to the baseline (7.85±0.91 vs 7.07±0.96 vs 6.72±0.78,
p= 0.001) and so was GroupA’s on the samemonitoring times (6.52±0.82 vs
6.39±0.93 vs 6.28±0.75, p=0.044). Body weight was also reduced on Group
B (110.54±19.18 vs 107.78±22.59 vs 106.41±23.84, p=0.039), while Group
A did not show any statistically significant difference (98.44±19.23 vs 96.56
±22.47 vs 96.22±23.45, p=0.247). No change on blood pressure was noticed
on Group A (p= 0.465) and Group B (p= 0.664). Treatment satisfaction was
improved as evaluated via DTSQ on both Group A (p =0.040) and Group B
(p= 0.018) with a greater improvement in Group B. A higher degree of
compliance was recorded for Group B (p=0.028) compared to Group A
(p=0.040) and a better quality of life according to the SF-12 score was
observed in group B (p=0.021) compared to Group A (p=0.038) but there
was an improvement to the SF-12 score in both Groups.
Conclusion: Switching patients from liraglutide to dulaglutide 1.5 mg in
a real life setting leads to a significant reduction of HbA1c even in pa-
tients with HbA1c < 7% and to an improvement of the body weight in
patients who have not achieved glycemic control. Patients under treat-
ment with dulaglutide are more satisfied with their regimen and they also
have a better compliance to therapeutic treatment and a better quality of
life.
Disclosure: A. Sotiropoulos: None.
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Safety and efficacy of lixisenatide vs sulphonylurea added to basal
insulin in Indian patients with type 2 diabetes who fast during
Ramadan in the LixiRam randomised trial
R. Sahay1, K. Hafidh2, K. Djaballah3, S. Azar4, N. Shehadeh5, W.
Hanif6, M.M. Hassanein7;
1Endocrinology, Osmania Medical College, Hyderabad, India, 2Rashid
Hospita, Dubai, United Arab Emirates, 3Sanofi, Paris, France, 4American
University of BeirutMedical Center, Beirut, Lebanon, 5RambamMedical
Center, Haifa, Israel, 6University Hospital Birmingham, Birmingham,
UK, 7Dubai Hospital, Dubai, United Arab Emirates.

Background and aims:Various challenges arise during Ramadan fasting
for patients with type 2 diabetes mellitus (T2DM) and healthcare profes-
sionals. Severe hypoglycaemia is one of the most important risks associ-
ated with fasting in people with diabetes. LixiRam is the first randomized
controlled trial (RCT) comparing the safety and efficacy of Lixisenatide
(Lixi) vs sulphonylurea (SU), both combined with basal insulin (BI), in
T2DM people fasting during Ramadan. This abstract presents data from a
post hoc analysis in the Indian population of the study.
Materials andmethods:Adults with T2DM, diagnosed for ≥1 year with
insufficient glycaemic control with BI + SU intending to fast during
Ramadan, were randomized 1:1 to receive BI + SC Lixi or oral SU at
optimal doses in this phase IV, 12-22-week trial. Primary endpoint: % of
people with ≥1 documented symptomatic hypoglycaemia event (plasma
glucose ≤70 mg/dL; 3.9 mmol/L) during the Ramadan fast. Secondary
endpoints included HbA1c, weight, BI dose, and safety.
Results: 150 people were randomized in India (Lixi [n=75]; SU [n=75];
ITT population). There was no difference in baseline characteristics be-
tween the groups. Mean age was 51.8 (±10.1) years, 57.3%were females.
The mean BMI was 28.8 (±4.6) kg/m2 and diabetes duration was 5.9
(±3.8) years. 94.0% of patients were treated with 2 or more orals antidi-
abetics, 83.3% were treated with long acting insulin and 16.0% with
intermediate acting insulin. Mean duration of insulin treatment was 1.1
(±0.6) years. Primary endpoint: for Lixi vs SU, respectively, 1.3% (1/75)
vs 6.7% (5/75) of people had ≥1 documented symptomatic
hypoglycaemia event (intent-to-treat population [n=150]; Lixi
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[n=75]; SU [n=75]) during Ramadan. Secondary safety: for Lixi vs
SU, respectively the % of people with any hypoglycaemia event was
0.0% vs 9.3% (difference: -0.09 [95% CI: -0.16, -0.03]) during the
pre-Ramadan period and 1.3% vs 14.7% (OR: 0.09 [95% CI: 0.01,
0.69]; difference: -0.13 [95% CI: -0.22, -0.05]), during Ramadan. For
Lixi vs SU, respectively, no severe hypoglycaemia was reported dur-
ing pre-Ramadan and 0% vs 1.3% during Ramadan. Total people
with any hypoglycaemia during the entire observation period were
10.7% overall with 1.3% vs 20.0% (OR: 0.06 [95% CI: 0.01, 0.46])
for Lixi vs SU, respectively. Secondary efficacy: least squares mean
(standard error) absolute change from baseline to post-Ramadan for
Lixi vs SU, respectively: HbA1c (%), -0.48 (1.01) vs -0.48 (1.07);
weight (kg), -1.8 (1.7) vs -1.4 (3.2); No treatment-emergent serious
adverse events were reported. No deaths were reported.
Conclusion: Analysis of the Indian population data confirms what was
shown for all the patients in this first RCT exploring treatment with a
prandial GLP-1 RA +BI in T2DMpeople fasting during Ramadan, the%
of people experiencing ≥1 documented symptomatic hypoglycaemia
event during Ramadan was numerically lower with Lixi. Any
hypoglycaemia was clinically and statistically significantly lower in
Lixi added to BI compared to SU added to BI. HbA1c and weight fell
despite a slight increase in BI dose in both arms. No specific safety
concerns were raised.
Clinical Trial Registration Number: NCT02941367
Supported by: Sanofi
Disclosure: R. Sahay: None.
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Efficacy and safety of semaglutide by baseline BMI in SUSTAIN 1-5
and 7
A. Viljoen1, J.P. Frias2, T. Gondolf3, J. Unger4;
1Borthwick Diabetes Research Centre, Lister Hospital, Stevenage, UK,
2National Research Institute, Los Angeles, USA, 3Novo Nordisk A/S,
Søborg, Denmark, 4Catalina Research Institute, LLC, Montclair, USA.

Background and aims: The SUSTAIN clinical trial programme
evaluated the efficacy and safety of semaglutide, a once-weekly
subcutaneous glucagon-like peptide-1 analogue, across the contin-
uum of care in subjects with type 2 diabetes, including drug-naive
subjects and those on background medication with oral glucose-
lowering drugs ± insulin. Across the SUSTAIN trials, semaglutide
showed superior reductions in HbA1c and body weight vs placebo
and all active comparators (sitagliptin, exenatide extended release,
insulin glargine, dulaglutide), and enabled a greater proportion of
subjects to achieve clinically meaningful (≥5%) weight-loss re-
sponses. Higher body mass index (BMI) at baseline was generally
associated with greater weight loss during semaglutide therapy. As
exposure to a drug may be affected by body weight, this post hoc
analysis was conducted to evaluate if reductions in HbA1c were
affected by baseline BMI in the SUSTAIN trials.
Materials and methods: Change in HbA1c was evaluated by baseline
BMI (<25, 25-<30, 30-<35 and ≥35 kg/m2) for semaglutide vs compar-
ators (volume-matched placebo [SUSTAIN 1 and 5], sitagliptin 100 mg
[SUSTAIN 2], exenatide extended release 2.0 mg [SUSTAIN 3], insulin
glargine [SUSTAIN 4] and dulaglutide 0.75 and 1.5 mg [SUSTAIN 7])
by trial for SUSTAIN 1-5 and 7 in a mixed model for repeated measure-
ment, with treatment, BMI subgroup and HbA1c at baseline as covariates,
and interaction between treatment and BMI subgroups at baseline. Safety
data were pooled and analysed by a Cochran-Mantel-Haenszel analysis
stratified by trial.
Results: There were no significant interactions between treatment and
BMI, with the exception of semaglutide 0.5mg in SUSTAIN 7, indicating
a consistent effect of semaglutide vs comparator on change in HbA1c

across BMI subgroups. Reductions in mean HbA1c (%) from baseline
were greater in all BMI subgroups with semaglutide vs all comparators.

The only exception was the <25 kg/m2 BMI subgroup for semaglutide
0.5 mg vs insulin glargine (−0.7% vs −0.9%, respectively) and
semaglutide 0.5 mg vs dulaglutide 0.75 mg (−1.4% vs −1.6%, respective-
ly) (Figure). In all treatment arms, adverse events (AEs) occurred in a
similar proportion of subjects across BMI subgroups. Gastrointestinal
AEs were higher with semaglutide, but decreased with increasing base-
line BMI, vs comparators (semaglutide: <25 kg/m2=48.8%, 25-<30 kg/
m2=43.0%, 30-<35 kg/m2=39.4% and ≥35 kg/m2=39.3% vs comparators
range: 21.2-28.9%). Premature treatment discontinuation due to AEs was
higher in all BMI subgroups with semaglutide vs comparators (5.6-15.3%
vs 2.3-8.3%).
Conclusion: The estimated treatment differences in mean HbA1c (%) for
semaglutide vs placebo or active comparators do not appear to be influ-
enced by baseline BMI. Semaglutide had an acceptable safety profile in
all BMI subgroups.

Clinical Trial Registration Number: NCT02054897, NCT01930188,
NCT01885208, NCT02128932, NCT02305381, NCT02648204
Supported by: Novo Nordisk A/S research support
Disclosure: A. Viljoen: Grants; Sanofi. Lecture/other fees;
AstraZeneca, Boehringer, Eli Lilly, MSD, Napp, Novo Nordisk
A/S, Sanofi. Non-financial support; Clinical Research trials
funded by: AstraZeneca, Amgen, Eli Lilly, Regeneron, Novartis,
Novo Nordisk A/S, Sanofi.
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Efficacy and safety of once-weekly exenatide after switching from
twice-daily exenatide in patients with type 2 diabetes
Y. Saisho1, Y. Watanabe1, J. Inaishi1, K. Kou2, A. Yamauchi3, Y.
Kanazawa4, Y. Okubo5, M. Tokui6, T. Imai7, T. Masaoka1, J. Irie1, S.
Meguro1, H. Itoh1;
1Keio University School of Medicine, Tokyo, 2Hiratsuka City Hospital,
Kanagawa, 3Suruga Clinic, Shizuoka, 4KawasakiMunicipal Ida Hospital,
Kanagawa, 5Tokyo Dental College Ichikawa General Hospital, Chiba,
6Tokui Clinic, Kanagawa, 7Yokohama Municipal Citizen's Hospital,
Kanagawa, Japan.

Background and aims: To evaluate the efficacy and safety of once-
weekly (QR) extended-release exenatide after switching from
twice-daily (BID) exenatide in patients with type 2 diabetes
(T2DM).
Materials and methods: This was an investigator-initiated, prospective,
single-arm, multicenter study. Subjects with T2DM who were treated
with exenatide BID for at least 3 months were enrolled and switched from
exenatide BID to exenatide QR for 24 weeks. Primary endpoint was
change in HbA1c at week 24 to test the non-inferiority of glucose-
lowering effect of exenatide QR versus exenatide BID.
Results: A total of 59 Japanese subjects with T2DM was enrolled and 58
completed the study. HbA1c reduced by 0.2% at week 24 (7.3 ± 1.2% versus
7.1 ± 1.2%, P <0.005 for non-inferiority and P <0.05 for superiority). Fasting
plasma glucose (FPG) reduced by 13mg/dl at week 24 (155 ± 46 versus 142
± 46 mg/dl, P <0.05). Beta cell function assessed by HOMA-beta and C-
peptide index significantly improved at week 24. Incidence of hypoglycemia
significantly reduced and treatment satisfaction significantly improved at
week 24 with no change in body weight. There was no serious adverse event
related to the study drug.
Conclusion: Switching from exenatide BID to exenatide QR resulted in
reduction in HbA1c, FPG and incidence of hypoglycemia as well as
improvement in beta cell function and treatment satisfaction in patients
with T2DM.
Clinical Trial Registration Number: UMIN000016390
Supported by: AstraZeneca
Disclosure: Y. Saisho: Grants; AstraZeneca.
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Efficacy and safety of once-weekly semaglutide low dose 0.5 mg vs
once-weekly dulaglutide high dose 1.5 mg in type 2 diabetes: a post
hoc analysis of SUSTAIN 7
R.E. Pratley1, V.R. Aroda2,3, T. Gondolf4, T. Hansen4, I. Lingvay5, J.
Lüdemann6, T.V. Skjøth4, A. Viljoen7;
1AdventHealth Orlando, Translational Research Institute for Metabolism
and Diabetes, Orlando, USA, 2Brigham and Women's Hospital, Boston,
USA, 3MedStar Health Research Institute, Hyattsville, USA, 4Novo
Nordisk A/S, Søborg, Denmark, 5UT Southwestern Medical Center,
Internal Medicine, Dallas, USA, 6Diabetes-Falkensee, Diabetes Centre
and Centre for Clinical Studies, Falkensee, Germany, 7Borthwick
Diabetes Research Center, Lister Hospital, Stevenage, UK.

Background and aims: Semaglutide and dulaglutide are glucagon-like
peptide-1 receptor agonists for the treatment of type 2 diabetes (T2D). In
SUSTAIN 7, an international, open-label, parallel-group trial, adults with
inadequately controlled T2Dwere randomised (1:1:1:1) to once-weekly sub-
cutaneous semaglutide or once-weekly dulaglutide at low (0.5 vs 0.75mg) or
high (1.0 vs 1.5 mg) doses. Semaglutide provided superior glycaemic control
and reductions in body weight at both low and high doses.
Materials and methods: This post hoc analysis was conducted to compare
the effects of semaglutide low (0.5 mg) vs dulaglutide high (1.5 mg) dose at
week 40, a comparison not prespecified and therefore not performed in the
primary analyses of the SUSTAIN 7 trial. The analyseswere performed using
the prespecified statistical methods previously reported for the SUSTAIN 7

primary analyses, using data for all patients (full analysis set) randomised and
exposed to treatment and before onset of any rescue medication. The mean
age of study subjects was 56 years, baseline HbA1c 8.2%, diabetes duration
was 7.4 years, and 77% were Caucasian.
Results: Efficacy data (Table) showed similar glycaemic control as
well as similar systolic and diastolic blood pressure, and greater
weight loss, for semaglutide 0.5 mg vs dulaglutide 1.5 mg. The
frequency and severity of adverse events (AEs) were similar for
semaglutide and dulaglutide, including gastrointestinal AEs (nau-
sea: 23% vs 20%, respectively; diarrhoea: 14% vs 18%, respec-
tively; vomiting: 10%, each treatment). Overall treatment discon-
tinuation was 16% with semaglutide 0.5 mg and 12% with
dulaglutide 1.5 mg, whereas premature discontinuation due to
AEs was similar with semaglutide 0.5 mg and dulaglutide
1.5 mg (8% vs 7%, respectively), of which discontinuation due
to gastrointestinal AEs was the most frequent (5% each).
Conclusion: Semaglutide 0.5 mg showed similar improvements in
glycaemic control, although with greater weight loss, vs dulaglutide
1.5 mg at week 40, with similar tolerability in subjects with T2D.

Clinical Trial Registration Number: NCT02648204
Supported by: Novo Nordisk A/S research support
Disclosure: R.E. Pratley: Employment/Consultancy; AstraZeneca,
GlaxoSmithKline;, Glytec LLC, Janssen, Ligand Pharmaceuticals, Eli
Lilly, Merck, Mundipharma, Novo Nordisk A/S, Pfizer, Sanofi,
Consulting fees in February 2018 and June 2018 from Sanofi US
Service. Grants; Janssen, Lexicon Pharmaceuticals, Ligand
Pharmaceuticals, Lilly, Merck, Novo Nordisk A/S, Sanofi. Lecture/
other fees; Novo Nordisk A/S.
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Efficacy and safety of semaglutide by background sodium-glucose
cotransporter-2 inhibitor: a post hoc analysis of SUSTAIN 9
B. Ludvik1, V. Bhosekar2, R.S. Busch3, I. Holst4, A. Philis-Tsimikas5, J.
Thrasher6, V.C. Woo7, E. Yildirim4, B. Zinman8;
11st Medical Department and Karl Landsteiner Institute for
Obesity and Metabolic Disorders, Rudolfstiftung Hospital,
Vienna, Austria, 2Novo Nordisk, Bengaluru, India, 3Albany
Medical Center Division of Community Endocrinology, Albany,
USA, 4Novo Nordisk A/S, Søborg, Denmark, 5Scripps Whittier
Diabetes Institute, San Diego, USA, 6Medical Investigations Inc,
Little Rock, USA, 7University of Manitoba, Winnipeg, Canada,
8Lunenfeld-Tanenbaum Research Institute, Mount Sinai Hospital,
University of Toronto, Toronto, Canada.

Background and aims: The SUSTAIN trials demonstrated the effi-
cacy and safety of once-weekly subcutaneous semaglutide, a
glucagon-like peptide-1 analogue for the treatment of type 2 dia-
betes (T2D). SUSTAIN 9 investigated semaglutide 1.0 mg vs
placebo as add-on to sodium-glucose cotransporter-2 inhibitor
(SGLT-2i) therapy, with or without metformin or a sulphonylurea.
In SUSTAIN 9, change from baseline to week 30 in HbA1c (pri-
mary endpoint) and body weight (confirmatory secondary end-
point) were greater with semaglutide vs placebo. No safety con-
cerns were identified when adding semaglutide to SGLT-2i thera-
py. The aim of this post hoc analysis was to determine whether
the effect of semaglutide vs placebo on HbA1c, body weight and
adverse events (AEs) was consistent in subjects on different back-
ground SGLT-2is.
Materials and methods: Changes in HbA1c and body weight from
baseline to week 30 were analysed by background SGLT-2i
(empagliflozin [empa], canagliflozin [cana], dapagliflozin and
dapaglif lozin propanediol monohydrate [dapa] or other
[ipragliflozin L-proline, luseogliflozin and tofogliflozin; drugs
available only in Japan]) using an analysis of covariance.
Proportions of subjects achieving HbA1c targets, weight-loss re-
sponses and the triple composite endpoint of HbA1c <7.0%, no
weight gain and no severe or blood glucose-confirmed
hypoglycaemia were analysed by background SGLT-2i using a
logistic regression model. A test for interaction was used to eval-
uate any impact of background SGLT-2i on treatment effect.
Results: There was no significant interaction between background
SGLT-2i and treatment effect (interaction p>0.05 for all end-
points). Across background SGLT-2i groups, reductions in
HbA1c and body weight were greater with semaglutide vs placebo
(Table). Similarly, the proportions of subjects achieving HbA1c

targets, weight loss responses and the triple composite endpoint
were greater with semaglutide vs placebo. There was no imbal-
ance in AEs in the different subgroups.
Conclusion: In SUSTAIN 9, the effect of semaglutide vs placebo on
HbA1c and body weight was consistent across SGLT-2i subgroups, and
treatment was well tolerated.

Clinical Trial Registration Number: NCT03086330
Supported by: Novo Nordisk A/S research support
Disclosure: B. Ludvik: None.
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Similar efficacy and gastrointestinal tolerability versus exposure for
oral and subcutaneous semaglutide
R.V. Overgaard, A. Navarria, C.L. Hertz, S.H. Ingwersen;
Novo Nordisk A/S, Søborg, Denmark.

Background and aims: Semaglutide is a glucagon-like peptide-1 analogue
formulated as both an approved once-weekly subcutaneous (s.c.) injection
and a once-daily oral tablet in development for the treatment of type 2 dia-
betes. The s.c. and oral formulations have been evaluated across several trials
in the SUSTAIN and PIONEER programmes, respectively. Lower bioavail-
ability associated with oral administration results in more variable plasma
concentrations of semaglutide compared to those obtained following s.c.
administration. Using populations from SUSTAIN and PIONEER trials, the
present analyses aim to investigate if the oral route of administration changes
the efficacy and tolerability of semaglutide compared to s.c. administration.
Materials and methods: Population pharmacokinetic (PK) and exposure
−response analyses were based on average semaglutide concentrations at
steady-state. Response data from four trials (SUSTAIN 1, 2, 3 and
SUSTAIN-Japan) of once-weekly s.c. semaglutide 0.5 and 1.0 mg over 30
weeks (n=1552) were compared with data from six trials (PIONEER 1, 2, 3,
5, 8 and 9) of once-daily oral semaglutide 3, 7 or 14 mg over 26 weeks
(n=3003). Using graphical and model-based techniques, exposure−response
relationships were investigated for changes from baseline in HbA1c and body
weight, and the proportion of subjects reporting gastrointestinal adverse
events of nausea or vomiting at any time during treatment.
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Results: The SUSTAIN and PIONEER populations were fairly
similar, with 55% and 58% male subjects, 65% and 78% aged
18−64 years, mean baseline HbA1c of 8.1% and 8.1% and mean
body weight of 88.2 kg and 86.3 kg, respectively. Population PK
analysis indicated dose proportional PK, where body weight was
the main covariate for exposure for both s.c. and oral
semaglutide. Exposure−response analyses showed greater
HbA1cand weight reductions with increasing semaglutide exposure
(Figure). The main covariate for glycaemic effect was baseline
HbA1c (larger HbA1c change from baseline at higher baseline
HbA1c). The proportion of subjects reporting nausea or vomiting
during s.c and oral semaglutide treatment increased with increas-
ing semaglutide exposure. The exposure range following oral
semaglutide was wider than for s.c. dosing but with a consider-
able overlap between oral semaglutide 7 and 14 mg and s.c.
semaglutide 0.5 and 1.0 mg, indicating similar exposure levels
across formulations. Across the efficacy and safety parameters
studied, exposure−response relationships were similar for the
SUSTAIN and PIONEER datasets.
Conclusion: Similar exposure−response relationships were ob-
served for efficacy and tolerability of semaglutide, regardless of
the route of administration, indicating that greater variability in
plasma concentration levels for oral semaglutide do not impact
response.

Clinical Trial Registration Number: NCT02054897; NCT01930188;
NCT01885208; NCT02207374; NCT02906930; NCT02863328;
NCT02607865; NCT02827708; NCT03021187; NCT03018028
Supported by: Novo Nordisk A/S
Disclosure: R.V. Overgaard: Employment/Consultancy; Novo Nordisk
A/S. Stock/Shareholding; Novo Nordisk A/S.
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Acute administration of lixisenatide diminishes the insulin secretory
response to oral glucose by slowing gastric emptying
C.S. Marathe1,2, R.S. Rigda1, M. Buttfield1, S. Hatzinikolas1, H.T.
Pham1, T. Wu1,2, K. Lange1, L.G. Trahair1, C.K. Rayner1, A. Mari3, M.
Horowitz1,2, K.L. Jones1,2;
1Adelaide Medical School, University of Adelaide, Adelaide, Australia,
2Endocrine & Metabolic Unit, Royal Adelaide Hospital, Adelaide,
Australia, 3CNR Institute of Neuroscience, Padova, Italy.

Background and aims: The dominant mechanism underlying post-
prandial glucose-lowering by ‘short-acting’ glucagon-like peptide-
1 receptor agonists, e.g. lixisenatide, appears to be slowing of
gastric emptying (GE). We recently reported that acute adminis-
tration of lixisenatide (10mcg) in both health and type 2 diabetes
is associated with a reduction in postprandial glycaemia and
marked retardation in GE. There is, however, a lack of informa-
tion about the effect on the postprandial insulin secretory response
(ISR). We evaluated the effects of lixisenatide on ISR following
an oral glucose load in health and type 2 diabetes (T2DM).
Materials and methods: Fifteen healthy subjects (9M, 6F; age:
67.2 ± 2.3 years) and 15 T2DM patients (9M, 6F; age: 61.9 ±
2.3 years, BMI 30.3 ± 0.7 kg/m2, duration of known diabetes 5.3
± 1.2 years, HbA1c 51.8 ± 2.3 mmol/mol [6.9 ± 0.2%]) had
concurrent measurements of GE, plasma glucose, insulin and C-
peptide for 180 min after a radiolabelled 75g glucose drink on 2
separate days. Lixisenatide (10mcg s.c.) or placebo was adminis-
tered in a randomised, double-blind, crossover fashion 30 min
before the drink (t=-30 min); drink ingestion was completed at
t=0 min. ISR was determined using the C-peptide deconvolution
method and area under the curve (AUC) for ISR from t=0 to
t=180 min derived.
Results: GE was markedly slowed by lixisenatide in health (pla-
cebo 1.45 ± 0.10 kcal/min, lixisenatide 0.60 ± 0.14 kcal/min) and
T2DM (placebo 1.57 ± 0.06 kcal/min, lixisenatide 0.75 ± 0.13
kcal/min) (both P<0.001). Baseline plasma glucose was predict-
ably higher in the T2DM patients (placebo 7.2 ± 0.2 mmol/L,
lixisenatide 7.5 ± 0.3 mmol/L) compared with health (placebo
5.3 ± 0.1 mmol/L, lixisenatide 5.4 ± 0.1) (P<0.001). Following
the drink, the AUC0-180 min for plasma glucose was markedly
reduced with lixisenatide in both healthy subjects and T2DM pa-
tients (P<0.001). The overall ISR, as assessed by AUC0-180min

was reduced by lixisenatide in health (placebo 42440 ± 4876
nmol/m2, lixisenatide 26431 ± 3983 nmol/m2, P=0.01) but not
significantly in T2DM (placebo 50036 ± 5353 nmol/m2,
lixisenatide 42786 ± 5566 nmol/m2, P=0.3). There was a strong
inverse relationship between ISR0-60min and GE in health (r=-0.80,
P=0.0003) and a trend in T2DM (r=-0.40, P =0.10) (Figure), but
no relationships in the placebo arms in health (r=-0.02, P=NS) or
T2DM (r=-0.16, P=NS).
Conclusion: The slowing of GE and reduction in postprandial
glycaemia induced by lixisenatide are associated with an attenua-
tion in the ISR, consistent with the concept that glucose-lowering
will be preserved in the presence of beta cell failure.
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Clinical Trial Registration Number: NCT02308254
Supported by: Sanofi-Aventis Australia Pty Ltd
Disclosure: C.S. Marathe: Grants; Sanofi-Aventis Australia Pty Ltd
Grants.
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Effect of exenatide once-weekly (QW) on gastric emptying in health:
impact on glycaemia and glucose absorption
K.L. Jones1,2, L.Q. Huynh1, S. Hatzinikolas1, R.S. Rigda1, L. Phillips1,2,
H.T. Pham1, C.S. Marathe1,2, T. Wu2,1, C.H. Malbert3, K. Lange1, C.K.
Rayner1,4, M. Horowitz1,2;
1Adelaide Medical School, University of Adelaide, Adelaide,
Australia, 2Endocrine and Metabolic Unit, Royal Adelaide
Hospital, Adelaide, Australia, 3Institut national de la recherche
ag r onom ique , S a i n t G i l l e s , F r an c e , 4Depa r tmen t o f
Gastroenterology and Hepatology, Royal Adelaide Hospital,
Adelaide, Australia.

Background and aims: ‘Short-acting’ glucagon-like peptide-1
(GLP-1) receptor agonists (RAs) lower postprandial glucose pre-
dominantly via their profound effect to slow gastric emptying
(GE). It is generally assumed that ‘long-acting’ GLP-1RAs have
little, if any, effect on GE with longer-term administration,
reflecting ‘tachyphylaxis’ to slowing of GE as a result of
sustained receptor exposure. However, information relating to the
effect of ‘long-acting’ GLP-1RAs on GE is limited and previous
studies have been compromised by the use of suboptimal meth-
odology to quantify GE. We evaluated the effects of 8 weeks’
administration of exenatide once-weekly (ExQW) on GE of solids
and liquids (using the ‘gold standard’ technique, scintigraphy),
postprandial glycaemia and glucose absorption in health.
Materials and methods: Thirty two healthy participants completed
an 8-week double-blind, placebo-controlled, parallel-group de-
signed study. Participants were randomised to receive either
ExQW (2mg sc) (6M, 10F; mean age: 59.9 ± 0.9yr; BMI: 29.6
± 0.6 kg/m2) or matched placebo (PLAC) (6M, 10F; mean age:
60.6 ± 1.2yr; BMI: 29.5 ± 1.0 kg/m2). GE, nausea (100mm visual
analogue scale) and plasma glucose, insulin, C-peptide, glucagon
were measured for 120 min after a mixed solid/liquid meal, com-
prising 100g minced beef radiolabelled with 20MBq 99mTc-sul-
phur colloid and 150ml 10% glucose radiolabelled with 7MBq
67Ga-EDTA and containing 5g 3-O-methyl-glucose (3-OMG) to
assess oral glucose absorption, at baseline and after 8 weeks’
administration. Data are shown as mean values ± SEM and a
P<0.05 was considered significant.
Results: The studies were well-tolerated. Scores for nausea were
consistently very low and there was no difference between ExQW

and PLAC groups at either baseline or after treatment. ExQW
slowed GE of both solids (AUC0-120: P=0.05) and liquids
(AUC0-120: P=0.01) substantially (Figure) and attenuated both
the postprandial rise in plasma glucose (e.g. iAUC0-30: P=0.008)
and glucose absorption (e.g. 3-OMG iAUC0-30: P=0.001). There
were no differences in plasma insulin, C-peptide or glucagon be-
tween the two groups. The magnitude of the reduction in plasma
glucose at t=30 min from baseline to 8 weeks with ExQW was
inversely related to the 50% emptying time of the glucose drink
(r=-0.55, P=0.03) i.e. postprandial glucose-lowering by ExQW
was dependent on the magnitude of the slowing of GE.
Conclusion: In healthy subjects, 8 weeks administration of the
‘long-acting’ GLP-1RA, ExQW, slows GE of solids and liquids
with consequent reductions in glucose absorption and postprandial
glycaemia.

Clinical Trial Registration Number: ACTRN 12616000955415
Supported by: AstraZeneca Pty Ltd
Disclosure: K.L. Jones: Grants; AstraZeneca Pty Ltd.
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The glucagon-like peptide-1 receptor agonist, liraglutide, does not
suppress postprandial cholecystokinin in patients with type 1
diabetes
N.J. Johansen1, T.F. Dejgaard1,2, C.S. Frandsen2, A. Lund1, F.K. Knop1,
J.F. Rehfeld3, S. Madsbad2, H.U. Andersen1;
1Steno Diabetes Center Copenhagen, Gentofte, 2Department of
Endocrinology, Hvidovre Hospital, Hvidovre, 3Department of Clinical
Medicine, Rigshospitalet, Copenhagen, Denmark.

Background and aims: Recent clinical trials suggest that treatment
with glucagon-like peptide-1 (GLP-1) receptor agonists (GLP-
1RAs) is associated with gallbladder-related side effects such as
cholelithiasis and cholecystitis. As gallbladder hypomobility is
known to increase the risk of cholelithiasis and cholecystitis, we
investigated the effect of the GLP-1RA, liraglutide, on the gut
hormone cholecystokinin (CCK), well-known for its gallbladder-
contracting effect, in patients with type 1 diabetes.
Materials and methods: In this 24-week double-blinded, placebo-
controlled trial, 34 overweight (BMI >25 kg/m2) patients with
type 1 diabetes and inadequate glycaemic control (HbA1c >8%)
were randomised to liraglutide 1.8 mg once daily or placebo as
add-on to regular insulin therapy. To evaluate the acute and
chronic effect of liraglutide on postprandial levels of CCK, a
standard liquid mixed meal test was made at randomisation, after
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three weeks and at end of treatment. Differences between area
under the curve (AUC) for 0-60 min and 0-240 min were com-
pared using unpaired t-tests.
Results: Baseline characteristics did not differ between groups
(mean±SD): age 48±14 years, duration of diabetes 22±12 years,
HbA1c 8.7±0.7%, body weight 94±13 kg and CCK 0.9±0.7
pmol/l. At randomisation, patients randomised to liraglutide had
an AUC0-60 min for CCK of (mean±SEM) 217±25 pM×min com-
pared to 243±52 pM×min in the placebo group (P=0.461). After
three weeks of treatment, the AUC0-60 min for liraglutide-treated
patients was 224±21 pM×min vs. 247±26 pM×min in placebo-
treated patients (P=0.369). At end of treatment, the AUC0-60 min

for the liraglutide group was 228±24 pM×min vs. 273±76
pM×min in the placebo group (P=0.411). No differences in
CCK responses were found between groups for AUC0-240 min at
randomisation (P=0.386), after three weeks (P=0.770) or at end of
treatment (0.439).
Conclusion: These findings suggest that treatment with liraglutide
does not suppress the secretion of CCK after a meal in patients
with type 1 diabetes. This contrasts with previous findings with
native GLP-1 and short-acting GLP-1RAs and may be explained
by development of tachyphylaxis to liraglutide treatment.
However, further research is warranted to elucidate the physiolog-
ical consequences of interaction between GLP-1 and CCK.
Clinical Trial Registration Number: NCT01612468
Supported by: Novo Nordisk A/S
Disclosure: N.J. Johansen: None.

781
Potent weight loss effects and mechanism of a novel long-acting glu-
cagon analogue, HM15136, in animal models
J. Lee, J. Kim, J. Kim, E. Park, S.-H. Lee, S. Bae, I. Choi;
Hanmi Pharm. Co., Ltd, Seoul, Republic of Korea.

Background and aims: Clinical use of glucagon (GCG) has long
been limited to the acute treatment of insulin-induced hypoglyce-
mia. However, recent studies demonstrate that GCG also plays a
central role in the regulation of lipid metabolism and body weight
control, suggesting its potential application in managing obesity.
Consistent with this new concept, we observed that chronic treat-
ment with the novel long-acting glucagon analog, HM15136, pro-
vided effective body weight loss (BWL) with minimal effects on
blood glucose (BG) control. To further evaluate the therapeutic
potential of HM15136 in obesity, the present study compared
the BWL effects of HM15136 with those of various incretin ther-
apeutics, and in addition investigated the potential BWL mecha-
nism in vivo.
Materials and methods: For a BWL efficacy comparison between
HM15136 and GLP-1RA, either HM15136 or various GLP-1 ag-
onists (liraglutide, dulaglutide or semaglutide) were subcutaneous-
ly administered into diet-induced obesity (DIO) mice for 4 weeks.
The doses tested were HM15136 2.0 nmol/kg, and 3.9 nmol/kg
once every 2 days (Q2D); liraglutide 50 nmol/kg twice-daily
(BID); dulaglutide 2.7 nmol/kg Q2D; semaglutide 20.5 nmol/kg
Q2D. To assess the FI inhibition-independent BWL mechanism,
the BW change in DIO mice was compared with liraglutide under
pair-fed controlled condition. At the end of the treatment, blood
lipid profiles, fat mass, and HOMA-IR were determined. White
adipose tissue (WAT) samples were subjected to immunohisto-
chemistry and H&E staining to examine the expression of ther-
mogenic markers and adiposity, respectively. To measure energy
expenditure and respiratory exchange ratio (RER), each DIO
mouse was subjected to indirect calorimetry, followed by VO2

and VCO2 monitoring.

Results: In DIO mice, HM15136 showed greater BWL effects than
available GLP-1 agonists such as liraglutide, dulaglutide, and
semaglutide. Of note, unlike liraglutide, more BWL was also con-
firmed even under pair-feeding conditions (BW change vs. Day 0:
-33.4 ~ -39.8% for HM15136, -21.5 ~ -24.8% for HM15136 pair-
fed groups; -20.6% for liraglutide, -17.8% for liraglutide pair-fed
group). Similar results were also observed when measuring fat
mass. These results clearly indicate an appetite-independent
BWL mechanism of HM15136. As to the postulated mechanism,
HM15136 increased the expression of PGC-1α and UCP-1 in
WAT. Moreover, HM15136 stimulated energy expenditure more
than liraglutide in DIO mice. Together with the reduced RER,
these results suggest that HM15136 may induce WAT browning,
a mechanism through which energy expenditure can increase.
Considering this improvement of the metabolic phenotype caused
by HM15136, we subsequently monitored BWL efficacy after
favorably switching dosing regimen (increased dose interval) and
similar BWL efficacy in DIO mice was observed between human
weekly- and monthly-mimetic dosing regimens. Throughout stud-
ies, no abnormal changes in BG and HbA1c were observed.
Conclusion: Based on these results, we propose that the novel
long-acting glucagon analog, HM15136, could be a potential ther-
apeutic option for the management of obesity, modulating meta-
bolic energy consumption as well as regulating appetite. Human
studies are needed to confirm these therapeutic benefits and to
fully evaluate the safety of HM15136.
Disclosure: J. Lee: None.
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Alanine scanning of exenatide reveals key residues responsible for
signalling bias via the GLP-1 receptor
J. Naylor1, G. Geneci1, J. Dodgson1, S. Will2, S. Oldham2, J. Metcalfe1,
M. Bednarek1, D.C. Hornigold1;
1Cardiovascular, Renal and Metabolism, AstraZeneca, Cambridge, UK,
2Cardiovascular, Renal and Metabolism, AstraZeneca, Gaithersburg, USA.

Background and aims: Glucagon-like peptide-1 receptor (GLP-1R)
agonists in the clinic can be stabilised against peptidase degrada-
tion by amino acid substitutions, lipidation or fusion to
immunoglobins to improve in vivo half-life. Despite the method
of stabilisation used, GLP-1R agonists in the clinic exhibit a
similar profile for gastrointestinal adverse events. Manipulating
biased signalling at the GLP-1R has the potential to create im-
proved therapeutics with a superior tolerability profile. We sought
to investigate residues critical to intracellular signalling and func-
tion for exenatide, a stable homologue of GLP-1, by performing
alanine scanning of the peptide.
Materials and methods: Alanine substituted mutations in exenatide
were assessed for potency and maximum effect in cyclic AMP
accumulation, calcium signalling, β-arrestin binding and total
GLP-1R internalisation assays in cells recombinantly expressing
human GLP-1R. Following profiling in a glucose stimulated insu-
lin secretin (GSIS) assay in the INS-1 832/3 rat β-cell line, pep-
tides were progressed to an in vivo acute acute IPGTT study; lean
C57BL/6 mice were fasted for 6 hours before receiving vehicle or
peptide agonist s.c. 30 minutes prior to i.p. 2g/kg glucose chal-
lenge. Blood samples were collected from tail vein by tail prick at
-30, 0, 15, 30, 60, and 120 minutes post glucose challenge for
blood glucose measurements. N=8 per group, statistical signifi-
cance was assessed using a one-way ANOVA comparing vehicle
to compound with a Dunnetts post-hoc test (*p<0.05).
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Results: Alanine substitution had no effect on cAMP signalling in
terms of maximum effect compared to unmodified exenatide.
Substitution in positions 1, 4, 7, 9 and 22 caused a complete loss
of β-arrestin binding, receptor internalisation and attenuation of
calcium signalling. The alanine substituted peptides elicited an
equivalent response to native peptide in glucose stimulated insulin
secretion and were also equivalent at controlling glucose as mea-
sured by a lean mouse IPGTT. This suggests that while critical
for β-arrestin and Gq-coupled signalling, these key residues are
not important for β-cell function.
Conclusion: The identification of key residues involved in β-
arrestin binding, receptor internalisation and G protein signalling
may allow for the design of biased agonists for the treatment of
diabetes, selecting beneficial signalling pathways while
minimising adverse events. Alanine-mutated exenatide peptides
will be progressed to rodent taste aversion tests to determine
whether signalling bias at the GLP-1R is important in cell types
other than the β-cell.
Disclosure: J. Naylor: Employment/Consultancy; All authors are/were
employees of AstraZeneca. Stock/Shareholding; All authors are/were em-
ployees of AstraZeneca with stock and/or stock options in AstraZeneca.

783
A positron emission tomography biomarker for in vivo study of the
glucagon receptor
O. Eriksson1, I. Velikyan2, T. Haack3, M. Bossart3, A. Evers3, I.
Laitinen3, P.J. Larsen3, O. Plettenburg3, G. Antoni2, L. Johansson4, S.
Pierrou4, M. Wagner3;
1Antaros Medical AB, Uppsala, Sweden, 2Uppsala University, Uppsala,
Sweden, 3Sanofi, Frankfurt, Germany, 4Antaros Medical AB, Mölndal,
Sweden.
Background and aims: The Glucagon receptor (GCGR) is an
emerging target in anti-diabetic therapy. Reliable biomarkers for
in vivo activity on the GCGR, in the setting of dual glucagon like
peptide 1/ glucagon (GLP-1/GCG) receptor agonism, are currently
unavailable. Positron Emission Tomography (PET) tracer
[68Ga]Ga-DO3A-S01-GCG was previously shown to bind to the
GCGR with high affinity and specificity in vitro and in vivo in
rats. Here, we investigated [68Ga]Ga-DO3A-S01-GCG as a bio-
marker for GCGR occupancy in liver in non-human primates by
PET.
Materials and methods: The GCGR targeting properties of [68Ga]Ga-
DO3A-S01-GCG was evaluated by dynamic PET in non-human primates
by a dose escalation study design where up to 67μg/kg DO3A-S01-GCG
peptide mass was co-injected. The test-retest reproducibility in non-human
primate, as well as the effect on [68Ga]Ga-DO3A-S01-GCGby pre-treatment
with an acylated glucagon agonist was also investigated by PET/CT imaging.
Results: [68Ga]Ga-DO3A-S01-GCG bound to GCGR rich liver in vivo in a
dose-dependent manner (see figure). Negligible peptide mass effect was ob-
served for DO3A-S01-GCG doses <0.2 μg/kg. In vivo Kd for [

68Ga]Ga-
DO3A-S01-GCG in liver corresponded to 0.7 μg/kg indicating high potency.
The test-retest reproducibility was 5.7±7.9% and pre-treatment with an acyl-
ated glucagon agonist incurred an occupancy of 61.5±9.1% in liver. Predicted
human absorbed doses would allow for repeated annual [68Ga]Ga-DO3A-
S01-GCGPET examinations.
Conclusion: PET radioligand [68Ga]Ga-DO3A-S01-GCG is a novel quan-
titative biomarker of in vivo GCGR occupancy in non-human primate.

Disclosure: O. Eriksson: Employment/Consultancy; Antaros Medical
AB.
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Effects of dulaglutide and trelagliptin on beta cell function after one
year in patients with type 2 diabetes: DUET-beta extension study
Y. Kondo1, S. Satoh2, Y. Terauchi3;
1Endocrinology and Diabetes, Yokohama City University Medical Center,
Yokohama, 2Endocrinology andMetabolism, Chigasaki Municipal Hospital,
Chigasaki, 3Endocrinology and Metabolism, Graduate School of Medicine,
Yokohama City University, Yokohama, Japan.

Background and aims: Studies on glucagon-like peptide 1 receptor
agonists (GLP-1-RA) and dipeptidyl peptidase-4 inhibitors (DPP-
4-I) have suggested positive effects on beta-cells. However, direct
comparison between weekly GLP-1-RA: dulaglutide (Dula) and
weekly DPP-4-I: trelagliptin (Trela) effects on beta-cell function
is not known.
Materials and methods: We compared the effects of Dula 0.75 mg/week
and Trela 100 mg/week on beta-cell function in patients with type 2 diabetes
(T2D) in open-label, parallel-group, randomized controlled 24-week trial,
with an additional 28 weeks of extension follow-up. Beta-cell function and
insulin resistance were assessed by HOMA2-%β and HOMA2-IR, respec-
tively. Body composition was also assessed by the bioelectrical impedance
method.
Results: Fifty metformin ± basal insulin-treated patients with type 2 diabetes
(T2D) were randomized to Dula or Trela. Forty-eight patients entered the 28-
weeks extension study and continued their allocated therapy. Forty-six com-
pleted (Dula: n = 23, Trela: n = 23) the 52-week exposure and were included
in the analysis. HOMA2-%β was higher in the Dula group than in the Trela
group throughout the 52 weeks (24 weeks: Dula: +50.6 ± 9.9 % vs. Trela:
+7.5 ± 9.5%, p = 0.003; 52weeks: Dula: +54.5 ± 8.7% vs. Trela: +3.0 ± 8.7
%, p <0.001). HOMA2-IR was not significantly different between both
groups (24 weeks: Dula: -0.29 ± 0.50 vs. Trela: -0.19 ± 0.50, p = 0.88; 52
weeks: Dula: +0.79 ± 0.52 vs. Trela: +0.45 ± 0.52, p = 0.64). At 52 weeks,
HbA1c had a larger decrease with the Dula group (Dula: -0.52 ± 0.11 %,
Trela: -0.13 ± 0.12%, p = 0.02). Body fat masswas reducedmore in theDula
group than the Trela group (52 weeks: Dula: -1.5 ± 0.3 kg vs. Trela: +0.4 ±
0.3 kg, p <0.001). However, Dula patients did not have a reduction in skeletal
muscle mass (52 weeks: 0.0 ± 0.3 kg, p = 0.94).
Conclusion:Dula increased HOMA2-%β level more than Trela over the
52 weeks, without a significant change in HOMA2-IR level. Dula re-
duced body fat mass without skeletal muscle mass loss.
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Clinical Trial Registration Number: UMIN-CTR 000024164
Disclosure: Y. Kondo: None.
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Urinary DPP-4 protein is increased by linagliptin and may serve as a
novel predictive marker of kidney-protective treatment response in
type 2 diabetes
T. Klein1, H. Tammen2, E. Benetti3, V. Brodano3, F. Barutta4, G. Miglio3,
C. Schepers5, D. Delic1, M. Mark1, M. von Eynatten6;
1Boehringer Ingelheim GmbH & Co. KG, Biberach, Germany,
2PXBioVisioN GmbH, Hannover, Germany, 3Dipartimento di
Scienza e Tecnologia del Farmaco, University of Turin, Turin,
Italy, 4Department of Medical Sciences, University of Turin,
Turin, I taly, 5Boehringer Ingelheim GmbH & Co. KG,
Ingelheim, Germany, 6Boehringer Ingelheim International GmbH,
Ingelheim, Germany.

Background and aims: In the CARMELINA trial, the dipeptidyl
peptidase-4 (DPP-4) inhibitor linagliptin (LINA) significantly slowed pro-
gression of albuminuria, which may translate to improved renal outcomes.
In the absence of biomaterial fromCARMELINA, we analysed urinary sam-
ples from theMARLINA-T2D trial.Wemeasured urinaryDPP-4 protein and
activity levels, to evaluate urinary DPP-4 protein as a predictor of LINA
treatment response, reflected by changes in urine albumin-to-creatinine ratio
(UACR).
Materials and methods: Urinary DPP-4 activity was measured
using fluorophore-labeled DPP-4 substrate AlaPro-AFC (Bachem,
Switzerland) and DPP-4 protein was detected by ELISA (Avicera
Bioscience, USA). Urine samples (baseline; week 24) were avail-
able for 153 placebo (PBO)- and 163 LINA 5 mg-treated patients.
In-vitro experiments involved human podocytes and tubular cells,
which were exposed to increasing concentrations (1−100 nM) of
LINA (and sitagliptin 100μM). DPP-4 activity and protein were
analysed in cell homogenates and supernatants as described
above. Both endpoints were analysed by ANCOVA using SAS®
(Version 9.4, SAS Institute Inc., Cary, NC, USA). Statistical anal-
yses for changes in UACR used R’s parametric tests included in
the base package (https://CRAN.R-project.org/).
Results: As predicted, LINA vs PBO significantly reduced
(p<0.0001) urinary DPP-4 activity [mean±SD] at week 24 (base-
line: 6049±11232 vs 5291±7225 RFU/g/dL, respectively; week
24: 788±757 vs 5172±7674 RFU/g /dL, respec t ive ly ) .
Surprisingly, urinary DPP-4 protein levels [mean±SD] increased
significantly (p<0.0001) at week 24 with LINA vs PBO (baseline:
2291±3478 vs 2448±3029 μg/g creatinine, respectively; week 24:
4229±5123 vs 2420±3102 μg/g, respectively). Interestingly, in-
vitro exposure of LINA (also sitagliptin) to either glomerular
(podoytes) or tubular (proximal tubulus) cells did not lead to

upregulation of DPP-4 protein in supernatant or homogenates.
We also evaluated a possible relationship between either urinary
DPP-4 protein levels or DPP-4 specific activity (i.e. DPP-4
activity/DPP-4 protein) at baseline and changes in UACR at week
24 (n=271). Data showed that baseline urinary DPP-4 protein
levels 5.5-7.5 μg/g creatinine predicted a positive UACR treat-
ment response with LINA (i.e. temporal ratios ln V7/V3: -0.3
+- 0.48, n=50). However, such predictive value wasn’t present
with baseline urinary DPP-4 protein levels above 7.5 μg/g creat-
inine, nor at any level of urinary DPP-4 protein in the PBO
group.
Conclusion:While LINA inhibited DPP-4 activity, as predicted, it
significantly increased urinary DPP-4 protein levels. We
hypothesise that this increase reflects a spill-over from non-renal
sources that could reflect a compensatory response due to lowered
systemic DPP-4 activity. In addition, urinary DPP-4 protein levels
in the mid-range of our cohort (mean 6.57 μg/g) predicted a
positive treatment response of lowering UACR with LINA.
Further research is needed to explore urinary DPP-4 as a predictor
of kidney-response with LINA.
Clinical Trial Registration Number: NCT01792518
Supported by: Boehringer Ingelheim and Eli Lilly and Company
Diabetes Alliance
Disclosure: T. Klein: Employment/Consultancy; Boehringer Ingelheim.
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Ultra Rapid Lispro (URLi) accelerates insulin lispro absorption and
insulin action vs lispro in patients with type 2 diabetes
J. Leohr1, M.Dellva1, D.Coutant1, E. LaBell1, S. Reddy1, S. Bowerman1, T.
Heise2, G. Andersen2, E. Zijlstra2, L. Hermanski2, L. Nosek2, H. Linnebjerg1;
1Eli Lilly and Company, Indianapolis, USA, 2Profil, Neuss, Germany.

Background and aims:URLi is a novel prandial insulin lispro formulation
developed to more closely match physiological insulin secretion. This study
compared the pharmacokinetic and glucodynamic profiles of URLi vs lispro
in patients with type 2 diabetes.
Materials and methods: This was a randomised, 2-period, double-blind,
crossover glucose clamp study in thirty-eight patientswith type 2 diabetes (mean
[±SD]: age60.0±7.9years; durationofdiabetes17.4±7.7years;HbA1c 57.37±
8.75mmol/mol [7.4 ± 0.8%]; BMI 30.0 ± 3.0 kg/m2). Patients received a single
s.c. 15-U dose of either URLi or lispro before a 10-hour fully-automated
euglycemic clamp procedure (blood glucose target 5.5 mmol/L). An outpatient
washout period of approximately 3 to 15 days occurred after each dosing period.
Results: After dosing, onset of insulin lispro appearance in serum was faster
with URLi vs lispro (2.0 vs 7.3 min; p<0.0001). The time to early half
maximal drug concentration was reduced by 10.9 min (p<0.0001) with
URLi (18.6 min) vs lispro (29.6 min). This resulted in greater early insulin
lispro exposure postdose with URLi vs lispro: 6.4-fold in the first 15 min and
2.9-fold in the first 30 min (both p<0.0001). URLi also exhibited a 26.4%
decrease in late insulin lispro exposure as measured by AUC(3-10h) vs lispro
(p<0.0001). The duration of exposure, when serum lispro levels fell below the
limit of quantification, was 50.8 min shorter with URLi (p=0.0220). Total
exposure or time to maximum observed drug concentration did not differ
between URLi and lispro. Onset of insulin action was also faster (32.0 vs
44.7min; p<0.0001) and early insulin action (asmeasured by glucose infusion
rate) was increased by 4.3-fold (p<0.0001) in the first 30 min of the clamp
with URLi vs lispro. Late insulin action (glucose infused from 4 h to the end
of the clamp) was reduced by 19% (p=0.0108) with URLi vs lispro. The

overall total glucose infused was 12% higher (p=0.0488) for URLi vs lispro
(Figure). No differences were seen in tolerability between URLi and lispro.
Conclusion: In patients with type 2 diabetes, URLi showed an accelerated
insulin lispro absorptionwith a reduced late exposure andoverall shorter duration
vs lispro resulting in faster onset of action and reduced late insulin action.Using a
euglycemicclamp, these results are the first to confirm faster phamacokinetic and
glucodynamic profiles of URLi vs lispro in patients with type 2 diabetes.

Clinical Trial Registration Number: NCT03305822
Supported by: Eli Lilly and Company
Disclosure: J. Leohr: Employment/Consultancy; Jennifer Leohr is an
employee of Eli Lilly and Company. Stock/Shareholding; Jennifer
Leohr is a stockholder of Eli Lilly and Company.
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Greater reduction in postprandial glucose excursions with Ultra
Rapid Lispro (URLi) vs lispro in patients with type 2 diabetes at
different meal-to-dose timings
L. Plum-Mörschel1, H. Linnebjerg2, E. Smith LaBell2, S. Reddy2, M.
Dellva2, H. Hettiarachchi2, D.E. Coutant2, T.A. Hardy2, T. Herbrand3, E.
Anastassiadis1, U. Hövelmann3, J.K. Leohr2;
1Profil, Mainz, Germany, 2Eli Lilly and Company, Indianapolis, USA,
3Profil, Neuss, Germany.

Background and aims: URLi is a novel prandial insulin lispro formula-
tion developed to more closely match physiological insulin secretion.
This study compared the pharmacokinetic and glucodynamic profiles of
URLi vs. lispro at different meal-to-dose timings in patients with type 2
diabetes (T2D).
Materials and methods: This was a 4-period, double-blind crossover
study with a 2-week lead-in period on insulin lispro and glargine, in 36
patients with T2D (mean ± SD age, 60.8 ± 6.6 years; HbA1c, 57.4 ± 7.7
mmol/mol [7.4 ± 0.7%]; BMI, 30.9 ± 3.9 kg/m2). Patients were randomised
toURLi or lispro s.c. injected immediately before or 20min after start of the
5-hour mixed meal tolerance test (MMTT; liquid test meal ~100 g carbo-
hydrate). Dose-finding assessment determined an individualised dose to
cover the carbohydrate content of MMTT for each patient, which was used
for all study periods. Patients’ fasting blood glucose levels were stabilised
overnight to 7.5 ± 0.8 mmol/L before MMTT.
Results: After dosing, onset of insulin lispro appearance in circulation
was faster with URLi vs. lispro (1.7 min vs. 7.2 min; p<0.001). The time
to early half-maximal drug concentration was reduced by 14.7 min with
URLi vs. lispro (16.3 min vs. 31.0 min; p<0.001). This resulted in greater
early insulin lispro exposure with URLi vs lispro: 4.8-fold in the first
15 min and 3.5-fold in the first 30 min postdose (both p<0.001). URLi
exhibited a 33% decrease in the late insulin lispro exposure AUC(3-7h)
vs. lispro (p<0.001). The shifts in the early and late insulin lispro expo-
sure with URLi resulted in a higher Cmax compared to lispro (p<0.001).
Overall exposure and time to maximum observed drug concentration
were similar for URLi and lispro.When administered immediately before
start of the meal, URLi reduced the postprandial glucose (PPG) excursion
AUC(0-5h) by 25% (p=0.145) and AUC(0-3h) by 19% (p=0.133) vs
lispro. The maximum PPG excursion was significantly reduced by 0.70
mmol/L for URLi vs lispro (p=0.011). When administered 20 minutes
after start of the meal, URLi reduced the PPG excursion AUC(0-5h) by
24% (p=0.131) and AUC(0-3h) by 21% (p=0.038) vs lispro. The maxi-
mum PPG excursion was significantly reduced by 0.59 mmol/L with
URLi vs lispro (p=0.031). No severe hypoglycaemia or serious adverse
events (AEs) were reported. The rates of treatment-emergent AEs and
hypoglycaemia were similar between URLi and lispro.
Conclusion: URLi showed an accelerated insulin lispro absorption with
reduced late exposure vs. lispro. URLi showed a trend towards greater
glucose-lowering effect when dosed immediately before start of the meal
and a significantly greater early glucose-lowering effect when dosed after
the start of the meal vs. lispro.

Clinical Trial Registration Number: NCT03341312
Supported by: Eli Lilly and Company
Disclosure: L. Plum-Mörschel: Grants; Eli Lilly and Company.
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Ultra Rapid Lispro (URLi) accelerates insulin lispro absorption and
insulin action vs lispro in patients with type 1 diabetes
H. Linnebjerg1, Q. Zhang1, E. LaBell1, S. Reddy1, D. Coutant1, S.
Bowerman1, U. Hövelmann2, L. Plum-Mörschel2, T. Herbrand2, J. Leohr1;
1Eli Lilly and Company, Indianapolis, USA, 2Profil, Neuss, Germany.

Background and aims: URLi is a novel prandial insulin lispro formula-
tion developed to more closely match physiological insulin secretion.
This study compared the pharmacokinetic and glucodynamic profiles of
URLi vs lispro in patients with type 1 diabetes.
Materials and methods: This was a randomised, 2-period, double-blind,
crossover glucose clamp study in thirty-eight young adult patients with
type 1 diabetes (mean ± SD: age 32.0 ± 6.8 years; duration of diabetes
17.7 ± 9.3 years; HbA1c 55.18 ± 6.56 mmol/mol [7.2 ± 0.6%]; BMI 24.8
± 2.4 kg/m2). Patients received a single s.c. 15-U dose of either URLi or
lispro before a 10-hour fully-automated euglycemic clamp procedure
(blood glucose target 5.5 mmol/L). An outpatient washout period of ap-
proximately 3 to 15 days occurred after each dosing period.
Results: After dosing, onset of insulin lispro appearance in circulation
was faster with URLi vs lispro (1.3 vs 6.8 min; p<0.0001). The time to
early half maximal drug concentration was reduced by 14.2 min
(p<0.0001) with URLi (14.8 min) vs lispro (29.0 min). This resulted in
greater early insulin lispro exposure postdose with URLi vs lispro: 7.2-
fold in the first 15 min and 2.7-fold in the first 30 min (both p<0.0001).
URLi also exhibited a 41.3% decrease in late insulin lispro exposure as
measured by AUC(3-10h) vs lispro (p<0.0001). The duration of expo-
sure, when serum lispro levels fell below the limit of quantification, was
74.0 min shorter with URLi (p<0.0001). Onset of insulin action was also
faster (20.1 vs 31.0 min; p=0.0007) and early insulin action (as measured
by glucose infusion rate) was increased 2.8-fold (p<0.0001) in the first
30 min of the clamp with URLi vs lispro. Late insulin action (glucose
infused from 4 h to end of the clamp) was reduced by 54% (p<0.0001)
and duration of action was 43.6 min shorter with URLi (Figure). Total
insulin lispro exposure and glucose infused during the clamp did not
differ and tolerability was similar between URLi and lispro.
Conclusion: In patients with type 1 diabetes, URLi accelerated insulin ab-
sorption with a reduced late exposure and overall shorter duration vs lispro,
resulting in faster onset of insulin action and reduced late insulin action. Using
a euglycemic clamp, these results are the first to confirm faster phamacokinetic
and glucodynamic profiles of URLi vs lispro in patients with type 1 diabetes.
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Clinical Trial Registration Number: NCT03166124
Supported by: Eli Lilly and Company
Disclosure:H. Linnebjerg: Employment/Consultancy; Helle Linnebjerg
is an employee of Eli Lilly and Company. Stock/Shareholding; Helle
Linnebjerg is a stockholder of Eli Lilly and Company.
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Ultra rapid lispro (URLi) improves postprandial glucose control and
time in range in type 1 diabetes compared to lispro: PRONTO-T1D
continuous glucose monitoring sub-study
M. Malecki1, D. Cao2, R. Liu2, T.A. Hardy2, B.W. Bode3, J.M. Bue-
Valleskey2;
1Jagiellonian University, Medical College, Krakow, Poland, 2Eli Lilly
and Company, Indianapolis, USA,
3Atlanta Diabetes Associates, Atlanta, USA.

Background and aims: URLi is a novel prandial insulin lispro for-
mulation developed to more closely match physiological insulin
secretion. This sub-study aimed to compare 24-hour glucose pro-
files using continuous glucose monitoring (CGM) during treatment
with URLi or lispro used in combination with basal insulin
glargine or insulin degludec in adults with type 1 diabetes (T1D).
Materials and methods: Ambulatory glucose profiles were evaluated in
269 (22%) patients from PRONTO-T1D main study assigned to
double-blind URLi (n=97) or lispro (n=99) given 0-2 minutes
before the start of the meal (Mealtime), or open-label URLi
(n=73) given 20 min after the meal (URLi +20). Primary endpoint
was incremental AUC from 0 to 2 hours (iAUC0-2h) after break-
fast. Blinded CGM (Dexcom G4 Platinum) was worn for 14 days
before baseline and week 26 and patients were instructed to mark
meal times.
Results: Baseline characteristics were similar between groups and
reflected the main study population (mean ± SD age, 44.5 ± 13.5
years; BMI, 27.7 ± 4.0 kg/m2; duration of T1D, 20.7 ± 11.9
years). Mean HbA1c at week 26 was 54.6 mmol/mol (7.15%) -
Mealtime URLi; 54.4 mmol/mol (7.12%) - Mealtime lispro; 56.8
mmol/mol (7.35%) - URLi+20. Prandial and basal insulin doses
were similar between treatments. Ambulatory postprandial glucose
(PPG) profiles improved with Mealtime URLi (Figure) showing
significantly smaller iAUC0-2h for breakfast compared to Mealtime
lispro (estimated treatment difference [ETD] -1.6 mmol*h/L,
p=0.048), and for all meals combined (iAUC0-4h ETD: -3.4
mmol*h/L, p=0.008). For all meals combined, URLi+20 showed
less optimal PPG control compared to Mealtime URLi (iAUC0-2h

ETD: +1.7 mmol*h/L, p=0.001 and iAUC0-3h ETD: +1.8 mmol*h/
L, p=0.049) but iAUCs were not significantly different compared
to Mealtime lispro. Compared to Mealtime lispro, Mealtime URLi
group had more daytime time in range (TIR; 3.9 - 10.0 mmol/L)
with estimated treatment difference (ETD) +43.6 min (4.0%),
p=0.020 and similar nighttime TIR. Time in hypoglycaemia
(<2.8 mmol/L) and in hyperglycaemia (>10.0 mmol/L) were both
numerically lower with Mealtime URLi compared to Mealtime
lispro in the daytime (24.3 vs. 28.2 min and 390 vs. 431 min
respectively). Mealtime URLi also showed significantly less time
in hypoglycaemia at nighttime vs. Mealtime lispro: 7.0 vs. 12.6
min, p=0.023.
Conclusion: When injected at the start of the meal, URLi resulted
in significantly better PPG control and increased daytime TIR vs.
Mealtime lispro without increasing time in hypoglycaemia.
Results of this CGM sub-study support key observations from
xPRONTO-T1D and show that Mealtime URLi favourably

influences glycaemic metrics other than HbA1c that are important
to patients.

Clinical Trial Registration Number: NCT03214367
Supported by: Eli Lilly and Company
Disclosure: M. Malecki: Honorarium; Eli Lilly and Company.
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Compatibility and safety of Ultra Rapid Lispro (URLi) with contin-
uous subcutaneous insulin infusion (CSII) in patients with type 1
diabetes: PRONTO-pump study
B.W. Bode1, R. Liu2, T.A. Hardy2, D.A. Ignaut2;
1Atlanta Diabetes Associates, Atlanta, 2Eli Lilly and Company,
Indianapolis, USA.

Background and aims: URLi is a novel prandial insulin lispro for-
mulation, developed to more closely match physiological insulin
secretion. It has shown accelerated absorption of insulin lispro
and improved postprandial glucose control compared to lispro,
with CSII. We evaluated the compatibility and safety of URLi vs.
lispro delivered via pump in patients with T1D currently using
CSII (MiniMed 530G, 630G [US] or 640G [EU]). Primary objec-
tive was to compare the rate of infusion set failures that led to
premature infusion set changes due to a pump occlusion alarm,
or unexplained hyperglycemia with blood glucose >250 mg/dL
(13.9 mmol/L) that did not decrease within 1 hour following a
correction bolus delivered via the pump.
Materials and methods: In this Phase 3, double-blind, crossover
study, after a 2-week lead-in period on lispro, 49 patients were
randomised to 1 of 2 treatment sequences of URLi or lispro, with
boluses initiated 0-2 minutes prior to meals. Each period consisted
of 6 weeks of treatment with no washout period. Patients were
required to change infusion sets every 72 ± 4 hours and to record
all infusion set changes, indicating the reason for any premature
changes. All patients used Dexcom G5 in real-time mode through-
out the lead-in and treatment periods and were asked to mark
breakfast meals.
Results: There was no significant treatment difference in the rate or
incidence of infusion set failures during the 6-week treatment pe-
riod. Two events were reported with URLi treatment and 3 with
lispro, all due to pump occlusion alarms. Mean time to infusion set
change was similar between treatments. The overall rate of prema-
ture infusion set changes was statistically significantly higher for
URLi (aggregate rate: 1.13 vs. 0.78 events per 30 days, p=0.028;
77 events URLi vs. 52 lispro during the 6-week treatment period).
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The difference in event rate was small and translates to one addi-
tional premature infusion set change every 2 to 3 months.
Compared to lispro, URLi had a statistically significantly longer
mean duration of time in target range (TIR) (3.9 to 10.0 mmol/L)
within 2 hours after the start of breakfast (estimated treatment
difference [ETD] 12.41 min; p=0.023) and numerically longer
mean duration of TIR during the daytime and 24-hour period. In
Period I, URLi showed a numerically greater reduction from base-
line in HbA1c (-4.23 mmol/mol [-0.39%] URLi vs. -2.78 mmol/mol
[-0.25%] lispro), with a mean HbA1c at week 6 of 48.5 mmol/mol
(6.58%) URLi and 51.6 mmol/mol (6.87%) lispro. Insulin doses
(basal, bolus, total daily dose) were similar and there were no
obvious differences in pump settings between groups. Bolus/total
insulin ratio at Week 6 was also similar: URLi, 44.2%; lispro,
46.6%. Overall, a higher incidence of treatment-emergent adverse
events (TEAEs) was observed for URLi, driven by infusion site
reaction and pain, which was mostly reported by one investigative
site (in Spain). These were predominantly (> 90%) mild in sever-
ity. Incidence of all other TEAEs was low and similar between
groups. No significant differences were seen in the rate or inci-
dence of severe hypoglycaemia or all documented, postprandial,
and nocturnal hypoglycaemia (blood glucose <3.0 mmol/L).
Conclusion: URLi was compatible with CSII use with a safety profile
similar to that of lispro, and demonstrated a trend towards improved
glycaemic control in patients with T1D.
Clinical Trial Registration Number: NCT03433677
Supported by: Eli Lilly and Company
Disclosure: B.W. Bode: Grants; Eli Lilly and Company.
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Ultra rapid lispro (URLi) improves postprandial glucose (PPG) con-
trol vs lispro in patients with type 2 diabetes: PRONTO-T2D study
J.P. Frias1, Q. Zhang2, T. Blevins3, H. Jinnouchi4, A.M. Chang2;
1National Research Institute, Los Angeles, USA, 2Eli Lilly and Company,
Indianapolis, USA, 3Texas Diabetes & Endocrinology, Austin, USA,
4Jinnouchi Hospital, Kumamoto, Japan.

Background and aims: URLi is a novel prandial insulin lispro formula-
tion developed to more closely match physiological insulin secretion.
This phase 3, multicentre, double-blind, treat-to-target, 26-week trial
evaluated the efficacy and safety of URLi vs. lispro in patients with
T2D. Primary endpoint was HbA1c change from baseline to week 26,
with multiplicity-adjusted objectives for 1- and 2-h PPG excursions with
meal test.
Materials and methods: After an 8-week lead-in to optimise basal
insulin glargine or degludec and transfer to prandial lispro treatment,
patients were randomised to blinded URLi (n=336) or lispro (n=337)
injected 0 to 2 minutes prior to meals. Patients could continue met-
formin and/or SGLT2 inhibitor treatment. Standardised meal test
(~100g carbohydrate) was performed at baseline and week 26 to
evaluate PPG excursions.
Results: Non-inferiority for primary endpoint was confirmed for
URLi: estimated treatment difference (ETD) +0.6 mmol/mol
(0.06%) with 95% CI of -0.6 to +1.8 mmol/mol (-0.05 to
+0.16%) (Figure). Mean change in HbA1c was -4.1 mmol/mol (-
0.38%) URLi and -4.7 mmol/mol (-0.43%) lispro, with mean
HbA1c at week 26 of 52.1 mmol/mol (6.92%) URLi and 51.5
mmol/mol (6.86%) lispro. URLi was superior to lispro in control-
ling 1- and 2-h PPG excursions with meal test at week 26, with
lower PPG excursions from 0.5 - 4 h with URLi (Figure). Insulin
doses with meal test were similar between groups. There were no

significant treatment differences in rates of severe or overall
hypoglycaemia. Incidence of overall treatment-emergent adverse
events was similar between treatments.
Conclusion: URLi in a basal-bolus regimen was non-inferior to
lispro for HbA1c and both groups achieved good glycaemic control
in this treat-to-target study. URLi treatment led to superior PPG
control vs. lispro in patients with T2D.

Clinical Trial Registration Number: NCT03214380
Supported by: Eli Lilly and Company
Disclosure: J.P. Frias: Grants; Eli Lilly and Company.
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A randomised crossover trial evaluating fully closed-loop with faster
vs standard aspart in type 2 diabetes
L. Bally1, D. Herzig1, Y. Ruan2, M.Wilinska2, M. Semmo1, A. Vogt1, M.
Wertli1, B. Vogt1, C. Stettler1, R. Hovorka2;
1Bern University Hospital, University of Bern, Bern, Switzerland,
2Wellcome Trust-MRC Institute of Metabolic Science, University of
Cambridge, Cambridge, UK.

Background and aims: To evaluate the safety and efficacy of fully
closed-loop (CL) using faster insulin aspart (FA) vs insulin aspart (A) in
T2D.
Materials and methods: Fifteen adults (5 females, age 59±10yrs,
BMI 34.5±9.1kg/m2) with insulin-treated T2D (HbA1c 7.7±1.2%
[60±13mM/mol], daily insulin dose 1.0±0.7U/kg) underwent 22h
(1900-1700) of fully CL with FA and A in a double-blind
randomised crossover design. Basal-bolus regimen was replaced
by model predictive control algorithm-directed s/c administration
of FA or A based on sensor glucose levels. After an overnight
stay, participants consumed matched breakfast and lunch and per-
formed a 20min-walk. Plasma glucose was measured every 15min
over 10h (0700-1700) and evaluated CL performance.
Results: The proportion of time when plasma glucose was in tar-
get range from 5.6-10.0mM did not significantly differ between
FA and A (primary endpoint, p=0.17, Table). Mean glucose and
glucose variability were comparable, as was time spent below and
above target. The 2h-postprandial glucose increment was compa-
rable after breakfast and significantly higher after lunch with FA
vs A (p=0.78 and p=0.047). One hypoglycaemic event (<3.5mM)
occurred with FA and two with A. Insulin dose was significantly higher
with FA vs A (p=0.021), as was total aspart exposure (p=0.037).
Conclusion: Short-term use of fully CL with FA vs A requires higher
insulin doses to achieve comparable glucose control.
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Clinical Trial Registration Number: NCT01774565
Supported by: SNSF P1BEP3_165297, UDEM Scientific Research Fund,
Cambridge Biomedical R
Disclosure: L. Bally: None.
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Hypoglycaemia, irrespective of the definition used, is reduced when
switching to insulin degludec from other basal insulins in routine
clinical care: the ReFLeCT study
M.D. Feher1,2, G.P. Fadini3, T. Krarup Hansen4, J. Jendle5, Á.
Merchante6,7, M.M. Koefoed8, E. Parvaresh Rizi8, E. Zimmermann8,
H.W. de Valk9;
1Beta Cell Diabetes Centre, Chelsea and Westminster Hospital,
London, UK, 2University of Surrey, Guildford, UK, 3Department
of Medicine, Division of Metabolic Diseases, University of
Padova, Padova, Italy, 4Steno Diabetes Center Aarhus, Aarhus
University Hospital, Aarhus, Denmark, 5Faculty of Medicine and
Health, School of Medical Sciences, Örebro University, Örebro,
Sweden, 6University General Hospital of Castellón, Castellón de
la Plana, Spain, 7Jaume I University, Castellón de la Plana,
Spain, 8Novo Nordisk A/S, Søborg, Denmark, 9Department of
Internal Medicine, University Medical Center Utrecht, Utrecht,
Netherlands.

Background and aims: ReFLeCT was a multicentre, prospective,
observational study designed to investigate the safety and effective-
ness of switching to insulin degludec (degludec) from other basal
insulins in patients with type 1 (T1D) or type 2 diabetes (T2D).
Few studies had prospectively collected hypoglycaemia data from
patient diaries following a switch to degludec in everyday clinical
practice. These additional analyses from the ReFLeCT study aimed
to assess the effects of switching to degludec according to different
hypoglycaemia definitions.
Materials and methods: ReFLeCT comprised a 4-week baseline
period (pre-switch basal insulin) and a 12-month follow-up period
(degludec treatment). The primary endpoint of overal l
hypoglycaemia reported in patient diaries was reduced during
follow-up vs baseline in T1D and T2D with improvement of
glycaemic control, as previously reported. Here, hypoglycaemia

data from ReFLeCT were analysed using pre-specified and updated
(post hoc) American Diabetes Association (ADA) hypoglycaemia
definitions. Definitions consisted of: documented asymptomatic
and symptomatic, pseudo, probable symptomatic, and Level 1, 2
and 3 (severe) hypoglycaemia (Fig). Hypoglycaemic events were
analysed using fully adjusted, negative binomial regression
models.
Results: In T1D (n=556) and T2D (n=611), estimated rate ratios
across the previous and the updated ADA hypoglycaemia defini-
tions were significantly lower during the 12-month follow-up vs
the baseline period, except for asymptomatic hypoglycaemia in
T1D and Level 3 hypoglycaemia in T2D (due to a low number
of severe hypoglycaemic events, no comparable statistics were
performed) (Fig). Event rates per patient year were also lower
for all definitions during the 12-month follow-up vs the baseline
period, except for Level 3 hypoglycaemia in T2D, which margin-
ally increased, although this was likely due to the low number of
events in this group.
Conclusion: In patients with T1D and T2D, switching to
degludec from other basal insulins in routine clinical care is as-
sociated with lower rates of hypoglycaemia across a broad range
of hypoglycaemia definitions, in combination with improved
glycaemic control.

Clinical Trial Registration Number: NCT02392117
Supported by: Novo Nordisk
Disclosure: M.D. Feher: Grants; Amgen, Novo Nordisk. Lecture/other
fees; AstraZeneca, Novo Nordisk, Sanofi, Eli Lilly. Other; AstraZeneca,
Novo Nordisk, Sanofi, Eli Lilly.
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Do measures of glycaemic variability vary between those with and
without severe hypoglycaemia?
M.A. Khan, P. Jacob, P. Choudhary;
Department of Diabetes, King's College Hospital, London, UK.

Background and aims: Glycaemic variability (GV) has been used to
explain the day to day changes in blood glucose that often frustrates people
with type 1 diabetes (T1D) achieving their own targets. Previous reports
have demonstrated that clinically severe hypoglycaemia (SH) could not be
predicted by short duration CGM data. We hypothesized that long duration
CGM downloads would allow more accurate characterisation of GV, and
SH would be experienced by those with higher GV indices.
Materials and methods: We identified all patients in our clinical service
that shared their Freestyle Libre or Dexcom CGM with our institution.
From this baseline cohort we excluded participants if they had any of the
following: diagnosis other than T1D, <18 years of age, pregnancy,
haemolytic anaemia, haemoglobinopathies, coeliac disease, gastroparesis,
pancreatic insufficiency or moderate/severe renal impairment (eGFR <60
mL/min/1.73 m2). CGM downloads were assessed for duration, and the
data was cleaned to allow direct input in to the easyGVonline glycaemic
variability resource. For very long datasets the most recent 29,999 values
were used as this is the maximum allowed by the program. All GV indices
in easyGV (CONGA, LI, JINDEX, LBGI, HBGI, Grade, MODD, ADRR,
MValue,MAG)were assessed as well as mean, SD, Coefficient of variation
(CV), time in range (TIR; 4-10mmol/L), stage 1 hypoglycaemia (3.0-
3.9mmol/L) and stage 2 hypoglycaemia (<3.0mmol/L). We collected data
from the clinical records for all subjects includingmost recent HbA1c, Gold
score and the self-report of SH since the last clinic assessment.
Results: 86 participants met our inclusion criteria; 39 used Freestyle Libre
and 47 Dexcom G5 or G6. 55 were female with mean (±SD) age 40.4 yrs
(±12.9) andHbA1c 57.8 (±9.7)mmol/mol. Themedian duration of download
data was 104 days (range 6-922). 11 of the cohort had reported at least 1
severe hypoglycaemia since their last clinic visit (median appointment inter-
val 273 days). Gold score in the SH cohort was significantly higher than non-
SH (p = 0.032). GVmeasures that were significantly higher in the SH cohort
were Liability index (LI) (p = 0.033), MAG (p = 0.043) and MVALUE (p =
0.033). The remainder of indices did not differ between the groups (all p >
0.05). Mean, SD, CV, TIR (55.71% in the non-SH group vs 49.81% in the
SH group), time in stage 1 (4.18% in the non-SH group vs 5.69% in the SH
group) and time in stage 2 hypoglycaemia (1.71% in the non-SH group and
3.95% in the SH group) did not differ between the groups.
Conclusion: Definitions of SH based on CGM analysis exist, but these do
not represent the sameSH episodes that encompass a clinical definition of SH.
Moreover, there appears to be little difference in CV between high risk people
who experienceSHor not. Peoplewith impaired awareness of hypoglycaemia
continue to be those at greatest risk of SH, regardless of protection that comes
with CGM. More work is needed to establish whether the physiological
consequences of hypoglycaemia and treatment of hypoglycaemia cause ele-
vated GV rather than high GV predisposing to hypoglycaemia.

Disclosure: M.A. Khan: None.
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Improved insulin adherence after introduction of a smart connected
insulin pen
N.V. Hartvig1, J. Hellman2, A. Kaas3, N. Nygård Knudsen4, A.-C.
Mårdby5, J.B. Møller6, P. Adolfsson7;
1Global Development, Data Science, Novo Nordisk A/S, Søborg,
Denmark, 2Department of Medical Sciences, Uppsala University,
Uppsala, Sweden, 3Medical & Science Digital Health, Novo Nordisk
A/S, Søborg, Denmark, 4Epidemiology/Digital Health, Novo Nordisk
A/S, Søborg, Denmark, 5Medical Affairs, Novo Nordisk Sweden,
Malmö, Sweden, 6Digital Health, Partnerships & Commercial Strategy,
Novo Nordisk A/S, Søborg, Denmark, 7The Hospital of Halland
Kungsbacka, Institution of Clinical Sciences University of Gothenburg,
Kungsbacka, Sweden.

Background and aims: An association between missed insulin in-
jections and its impact on HbA1c levels has been established. The
smart connected NovoPen® 6 captures and allows visualisation of
insulin injections (date and time of injection and number of
units). This has the potential to improve the dialogue between
patients and healthcare professionals (HCPs) and eliminate any
guessing about doses taken, missed doses and optimal injection
time in relation to meals. This non-interventional study investigat-
ed whether the use of NovoPen® 6 influenced the behaviour of
patients with type 1 diabetes (T1D) in terms of missed bolus dose
(MBD) meals.
Materials and methods: Patients were recruited from 12 Swedish
diabetes clinics. At baseline they received a NovoPen® 6 for
bolus insulin injections. At each HCP visit, pen data were
downloaded at the clinic. Follow-up was after ≥5 HCP visits.
Adults with T1D (n=81) using continuous glucose monitoring
(CGM) and NovoPen® 6 for bolus injections were included in
the analyses. The frequency of MBD was analysed using the
GRID algorithm to detect meals from the CGM signal combined
with the injection data. MBD was defined as meals with no bolus
injection within -15 to +60 minutes from the start of the meal, as
detected by the algorithm. The change in number of MBD meals
from baseline to ≥5 HCP visits was analysed using a mixed
Poisson model.
Results:A significant decrease of 43% in the average daily number
of MBD meals was observed from baseline to after ≥5 HCP visits
(median time in study: 6 months) from 0.74 (95% CI [0.62;0.88])
to 0.42 (95% CI [0.30;0.60]) (p=0.002; Figure). This corresponded
to a decrease from 25% to 14% in MBD meals assuming that
patients have three main meals per day (0.74/3 = 25%; 0.42/3 =
14%). The number of meals detected with a bolus injection was
stable, while the number of undetected meals increased from base-
line to follow-up.
Conclusion: These real-world findings confirm that MBD injections is
the reality for patients with T1D and that a smart connected pen can
support good injection behaviour, leading to less MBDmeals. This could
potentially lead to better glycaemic outcomes.
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Disclosure: N.V. Hartvig: Employment/Consultancy; Novo Nordisk.
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796
Increased time in range observed after introduction of a connected
insulin pen
A. Kaas1, N.V. Hartvig2, J. Hellman3, N. Nygård Knudsen4, A.-C.
Mårdby5, P. Adolfsson6;
1Medical & Science Digital Health, Novo Nordisk A/S, Søborg,
Denmark, 2Global Development, Data Science, Novo Nordisk A/S,
Søborg, Denmark, 3Department of Medical Sciences, Uppsala
University, Uppsala, Sweden, 4Epidemiology/Digital Health, Novo
Nordisk A/S, Søborg, Denmark, 5Medical Affairs, Novo Nordisk
Sweden, Malmö, Sweden, 6The Hospital of Halland Kungsbacka,
Institution of Clinical Sciences University of Gothenburg, Kungsbacka,
Sweden.

Background and aims: The capture and visualisation of insulin injection
patterns together with blood glucose data has potential to improve dia-
logue between patients and HCPs about dose, injection time and missed
injections. This may improve glycaemic control. The objective of this
non-interventional studywas to investigate how a smart connected insulin
pen (NovoPen® 6) influences glycaemic control in patients with type 1
diabetes (T1D) in a real world setting.
Materials andmethods: Patients were recruited from 12 Swedish diabetes
clinics. At baseline patients received a NovoPen® 6, which logs time and
date of injection and number of insulin units. Healthcare professional
(HCP) visitswere conducted according to ordinary clinical practice.At each
visit, pen data were downloaded at the clinic to support patient-HCP dia-
logue. Adults with T1D (n=94) using NovoPen® 6 for basal and/or bolus
injections and continuous glucose monitoring (CGM) were included in the
analyses. The effect on time in range (TIR) was analysed based on a 14-day
interval after each visit using a linear mixed-effects model.
Results: A significant increase in TIR (3.9-10.0 mmol/L) from base-
line to after ≥5 HCP visits (median time in study: 6 months) of 1.9
hours/day (9.2 to 11.1 hours/day) was found (p=0.0009; Figure).
Accordingly, significant reduction in time spent in hyperglycaemia
(>10 mmol/L) and L2 hypoglycaemia (<3.0 mmol/L; -1.8 hours/day,
p=0.003; -0.3 hours/day, p=0.005) was observed. There was no
change in time in L1 hypoglycaemia (3.0-3.9 mmol/L; p=0.181). A
significant increase in bolus insulin dose (n=81) from baseline to
after ≥5 HCP visits of 27.9%/day was observed. There was no sig-
nificant change in mean basal insulin dose (n=22).

Conclusion: These real-world findings in patients with T1D highlight the
potential benefit on glycaemic control when accurate connected pen data
contribute to patient-HCP dialogue.

Supported by: Novo Nordisk
Disclosure: A. Kaas: Employment/Consultancy; Novo Nordisk. Stock/
Shareholding; Novo Nordisk.
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The risk of continuous glucose monitoring detected hypoglycaemia is
high in type 2 diabetes patients and seems to be unrelated to the
degree of metabolic control
E. Szymanska-Garbacz1, A. Borkowska1, L. Czupryniak2;
1Medical University of Lodz, Lodz, 2Medical University of Warsaw,
Warsaw, Poland.

Background and aims: The risk of hypoglycemia is a substantial factor
limiting the efficacy of diabetes treatment as well as considerably in-
creases the disease burden experienced by patients. Type 2 diabetes pa-
tients, especially those with poor metabolic control or treated with oral
hypoglycemic agents (OHA) only are often regarded as being at lower
risk of hypoglycemia than type 1 diabetes subjects. Moreover, the most
studies aiming at evaluating incidence of hypoglycaemic events with the
use of new technologies are dedicated to type 1 diabetes patients.We used
continuous glucose monitoring system (CGMS) to assess the hypoglyce-
mia prevalence in type 2 diabetes patients.
Materials andmethods: 69 type 2 diabetes individuals (mean [±SD] age
63±9 years, duration of diabetes 12±7 years, BMI 31.8±5.2 kg/m2,
HbA1c 8.4±0.7%, 74% treated with insulin ± OHA, 26% - treated with
OHA only, including sulfonylureas) underwent blinded CGMS (iPro2,
Medtronic) for 5.8±0.8 days. The duration of the time spent at low blood
glucose (BG) defined in accordance with 2017 International
Hypoglycemia Study Group recommendations as <70 mg/dl was deter-
mined and expressed as a percentage of total CGMS use time (T hypo).
Clinically significant hypoglycemia (CSH) episodes defined as BG <54
mg/dl lasting >15 min were also recorded.
Results: Overall, hypoglycemia was detected in 28 (40.6%) patients, in-
cluding five treated with OHA only. T hypo ranged from 1 to 15% (6.1
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±4.7%), andwas twice as long in insulin treated individuals than in those on
OHA only (8.8±5.1 vs 4.2±3.6; p<0.05). 57% of all patients experiencing
hypoglycemia (including two treated with OHA only) had at least one
episode of nocturnal CSH, with BG as low as 40 mg/dl, and none was
symptomatic. To assess the relationship between hypoglycemia risk and
degree of metabolic control the study subjects were divided into two sub-
groups: with good (n=29; HbA1c 7.2±0.6, range 6-8%) and poor (n=40;
HbA1c 9.6±0.8, range 9-12%) metabolic control. Hypoglycemia was re-
corded in 37.9 and 42.5% of subjects from each group, and in 54.5 and
58.8% of those cases it occurred during the night; T hypo was 6.7±4.9 and
5.7±4.6%, respectively (p>0.05).
Conclusion: In conclusion, 40% of type 2 diabetes individuals experi-
enced hypoglycemia when assessed with CGMS for 5-6 days, with ma-
jority having asymptomatic nighttime events. As type 2 diabetes patients
are at increased cardiovascular risk, which is enhanced by recurrent hy-
poglycemia events, this finding sheds new light on the importance of high
prevalence on asymptomatic hypoglycemic episodes in this group of
individuals with diabetes. Importantly, the high prevalence of CGMS
detected hypoglycemia was not related to the degree of metabolic control
of diabetes.
Disclosure: E. Szymanska-Garbacz: None.

798
Occurrence and impact of insulin pump dysfunctions requesting re-
placement: results of a 2-year prospective national registry in Europe
J. Place1, E. Renard2;
1Institute of Functional Genomics, UMR5203, University of Montpellier,
Montpellier, 2Department of Endocrinology, Diabetes, Nutrition, CHU
Montpellier, Montpellier, France.

Background and aims: While insulin pumps are used by a growing
number of patients with diabetes, the occurrence of pump dysfunctions
remains poorly quantified and documented. Because of their potential
deleterious impact on patient health status, those which need pump re-
placement need to be more specifically investigated. Thanks to the par-
ticipation of the main insulin pump providers of our country and the
clinical centers taking care of the patients who met pump dysfunctions,
we carried out an observational study to evaluate the occurrence, nature
and clinical consequences of dysfunctions requesting pump
replacements.
Materials and methods: A prospective registry involving 25 clinical cen-
ters and 16 pump providers was performed to collect information about all
insulin pumps which needed replacements, whatever the reason, over a 24-
month time period. In all cases including a technical issue affecting pump
structure or functioning, further details about presumed cause and impact on
patient health condition were investigated by the clinical teams. Declarations
of pump replacements were initiated on a secure web case report form by
patients’ pump providers and completed by additional medical information
from the centers. All data was monitored remotely by the registry officer to
ensure data consistency.
Results: From 2015 to 2018, 2698 pump replacements due to structure or
function defects were declared, including 1494Medtronic (M) Paradigm,
Veo or 640G models, 842 Animas (A) 2020 or Vibe models, and 301
Roche (R) Accu-Chek Spirit Combo or Insight models. Only 40
OmniPod and 20 Cellnovo pump replacements were reported and exclud-
ed from further analysis. Patients wearing replaced pumps were aged 41.8
±19.7, gender: 43%male, 57% female, diabetes: 88% type 1, 10% type 2,
2% other, HbA1c: 7.8±1.2%. Pump age at replacement was 28.1±19.7
months (M=27.5±15.8, A=28.1±16.3, R=35.5±20.3). About 79% re-
placements (2135) were associated with a pump dysfunction (M=78%,
A=85%, R=67%). Main components involved were: screen (A=50%),

protection case (M=30%, A=20%) and blocking alarm (R=22%,
M=20%). Presumed causes were manufacturing defects (10%), acciden-
tal drops (8%), oldness (8%), misuse (7%) or unknown (66%). Problem
severity was reported by the clinicians as minor in 58% of cases, major in
13% (disturbed insulin delivery) and blocking (impossible insulin deliv-
ery) in 24% (including M=29%, A=15%, R=19%). No clinical conse-
quence was observed in 66% of cases and 24% remained unknown.
Hyperglycemia was declared for 9% of cases and hypoglycemia for
1%. 12% of the patients had to switch to multi-daily injections for less
than 24 hours in 77% of cases before pump replacement. Hospitalization
occurred in 5 cases and ketoacidosis only once. No correlation between
pump needed change and age, gender, HbA1c, observance or profession
was found.
Conclusion: Insulin pump dysfunctions requesting replacement are fre-
quent and reduce expected pump life duration. Some components, espe-
cially screen and protection case, appear to lack robustness. Clinically-
significant consequences remain rare thanks to quick replacements per-
formed by the pump providers. Because of the frequent launching of new
pump models and the impact of pump replacements on healthcare cost, a
continuous vigilance should be considered by health authorities to improve
pump manufacturing and preserve safety.
Supported by: EVADIAC Group
Disclosure: J. Place: None.
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Real-world treatment patterns and glycaemic profiles of 1,428 adults
with type 2 diabetes using a tubeless insulin pump systemwith cloud-
based data management
J. Jantz, J. Layne, Y. Zheng, J. He, E. Benjamin, T.T. Ly;
Insulet Corp, Acton, USA.

Background and aims: Continuous subcutaneous insulin infusion may
help optimize therapy in patients with type 2 diabetes, however, there is little
real-world data on insulin pump use in this population. This observational
study characterized treatment patterns and glycemic profiles of a large cohort
of adults with type 2 diabetes using a tubeless insulin pump (Omnipod®
Insulin Management System) with an integrated blood glucose (BG) meter
and a cloud-based data management system.
Materials and methods: From January 2015 through December 2018,
usage data from the tubeless insulin pump system were uploaded to the
data management system and matched via device serial number to a
second database of self-reported demographic data and de-identified.
BG and insulin data from ≥3 mo of system use per patient were analyzed.
Glycemic outcomes includedmeanBG, estimatedA1C and percentage of
BG readings in range <70 mg/dL, 70 to 180 mg/dL and >180 mg/dL.
Results: Patients (n=1,428) were aged (mean±SD) 56.9±10.8 y and 49%
female, and 62% had used the tubeless insulin pump for ≥1 y. CGM was
used by 8.8% of the cohort for ≥14 d during a 3 mo time period (or ≥15.5%
of overall time of system use). Glycemic profiles included mean BG 174
±41 mg/dL, estimated A1C 7.5%, percentage BG readings in range <70
mg/dL, 70 to 180 mg/dL and >180 mg/dL: 3.0±3.8%, 57.8±20.5%, and
39.2±21.1%, respectively. The total daily insulin was 58.4±26.1 U/d deliv-
ered as 60% basal and 40% bolus. There were an average of 3.5±1.5 bolus
deliveries per day and mean bolus amount was 7.1±3.9 U.
Conclusion: These real-world data characterizing a large cohort of adults
with type 2 diabetes provide insight to self-management patterns and gly-
cemic profiles indicating that use of tubeless insulin pump was associated
with glycemic control that exceeds US National Healthcare Effectiveness
Data and Information Set (HEDIS) standards for adequate diabetes control.
Supported by: Insulet Corp
Disclosure: J. Jantz: Employment/Consultancy; Insulet Corp.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S388



800
Glycaemic profiles and treatment patterns: real-world data from
9,383 adults with type 1 diabetes using a tubeless insulin pump sys-
tem with cloud-based data management
J. Layne, J. Jantz, Y. Zheng, J. He, E. Benjamin, T.T. Ly;
Insulet Corp, Acton, USA.

Background and aims: While clinical trials have demonstrated signifi-
cant benefits of insulin pump therapy for type 1 diabetes, there is increas-
ing recognition of the importance of real-world population data to better
understand the impact of diabetes technology on treatment outcomes.
This study retrospectively analyzed data from a large cohort of adults
with type 1 diabetes using a tubeless insulin pump (Omnipod® Insulin
Management System) with an integrated BG meter and a data manage-
ment system to characterize glycemic profiles, insulin use and treatment
patterns.
Materials and methods: From January 2015 through December 2018,
tubeless insulin pump system data were uploaded to the data management
system and matched via device serial number to a second database of self-
reported demographic data and de-identified. BG and insulin data from ≥3
mo of system use per patient were analyzed.
Results: Adults ≥18 y with type 1 diabetes (n=9,383) were aged (mean
±SD) 40.9±15.4 y and 60% female. Sixty-seven percent of patients had
used the tubeless insulin pump for ≥1 y and 20% had used a CGM for ≥14
d during a 3 mo time period (or ≥15.5% of overall time of system use).
Glycemic profiles included mean BG 177±41 mg/dL, estimated A1C
7.5%, percentage of BG readings in hypoglycemia <70 mg/dL, target
range 70 to 180 mg/dL and hyperglycemia >180 mg/dL: 5.8±5.0%,
50.1±17.6%, and 44.2±18.6%, respectively. The total daily insulin was
43.5±18.8 U/d which was delivered as 54% basal and 46% bolus. There
were an average of 4.9±2.1 bolus deliveries per day and the average bolus
amount was 4.6±2.8 U.
Conclusion: These real-world glycemic profiles and treatment pattern
data from a large cohort of adults with type 1 diabetes demonstrate that
use of a tubeless insulin pump was associated with BG levels that com-
pare favorably to large registries including the T1D Exchange.
Supported by: Insulet Corp
Disclosure: J. Layne: Employment/Consultancy; Insulet Corp.

801
Glucose Management Indicator results: real-world data of 3,510 pa-
tients with type 1 diabetes using a tubeless insulin pump with contin-
uous glucose monitoring
T.T. Ly, J. Jantz, Y. Zheng, J. He, E. Benjamin, J. Layne;
Insulet Corp, Acton, USA.

Background and aims: Glucose Management Indicator (GMI) is a new
term for estimating A1C from CGM data which is intended to inform
glucose management for people with diabetes. This analysis assessed
GMI and glycemic metrics for a large cohort of pediatric, adolescent
and adult patients with type 1 diabetes using data from a tubeless insulin
pump (Omnipod® Insulin Management System), real-time CGM and a
cloud-based data management system.
Materials and methods: From January 2015 through December 2018,
usage data from the tubeless insulin pump system were uploaded to the
data management system and matched via device serial number to a
second database of self-reported demographic data and de-identified.
CGM and insulin data from ≥3 mo of system use per patient, with
CGM use for ≥14 d during a 3 mo time period (or ≥15.5% of overall
time of system use), were analyzed. Glycemic outcomes included mean
CGM and percentage of CGM readings in range <70 mg/dL, 70 to 180
mg/dL and >180 mg/dL.
Results:Glycemic profiles and insulin use for 3,510 patients stratified by
age < 6 y, 6 to <12 y, 12 to <18 y and ≥18 y are reported in the Table. GMI
was 7.8%, 7.6%, 7.5%, and 7.1%, respectively, across age groups.

Conclusion:Data from this large, real-world cohort of patients with T1D
across age groups provide valuable insights to GMI and glycemicmetrics,
and demonstrate that the use of tubeless insulin pump with CGM is
associated with favorable glycemic control when compared to large na-
tional registries such as the T1D Exchange.

Supported by: Insulet Corp
Disclosure: T.T. Ly: Employment/Consultancy; Insulet Corp.

802
CSII systems assessment for artificial pancreas: a new Kalman filter
measurement method
S. Girardot1, F. Mousin1, S. Hardy1, J.-P. Riveline2;
1Air Liquide Home Healthcare, Gentilly, 2Lariboisère Hospital, APHP,
Paris, France.

Background and aims: Insulin pump is nowadays one of the trendiest
treatment for type 1 diabetes and is about to become one artificial pan-
creas (AP) major component. Insulin pump accuracy and performances
are essentials and have not been so much studied so far, especially for
smallest basal rate used for pediatric treatment and gold-standard assess-
ment method also appears limited.
Materials and methods: A leading edge assessment method based on a
double measurement - direct mass flow meter and a time-stamped micro-
gravimetric bench test - combined with a Kalman bayesian-based mathemat-
ical filter has been elaborated here and is proven to measure insulin pump
delivering accuracy at the lowest limit of flow rate with a much better accu-
racy compared with previous methods. Its advantages and performances are
illustrated while assessing the delivery precision of two already-marketed
insulin pump at several flow rates. Mean absolute relative dispersion
(MARD) and mean are used to indicate overall performances for each 15-
minutes error dose of a 8-hours experiments.
Results: The new proposed methodology offers a double reading - volume
and flow rate - within amuchmore timewise precise measurement (0.03Hz to
10Hz): direct instantaneous basal rate is displayed for the first time (fig.1).
Measurement accuracy is also considerably improved: pediatric basal rate is
read with a 1.2%error instead of 15.3% error before. Accuracy is shown to be
different regarding the flowrate value: Pump#1(0.5UI/h): MARD = 15.3%,

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S389



MEAN =13.5%, Pump#1(0.1UI/h): MARD = 92.8%, MEAN = 73.8% (p <
0.01)Pump#2(0.5UI/h): MARD = 20.4%, MEAN = 18.8%, Pump#2(0.1UI/
h) MARD = 65.7%, MEAN = 17.3% (p < 0.01) (fig.2).
Conclusion: This innovative method to assess insulin pump administra-
tion highlights an imprecision of insulin delivery, especially for lowest
basal rate as used in pediatric treatment as well as in AP system. A precise
errors identification is likely to increase clinical impact and AP systems
efficiencies.

Disclosure: S. Girardot: None.
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Duodenal Jejunal Bypass Liner (DJBL) for treatment of type 2 dia-
betes and obesity: the risk benefit ratio from the worldwide
EndoBarrier (EB) registry in 871 patients
K. Laubner1, J. Seufert1, J. Aberle2, H. Frydenberg3, L. Munro3, S.
Fishman4, R. Cohen5, G. Holtmann6, C. de Jonge7, J. Greve7, L. Kow8,
J. Bessell9, H. Sourij10, M. Benes11, R.E.J. Ryder12;
1Freiburg University, Freiburg, Germany, 2Hamburg University, Hamburg,
Germany, 3Epworth Hospital, Richmond, Australia, 4Sourasky Medical, Tel
Aviv, Israel, 5Oswaldo Cruz Hospital, Sao Paulo, Brazil, 6Princess Alexandra
Hospital, Woolloongabba, Australia, 7MUMC, Maastricht, Netherlands,
8ABC, Adelaide, Australia, 9AOS, Adelaide, Australia, 10Medical
University, Graz, Austria, 11Clinical and Experimental Medicine, Prague,
Czech Republic, 12City Hospital, Birmingham, UK.

Background and aims: There is uncertainty over risk to benefit ratio of
proximal intestinal exclusion with DJBL for treatment of type 2 diabetes
and obesity.
Materials and methods: During 2017, an independent, secure, online
registry was established under the auspices of the Association of British
Clinical Diabetologists, for the collection of DJBL safety and efficacy
data from patients worldwide. We categorised patients into groups ac-
cording to their baseline HbA1c, to evaluate effect of DJBL.
Results:As of March 2019, data had been entered on 871 patients {mean
± SD age 52.1 ± 10.5 years, 53.8% male, 84.2% type 2 diabetes, BMI
41.6 ± 9.2 kg/m2} from 28 centres in 8 countries: Australia, Austria,
Brazil, Czech Republic, Germany, Israel, Netherlands and United
Kingdom. In those with both baseline and time of removal data, mean
± SDweight fell by 13.7 ± 9.8 kg from 121.6 ± 25.8 to 107.9 ± 24.4 kg (n
= 662 p<0.001), HbA1c by 13.2 ± 15.8 from 66.5 ± 19.6 to 53.2 ± 13.0
mmol/mol (by 1.2 ± 1.4, from 8.2 ± 1.8 to 7.0 ± 1.2 %) (n = 501,
p<0.001), systolic BP fell from 137.9 ± 18.2 to 130.5 ± 16.8 mmHg (n
= 298, <0.001) and cholesterol fell from 4.8 ± 1.2 to 4.3 ± 1.0 mmol/L (n
= 332, <0.001). In those with baseline HbA1c ≥ 53 mmol/mol, HbA1c
fell by 17.0 ± 16.1 from 74.1 ± 16.2 to 57.1 ± 12.0 mmol/mol (n = 377,
p<0.001); with baseline HbA1c ≥ 64 mmol/mol, HbA1c fell by 21.3 ±
16.8 from 80.9 ± 14.9 to 59.6 ± 12.4 mmol/mol ; with baseline HbA1c ≥
75 mmol/mol , HbA1c fell by 29.4 ± 16.8 from 91.2 ± 12.8 to 61.8 ± 13.4
mmol/mol ; with baseline HbA1c ≥ 86 mmol/mol , HbA1c fell by 35.7 ±
16.8 from 99.0 ± 10.8 to 63.3 ± 14.1 mmol/mol. There were 37 (4.2%)
serious adverse events (SAE) and105 (12.0%) less serious SAEs (table).
All SAE patients made a full recovery and most derived significant ben-
efit despite experiencing an SAE.

Conclusion: The data demonstrate that in response to DJBL treatment the
higher the initial HbA1c, the greater the fall in HbA1c, with HbA1c fall 29.4
mmol/mol when initial HbA1c ≥ 75 mmol/mol and 35.7 mmol/mol when
initial HbA1c ≥ 86 mmol/mol . In view of impact on both microvascular and
macrovascular risk factors, the benefits of DJBL therapy could reduce the
complications of diabetes. The SAE ratewas acceptable and all patientsmade
a full recovery and many experienced significant benefit. This data from the
EB registry in a large patient number suggests that the benefits of DJBL
outweigh the risks.

Disclosure: K. Laubner: None.
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Endoscopic duodenal submucosal laser ablation for the treatment of
type 2 diabetes: results of first-in-human pilot study
M. Mraz1,2, B. Levy3, I. Lankova1, H. Kratochvilova1, A. Cinkajzlova1,
M. Benes1, J. Korner4, Z. Vlasakova1, J. Spicak1, T. Pelikanova1, M.
Haluzik1,2;
1Institute for Clinical and Experimental Medicine, Prague, Czech Republic,
2Charles University in Prague 1st Faculty of Medicine, Prague,
Czech Republic, 3Digma Medical Ltd, Petah Tikva, Israel, 4Department of
Medicine and Division of Endocrinology and Metabolism, New York
Presbyterian/ Columbia University Medical Center, New York City, USA.

Background and aims: The duodenum has recently emerged as a key
regulator in glucose metabolism via modulation of a complex network of
neural and hormonal signals in response to ingested food. DiaGone™ is an
endoscopic device which utilizes precisely controlled laser technology to
target the duodenal submucosal neural plexi with the aim of improving glu-
cose control by modulating the gastrointestinal neurohumoral axis.
Materials andmethods:Nine subjects (5males) with obesity (BMI 34.0 ±
4.6 kg/m2) and type 2 diabetesmellitus (T2DM) insufficiently controlled on
metformin were included in this first-in-human trial in order to assess the
efficacy and safety of DiaGone™. Subjects were instructed to continue
with regular diet 24h after the procedure and metformin dose was not
changed during the study period. Biochemical and anthropometric param-
eters were assessed at baseline and 3 and 6 months after the procedure and
continuous glucose monitoring (CGM) and a standard liquid meal test were
performed at baseline and 3 months after the procedure.
Results: DiaGone™ significantly decreased HbA1C from 78.3 ± 13.3
mmol/mol at baseline to 64.9 ± 6.4 mmol/mol and 64.8 ± 7.1 mmol/mol
at 3 and 6 months, respectively (p<0.01). Similarly, a decrease in fasting
glucose levels was noted (12.4 ± 3.5 vs. 9.5 ± 2.0 vs. 9.7 ± 2.7 mmol/l,
p<0.01) with no significant changes in fasting insulin levels. Glucose
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AUC during the 150min meal test 3 months after the procedure showed a
reduction of 20% from baseline (43,435 vs. 34,096, p<0.01). No signif-
icant changes were observed in AUC for insulin. No adverse events
related to the procedure or significant changes in weight were reported
throughout the 6-month period.
Conclusion: These pilot results suggest that endoscopic duodenal sub-
mucosal laser ablation using the DiaGone™ device is associated with
improvements in both baseline and postprandial glycemia as well as
HbA1C with no significant changes in insulin levels or body weight while
having a favorable safety and tolerability profile.
Clinical Trial Registration Number: NCT03390322
Supported by: MH CZ - DRO (IKEM, IN 00023001), RVO VFN64165
Disclosure: M. Mraz: None.
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Real-world application of Information Ecological Integration
Technology (IEIT) in collaborative glycaemic control programme
H.-L. Chen1, T.-F. Tzeng2, M.-L. Chen3, H.-P. Chang4;
1Samuel Chen Clinic, Puli Township, 2TZ Clinic, Pingtung City, 3Chen
Min-LingMedicine Clinic, New Taipei City, 4Chang Bro’s Clinic Center,
Taoyuan City, Taiwan.

Background and aims: A collaborative care program has been proven to
have a positive impact of diabetes self-management. A well-developed dia-
betes management technology can tie the patient-centered diabetes care circle
closer and promote beneficial outcomes for the patient. We examined the
clinical efficacy of an information ecological integration technology (IEIT)
for diabetes management in real-world patients among different clinical sites.
IEIT equips with a Bluetooth self-blood glucose monitoring system, a paired
smartphone-based application, a web-based glucose management platform
and a point of care monitor at the clinic site.
Materials andmethods:A randomized, comparative studywith a total 200
of type 2 diabetes mellitus patients was conducted to compare the percentage
glycated hemoglobin (HbA1c) changes between intervention group (technol-
ogy use) and control group for 6-month period. The intervention group re-
ceived a Bluetooth built-in glucometer and paired application loaded on pa-
tients’ smartphone to help them record their glucose level, diet, and physical
activities;whereas the paper group used paper diaries for these recordings.All
patients received a total of 3 face-to-face clinic visits at baseline, month 3 and
month 6, and at least one follow-up phone calls between each clinic visit.
Results: 176 patients completed the 6-month study: 92 in the intervention
group and 84 in the control group. The intervention group showed a higher
retention rate 92% (92/100) than the control group 84% (84/100). The pa-
tients had a mean HbA1c change from 8.79% to 7.48% in the intervention
group and 8.80% to 7.90% in the control group. A significant difference in
HbA1c at 6months between the 2 groups (P=0.007)was found. Frequency of
intercommunication between patient and care team and self-glucosemeasure-
ment were higher in the intervention group. Hence, higher interactive sites
appeared to have a greater A1c decrease ratio. The average Self-Care
Activities Measurement Scale improved in both groups. No significant dif-
ference was found in lipid profile.
Conclusion: Collaborative care using IEIC is feasible and shows higher
efficacy in glycemic control, as compared with paper-based self-monitoring.
Supported by: Bionime
Disclosure: H. Chen: Grants; Bionime Corporation.

806
Sharing of real-time continuous glucose monitoring data by adults:
associations with device utilisation and glycaemic parameters
M. Derdzinski, A.S. Parker, S.A. Puhr, S. Guerra, J.B. Welsh, K. Leone,
T. Walker;
Dexcom, Inc., San Diego, USA.

Background and aims: Adults with diabetes often use data from real-time
continuous glucose monitoring (CGM) systems in management decisions.
With appropriate hardware, software, and connectivity, CGM data can also
be shared in real time with selected individuals, enabling them to remotely
follow glucose concentration and trending data throughout the day. We ex-
amined use of a remote monitoring function in working-age adults and its
associations with device utilization and various glycaemic parameters.
Materials andmethods:Anonymized device utilization and estimated glu-
cose values (EGVs) from a convenience sample of adults ages 18-64 were
available. The individuals were based in the US, had agreed for their
anonymized data to be used for research purposes, used a smartphone to view
and upload their data, and had the ability to share their data with up to 5
“followers” to allow for real-time remote monitoring. Data were uploaded
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between 5/1/2018 and 9/30/2018, and the presence or absence of a follower
was established on 8/10/2018. Each day in which ≥1 valid EGV was
uploaded was counted as a day of device usage. Age-based groups (18-24,
25-44, and 45-64 years) were analyzed separately. Comparisons between
groups with and without followers were made with two-sided Welch’s t-
tests assuming unequal variances.
Results: The percentages of adults ages 18-24, 25-44, and 45-64 years of age
with ≥1 follower were 69.1%, 51.7%, and 38.0%, respectively, and the mean
(SD) numbers of followers for those with ≥1 follower were 2.23 (1.16), 1.62
(0.96), and 1.52 (0.87), respectively. In each age range, adultswith follower(s)
used the systems significantly more frequently than adults with no followers
(p<0.001 for each age range). They also had more favorable glucose profiles
as evidenced by lower mean EGVs, higher percentages of EGVs in the 70-
180 mg/dL (3.9-10.0 mmol/L) target range, and correspondingly lower per-
centages of EGVs above the target range (Table).
Conclusion: Compared to younger adults, older adults were more likely to
have no followers, and those with followers had fewer of them. In working-
age adults who were likely to primarily self-manage their diabetes, real-time
sharing of CGM data was associated with higher device utilization and more
favorable glycaemic profiles. Sharing may be a surrogate marker for higher
patient engagement or better self-care behaviors, or may facilitate timely
interventions by others involved in the care of the person with diabetes.

Disclosure: M. Derdzinski: Employment/Consultancy; Dexcom, Inc.

807
Investigating the impact of diabetes app use on improving key dia-
betes self-care components
M.M. Kebede1,2, C.R. Pischke1,3, H. Zeeb1,2;
1Prevention and Evaluation, Leibniz Institute for Prevention Research
and Epidemiology - BIPS GmbH, Bremen, Germany, 2Health Sciences,
University of Bremen, Bremen, Germany, 3Institute of Medical
Sociology, Centre for Health and Society, Medical Faculty, University
of Düsseldorf, Düsseldorf, Germany.

Background and aims: The use of diabetes apps for self-management may
be related to improvements in clinical and behavioral outcomes of diabetes. In
this study, we aimed to investigate the impact of diabetes app use on key self-
care behavior domains: physical activity, diet, foot care, and blood glucose
monitoring.
Materials and methods: Between November 2017 and March 2018, we
conducted a web-based cross-sectional survey. Responses from persons with
diabetes were collected by posting an electronic survey on 78 Facebook
groups and eight diabetes patient-specific online forums. In addition, ten
targeted Facebook advertisements(ads) were placed to reach approximately

30,000 potentially eligible respondents. Keywords such as “diabetes”, “cure
diabetes”, “manage diabetes”were used to tailor the ads. Demographic, clin-
ical, self-management characteristics and diabetes app use-related data were
collected. The mobile app rating scale (MARS) was used to assess informa-
tion about diabetes app use. A licensed version of the Summary of Diabetes
Self-care Activities (SDSCA) questionnaire was used to collect data on the
number of self-care days patients spent per week. The SDSCA questionnaire
is comprised of six components: “general diet”, “specific diet”, “exercise”,
“blood glucose testing”, “foot care” and smoking. After checking for
overdispersion, adjusted incidence rate ratios (IRR) were calculated via
quasi-poisson regression models to investigate the association of diabetes
app use and the key self-care components. The models were adjusted for
age, sex, educational status, respondent's origin, smoking, glycemic control,
smartphone type, app use skills, perceived metabolic control and perceived
self-management confidence.
Results: 1682 patients with type 1 or type 2 diabetes responded. 1052 (62%)
of the respondents reported living with type 1 diabetes. More than half (549,
52%) and one-third (210, 33.3%) reported using diabetes apps for diabetes
self-management. In persons with type 1 diabetes, diabetes app use was
independently associated with an increased likelihood of reporting self-care
days in the following self-care behaviors: “general diet” (IRR=1.08, 95%CI
1.02 - 1.15), “exercise”(IRR=1.15, 95%CI 1.05 - 1.27) and “blood glucose
testing” (IRR=1.08, 95%CI 1.05 - 1.11). In personswith type 2 diabetes, only
“general diet” and “blood glucose testing” self-care days were increased by a
factor of 1.08 (95%CI 1.01 - 1.15) and 1.24 (95%CI 1.13 - 1.36), respectively.
Conclusion: The findings of this study indicate that diabetes app use for
self-management is positively associated with some of the key domains
of self-care behavior. This supports the notion that diabetes apps can be
helpful interventions to improve glucose monitoring, diet and physical
activity self-care behaviors.

Supported by: We received a partial funding (1100 euros) from the
University of Bremen.
Disclosure: M.M. Kebede: None.

808
A digitally delivered and remotely supported real food based very
low calorie diet impoves insulin sensitivity and liver fat content in
type 2 diabetes
D. Pesta1, O.-P. Zaharia1, K. Kupriyanova1, J.-H. Hwang1, T. van
Gemert1, D. Markgraf1, M. Trenell2, J. Szendroedi1, M. Roden1;
1German Diabetes Center, Düsseldorf, Germany, 2Newcastle University,
Newcastle Upon Tyne, UK.
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Background and aims: Controlled trials showed that significant weight
loss can result in remission of type 2 diabetes (T2D). Current endeavors,
however, emphasize face-to-face training and behavioral change programs,
thereby limiting larger-scale use with patients. Here we investigated the ef-
fects of a digital education and behavioral change program in combination
with reduced calorie intake on metabolic control, insulin sensitivity, liver fat
content and degree of fibrosis.
Materials and methods: Individuals with diet or metformin-controlled
T2D (n=15, 46% male, 52±11 years, BMI 32±4 kg/m2) followed a
calorie-reduced (800 kcal/day) diet for 12 weeks, supported by a digital
training and behavioral change program with individual coaching. The
insulin sensitivity index (oral glucose insulin sensitivity [OGIS]) was
determined by mixed-meal tolerance testing, body fat by bioimpedance
analysis, liver fat by 1H magnetic resonance spectroscopy and degree of
liver fibrosis by elastography.
Results: After 12 weeks, participants decreased their body weight by 9.3
±3.8 kg and their body fat content by around 4.5% (both p<0.01).HbA1c (6.4
±1.0% vs. 5.9±0.6%, p<0.05) and insulin sensitivity were improved (290±44
vs. 324±40ml.min-1.m-1, p<0.01). Liver fat content decreased (11.4±9.9%vs.
4.2±4.6%, p<0.01) in conjunction with measures of liver stiffness as an
estimate of the degree of fibrosis (7.1±3.2 to 4.3±1.2 kPa, p<0.05).
Changes in liver fatwere positively associatedwith changes in fasting glucose
(r=0.59, p<0.05). Reductions in liver fat associated negatively with fasting
glucose concentrations (r=-0.55, p<0.05). Within 12 weeks, 26% of the par-
ticipants achievedHbA1c of <6.5% and 46% of them presented with liver fat
content <5.6%.
Conclusion: This feasibility study shows that a digital education and
behavioral change program supporting patients to eat a real food based
very low calorie diet results in reduction in body weight and liver fat
along with improved glycemic control.
Clinical Trial Registration Number: NCT01055093
Supported by: EIT European Institute of Innovation & Technology
Disclosure: D. Pesta: Employment/Consultancy; Mike Trenell is affiliat-
ed with Changing Health, Newcastle upon Tyne UK.
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The DiaCert-study: mHealth technology to support physical activity
and improve levels of HbA1c in patients with diabetes type 2
S.E. Bonn, Y. Trolle Lagerros;
Clinical Epidemiology Division, Department of Medicine Solna,
Karolinska Institutet, Stockholm, Sweden.

Background and aims: Healthy lifestyle habits, including being physically
active, are crucial for patients with diabetes type 2 and can decrease the risk of
complications related to the disease. New technology provides opportunity
for development of new user-friendly and scalable strategies to implement
support for being physically active for patients in primary care. Therefore, we
have developed a digital health care platform and evaluated this in the
DiaCert-study, a randomized controlled trial. Here, we aim to study the effect
of using the DiaCert-smartphone-application on levels of HbA1c in patients
with diabetes type 2.
Materials and methods: Data from the DiaCert-study, a randomized clin-
ical trial has been analyzed. In total, 181 study participants were randomized
1:1 to intervention (n=93) or control group (n=88). Participants in the inter-
vention groupwere given an app-based physical activity intervention during 3
months. Lifestyle and clinical variables, including HbA1c, were measured at
baseline (pre-intervention) and at follow-up after 3-, 6- and 12-months. Here,
we present results from baseline, and 3- and 6-months measurements. Data
collection started in 2017 and will be completed in June 2019. Differences
between groups were assess using t-tests or chi2-tests.
Results: More men (66%) than women participated in the study, and the
mean age among all participants at baseline was 60.0±11.4 years. The gender
distribution did not differ between the intervention and control group, but
participants randomized to the control group were significantly older than
those in the intervention group (61.9 vs. 58.1 years, p=0.02). The mean body

mass index (BMI) for all participants at baseline was 30.2 (±5.5) kg/m2, this
did not differ between intervention and control group.At baseline and follow-
up after 3- and 6-months, the mean HbA1c among all participants were 54.1
(±12.9), 52.4 (±12.0), and 51.2 (±10.6) mmol/mol, respectively. Participants
in the intervention group had a significantly lower HbA1c at the 3-month
follow-up compared to baseline levels (53.8 vs. 50.6mmol/mol, p=0.03), and
HbA1c levels remained similar at the 6-month follow-up (50.9 mmol/mol).
Among controls, no significant difference between HbA1c levels at baseline
and 3-month follow-up was seen (54.3 vs. 54.0, p=0.67), but levels were
significantly lower at the 6-month follow-up (51.5 mmol/mol). There was
no difference in HbA1c at 3- and 6-months follow-up for participants in any
group.
Conclusion: New technology can be used to provide user-friendly and
scalable solutions to support patients with diabetes type 2 in becoming
physically active to help with blood sugar control.
Clinical Trial Registration Number: NCT03053336
Supported by: Swedish Research Council for Health, Working life, and
Welfare (2016–00985)
Disclosure: S.E. Bonn: None.

810
The effect of the smartphone appDiaCert on health related quality of
life in patients with type 2 diabetes: results from a randomised con-
trolled trial
M. Wetterholm, S.E. Bonn, Y. Trolle Lagerros;
Department of Medicine, Solna, Karolinska Institutet, Clinical
Epidemiology Unit, Stockholm, Sweden.

Background and aims: Type 2 diabetes mellitus is associated with
an increased risk of impaired quality of life. Improving health
related quality of life (HRQoL) is therefore an important goal in
the multimodal management of diabetes. The aim of this study was
to evaluate whether the use of the smartphone app DiaCert, that
encourage physical activity by promoting daily steps, also impacts
HRQoL in patients with type 2 diabetes.
Materials and methods: In this randomized controlled trial, a total of
181 participants with type 2 diabetes were recruited from six primary care
centers in Stockholm, Sweden. At baseline, participants were randomized
1:1 to the use of the smartphone app DiaCert for a 12-week physical
activity intervention in addition to routine care, or to the control group
with routine care only. HRQoL was measured by the RAND-36 ques-
tionnaire at baseline and at follow-up at 12 weeks and 6 months.
Comparison of the RAND-36 within group for both the intervention
and the control group was performed after the 12-week intervention and
after 6 months of follow-up using the Wilcoxon signed-rank test.
Between group differences assessed at baseline were performed using
Mann-Whitney U test. After 12 weeks and 6 months, between groups
differences were performed using ANCOVA to control for baseline dif-
ferences between the intervention and control group.
Results: In total, 166 participants, 108men and 58women, were included
in analysis. The mean age was 60.2 (SD 11.4) years and the mean Body
Mass Index 30.4 (SD 5.3) kg/m2. Improvement were seen in HRQoL in
the two health concept scores: role limitations caused by physical health
problems (P = .002) and role limitations caused by emotional problems
(P= .0028) in the intervention group, compared to the control group after
12 weeks of intervention. No statistically significant differences were
seen at follow-up after 6 months.
Conclusion: The use of the smartphone app DiaCert for 12 weeks, in
addition to routine care, improved HRQoL scores in patients with type 2
diabetes compared to routine care only.
Clinical Trial Registration Number: 2016/2041-31/2; 2016/99-32;
2017/1406-32; 2018/286-32
Supported by: Stockholm County Council. Karolinska Institutet (4D).
FORTE. SFO-V.
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Disclosure: M. Wetterholm: Grants; the Swedish research council for
health, working life and welfare. Other; Funding from the strategic re-
search area in care sciences (SFO-V) to SEB.

811
Current state of type 1 diabetes in China: an analysis from a mobile
health application TangTangQuan based database
P. Ling1, J. Yan1, D. Yang1, S. Luo2, X. Zheng2, Z. Wu1, C. Wang1, B.
Yao1, X. Zeng3, J. Weng2;
1Department of Endocrinology and Metabolism, The Third Affiliated
Hospital of Sun Yat-Sen University, Guangzhou, 2The First Affiliated
Hospital of University of Science and Technology of China, Hefei,
3ShenzhenAibaowei Bio-Technology Limited Co. Ltd, Shenzhen, China.

Background and aims: To investigate the state of treatment, glucose
control and use of advanced diabetes technologies in patients with type
1 diabetes mellitus (T1DM) in China, the data were collected from a
mobile health application TangTangQuan (TTQ) based database.
Materials and methods: TTQ was the first and the only mobile health
application for T1DM patients in China, which was designed to provide
diabetes self-management education for patients with T1DM. Free down-
load and registration of TTQ was available in major APP stores for mo-
biles in China since September 2015. The self-report demographic and
clinical data were collected through TQQ. Glycemic control and self-
monitored blood glucose (SMBG) were assessed in patients who record-
ed their diabetes diaries via TTQ.
Results: A total of 13829 patients (M/F,6784/7045) had signed up and
joined the management of TTQ, from 34 provinces during September
2015 and December 2018. The age was 23.39±14.96 yrs (mean ± SD),
duration of TIDM 1.0(0, 5.0) yrs [median (interquartile range)], and
44.49% were newly diagnosed patients. 34.54% patients were aged <14
years, 32.45% were aged 15-29 years, and 33.01% were aged ≥30years.
Therewas 37.03%of patients using insulin pump (CSII), 51.28%using basal
insulin plus regular insulin or short acting insulin (MDI), and 11.69% using
premixed insulin (PI), respectively. Among 5599 patients who recorded their
blood glucose information via TTQ, hemoglobin A1c(HbA1c)was 6.6
±1.7%, 6.7±1.7% and 6.8±2.1% (P=0.023) in patients treated with CSII,
MDI and PI, respectively, while SMBG frequency was 1.5/week
(0.3,12.0), 2.0/week (0.5,11.8) and 0.8/week (0.3,7.9) (P<0.001) in patients
with CSII, MDI and PI, respectively. The frequency of hypoglycemia was
highest in CSII group than those inMDI and PI groups [0.5/week (1,1.3) vs.
0.5/week (0,1.0) vs. 0.3/week (0,0.8) (P<0.001), respectively]. Continuous
glucose monitoring (CGM) was being used by 12.63% of patients, ranging
from a low of 9.45% in≥30 year-olds to 18.11% in <14 year-olds. Compared
with patients who did not use CGM, those patients used CGM had more
frequent SMBG [10.0/week (0.8,20.0) vs 1.3/week (0.3,10.3),P=0.002] and
better glycemic control [HbA1c 6.4±1.3% vs 6.7±1.7%, P=0.002] with no
change in the frequency of hypoglycemia [0.5/week(0,1.3) vs 0.5/
week(0,1.0), P= 0.591].
Conclusion:Although TTQ based database are not population based and
the findings could be biased, it can somehow reflect the status of patients
with T1DM who were active in social networks in China.
Supported by: National Key R&DProgram of China, NSF of Guangdong
Province
Disclosure: P. Ling: None.
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Evaluation of the artificial intelligence-based pattern recognition sys-
tem for diabetic retinopathy screen in China
Z.Du1, Z. Sun1, N. Yang2, F.Wang3, L.Wen3, J. Xin4, H. Kang4, X. Liu4;
1Department of Endocrinology, Zhongda Hospital, Institute of Diabetes,
School of Medicine, Southeast University, Nanjing, 2Department of
Ophthalmology, Zhongda Hospital, School of Medicine, Southeast
University, Nanjing, 3Beijing Tongren Eye Center, Beijing Tongren

Hospital, Capital Medical University, Beijing Ophthalmology & Visual
Science Key Lab, Beijing, 4Beijing ShanggongMedical Technology Co.,
Ltd, Beijing, China.

Background and aims:Diabetic retinopathy (DR) is the leading cause of
vision loss among working-age adults. The International Diabetes
Federation recommends that the moderate and worse diabetic retinopathy
patients require timely referral and treatment. Regular screening and early
detection are keys to manage DR. Recently, artificial intelligence (AI) has
gained wide acceptance as a virtual assistant in DR detection, and pro-
moted the health care more efficient, accessible and cost-effective.
Studied from the USA, Singapore, China have reported that the sensitiv-
ity of the AI system is ranging from 79%-98% in the DR screening in the
diabetes population. This is the first time to evaluate the diagnostic accu-
racy of the AI-based pattern recognition in detecting diabetic retinopathy
in the general population.
Materials and methods: The cross-sectional database was used to analyze
from the cohort study conducted among a randomized cluster sample of 18-
70 years old residents in different ethnic groups in China. For each enrolled
participant, 2 retinal fundi (one disc and onemacula centered 45°) images per
eye were collected for the evaluation of DR. All of images were graded by
two ophthalmologists using the Early Treatment Diabetic Retinopathy Scale
(ETDRS), and images of the disc were submitted to the AI system for grad-
ing. ETDRS was used to diagnose DR as the gold standard. Referable DR
was defined as moderate and worse diabetic retinopathy (ETDRS>31). Any
DRwas defined as ETDRS≥20. Diabetes was diagnosed based on theWorld
HealthOrganization (WHO) criteria. The participantwho hadDRwas having
images of DR in any fundus. The area under the receiver operating charac-
teristic curve (AUC), sensitivity and specificity of the AI-based pattern rec-
ognitionwere performed by the receiver operating characteristic curve (ROC)
based on the ETDRS using the results from every individual person.
Results: 17412 images from 9037 participants (mean [SD] age,
50.1[12.0] years old) were graded. In the general population, for referable
DR, the AUC, sensitivity and specificity were 0.941 (95% CI, 0.936 to
0.946), 98.15% (95% CI, 90.1%-100.0%), and 90.06% (95% CI, 89.4%-
90.7%), respectively. For any DR, AUC was 0.881 (95% CI, 0.874 to
0.887), sensitivity was 83.62% (95% CI, 79.3%- 87.4%), and specificity
was 92.49 % (95%CI, 91.9%- 93.0%). In the diabetes group, for referable
DR, the AUC, sensitivity and specificity were 0.901(95% CI, 0.883 to
0.917), 97.83% (95% CI, 88.5%-99.9%), and 82.43% (95% CI, 80.1%-
84.6%), respectively. For any DR, the AUC, sensitivity and specificity
were 0.900 (95% CI,0.882 to 0.917), 91.10% (95% CI, 85.3%-95.2%),
88.96% (95% CI, 86.9%-90.8%), respectively.
Conclusion: The AI-based pattern recognition showed high sensitivity
and specificity in detecting referable DR both in the general population
and diabetes group, based on the ETDRS results from the ophthalmolo-
gist. Further study is necessary to evaluate whether the AI system can
improve DR outcomes compared with the clinical doctors, and find the
relevant factors disturbing the AI detection.
Supported by: NKRD Program of China and NKSIED Project
Disclosure: Z. Du: None.

813
Efficacious, safe and user friendly glycaemic management of geriat-
ric inpatients with type 2 diabetes by using a computerised basal
insulin algorithm
A. Libiseller1, K.M. Lichtenegger1, J. Kopanz1, A. de Campo2, T.
Wiesinger2, L. Weidinger2, L. Laubreiter2, W. Schippinger2, T.
Truskaller3, B. Lackner3, P. Beck4, B. Höll4, T.R. Pieber1,3;
1Division of Endocrinology and Diabetology, Department of Internal
Medicine, Medical University of Graz, Graz, 2Geriatric Health Centers
of the City of Graz, Graz, 3HEALTH - Institute for Biomedicine and
Health Sciences, Joanneum Research GmbH, Graz, 4decide Clinical
Software GmbH, Graz, Austria.
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Background and aims: Due to the complexity of diabetes management
in the elderly, the use of basal insulin is recommended by international
guidelines because it is easy to handle and has a low risk for hypoglyce-
mia. Therefore, a computerized basal insulin algorithm (including basal-
plus therapy) based on the patient’s health status was developed by a
multidisciplinary team. The algorithm was incorporated into
GlucoTab®, a tablet-based workflow and decision support system for
glycemic management in the hospital. Aim: to investigate efficacy, safety
and usability of the GlucoTab system in patients with type 2 diabetes at an
acute geriatric hospital.
Materials and methods: In this randomized controlled trial, 58 patients
with type 2 diabetes were randomly assigned to intervention group (IG)
(n=31) or control group (CG) (n=27) (sex: IG=65% vs. CG=63% fe-
males, age: 78±6 vs. 76±6 years, BMI: 29±6 vs. 30±6 kg/m2, HbA1c:
56±10 vs. 61±13 mmol/mol, health status: 74% vs. 74% moderate and
26% vs. 26% good). The IG received basal insulin therapy suggested by
the GlucoTab algorithm, whereas the CG received insulin therapy as
judged by the treating physician, documented in GlucoTab.
Results: The primary endpoint, the mean percentage of fasting blood
glucose (FBG) values in the FBG target range according to health status,
was reached in 59±33% vs. 51±31%. An overall mean FBG value of 142
±49 vs. 150±38 mg/dL was observed. Patients of both groups had a
similar amount of blood glucose (BG) values below, within, and above
health dependent target range (4% vs. 1%, 75% vs. 75%, and 22% vs.
25%, respectively). Health care professional’s adherence to suggested BG
measurement frequency was 89% (IG only). Adherence to basal insulin
dose suggestions was high in IG (≥82%).
Conclusion: An efficacious, safe and user accepted glycemic manage-
ment was provided by the GlucoTab basal insulin algorithm at an acute
geriatric hospital.
Clinical Trial Registration Number: DRKS00012553
Supported by: Research Studio Austria "GlucoTab" (FFG project
844737)
Disclosure: A. Libiseller: Grants; Research Studio Austria "GlucoTab"
(FFG project 844737).
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Does the implementation of an electronic workflow support system
improve quality of routine diabetes care in inpatients with type 2
diabetes?
J. Kopanz1, K.M. Lichtenegger1, C. König2, F. Feichtner2, A.
Libiseller1, J.K. Mader1, K. Donsa2, G. Sendlhofer3, F. Sinner2,1,
T.R. Pieber1,2;
1Division of Endocrinology and Diabetology, Department of Internal
Medicine, Medical University of Graz, Graz, 2HEALTH - Institute for
Biomedicine and Health Sciences, Joanneum Research GmbH, Graz,
3Research Unit for Safety in Health, Division for Plastic, Aesthetic and
Reconstructive Surgery, Medical University of Graz, Graz, Austria.

Background and aims: GlucoTab® was used as a workflow support
system for diabetes management in a regional hospital as a replacement
for the paper-based insulin chart. The basal bolus decision support pro-
vided by GlucoTab was not in the focus of this evaluation. Aim: to
investigate the quality of the GlucoTab system in routine use for diabetes
management in inpatients with type 2 diabetes.
Materials and methods: In this monocentric retrospective evaluation
data from hospitalized patients who received insulin for a minimum of
two days were analyzed. A before-after comparison was conducted to
analyze data before implementation (n=106) to data after implementation
(n=241) of the GlucoTab system. Therefore a mixed method approach
was used to bring together quantitative and qualitative (interview) data.
Results: Patients of both groups (before vs. after GlucoTab implementa-
tion, respectively; age 72±14 vs. 75±11 years; female 49% vs. 51%, BMI
30±8 vs. 31±9 kg/m2, HbA1c 73±22 vs. 69±25mmol/mol, hospital stay 8
(3-52) vs. 8 (2-45) days) had an average of 4 (0-7) ,,good diabetes days“

(days with adequate blood glucose (BG) measurement frequency, not
more than one BG > 198 mg/dL and no BG < 72 mg/dL). Mean BG
was 174±32 vs. 170±37 mg/dL per patient. BG values in the ranges ≤69,
70-179, 180-299 and ≥300 mg/dL occurred in 0.9% vs. 1.3%, 58.2% vs.
57.5%, 35.3% vs. 36.1% and 5.7% vs. 5.1% of all BG values, respective-
ly. Health care professionals mostly indicated that through the use of the
GlucoTab system errors could be prevented, the individual BG manage-
ment could be performed more efficiently and time could be saved. The
GlucoTab user interface allows a more varied and structured documenta-
tion compared to the paper-based insulin chart.
Conclusion: The GlucoTab system could completely replace the
paper-based insulin chart, was appreciated as support by health care
professionals and is suitable for routine diabetes care in the hospital.
However, much better BG control could be achieved with the basal
bolus decision support provided by GlucoTab in previous trials.
Supported by: Gesundheitsfonds Steiermark
Disclosure: J. Kopanz: Grants; Gesundheitsfonds Steiermark.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S395



PS 062 Making diabetes care more cost-effective

815
Socioeconomic factors associated with poor glycaemic control
(HbA1c≥9.0%) in people with type 2 diabetes: the DISCOVER study
M. Gomes1, F. Tang2, H. Chen3, J. Cid-Ruzafa4, P. Fenici5, K. Khunti6,
S. Pocock7, W. Rathmann8, M.V. Shestakova9, F. Surmont10, H. Watada11,
J. Medina12, I. Shimomura13, G. Luporini Saraiva3, A. Nicolucci14;
1State University of Rio de Janeiro, Rio de Janeiro, Brazil, 2Saint
Luke's Mid America Heart Institute, Kansas City, USA,
3AstraZeneca, Gaithersburg, USA, 4Evidera, Barcelona, Spain,
5AstraZeneca, Cambridge, UK, 6University of Leicester,
Leicester, UK, 7London School of Hygiene and Tropical
Medic ine , London, UK, 8Ins t i tu te for Biometr ics and
Epidemiology, German Diabetes Center, Düsseldorf, Germany,
9Endocrinology Research Center, Diabetes Institute, Moscow,
Russian Federation, 10AstraZeneca, Luton, UK, 11Graduate
School of Medicine, Juntendo University, Tokyo, Japan,
12AstraZeneca, Madrid, Spain, 13Graduate School of Medicine,
Osaka University, Osaka, Japan, 14Center for Outcomes Research
and Clinical Epidemiology, Pescara, Italy.

Background and aims:DISCOVER is a 3-year, observational study
of patients with type 2 diabetes (T2D) initiating second-line glu-
cose-lowering therapy in 38 countries. We assessed regional and
individual socioeconomic factors associated with poor glycaemic
control (HbA1c ≥ 9.0%) at baseline.
Materials andmethods: In total, 15 342 participants from 36 coun-
tries were evaluated. HbA1c levels were recorded in 12 261 par-
ticipants (79.9%). Factors associated with an increased likelihood
of having HbA1c ≥ 9.0% were assessed using a hierarchical lo-
gistic regression model.
Results: The mean HbA1c level was 8.4% (SD: 1.7%); 48.9%,
23.4% and 27.7% of patients had HbA1c < 8.0%, ≥ 8.0 to <
9.0%, and ≥ 9.0%, respectively. Socioeconomic factors associated
with an increased likelihood of having HbA1c ≥ 9.0% (Figure)
included living in lower middle-income (vs high-income) coun-
tries, being treated at a site with public/governmental or mixed
(vs private) funding, having public or no (vs private) health in-
surance and having primary or no formal (vs secondary or higher)
education. Male sex and being younger than 50 years of age were
also associated with an increased likelihood of having HbA1c ≥
9.0%.
Conclusion: Lower socioeconomic status and low country income
are associated with an increased likelihood of having HbA1c ≥
9.0% in people with T2D initiating second-line therapy. Efforts
are needed to address social determinants of health in patients
with T2D.

Clinical Trial Registration Number: NCT02322762
Supported by: AstraZeneca
Disclosure: M. Gomes: Employment/Consultancy; Merck-Serono.
Grants; CNPq, FAPERJ (government entities). Honorarium;
AstraZeneca.

816
Estimating healthcare resource implications associated with use of
dapagliflozin: model predictions using data from the DECLARE-
TIMI 58 trial
P. McEwan1, H. Bennett1, B. Kartman2, C. Edmonds3, I. Gause-
Nilsson2, J. Wilding4;
1Health Economics and Outcomes Research Ltd, Cardiff, UK,
2AstraZeneca, Mölndal, Sweden, 3AstraZeneca, Cambridge, UK,
4University of Liverpool, Liverpool, UK.

Background and aims: Type 2 diabetes mellitus (T2DM) poses a sig-
nificant burden to healthcare systems, driven by its associated complica-
tions and comorbidities. People with T2DM are more likely to be admit-
ted to hospital and experience extended lengths of stay (LOS); an issue
exacerbated by the presence of multiple comorbidities. In the
Dapagliflozin Effect on Cardiovascular Events (DECLARE)-TIMI 58
trial, treatment with dapagliflozin was associated with lower rates of
hospitalisation for heart failure (HHF) and a composite endpoint of ad-
verse renal outcomes compared to placebo, in patients with T2DM and
either established cardiovascular disease (ECVD) or multiple risk factors
(MRF) for cardiovascular disease. This study aimed to project rates of
HHF and end-stage renal disease (ESRD) using data from DECLARE
and to estimate associated costs over a lifetime.
Materials and methods: Independent survival curves were fitted
to time-to-event data from DECLARE and implemented within a
cohort-level partitioned survival modelling framework. Costs of
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managing acute events and subsequent maintenance were derived
from published sources and applied to predicted events over time
horizons consistent with the trial (4 years) and a lifetime (maxi-
mum of 40 years). Incidence of HHF and ESRD, LOS associated
with HHF and direct healthcare costs associated with HHF and
ESRD (sourced from a UK perspective and discounted at 3.5%
annually) were estimated for the DECLARE population. Subgroup
analysis estimated HHF outcomes for patients stratified by base-
line status related to ECVD (versus MRF), prior history of heart
failure (HF) and prior history of myocardial infarction (MI).
Results: Over 4 years, 8.9 fewer HHF events were predicted per
1,000 patients treated with dapagliflozin, with an estimated reduc-
tion in total LOS of 89 days (27% decrease). Over the same time
period, 1.5 fewer patients were predicted to progress to ESRD.
Estimated discounted healthcare costs associated with HHF and
ESRD were reduced by £141,209 over 4 years; complication cost
savings rose to £2.7 million over a lifetime (average remaining
life years = 23). In subgroup analyses conducted over 4 years,
higher HHF cost savings were estimated per 1,000 patients with
ECVD (£121,123 versus £43,253 with MRF), prior HF (£302,868
versus £45,042 without prior HF) and prior MI (£156,022 versus
£49,435 without prior MI).
Conclusion: Treatment with dapagliflozin may alleviate the financial
burden associated with the management of T2DM complications in
the short- and long-term. In healthcare systems that run at, or close
to, capacity, even modest reductions in hospitalisations among a large
patient group reflected by DECLARE may have a meaningful impact
on healthcare delivery.

Disclosure: P. McEwan: Employment/Consultancy; Study financially
supported by AstraZeneca.

817
DKA, devices, DAFNE and deprivation in the West of Scotland
H.A. Casey, Z.M. Chong, L.M.L. Hall, A. Kernohan;
Department of Endocrinology and Diabetes, Queen Elizabeth University
Hospital, NHS Greater Glasgow and Clyde, Glasgow, UK.

Background and aims: Health inequalities have a direct effect on pa-
tients with Type 1Diabetes (T1DM). There is an increasing recognition of
higher mortality linked to deprivation in Diabetes. It is thought depriva-
tion may be associated with a higher incidence of diabetic ketoacidosis
(DKA) and recurrent DKA. It is possible that these patients have a lower
uptake of or access to flash glucose monitoring, continuous glucose mon-
itoring (CGM) and structured education in the form of DAFNE (Dose
Adjustment for Normal Eating), which may be protective factors. The
Scottish Index of Multiple Deprivation 2016 (SIMD) is a validated dep-
rivation scale based on postcode, with SIMD 1 being the most deprived
and 5 being the least deprived. This allows us to stratify patients in area-
level deprivation. If able to prove a correlation between SIMD, DKA and

recurrent DKA, intervention on a population level targeting interventions
at risk high deprivation areas may help to reduce health inequalities. This
study aimed to examine whether if patients with T1DM from more de-
prived areas as defined by SIMD within Greater Glasgow and Clyde had
an increased chance of DKA admission and recurrent DKA in a one-year
period, 2017. It also aimed to see if uptake of flash and CGM and struc-
tured education was lower in more deprived SIMD, which may identify
intervention targets and further inequalities.
Materials and methods: SCI-Diabetes, a national Scottish database of
patients with diabetes, was used to identify patients coded with T1DM,
along with status of completion of DAFNE structured education, flash or
CGM and postcode (from which SIMD could be extrapolated) within
Greater Glasgow and Clyde. Episodes of DKA during 2017 were identi-
fied using hospital discharge codes. We have previously validated the use
of hospital discharge codes to identify DKA (PPV 94%). SPSS using
Pearson Chi square test and cross tabulation was used to assess signifi-
cance and incidence within the categorical variable of SIMD cohorted
into quintiles.
Results: 6613 patients with Type 1 diabetes were identified, with 446
individuals with DKA and 150 individuals with recurrent DKA in 2017.
There was a significant negative correlation between SIMD and DKA
incidence in 2017 (r = - 0.01, p=<0.00). DKA incidence was 10.1% in
SIMD1 vs. 3.3% in SIMD5. There was also a significant negative cor-
relation between SIMD and recurrent DKA (r= - 0.74 p=<0.00)
Prevalence of recurrent DKA was 3.5% in SIMD1 vs. 0.8% in SMD5.
Mean no of DKA episodes in those with recurrent DKAwas 2.97. SIMD
and completion of structured education, in the form of DAFNE, was
significantly positively correlated (r= 0.094 p= <0.00), with 12.2% of
SIMD1 having completion of structure education vs 21.2% of SIMD5.
Flash glucose monitoring or continuous blood glucose monitoring was
also significantly positively correlated with SIMD (r= 0.116, p=<0.00).
With 10.3% of SIMD1 having flash monitoring vs. 20.2% of SIMD5,
and 0.5% of SIMD1 having CGM Vs. 2% of SIMD5.
Conclusion: There is a higher incidence of DKA and recurrent DKA in
areas with a higher level of deprivation. These patients had a lower uptake
of continuous and flash blood glucose monitoring and structured educa-
tion, factors which may be protective against DKA and recurrent DKA.
This highlights clear health inequalities and potential targets for interven-
tion. Strategies to reduce health inequalities in patients who have T1DM
should be formulated urgently to reduce rate of DKA and recurrent DKA
In areas of higher deprivation.
Disclosure: H.A. Casey: None.

818
Impact of socioeconomic status on outcomes at hospital discharge for
patients with diabetes
T. Robbins1, S. Lim Choi Keung1, S. Sankar2, H. Randeva3, T.N.
Arvanitis1;
1Institute of Digital Healthcare, University of Warwick, Coventry,
2University Hospitals Coventry & Warwickshire NHS Trust, Coventry,
3Warwick Medical School, University of Warwick, Coventry, UK.

Background and aims: People with diabetes are at increased risk of
negative outcomes at hospital discharge regardless of admission reason.
Socioeconomic factors drive poor outcomes in diabetes generally. Little
research has assessed impact of socioeconomic factors on outcomeswhen
people with diabetes are discharged from hospital. This is due to difficul-
ties linking disparate hospital, primary care & socioeconomic datasets.
We evaluate impact of socioeconomic factors on readmission and mor-
tality by taking an innovative approach to linkage of patient level health
data to national geographic & census data.
Materials and methods: Retrospective evaluation of data extract-
ed from an electronic health record (EHR) of a large UK tertiary
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referral centre, for all patients discharged with a diabetes diagno-
sis over 3-years. Data extracted for 46,357 distinct discharges.
Data matched at patient level to postcode sector socioeconomic
data extracted from Office of National Statistics Census and
Population Density datasets. 19 socioeconomic variables including
index of multiple deprivation, employment, ethnicity, activity
levels, unpaid care, language, population and housing density
evaluated. Outcome measures were 28 day readmission and
180 day mortality. Outcomes evaluated against pre-specified dia-
betes cohorts. Standardised effect sizes calculated for all statisti-
cally significant variables, compared across patient cohorts and
outcomes. NHS Trust Research Ethics Committee [Ref: GF0220]
& University Biomedical and Scientific Research Ethics
Committee approval [Ref:REGO-2017-2114]. Research strategy
informed by National Institute of Health Research RDS supported
patient public involvement supported.
Results: Socioeconomic status was statistically significantly associated
with 14 of 19 socioeconomic variables in relation to 180d mortality for
the T2DM patient cohort (p<0.05 Student’s T test). In comparison there
was no statistically significant association between mortality and socio-
economic variables in the T1DM cohort. Strongest effect sizes (Cohen’s
D) related to language, ethnicity & index of multiple deprivation.
Socioeconomic status was significantly associated with only 1 of 19
variables for 28d readmission in T2DM patient cohorts compared to 9
statistically significant variables for T1DM cohorts. Effect sizes in rela-
tion to socio-economic status and readmission for T1DM cohorts was
profound and strongest for deprivation indices (Cohen’s D 0.29) and
health related activity impairment (0.15).
Conclusion: There is strong association between geographic socio-
economic status and readmission outcomes for patients with T1DM,
however there is limited association with mortality for this cohort. In
contrast mortality for T2DM cohorts is strongly associated with socio-
economic status whilst readmission patterns are not. In summary, where
you live has an impact on how likely you are to be readmitted to hospital
for patients with T1DM, and how likely you are to die for patients with
T2DM following hospital discharge. This research is important to guide
implementation and evaluation of interventions to improve outcomes at
hospital discharge. Use of geographic postcode sector data can be readily
incorporated into EHR systems and future risk stratification models to
enable personalised data-driven care.
Supported by: TR was supported by a WMG PhD Studentship
Disclosure: T. Robbins: None.

819
Real-world evaluation of economic burden for diabetic gastroparesis
in the United States
Y.J. Chen1, Z. Huang1,M. Luo1, H. Pang1, C. Almansa1, G. Dukes1, H.P.
Parkman2;
1Takeda Pharmaceuticals, Cambridge, 2Temple University Hospital,
Philadelphia, USA.

Background and aims: Diabetic gastroparesis (DG) is characterized by
poor glucose control, suboptimal nutritional and hydration status, greater
risk of complications (e.g., cardiovascular disease, hypertension, retinop-
athy), and frequent need for hospitalization. However, economic burden
of gastroparesis is not well understood in diabetic patients compared to
the burden of diabetes mellitus (DM) alone. This study’s objective was to
quantify the economic burden associated with DG compared to DM pa-
tients without GP in the United States (US).
Materials and methods: A retrospective cohort study was conducted
using a large claims database (Optum Research Database) in the US.
The DG cohort included diabetic patients who had their first GP
diagnosis during 2008-2016 (index period) with at least 2 separate
GP diagnosis claims or 1 GP diagnosis claim after a scintigraphy test;
aged 18+ years at index, continuously enrolled for at least 1 year

before (baseline) and 1 year after the index, and with no GP claim
at baseline. These DG patients were matched 1:1 to DM patients who
did not have GP diagnosis (DM control cohort) via propensity scores
based on the baseline demographic (e.g. age, sex, region) and clinical
(e.g. index year, comorbidities) characteristics. Healthcare resource
utilization (HRU; i.e. encounters to hospital inpatient, emergency
room [ER], outpatient/physician office [OP], pharmacy, and other
settings) and associated all-cause costs in 2017 US dollars were
assessed. Average annual total costs (medical plus pharmacy) were
compared between the cohorts using chi-square and t-tests.
Results: Data from 31,610 patients (15,805 per cohort) were analyzed.
The newly diagnosed DG patients were at a mean age of 62 years, 66%
female, 59% insured by Medicare; at 1-year baseline, average (SD)
Charlson Comorbidity Index score was 3.7 (2.4), and 47% had chronic
diabetic complications (the DM controls were similar through matching).
Compared to DM controls, DG patients had significantly higher annual
costs across all HRU types: inpatient $22,679 vs. $9,992, ER $2,012 vs.
$937, OP $25,078 vs. $16,156, pharmacy $8,473 vs. $5,907, other ser-
vices (e.g. lab tests) $7,145 vs. $4,078 (all p<0.0001). On average, incre-
mental annual total costs per DG patient were $28,318 more than the
matched DM control. Hospitalization accounted for major difference be-
tween the cohorts: 40.4% of DGs vs. 28.1% of DM controls had hospi-
talization in 1-year pre-index, and 50.7% vs. 22.3% in 1-year post-index.
Conclusion: This large database study found that, gastroparesis signifi-
cantly increases the economic burden of diabetes care. Compared to dia-
betic patients who do not have gastroparesis, the onset of gastroparesis in
diabetic patients is associated with higher spending in all service catego-
ries, with the cost differences driven by hospitalizations.

Supported by: Funding for this study was provided by Takeda
Pharmaceuticals
Disclosure: Y.J. Chen: Employment/Consultancy; Takeda
Pharmaceuticals.

820
The cost-effectiveness of the PDM - ProValue Diabetes Management
programme in Germany
W. Schramm1, F. Sailer1, M. Pobiruchin1, A. Müller2, J. Weissmann2;
1GECKO Institute, Hochschule Heilbronn, Heilbronn, 2Roche Diabetes
Care GmbH, Mannheim, Germany.

Background and aims: The PDM-ProValue study program examined
the effectiveness of a structured, IT-supported and personalised outpatient
care process (integrated personalized diabetes management) in insulin-
treated people with type 2 diabetes. It reported an improved outcome, e.g.
glycaemic control (-0.5% in HbA1c in the intervention group) and of
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other medical and process parameters. To generate further insight on the
health economic impact, a model-based cost-effectiveness study was per-
formed with the PDM-ProValue study results.
Materials and methods: Validated Markov models for the cohort simu-
lation of diabetes sequelae of the PROSIT Disease Modelling
Community were parameterised with the PDM-ProValue patient charac-
teristics at study start (mean age = 64.7 years, 14.3 years diabetes duration
with corresponding pre-existing conditions, n = 907). All calculations
were performed with this cohort considering different study outcomes.
The comparative scenarios were the effects seen in the intervention group
(iPDM) against the assumption of no effect at all (Baseline), and secondly
against the effects of the ProValue study control group (Control). The cost
data from the German Costs-of-Diabetes-Mellitus trial (CoDiM) were
inflated to the reference year 2016 according to the sector specific federal
expenditure statistics. Program costs were not considered. For additional
analyses, discount rates of 3%, and 5%were applied according to German
guidelines. The models simulated in annual cycles the long-term effect of
the included intervention options on macrovascular events, life expectan-
cy as well as quality-adjusted life-years (QALYs) for the remaining life-
time. Incremental cost-effectiveness ratios (ICER) were calculated for
cost per life-year gained and for cost per QALY gained.
Results: The diabetes models estimate the loss of life expectancy (Baseline)
at 6.39 years per person with type 2 diabetes vs German standard mortality
table; 17.2% of the ProValue patients are expected to suffer from a first acute
myocardial infarction (AMI) over the remaining life-time. iPDM could avoid
1.5% of these AMIs (NNT = 64.9, Control 0.9% avoided AMIs against
Baseline). iPDM gains 0.52 years of life per patient (NNT = 12.3, 0.287
QALYs) vs Baseline and 0.05 years (0.025 QALYs) per patient versus
Control. Against Baseline, iPDM avoids 8% of all hypoglycaemic events
(3% against Control). The ICER of iPDM against Control amounted to -
2212.86 € per nominal life-year gained and -2839.92 € per nominal QALY
gained respectively. The ICER against Baseline amounted to +811.39 € per
nominal life-year gained and +1194.64 €per QALY gained respectively.
Discounting did not change the overall evaluation. Cost savings started im-
mediately and were highest in the first treatment year.
Conclusion: The simulation confirms and quantifies the loss of life ex-
pectancy due to type 2 diabetes mellitus. From the patient's point of view,
despite existingmedical complications, iPDM reducesmortality and heart
attack rate. It improves quality-of-life. iPDM offers low cost savings as
the associated higher life expectancy consumes earlier monetary benefits.
The negative costs for an additional year of life or QALY achieved in
comparison to the ProValue control group indicate a good value for the
money invested in all examined scenarios. To explore the potential impact
of iPDM on younger or healthier populations, further health-economic
analyses should be carried out.
Supported by: WS, FS, andMP are supported by an unrestricted research
grant from RDC
Disclosure: W. Schramm: Grants; The authors of the GECKO Institute,
are currently carrying out an accompanying health economic evaluation
of the PDM-ProValue study program on behalf of Roche Diabetes Care
Germany GmbH.

821
Cost-effectiveness of once-weekly semaglutide versus empagliflozin
in people with type 2 diabetes and inadequate glycaemic control in
Sweden
M. Londahl1, K. Nihlberg2, A. Ericsson2;
1Lund University, Department of Clinical Sciences, Lund, 2Novo
Nordisk Scandinavia AB, Malmo, Sweden.

Background and aims: Once-weekly semaglutide is a glucagon-like
peptide-1 (GLP-1) analogue for the treatment of type 2 diabetes (T2D).
This abstract describes a cost-effectiveness analysis (CEA) of
semaglutide 1.0 mg versus empagliflozin 25 mg in patients with T2D
inadequately controlled with metformin monotherapy in Sweden.

Materials and methods: The CEA was made using the Institutet för
Hälso- och Sjukvårdsekonomi (IHE) Diabetes Cohort Model. The model
is based on metabolic risk equations from the Swedish National Diabetes
Register and UKPDS, and does not regard any plausible cardiovascular
benefits in addition to the traditional risk factors (including HbA1c, BMI,
lipids, blood pressure, age) in these equations. Analyses were conducted
from a Swedish societal perspective reaching over a time horizon of 40
years. Data on the difference in HbA1c decline (-8.5 mmol/mol (95% C.I
-11.2, -6.0)/-0.8% (95%C.I. -1.04, -0.58)) and weight reduction (-2.05 kg
(95% C.I -2.94, -1.15)) between the treatments was obtained from a
published network meta-analysis investigating the differences in glyce-
mic control between semaglutide and different SGLT-2 treatments.
Baseline values of HbA1c, BMI and age were varied over analyses to
identify the patient groups in which semaglutide may be most cost-
effective.
Results:Our results indicate that semaglutide is a cost-effective treatment
option compared with empagliflozin in patients with inadequate control
on oral anti-diabetic treatment. Semaglutide imposed a higher societal
cost and more quality-adjusted life-years (QALYs) in all analyses vs
empagliflozin (cost difference: SEK 3,300-55,700 over a 40-year per-
spective and QALY gain 0.137-0.242). Cost per QALY varied from
SEK 16,000-407,000, where the lowest cost per QALY was found in
patients with higher baseline HbA1c and lower age (Table 1), while
baseline BMI did not have any significant impact on the results. A treat-
ment is valued cost-effective in Sweden if cost per QALY is below SEK
500,000. The results are largely driven by the reduction in complications
due to the larger HbA1c decline with semaglutide compared to
empagliflozin.
Conclusion: This CEA suggests that semaglutide could be a cost-effective
treatment option versus empagliflozin in patients with T2D inadequately
controlled with OADs from a Swedish societal perspective. The lowest cost
per QALYwas found in patients with higher baseline HbA1c and lower age,
while baseline BMI did not have any significant impact on the results.

Disclosure: M. Londahl: Lecture/other fees; On speakers list or consul-
tant fees for Abbott, AstraZeneca, Boehringer Ingelheim, Nordic
Infucare, NovoNordisk, ReApplix AS och Sanofi.

822
Cost consequences of non-compliance with GLP-1 analogues treat-
ment guidelines in France
S. Safsaf1, B. Detournay2, R. Roussel3, A. Bahloul1, B. Charbonnel4;
1Sanofi, Gentilly, 2CEMKA, Bourg-la-Reine, 3Bichat-Claude Bernard
University Hospital, Paris, 4Nantes University Hospital, Nantes, France.

Background and aims: In 2017, the Francophone Diabetes Society (SFD)
has issued a Position Statement about the Management of Hyperglycaemia
in type 2 diabetes. This statement has introduced: • - a general stopping rule
regarding the use of GLP-1 analogues: GLP-1 must be stopped if the
HbA1c level is still above the HbA1c target for the patient 3 to 6 months
after initiation of GLP-1 and the improvement in HbA1c level was <0.5%
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since the introduction of the GLP-1 agonist. • - a maintenance guideline in
GLP-1 treated patient initiating basal insulin: GLP-1 must be maintained
only when a clinically significant weight loss (≥ 5% of initial weight) was
observed since the GLP-1 initiation and / or in patients requiring secondary
cardiovascular prevention. Our study aimed to assess the cost consequences
of not respecting these recommendations.
Materials andmethods:A cross-sectional survey was conducted among
a representative sample of French diabetologists who volunteered to par-
ticipate. These specialists (both in hospital and private practices) had to
complete a short questionnaire for every patient with diabetes visiting
during a ten-day period in Q4 2018. The questionnaire included items
about patients’ characteristics, diabetes treatment prescribed during the
enrollment visit and previous diabetes treatment, reasons for therapeutic
decisions during the visit.
Results: The analysis was conducted on 4 368 patients (21.8%
Type 1, 78.2% Type 2). Among them 1,002 patients (22.9%) were
treated with GLP1 analogues before the visit. 99.5% has DT2
(mean age 61.8 years old, 52.1% male, HbA1c level 7.9%,
56.4% were obese BMI≥30 kg/m2). The GLP-1 analogue was
maintained during the visit in 912 patients (91%) and insulin
therapy was initiated simultaneously in 304 patients. Non-
compliance to the GLP-1 stopping rule was observed in 22.3%
of patients treated with GLP-1 before the enrollment visit and
42.7% of these patients when their HbA1c level was ≥8%. Non-
compliance to the GLP-1 maintenance rule when initiating insulin,
was observed in 38.6% of patients treated with GLP-1 before the
enrollment visit. Finally, considering patients initiating insulin
therapy and both rules, the GLP-1 treatment should have been
stopped in 20.6%. Applying the monthly cost of the cheapest
GLP-1 available in France, the non-compliance to the SFD rules
result in a €11.2 M unnecessary expense per year.
Conclusion: Data from the National Sickness Fund show that the annual
expenditure for all GLP-1 exceeds € 258 million per year in 2018 in
France. A small but significant proportion of this cost (4.3%) may be
avoided applying more rigorously the current Francophone guidelines.
Supported by: Study sponsored by Sanofi (France)
Disclosure: S. Safsaf: Employment/Consultancy; Study sponsored by
Sanofi (France).

823
Health care resource utilisation and cost among incident diabetic
kidney disease patients identified in Optum CDM administrative
claims
K. Folkerts1, N. Petruski-Ivleva2, A. Kelly2, P. Velentgas2, M.
Blankenburg3, T. Evers4, D. Oksen5, A. Gay3;
1Bayer AG, Wuppertal, Germany, 2Aetion, New York, USA, 3Bayer AG,
Berlin, Germany, 4BayerAG, Leverkusen,Germany, 5Leverkusen,Germany.

Background and aims: Diabetic kidney disease (DKD) is a com-
mon complication in type 2 diabetes mellitus (T2D). Studies de-
scribing DKD patients (pts) in real-world care settings are few
and most use ICD codes to identify pts. Administrative claims
data enriched with laboratory results including estimated glomer-
ular filtration rate (eGFR) and urine albumin to creatinine ratio
(UACR) the gold standard diagnostic and prognostic markers for
DKD can provide important insights into the real-world disease
burden, health care resource utilization (HCRU) and cost among
true DKD pts. We estimated annualized HCRU and cost among
incident DKD pts identified from administrative claims data.
Materials and methods: De-identified Optum CDM administra-
tive claims data with laboratory results were used to identify T2D
pts with incident DKD between January 1 2007 and December 31
2017. DKD was defined as at least 2 laboratory results of eGFR
of ≤59 ml/min/1.73m2 and/or UACR of ≥30 mg/g within 90 to
365 days (dys) apart indicating sustained kidney damage >3

months. Pts with kidney disease in the year (yr) prior to cohort
entry were excluded. Pts were followed from the dy of the 2nd
laboratory result indicating DKD until disenrollment, death, end
of data or a maximum follow-up time of 365 dys. HCRU out-
comes included the number of outpatient, inpatient, urgent care
and emergency room visits. Medical cost outcomes included total,
outpatient, inpatient, and pharmacy costs. Estimates of HCRU and
cost were annualized to units per pt per yr (PPPY). Analyses
were stratified by baseline resistant hypertension (RH), heart fail-
ure (HF), anemia and KDIGO risk categories.
Results:We identified 106369 incident DKD pts; 74% had stage 3
DKD (eGFR of 30-59 ml/min/1.73m2). Mean (SD) age was 70.6
(12.8) yrs. The most common comorbidities were hyperlipidemia,
hypertension and pain disorders, including back and joint pain,
migraines and others (>65%). Prevalence of comorbidities, in par-
ticular anemia, hyperkalemia, RH and cardiovascular (CV) condi-
tions (HF, myocardial infarction, atrial fibrillation, stroke, periph-
eral vascular disease) increased with increasing severity of
KDIGO categories. Annualized mean total costs was $24029
PPPY. Pts with history of HF almost doubled the mean cost vs
those without ($41951 vs $21844 PPPY). Pts with anemia had a
higher mean annualized cost of $33127. Cost increased with in-
creasing severity of DKD, up to $110210 in advanced stages
(KDIGO strata G5/A3). Average number of inpatient visits among
all incident DKD pts was 0.3 PPPY with a mean duration of stay
of 3.2 dys, compared with 1.3 stays PPPY and 14.7 dys for pts
with stage 5 DKD. The mean number of outpatient visits in all
DKD pts was 12.5 PPPY and 79.7 PPPY for those with stage 5
DKD.
Conclusion: Pts with DKD identified using eGFR and/or UACR
laboratory results from a US administrative claims have a high
prevalence of comorbidities particularly CV diseases and pain
disorders. Pts with later stages of DKD incur higher rates of
HCRU and cost. Prevalent HF and anemia increase the economic
burden associated with these pts. DKD pts particularly those with
history of HF, anemia and resistant hypertension would likely
benefit from earlier diagnosis of the disease and interventions that
are effective in halting or slowing the progression of DKD to
reduce high healthcare expenditures.
Disclosure: K. Folkerts: Employment/Consultancy; Bayer Corporation
Pharmaceutical.
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Role of structural protocol based diabetes care programme and blue
index in diabetes management
D. Panchal1, B. Saboo1, S. Phatak2, P. Zinzuwadia2;
1Diabetes care and Hormone Clinic, Ahmedabad, 2Vijayratna diabetes
clinic, Ahmedabad, India.

Background and aims: Diabetes mellitus is chronic silently progressive
disease which usually present with one or more complications. In spite of
being known since ancient time and availability of garden variety of
molecules to address hyperglycaemia, approximately more than 70% of
the people with type 2 diabetes fail to achieve metabolic target. On top of
that there is huge inter-individual variation observed in metabolic re-
sponse to food as well as drugs. It warrants a personalised tailor based
approach under the roof of universal protocol based structural diabetes
care plan.
Materials and methods: We developed the protocol for the man-
agement of the disease over a year involving the multidisciplinary
team of Diabetologist, diabetes educator, dietician, physiotherapist,
diabetes specific nurse, pathologist, dentist and pharmacist. The
one ye a r p r o t o co l comp r i s e m in imum o f s i x v i s i t s
(V1,V2,V3,V5,V8,V11) for the people with type 2 diabetes. All
patient attending OPD were offered one year program of compre-
hensive diabetes care. We compared the outcome of the 100 pa-
tients who were enrolled for the one year program in terms of
BLUE index [diabetes health score incorporating 10 parameters as
3 goals (A1C, blood pressure, lipid), 4 self care parameters (diet,
exercise, follow up, habits) and 3 comprehensive health parame-
ters (general health, infection and jeopardy related to diabetes
management), which were graded as 0 to 6, higher the score
better the result. Minimum score is 0 and maximum score is
50] against 100 patients who did not join the one year program.
Results: At the end of one year improvement in blue index was
observed very well over the year among the patient joining the one
year program with conversion rate of blue index < 35 to > 45 was
72% at end of one year as compared to patient not enrolled for the
program (41%) with major improvement in domain of A1C (93%)
least in improvement in diet (51%).
Conclusion: Structured protocol based program are more successful for
better diabetes care. Blue index can be used as better tool for the patient
education and motivation for diabetes care and as an aid to clinical deci-
sion making for the better diabetes care of the patients.

Disclosure: D. Panchal: None.

825
Compare hospital activity provided to people with type 1 and type 2
diabetes with non-diabetes to measure longer term impact on re-
sources and effect of previous glycaemic control
M. Stedman1, M. Davies1, A. Fryer2, M. Lunt3, G. Moreno4, S.
Andersen3, M. Livingston5, R. Gadsby6, A. Heald7;
1Health Research, Res Consortium, Andover, UK, 2Department of
Clinical Biochemistry, Royal Stoke Hospital, Stoke on Trent, UK,
3School of Medicine and Manchester Academic Health Sciences
Centre, University of Manchester, Manchester, UK, 4Hospital Regional
de Alta Especialidad Ixtapaluca, Mexico City, Mexico, 5Department of
Biochemistry, RoyalWolverhampton NHS Trust, Walsall, UK, 6Warwick
Medical School, Warwick, UK, 7Department of Diabetes and
Endocrinology, Salford Royal Hospital, Salford, UK.

Background and aims:Total prescribing costs for diabetes in primary care
in the National Health Service (NHS) in England are now over £1billion/
year. The National Diabetes Audit (NDA) has been published levels of
glycaemic control being achieved in GP practices since 2013_14. The
2017_18 NDA inpatient audit showed that 20% of hospital beds are occu-
pied by the 7% of the population with diabetes. We compared the mix of
hospital activities consolidated at GP practice levels provided to people
with diabetes with the non-diabetes population, and to evaluate the impact
of different historic levels of glycaemic control on hospital activity.
Materials and methods: NHS Digital Hospital Episode Statistics in
England provided 2017_18 data on the various services provided aggre-
gated at GP practice level for patients with recorded diagnosis of T1& T2
diabetes vs non-diabetes population. The national diabetes audit provided
totals number in practices of people with T1 and T2 diabetes and historic
glycaemic control in previous 5 years. Activity differences between pop-
ulations must be adjusted for the age differences between them, compared
and correlated with historic glycaemic control.
Results: Results from 7013 GP practices with 54 million non-diabetes pop-
ulation, with 2.9m T2 and 0.24m T1, were analysed for their elective
(planned), emergency/admissions/length of stay/tariff charges, plus outpatient
and A&E activity. It was found that T2 require 3xElective Care,
4xEmergency care, and T1 require 5xElective and 10xEmergency care. Of
total hospital costs of £32 billion/year, £5.2 billion were associated with
people with diabetes. The total additional, after adjustment for normal cost
associated with similar age, hospital activity costs provided to people with
diabetes was calculated as £3.5billion/year (£2.9billion T2& £0.6billion T1),
over 10% of the NHS hospital budget. Rounding and suppression for data
protection reduced accuracy. However GP practices with historical lower %
HbA1c results >86mmol/mol had lower current hospital activity rate. Exact
quantification due to possible confounding factors is still ongoing.
Conclusion: The results show that increasing investment in management
of diabetes has improved patient outcomes and reduced hospital costs.
Nevertheless there are still opportunities to improve glycaemic control
and reduce these potential future additional costs further through in-
creased investment in local services and medication.
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Supported by: Hospital Episode Data was provided by NAPP
Pharmaceutical
Disclosure: M. Stedman: None.
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Comparable efficacy of a newly developed education programme for
CSII-users (INPUT) under routine care conditions compared to the
RCT setting
N. Hermanns1,2, D. Ehrmann1,2, C. Albrecht1, D. Bergis3, T. Haak1, B.
Kulzer1,2;
1Research Institute of the Diabetes Academy Mergentheim (FIDAM),
Diabetes Centre Mergentheim, Bad Mergentheim, 2University of
Bamberg, Bamberg, 3Department of Internal Medicine, University
Clinic Frankfurt a.M, Bad Mergentheim, Germany.

Background and aims: According to Michael Berger, diabetes edu-
cation is a complex intervention. This implies that after proving the
efficacy of a diabetes treatment and education programme (DTEP)
in a randomised controlled trial (RCT), healthcare research should
establish its effectiveness under routine care conditions (RCC). In
this comparative effectiveness research analysis, we compared the
effectiveness of a newly developed DTEP ("INPUT") under RCC
with its efficacy in an RCT.
Materials and methods: In this analysis, we included 191 people
with CSII who participated in the INPUT programme under RCC
and 135 people with CSII who participated in INPUT in the RCT.
Study outcomes were assessed after a 6-month-follow up. We
compared the outcomes of INPUT in the different settings (RCC
and RCT).
Results: At baseline, participants under RCC were older (47.2±14.1 vs.
42.7±14.2 yrs., p=0.005), had lower HbA1c values (7.8±1.2 vs. 8.3
±0.8%, p=0.001), a higher hypoglycaemia unawareness score (1.3 ±1.6
vs. 0.9 ±1.4, p=0.019) and reported less diabetes distress (22.4±14.4 vs.
27.8±16.4, p=0.002) than participants of INPUT in the RCT. At follow-
up, RCC-participants showed a significantly greater improvement in
HbA1c than RCT-participants (-0.34 ± 0.69% vs. -0.17 ±0.7%,
p=0.024). Other outcome parameters like diabetes distress,
hypoglycaemia unawareness, depression, treatment satisfaction or diabe-
tes empowerment showed equivalent improvements in the RCC- and
RCT-setting. In amultivariate logistic regression analysis, poor glycaemic
control (OR 7.18, 95% CI 2.89 - 17.90, p<0.001), hypoglycaemia prob-
lems (OR 4.2, 95% CI 2.01 - 8.60, p<0.001) or elevated diabetes distress
(OR 10.0, 95% CI 3.9 - 25.7 p=0.001) at baseline were predictors for
clinical improvements (HbA1c < 7.5% or reduction of hypoglycaemia
problems or reduction of diabetes distress). The different trial settings,
RCC vs. RCT, was not a significant predictor (OR 0.96, 95% CI 0.66 -
1.44, p=0.853) for clinical improvement nor were demographic variables.
Conclusion: Results indicated that the different trial settings (RCC
vs. RCT) were associated with a different sample composition.
Multivariate analysis indicates that the presence of a clinical prob-
lem was the most important predictor for a clinical improvement
after participation in INPUT. In contrast, neither delivery of
INPUT under RCC conditions nor specific demographic character-
istics were associated with inferior efficacy of the DTEP.
Regarding HbA1c improvement, even a benefit of the RCC-
setting was observed. In summary, this comparative effectiveness
analysis showed that the delivery of the structured diabetes educa-
tion programme INPUT had at least equal efficacy in a real world
setting compared to the RCT setting.
Clinical Trial Registration Number: NCT02868931
Supported by: This study was supported by Berlin Chemie
Disclosure: N. Hermanns: Employment/Consultancy; Abbott Diabetes
Care, Eli Lilly. Grants; Berlin Chemie, Roche Diagnostics, Lilly,
AstraZeneca, Abbott Diabetes Care. Honorarium; Dexcom, Berlin
Chemie.
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DAFNE (Dose Adjustment for Normal Eating) structured education
is associated with lower incidence of DKA and DAFNE uptake is
lowest in deprived populations
L.M.L. Hall, H.A. Casey, Z.M. Chong, A. Kernohan;
Department of Endocrinology and Diabetes, Queen Elizabeth University
Hospital, NHS Greater Glasgow and Clyde, Glasgow, UK.

Background and aims: Patients with Type 1 diabetes (T1DM) who have
undergone DAFNE (Dose Adjustment for Normal Eating) structured ed-
ucation have lower HbA1cs, improved confidence and knowledge about
diabetes and lower rates of hypoglycaemia. There is evidence that diabet-
ic ketoacidosis (DKA) incidence following DAFNE is significantly low-
er. Lower socio economic status and higher area level deprivation status
have been associated with higher incidence of DKA. Health inequalities
may influence access to and uptake of DAFNE and therefore contribute to
risk of DKA. The Scottish Index of Multiple Deprivation 2016 (SIMD) is
a deprivation scale based on postcode, with SIMD 1 being the most
deprived and 5 being the least deprived. This may be used to classify
deprivation area status and aid interrogation of health inequalities. The
aims of this study were to determine rates of uptake of DAFNE across
different SIMD quintiles in Greater Glasgow and Clyde health board and
to examine whether, at population level, DKA incidence was lower in
patients who had undergone DAFNE structured education.
Materials andmethods: SCI-Diabetes, a national Scottish database, was
used to identify patients coded with T1DM, completion of DAFNE, and
SIMD. Episodes of DKA during 2017 were identified using hospital
discharge codes. This method of using hospital discharge codes to iden-
tify DKA episodes has been previously validated (PPV 94%) by our
group. SPSS using Pearson Chi square test and cross tabulation was used
to assess significance and incidence within the categorical variable of
SIMD cohorted into quintiles
Results: 6613 patients with T1DMwere identified, 446 individuals were
classified as having DKA in 2017 and 150 individuals as having recurrent
DKA. DKA incidence is strongly negatively correlated to DAFNE (r= -
0.039, p=0.002). DKA incidence was 7.2% in patients who had not un-
dergone DAFNE vs. 4.5% in those who had. Recurrent DKA (mean
DKA episodes 2.97) and DAFNE is negatively correlated ( r= - 0.28,
p=0.021). Recurrent DKA incidence was 2.1% in those who had not
undergone DAFNE vs. 1% in those who had. SIMD and completion of
DAFNE was significant correlated (r= 0.094 p= <0.00), showing the
quintiles classified as most deprived are significantly less likely to have
had DAFNE. Incidence of those who had undertakenDAFNE rising from
SIMD1 12.2%, SIMD2 15.2%, SIMD3 19.4%, SIMD4 19.1% to SIMD5
21.2%.
Conclusion: DAFNE was associated with a significantly lower DKA
incidence at population level. Completion of DAFNE however was lower
in the most deprived populations. Supporting those from lower SIMD
postcodes to undergo DAFNE structured education may reduce DKA
and reduce health inequalities.

Disclosure: L.M.L. Hall: None.
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Impact of diabetes education and self-management on attainment of
glycaemic targets in people with type 1 diabetes in developing coun-
tries: IDMPS study outcomes
J.C.N. Chan1, P. Aschner2, J.J. Gagliardino3, H. İlkova4, F. Lavalle5, A.
Ramachandran6, M. Shestakova7, J.-M. Chantelot8, J.C. Mbanya9;
1The Chinese University of HongKong, Shatin, HongKong SAR, China,
2Javeriana University School of Medicine and San Ignacio University
Hospital, Bogotá, Colombia, 3School of Medicine UNLP, CENEXA
(UNLP-CONICET), La Plata, Argentina, 4Istanbul University, Istanbul,
Turkey, 5Universidad Autónoma de Nuevo León, Nuevo León, Mexico,
6India Diabetes Research Foundation and Dr. A. Ramachandran's
Diabetes Hospitals, Chennai, India, 7Endocrinology Research Center,
Moscow, Russian Federation, 8Sanofi, Paris, France, 9University of
Yaounde I, Yaounde, Cameroon.

Background and aims: The International Diabetes Management Practices
Study (IDMPS) is a global, observational, cross-sectional study investigating
management practices of peoplewith diabetes in developing countries.Herewe
assessed the relationship among frequency of diabetes self-management, provi-
sion of diabetes education and glycaemic target achievement in people with
type 1 diabetes (T1D).
Materials and methods: From 2005-2017, data on patient profiles, man-
agement, and patterns of care were collected in seven individual waves.
Physicians recruited the first five patients with T1D and 10 patients with type
2 diabetes from their clinical practice. Data presented correspond to Wave 7
(2016-2017), which enrolled participants from 24 countries spanning Africa
(North,West and Sub-Saharan regions), theMiddle East, Eurasia (Russia and
Ukraine) and South East Asia (Bangladesh and India). To identify factors
related to glycaemic control, a logistic regression model was performed for
each region with data available. Odds ratios (OR) with 95% confidence
intervals (CI) were estimated for each significant predictor.
Results: We recruited 2000 people with T1D. Most (83.8%) lived in urban
areas and had reached either secondary education level (38.8%) or university/
higher education (50.6%). Few participants achieved HbA1c <7.0 % (21.8%;
n=403) or 7.0-8.0 % (28.0%; n=518), with 50.2% having HbA1c >8.0 %
(n=928). Over half of participants (58.3%; n=1135) followed a healthy diet
and exercise plan, and 70.7% (n=1330) performed self-management (i.e. self-
monitored blood glucose and self-adjusted insulin dose). Both diet and self-
management were predictors for HbA1c (<7.0%) target achievement (Table),
aswas receipt of diabetes education (Table).Whilemost patients had received
some type of diabetes education (86.5%; n=1710), few received structured
courses and most patients received education delivered by a physician rather
than a certified diabetes educator (Table).
Conclusion: Receipt of diabetes education and practice of self-management
is associated with HbA1c target achievement in people with T1D living in
developing countries. Improving access to structured diabetes education
courses delivered by specialist diabetes educators could help to further im-
prove patient self-management practices and HbA1c target achievement.

Supported by: Sanofi
Disclosure: J.C.N. Chan: Honorarium; Has received honoraria and trav-
eling sponsorship in relation to the IDMPS. Other; Member of the
IDMPS steering committee.
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Potential over- and under-treatment in glycaemic management of
type 2 diabetes in general practice in Norway
A. Tran1, B. Gjelsvik1, T. Berg2, J. Cooper3, T. Claudi4, S. Sandberg5, G.
Thue5, A. Jenum1;
1Department of General Practice, University of Oslo, Oslo, 2University of
Oslo, Oslo, 3Department of Medicine, Stavanger University Hospital,
Stavanger, 4Nordlandssykehuset, Bodø, 5Norwegian Quality
Improvement of Laboratory Examinations, Bergen, Norway.

Background and aims: Treatment targets for patients with type 2 diabetes
(T2DM) should be individualized, balancing potential benefits and harms.
We aimed to explore potential over- and under-treatment related to HbA1c
and factors associated with over- and under-treatment in general practice.
Materials andmethods:Data on 10233 T2DMpatients cared for by 282
general practitioners (GP) were extracted from electronic health records
in 2014. Of these, 9116 (89%) had their HbA1c measured. Patients were
categorized as potentially over-treated if they had HbA1c < 42 mmol/mol
(<6.0%) and were prescribed any glucose-lowering medication, and as
under-treated if they had HbA1c ≥ 64 mmol/mol (≥8.0%) and were pre-
scribed <2 glucose-lowering agents. We did not have information about
hypoglycemia. We used multilevel regression models with over- and
under-treatment separately as dependent variables (yes/no), and charac-
teristics of the patients and their GP as independent variables.
Results: In our study, 1243 patients (14%) had HbA1c < 42 mmol/mol
(<6.0%) and 1652 (18%) HbA1c ≥ 64 mmol/mol (≥ 8.0%). Among the
1243 patients who had HbA1c < 42 mmol/mol (<6.0%), 536 (43%) were
prescribed glucose-lowering medication, indicating potentially over-
treatment (Table 1). Compared with patients aged ≥ 50 years, those < 50
years were more likely to be over-treated (odds ratio (OR) 1.66, 95% CI
1.24 to 2.22). Potential over-treatment was also associated with patient
characteristics such as being born in western countries (OR 2.44, 95% CI
1.65 to 3.62), low education (OR 1.56, 95% CI 1.13 to 2.14) and male GPs
(OR 1.49, 95%CI 1.12 to 1.99). Among the 1652 patients who had HbA1c
≥ 64 mmol/mol (≥ 8.0%), 684 (41%) were prescribed <2 glucose-lowering
agents, representing potentially under-treatment (Table 1). Male patients,
patients aged < 50 years, those with low education levels, non-western
origin and low eGFR were more likely to be under-treated compared with
their counterparts (OR 1.44, 95%CI 1.19 to 1.75),(OR 1.98 95%CI 1.53 to
2.56),(OR 1.59, 95% CI 1.22 to 2.08), (OR 1.40, 95% CI 1.04 to 1.83) and
(OR 2.00, 95% CI 1.44 to 2.76), respectively.
Conclusion:We have identified both potential over- and under-treatment
in glycaemic management of T2DM in general practice. Patient- and GP
characteristics were associated with over- and under-treatment. More
targeted glucose-lowering treatment seems to be indicated for patients
younger than 50 years, patients with low education levels and those born
in non-western countries.
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Supported by: the Extra Foundation Health and Rehabilitation and
Norwegian Women’s Public
Disclosure: A. Tran: None.
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Physicians' educational support with self-monitoring of blood glu-
cose improves glycaemic control in patients with type 2 diabetes: a
prospective study
N. Tanaka1,2, D. Yabe1, K. Murotani3, Y. Yamaguchi2, Y. Fujita2, S.
Kubota2, R. Nakashima2, S. Okamoto2, S. Ueno2, H. Kuwata1,2, K.
Watanabe2, T. Hyo2, Y. Hamamoto1,2, T. Kurose1,2, Y. Seino1,2;
1Yutaka Seino Distinguished Center for Diabetes Research, Kansai
Electric Power Medical Research Institute, Kobe, 2Center for Diabetes,
Endocrinology and Metabolism, Kansai Electric Power Hospital, Osaka,
3Biostatistics Center, Graduate School of Medicine, Kurume University,
Kurume, Japan.

Background and aims: Although self-monitoring of blood glucose
(SMBG) is well-known to be useful to improve glycemic control in pa-
tients with type 2 diabetes (T2D), it is still obscure howmuch physicians’
involvement in diabetes self-care through SMBG impact on the patients’
benefit. We aimed to elucidate whether physicians’ educational support
with SMBG provide benefit on glycemic control and quality of life
(QOL) in T2D patients.
Materials and methods: A prospective, single-center, open-label, ran-
domized study was conductedwhich comprised of intervention period for
6 months (M) and following observation period for 6 months. Study
participants were randomized into intensive education group (IE) (n =
38) and conventional treatment group (CT) (n = 38). IE patients were
provided a SMBG device (Medi-Safe Fitsmile®, Terumo Corporation,
Tokyo, Japan) and physicians’ instruction with SMBG data-
management system (HR Joint Simle Data Vision®) which provides com-
prehensive analyzer of blood glucose profiles. CT patients were
instructed to continue ordinary SMBG testings. Diabetes Treatment-
Related QOL questionnaire (DTR-QOL) and an original questionnaire
including Q1) “How important is SMBG to you?” and Q5) “Would you
like to share your SMBG results with your physician?” were conducted.
Primary end points of this study were changes in HbA1c levels and DTR-
QOL score during the study.
Results:The baseline characteristics of IE and CTwere (mean ± SEM): age,
60.6 ± 1.3 and 61.4 ± 1.4 years; HbA1c, 8.0 ± 0.1 and 7.9 ± 0.1 %; and
DTR-QOL total score, 69.8 ± 2.4 and 69.9 ± 2.0, respectively. In IE, HbA1c
level was significantly decreased at 6M (Δ = -0.3 ± 0.1 %, P < 0.05),
whereas it was comparable at 6M in CT (Δ = -0.1 ± 0.2 %, P = NS). At
12M, HbA1c level returned to the baseline level and was comparable be-
tween both groups (Δ = 0.3 ± 0.1 % and 0.4 ± 0.2 %, P = NS, respectively).
DTR-QOL total score at 6M, 12M were comparable to that at 0M in both
groups (Δ = -1.2 ± 2.4 and 1.5 ± 2.4 at 6M,Δ = -1.7 ± 3.4 and -1.9 ± 2.8 at
12M, respectively). In IE, score of Q1was comparable between 0M and 6M
(4.6 ± 0.1 and 4.6 ± 0.1,Δ = 0.0 ± 0.1, P = NS), whereas in CT, Q1 score
was significantly decreased from 4.5 ± 0.1 at 0M to 4.3 ± 0.1 at 6M (Δ = -
0.2 ± 0.1. P < 0.05). Changes in insulin doses and body weight were com-
parable between the two groups during the study period. Stepwise multiple
regression analysis revealed that changes in HbA1c between 0M and 6M
was associatedwith HbA1c at 0M (B = -0.607; 95%CI, -0.767 to -0.271; β
= -0.556, P < 0.01), changes in insulin doses (B = 0.052; 95 % CI, 0.015 to
0.088; β = 0.293, P < 0.01), changes in Q1 score (B = -0.433; 95 % CI, -
0.827 to -0.040;β = -0.225, P < 0.05) and changes in Q5 score (B = -0.281;
95 % CI, -0.521 to -0.079; β = -0.276, P < 0.01).
Conclusion: Physicians’ support with comprehensive SMBG reviewing
system significantly improves glycemic control compared with conven-
tional treatment. This benefit is attributed to the patients’ concern about
the importance and clinical utility of SMBG.
Clinical Trial Registration Number: UMIN000035349
Supported by: Terumo

Disclosure: N. Tanaka: Grants; Terumo Corporation.
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Is group education effective in non-insulin treated type 2 diabetic
patients and do they differ from insulin-treated patients in factors
leading to improved control?
J. Stefankova1, A. Jirkovska2, A. Adamikova3, J. Jirkovska4, J. Hradec5,
K. Cechova2, V. Havlova2, T. Hrachovinova2;
1StefaMed, Hradec Kralove, 2IKEM, Prague, 3Hospital of T. Bata, Zlin,
4Medical Dept of the First Faculty of Medicine and Military University
Hospital, Charles University, Prague, 5IDE CR, Chrudim,
Czech Republic.

Background and aims: The group education is one of the most
effective forms of education in patients with diabetes mellitus. Its
effectivity in insulin-treated patients has already been proven. It
remains unclear whether this type of education is also effective
in non-insulin treated diabetic patients and whether the factors
which lead to improved control may differ. Aims were to compare
the effect of group education on glycated hemoglobin between
patients with diabetes treated with insulin and treated with oral
antidiabetics drugs (OAD), with respect to weight changes and
selfmonitoring of blood glucose (SMBG).
Materials and methods: There were 14 diabetes out-patient clinics
in the Czech Republic participated in this research project. The
program consisted of four 2-hour sessions. Interactive form of ed-
ucation in small groups of patients was preferred. The metabolic
parameters were evaluated before, as well as in the end of course
and after 6 months.
Results: There were no significant differences in the baseline character-
istics between ,,Insulin“ and ,,OAD“ groups : 119 vs 55 patients, mean
age 62 ± 11 vs 61 ± 11 years, 53 vs 53% men, initial BMI 32.7 ± 6.3 vs
33.3 ± 6.6 kg/m2. More patients with acceptable diabetes control (HbA1c
less than 7,6%) were in the "OAD" group (53 vs. 28%, p <0.001) at the
beginning. The proportion of patients with the acceptable control in-
creased significantly 6 months after the course in both study groups, in
the "OAD" group from 53 to 76% (p <0.01) and in the ,,insulin“ group
from 28 to 54% (p <0.001). The mean HbA1c values after 6 months
decreased also significantly both in the "OAD" group (from 7,5 ± 3.2%
to 6,9 ± 3,2%; p <0.001) and in the "insulin" group (from 8,4 ± 3,6 to 7,7
± 3,3%; p <0.001). In the "OAD" group, patients with improved HbA1c
values over 6 months reduced their weight more than those with no
improvement (-3.1 ± 6.9 kg vs - 0.1 ± 5.2 kg, p <0.05), the same associ-
ation was in patients treated with insulin (improved patients - 1.6 ± 2.9 kg,
not improved only - 0.3±2,3, p <0.05). Six months after the course the
number of patients in “OAD” group who performed SMBG increased
from 57% to 94%, p <0.001. The frequency of patients performing
SMBG in “Insulin “ group did not change because it had already been
high before the course (98%).
Conclusion:Non-insulin-treated type 2 diabetic patients can benefit from
group education similarly as insulin-treated type 2 diabetic patients. The
improvement in diabetes control has been associated with weight loss in
both groups. SMBG was a significant factor only in OAD - treated pa-
tients; the rational frequency of self-monitoring in these patients remains
an open question.
Disclosure: J. Stefankova: None.
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Effect of an interdisciplinary care and diabetes education pro-
gramme on foot care knowledge and foot self-care among persons
with a high risk profile for foot ulceration
R. Silva-Tinoco, E. Guzmán-Olvera, V. DelaTorre-Saldaña, D. Rosales,
A. Villa, B. Vidal, J. Orozco-Gutierrez, J. Serna, E. González, E. León, T.
Cuatecontzi-Xochitiotzi;
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Clínica Especializada en Diabetes Ciudad de México en Iztapalapa,
Ministry of Health of the Mexico City Government, Mexico.

Background and aims: Identification of persons at-risk for foot ulceration
is a key element to prevent foot complications. Evidence suggests a rela-
tionship between social determinants of health and worst diabetes-related
outcomes. The effectiveness of strategies focused on diabetes self-
management education have been poorly studied, particularly in low-
middle income settings. We determined the effect of a 5-months
Interdisciplinary Care and Diabetes Self-management Education Program
on foot-care knowledge and foot self-care among persons who attended a
public outpatient diabetes care clinic in Mexico City/Iztapalapa in 2017-18.
Materials andmethods:A ‘before and after’ subanalysis for the baseline
and after (5 months) the recruitment was done. Intervention included
individual and group sessions in a shared interdisciplinary appointments
model aimed at promoting self-care. Diabetes Knowledge was assessed
using the Spoken Knowledge in Low Literacy Patients with Diabetes
scale. The Summary of Diabetes Self-Care Activities was used to mea-
sure self-care behavior. The International Working Group for Diabetic
Foot Risk Classification System was assessed: foot deformity and history
of foot ulcer/amputation, tuning fork and monofilament test (peripheral
neuropathy) and ankle-brachial index (peripheral arterial disease).
Results: We included 730 persons with type 2 diabetes, women repre-
sented 67.9%, 55% had elementary or less education and 75.7% had
medium-low or lower socioeconomic status. Mean age was 54±11 years
old and mean duration of diabetes was 12±8 years. The prevalence of
integrated at-risk foot categories (IWGDF 1-3) was 56.6%: peripheral
neuropathy (IWGDF1) in 3.8%, peripheral neuropathy with peripheral
artery disease and/or a foot deformity (IWGDF2) in 49%, and peripheral
neuropathy and a history of foot ulcer or lower-extremity amputation
(IWGDF3) in 4.8%. Association between the presence of at-risk foot
categories was observed with primary or less education (OR 2.11, 95%
CI, 1.4-3.0, p=<0.0001), but not with medium-low or less socioeconomic
status. Unawareness about appropiate frequency for foot self-care de-
creased from 60.6 to 4.9% (p=<0.0001), and unawareness about the rel-
evance of foot self-care decreased from 65 to 13% (p=<0.0001) after the
program. Foot self-care behavior increased from 3.3 to 6.6 days/week
(p=<0.0001). Similarly, global self-care behavior (diet, exercise, glucose
testing and foot care) increased (2.4±1.6 to 4.9±0.9 days/week,
p=<0.0001) and HbA1c decreased (9.4±2.0 to 6.8±1.2%, p=<0.0001).
Conclusion: We found a high prevalence of risk factors for foot ulcera-
tion in an urban primary care population with adverse social determinants
of health. The presence of at-risk ulcer foot profile was more common in
persons with low education. Diabetes knowledge and self-care about foot
care before the program were poor, but improved considerably after the
program. Strategies for the prevention of complications in at-risk popu-
lations must be implemented to mitigate disease burden, and diabetes
therapeutic education and interdisciplinary care may play an important
role. These care schemes may have positive implications for population
health and health care costs in similar settings.
Supported by: World Diabetes Foundation
Disclosure: R. Silva-Tinoco: None.
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Amygdala connectivity mediates the association between anxiety and
depression in type 2 diabetes
C. He;
Department of Neurology, Affiliated ZhongDa Hospital, School of
Medicine, Southeast University, Nanjing, China.

Background and aims: Type 2 diabetes mellitus (T2DM) patients have a
two-fold risk of developingmajor depressive disorder (MDD) compare to
non-diabetic population. Furthermore, Anxiety is the most frequently co-
occurring symptom in T2DM patients comorbid with MDD and subse-
quently contributes to increased severity and treatment resistance.
However, little is known about how T2DM and mood disorders share
pathophysiological commonalities or interact at the neural network level.
The purpose of this study was to investigate the neural substrates under-
lying anxiety and depression in T2DM using resting-state magnetic res-
onance imaging (rs-fMRI).
Materials and methods: T2DM patients with MDD (n = 42) (with
anxiety/without anxiety, 19/23), and well-matched healthy controls
(HC) (n = 35) underwent rs-fMRI scanning and neuropsychological test-
ing. Bilateral amygdala were selected to construct the seed-based func-
tional connectivity brain network. Multivariate linear regression analysis
was performed to investigate the neural substrates of anxiety and depres-
sion on the amygdala functional connectivity (AFC) network in T2DM
patients. In addition, overlay analysis was employed to explore the inter-
active effects of anxiety and depression on AFC. Mediation analysis was
employed to explore whether intrinsic amygdala connectivity mediates
the association between anxiety and depression in T2DM patients.
Results:We found that T2DM patients suffered mood symptoms showed a
widely reduced functional connectivity in theAFCnetwork, especially in the
fronto-parietal system. Furthermore, common and distinct neural circuits
involving anxiety and depression were separately identified. The interactive
effects of anxiety and depression on the bilateral AFC networks were also
found in the bilateral ventromedial prefrontal cortex, middle occipital gyrus,
and lentiform nucleus, right hippocampus, parahippocampus, fusiform area,
and medial frontal gyrus. More importantly, mediation analysis suggested
that amygdala connectivity strength mediated the relationship between anx-
iety and depression in T2DM patients.
Conclusion: These findings extend our understanding of the brain cir-
cuitry implicated in T2DMpatients with comorbidMDD and anxiety, and
provide new insight into research targeting of the neural circuits involved
in this comorbidity.

Disclosure: C. He: None.

834
Missed insulin bolus doses before and after the introduction of
rtCGM: the influence of hypoglycaemic fear
W. Polonsky1, J. Johnson2, H. Wolpert2, X. He3, C.Y. Kao3, E.
Meadows3, J.L. Poon3, D. Price4, S.S. Edwards3;
1Behavior Diabetes Institute, San Diego, 2Eli Lilly and Company,
Cambridge, 3Eli Lilly and Company, Indianapolis, 4Dexcom, Inc, San
Diego, USA.
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Background and aims: When people with diabetes are introduced to
real-time continuous glucose monitoring (rtCGM), they may still struggle
to meet glycaemic targets, as highlighted by the T1D Exchange. We
assessed missed bolus doses (MBD) in relation to psychosocial factors
and rtCGM use in people with diabetes using insulin.
Materials and methods: This 12-week, single-arm, observational study
enrolled people with diabetes who reported HbA1c ≥64 mmol/mol and
taking ≥3 insulin boluses/day. We administered the Adult Low Blood
Sugar Survey short form (ALBSS), which evaluates hypoglycaemic fear
at baseline. Data from a connected insulin pen and CGM (1st 6 weeks
blinded, 2nd 6 weeks rtCGM)were used to calculateMBD as defined by a
4.44 mmol/L glucose increase over ≤2 hours not preceded within 1 hour
by an insulin dose. Amixed-effect model for repeated measures tested the
association of MBD with ALBSS. Logistic regression assessed the rela-
tionship of MBD change (blinded to rtCGM) with ALBSS. Covariates in
both models were baseline HbA1c (≤ or >75 mmol/mol), diabetes type
and duration, sex, ethnicity, age, and BMI.
Results: Participants (N=68), mean age 48 (range 22-65 yrs), were 44%
female, 18% Hispanic, and 59% T1D. The mean ALBSS score was 13.7
(range 0-34). In the blinded period, a mean of 0.94±0.39 MBD/day were
calculated, which reduced in rtCGM (0.85±0.37MBD/day, p=0.047). For
blinded and rtCGM, more frequent MBD were independently associated
with greater hypoglycaemic fear (ALBSS, p=0.038) and higher baseline
HbA1c (p=0.001). Participants with greater hypoglycaemic fear were
more likely to miss more bolus doses even after switching to rtCGM
(odds ratio 1.1, p=0.045).
Conclusion:MBDwere relatively common in people with diabetes using
multiple daily injections who had not achieved adequate glycaemic con-
trol. Hypoglycaemic fear was associatedwithmoreMBD, even following
the introduction of rtCGM. Therefore, when managing people with dia-
betes using bolus insulin, clinicians should address fear of hypoglycaemia
as a potential barrier to appropriate dosing. This exploratory study sug-
gests attention to psychosocial factors and clinician support is required in
this population to improve glucose control.
Clinical Trial Registration Number: NCT03368807
Supported by: Eli Lilly and Company
Disclosure: W. Polonsky: Employment/Consultancy; Livongo, Abbott,
Lilly, Roche, Xeris, Novo, Merck, Servier.

835
Integrated Amrita Meditation (IAM) reduces stress and improves
glycaemic control in people with type 2 diabetes
H. Kumar1, S. Ks2, V. Balakrishnan2, S. Kr3;
1Endocrinology, Amrita Institute of Medical Sciences and Research
Centre, Kochi, 2Physiology, Amrita Institute of Medical Sciences and
Research Centre, Kochi, 3Biostatistics, Amrita Institute of Medical
Sciences and Research Centre, Kochi, India.

Background and aims: Psychological distress plays an important role in
management and treatment of Type 2 Diabetes Mellitus. Stress manage-
ment is of paramount importance in management of type 2 diabetes.
IAM®, a trademarked technique designed by Mata Amritanandamayi
Math (MAM), is a form of meditation that encompasses yogic postures,
breathing exercise and meditation, all three components which can be
practiced easily within 23 minutes. The practice is licensed and taught
all over the world free of cost. The objective of our study was to deter-
mine the effect of IAM on stress and glycaemic control in type 2 diabetic
patients
Materials and methods: 30 type 2 diabetic subjects between the age
group of 30 - 65 years were recruited for the study. They were randomly
allocated to test (IAM) and control group. IAM group patients were
trained the meditation technique by a certified practitioner and they prac-
ticed the meditation once daily. Blood Pressure (BP), Fasting Blood
Glucose (FBG), HbA1c, Cortisol and Perceived Stress Scale (PSS, a
standardized stress questionnaire) were the study variables assessed pre

and post intervention. Samples were collected at baseline, 3 month and 6
month visit. Statistical analysis was performed using IBM SPSS Version
20.0 Software. To test the statistical significance of pre and post mean
changes of continuous variables within groups, paired t test / Wilcoxon
Signed Rank test was used and for the mean percentage change of vari-
ables between two groups, student's t-test was applied
Results: 30 patients completed the study in both test (n=15) and control
(n=15) group. Mean age of IAM group subjects was found to be 54.87 ±
10.27 years and that of control group subjects was 48.53 ± 8.95 years.
Themale/female ratio (40: 60) was the same in both the groups. Themean
duration of diabetes of the study participants was 6.10 ± 3.04 years.
Continuous 6 months of IAM practice within test group had brought
down the Systolic BP from 146.47 ± 16.00 to 138.60 ± 16.95 mmHg (p
= 0.004). The Diastolic BP had reduced to 80.60 ± 9.32 from 87.20 ±
10.35 mmHg (p = 0.013). HbA1c dropped from a baseline of 8.75 ± 1.46
to 7.91 ± 1.25 % in 3rd visit (p=0.006). Cortisol showed significant de-
crease from a baseline of 9.65 ±3.73 to 7.31 ±2.72 ug/dl (p=0.003). Mean
perceived stress score came down to a value of 15.13 ± 3.29 from an
initial score of 21.13 ± 3.72 (p<0.001). FBG showed a decreasing trend
within IAM group (p = 0.067). Within control group we observed a
significant increase in HbA1c (p=0.042) and perceived stress
(p=0.002), and no significant change in other variables. When the mean
percentage change of variables between the two groups were compared
from baseline to 6months, we observed a significant difference in systolic
BP (p=0.001), HbA1c (p=0.001) and Cortisol (p=0.003). The mean per-
centage difference in psychological stress was also highly significant
(p<0.001) between the two groups over a period of 6 months
Conclusion: Regular practice of IAM significantly reduced blood pres-
sure, HbA1c, cortisol and perceived stress in subjects with Type 2
Diabetes
Supported by: Research fund of Amrita Institute of Medical Sciences
Kochi, India
Disclosure: H. Kumar: None.

836
The impact of type 1 diabetes on the manifestations of anxiety-
depressive disorders and quality of life in adult patients of middle
age with a labile type 1 diabetes
Y. Klitsunova1, K. Mylytsya2;
1Family Medicine, Zaporizhzhia Medical Academy of Post-Graduate
Education, Zaporizhzhia, 2Surgery with Proctology, Zaporizhzhia
Medical Academy of Post-Graduate Education, Zaporizhzhia, Ukraine.

Background and aims: Diabetes has a great impact on health status and
quality of life (QoL) in terms of physical, social, and psychological well-
being. The aim of the present study was to measure diabetes-dependent
and general QoL and its relationship with biomedical and psychological
variables in patients with labile T1D.
Materials and methods: Study population was consisted by 80 subjects
with T1D attending diabetic outpatient clinics of Zaporizhzhia multiple
clinical hospital #9 during June 2017 - July 2018. Information about
demographics (gender, marital status, education, and annual income),
personality (activity trait), medical factors (diabetes duration, insulin
use, number of comorbidities, and body mass index), lifestyle behaviors
(smoking habits, physical activity, and diet) were collected. Additionally,
a psychological assessment including the Audit of Diabetes Dependent
Quality of Life questionnaire, SF-36, PHQ-SADS score were carried out.
Results: The results suggest that people with diabetes had predictably
worst scores in all the domains, including physical functioning, role phys-
ical, general health, vitality, social functioning and mental health with
significant p-values less than 0.001 as compared to the Age-
standardised healthy Adult group except Bodily pain. The most pro-
nounced difference between groups was found in terms of General health
perceptions - 43,8% decline in diabetic patients and Role limitations -
emotional health - 32,9% decline in T1D group. Diabetes mellitus type 1
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had an especially strongly negative impact to Leisure activities (−4.4 ±
2.9), working life (−4.7 ± 3.0), Journeys (−4.4 ± 2.6), Holidays (−4.9 ±
2.9), health status (−4.4 ± 2.0), family (−4.5 ± 3.0). During psychological
assessment we found that 10.5% had severe somatic symptoms, 47.4%
had moderate somatic symptoms, and 26.3% had mild somatic symp-
toms. As for the generalized anxiety disorder (GAD), severe generalized
anxiety disorder was not observed in any patient, GAD of moderate
severity was found in 10.5% of patients, mild GAD in 26.3%. When
analyzing the results on the PHQ-9 depression questionnaire, major de-
pression was detected in 5.3% of patients, moderate severity - in 5.3%
mild depression - in 10.5%. It is interesting to note that when evaluating
correlations, the greatest impact on somatoform disorders had a history of
diabetes (r = 0.50, p = 0.048), and average glucose (r = 0.51, p = 0.041),
the duration of diabetes affected GAD (r = 0.64, p = 0.008). The degree of
depressive disorders was significantly influenced by lipid profile indica-
tors: HDL (r = -0.72, p = 0.002), atherogenic index (r = 0.66, p = 0.005).
As for the quality of life, the majority of indicators (PH, PF, BP, VT,
SF)and all in ADDQoL besides Sex life, self confidence and motivation
were significantly influenced by markers of liver function ALT, AST,
alkaline phosphatase, GGT. Mental Health was significantly influenced
by weight (r = 0.51, p = 0.045) and BMI (r = 0.52, p = 0.039), and GH -
QTc (r = -0.59, p = 0.016) and uric acid level (r = - 0.50, p = 0.049).
Conclusion: The results of the present study showed that T1D has a
negative impact to patient’s QoL, symptoms of depression, anxiety and
somatization syndromes. Markers of liver function, weight, BMI most of
all affecting physical health and lipid profile affects mental health.
Clinical Trial Registration Number: 01546
Disclosure: Y. Klitsunova: None.

837
Association of anthropometric, socioeconomic, glycaemic and cardio-
metabolic parameters with the presence and severity of depressive
symptoms in type 2 diabetes
A. Angelidi, S. Vrakas, A. Papazafeiropoulou, C. Verras, A.
Ganotopoulou, A. Melidonis;
Diabetes Center, Tzaneio General Hospital, Piraeus, Greece.

Background and aims: Depression is a severe mental disease quite
prevalent. Surveys have shown a strong association between depression
and diabetes mellitus with poor outcomes in disease control. The purpose
of this study is to explore possible correlations between demographic,
socioeconomic and cardiometabolic parameters with the presence and
severity of depression in type 2 diabetes.
Materials and methods: 391 patients (193 males, aged 64.9 ± 10.3
years) with type 2 diabetes were included in the study. Information
regarding demographic characteristics, socioeconomic status, an-
thropometric and metabolic parameters, glycemic control, type of
antidiabetic treatment and the presence of complications of diabetes
were collected from all patients. BDI-II and DASS (depression
scale) questionnaires were used to assess the emotional state of
depression. Higher total scores indicate more severe depressive
symptoms. Statistical analysis was performed using STATA 9.0
software.
Results: According to BDI-II severity of depression showed a statis-
tically significant relationship with the following parameters: age
(Coefficient=-0.146, p=0.004), BMI (Coefficient=0.25, p=0.016), exer-
cise (Coefficient=-4.02, p=0.003), HbA1c (Coefficient=1.49, p=0.001),
and insulin therapy (Coefficient=4.01, p=0.004). Regarding
DASS(depression scale) a statistically significant relationship of de-
pression was revealed with: age (Coefficient=-0.16, p=0.007), exercise
(Coefficient=-1.22, p=0.034), BMI (Coefficient=0.28, p=0.012), insu-
lin therapy (Coefficient=6.17, p<0.001) and number of insulin injec-
tions (Coefficient=1.87, p=0.015). On BDI-II multivariate analysis a
significant positive association was found with HbA1c (Coefficient =
1.13, 95% CI: 0.04 - 2.22, p = 0.041) and BMI (Coefficient = 0.23,

95% CI: 0.01 - 0.46, p = 0.035). On DASS multivariate analysis a
significant positive association was found only with BMI (Coefficient
= 0.27, 95% CI: 0.03 - 0.51, p = 0.028). Moreover, further analysis
regarding glycemic control revealed that participants with HbA1c<7%
had lower BDI-II score than those with HbA1c>7% (p=0.023).
Conclusion:Obesity appears to act adversely to the presence and severity
of depression, giving further emphasis on the importance of adopting a
healthy lifestyle of living and weight loss in people with type 2 diabetes.
Furthermore, good glycemic control seems to be inversely associated
with the presence and severity of depression symptoms in people with
type 2 diabetes.
Disclosure: A. Angelidi: None.

838
High anxiety and depressive symptoms in partners of type 1 diabetes
persons in a Brazilian population
E. Buin, E.J. Pavin, M.V.M. Silveira;
Endocrinology Division, Department of Internal Medicine, Faculty of
Medical Sciences of, State University of Campinas (UNICAMP),
Campinas, SP, Brazil.

Background and aims: Type one diabetes (T1D) affects psychologi-
cally not only the persons with diabetes (PWD) themselves but af-
fects their family members. Few studies were conducted to investi-
gate mental health in T1D's partners. This study aims 1- to investigate
the frequency of depressive and anxiety symptoms on T1D partners
and 2- to investigate the association among depressive and anxiety
partner’s symptoms and their demographic characteristics and also
the clinical and demographic characteristics of their T1D spouses in
a Brazilian population.
Materials and methods: In a transversal study 72 T1D's partners were
interviewed. Partners were invited to take part in the study during their
T1D spouses' routine consultations. Those who consented to take part in
the study signed the consent form. This study followed the principles of
the Declaration of Helsinki and was approved by the University Ethics in
Research Committee. Inclusion criteria were T1D partners age ≥ 18 and
T1D diagnosis > 6 months. Exclusion criteria were cognitive impairment,
history of major psychiatric disorders, and severe chronic and terminal
diseases. Depressive symptoms were evaluated by the depression sub-
scale of the Hospital Anxiety and Depression scale (HADD) and anxiety
symptoms were evaluated by the anxiety subscale of the same instrument
(HADA). The T1D partners were divided into subgroups according to
score ≥ 8 and < 8 in both subscales. Demographic and clinical data were
obtained from interview.
Results: Of all 72 T1D’s partners, 72.2% were female, age was 42.7 ±
14.1 years, years of school attendance was 11.8±3.9 years, and 48.5% had
income reaching until 3 Brazilian minimal wages. Forty-three percent
reported high anxiety symptoms (HADA ≥ 8) and 18.1% reported high
depressive symptoms (HADD ≥ 8). Descriptive analyses were undertak-
en using means and percentages as appropriate. Comparing T1D partners
group with HADA ≥ 8 and < 8, the first one was associated with SGMS
use (41.94% vs 19.51%; p=0.03). Similarly, comparing T1D partners
group with HADD ≥ 8 and < 8, the first one was associated with 1- longer
duration of T1D of their spouses (28.6 ± 7.1 vs 22.4 ± 12.2; p=0.02); 2-
T1D partners with less years of school attendance (9.3 ± 3.2 vs 12.3 ± 3.8;
p=0.02); and, 3- higher number of hypoglycemic episodes requiring other
person’s intervention (6.3 ± 8.9 vs 2.4 ± 4.7; p=0.009). Seventy-six per-
cent of partners who helped personally in their spouses' hypoglycemia
recovery had HADD ≥ 8 vs 44.7% with HADD < 8 (p=0.03). Likewise,
84.6% vs 54.2% of partners which their spouses have T1D chronic com-
plications had HADD ≥ 8 and <8, respectively (p=0.04). Differences
between groups were assessed by the Mann-Whitney test for numerical
variables, by the Chi-Square test or by Fisher’s exact test for categorical
variables, as appropriate. All analyses were undertaken using SAS ver-
sion 9.2 for Windows. Statistical significance was set at 0.05.
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Conclusion: This study showed a high frequency of relevant anxiety and
depressive symptoms in this T1D partners population. Several issues
related to T1D of their spouses were associated with these symptoms.
These results emphasize the need to incorporate the psychological and
psychiatric aspects into T1D partners education and care.
Clinical Trial Registration Number: 68202017.0.0000.5404
Supported by: Capes
Disclosure: E. Buin: None.

839
Eating disorders in a Brazilian sample of females with type 1 diabetes
M.V.M. Silveira, E. Comparetti, A. Moura Neto, E.J. Pavin;
Endocrinology Division, Department of Internal Medicine, Faculty of
Medical Sciences, State University of Campinas, Campinas, Brazil.

Background and aims: Females with type one diabetes(T1D) have
a higher risk of developing eating disorders(ED) compared to
peers without diabetes. ED in people with T1D increases the risk
of serious complications including retinopathy, nephropathy, and
premature death. Recurrent hypoglycemia, recurrent ketoacidosis,
poor glycemic control as well as irregular medical appointments
could be symptoms of ED and should raise concern in this pop-
ulation. This study aims to identify the risk of ED in T1D pa-
tients followed in a tertiary hospital in Brazil and also to identify
which factors were associated with an increased risk of ED in this
population.
Materials and methods: In a transversal study, 120 females were
evaluated. Sixty T1D patients receiving outpatient care at our uni-
vers i ty hospi ta l were compared to 60 pat ients without
diabetes(control group). Inclusion criteria were age between 15-
45 years old for both groups and diagnosis of T1D for at least 6
months for the T1D group. Exclusion criteria were cognitive im-
pairment, history of major psychiatric disorders and pregnancy.
Everyone enrolled in the study signed the consent form. This study
followed the principles of the Declaration of Helsinki and was
approved by the University Ethics in Research Committee. The
Eating Attitudes Test-26 (EAT-26) was used to evaluate the risk
of ED. The cut point of 20 was used. The T1D group was divided
into two subgroups: 1- EAT-26 score ≥ 20 and 2- EAT score < 20.
Clinical and socio-demographical aspects were recorded and ana-
lyzed in both groups. Metabolic control was evaluated by HbA1c.
The latest lipid panel results were recorded and BMI was calculat-
ed. Information about chronic complications was obtained from
medical records.
Results: All of 120 participants were female. No differences were
found between patients with and without T1D regarding: age (26.0
± 7.1 vs 26.1 ± 7.3 ; p=0.9), years of school attendance (11.8 ± 2.7 vs
11.7± 2.8; p=0.8), marital status: (married: 70% vs 70%; p=1.0), and
income:(74.1% vs 67.8% had income reaching until 3 minimal
Brazilian wages; p=0.07). Descriptive analyses were undertaken
using means, medians, and percentages as appropriate. EAT score
in T1D group vs control was: (23.2 ±12.1 vs 16.4 ± 8.1; p=0.0016).
EAT score ≥ 20 in T1D group vs control was: 56.7% vs 28.3%;
p=0.0017). Hypoglycemia events were higher in T1D’s with EAT
score ≥ 20 than < 20 (94.1% vs 57.7%, p=0.0007). Differences be-
tween groups were assessed by the Mann-Whitney test for numerical
variables, by the Chi-Square test or by Fisher’s exact test for cate-
gorical variables, as appropriate. Higher number of hypoglycemias,
higher BMI and higher HbA1c were related to higher EAT-26 score,
respectively: (beta: 20.9, R: 0.151; p= 0.02, beta: 1.351, R: 0.077; p=
0.008, beta: 2.227, R: 0.087; p= 0.009). The variables related to a
higher EAT-26 score were assessed by linear and multivariate regres-
sion analysis, using stepwise criteria. The EAT-26 score was trans-
formed in ranks. All analyses were undertaken using SAS version 9.4
for Windows. Statistical significance was set at 0.05.

Conclusion: Females with T1D have higher EAT-26 score compared to
those without diabetes in a Brazilian tertiary hospital. In T1D patients, a
higher number of hypoglycemia episodes, higher BMI and higher HbA1c
are related to higher EAT-26 scores. These results emphasize the need for
investigating ED in females with T1D.
Supported by: PIBIC-CNPQ
Disclosure: M.V.M. Silveira: None.

840
Physical activity protects women with type 1 diabetes against sexual
dysfunctions
J. Flotynska, N. Filip, A. Uruska, A. Araszkiewicz, D. Zozulinska-
Ziolkiewicz;
Department of Internal Medicine and Diabetology, Poznan University of
Medical Science, Poznan, Poland.

Background and aims: Sexual dysfunction (SD) refers to a problem
occurring during any phase of the sexual response cycle that pre-
vents the individual or couple from experiencing satisfaction from
the sexual activity. Chronic diseases, including diabetes mellitus
type 1 (DM1), provide significant risk of developing SD, which is
a common and important problem. SD significantly affects the
quality of life among adults with DM1. The etiology of women’s
SD is multifactorial and combines interpersonal, contextual (so-
cial), psychological, and biological factors. Hyperglycemia, which
is the main determinant of vascular diabetic complications, may
participate in the pathogenetic mechanisms of SD in diabetes.
Among DM1 SD can be an early sign of chronic complications.
Physical activity (PA) is crucial in order to prevent and treat
diabetes and its complications, positively affecting blood glucose
level and insulin sensitivity. Moreover PA affects beneficially on
overall health: reduces blood pressure, helps to maintain proper
body weight and avoids obesity, improves lipid profile and im-
proves brain function. PA is also one of the most important factor
improving the quality of sexual life. Unfortunately there is very
little data about the relationship between physical activity and SD
among DM1. The aim of the study was to evaluate the relation-
ship between physical activity and sexual function in women with
DM1.
Materials and methods: The study group consisted of 226 women
[age 29 (18-57) years] with DM1. All the participants voluntarily
filled anonymous questionnaire. The scores about sexual function
were obtained using a Female Sexual Function Index (FSFI) ques-
tionnaire. Results below 26 points indicate clinically significant sex-
ual dysfunction. Sexually inactive women, women with advanced
chronic complications of diabetes and with psychiatric disorders
(i.e. depression) were excluded from the analysis. Physical activity
was measured by The International Physical Activity Questionnaire
(IPAQ). Patients were divided into two groups depending on the
average weekly physical activity expressed in MET-minutes/week.
The cut-off point was the median for the study group of 1368
MET-minutes/week. The result above the median qualified the pa-
tients to a more active group.
Results: The group presenting MET-minutes/week above median in
comparison with the group below had higher results in FSFI [26
(22.2-29.6) vs 24.5 (19.9-27.8) points, p=0.02]. Moreover, patients
with higher MET-minutes/week achieved better results in domain
rating lubrication [4.8 (3.6-6.0) vs 4.5 (3.0-5.4) points, p=0.01] and
orgasm [4.8 (3.6-5.6) vs 4.0 (2.8-5.2) points, p=0.02]. Positive
correlation between results in FSFI and MET-minutes/week score
was revealed (Rs=0.16, p=0.01).
Conclusion: Sexual dysfunctions were more common problem among
DM1 woman presenting less physical activity. Significant differences
were detected mainly in lubrication and orgasm domains. Physical
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activity seems to have beneficial impact on sexual function among wom-
en with type 1 diabetes.
Disclosure: J. Flotynska: None.

841
The association between insomnia symptoms and incident type 2
diabetes in the general population: the New Hoorn Study
F. Rutters, R. de Kruijk, A.A. van der Heijden, P. Elders, J.W.J. Beulens;
VU University Medical Center, Amsterdam, Netherlands.

Background and aims: Recent studies showed an association between
insomnia and incident type 2 diabetes (T2D). However, most studies used
self-reported T2D and none of the studies assessed the association be-
tween insomnia and single T2D parameters, ie. levels of HbA1c and
fasting glucose. The aim of this study was therefore to investigate the
association between insomnia symptoms, incident T2D and changes in
HbA1c levels and fasting glucose levels in the general population.
Materials and methods: We used data from the New Hoorn study,
consisting of participants aged between 40-65y at baseline in 2007,
who were followed for 7 years. Insomnia symptoms at baseline were
measured using the Patient Health Questionaire-15 and categorized into
3 groups: no insomnia, mild insomnia symptoms and severe insomnia
symptoms. At baseline and follow-up HbA1c and fasting glucose were
determined and used to classify T2D, according to the WHO guidelines.
Data was analysed using logistic and linear regression models, where sex
was identified as an effect modifier. Analyses were corrected for con-
founding by age and education level.
Results:We included 1294 participants (52% women), with 139 cases of
incident T2D after 7 years, and an average change in levels of HbA1c and
fasting glucose of 0.62% and 0.34 mmol/l, respectively. In women, both
mild insomnia symptoms and severe insomnia symptomswere associated
with increased incident T2D after 7 years, with Odds Ratios [95% confi-
dence interval] of 2.07 [1.1; 3.7] and 2.0 [1.0; 3.8], respectively in the
adjustedmodel.With regard to T2D parameters, in womenmild insomnia
symptoms and severe insomnia symptoms were associated with a larger
change in fasting glucose levels; 0.10 mmol/l [0.0; 0.2] and 0.05 mmol/l
[-1.0; 0.1]. In women, no significant association for HbA1c levels was
observed. In men, similar trends but non-significant associations were
observed between insomnia symptoms and T2D or T2D parameters.
Conclusion: In women, mild and severe insomnia symptoms were asso-
ciated with a twofold higher risk of incident T2D. Further research is
needed to investigate the pathophysiology underlying the association
between insomnia symptoms and T2D and the observed sex differences.
Disclosure: F. Rutters: None.
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The prevalence of insomnia in people with type 2 diabetes and its
association with their metabolic status: the Hoorn Diabetes Care
System cohort
L. Groeneveld1, J.W.J. Beulens1,2, N.R. den Braver1, A.A. van der
Heijden1, A.C. van der Reep1, A. van Straten3, P.J.M. Elders1, F. Rutters1;
1Amsterdam UMC, Amsterdam Public Health Research Institute,
Amsterdam, 2Julius Centre for Health Sciences and Primary Care,
UMC Utrecht, Utrecht, 3Vrije Universiteit, Amsterdam Public Health
Research Institute, Amsterdam, Netherlands.

Background and aims: Our recent meta-analysis showed that the prev-
alence of symptoms of insomnia is 39% (95% CI: 34-44) in people with
type 2 diabetes mellitus (T2DM). The meta-analysis also showed that
insomnia may be associated with deleterious glycemic control.
However, our meta-analysis was limited by the low methodological qual-
ity and heterogeneity of the studies included. Therefore, the aim of this
cross-sectional study was to investigate the prevalence of insomnia in a

large cohort of people with T2DM and determine the association between
insomnia, metabolic parameters and glycemic control.
Materials andmethods: Insomniawas assessed in a subgroup of theHoorn
Diabetes Care System cohort of 1272 people with T2DM,with a mean age of
68.5 ± 9.4 years, 62.9% men. The Insomnia Severity Index, consisting of 7
questions, with a score ranging from 0-28, was used to diagnose insomnia. A
score between 8 and 14 was seen as having insomnia complaints, a score of
>14 as clinical insomnia. For statistical analyses, insomnia was stratified at
>14. The followingmetabolic parametersweremeasured: HDL, LDL, triglyc-
erides, systolic and diastolic blood pressure and waist circumference.
Glycemic control was assessed by levels of HbA1c and fasting glucose.
Linear regression was used to assess the association between insomnia, met-
abolic parameters and glycemic control, corrected for age, sex, educational
level, depression and sleep medication.
Results: The prevalence of symptoms of insomnia was 22.9% and of
clinical insomnia 10.5%. Clinical insomnia was significantly associated
with higher levels of HbA1c, with a β of 2.65% (95% CI: 0.3-5.0),
adjusted for age, sex and educational level. Further adjustment for depres-
sion and sleep medication rendered the association non-significant
(β=2.29; 95% CI: -0.2-4.8). Clinical insomnia was not significantly as-
sociated with levels of fasting glucose (0.40 mmol/l (95% CI: -0.1-0.8)),
LDL (-0.034 mmol/l (95% CI: -0.19-0.12)), HDL (-0.015 mmol/l (95%
CI: -0.08-0.05)), triglycerides (-0.004 mmol/l (95% CI: -0.10-0.09)), sys-
tolic blood pressure (-0.19 mmHg (95% CI: -3.7-3.3)), diastolic blood
pressure (-1.10 mmHg (95% CI: -2.5-0.3)) and waist circumference
(1.26 cm (95% CI: -1.9-4.4)), adjusted for age, sex and educational level.
Conclusion: In our cohort of people with T2DM the prevalence of symp-
toms of insomnia was 22.9% and of clinical insomnia 10.5%.
Furthermore, insomnia is suggested to be associated with poor glycemic
control in people with T2DM.
Supported by: Dutch Diabetes Research Foundation
Disclosure: L. Groeneveld: None.
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CRASH: conversations and reactions around severe hypoglycaemia:
UK results from a global study
E. Balogh1, F.J. Snoek2, E. Spaepen1, M. Peyrot3, X. He1, S. Bajpai1, B.
Osumili1, A. Strizek1, Z. Balantac4, B.D. Mitchell1;
1Eli Lilly andCompany, Indianapolis,USA, 2AmsterdamUniversityMedical
Centers, Vrije Universiteit, Amsterdam, Netherlands, 3Loyola University
Maryland, Maryland, USA, 4Evidera, Bethesda, Baltimore, USA.

Background and aims: Little is known about the experience of persons
with diabetes (PWD) and their caregivers’ (CG) knowledge of severe
hypoglycaemic events (SHE) and the use of glucagon to treat these
events. The CRASH cross-sectional survey aimed to address this research
gap. Glucagon is currently the only treatment indicated for SHE when
oral carbohydrates cannot be administered. Guidelines recommend a glu-
cagon prescription for patients at risk for a SHE and indicate that both
symptomatic and asymptomatic hypoglycaemia should be discussed at
each healthcare professional (HCP) encounter.
Materials and methods: Approximately 400 participants (200 PWD and
200CG, evenly dividedbetween type1 [T1D] and type 2 [T2D]diabetes)were
recruited in each of six countries, including the UK. SHE was defined as: ‘A
low blood sugar event that you cannot treat by yourself. This means a low
blood sugar emergency during which you might have had seizures, coma, or
nearly lost consciousness. During such an event, you will need help from
another person.’ Inclusion criteria: PWD: age ≥18 years, receiving insulin
and experienced ≥1 SHE in the past 3 years; CG: age ≥18 years, caring for
PWD (≥4 years old) receiving insulin who had experienced a SHE within the
past 3 years. Participants completed a 30-minute online survey examining their
understanding andmanagement of SHE.Descriptive analyses were conducted.
Results: Data from 208 UK PWD (110 T1D; 98 T2D) and 172 CG were
analysed (111 T1D; 61 T2D).Mean duration of diabetes was 28.6 years (T1D)
and 14.2 years (T2D). Half of T2D PWD had used insulin for >5 years (T1D
not reported). 30.0% of T1D and 15.3% of T2D PWD reported impaired
symptom recognition (Gold score >4). The majority of PWD had experienced
≥1 SHE in the prior 12 months (85.5% T1D; 84.7% T2D). SHE mostly
occurred at home (88.2% PWD; 76.5% T2D) and were treated with sugars
(86.4%T1D; 92.9%T2D) [Table 1].An ambulancewas called in 12.7% (T1D)
and 9.2% (T2D) of cases. During the last SHE, glucagon use was infrequent
(10.0%T1D; 5.1%T2D).Most common reasons for not using glucagonwere:
not having a prescription (33.3% T1D; 51.1% T2D) or glucagon not readily
available (21.2% T1D; 21.7% T2D). After their most recent SHE, around half
of patients discussed the event with their HCP (40.0% T1D; 53.1% T2D);
however, only 2.7% (T1D) and 1.0% (T2D) obtained a glucagon kit.
Conclusion: The majority of PWD (over 80%) experiencing a SHE had
reported a SHE in the previous year. Treatment of SHE mainly occurred
outside the healthcare system. However, despite this, the availability of
glucagon remained low and many patients did not have a prescription. In
contrast to current guidelines, few PWD obtained glucagon after their most
recent SHE and not all patients discussed the event with their HCP.

Supported by: Eli Lilly and Company
Disclosure: E. Balogh: None.

844
Interest among type 1 and type 2 diabetes patients taking insulin in
adding a new drug therapy to prevent nocturnal hypoglycaemia
R. Liggins1, C. Piche2, M. Riddell3, R.Wood4, C. Pang4, M. Lafontaine5,
M. Midmer6;
1Zucara Therapeutics, Vancouver, Canada, 2Locemia Solutions,
Montreal, Canada, 3York University, Toronto, Canada, 4dQ&A, Marina
del Rey, USA, 5360Marketing Strategic Services Inc., Montreal, Canada,
6Zucara Therapeutics, Toronto, Canada.

Background and aims: Hypoglycemia is a well-documented prob-
lem for people with insulin dependent diabetes, impacting quality
of life, glycemic control, and increasing health care costs.
Continuous glucose monitor (CGM) technologies are becoming
the standard of care for insulin users, and are believed to be of
great support to patients in reacting to impending hypoglycemia by
alerting the patient to falling glucose levels. Despite this benefit,
CGM users have mixed feelings about alerts of hypoglycemia,
especially when it comes to nocturnal hypoglycemia (NH). We
have evaluated patient perceptions of the unmet needs in hypogly-
cemia prevention, in the context of emerging new CGM/pump
technology to better manage glucose levels.
Materials and methods: A group of 637 Type 1 and 2 diabetes
(T1D & T2D) insulin users were surveyed to characterize their
perceptions of hypoglycemia, exploring various patient aims: to
avoid waking at night due to NH, to be able to freely exercise,
improve meal flexibility, reduce anxiety about NH for them or their
loved ones, and to improve overall peace of mind about maintain-
ing their daily activities. Respondents rated the importance of each
of these aims and their current satisfaction in meeting them with
their current therapy, in order to quantify areas of unmet need
through opportunity scores methodology.
Results: Compared to T2D, T1D patients expressed lower satisfac-
tion with status quo for all aims except in managing meals, and
ascribed greater importance to some aims, in particular avoiding
waking due to NH. Avoiding waking up at night and reducing
anxiety due to NH were identified as areas of high need for both
people with T1D and T2D on multiple daily injections of insulin,
while managing exercise and meal flexibility was also a priority in
T1D. Respondents were also asked about their interest (on a 4
point “intent to acquire” scale) in adding a drug that would prevent
NH to their existing regimen (insulin ± CGM). There was strong
interest in adjunctive use of a therapy to prevent NH, with CGM
users showing the greatest interest of all subgroups, despite the
layer of protection that such technology affords.
Conclusion: Despite the availability of CGM, which warns pa-
tients of impeding or actual hypoglycemia so that they can take
corrective action, patients perceive an important unmet need in
providing therapies aimed at preventing hypoglycemia events, in
particular at night, when patients don’t want to awaken to manage
their diabetes. Use of CGM technology alone does not improve
patients' perceived satisfaction, and diabetes technology users are
among the most open to an additional strategy to prevent
hypoglycemia.
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The relationship between HbA1c and hypoglycaemia in the IMPACT
trial
M. Giménez1, V. Moscardó2, M. Reddy3, J. Bolinder4, N. Oliver3;
1Diabetes Unit, Endocrinology Department, IDIBAPS, CIBERDEM,
Hospital Clínic Barcelona, Barcelona, Spain, 2Instituto de Automática e
Informática Industrial, Universitat Politècnica de València, València,
Spain, 3Division of Diabetes, Endocrinology and Metabolism, Imperial
College London, London, UK, 4Department of Medicine, Karolinska
University Hospital Huddinge, Karolinska Institute, Stockholm, Sweden.

Background and aims: Intensification of insulin therapy with the aim of
reducing glycated hemoglobin (A1C) is classically associated with increased
rates of hypoglycemia for people with type 1 diabetes (T1D). A J-shaped
relationship between A1c and hypoglycemia has been described in a cohort
of peoplewithT1Dmainly treatedwith insulin pump therapy (CSII).How real
time continuous glucosemonitoring impacts on this relationship has also been
described.We analyzed data from the IMPACT trial to determine the relation-
ship between A1C and percentage of time in hypoglycemia in well controlled
T1D participants on multiple doses of insulin (MDI) or CSII and to assess the
influence of flash glucose-monitoring system (flash) on this relationship.
Materials and methods: The IMPACTclinical trial compared usual care
(SMBG) to flash (Freestyle Libre) in well-controlled participants with
T1D (43.3 years, 20.6 years of T1D duration, 36% women, 32% on
CSII, 6.7% mean A1C). Data from participants completing the 26-
weeks study (n=81 and 80 in the flash and control groups, respectively)
were used for the current analysis. The percentages of sensor glucose
(SG) values ≤70 mg/dL (≤3.9mmol/L), <60mg/dl (<3.3mmol/L),
<54mg/dl(<3.0mmol/L) and <50mg/dl (<2.8mmol/L) during the initial
and final weeks of the 26-week study were calculated for each participant
and compared to corresponding baseline and 26-week A1C values.
Relationships were analysed visually and analysis of variance was used
to assess relationships between glycaemia and time below threshold.
Results: A J-shaped relationship between A1C and time below threshold is
described in this cohort. Those who had lower baseline A1C spent between
15-45% of the time in hypoglycemia (≤70 mg/dL), supporting earlier obser-
vations that low A1C is associated with high risk of hypoglycemia. The
lowest hypoglycemia risk at baseline occurs at A1C values between 7.0-
7.5% (53.0-58.5 mmol/mol). A1C was essentially unchanged in both inter-
vention and control group after 6-months of follow-up. At both baseline and

week 26, subjects with the lowest A1C values had the highest rates of hypo-
glycemia. However, regardless of A1C, subjects randomized to flash demon-
strated lower %≤70 than those randomized to SMBG. Moreover, the associ-
ation between decreasingA1Cand increasing exposure to SGvalues ≤70mg/
dL was flattened for subjects in the flash group after 26 weeks of treatment.
Conclusion: Historically, attempts to achieve near-normal glucose con-
centrations during intensive diabetes treatment have come at the expense
of increased risk for hypoglycemia. Data shown here demonstrate that
flash allows safe intensification of therapy maintaining optimal A1C
levels while attenuating hypoglycemia in a well-controlled T1D popula-
tion. These data also suggest that it is possible that repeated scan mea-
sures allow well educated participants to take appropriate and timely
measures to avoid hypoglycemia.
Disclosure: M. Giménez: None.

846
Risk of hypoglycaemia associated with second-line agents in routine
care patients with type 2 diabetes treated with metformin
A. Pawar1, E. Patorno1, H. Lee1, M. Munshi2, D. Kim1;
1Brigham & Women’s Hospital, Boston, 2Beth Israel Medical Center,
Boston, USA.

Background and aims: The American Diabetes Association 2019 guide-
lines recommend consideration of hypoglycemia risk in choosing the
second-line therapy in type 2 diabetes (T2D). However, the comparative
evidence on the risk of hypoglycemia among the second-line agents, espe-
cially, newer agents, is limited. This real-world comparative safety study
aims to examine the risk of hypoglycemia among adult patients with T2D
on metformin therapy who initiate one of the following second-line therapy:
sulfonylurea (SU), thiazolidinediones (TZD), dipeptidyl peptidase-4 inhibi-
tor (DPP4i), glucagon-like peptide-1 receptor agonists (GLP-1RA), and
sodium-glucose co-transporter-2 inhibitors (SGLT2i).
Materials and methods: We analyzed two commercial (Optum
Clinformatics and IBM MarketScan, 2006-2016) and the Medicare fee-
for-service (2012-2016) databases in the United States. Among T2D pa-
tients aged ≥18 years who were treated with metformin, we created four
pairwise 1:1 propensity-score (PS) matched cohorts of patients who ini-
tiated one of SU, TZD, GLP-1RA, or SGLT2i vs. DPP4i (common com-
parator). Hypoglycemia was identified using diagnosis codes in inpatient
(primary position), outpatient (any position), or emergency department
(any position) claims. The analysis was conducted according to an “as-
treated” approach, with follow-up starting on the day after drug initiation
and continuing until the first occurrence of treatment discontinuation,
switching, nusing home admission, death, disenrollment, or end of dataset
(12/31/2016). Cox proportional hazards models were used to estimate the
hazard ratios (HRs) and 95% confidence intervals (CIs) for each drug-
comparison. The estimates from three databases were pooled using an
inverse variance-weighted, fixed-effects meta-analysis.
Results: Across the three databases, the PS matching identified 175,031
pairs of SU vs. DPP4i initiators, 50,756 pairs of TZD vs. DPP4i initiators,
42,476 pairs of GLP-1RA vs. DPP4i initiators, and 30,266 pairs of
SGLT2i vs. DPP4i initiators. Compared with DPP4i, the rate of hypogly-
cemia per 1000 person-years was higher for SU (52.0 vs. 34.4; HR, 1.50;
95% CI, 1.45-1.56) and TZD (34.6 vs. 29.5; HR, 1.14; 95% CI, 1.06-
1.24), but similar for GLP-1RA (40.8 vs. 37.4; HR, 1.01; 95% CI, 0.92-
1.10) and SGLT2i (53.2 vs. 52.9; HR, 1.03; 95% CI, 0.93-1.13). Results
were consistent across databases and for severe hypoglycemia requiring
hospitalization or emergency department visit.
Conclusion: In T2D patients on metformin monotherapy, adding SU or
TZD was associated with higher risk of hypoglycemia than adding DPP4i.
However, adding GLP-1RA or SGLT2i was associated with a similar risk
of hypoglycemia to adding DPP4i. These findings support use of DPP4i,
GLP-1RA, or SGLT2i for patients who do not achieve adequate glycemic
control on metformin alone and are at risk of hypoglycemia.
Disclosure: A. Pawar: None.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S411



847
Machine learning forecasting nocturnal hypoglycaemia in type 1 di-
abetes under multiple daily injections using continuous glucose mon-
itoring and physical activity monitor
A. Bertachi1,2, C. Viñals3, L. Biagi1,2, I. Contreras1, M. Giménez3,4, I.
Conget3,4, J. Vehí1,4;
1University of Girona, Girona, Spain, 2Federal University of Technology
– Paraná (UTFPR), Guarapuava, Brazil, 3Diabetes Unit, Endocrinology
and Nutrition Department, Hospital Clinic of Barcelona, Barcelona,
Spain, 4Centro de Investigación Biomédica en Red de Diabetes y
Enfermedades Metabólicas Asociadas, Madrid, Spain.

Background and aims: Nocturnal hypoglycemia is one of the most
feared adverse events by type 1 diabetic (T1D) patients. Fear of nocturnal
hypoglycemia is associated in adults with T1D with a higher severe
hypoglycemia risk, poor sleep quality and greater sleep interruption,
impacting negatively daytime activities. Unlike sensor-augmented pump
therapy, patients under multiple daily injections (MDI) therapy do not
have any kind of system to assist them to avoid hypoglycemia while
sleeping. The objective of this study is to analyze the feasibility of a
decision support system based on machine learning techniques to predict
the occurrence of nocturnal hypoglycemic events in adults with T1D
under MDI therapy using flash continuous glucose monitoring and a
physical activity wristband.
Materials and methods: A total of ten adults with T1D were enrolled to
participate in the study: 8 females, age 31.8 ± 16.8 years, HbA1c 7.3 ± 0.5
%, body mass index 24.6 ± 3.6 kg/m2, and duration of diabetes 20.0 ± 8.9
years. Patients were monitored for a period of 12-week wearing FreeStyle
Libre (Abbott Diabetes Care, Alameda, CA, USA) sensors and Fitbit Alta
HR (Fitbit, Inc., San Francisco, CA, USA) wristband at home. The study
was carried out by the Hospital Clinic of Barcelona, and began in October
2018 and ended in March 2019. Information related with the duration of
sleep were obtained by the wristband. Six previous hours before the
beginning of sleep period were analyzed to create features using CGM
data, fast-acting insulin doses, carbohydrate intake, calories burned and
number of steps performed by the patient. The following night is labeled
as night with hypoglycemia (class 1) if there is at least one measurement
below 70 mg/dl or “night without hypoglycemia” (class 0) otherwise.
Artificial neural networks were trained to create individualized prediction
models, and k-fold cross validation (k=5) was applied in each data set to
avoid sample selection bias.
Results: The performance of the prediction models was assessed by
calculating sensitivity, specificity and accuracy of the predictions.
Average results from 100 random repetitions of the cross validation pro-
cedure for the 10-adult patients are presented in Table 1.
Conclusion: Results indicated that the proposed method is feasible to be
applied in real-life. Such decision support system may be helpful for
patients with T1D by alerting them regarding a predictable adverse event
in the next hours. With this information, patients could ingest a bedtime
low carbohydrates absorption rate snack while preparing to sleep. This
system could be implemented in patients’ smartphone, releasing the need
to carry an extra device.

Clinical Trial Registration Number: NCT03711656
Supported by: CNPq 207688/2014-1 and 202050/2015-7, Spanish
Government DPI2016-78831-C22R
Disclosure: A. Bertachi: None.
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A predictive model of symptomatic hypoglycaemia in 6 months for
type 2 diabetes patients with longer duration
L. Ji1, F. Hu2, S. Jiang2, T. Zhao2, X. Liao2, X. Sun2, X. Li2, D. Zhang3;
1Department of Endocrinology and Metabolism, Peking University
People's Hospital, Beijing, 2Ping An Health Technology, Beijing,
3Shanghai VitalStrategic Research Institute, Shanghai, China.

Background and aims:As is well known, patients with a longer diabetes
duration tend to have a higher risk of hypoglycemia. Identifying the risk
factors of hypoglycemia for these patients will help them prevent or deal
with this problem. This work has built a prediction model of symptomatic
hypoglycemia in 6 months for T2DM patients with diabetes duration
longer than one year.
Materials and methods: This work analyzed diabetic subgroup data
from A Comprehensive Longitudinal Cohort Study in Type 2 Diabetes
with High Risk of CAD in China (EXT2D) study and Nationwide
Assessment of Cardiovascular Risk Factors: Blood Pressure, Blood
Lipid, and Blood Glucose, in Chinese Patients with Type 2 Diabetes
(3B Extension) study. Patients with diabetes duration > 1 years
(n=7050) were included. The EXT2D study included 4 followups, occur-
ring every 6months from the baseline, and 3B Extension study included 6
followups, occurring every 6 months from the baseline. The features
included demographic information, drug usage, lab test, physical exam-
ination and medical event such as hypoglycemia events and serious ad-
verse events. The prediction window is chosen as 6 months and multi-
variate logistic regression is used to construct the predictive model.
Results: 10 risk factors in the our predictive model were identified:
Positive history of symptomatic hypoglycemia in the previous 6 months
(OR=6.91, p value<0.001), Insulin used at current visit (OR=1.88, P-
value<0.001), HbA1c increased per unit (OR=1.08, P-value <0.001),
Positive family history with diabetes (OR=1.17, P-value =0.004), With
diabetic complications (OR=1.33, P-value<0.001), Male (OR=0.87, P-
value=0.018), Diabetes duration extended per 10 years (OR=1.073, P-
value =0.062), Sulfonylureas currently used (OR=1.10, P-value=0.13),
Weight gain per Kg (OR=0.94, P-value=0.027), and Systolic blood pres-
sure elevated per 10 mmHg (OR=1.10, P-value<0.001). The AUC value
of the constructed model is 0.76.
Conclusion: For the T2DM patients with duration longer than one year,
positive history of symptomatic hypoglycemia, current insulin usage,
higher HbA1c level, positive family diabetes history, current sulfonyl-
ureas use, longer diabetes duration, higher SBP level and more diabetic
complications are related to the higher risk of symptomatic hypoglycemia
in the following 6 months. Weight gain is related to the decreased risk of
hypoglycemia. Compare with male, female are more likely to have hy-
poglycemia symptoms.
Disclosure: L. Ji: None.
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Sotagliflozin leads to lower rates of clinically relevant hypoglycaemic
events at any HbA1c level at week 52 in adults with type 1 diabetes
J. Pettus1, T. Danne2, A. Giaccari3, B. Cariou4, H.W. Rodbard5, S.A.
Weinzimer6, M. Bonnemaire7, S. Sawhney8, S. Wang9, R. de Cassia
Castro9, S.K. Garg10;
1University of California, San Diego, Del Mar, USA, 2Diabetes-Zentrum
für Kinder und Judendliche, Kinder- und Jugendkrankenhaus AUF DER
BULT, Hannover, Germany, 3Center for Endocrine and Metabolic
Diseases, Rome, Italy, 4l'institut du thorax, INSERM, CNRS, UNIV
Nantes, CHU Nantes, Nantes, France, 5Endocrine and Metabolic
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Consultants, Rockville, USA, 6Division of Pediatric Endocrinology and
Diabetes, Yale University, New Haven, USA, 7Sanofi, Paris, France,
8Lexicon Pharmaceuticals, Inc., The Woodlands, USA, 9Sanofi US,
Inc., Bridgewater, USA, 10Department of Medicine and Pediatrics,
School of Medicine, University of Colorado Denver, Aurora, USA.

Background and aims: Hypoglycaemia is a major barrier in achiev-
ing optimal glycaemic control in type 1 diabetes (T1D). Intensifying
insulin therapy to lower HbA1c is frequently accompanied by an
increased risk of hypoglycaemia. In two 52-week Phase 3 studies
(inTandem1 and 2), sotagliflozin (SOTA), a dual sodium-glucose
cotransporter1 (SGLT1) and 2 inhibitor as adjunct to optimised in-
sulin therapy, produced significant reduction in HbA1c and body
weight without increasing the risk of severe hypoglycaemia com-
pared with placebo (PBO) in adults with T1D.
Materials and methods: To further evaluate the hypoglycaemia profile
of SOTA added to insulin, we analysed rates of confirmed hypoglycaemia
(Level 1, glucose ≤70 mg/dL [3.9 mmol/L] in the study) and clinically
important hypoglycaemia (Level 2, glucose ≤54 mg/dL [3.0 mmol/L] in
the study) in a patient-level pooled analysis (n=1,368) using a negative
binomial model adjusted for HbA1c at Week 52.
Results: Rates of Level 1 hypoglycaemia events per patient year were
58.25, 44.86, and 45.68 for PBO, SOTA 200 mg, and 400 mg, respec-
tively (p<0.05 vs PBO for both dosages). Significantly lower rates
(p<0.0001 vs PBO for both dosages) of Level 2 hypoglycaemia were also
observed (15.95, 11.51, and 11.13 for PBO, SOTA 200 mg, and 400 mg,
respectively). Hypoglycaemia rate reduction was more pronounced at
lower HbA1cwith SOTA vs PBO (Figure).
Conclusion: At Week 52, overall Level 1 and 2 hypoglycaemia event
rates were 22.5-30.0% lower with SOTA when used as adjunct to
optimised insulin therapy vs PBO and were reduced at any HbA1c level,
especially at lower HbA1c values. Note: Data were first presented at the
American Diabetes Association's 78th Scientific Sessions, June 7-11,
2019, San Francisco, California, USA.

Clinical Trial Registration Number: NCT02384941; NCT02421510
Supported by: Lexicon Pharmaceuticals, Inc./Sanofi

Disclosure: J. Pettus: Employment/Consultancy; Sanofi, Novo Nordisk,
Lilly, Diasome. Grants; JDRF. Lecture/other fees; MannKind, Sanofi.
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Characteristics of emergency department accesses for hypoglycaemia in
patients with diabetes: a single centre experience
M.C. Ponziani1, A. Nuzzo1, A. Brignoli1, L.M. Castello2, M. Caputo1, F.
Prodam1, P. Marzullo1, G. Aimaretti1;
1Department of Translational Medicine, Maggiore della Carità Hospital,
Novara, 2Emergency, Maggiore della Carità Hospital, Novara, Italy.

Background and aims: Iatrogenic hypoglycaemia is one of the
leading causes for Emergency Department (ED) admission. We
evaluated the time trend of accesses for severe hypoglycaemia
to ED in the last years and analyzed their characteristics on the
basis of demographic parameters, clinical presentation, comorbid-
ities in a cohort of diabetic patients.
Materials andmethods:We conducted a retrospective analysis of 382
hypoglycaemic events occurred between 2012 - 2017 in diabetic pa-
tients and admitted to the ED of our University Hospital. For each
patient we collected the following data using an electronic medical
record: age, sex, ethnicity, date, time and modality of admission,
color code, length of hospital stay, outcome (discharge, recovery or
fatal event), type and duration of diabetes, hypoglycaemic drugs,
clinical and laboratory parameters, complications. The group with
all data available (n=186) was categorized based on type of diabetes
mellitus into Type 1 (T1) and Type 2 (T2) groups in order to identify
differences in hypoglycaemic risk.
Results: Most patients (61.5%) were over 70 years old with a mean
age of 67±23 and admitted to ED by ambulance (77.7%) with a yellow
code (63.6%); hypoglycaemia was more frequent in afternoon and
evening (64,3%; p <0.001). No differences in the incidence of severe
hypoglycemia from 2012 to 2017 (p = 0.635), among trimester (p =
0.789), season (p = 0.485) or sex gender (p=0.82). 57,9% of patients
were discharged after correction of hypoglycaemia, 25.4% assessed in
the short-stay observation unit, 14.1% have been hospitalized; 1 fatal
event occurred. In the whole group of patients with available clinical
and laboratory data (n=186) , most of them were taking insulin alone
(70.8%) or in combination with oral drugs (93.2%) and 61.8% of
patients used insulin at dose between 20 and 60 U/day; the most
frequent class of oral drug associated to hypoglycemia alone or with
insulin was sulfonylurea (82.8%). Hypoglycemia was more frequent
in patients with poor metabolic control (76.5% with glycated hemo-
globin > 7% and 63.8% with BMI > 25 Kg/m2 p<0.01), in those
taking more than five drugs a day (71,5% p <0.01) and with a longer
duration of the disease (70.9% over 10 years p <0.01) . When we
compared T1 and T2 the majority of T1 were male (72.7%; p =
0.005) and younger at admission to ED (69.7% of T1 in the 18-59
age group vs 74.6% of T2 over 70 p = 0.024); the presence of diabetic
complications was higher in T2. Cardiovascular complication in T2
was associated with lower doses of insulin (p 0.04), EGFR reduction
(p <0.01), greater number of drugs taken (p <0.01) and access to ED in
summer season (p < 0.04).
Conclusion: Hypoglycaemia still represents an important cause of access to
ED and, despite the availability of new drugs with low hypoglycaemic risk, a
decreasing trend has not been observed. The higher incidence of
hypoglycaemia in post-prandial periods and in elderly patients indicates that
greater attention is needed in the personalization of therapy in relation to diet,
circadian rhythm and degree of fragility. The comparative analysis between
T1 and T2 diabetic patients identified some risk factors for hypoglycaemia in
the different populations, whose knowledge is fundamental for a correct
management of diabetes and for its prevention.
Disclosure: M.C. Ponziani: None.
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851
Nasal glucagon successfully reversed insulin-induced hypoglycaemia
in adults with diabetes with nadir blood glucose <3.0 mmol/l (54 mg/
dl): a pooled analysis
R.P. Wadwa1, M. Matsuhisa2, N. Zhang3, V.T. Thieu3, Q. Wang3, K.
Ohwaki4, C.J. Child3, R.J. Threlkeld3, P. Choudhary5;
1Barbara Davis Center University of Colorado, Aurora, USA, 2Diabetes
Therapeutics and Research Center, Institute of Advanced Medical
Sciences, Tokushima University, Tokushima, Japan, 3Eli Lilly and
Company, Indianapolis, USA, 4Medicines Development Unit-Japan, Eli
Lilly Japan K.K., Kobe, Japan, 5Diabetes Research Group, School of Life
Course Sciences, King's College London, London, UK.

Background and aims: Outside of the hospital setting, severe
hypoglycaemia (SH) treatment is mostly limited to injectable glu-
cagon, which requires prior reconstitution. Nasal glucagon (NG), a
ready-to-use drug-device combination, contains 3 mg of glucagon
dry powder that is absorbed through the nasal mucosa and is under
development as a potential treatment for SH. This post-hoc analy-
sis assessed the efficacy and safety of NG compared with inject-
able glucagon administered intramuscularly (IG) in reversing clin-
ically significant insulin-induced hypoglycaemia (nadir blood glu-
cose (BG) <3.0 mmol/L [54 mg/dL]) in adults with diabetes.
Materials and methods: Adults with type 1 and type 2 diabetes
from 3 randomised, IG-controlled, crossover studies with qualified
nadir BG were included in this analysis. The proportion of par-
ticipants who achieved treatment success, defined as an increase
in BG ≥3.9 mmol/L (70 mg/dL) or an increase of ≥1.1 mmol/L
(20 mg/dL) from nadir BG (the minimum glucose measurement at
the time of, or within 10 min, following glucagon administration)
within 30 min of receiving glucagon and no additional interven-
tion, was analysed. Kaplan-Meier analysis was conducted for the
time to achieve success and BG treatment response over time was
summarised. Reported treatment-emergent adverse events (TEAEs)
and a Nasal and Non-Nasal Symptom Questionnaire were used to
assess tolerability.
Results: A total of 169 adults (NG=156, IG=133) were included.
Clinically significant insulin-induced hypoglycaemia was success-
fully reversed with NG (99.4%) and with IG (100%) (treatment
difference not significant: [2-sided 95% CI], -0.64% [-2.6%,
1.3%]). Mean time to treatment success (not including preparation
time) was 14.1 min for NG and 12.1 min for IG (p<0.001). BG
changes were similar between treatments (Figure). Overall, 64 NG-
treated adults (41.0%) and 61 IG-treated adults (45.9%) reported
≥1 TEAE. No deaths or other serious AEs occurred. TEAEs with
an incidence >10% were nausea (NG=21.8%, IG=24.1%), vomiting
(NG=10.9%, IG=11.3%), and headache (NG=10.3%, IG=11.3%).
Worsening of nasal and non-nasal symptoms experienced by
≥10% of patients up to 60 min after NG administration included
watery eyes, nasal congestion, runny nose, nasal itching, redness of
eyes, itchy eyes, and sneezing.
Conclusion: NG is an efficacious and well tolerated ready-to-use drug-
device combination in reversing clinically significant insulin-induced
hypoglycaemia in adults with diabetes, supporting NG as a potential
rescue treatment for SH.

Clinical Trial Registration Number: NCT03421379, NCT03339453,
NCT01994746
Supported by: Eli Lilly and Company
Disclosure: R.P. Wadwa: Grants; Bigfoot Biomedical, Dexcom,
MannKind, and Novo Nordisk. Honorarium; Dexcom. Other; Serves on
an advisory board for Eli Lilly and Novo Nordisk.

852
Emergency hospital admissions with hypoglycaemia: analysis of hos-
pital episode statistics in England and a UK tertiary hospital elec-
tronic health record
N. Freemantle1, D. McNulty2, B.M. Frier3;
1Institute for Clinical Trials and Methodology, University College
London, London, 2University Hospitals Birmingham NHS Trust,
Birmingham, 3The BHF Centre for Cardiovascular Science, The
Queen's Medical Research Centre, University of Edinburgh,
Edinburgh, UK.

Background and aims: Records of patients requiring emergency
admission to hospital with hypoglycaemia were reviewed to iden-
tify their characteristics and co-morbidities, and the association
with mortality.
Materials and methods: Hospital Episode Statistics (HES) in
England were assessed to provide information on all admissions
for acute hypoglycaemia during the period of interest, including
comorbidities, length of stay and repeat admission. Mortality (up
to 1 year), including principal cause, was accessed from linked
Office for National statistics (ONS) mortality data. Electronic
health Records (EHRs) were also accessed from a major UK
Tertiary Hospital to inform on pharmaceutical treatments used.
Results: From April 2012-2017, 48303 emergency admissions
(25490, 52.8% male) to English NHS Hospitals were for acute
hypoglycaemia, with 29038 (60.1%) being aged >70 years and
23168 (48%) having had at least one previous emergency admis-
sion for any cause in the preceding year. Co-existing medical
disorders included cardiovascular disease 20859 (43.2%), conges-
tive heart failure 4932 (10.2%), chronic kidney disease 11339
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(23.5%), mood disorders 3451 (7.1%), organic brain disorders
2935 (6.1%), alcohol-related disorders 1885 (3.9%) and neoplasia
5420 (11.2%). Physical injury was associated with the
hypoglycaemia in 8.4%. Half had one or more emergency read-
mission for any cause within the following year. During that pe-
riod the overall mortality rate was high (Figure) and was strongly
related to age at time of the index admission with hypoglycaemia
(p<0.001). ONS underlying cause of death: 3064 (23.8%) cardio-
vascular, 2089 (16.2%) neoplasia, 1698 (13.2%) respiratory infec-
tions, and 632 (4.9%) mental disorders (predominantly organic
brain disease). Accessing the EHR in the tertiary NHS Hospital
(which contains prescription information not captured in HES)
indicated that 401 (68.2%) patients were treated with insulin, with
67 (11.3%) on basal insulin alone, 18.2% on basal bolus regimens
and 33.3% on fixed mixture insulins. Sulfonylureas were taken by
11%. None were receiving GLP-1 inhibitors.
Conclusion: The prognosis of patients who required hospital emer-
gency admission for severe hypoglycaemia worsened with increasing
age. Many were taking insulin and had co-existing medical comor-
bidities, which may have exacerbated hypoglycaemia severity and
morbidity and contributed to the substantial mortality that occurred
within the following year. When hypoglycaemia in older people re-
quires hospital admission, clinicians should be aware of the vulnera-
bility of these patients to subsequent life-threatening illness.

Disclosure: N. Freemantle: None.
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853
Cold exposure as a dishabituating stimulus restores counterregulatory
responses in recurrently hypoglycaemic rodents
K. Vickneson, A. McNeilly, J. Gallagher, J. Blackburn, R. McCrimmon;
University of Dundee, Dundee, UK.

Background and aims: Hypoglycaemia is a major limiting factor in the
treatment of type 1 diabetes.With time, recurrent hypoglycaemia (RH) results
in progressive attenuation of counterregulatory response (CRR) and increas-
ing glycaemic threshold of activation. This ultimately culminates in the de-
velopment of impaired awareness of hypoglycaemia (IAH). Recently, a par-
adigm shift in viewing IAH as a form of adaptive learning called habituation,
has transformed the waywe understand and potentially treat this condition. If
this theory is true, then introduction of a novel and intense stimulus should
restore hypothalamic CRR via dishabituation. This phenomenon was recent-
ly proven with high intensity exercise. To determine if other novel, intense
stimuli had a similar dishabituating effect, we set out to test the use of cold
stimulus as a means of restoring CRR.
Materials and methods:Male Sprague-Dawley rats (200-250g; n = 7-8)
were exposed to RH (1 U/kg insulin i.p.) or saline control three times per
week for 4 weeks. Subsequently, rats were divided into four groups: i)
control, ii) control and cold, iii) RH and iv) RH and cold. On day 6, after
dual catheter vascular surgery, rats were exposed to cold (4oC for 3
hours). The following day, all animals underwent a hyperinsulinaemic-
hypoglycaemic clamp with measurement of counterregulatory responses.
Data expressed as mean ± SEM.
Results:Epinephrine (0.784 ± 0.25 ng/ml vs 0.399 ± 0.14 ng/ml vs 0.074 ±
0.04 ng/ml vs 0.601 ± 0.20 ng/ml) and corticosterone (144 ± 26 ng/ml vs
169 ± 15.2 ng/ml vs 66.1 ± 27.2 ng/ml vs 154 ± 39.3 ng/ml) responses to
hypoglycaemia were restored in RH animals exposed to cold stress. No
change in glucagon responsewas seen between groups. Cold stress induced
preferential activation of the sympathetic nervous system with a significant
rise in norepinephrine levels exhibited by the cold exposed groups but no
added sensitisation of stress responsewas seen in RH rats (-144 ± 115 pg/ml
vs 288 ± 105 pg/ml vs 140 ± 90.2 pg/ml vs 288 ± 89.4 pg/ml).
Conclusion: In conclusion, dishabituation with acute cold exposure re-
stores defective CRR to recurrent hypoglycaemia. These findings will
facilitate better understanding of non-associative learning with RH and
may be an alternative therapeutic approach for the management of IAH in
type 1 diabetes.
Supported by: Hypo-RESOLVE
Disclosure: K. Vickneson: None.

854
Epinephrine is involved in the pathophysiology of hypoglycaemia
associated autonomic failure (HAAF)
E. Lontchi-Yimagou1, S. Aleksic1, L. Upadhyay1, S. Sharma1, M.
Carey2, A. Goyal3, J. You1, R. Hulkower1, S. Murthi1, W.G. Mitchell1,
I. Gabriely1, H. Shamoon1, M. Hawkins1;
1Medicine/Endocrinology, Albert Einstein College of Medicine, Bronx,
2Endocrinology, Food and Drug Administration, Washington DC,
3Medicine/Endocrinology, New York University, New York, USA.

Background and aims: Recurrent hypoglycemia leads to HAAF, with
blunted counterregulatory hormone responses to subsequent hypoglyce-
mic episodes. A recent report suggested inter-individual differences in
susceptibility to HAAF (JCEM 102:3571, 2017). Since adrenergic recep-
tor blockade prevents HAAF (Diabetes 60:602, 2011), we investigated to
what extent the rises in plasma epinephrine (EPI) associated with hypo-
glycemia predict the development of HAAF.
Materials and methods: Protocol 1: We assessed epinephrine responses to
successive episodes of hypoglycemia and its role in inter-individual differences
in susceptibility to HAAF: eighteen healthy non-diabetic subjects (age 43
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±2years, BMI 25±1 kg/m2) underwent two 2-hour hyperinsulinemic hypogly-
cemic clamp studies(glucose nadir 54mg/dl; separated by a 2-hour euglycemic
break) on Day 1, followed by a third 2-hour hyperinsulinemic hypoglycemic
clamp on Day 2. Blood samples were collected at 15-minute intervals for
measures of plasma EPI during Day 1 and Day 2. Reduction of the peak
EPI levels by at least 20% between the first and the third hypoglycemic clamp
was considered to be consistent with development of HAAF. The peak EPI
levels during the first hypoglycemic clamp were compared between subjects
who did and did not developHAAF. Protocol 2: To specifically define the role
of EPI in the pathogenesis of HAAF, we challenged an additional seven non-
diabetic subjects (age 32±4 years, BMI25±1 kg/m2)with two2-hour infusions
of EPI (0.03 μg/kg/min;0-2h and 4-6 h) on Day 1 followed by 200-minute
stepped hypoglycemic clamp (90, 80, 70 and 60 mg/dl, each for 50 minutes)
on Day 2, with evaluation of EPI responses, endogenous glucose production
(using 6,6-D2-glucose), and hypoglycemic symptoms.
Results: Protocol 1: Ten out of eighteen subjects (55%) developedHAAFby
the third hypoglycemic episode, as defined by at least 20% reductions in peak
EPI levels (peak EPI 1st vs. 3rd episode: HAAF subjects 1064±137 vs. 551
±90pg/ml, p=0.001). Importantly, peak plasma EPI levels during the 1st hy-
poglycemic episodewere ~64%higher in the subjects who developedHAAF
compared to those who did not (HAAF subjects vs. Non HAAF subjects:
1064±137 vs. 647±87, p=0.02). Protocol 2: Compared to saline, EPI infusion
on Day 1 of Protocol 2 induced 40% and 28% reductions in epinephrine
response to hypoglycemia at the 70 and 60 mg/dl glucose steps on Day 2,
respectively (all p<0.05). There were parallel reductions in hypoglycemic
symptoms (all p<0.05). Furthermore, the rate of glucose infusion was higher
at all steps after EPI infusion (all p<0.05), consistent with a trend towards
lower endogenous glucose production. Of note, the epinephrine levels
achieved during EPI infusion were comparable to the EPI levels measured
during the first hypoglycemic clamp in Protocol 1.
Conclusion: Rises in EPI similar to those seen with hypoglycemia repro-
duce key features of HAAF in non-diabetic subjects. Marked inter-
individual variability in EPI levels in response to hypoglycemia may
explain why some people are more prone to develop HAAF.
Supported by: NIH/ADA
Disclosure: E. Lontchi-Yimagou: None.

855
Effects of GLP-1 receptor activation on counterregulatory responses
during hypoglycaemia after gastric bypass surgery: no evidence for
GLP-1 as a counterregulatory hormone
K.E. Almby1, N. Abrahamsson1, M.H. Lundqvist1, U. Hammar1, K.
Thombare1, A. Panagiotou2, F.A. Karlsson1, M. Sundbom3, U.
Wiklund4, J.W. Eriksson1;
1Dept. of Medical Sciences, Uppsala University, Uppsala, 2Dept. of
Internal Medicine, Uppsala University Hospital, Uppsala, 3Dept. of
Surgical Sciences, Uppsala University, Uppsala, 4Dept. of Radiation
Sciences, Umeå University, Umeå, Sweden.

Background and aims: After gastric bypass surgery (GBP), previous
studies reported frequent hypoglycaemic episodes, with blunted GLP-1
levels as well as successful symptomatic treatment with GLP-1 receptor
agonists (RA). We hypothesized that GLP-1 has a physiological role in
the counter-regulation against hypoglycaemia and that this is attenuated
after GBP.
Materials and methods: We conducted an experimental clamp study in
12 non-diabetic subjects, recruited 1 year after GBP surgery (6 M, age 42
±1 y, BMI 28.1 ±3.6 kg/m2, HbA1c 33.5±2.1 mmol/mol). On two sepa-
rate occasions, subjects underwent hyperinsulinemic (56 mU/m2BSA/
min), hypoglycemic clamps with a concomitant infusion of either saline
(SAL) or the GLP-1 analog exenatide (EXE; 0.066 pmol/kg/min), in a
randomized order. Blood glucose was clamped with a variable glucose
infusion to 5 mmol/l (60 min) and then lowered stepwise to 4.0, 3.2 and
2.7 mmol/l (30, 45, 30 min for each). Hormone and metabolite levels
were measured as well as heart rate variability (HRV).

Results: For both conditions, a rise in glucagon, adrenaline, nor-
adrenaline, cortisol and GH was observed during hypoglycemia
(Table; geometric means, 95% CI), with no significant differences
between SAL and EXE. GIP levels were lower with EXE than
with SAL (Table, significant during hypoglycemia, *p<0.05,
**p<0.01), suggesting an inhibitory effect of GLP-1 on GIP secre-
tion. C-peptide levels were significantly higher with EXE, indicat-
ing that GLP-1RA stimulates insulin secretion. The glucose infu-
sion rate did not differ between conditions. Heart rate was signif-
icantly higher with EXE. The HRV analysis showed a higher PHF
(power of high frequency component) during normoglycemia, and
a lower PLF (power of low frequency component) during hypogly-
cemia with EXE. The PLF/PHF ratio was thus lower for EXE
throughout the clamp, suggesting a relative decrease of sympathet-
ic vs. parasympathetic tone with GLP-1RA.
Conclusion: We found no evidence of GLP-1 and its receptor
impacting the counterregulatory hormonal response to hypoglyce-
mia, suggesting that relief of postprandial hypoglycemic symptoms
after GBP by GLP-1 RAs involves other mechanisms. GLP-1RA
seems to inhibit GIP secretion during hypoglycemia. Modulatory
effects of GLP-1 on autonomic nerve activity can favor the vagal
over sympathetic tone during hypoglycemia.

Supported by: The Swedish Diabetes Foundation, The Ernfors
Foundation, EXODIAB, ALF
Disclosure:K.E. Almby: Grants; Swedish Diabetes Foundation, Ernfors
Foundation, EXODIAB, ALF. Other; Prof. Jan W Eriksson previously
received grants/honoraria fromAstraZeneca, NovoNordisk, Bayer, MSD,
Mundipharma.

856
Effect of induced hypoglycaemia on inflammation and oxidative
stress in type 2 diabetes and control subjects
S. Atkin1, A. Halama1, H. Kahal2, A. Bhagwat1, A. Butler3, J.
Graumann4, K. Suhre1;
1Weill Cornell Medical College, Doha, Qatar, 2Hull York Medical
School, Hull, UK, 3Hamad Bin Khalifa University, Doha, Qatar, 4Max
Planck Institute, Bad Nauheim, Germany.

Background and aims:An increased mortality rate in subjects with type
2 diabetes (T2DM) is associated with strict glycemic control and hypo-
glycemia. In this study, we examined inflammation, oxidative stress and
endothelial function immediately, and at 24 hours, following induced
hypoglycemia in subjects with type 2 diabetes compared to healthy age-
matched controls.
Materials and methods: Hyperinsulinemic clamps reduced blood
glucose from 5 (90mg/dl) to 2.8 mmol/L (50mg/dl) for 1 hour.
Sampling at baseline; hypoglycemia; and at 24 hours post clamp
were undertaken. Proteomic (Somalogic) analysis for inflammato-
ry and oxidative stress markers at baseline and at hypoglycemia;
urinary isoprostanes (a measure of oxidative stress), C-reactive
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protein (hsCRP, a measure of inflammation) and endothelial func-
tion (by EndoPat) at baseline and 24 hours.
Results: 10 subjects with T2DM and 8 healthy controls were
recruited. 15/140 inflammatory proteins differed significantly at
hypoglycemia in T2DM compared to only 1 protein in controls,
and all returned to baseline at 24 hours; however, hsCRP levels
were elevated at 24 hours in T2DM (2.4mg/L (1.2 - 5.4) vs.
3.9mg/L (1.8 - 6.1), P<0.05). Only 1/15 oxidative stress proteins
differed significantly at hypoglycemia in T2DM subjects; howev-
er, urinary isoprostanes increased at 24 hours compared to base-
line in T2DM alone (73.4ng/mL vs. 91.7ng/mL, P=0.016).
Endothelial function was unchanged from baseline to the 24 hours
post-hypoglycemia time point.
Conclusion: Induced hypoglycemia is associated with significantly
increased markers of inflammation and oxidative stress in subjects
with T2DM but not in healthy non-diabetic controls, and integrative
markers of inflammation (hsCRP) and oxidative stress (urinary
isoprostanes) remain elevated at 24 hours.
Clinical Trial Registration Number: NCT02205996
Disclosure: S. Atkin: None.

857
Acute and prolonged effects of clamp-induced hypoglycaemia on
procoagulatory markers in subjects with type 2 diabetes treated with
metformin only
F. Aberer1, N. Tripolt1, P. Pferschy1, F. Prüller2, R. Riedl3, F. Aziz1, A.
Obermayer1, H. Kojzar1, T. Stojakovic2, H. Scharnagl2, A. Oulhaj4, C.
Sourij1, M. Brunner1, E. Novak1, H. Sourij1;
1Endocrinology and Diabetology, Medical University of Graz,
Graz, Austria, 2Medical and Chemical Laboratory, Medical
University of Graz, Graz, Austria, 3Medical Informatics, Medical
University of Graz, Graz, Austria, 4UAE University, Al Ain,
United Arab Emirates.

Background and aims: Hypoglycaemia is an adverse effect of
glucose lowering treatments including sulfonylurea or insulin,
which has been associated with increased risk for cardiovascular
(CV) events. Activation of the coagulation system has been
discussed as one potential mediator of this hypoglycaemia induced
cardiovascular risk, however, studies investigating this link in type
2 diabetes are scarce.
Materials and methods: We performed a monocentric, open, sin-
gle arm, mechanistic trial including fourteen subjects with
established type 2 diabetes (10 male and 4 female, age 55±7 years,
HbA1c 51±7 mmol/mol, diabetes duration 5±4 years) and metfor-
min treatment only. A stepwise hyperinsulinaemic-hypoglycaemic
clamp investigation was performed, aiming to investigate a set of
coagulation markers including plasminogen activator inhibitor -1
(PAI-1), D-dimer, fibrinogen, van Willebrand Factor (vWF) activity
and factor VIII during predefined plateaus of hypoglycaemia (at 63
and 45 mg/dl, maintained for 30 minutes respectively), 24 hours
and 7 days later.
Results: During acute hypoglycaemia, coagulation markers did not
change significantly. However, 24 hours after the hypoglycaemic episode
PAI-1 and D-Dimer (both p<0.05 compared to baseline), fibrinogen,
vWF activity and factor VII (all p<0.001 versus baseline) were signifi-
cantly increased. PAI-1(p<0.05), fibrinogen and factor VIII (both
p<0.001 versus baseline) remained increased 7 days after the
hypoglycaemic event.
Conclusion: One single event of insulin induced hypoglycaemia led to a
delayed increase in activation markers of coagulation 24 hours after the
hypoglycaemic event.
Clinical Trial Regsitration Number: NCT03460899
Supported by: FA
Disclosure: F. Aberer: None.

858
Association of hypoglycaemia with cardiovascular events and mor-
tality in patients with type 2 diabetes and acute coronary syndrome
I.C. Schrieks1,2, A. Nozza3,4, D.E. Grobbee1,2;
1Julius Clinical, Zeist, Netherlands, 2University Medical Center Utrecht,
Utrecht, Netherlands, 3Montreal Health Innovations Coordinating Center,
Montreal, Canada, 4Montreal Heart Institute, Université de Montreal,
Montreal, Canada.

Background and aims: Previous studies have shown an association
between hypoglycemic events and increased cardiovascular (CV) events
in diabetic patients. The aim of this study was to investigate the associa-
tion of hypoglycemic events with major cardiovascular events (MACE)
and all-cause and CV mortality in the AleCardio study that compared the
glucose-lowering PPAR-α/γ agonist, aleglitazar, with placebo in patients
with type 2 diabetes and acute coronary syndrome (ACS).
Materials and methods: All 7226 participants of the AleCardio
study were included. We first examined predictors for hypoglyce-
mia using univariate and multivariate cox proportional-hazards
models. Secondly, we adjusted for these predictors in the examina-
tion of the associations between hypoglycemia and the risks of
major cardiovascular events and death, using time-dependent cox
proportional-hazards models.
Results:Hypoglycemic events were reported by 1025 (14%) participants
(annual event rate = 0.18) of which 87 (1.2%) participants experienced
severe hypoglycemia. Aleglitazar treatment was a predictor of the occur-
rence of hypoglycemia (HR 1.58, 95% Confidence Interval (CI) 1.46-
1.71, adjusted HR 1.56, 95% CI 1.44-1.69). Hypoglycemia was associ-
ated with MACE in the univariate analysis (HR 1.26, 95% CI 1.00-1.57),
but not after adjusting for confounders (HR 0.92, 95% CI 0.73-1.17).
Hypoglycemia was also not associated with all-cause or CV mortality
(adjusted HR 0.82, 95% CI 0.56-1.18 and HR 0.67, 95% CI 0.42-1.06,
respectively).
Conclusion: Our study showed that aleglitazar treatment is a risk
factor for hypoglycemia. However, hypoglycemia is not associated
with a higher risk of cardiovascular events or death in patients
with type 2 diabetes and recent ACS from the AleCardio study.

Clinical Trial Registration Number: NCT01042769
Disclosure: I.C. Schrieks: None.

859
Effects of mild hypoglycaemia on cognitive function in type 2 diabe-
tes: a randomised crossover trial
M. Zander1, M. Nilsson1, N. Jensen1, M. Gejl2, M.L. Bergmann3, H.
Storgaard4, K. Miskowiak5, J. Rungby1;
1Department of Endocrinology, Bispebjerg University Hospital,
Copenhagen, 2Department of Endocrinology, Aarhus University
Hospital, Århus, 3Department of Biochemistry and Immunology,
University Hospital of Southern Denmark, Vejle, 4Clinical Metabolic
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Physiology, Steno Diabetes Center Copenhagen, Gentofte Hospital,
Hellerup, 5Psychiatric Centre Copenhagen, Rigshospitalet, Copenhagen,
Denmark.

Background and aims: Previous studies have demonstrated a
relationship between cognitive impairment and hypoglycaemia
(<3 mmol/L). This study hypothesis that even mild insulin-
induced hypoglycaemia reduces cognitive function in patients with
type 2 diabetes.
Materials and methods: In this double-blinded randomised cross-over
study, 25 patients with type 2 diabetes attended two experimental visits
with hyperinsulinaemic glucose clamping; one hypoglycaemic clamp
(PG 3.0 ± 0.2 mmol/L) and one euglycaemic clamp (PG 6.0 ± 0.2
mmol/L). Cognitive function was assessed during each condition with
a neurocognitive test battery measuring verbal memory, executive func-
tion, sustained attention and psychomotor speed.
Results: The participant’s cognitive performance was impaired
during hypoglycaemia with a mean score in the primary outcome
test, Symbol Digit Modalities Test measuring psychomotor speed,
of 48.7 during hypoglycaemia versus 56.6 during euglycaemia; i.e.,
a change of -7.9 points (95% CI -10.9, -4.9; p=<0.0001). In addi-
tion, hypoglycaemia reduced patients’ score of overall speed of
complex cognitive processing by -0.7 (95% CI -0.9, -0.6;
p=<0.0001) (Figure). Age, sex, fasting C-peptide and the severity
of hypoglycaemic symptom did not influence the negative effect of
hypoglycaemia on cognitive function.
Conclusion: Acute mild hypoglycaemia (mean PG 3.1 mmol/L) has
substantial negative impact on cognitive function in patients with type 2
diabetes.

Clinical Trial Registration Number: NCT03014011
Supported by: Investigator Initiated Studies Program of Merck Sharp &
Dohme Corp
Disclosure:M.Zander:Grants; Investigator Initiated Studies Program of
Merck Sharp & Dohme Corp.

860
Non-severe hypoglycaemia predicts increased risk of subsequent se-
vere events in patients with type 2 diabetes
S.R. Heller1, E. Hachmann-Nielsen2, K. Kvist2;
1The University of Sheffield, Sheffield, UK, 2Novo Nordisk A/S, Søborg,
Denmark.

Background and aims: It is well-known that higher rates of non-
severe hypoglycaemic episodes (NSHEs) associate with a greater
risk of severe hypoglycaemic episodes (SHEs) in patients with
type 1 diabetes.
Materials and methods: We investigated whether a similar asso-
ciation existed in patients with type 2 diabetes (T2D). We ex-
plored if annual rate of NSHEs was associated with time to first
SHE, cardiovascular (CV) death, time to first major adverse CV

event (MACE), and all-cause death in patients with T2D using
data from LEADER, a CV outcomes trial with 9340 patients with
T2D. We used a Cox proportional hazards model adjusted for
randomised treatment arm, and annual rate of NSHE as a time-
dependent covariate with three levels; A: <2 NSHEs per year
(reference), B: 2−11 NSHEs or C: ≥12 NSHEs. Hazard ratios
were used to estimate the association between NSHE and each
of the outcomes.
Results: Higher rates of NSHE were associated with a higher rate of
severe hypoglycaemia, MACE, CV death and all-cause death in patients
with T2D (Figure).
Conclusion: Our results suggest that in this T2D population, a
high rate of NSHEs may be associated with more harmful
outcomes.

Clinical Trial Registration Number: NCT01179048
Supported by: Novo Nordisk
Disclosure: S.R. Heller: Employment/Consultancy; Consultancy: Novo
Nordisk A/S. Other; Advisory Panel: Eli Lilly and Company, Sanofi-
Aventis, Novo Nordisk A/S, Takeda Pharmaceutical Company Ltd.,
Zealand Pharma A/S, Speaker's Bureau: Eli Lilly and Company, Novo
Nordisk A/S.

861
The magnitude of acceleration of gastric emptying by acute
hypoglycaemia in health is dependent on the level of hypoglycaemia
T. Arunachala Murthy1,2, J. Grivell1, S. Hatzinikolas1, L. Weinel2, C.
Rayner1, L.S. Chapple2, M.J. Chapman1,2, J.E. Stevens3, C.H. Malbert4,
M. Horowitz1,5, K.L. Jones1,5, C.S. Marathe1,5;
1Adelaide Medical School, University of Adelaide, Adelaide, 2ICU
Research, Royal Adelaide Hospital, Adelaide, 3School of Pharmacy,
RMIT, Melbourne, 4INRA, Saint-Gilles, France, 5Endocrine and
Metabolic Unit, Royal Adelaide Hospital, Adelaide, Australia.

Background and aims: The rate of gastric emptying (GE) of carbohy-
drate is a major determinant of postprandial glycaemia. ‘Marked’
hypoglycaemia (~2.6mmol/L) accelerates GE substantially in both health
and Type 1 diabetes and is likely to represent an important counter-
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regulatory mechanism by increasing the rate of carbohydrate absorption.
There is no information about the effect of ‘mild’ hypoglycaemia (be-
tween 3.0-3.9mmol/L) on GE, which is more common in clinical practice.
We have evaluated the effects of two levels of insulin-induced,
hypoglycaemia i.e. ‘mild’ (blood glucose ~3.6mmol/L) and ‘marked’
(blood glucose ~2.6mmol/L) when compared to ‘euglycaemia’
(6mmol/L) on GE in health.
Materials and methods: Nine healthy males (mean age: 33.9 ± 1.0 yrs;
BMI 23.4 ± 1.3 kg/m2; HbA1c: 5.3 ± 0.6%) underwent concurrent mea-
surements of GE of a solid meal (100g minced beef radio-labelled with
99mTc) by scintigraphy and arterialised venous blood glucose by
glucose-oxidase analyser, on 3 separate occasions during ‘mild’ and
‘marked’ hypoglycaemia, and ‘euglycaemia’, in random order.
Hypoglycaemia (~2.6mmol/L or ~3.6mmol/L) was established using a
glucose-insulin clamp 15min before (t=-15min), and maintained for a
further 60min (t=60 min) after, meal consumption. At t=60min, blood
glucose was returned to 6mmol/L and maintained from t=60-120 min.
On the ‘euglycaemia’ study day, blood glucose was clamped at
~6mmol/L and maintained at that level for the duration of the study. GE
was measured for 120min after meal ingestion and expressed as % reten-
tion over time. Data are shown as mean ± SEM (Figure). A maximum-
likelihoodmixed effects model was used to estimate the difference in area
under the curve (AUC) for gastric retention between glycaemic treat-
ments with Bonferroni-adjusted pairwise comparisons of the estimated
marginal means. A P-value <0.05 was considered significant.
Results: There was an overall effect of glycaemia on gastric retention
such that gastric emptying was accelerated during both ‘mild’ and
‘marked’ hypoglycaemia compared to euglycaemia as reflected by the
AUC0-120min (P<0.001). Pairwise comparisons showed significant differ-
ences in the AUC0-120 between euglycaemia and ‘mild’ hypoglycaemia
(P=0.02) and between euglycaemia and ‘marked’ hypoglycaemia
(P=0.001), with a trend (P=0.06) for GE to be faster during ‘marked’
compared to ‘mild’, hypoglycaemia.
Conclusion: The effect of hypoglycaemia to accelerate GE is dependent
on the degree of hypoglycaemia in health. While both ‘mild’ and
‘marked’ hypoglycaemia accelerate gastric emptying substantially, the
effect of ‘marked’ hypoglycaemia is greater.

Supported by: Royal Adelaide Hospital (RAH)Research Grant
Disclosure: T. Arunachala Murthy: Grants; Royal Adelaide Hospital
Research Grant.
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Effect of lactate administration on cerebral blood flow during
hypoglycaemia
L.A. van Meijel1, E.C. Wiegers2, J.J.A. van Asten2, C.J. Tack1, A.
Heerschap2, M. van der Graaf2, B.E. de Galan1;

1Department of Internal Medicine, Radboud University Medical Center,
Nijmegen, 2Department of Radiology and Nuclear Medicine, Radboud
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Background and aims: Impaired awareness of hypoglycaemia (IAH),
clinically reflected by the inability to timely detect hypoglycaemia, affects
~25% of people with type 1 diabetes (T1DM). We recently showed that
both altered brain lactate handling (including greater transport) and in-
creased cerebral blood flow (CBF) during hypoglycaemia are involved in
the pathogenesis of IAH. It is unknown whether these two effects are
linked in patients with diabetes. The aim of the present study was to
examine the effect of lactate on CBF and to test if hypoglycaemia has
an additional effect.
Materials and methods: This was a randomized single-blind, placebo-
controlled cross-over intervention study. Eight patients with type 1 dia-
betes and normal awareness of hypoglycaemia were included (age 22.3
±3.0 years, 5 female participants, HbA1c 55.4±10.6 mmol/mol (7.2
±1.0%)). They underwent two hyperinsulinaemic euglycaemic-
hypoglycaemic glucose clamps in a 3T MR system, once with sodium
lactate infusion 50% (600 mmol/l) and once with saline infusion. ASL-
MRI (pCASL with a 3D GRASE readout; time resolution ~5 min) was
applied continuously to measure changes in CBF. Data were analysed
using FMRIB Software Library (FSL).
Results: Glucose levels during euglycaemia and hypoglycaemia aver-
aged 4.6±0.6 and 3.0±0.0 mmol/l versus 4.7±0.4 and 3.0±0.1 mmol/l
for the lactate and placebo studies, respectively. Lactate levels during
euglycaemia and hypoglycaemia averaged 3.2±0.3 and 3.5±0.6 mmol/l,
respectively. Global CBF significantly increased in response to intrave-
nous lactate infusion when compared to placebo infusion (17.6±4.3% vs.
-2.6±2.5%, respectively, change from baseline, p=0.001) (figure 1), but
did not further increase upon achieving hypoglycaemia (p=0.50).
Conclusion: Lactate infusion caused a marked increase in global CBF in
people with type 1 diabetes and normal awareness of hypoglycaemia.
However, there was no additional effect of hypoglycaemia on global
CBF during lactate infusion.

Clinical Trial Registration Number: NCT03730909
Disclosure: L.A. van Meijel: None.
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Investigating the use and frequency of blood glucose monitoring in
hospital inpatients with stable non-insulin dependent diabetes
H. Kumar1, T. Tharmaraja1, K. Jadoon2;
1University of Birmingham College of Medical and Dental Sciences,
Birmingham, 2Diabetes and Endocrinology, Royal Wolverhampton
NHS Trust, Wolverhampton, UK.

Background and aims: Diabetes is a prevalent heterogeneous set of
metabolic disorders characterised by chronic hyperglycaemia. 11%
of inpatient expenditure throughout the NHS is spent on diabetic
patients, amounting to £2.5 billion annually. The National Diabetes
Inpatient Audit (NaDIA) is performed regularly to measure the
quality of inpatient diabetes care provided across the UK. The
most recent audit suggested specific guidelines for inpatient capil-
lary blood glucose (CBG) monitoring with regards to patients’
medications, however, the relationship between frequency of
CBG measurements and outcomes were not explored. Given the
lack of literature addressing stable inpatients with non-insulin de-
pendent diabetes, this study aims to investigate the relationship
between frequency of CBG monitoring and outcomes in this
population.
Materials and methods: Inpatients with non-insulin dependent dia-
betes and a minimum stay of 7 days were selected between March-
September 2018. Stable patients were defined as those who were
not being treated for infection, myocardial infarction, stroke or
undergoing surgery. The objective of the study was to determine
the relationship between mean frequency of CBG measurements
per day (FMD) and ‘Good Diabetic Days’ (GDD). The definition
of GDD from the NaDIA audit was refined for this study. The
relationship between FMD and GDD was investigated using
Spearman's rho test and multiple regression analysis. Furthermore,
the patients were categorised into groups based on their medica-
tions; mean FMD and percentage GDD were compared across
groups using one-way ANOVA analysis, with Tukey HSD post-
hoc tests.
Results: 204 inpatients were recruited, with a mean age of 79.67 ±
9.51. 50.5% of patients were diet controlled, 25.0% with metfor-
min, 15.2% with DPP4 inhibitors and 9.3% with multiple oral ther-
apy. Mean FMD was highest in the multiple oral therapy group
(2.70 ± 1.07), and the lowest in those who were diet controlled
(2.28 ± 1.07). The mean percentage of GDD was highest in the
diet controlled (73.5% ± 24.1) and the lowest in the multiple oral
therapy group (34.0% ± 27.5%). A one-way ANOVA analysis re-
vealed no significant differences in mean FMD between groups,
however, multiple oral therapy had significantly lower percentage
GDD compared to all other groups (F (3, 200) = 13.49, p < 0.001).
A Spearman’s rho test revealed non-significant relationship be-
tween FMD and GDD (rs(204) = -.123, p = 0.080). A multiple
regression model determined that FMD did not predict GDD (p =
.109), whilst controlling for medication group (p =.243), age (p
=.545), sex (p =.590), ethnicity (p = .720) and speciality of admis-
sion (p = .214), (R2 = .04, F (6,197) = 1.37, p = .230).
Conclusion: The study has shown that the outcomes (GDD) for
inpatients on multiple oral therapies are significantly worse than
in other cohorts. Moreover, there is no significant association be-
tween FMD and GDD. The NADiA guidelines suggested different
FMD regimes for different medication groups, however this study
reported no significant differences between the cohorts. Most
groups exceeded the guidelines by 2-fold, thus implying that there

may be scope to reduce frequency of measurements in stable inpa-
tients with non-insulin dependent diabetes. This could have pro-
found implications in cost effective inpatient care and warrants
further investigation.
Disclosure: H. Kumar: None.
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A real-world retrospective study evaluating glycaemic control with
glucagon-like peptide-1 receptor agonists or basal insulin in type 2
diabetes in the UK
X.V. Peng1, L. Blonde2, L. Shepherd3, R. Lubwama1, L. Ji4, R.J.
McCrimmon5;
1Sanofi, Bridgewater, USA, 2Ochsner Medical Center, New Orleans,
USA, 3Evidera, London, UK, 4Peking University People's Hospital,
Beijing, China, 5University of Dundee, Dundee, UK.

Background and aims: The efficacy of injectable glucagon-like
peptide-1 receptor agonists (GLP1RA) or basal insulin (BI) for
the treatment (Tx) of type 2 diabetes mellitus (T2D) patients
(pts) has been well established in randomised controlled clinical
trials. However, there is increasing interest and need to also eval-
uate their clinical effectiveness in real-world (RW) practice. This
study investigated the RW effectiveness of GLP1RA or BI to
achieve glycaemic control in T2D pts in the UK Clinical Practice
Research Datalink (CPRD) database.
Materials and methods: T2D pts aged ≥18 years (y), with HbA1c

≥7.0% on oral antihyperglycaemic drugs (OADs), who initiated Tx
with a GLP1RA or BI between 01/01/2010 and 30/06/2016 were
identified from the UK CPRD database. The index date was defined
as first Tx date with a GLP1RA or BI. Glycaemic control outcomes
over a 2-y follow-up period including HbA1c change over time and
cumulative probability of reaching first HbA1c <7.0% were de-
scribed. The associations between baseline (BL) characteristics and
glycaemic control outcomes were analysed by a Cox model.
Results: In all, a cohort of 5583 pts initiated GLP1RA Tx. BL
characteristics included: mean (SD) age 57.5 (10.4) y; duration of
T2D 8.4 (5.1) y; HbA1c 9.6 (1.5)%; BMI 38.0 (6.8) kg/m2; 46%
were female; 89% had dyslipidaemia. A cohort of 5606 pts initi-
ated BI Tx with BL characteristics including: mean (SD) age 64.1
(13.9) y; duration of T2D 10.1 (6.8) y; HbA1c 10.3 (2.0)%; BMI
30.1 (6.1) kg/m2; 44% were female; 86% with dyslipidaemia. In
both cohorts, there was a trend of increasing HbA1c levels during
the 3–6 months (m) prior to index date, followed by a rapid
decrease within 3–4 m post-index date, without further improve-
ment thereafter. The cumulative probability of achieving
glycaemic control with GLP1RA or BI increased, but with a de-
clining rate over time (30 or 18% in the first y, with an additional
12 or 11% in the second y, respectively). In both GLP1RA and
BI groups, there was an inverse relationship between BL HbA1c

levels and glycaemic control outcome within 2 y (Figure). For pts
with a BL HbA1c ≥9.0%, the probability was <20% within 1 y
and <30% within 2 y in either cohort. Other factors that were
negatively associated with glycaemic control outcomes included
T2D duration, dyslipidaemia and number of OADs taken at BL.
Conclusion: This retrospective observational RW study suggests that
most T2D pts initiated Tx with either a GLP1RA or BI at a very late
stage and, subsequently, few pts achieved recommended glycaemic tar-
gets within 2 y, which supports the ADA/EASD 2018 guideline recom-
mendation for more intensive insulin or injectable combination Tx in pts
with significantly elevated HbA1c. Moreover, failure to achieve
glycaemic control within 12 m on either GLP1RA or BI may require
further Tx intensification.
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Time to do more: an Indian perspective of addressing clinical inertia
in the management of type 2 diabetes
A. Mithal1, A.H. Zargar2, A. Majumder3, G. Bantwal4, M.
Dharmalingam5, P.R. Shah6, S.K. Shah7, S. Venkataraman8, U.K.
Phadke9, N. Mathias10, S. Kumar10;
1Division of Endocrinology and Diabetes, Medanta The Medicity,
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Background and aims: Despite the availability of a plethora of well-
tolerated treatment options, optimal therapeutic targets for diabetes are
often not met. The present study was conducted to understand the atti-
tudes and behaviors of physicians and patients towards the management
of diabetes, and to identify and address barriers beyond therapy to im-
prove patient care.
Materials and methods: The basis of the survey in India was an exten-
sion to the global survey. The survey in India was conducted in a face-to
face interview among 641 patients and 638 physicians from mid-
June 2018 to September 2018. There was a representation of patients
and physicians across tier I and tier II cities in India. Twenty-five cities
were surveyed, and they were divided into five geographic zones. The
questionnaire was validated by leading endocrinologists from different
parts of India. The validated questionnaire was translated to following ten
local languages. The questionnaire was divided to cover 3 main aspects-
diagnosis consultation, hypoglycemia awareness and reporting, and get-
ting to glycemic goals. The data gathered was tabulated as per the vari-
ables, was converted to percentages and was presented using descriptive
statistics.
Results: The results were divided based on questions related to diagnosis
consultation, hypoglycemia reporting, and getting HbA1c to goal. Patient
understanding of topics discussed during consultation continues to be
modest (only 40-50%). While 3 out of 4 patients claim to be compliant
towards their medication, doctors have seemingly low confidence in pa-
tients. Around 40% doctors feel the incidence of hypoglycemia is under-
reported with majority (50%) attributing it to patients’ lack of awareness
on seriousness of hypoglycemia. According to doctors, only around half
the patients are able to consistently reach their HbA1C goals.

Conclusion: Due attention to diagnosis consultation, hypoglycemia
reporting & challenges in management and getting HbA1c to goal will
significantly enhance the understanding and alliance between physicians
and patients and thereby improve diabetes care in India. There is a need to
drive joint ownership in management of diabetes by addressing key bar-
riers in patient care which are beyond pharmacotherapy.

Supported by: Study was funded by Novartis Healthcare Private Limited
(NHPL), India
Disclosure: A. Mithal: Honorarium; The study was funded by Novartis
and all authors (AM, AZ, AMz, GB,MD, PS, SS, SV, UP) were members
of National Steering Committee for the Time2DoMore™ program.
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Improved transition outcomes in young adults with diabetes using
technology: a pragmatic clinical trial
S. Butalia1, A. McGuire2, S. Crawford2, D. Dyjur2, J. Mercer2, D.
Pacaud3;
1Medicine and Community Health Sciences, University of Calgary,
Calgary, 2Alberta Health Services, Calgary, 3Pediatrics, University of
Calgary, Calgary, Canada.

Background and aims: The transition from pediatric to adult diabetes
care is a vulnerable period for youth with diabetes. During transition,
youth with diabetes are at high risk for loss to follow up, worsening
glycemic control, and increased hospitalizations. Unfortunately, current
health care services may be failing to meet the needs of youth with
diabetes. Our aim was to assess the effect of a technology enhanced
transition coordinator on loss to follow up in youth with diabetes
transitioning from pediatric to adult diabetes care.
Materials and methods: This open label, pre-post pragmatic clinical
trial, assessed the effect of a technology enhanced transition coordinator
in transitioning young adults with diabetes from pediatric to adult diabe-
tes care. Our primary outcome was the rate of loss to follow up defined as
no outpatient diabetes appointments in the one year following transfer to
adult diabetes care. The usual care (control) cohort were youth with dia-
betes who received usual care (i.e. transition preparation during pediatric
diabetes appointments prior to transfer). The intervention cohort received
the usual care and had a transition coordinator who assisted them through
the transition period with regular, per protocol contact, by texting,
emailing, Twitter®, and/or postings on a private Facebook® page.
Results:Baseline average hemoglobin A1c was not different between the
intervention cohort [number (n) = 101, 47.5% females] versus the usual
care cohort (n= 209, 49.3% female) [73.8 mmol/mol (8.9%) ± 1.6 stan-
dard deviation (SD) versus 76.0 mmol/mol (9.1%) ± 2.7 SD, p=0.28] in
the year prior to transfer. In the year following transfer, 49.3% of young
adults in the usual care cohort versus 11.8% of young adults in the inter-
vention group did not attend any outpatient diabetes appointments (p<
0.01) in the year following transfer.
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Conclusion: Our technology enhanced transition coordinator interven-
tion was successful in reducing loss to follow-up in transitioning young
adults with diabetes. Importantly, this program used simple, readily ac-
cessible tools and technologies which increases the transferability and
sustainability of this intervention.
Supported by: The Lawson Foundation
Disclosure: S. Butalia: None.
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Adherence to kidney disease screening guidelines among incident
and prevalent type 2 diabetes patients in a US administrative claims
data source
M. Blankenburg1, N. Petruski-Ivleva2, E. Comerford2, P. Velentgas2, K.
Folkerts3, T. Evers4, D. Oksen5, A. Gay1;
1Bayer AG, Berlin, Germany, 2Aetion, New York, USA, 3Bayer AG,
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Germany.

Background and aims: Diabetic kidney disease (DKD) occurs in 20-
40% of patients (pts) with type 2 diabetes (T2D) andmay be present at the
time of T2D diagnosis. Despite the high prevalence of DKD among pts
with T2D many pts face a delay in diagnosis and are not appropriately
treated. Current guidelines from American Diabetes Association (ADA)
recommend screening pts with T2D for DKD at the time of diagnosis and
then annually thereafter. Administrative claims data can provide impor-
tant insights into screening rates for kidney function.
Materials and methods: We used Optum CDM administrative claims
data to identify T2D pts between 1 January 2008 and 31 December
2016 with at least 1 year (yr) of prior enrollment and 1 yr follow up.
We estimated the number and proportion of incident and prevalent
T2D pts with no prior history of kidney disease who had laboratory
orders to evaluate kidney function at the time of the diabetes claim
(cohort entry date) and during 1 yr of follow up. Laboratory test
orders of interest were identified with CPT/HCPC codes and included
quantitative urinary albumin and serum creatinine (SCr) tests used in
clinical practice to evaluate urinary albumin to creatinine ratio
(UACR) and estimated glomerular filtration rate (eGFR) respectively.
Timing of 1st and 2nd laboratory orders were also evaluated. T2D
was defined as 1 inpatient or 2 outpatient claims for diabetes in any
position within 30-365 days (dys) apart. Diabetes pts were considered
incident if they had no history of diabetes and had no evidence of 2nd
line therapy for diabetes in the yr prior to cohort entry. Among pts
with available UACR and eGFR results we estimated the 1-yr risk of
DKD defined as at least 2 laboratory results within 90-365 dys apart
for eGFR of ≤59 ml/min/1.73m2 and/or UACR of ≥30 mg/g.
Results: We identified 1258532 prevalent and 622915 incident diabetes
pts. Screening rates for kidney function did not differ between the 2
groups. In approximately 30% of pts a SCr test was ordered on the day
of cohort entry and in over 80% of pts at least 1 SCr test was ordered
during the 365-dy follow up period. On average among incident T2D pts
the first SCr test was ordered within 3 months of the first T2D claim.
Fewer pts received a quantitative test for albuminuria with 12% being
tested on the dy of cohort entry and 43% in the 1 yr of follow up. Among
T2D pts with laboratory results (n=460,000) approximately 14% of pts
with an incident and 21% of pts with a prevalent T2D diagnosis met the
criteria for DKD during 1 yr of follow-up. The majority of pts were
identified as DKD Stage 3 (eGFR 30-59 ml/min/1.73m2). Among pts
with a 1st eGFR result in the DKD range (≤59 ml/min/1.73m2) the 2nd
test was completed on average 90 (SD=83) dys after the first test.
Conclusion: Analysis of Optum CDM administrative claims data indi-
cates that physicians treating diabetes pts in the US largely adhere to
kidney function screening guidelines proposed by the ADA. More than
80% of pts with diabetes, both incident and prevalent, undergo eGFR-
based kidney function screening in the yr after diabetes diagnosis.
Repeated testing for eGFR is done on average 90 dys after the 1st test,

corresponding to the diagnostic criteria for DKD of sustained impaired
kidney function of 3 months or longer. Quantitative UACR screening
rates are much lower or may not be captured well in administrative claims
data.
Disclosure: M. Blankenburg: Employment/Consultancy; Bayer AG.
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Regular feedback on specific parameters may be required to main-
tain improvement in diabetic ketoacidosis management: results from
a five-year quality improvement project
N.B. Jawahar1, P. Kempegowda2,3, J.S. Chandan4, B. Coombs3, A. De
Bray1, S. James1, S. Ghosh1, P. Narendran1;
1University Hospitals Birmingham NHS Foundation Trust, Birmingham,
2Institute of Metabolism and Systems Research, Birmingham, 3Health
Education West Midlands, Birmingham, 4Institute of Applied Health
Research, Birmingham, UK.

Background and aims: Diabetic ketoacidosis (DKA) is an acute emer-
gency needing a prompt and systemic approach. Although there have
been several audits at our centre, sustained improvement has not been
achieved. Our aims were to demonstrate that regular performance feed-
back is necessary to ensure sustained improvement in DKAmanagement,
and that absence of such feedback would result in loss of improvements
brought in.
Materials andmethods:All patients diagnosed with DKA (except those
managed in intensive care setting, to avoid one-to-one care bias) from
April 2014 to September 2018 at a large UK tertiary centre were included.
Following a baseline audit, a Plan-Do-Study-Act (PDSA) system of qual-
ity improvement was adapted and various interventions were introduced
from October 2014 to September 2015 to improve DKA management,
including a monthly performance feedback system to front-line teams.
We then studied the effect of presence and absence of monthly perfor-
mance feedback for a period of 18 months each. Data for several surro-
gate markers of DKA management (fixed rate intravenous insulin infu-
sion [FRIII] prescription, fluids prescription, glucose and ketone moni-
toring) were also collected during this study period.
Results: 432 DKA episodes were included over the five-year study peri-
od. There was a significant reduction in the median duration of DKA
(21.9 [15.2 - 38.2] hours prior to the intervention vs. 10.9 [7.10 - 15.7]
post, p < 0.0001) with regular feedback and interventions to improve
aforementioned surrogate markers. We noted some improvement in the
proportion of patients receiving the appropriate FRIII prescription. This,
however, was not statistically significant as many patients were receiving
close to guideline recommendations prior to the interventions (-1.3 [-9.1 -
+2.9] % deviation from guideline). The proportion of patients receiving
guideline recommended fluid amount improved in the period of regular
feedback (-20.0 [-30.0 - +10.0] pre- vs. 0 [-20.0 - +35.4] post-intervention
% deviation, p = 0.02). This became more variable in the absence of
regular feedback (-25 [-59 - +12.5] % deviation, p = 0.19). The frequency
of glucose measurements improved with regular feedback (25.0 [-8.3-+
46.3] pre- vs. 2.8 [-16.7-+33.3] post-intervention % deviation, p = 0.03).
We did not achieve significant improvement in appropriateness of ketone
testing; the trend diverted towards the opposite axis, indicating over test-
ing (-45 [-59.6 - -26.5] pre-intervention vs. 37.5 [0.00 - +100] post-
intervention % deviation, p< 0.0001). In the absence of regular feedback,
the duration of DKA showed an upward trend. However, the median
DKA duration at the end of the post-follow-up period was still lower than
the pre-intervention period (15.7 [11.8-24.7] hours, p < 0.05).
Conclusion: This study demonstrates a significant reduction in the dura-
tion of DKA following PDSA style intervention and monthly perfor-
mance feedback compared to baseline results. We also found that a lack
of this intervention would reverse these improvements in DKA
management.
Supported by: N.B. Jawahar: None.
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Health related quality of life in type 1 diabetes measured using
patient-reported outcomes, experiences and complication risk factors
S. Borg1, U.-G. Gerdtham1,2, K. Eeg-Olofsson3, B. Palaszewski4, S.
Gudbjörnsdottir3,5;
1Department of Clinical Science in Malmö, Lund University, Lund,
2School of Economics and Management, Lund, 3University of
Gothenburg, Gothenburg, 4Data Management and Analysis, Region
Västra Götaland, Gothenburg, 5Register Center Västra Götaland,
Gothenburg, Sweden.

Background and aims: Diabetes impacts a patient's daily life, with the
burden of symptoms and managing the condition, and concerns of disease
complications. Such aspects are captured by Patient Reported Outcomes
Measures (PROM), assessments of e.g. wellbeing. Patient Reported
Experience Measures (PREM) assess patients’ experiences of healthcare
and address patient preferences. Complication risk factors HbA1c,
Systolic blood pressure (SBP) and LDL are useful for monitoring treatment
effect and determining risks of complications, and provide information on
current and future health. Individuals may differ in which of these aspects
they consider important. Health Related Quality of life (HQQoL) measures
usually do not cover all these aspects. We aimed to develop a new HRQoL
measure using at the same time, risk factors, diabetes specific PROM and
PREM, that unambiguously ranks individuals without presuming any spe-
cific set of importance weights, and that allows for different potential to
achieve PROM, PREM and risk factor levels in different subgroups; and to
see if efficiency analysis can serve this purpose.
Materials and methods: We used PROM and PREM data linked to reg-
istry data on risk factors, in a questionnaire survey of a large sample selected
from the National Diabetes Registry (NDR) in Sweden. Efficiency analysis
of PROM, PREM and risk factors using Data Envelopment Analysis
(DEA) was used to measure HRQoL and individual HRQoL shortfalls.
Measures of support to individuals with diabetes (PREM), were taken as
inputs for individuals to generate abilities to manage diabetes and lifestyle
factors (PROM), which in turn enable individuals to achieve favourable
levels of wellbeing (PROM) and risk factors. HRQoL was measured by
how efficiently outputs were produced given the inputs.
Results: 1456 individuals with questionnaire and registry data from NDR
took part, 50%men, mean age 49.5 (SD 16.3) years, diabetes duration 25.6
(15.9) years, HbA1c 60.9 (11.9) mmol/mol, SBP 127.4 (14.3) mm Hg,
LDL 2.40 (0.80) mmol/l. HRQoL estimates were consistent with aspects
of wellbeing and risk factors (Figure 1). HRQoL differed by age (p<0.001),
but not by gender or duration. Diabetes support inputs differed by gender
(Support and Continuity, p<0.001) and by age (Support, Access and
Continuity, p<0.001) but not by duration. Low outputs were mainly caused
by inefficiency, less so by the available inputs.
Conclusion: Efficiency analysis using DEA appears useful for estimating
HRQoL of individuals with type 1 diabetes, and can detect differences
between subgroups. The approach can be used for policy regarding inter-
ventions on poor HRQoL as well as healthcare resource allocation, al-
though currently limited to type 1 diabetes.

Supported by: AstraZeneca, Novo Nordisk, Swedish Diabetes
Foundation, Swedish state, Region Skåne
Disclosure: S. Borg: Grants; AstraZeneca, Novo Nordisk, Swedish
Diabetes Foundation, Swedish state (ALFGBG-725311, ALF F
2014/354], Region Skåne.
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Patterns in general practitioners' performance of type 2 diabetes
procedures and relations with patients' risk of cardiovascular disease
K. Nøkleby1, T. Berg2, A.T. Tran1, T. Claudi3, S. Sandberg4,5, J.G.
Cooper4,6, B. Gjelsvik1, Å. Bakke5,6, A.K. Jenum1;
1Department of General Practice, University of Oslo, Oslo, 2Institute of
Clinical Medicine, University of Oslo, Oslo, 3Nordland Hospital, Bodø,
4Norwegian Quality Improvement of Laboratory Examinations, Bergen,
5Department of Global Public Health and Primary Care, University of
Bergen, Bergen, 6Department of Medicine, Stavanger University
Hospital, Stavanger, Norway.

Background and aims: Little is known about variation in general
practitioners’ (GPs’) quality of care in type 2 diabetes (T2D). We
aimed to explore 1) the variation in GPs’ performance of six
recommended procedures in T2D patients 18-75 years with no
known cardiovascular disease (CVD) and 2) whether the GPs'
performance of processes of care and other GP factors were as-
sociated with the patients’ estimated risk of CVD.
Materials and methods: The ROSA 4 study is a cross-sectional
study of the quality of diabetes care in Norwegian general prac-
tice in 2014 based on electronic health records. The primary out-
come was a composite measure of the performance of six pro-
cesses of care on GP level (measurements of HbA1c, LDL-cho-
lesterol, blood pressure, albuminuria, and assessment of foot sta-
tus and retinopathy). The secondary outcome was estimated 10-
year risk of cardiovascular events, calculated by NORRISK 2,
adjusted for HbA1c levels. GPs were split in quintiles based on
their composite performance score. Multilevel regression models
were fitted to identify factors associated with being in the quintile
with best performance on GP level, and with estimated CVD risk
as dependent variable on patient level.
Results: We identified 6015 T2D patients without CVD, from
275 GPs in 77 practices. On average GPs in quintile 1 performed
46% of the procedures in their patients, compared to 81% in
quintile 5 (Fig. 1), with a larger variation in microvascular screen-
ing procedures. Use of a structured follow-up form had the stron-
gest association with being in a better quintile, proportional odds
ratio (POR) 11.1, 95% CI 4.80- 25.90. Further, GPs with a heavi-
er workload (>350 listed patients/clinical day/week) had lower
odds of being in a higher quintile, compared to those with <250
patients/day (POR 0.17, 0.06 - 0.48). The oldest doctors (61-70
years) had lower odds of being in a higher quintile compared to
the GPs between 40 and 60 years (POR 0.30, 0.14 - 0.64).
Presence of a routine of patient reminders in the GP practice
was associated with being in a higher quintile, POR 3.10, 1.18
- 8.14. When exploring GP factors associated with estimated
CVD risk, we found that being enlisted with a GP in the highest
quintile (performing more procedures) was independently associ-
ated with a lower CVD risk (β -1.11, -2.15 to -0.06) compared
with patients enlisted with GPs in the lowest quintile.
Conclusion: We found large variations in the GPs’ performance of pro-
cesses of care where factors reflecting structure and workload were im-
portant. Better performance was associated with a lower estimated risk of
CVD in the patients.
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Management of insulin therapy in patients with type 1 diabetes in
developing countries: wave 7 of the International Diabetes
Management Practices Study (IDMPS)
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Background and aims: Type of insulin therapy used can impact upon
incidence of hypoglycaemia, which may affect therapy adherence and
treatment goals attainment in people with type 1 diabetes (T1D). We
assessed insulin use of people with T1D in developing countries from
the most recent IDMPS data.
Materials and methods: The IDMPS is a global observational
cross-sectional study that collects real-world data of people with
T1D and type 2 diabetes in 51 developing countries. Between
2005 and 2017, data on patient profiles, management, and pat-
terns of care were collected in seven individual waves. Data are
presented from the most recent wave (Wave 7; 2016-2017), which
enrolled participants from 24 countries in Africa, the Middle East,
Eurasia and South East Asia.
Results: All participants with T1D (n=2000) received insulin ther-
apy. Overall, 21.8% (n=403) of participants achieved an HbA1c

level <7 % and 28.3% (n=553) achieved individualised HbA1c

targets set by their physician. Achievement of glycaemic target
varied by therapy type, and only 66.7% (n=1332) received global
guideline-recommended therapy of basal + prandial insulin
(Table). Participants on basal insulin were more likely to use
insulin analogues (largely first-generation) than human insulin
(79.8% vs 20.0%, respectively), as were those on prandial insulin
(65.3% vs 34.6%, respectively); the reverse was observed for

participants on premix insulin (33.0% vs 67.2%, respectively).
Mean daily insulin dose ranged from 0.45 IU/kg (basal insulin
alone) to 0.82 IU/kg (basal + prandial insulin; Table).
Symptomatic hypoglycaemia was reported by 58.7% (n=1145) of
participants in the past 3 months, and severe hypoglycaemia by
16.3% (n=318) in the past 12 months; 74.7% (n=227) of severe
hypoglycaemia events were assessed by physicians as being due
to inappropriate management of insulin therapy.
Conclusion: HbA1c target achievement in people with T1D in develop-
ing countries was poor, regardless of insulin therapy type. Over 50% of
participants experienced hypoglycaemia, with nearly 1 in 5 experiencing
severe hypoglycaemia, the majority of which was deemed related to in-
appropriate insulin therapy management. Fear of hypoglycaemia may be
impacting HbA1c target achievement in this population, suggesting a need
for education strategies to improve insulin prescription/adherence.

Supported by: Sanofi
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Contributions of chronic kidney disease and heart failure to medical
costs of type 2 diabetes
G.A. Nichols1, A. Ustyugova2, A. Deruaz-Luyet2, K.G. Brodovicz3;
1Center for Health Research, Kaiser Permanente Northwest, Portland,
USA, 2Boehringer Ingelheim International GmbH, Ingelheim,
Germany, 3Boehringer Ingelheim Pharmaceuticals, Ridgefield, USA.

Background and aims: Medical costs of type 2 diabetes (T2D)
are driven by the presence of microvascular and macrovascular
complications. Chronic kidney disease (CKD) and heart failure
(HF) are known to increase costs, but their unique and combined
contributions to costs have not been well described. We compared
annual cost of care of T2D patients with and without CKD and
HF.
Materials and methods: We used the electronic medical records
of an integrated delivery system in the USA to identify 31,102
patients with T2D with an eGFR in 2016 or 2017 but without
malignant cancers other than of the kidney, hepatitis C and HIV/
AIDS to avoid cost distortions. Patients were grouped according
to presence or absence of CKD (eGFR<60mL/min/1.73m2 con-
firmed by a second eGFR 3-12 months later), HF, or both.
Annual outpatient, inpatient, emergency, pharmaceutical, dialysis,
and total medical care costs (2016 USD) were compared between
the four groups adjusted for age, sex, and non-white race. Among
patients with CKD with or without HF, we also compared these
adjusted costs by KDIGO-defined stages of CKD.
Results: Of the 31,102 total patients, 19% (n=5,906) had CKD
without HF, 4% (n=1,274) had HF without CKD, 6% (n=4,089)
had both, and 71% (n=22,203) had neither. Patients with neither
CKD nor HF incurred adjusted total costs of $6,420 (figure). Costs
were nearly double that among patients with CKD without HF
($12,389), and another 50% greater among those with HF without
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CKD ($18,656). When both CKD and HF were present, costs were
approximately the sum of costs when each condition existed alone
in total ($32,938) and for each cost component. Inpatient costs
accounted for 33%, 34%, 45%, and 51% of total costs among the
no CKD/no HF, CKD only, HF only and CKD&HF groups, respec-
tively. Among all patients with CKD regardless of the presence of
HF, inpatient costs accounted for at least half of total costs in each
CKD stage other than G5 (end-stage kidney disease [ESKD]. For
example, in the CKD&HF group, hospitalizations accounted for
53%, 60%, and 66% of total costs for CKD stages G3a, G3b and
G4, respectively. Even when patients with CKD and HF reached
ESKD, inpatient costs accounted for 37% or the total and were
nearly equal to costs of dialysis (39% of total).
Conclusion: CKD approximately doubles annual medical costs among
patients with T2D, and HF without CKD nearly triples medical costs.
However, the combination of the CKD and HF increases costs over 5-
fold, underscoring the need for preventive therapies. Since hospitaliza-
tions account for the largest share of costs, development and implemen-
tation of effective measures reducing the risk of hospital admission is
essential.

Supported by: Boehringer-Ingelheim
Disclosure: G.A. Nichols: Grants; Boehringer-Ingelheim, Amarin
Pharma.
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Unmet medical needs in people with type 2 diabetes treated by insu-
lin: results from the International Diabetes Management Practices
Survey (IDMPS)
A. Ramachandran1, J.C. Mbanya2, P. Aschner3, J.J. Gagliardino4, H.
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Background and aims: Limited data exist on the impact of different
insulin therapy regimes on outcomes in people with diabetes. The current

study describes the unmet medical needs of people with type 2 diabetes
(T2D) in developing countries receiving Premix or basal insulin.
Materials and methods: The IDMPS is a global cross-sectional study
describing the management and patterns of care of people with diabetes
across time in developing countries. From 2005 to 2017, data were col-
lected in seven individual waves. Data from Waves 6 (2013-14) and 7
(2015-16) are presented, including 1454 people on Premix and 1484 on
Basal insulin (BI) from Africa, South Asia, Eurasia and the Middle East.
Results: Slight statistically significant differences were observed between
people on basal insulin (BI) and on Premix for age (59.5 vs. 58.7 years) and
gender (53.8 vs. 57.7%). People on Premix had a longer disease duration
(13.3 years for Premix vs 11.9 years with BI; p<0.05) but received fewer
oral glucose lowering drugs (mean: 0.9 vs. 1.7 [p<0.05]). Total insulin dose
was lower for people on BI vs Premix (0.33 ± 0.18 vs. 0.58 U/kg ± 0.28;
p<0.05). Micro-/macrovascular complication rates were similar for both
study groups. People on Premix displayed higher fasting plasma glucose
(FPG) levels (158.8 mg/dL or 8.8 mmol/L vs. 146.7 or 8.1 mmol/L) and
post-prandial glucose (PPG) levels (209.2 mg/dL or 11.6 mmol/L vs. 192.3
or 10.7 mmol/L) vs. BI (p<0.05). Adjusted comparisons showed that
HbA1c was inadequately controlled (i.e. HbA1c >7 %) in both treatment
groups (Table). A similarly high proportion of people displayed poor
glycaemic control in both Premix and BI groups (82.5 vs. 79.2%). More
people on Premix experienced hypoglycaemia symptoms in the preceding
3 months vs. those on BI (32.5% vs. 19.8%).
Conclusion: In real-world practice, few people on premixed or
basal insulin reached individualized glycaemic targets for HbA1c,
FPG or PPG, and high rates of hypoglycaemia were noted. These
data illustrate a high unmet medical need with insulin therapies
and indicate a need for newer therapeutic strategies with better
benefit risk profiles for glycaemic control and less hypoglycaemia.
Further research on the profile of T2D could help identify patients
appropriate for BI, Premix or the new fixed ratio combinations.
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Background and aims:A significant number of patients admitted to
medical floor have Type 2 diabetes. Lack of a standardized
hyperglycaemia management protocol leads to improper glycaemic
control adding to morbidity in such patients. American Diabetes
Association (ADA), in its 2018 guidelines, recommends initiation
of a regimen consisting of basal long-acting insulin, bolus short
acting pre-meal insulin (if patient is eating) and a correctional scale
insulin for inpatient hyperglycaemia management. A baseline audit
of 100 diabetic patients admitted to a general hospital in Doha,
Qatar showed that although insulin was used in majority of pa-
tients, there was no uniformity in initiation of insulin regimen.
Adequate glycaemic control (7 - 10mmol/l) was achieved in 45%
patients. 11 hypoglycaemic episodes were observed. A quality im-
provement project was initiated with introduction of a standardized
inpatient hyperglycaemia management protocol aiming to achieve
50% compliance to protocol and improvement in inpatient
glycaemic control from baseline of 45% to 70%.
Materials and methods: Using PDSA model of improvement, fol-
lowing interventions were implemented for change in sequential
order: 1: Standardized inpatient hyperglycaemia management pro-
tocol was developed using ADA guidelines in collaboration with
endocrinology department 2: Protocol algorithm was provided to
medical residents/nurses 3: Teaching sessions were arranged for
residents/nurses 4: Active involvement of consultants to implement
the protocol 5: Education of patients regarding glycaemic control 6:
Regular reminders/feedbacks to residents and nurses about
glycaemic control of their patients.
Results: Process Measure: Compliance to standardized inpatient
diabetes management protocol improved to median of 70% (target
50%). Outcome Measure: Adequate Glycaemic control (7 - 10
mmol/l) improved to median of 60% (target 70%) with maximum
glycaemic control of 80% achieved in 4 of the 10 PDSA cycles
(total of 49 patients). Out of total 674 blood sugar readings taken to
monitor glycaemic control in 49 patients, 6 episodes of
hypoglycaemia were observed. Balancing Measure: Frequent alerts
to residents and nurses about compliance to protocol and glycaemic
control of patients leading to increased work load.
Conclusion: 1. Development of a standardized inpatient anti-
diabetic protocol based on weight, diabetes control (baseline
HbA1c) and renal function is the cornerstone of improving inpa-
tient glycaemic control. 2. Educational sessions about goals and
protocol for healthcare professionals and medical team will elimi-
nate fear of hypoglycaemia. 3. Automatic reminders to residents/
nurses about standard protocol and glycaemic control of patients
along with education of patients are some measures that led to
improvement in inpatient glycaemic control of diabetic patients.

Disclosure: A.A. Khan: None.
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Continuous intraperitoneal insulin infusion shows a great benefit-
risk ratio under long-term real-world use in a vulnerable population
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Background and aims: Continuous intraperitoneal insulin infusion
(CIPII) is an alternative method of insulin delivery in the management
of subjects with type 1 or type 2 diabetes (T1D/T2D) requiring insulin, for
whom subcutaneous insulin administration is not appropriate, or who are
insufficiently controlled by subcutaneous insulin delivery being e.g. de-
pendent on i.v. insulin. The Accu-Chek® DiaPort system is intended for
CIPII and was previously shown to be safe and effective. To assess long-
term safety and performance of CIPII therapy with the DiaPort we con-
ducted an observational post-market clinical follow-up (PMCF) study to
capture real life information of subjects using the system.
Materials and methods: Subjects ≥ 6 years with diagnosed T1D/T2D de-
pending on insulin, either requiring the implantation of the Accu-Chek®
DiaPort system or with the system already implanted were included.
Subjects routinely visited the clinic at least every 6 months for 24 months.
Optional visits occurred in case of complications. There were no additional
appointments or treatments for study purposes. After 24 months, additional
safety data were captured at routine visits if the patient agreed. All recorded
and derived variables are presented using descriptive summary tables.
Results: We present first data from an intermediate evaluation including
88.4 patient years in the observation. Results are based on data from 45
subjects diagnosed mostly with T1D. The mean diabetes duration was
28.9 +/- 13.0 years. The most often mentioned indications for CIPII were
glucose level fluctuations, severe hypoglycemia as well as subcutaneous
insulin resistance and lipodystrophies. In most subjects, implantation was
not associated with any problems. Hypoglycemia and diabetic
ketoacidosis (DKA) events showed a trend towards reduced numbers
during the study compared to 6 month before study inclusion.
Hypoglycemic events declined from 1.05 per patient year before study
to 0.36 per patient year during the study. DKAs were reported 0.55 times
per patient year before study inclusion and lowered to 0.09 per patient
year during the study. The mean HbA1c at baseline was 8.2 +/- 1.6% and
decreased until the last visit in average to 7.7 +/-0.9%. In this vulnerable
patient population no death occurred during the study. In 37 patients 91
incidents occurred (1.03 incidents per patient year). The most frequent
incidents were catheter occlusions (0.45 per patient year) and infections
(0.27 per patient year). Catheter replacements happened in average 0.61
times per patient year. Interestingly 38% of all subjects reported no cath-
eter replacements, 29% had one catheter replacement and 33% had more
than one replacement.
Conclusion: CIPII therapy with the Accu-Chek® DiaPort system
offers a safe and effective therapy for patients who fail other
subcutaneous insulin therapies. Overall glycemic control in terms
of HbA1c and number of hypoglycemia improved markedly. Main
issues are catheter occlusions and infections. Both can be handled
effectively. No additional unexpected risks were observed.
Overall patient satisfaction is good. In conclusion, the study
shows a great benefit-risk ratio under long-term real-world use.
Disclosure: B. Gehr: Other; Got money for expense allowance for study
conduct.
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Impact of disease duration and beta cell reserve on the efficacy of
iGlarLixi in patients with type 2 diabetes: the LixiLan-G trial
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Background and aims: Type 2 diabetes (T2D) is a progressive disease
characterized by progressive loss of beta-cell function. Thus, therapies
that rely on beta-cell stimulation are expected to become less effective
over time. Here, we sought to investigate the efficacy and safety of
iGlarLixi, a titratable, fixed ratio combination of insulin glargine
100U/mL and the GLP-1RA, lixisenatide (both of which also have
beta-cell independent mechanisms of action), according to quartile of
T2D duration.
Materials and methods: This exploratory analysis was based upon the
LixiLan-G study, a 26 week randomized, open-label, active-controlled trial
in patients with insufficiently controlled T2D (HbA1c 7-9%) despite max-
imally tolerated GLP-1RA that compared the efficacy and safety of
switching to iGlarLixi versus continuing treatment with weekly or daily
GLP-1RA.After 26weeks, change in HbA1c and the proportion of patients
withHbA1c <7%were assessed by quartile of T2D duration (Q1: ≤6.5; Q2:
>6.5 to ≤10; Q3: >10 to ≤14.6 and Q4: >14.6 years) in those who either
switched to iGlarLixi (n=257) or remained on GLP-1RAs (n=257).
Results:At baseline, patients with the longest duration of T2D (Q4) were
older (mean age: 64.5-67.7 vs 54.8-59.3 years), had lower mean BMI
(31.6-31.7 vs 32.5-34.0 kg/m2), lower mean fasting (0.86-0.89 vs 0.95-
1.19 nmol/L) and 2-hour post-prandial (1.76-1.94 vs 2.11-2.48 nmol/L)
C-peptide levels, and a longer duration of GLP-1 RA treatment (mean:
2.3-2.6 vs 1.4-2.1 years) compared with other quartiles. At the end of the
study, change from baseline in HbA1c and the proportion of patients
achieving HbA1c <7% were higher in the iGlarLixi versus GLP-1RA
arm across all duration quartiles. The magnitude of change from baseline
in HbA1c did not differ across duration quartile in the iGlarLixi arm
(Table) and a similar proportion of patients achieved HbA1c <7% irre-
spective of duration quartile, despite a slightly lower insulin dose in Q4
(Table). Whereas, in the GLP-1RA arm, compared with those in Q1,
patients in Q4 had a smaller HbA1c reduction and a lower proportion
achieved HbA1c <7% (Table), associated with lower mean baseline and
2-hour C-peptide levels.
Conclusion: The results of this study suggest that the efficacy of
iGlarLixi is maintained regardless of T2D duration and beta-cell reserve,
with a higher proportion of patients achievingHbA1c goal comparedwith
continued GLP-1 RA therapy across all quartiles of duration with lower
dosing requirements at long duration.

Clinical Trial Registration Number: NCT02787551
Supported by: Sanofi
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Background and aims: iGlarLixi, a titratable fixed-ratio combina-
tion of insulin glargine plus the GLP-1 RA lixisenatide, has shown
benefits in patients (pts) with T2DM. This study compared switching
to iGlarLixi vs continuing prior GLP-1 RA therapy over 26 weeks in
pts with uncontrolled T2DM while receiving a maximum tolerated
dose of a GLP-1 RA QD/BID (60% of pts: liraglutide QD, exenatide
BID) or QW (40% of pts: dulaglutide, exenatide extended-release or
albiglutide) and oral antihyperglycaemic drug (OAD) therapy; and
further investigated the safety and sustainability of efficacy of
iGlarLixi over 52 weeks.
Materials and methods: This trial comprised a 26-week,
randomised, open-label period comparing switch from prior GLP-1
RA therapy to iGlarLixi vs continued GLP-1 RA therapy, followed
by a single-arm 26-week extension of the iGlarLixi group.
Results: Baseline characteristics, including HbA1c, BMI, and type
and duration of GLP-1 RA treatment, were similar between groups
for 514 randomised pts, and were also similar to those of the 206 pts
in the iGlarLixi extension. Switching to iGlarLixi reduced HbA1c

significantly more than continuing prior GLP-1 RA, from a baseline
of 7.8% to 6.7% and 7.4% at Week 26, respectively (LS mean
difference –0.6%; p<0.0001); HbA1creduction with iGlarLixi was
maintained during the extension (remaining at 6.7% at Week 52;
Table). In iGlarLixi pts, proportions achieving HbA1c <7%, and
levels of fasting and postprandial plasma glucose, were similar at
26 and 52 weeks (Table). More iGlarLixi pts achieved the compos-
ite endpoint of HbA1c <7% without documented symptomatic
hypoglycaemia (plasma glucose <3.0 mmol/L [<54 mg/dL]) at
Week 26 compared with pts continuing on GLP-1 RA (57% vs
25%); this was sustained (58%) at Week 52 in the iGlarLixi group.
Safety profiles for iGlarLixi over 52 weeks were comparable with
those seen over 26 weeks. In patients receiving iGlarLixi who en-
tered the extension, the number of documented symptomatic
hypoglycaemic events/pt-y was 0.25 over Weeks 0-26, and 0.24
over Weeks 0-52. Mean body weight increased modestly with
iGlarLixi over the 52-week treatment period.
Conclusion: Switching to iGlarLixi can further improve glucose
control for T2DM pts with insufficient HbA1c control despite
maximum tolerated GLP-1 RA dose with OADs. iGlarLixi effi-
cacy and tolerability were maintained up to Week 52 in the ex-
tension phase of the study.
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Efficacy and safety of lobeglitazone versus sitagliptin as an add-on to
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over 24-weeks
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Background and aims: The aim of this study was to assess the
glucose-lowering and lipid-modifying effects, as well as the safety
profile of lobeglitazone, a novel peroxisome proliferator-activated
receptor- γ agonist, compared with sitagliptin as an add-on to
metformin in patient with type 2 diabetes mellitus (T2DM) and
metabolic syndrome.
Materials andmethods:We conducted a multi-center, randomized, dou-
ble-blind, active-controlled trial in 247 Korean patients. Patients who
were inadequately controlled by metformin (≥1000mg/day) were ran-
domized and treated once daily with either lobeglitazone (0.5 mg, n =
121) or sitagliptin (100mg, n = 126) for 24 weeks. The primary endpoint
was the change in glycated hemoglobin (HbA1c) from baseline to the end
of treatment. The secondary endpoints included the proportion of patients
having metabolic syndrome, various glycemic parameters, lipid parame-
ters and safety profile.

Results: At 24 weeks, the mean changes in HbA1c of lobeglitazone
group and sitagliptin group were −0.79% and −0.86%, respectively; the
between-group difference was -0.08 (95% confidence interval, -0.1444 to
0.3011%), demonstrating non-inferiority. The proportion of the metabolic
syndrome according to modified Adult Treatment Panel III criteria sig-
nificantly declined in patients receiving lobeglitazone compared with
patients receiving sitagliptin (-11.9% vs - 4.8%; P<.0174), mainly by
the difference of dyslipidemia. Compared with the sitagliptin group, the
lobeglitazone group produced greater decease in level of triglycerides
(mean change, -17.90 vs 9.29 mg/dL; P<.007) and a greater increase in
level of high-density lipoprotein cholesterol (mean change, 2.97 vs -1.25
mg/dL; P<.001). In addition, lobeglitazone treatment significantly im-
proved the level of free fatty acid (p<0.031) and the level of adiponectin
(P<.001) compared with sitagliptin treatment. The safety profile was
comparable between the two groups and lobeglitazone was well tolerated.
The adverse events that occurred at an incidence of ≥3% during the 24-
week treatment period were facial edema, nasopharyngitis and dyspepsia
(3.33%, 1.67 % and 1.67% in the lobeglitazone group vs. 0%, 4.76% and
3.17% in the sitagliptin group, respectively).
Conclusion: Lobeglitazone treatment was not inferior to sitagliptin treat-
ment as an add-on to metformin in terms of their glycemic efficacy and
safety. Also, lobeglitazone provided more effective control in dyslipid-
emia compared with sitagliptin in Korean patients with T2DM and met-
abolic syndrome.
Clinical Trial Registration Number: NCT 02480465
Supported by: CKD Pharmaceutical
Disclosure: D. Kim: None.

879
Compliance with metformin treatment in subjects with type 2 diabe-
tes: a single diabetes centre cross-sectional study
I. Prokopová1, I. Laňková2, Š. Franková2, D. Kobrová2, T. Čajka3, J.
Hricko3, V. Hrádková2, Z. Vlasáková2, T. Pelikánová2, M. Mráz2,4, M.
Haluzík2,5;
1Department of Clinical Pharmacy, Institute of Clinical and Experimental
Medicine, Praha, 2Diabetes Centre, Department of Diabetes, Institute of
Clinical and Experimental Medicine, Praha, 3Institute of Physiology, Czech
Academy of Sciences, Praha, 4Institute of Medical Biochemistry and
Laboratory Diagnostics, General University Hospital and First Faculty of
Medicine, Charles University, Praha, 5Centre for Experimental Medicine,
Institute of Clinical and Experimental Medicine, Praha, Czech Republic.

Background and aims:Metformin is considered the first-line treatment in
all subjects with type 2 diabetes mellitus not having a contraindication for its
use. Patient compliance with metformin is not optimal, especially owing to
frequent gastrointestinal side effects. However, accurate and objectively val-
idated compliance data are thus far not available. Therefore, the aim of our
study was to verify the adherence to metformin treatment by determining its
serum levels during a routine outpatient control.
Materials and methods: 208 patients with type 2 diabetes mellitus from
a single tertiary diabetes centre (mean age 68.0 ± 8.9 years, HbA1C 56.0 ±
13.4 mmol/mol, BMI 30.6 ± 4.7 kg/m2) using standard or XR (sustained
release) form of metformin were included in the study. Blood sampling
for metformin, together with a short questionnaire on its use, was per-
formed during a regular outpatient visit. Hydrophilic interaction chroma-
tography (HILIC) and high resolution mass spectrometry (Q Exactive
Plus instrumentation) were used to quantify metformin levels. Values
below 100 ng/ml were deemed subtherapeutic.
Results: In the whole group, mean metformin levels reached 1480.4 ±
1110.0 ng/ml, while not significantly differing between the standard and
XR form (1525.2 ± 1140.7 vs. 1264.2 ± 933.7 ng/ml, p=0.20). Out of 208
patients, inadequate values (<100 ng/ml) weremeasured in 6.7%of subjects,
whereas in 2.4 % metformin was not detected at all. The presence of sub-
therapeutic levels was not affected by the administration of the XR form (6.3
vs. 8.3% for standard vs. XR form, n.s.). In 11.0 % of patients using the
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standard form,metforminwas part of a combination preparationwith another
antidiabetic drug, with none of the subjects showing metformin levels below
therapeutic range. No difference between patients with optimal and sub-
therapeutic metformin levels could be seen in parameters of glucose control
(fasting glucose 8.1 ± 2.6 vs. 8.7 ± 3.6 mmol/l, n.s; HbA1C55.6 ± 13.3 vs.
58.4 ± 14.8 mmol/mol, n.s.), body weight (BMI 30.6 ± 4.7 vs. 31.3 ± 4.4 kg/
m2) or creatinine levels (70.5 ± 18.4 vs. 63, 9 ± 15.1 μmol /l). Only 1 patient
in the sub-therapeutic group reported gastrointestinal adverse effects related
to metformin use.
Conclusion: In an academic tertiary diabetes centre the compliance with
metformin treatment was greater than 93 % and increased with the use of
combination preparations, while the XR form was not associated with a
higher adherence rate.
Supported by: MZ ČR–RVO (IKEM, IČ 00023001) and RVO VFN64165
Disclosure: I. Prokopová:Grants; MZČR–RVO (IKEM, IČ 00023001),
RVO VFN64165.

880
Effects of metformin added to insulin in adolescents with type 1 dia-
betes: a crossover randomised controlled trial
D. Yang, W. Xu, W. Zhang, H. Deng, M. Hong, J. Yan, B. Yao;
The Third Affiliated Hospital of Sun Yat-sen University, Guangzhou,
China.

Background and aims: Although adding metformin to insulin has
been advocated in type 1 diabetes (T1D), the metabolic effects of
this combination treatment in adolescents with T1D are still con-
troversial. We therefore conducted this study to assess the effects of
metformin as additional therapy on metabolic indices, insulin sen-
sitivity and heart rate variability (HRV) in adolescents with T1D.
Materials and methods: This was a 50-week, crossover, random-
ized trial conducted in adolescents with T1D aged 12-18 years old
and inadequately controlled with insulin (daily insulin dose≥ 0.8U/
kg/d and HbA1c 7.5%-10%). The patients were randomized to re-
ceive metformin (≤1500 mg/d) added to insulin or insulin alone for
24 weeks, followed by a 2-week washout and subsequent crossover
for a second 24-week phase. A hyperinsulinemic-euglycemic
clamp, 72h-continuous glucose monitoring (CGM), and 24-h
Holter-monitoring were performed at baseline and the end of the
intervention in each 24-week study phase. The primary end point
was the change in HbA1c from baseline to the end of the entire
study. Exploratory endpoints included changes in BMI, lipid pro-
files, insulin sensitivity (GDR derived from the hyperinsulinemic-
euglycemic clamp, and lnIS estimated by the equation from the
SEARCH study), glycemic variability derived from CGM, and
Holter-derived HRV parameters representing the cardiac autonomic
function (CAN). Results during the randomized crossover study
phases were compared using linear mixed-effects models.
Results: 17 patients with age 14.35±2.26 years, BMI 18.17±1.78
kg/m2, T1D duration 5.36±3.15 years and HbA1c 9.21±1.64% were
enrolled. Changes in HbA1c, BMI and lipid profiles were not sig-
nificantly different between groups (difference [SE] of HbA1c:
0.28 [0.33], p=0.40; BMI: -0.46 [0.45], p=0.32; total cholesterol:
0.16 [0.26], p=0.56; LDL-C: 0.03 [0.26], p=0.90; HDL-C: 0.11
[0.07], p=0.16; and triglycerides: -0.43 [0.37], p=0.26). Changes
in insulin sensitivity parameters were not significantly different
between groups (difference [SE] of GDR: -0.43 [0.37], p=0.25;
lnIS: 0.1 [0.1], p=0.30). The differences of standard deviation of
blood glucose (SDBG), the mean amplitude of glycemic excursions
(MAGE) and absolute means of daily differences (MODD) obtain-
ed from CGM between two groups were 0.04 (0.38), 1.67 (1.33)
and 0.49 (0.54) mmol/L, with a p value of 0.92, 0.22 and 0.38,
respectively. Compared with insulin monotherapy, metformin
added on insulin significantly increased time domain indices ob-
tained from the 24-h Holter-monitoring, including the standard

deviation of the NN intervals (SDNN) and the proportion of
NN50 divided by total number of NNs (pNN50), with the
between-group differences of 26.96 (11.77) and 10.14 (3.05) ms,
respectively (both p<0.05). Adverse events were generally mild and
hypoglycemic events were similar in both groups.
Conclusion: The addition of metformin did not improve glycemic
control or glycemic variability in adolescents with T1D inadequate-
ly controlled with insulin. However, metformin added to insulin
significantly increased HRV, suggesting that metformin might im-
prove CAN in this population.
Clinical Trial Registration Number: NCT02765347
Supported by: STPP of Guangzhou (201508020027) and Guangdong
STP (2017A020215142)
Disclosure: D. Yang: None.
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Comparative efficacy and safety of medications for type 2 diabetes: a
comprehensive systematic review and network meta-analysis
A. Tsapas1,2, I. Avgerinos1, T. Karagiannis1, K. Malandris1, P.
Andreadis1, A. Manolopoulos1, A. Liakos1, M. Rika1, D.R. Matthews3,
E. Bekiari1;
1Clinical Research and Evidence-Based Medicine Unit, Aristotle
University of Thessaloniki, Thessaloniki, Greece, 2Harris Manchester
College, University of Oxford, Oxford, UK, 3Oxford Centre for
Diabetes, Endocrinology and Metabolism, Churchill Hospital, Oxford,
UK.

Background and aims: Guidelines recommend metformin as initial
therapy for type 2 diabetes mellitus (T2DM), while numerous agents
are available as add-on to metformin. We conducted a systematic
review and network meta-analysis to assess the efficacy and safety
of all approved medications for T2DM against metformin as mono-
therapy, and against each other as add-on to metformin-based
therapy.
Materials and methods: We searched Medline, Embase, and the
Cochrane Central Register of Controlled Trials for randomised controlled
trials of more than 24 weeks in patients with T2DM. We did frequentist
random-effects network meta-analyses to summarise evidence for change
in HbA1c (mean difference) and incidence of severe hypoglycaemia and
all-cause mortality (ORs).
Results: 372 studies (273,871 patients) contributed data to the network
meta-analysis. In drug naïve patients, almost all agents were as effica-
cious as metformin in lowering HbA1c, except for weekly semaglutide
(mean difference -0.73%; 95% CIs -1.16 to -0.30), and dipeptidyl
peptidase-4 (DPP-4) inhibitors and a-glucosidase inhibitors (0.25%;
0.16 to 0.35 and 0.19%; 0.04 to 0.35, respectively). There was no differ-
ence versus metformin in all-causemortality (94 studies, 30,357 patients).
In 197,978 patients (257 studies) already on metformin-based therapy, all
oral agents had similar glycaemic efficacy with DPP-4 inhibitors. Insulin
regimens and glucagon like peptide 1 receptor agonists conferred greatest
HbA1c reductions (mean difference -1.36%; -1.57 to -1.14 for
semaglutide versus placebo, and mean differences for all injectables rang-
ing from -0.83% to -0.18% versus DPP-4 inhibitors). Addition of
empagliflozin (OR 0.68; 95% CI 0.57 to 0.82), liraglutide (0.84; 0.73 to
0.97) or weekly exenatide (0.86; 0.76 to 0.97) to metformin-based ther-
apy reduced all-cause mortality compared to placebo (278 studies,
243,514 patients, Figure). However, there was no difference among
agents after excluding cardiovascular outcome trials.
Conclusion: Network meta-analysis findings do not support re-
placement of metformin as first line therapy for T2DM. In patients
inadequately controlled with metformin-based therapy, weekly
semaglutide is the most efficacious option in reducing HbA1c.
Conclusions about the beneficial effect of empagliflozin, liraglutide
and weekly exenatide on all-cause mortality are driven by the re-
sults of dedicated cardiovascular studies.

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S429



Supported by: EFSD-PACT Programme supported by AstraZeneca
Disclosure: A. Tsapas: None.

882
Early insulin treatment vs sitagliptin in LADA: no difference on beta
cell function in a setting of similar metabolic control and adjustment
for varying impact of autoimmunity
I.K. Hals1, H. Fiskvik Fleiner2, N. Reimers3, M. Astor4, K. Filipsson5, Z.
Ma6, V. Grill1, A. Björklund6;
1Dept. of Clinical and Molecular Medicine, NTNU, Trondheim, Norway,
2Dept. of Clinical Pharmacology, St Olavs University Hospital,
Trondheim, Norway, 3Sjøsiden Legesenter, Trondheim, Norway, 4Dept.
of Medicine, Haukeland University Hospital, Bergen, Norway, 5Dept. of
Clinical Sciences, LundUniversity, Malmö, Sweden, 6Dept. ofMolecular
Medicine and Surgery, Endocrine and Diabetes Unit, Karolinska
University Hospital Solna, Stockholm, Sweden.

Background and aims: Scarcity of randomized clinical trials in
LADA makes it uncertain which treatment is optimal in preserv-
ing beta cell function. Further, LADA heterogeneity, i.e. differ-
ences in metabolic control and autoimmunity, confounds the in-
terpretation of trial results. Here we aimed to compare beta cell
function during insulin vs. sitagliptin treatment by designing for
similar metabolic control and adjusting for strength of
autoimmunity.
Materials andmethods:We randomized 64 LADA patients to insulin or
sitagliptin as add-ons to metformin and monitored treatment aiming at
similar and acceptable metabolic control. We evaluated beta cell function
by C-peptide glucagon tests at randomization and after 3, 9 and 21 mo. of
intervention.We assessed and adjusted autoimmunity from an index com-
posed of low/high levels of GADA titers and positivity/no positivity for
IA-2-Ab and ZnT8-Ab.
Results: Mean age (53 years), BMI (26.9 kg/m2) and metabolic param-
eters were similar at baseline. HbA1c did not differ between arms
throughout the intervention (at 21 mo.: 53 ± 12 and 47 ± 9 mmol/mol
in the insulin and sitagliptin arm respectively). No difference in stimulat-
ed C-peptide and proinsulin:C-peptide ratios (PI:C, a marker of beta cell
stress) between arms was seen after 21 mo. of intervention (C-peptide,
change from baseline: -0.13 ± 0.08 nmol/l in the insulin and -0.06 ± 0.04
nmol/l in the sitagliptin arm. PI:C ratio, medians at baseline and 21 mo.:
2.9 and 3.3 in the insulin and 2.7 and 3.1 in the sitagliptin arm). Patients
on sitagliptin lost weight (mean 3.4 kg) while insulin-treated ones gained

weight (mean 1.9 kg, p< 0.005 for difference). However, insulin resis-
tance (assessed by HOMA IR) did not differ at 21 mo. vs. baseline: 1.77
vs. 1.74 in the insulin arm, 1.58 vs. 1.52 in the sitagliptin arm). Indices of
autoimmunity in the study population affected C-peptide parameters in a
graded fashion with marked deterioration in patients with high autoim-
munity (stimulated C-peptide, change from baseline: -0.25 ± 0.43 nmol/l.
PI:C ratios, medians at baseline and 21 mo.: 2.7 and 4.8), but not at all in
those with low autoimmunity (stimulated C-peptide, change from base-
line: 0.05 ± 0.20 nmol/l, PI:C ratios, medians at baseline and 21 mo.: 2.0
and 1.3, p< 0.007-0.02 for high vs. low autoimmunity). However,
adjusting by ANCOVA for the degree of autoimmunity did not alter the
no-difference results after intervention.
Conclusion: Beta cell function after intervention did not differ between
insulin and sitagliptin treated LADA patients in a context of acceptable
glucose levels and similar insulin sensitivity. The no difference results
were upheld after adjustments for varying degrees of autoimmunity.
Further, patients with low degree of autoimmunity did not experience
progressive deterioration of beta cell function in a 21-mo. perspective;
they could therefore be treated as for type 2 diabetes. Our findings should
be relevant for clinician’s choice of treatment and surveillance in LADA
patients.
Clinical Trial Registration Number: NCT01140438
Supported by: NRC, SRC, NTNU, St Olavs Hospital, The Norwegian
Diabetes Association
Disclosure: I.K. Hals: None.
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Glucose meters in diabetes research: accuracy evaluation of portable
blood glucose meters in mice
Y. Brito Casillas, A.B. Expósito-Montesdeoca, M. Sánchez, L. Rodrigo-
González, P. Martín-Rodríguez, A.M. Wägner;
IUIBS, ULPGC, Las Palmas de Gran Canaria, Spain.

Background and aims: Portable blood glucose meters (PBGM) designed
for human samples are widely used inmicewithout previous validation. Our
aimwas to assess the accuracy of four PBGMs inmurine blood, based on the
ISO 15197:2013 for blood glucose monitoring systems.
Materials and methods: PBGMs were donated by their manufacturers:
Accucheck Aviva Nano, Glucomen Areo, OneTouch Verio Flex and
OneTouch Select Plus Flex. They all fulfill the ISO 15197:2013 requirements
for human blood, according to their manufacturers. A glucose oxidase meth-
od (YSI 2300 Stat Plus) was used as reference. Calibrations were performed
according to manufacturer’s instructions. Control solutions of known glucose
concentration (5, 10 and 15 mM) were also used. To assess accuracy, mea-
surements obtained with the PBGMs were compared with the reference
method using Bland-Altman plots. According to the ISO, a PBGM is con-
sidered accurate if 95% of the measurements are within ±15 mg/dL from the
reference, when glucose is <100 mg/dL (5.55 mmol/L), and within ±15%
when glucose is ≥100 mg/dL. Error grid analysis assessment was performed,
where the ISO requires 99% of the values to be within zones A and B for this
analysis. Finally, Passing-Bablok analysiswas also assessed to detect constant
and proportional bias.
Results: One hundred blood samples (glucose concentrations 29-687 mg/dL
(1.64-38.13mmol/l) were analysed. None of the PBGMs fulfilled the require-
ments. Glucomen Areo was the less inaccurate, with 9% of the values within
limits, followedbyOneTouchVerioFlex (6%),OneTouchSelect Plus (5%) and
Aviva Nano (2%). Specifically, for each interval, the Glucomen Areo also
showed the best results, with 13.3% of the values within limits under <100
mg/dL range, and 7.14% in the ≥100 mg/dL range. Regarding the Error Grid
analysis, none of the PBGMs fulfilled the requirements, either. GlucomenAreo
performed best, with 84% of the values within zones A and B, followed by
OneTouch Select (81%), Aviva Nano (74%) and OneTouch Verio (66%). For
all the PBGMs, the rest of the results fell into zonesC (11-29 values) andD (4-5
values). Regarding Passing-Bablok analysis, all PBGMs showed a constant
error, as the 95% confidence interval (CI) for the y intercept did not include 0.
Conclusion: None of PBGMs assessed fulfills the ISO guidelines in
mice. Glucomen Areo would be the less inaccurate option. Ongoing
analysis will assess the type of error and the possibility of applying cor-
rections that improve their accuracy. This may suffice to make some of
the PBGMs more acceptable. Finally, these results highlight the impor-
tance of using control groups (vs measuring glucose concentrations in a
single study group) for comparison in diabetes research with rodents.

Disclosure: Y. Brito Casillas: None.

884
Post-market surveillance of the accuracy of 18 blood glucose moni-
toring systems available in Europe based on ISO 15197:2013
S. Pleus, A. Baumstark, N. Jendrike, J. Mende, C. Haug, G. Freckmann;
Institut fürDiabetes-Technologie, Forschungs- undEntwicklungsgesellschaft
mbH an der Universität Ulm, Ulm, Germany.

Background and aims: High quality blood glucose monitoring
systems are required for adequate self-monitoring of blood glu-
cose (SMBG). In this study, system accuracy of 18 current-
generation SMBG systems from different manufacturers was eval-
uated based on the international standard ISO 15197:2013 with 1
test strip lot each against 2 comparison methods. Manufacturers
were selected by their respective market share in Europe.
Materials and methods: The following SMBG systems were
tested with one test strip lot each: ABRA (A), Accu-Chek®
Guide (B), AURUM (C), CareSens™ Dual (D), CERA-CHEK™
1Code (E), Contour® next ONE (F), eBsensor (G), FreeStyle
Freedom Lite (H), GL50 evo (I), GlucoCheck GOLD (J),
GlucoMen® areo 2K (K), GluNEO® (L), MyStar DoseCoach®
(M), OneTouch® Verio Flex (N), Pic GlucoTest (O), Rightest™
GM700S (P), TRUEyou (Q), and WaveSense JAZZ™ Wireless
(R). Each BGMS was tested using capillary blood samples from
100 different subjects and compliance with accuracy criterion A
stipulated in ISO 15197 (at least 95% of results within ±15% or
±15 mg/dl of the comparison method’s results for BG concentra-
tions above or below 100 mg/dl, respectively) was assessed.
Duplicate measurements were performed with the BGMS.
Glucose oxidase (GOD) and hexokinase (HK) were used as com-
parison methods (GOD: YSI 2300 STAT Plus; HK: Cobas
Integra® 400 plus).
Results: In total, 14 of 18 systems had ≥95% of results within
±15% or ±15 mg/dl of the respective system manufacturer’s com-
parison method’s result (see Table). Individual systems showed 89
to 100% of results within these limits. Results within ±10% or ±10
mg/dl of the system manufacturer’s comparison method’s results
ranged from 71 to 99.5% with 3 systems showing ≥95% of results
within these more stringent limits. In the analysis using the alterna-
tive comparison method, percentages of results within ±15 mg/dl or
±15% of the comparison method’s result ranged from 82.5 to 100%,
with 12 of 18 systems showing ≥95% of results within these limits.
Conclusion: In this evaluation, 14 out of 18 systems met the
minimum system accuracy criterion A of ISO 15197 with the
tested test strip lot when the manufacturer’s comparison method
was used. Results were different when the alternative comparison
method was used, indicating that the comparison method used in
an evaluation can have an influence on an SMBG system’s ap-
parent system accuracy. Although only current-generation systems
available on the market were used, more than 20% of systems did
not meet ISO 15197 accuracy criteria.

Clinical Trial Registration Number: NCT03737188
Supported by: 6 different blood glucose monitoring systemmanufacturers
(see author COI)
Disclosure: S. Pleus: Grants; Ascensia Diabetes Care AG, AgaMatrix
Europe Ltd., Beurer GmbH, i-SENS GmbH, LifeScan Scotland Ltd.,
Roche Diabetes Care GmbH.
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Continuous glucose monitoring: a longer sampling duration is required
for optimal sampling of those with a higher baseline glucose variability
P. Jacob1, S. Rama Chandran1,2, M. Khan1, P. Choudhary1,
HYpoREsolve consortium;
1Diabetes, King's College Hospital, London, UK, 2Endocrinology,
Singapore General Hospital, Singapore, Singapore.

Background and aims: Continuous glucose monitoring (CGM) is in-
creasingly used in the care of type 1 diabetes. With longer duration of
CGM use, it becomes relevant to understand the optimal sampling dura-
tion required to correctly represent the glycaemia of an individual.
Previous reports suggest that 14 days of data optimally represent an indi-
vidual’s CGM data over 3 months. However, this relationship has not
been assessed for longer durations of CGM data and for the effect of
baseline glycaemic variability (GV). We analysed time to stability of
glycaemic parameters by incrementally adding weeks of data until the
coefficient of determination, R2 reached ≥ 0.9.
Materials and methods: We analysed CGM data from 85 subjects with
type 1 diabetes having >70% sensor wear time (33 Freestyle Libre, 52
Dexcom). Age (41 ± 12 years), 66.3% women, HbA1c (7.5 ± 1.2%, 58
mmol/mol). The median duration of CGM data available was 32 weeks
(range 6-100 weeks). 76 (89%) subjects had data available for ≥ 12
weeks. The correlation between varying durations of data collection (in-
crements of 1 week) were compared to total glycaemic data for mean
glucose, standard deviation (SD), coefficient of variation (CV), time in
range (TIR, 3.9-10 mmol/L), times above range (TAR, >10 & >13.9
mmol/L), and times below range (TBR, <3.9 & <3 mmol/L). We then
analysed the time to stability of TIR and mean glucose in different quar-
tiles of patients stratified according to their baseline CV in week 1.
Results: The correlation between CGM metrics derived from varying
sampling durations and the total available CGM data increased with
increasing sampling duration for all parameters. The sampling dura-
tion required to achieve an R2 ≥ 0.9 for all the parameters ranged
from 6 weeks for TBR<3 mmol;/l to 9 weeks for TBR <3.9mmol/l.
However, when the groups were divided based on baseline week 1
CV; the sampling duration required to achieve the same correlation of
R2 ≥ 0.9 ranged from 2 and 3 weeks for mean glucose and TIR
respectively for subjects in the lowest quartile of week 1 variability.
An equivalent correlation was only achieved for mean glucose and
TIR at 16 weeks and 18 weeks for the group with the highest quartile
of baseline glucose variability. (Figure 1)
Conclusion: The optimal sampling duration required to represent an
individual’s glycaemia is dependent on their baseline GV. This is impor-
tant when using CGM data to describe glycaemic parameters in a popu-
lation, and when evaluating the impact of therapy on individuals. If a
particular parameter is of interest in a particular individual and is known
highly variable (e.g. time < 3mmol/L), then a longer duration of CGM
data is required to represent the global sample.

Supported by: Innovative Medicines Initiative 2 Joint Undertaking (JU)
Disclosure: P. Jacob: None.

886
Innovative optical transmission absorbance system to realise ±5%
high accurate BGMS
T. Moriuchi1, H. Satou1, Y. Hayashida1, F. Chai1, R. Aikawa2, T.
Sugiyama1;
1DM and Consumer Healthcare Group, Terumo Corporation, Yamanashi,
2DM and Consumer Healthcare Group, Terumo Corporation, Kanagawa,
Japan.

Background and aims: Since the blood glucose monitoring sys-
tem (BGMS) is essential in diabetes care and management, reason-
able price of the test strip and further improvement of the accuracy
of BGMS is mandatory to achieve the better glycemic control of
diabetics for both patients and clinical uses. In this paper we pres-
ent the principle and the evaluation results of newly developed
compact BGMS based on innovative optical transmission absor-
bance system with electrodeless optical type low cost test strip. In
order to evaluate the accuracy of our newly developed compact
BGMS, clinical evaluation was performed.
Materials and methods: New BGMS uses the same colorimetric
principle as a clinical analyzer in which high-accurate blood glu-
cose measurement is realized. To realize the highly accurate and
convenient BGMS, we have developed highly sensitive reagent,
with brand new enzyme and original absorption dye for test strip,
and accurate glucose and hematocrit measurement algorithm, with
multi wavelengths detection technology by small LED module for
compact meter. To realize the low cost test strip, we have devel-
oped an optical type test strip without expensive electrode layer,
which can enable to decrease the strip cost to half compared to
conventional electrochemical test strips. The accuracy of the new
BGMS were evaluated according to the guideline of ISO
15197:2013 by clinical evaluation.
Results: New BGMS was evaluated with venous blood collected from
122 clinical samples. Evaluation was carried out according to the ISO
15197 system accuracy protocol. Figure 1 shows the evaluation result.
Our new BGMS achieved accuracy more than 78% of data was within ±
5% and met the ISO 15197:2013 requirement.
Conclusion: We have developed a novel BGMS with highly sensitive
reagent and innovative optical transmission absorbance system using
small LED module. Our new BGMS achieved accuracy more than 78%
of data was within ± 5% and met the ISO 15197:2013 requirement. In the
next step, we will achieve more than 95% of data within ± 5% accuracy
through development including algorithm improvement.

Disclosure: T. Moriuchi: None.
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Change in continuous glucose monitor metrics with real-life long-
term use of hybrid-closed loop system
H. Joseph, H.K. Akturk, D. Giordano, J. Snell-Bergeon, S. Garg;
Barbara Davis Center for Diabetes, Aurora, USA.

Background and aims:Glycemic control is essential to prevent long-term
complications in type 1 diabetes (T1D). The Medtronic 670G is the first
commercial hybrid closed-loop (HCL) system for the management of T1D.
Materials and methods:We conducted single-center retrospective chart
review to compare continuous glucose monitor (CGM) metrics before
and after initiation of 670G system in patients with T1D and use an
insulin pump with CGM.
Results:Out of 408 patients started 670G system during the study period,
139 patients with T1D were using an insulin pump with CGM for at least
3 months before the initiation of 670G system and had 6 months follow-
up after the initiation and had CGM data for comparison. Mean age was
41±12, 60% women and mean HbA1c was 7.6±0.9 %. We analyzed the
change in CGM (%) time-in-range (71-180 mg/dl), time-below-range
(≤70 mg/dl), time-above-range (>181 mg/dl and >250 mg/dl) at 3 and 6
months use of 670G system. The mean percentage of time in auto mode
of 71% at 3 months and 73% at 6 months. Use of 670G system signifi-
cantly improved time-in-range on CGM about 18.6% and 17.6%, de-
creased time-below-range about 33.3% and 27.2%, decreased time-
above-range(>181mg/dl) about 25.5% and 24.5%, decreased time-
above-range (>250 mg/dl) about 42.7% and 41.1% at 3 and 6 months
follow-up respectively compared to baseline (Table).
Conclusion: This study suggests that HCL use in real life significantly
decreased hypoglycemia and hyperglycemia with increasing duration of
optimal glycemia on CGM.

Disclosure: H. Joseph: None.
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Marked improvement in HbA1c following commencement of flash
glucose monitoring in type 1 diabetes
A.R. Dover, R.H. Stimson, V. Tyndall, J.A. McKnight, S.A. Ritchie,
N.N. Zammitt, F.W. Gibb;
Edinburgh Centre for Endocrinology & Diabetes, Edinburgh, UK.

Background and aims: Flash glucose monitoring (FM) has been shown
to reduce hypoglycaemia in people with type 1 diabetes and HbAc ≤ 58
mmol/mol. Little high-quality evidence currently supports the efficacy of

FlashMonitoring, in type 1 diabetes, with respect to reducing HbA1c.We
present the largest prospective evaluation of clinical outcomes following
commencement of FM.
Materials and methods: National Health Service (NHS) funding for
FM was introduced in February 2018 in our centre. We evaluated
outcomes in 900 people with T1DM receiving NHS-funded FM.
Baseline HbA1c was the most recent value prior to commencing
FM (in Feb or Mar 2018 for 546; earlier for 354 who had previ-
ously self-funded). Pre- and post-FM hypoglycemia and Hospital
Anxiety and Depression Scale (HADS) data were available in
57%. Hospital admission and test-strip prescription data were ob-
tained for the six months following NHS-funding and the corre-
sponding period the previous year. A further cohort including all
people attending our centre, with 5 continuous years of HbA1c
data (including those who have never used FM [n = 518]), was
also analysed (total n = 1083).
Results: Median age was 42 years (IQR 30 - 55). Mean baseline
HbA1c was 65±15 mmol/mol. Pre-FM, 34.4% had HbA1c <58
mmol/mol (7.5%) which rose to 50.6% at next follow-up (median
178 days), P < 0.001. Those with HbA1c > 75 mmol/mol (9.0%) fell
from 17.6% to 8.8%, P < 0.001. Mean fall in HbA1c was 5.5±10.9
mmol/mol (P < 0.001) but was greater in those with an HbA1c above
75mmol/mol (-15.4±16.8 mmol/mol, P < 0.001). In the control pop-
ulation, HbA1c did not change across the corresponding period (+0.2
mmol/mol, P = 0.662). Trends in HbA1c, based on exposure to FM,
are presented in the figure. In multivariate analysis, younger age at
diagnosis (P = 0.01), higher HbA1c (P <0.001) and higher socioeco-
nomic status (P = 0.001) were all associated with greater likelihood of
a ≥5 mmol/mol fall in HbA1c. Less frequent self-monitoring of blood
glucose prior to FM was associated with greater likelihood of ≥5
mmol/mol fall in HbA1c on univariate analysis (P < 0 .001). More
symptomatic (OR 1.9, P <0.001) and asymptomatic (OR 1.4, P <
0.001) hypoglycaemia was reported after FM. HADS depression (2
[1 - 5] vs. 1 [0 - 3], P < 0.001) and anxiety scores (2 [1 - 5] vs. 1 [0 - 3],
P = 0.03) were marginally higher following FM use. DKA admissions
fell significantly (2 vs. 8, P = 0.02) but no effect was observed on total
admissions or emergency department attendances. Blood glucose test
strip prescribing fell to 14.3% of pre-FM levels (P < 0.01).
Conclusion: FM is associated with striking improvements in glycemic
control across a wide range of people with T1DM, particularly those with
higher HbA1c at baseline. User satisfaction is typically very high, but
symptoms of depression and anxiety were marginally greater following
FM.

Disclosure: A.R. Dover: Lecture/other fees; Abbott Diabetes Care,
Dexcom.
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Time spent in different glucose ranges (“time in range”) varies de-
pending on the continuous glucose monitoring system used
G. Freckmann1, A. Stuhr2, S. Pleus1, M. Link1, J. Mende1, C. Haug1;
1Institut fürDiabetes-Technologie, Forschungs- undEntwicklungsgesellschaft
mbH an der Universität Ulm, Ulm, Germany, 2Ascensia Diabetes Care,
Parsippany, USA.

Background and aims: Time spent in different glucose ranges (“time in
range”, TiR) is increasingly often used to assess therapy quality in people
with diabetes who use continuous glucose monitoring (CGM) systems.
The aim of this study was to assess whether TiR as reported by different
CGM systems is comparable when different CGM systems are worn in
parallel.
Materials and methods: In this study, 24 subjects wore a manually-
calibrated Dexcom G5 CGM (G5) system and a factory-calibrated
FreeStyle Libre CGM system (FL) in parallel. Diabetes therapy was
based on blood glucose measurements that were performed with a
Contour next ONE system. These measurement results were also used
to calibrate DG5 twice daily according to manufacturer’s labeling.
Subjects participated in an 8-day clinic session; CGM systems were ap-
plied on the 1st day and removed on the 8th day, resulting in a sensor wear
time of approx. 7 days. For continuously stored glucose values (1 per
5 min for DG5, 1 per 15 min for FL), time spent within specific glucose
ranges (<54 mg/dl, 54 to <70 mg/dl, <70 mg/dl, 70 to 180 mg/dl, >180
mg/dl, >180 to 250 mg/dl, and >250 mg/dl) was calculated. TiR was
calculated based on the number of values within a specific glucose range
divided by the total number of values recorded.
Results: Overall, FL showed more glucose values in glucose ranges <70
mg/dl, approx. as many values in the glucose range 70 to 180 mg/dl, and
fewer values in glucose ranges >180 mg/dl than G5 (see table).
Conclusion: In this study, the apparent time in various glucose ranges
depended on the CGM system used, although the CGM systems were
worn in parallel. This means, however, that the same metabolic state
would have been treated differently depending on the specific CGM
system. This could affect therapy quality if therapeutic decisions were
solely based on CGM system readings (non-adjunctive use): If FL users
tried to adjust their time in hypoglycemia (<70 mg/dl) to levels similar to
those of G5 users, the necessary changes in diabetes therapy would likely
lead to higher average blood glucose values than in G5 users.

Supported by: Ascensia
Disclosure: G. Freckmann: Grants; Ascensia.
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Sixmonths of long-term implantable sensor use associates with lower
glycated haemoglobin and higher time in range in a real life setting
C. Irace1, A. Nuzzi2, R. Assaloni3, G. Picca4, G. Citro5, A. Cutruzzolà1,
A. Gnasso1;
1Magna Graecia University, Cantanzaro, 2SSD Diabetologia ed
Endocrinologia, Alba Bra, 3SSD Diabetologia ed Endocrinologia,
Gorizia-Monfalcone, 4UO Endocrinologia e Malattie Metaboliche,
University, Foggia, 5UOSD Diabetologia ed Endocrinologia, Potenza,
Italy.

Background and aims: The new implantable continuous glucose mon-
itoring (CGM) system Eversense is now approved and available in
Europe and USA. It consists of three elements: the long term implantable
sensor, the smart transmitter providing on-body vibe alerts for hypo- and
hyperglycemic events, and the mobile medical app. The sensor lasts up to
6 months and is totally implanted in the subcutaneous space. The smart
transmitter activates the sensor measuring glucose into the interstitium
based on a fluorescence technology. The PRECISE study has described
the improvement of glycated hemoglobin (HbA1c) from 59 mmol/mol to
55 mmol/mol after 180-days. Our exploratory research has been designed
with the aim to evaluate if the new CGM system influences HbA1c, and
new glucometric parameters in subjects with type 1 diabetes in a real-life
setting.
Materials and methods: This is an observational study including
consecutive subjects who were suggested to use the long term sen-
sor based on clinical characteristics and personal needs. HbA1c, was
measured at baseline and after 6 months by high-performance liquid
chromatography standardized and aligned to the DCCT/UKPDS.
Glucometric data were downloaded from the diabetes management
system and collected at the time of the first implantation (baseline
visit) and after 6 months as mean of respectively 1 week and 4
weeks. Variables evaluated were time in range (TIR), time above
range (TAR) and time below range (TBR), mean daily glycaemia
and standard deviation. According to last guidelines indications, the
range for TIR was set to 70-180 mg/dL.
Results: Thirty-six subjects were evaluated. Mean age was 37±17 years;
disease duration 18±10 years; 21 subjects were CSII users while 15 were
on MDI treatment. After 6 months HbA1c decreased from 58 mmol/mol
to 52 mmol/mol (p<0.0001), TIR increased from 64±15 to 70±11 %
(p<0.001); TAR decreased from 32±17 to 24±11% (0.0001); TBR slight-
ly increased (4±4 to 6±3 %; p 0.03). No severe hypoglycaemia was
reported during the study. Glycemic variability evaluated by standard
deviation significantly decreased from 3.0±0.6 to 2.6±0.7mmol/L
(p<0.01) and mean daily interstitial glucose decreased from 8.6±1.3 to
7.7±1.3 mmol/L (p<0.001).
Conclusion: Our preliminary data demonstrate that the long term im-
plantable sensor associates with reduction of HbA1c and increase of
TIR in subjects with type 1 diabetes in a 6-month period. The increase
in TBR, detected at the end of the observation time, was still within the
acceptable range, did not result in severe hypoglycaemia, and was there-
fore not clinically relevant. As original result, the long term sensor asso-
ciates with a lower glycemic variability. The characteristics of the long-
term sensor, and the smart transmitter with on body alert may offer addi-
tional advantages in the management of type 1 diabetes.
Disclosure: C. Irace: None.

891
Long-term safety of the Eversense® CGM system: PMCF registry
F.R. Kaufman1, K. Tweden1, H. Haridas1, G. Carlson2;
1Senseonics, Inc., Germantown, 2Carlson Consulting, Oakland, USA.

Background and aims: The first implantable, long-term continuous glu-
cose monitoring system, Eversense®CGMSystem, was first marketed in
Europe in 2016. The previously presented pivotal trials PRECISE,
PRECISE II and PRECISION evaluated the accuracy and safety of the
system during a single sensor insertion and removal cycle. After regula-
tory approval, a post-market clinical follow-up registry (PMCF) was
established to assess the long-term safety of Eversense after repeated
insertions. ®
Materials and methods: All patients from participating centers in
15 European Countries and South Africa who received Eversense
were enrolled in the registry until 100 patients completed their 4th

insertion cycle. Visits to replace the sensor occurred every 90 to
180 days after insertion or when sensor end-of-life was reached.
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Adverse events (AEs), including serious adverse events (SAEs)
according to ISO 13485, were recorded via customer care call
center and at each visit, and were adjudicated for relatedness to
the device or insertion/removal procedure.
Results: The registry enrolled 3,066 patients. As of August 2018,
5,466 sensors had been inserted; 78% of patients had at least 2
sensor cycles and 14% had at least 4 sensor cycles. Of the 130
AEs reported, 106 AEs were adjudicated as related AEs in 102
patients (3.3% of patients). Each related AE occurred at a rate less
of than 1%. No related SAEs were reported.
Conclusion: The Eversense PMCF registry confirms the favorable safety
profile seen in the prior pivotal studies and underlines the long-term
safety of the at-home, real-world use of the 90-day and 180-day
Eversense systems.

Disclosure: F.R. Kaufman: Employment/Consultancy; Senseonics, Inc.

892
Efficacy of flash subcutaneous glucose sensing in the prevention of
severe hypoglycaemia in patients with a recent confirmed
hypoglycaemic episode
T.M.E. Davis, P. Dwyer, M. England, W.A. Davis;
University of Western Australia, Fremantle, Australia.

Background and aims: Patients with diabetes who experience
hypoglycaemia are at increased risk of a subsequent episode because of
attenuation of autonomicwarning.We assessed the efficacy of continuous
subcutaneous glucose sensing technology (Flash Libre, Abbott) com-
pared with usual care (self-monitoring of blood glucose; SMBG) in re-
ducing hypoglycaemia recurrence in community-based adults with type 1
or insulin-treated type 2 diabetes and a recent episode of clinically signif-
icant biochemical hypoglycaemia (blood glucose (BG) <3.0 mmol/L) or
symptomatic hypoglycaemia and BG <4.0 mmol/L.
Materials and methods: A parallel group, open-label randomised con-
trolled trial was conducted between September 2017 andDecember 2018.
Eligible participants with a documented hypoglycaemic episode in the
previous 2 weeks were recruited from inpatient lists, outpatient clinics
and advertisements. Randomisation was by computer generated sequence
in random permuted blocks of 2 to 6 stratified by type of antecedent
hypoglycaemia (clinically significant or symptomatic) to glucose sensing
technology or usual care. Participants and investigators were not masked
to group allocation. The primary outcome was the incidence of severe
hypoglycaemia (requiring external assistance for recovery). Pre-specified
secondary outcomes included the incidence of self-recorded
hypoglycaemic episodes (BG <3.0, 3.0-3.9, <4.0 mmol/L), as well as
change in HbA1cand SMBG frequency over 24 weeks of follow-up.
Results: Fifty-nine participants (mean age 53.6 years, 44.1%males) who
had a median HbA1c of 61.8 mmol/mol (7.8%) were randomised to glu-
cose sensing technology (n=30) or usual care (n=29). The incidence of
severe hypoglycaemia during follow-up was not significantly different
between the intervention and control groups (incident rate ratio (95%
CI): 1.49 (0.46-5.56), P=0.47). The incidence of self-recorded

hypoglycaemic episodes was twice as high in the intervention versus
control group (P<0.001). At 24 weeks, there was no difference in the
change in HbA1c between glucose sensing technology and usual care
(estimated marginal mean differences (95% CI) after adjusting for base-
line HbA1c, -1.8 (-4.2 to 0.6) mmol/mol [-0.16 (-0.38 to 0.05)%] versus -
1.2 (-3.7 to 1.3) mmol/mol [-0.11 (-0.34 to 0.12)%], respectively;
ANCOVAF(1, 54)=0.11, P = 0.74). SMBG frequency, which was similar
in the two groups at baseline (median 4 times/day), decreased in inter-
vention participants (53.6% ceased SMBG while those who continued
reduced the median frequency to 1/day) but remained unchanged in con-
trols. Five serious adverse events (4 (13.3%) intervention participants, 1
(3.4%) control) were not considered related to study procedures. There
were no local sensor-related reactions amongst intervention participants,
but two (6.7%) reported problems with sensor durability.
Conclusion: Flash glucose sensing technology did not reduce the inci-
dence of severe hypoglycaemia in adults with insulin-treated diabetes and
a recent episode of clinically significant biochemical or symptomatic
hypoglycaemia over 6 months of follow-up. The incidence of self-
recorded hypoglycaemia was increased in the intervention group consis-
tent with the availability of continuous glucosemonitoring, but HbA1c did
not change. Although glucose sensing technology is safe, it does not
appear to have a key role in preventing severe hypoglycaemia in at-risk
patients.
Clinical Trial Registration Number: ACTRN12616001695493
Supported by: Spinnaker Research Foundation
Disclosure: T.M.E. Davis: None.
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Real-world cost-effectiveness of insulin degludec in type 1 and type 2
diabetes in a Swedish setting
J.H. Jendle1, M. Thunander2, S. Sjoberg3, B. Ekman4, A.-C. Mardby5, J.
Da Rocha Fernandes6, J. Gundgaard6, A. Ericsson5;
1Orebro University, Diabetes Endocrinology and Metabolism Research
Centre, Orebro, Sweden, 2Lund University, Department of Clinical
Sciences, Lund, Sweden, 3Karolinska institutet, Stockholm, Sweden,
4Linkoping University, Department of Endocrinology and Department
of Medical and Health Sciences, Linkoping, Sweden, 5Novo Nordisk,
Malmo, Sweden, 6Novo Nordisk A/S, Copenhagen, Denmark.

Background and aims: Randomised controlled trials and observational
studies have shown lower risk of hypoglycemia in patients with type 1-
diabetes (T1D) and type 2-diabetes (T2D) on treatment with insulin
degludec (IDeg) vs insulin glargine 100 units/mL (IGlar). This study
assessed cost-effectiveness (C/E) of IDeg vs insulin treatment before switch
to IDeg in a Swedish real-world setting in people with T1D and T2D.
Materials and methods: ReFLeCT is a prospective, observational study in
T1D (n=566) andT2D (n=611) in seven European countries and comprised a
four-week baseline period (pre-switch basal insulin) and a 12-month follow-
up period (IDeg). Data from ReFLeCT was used to assess C/E of IDeg
compared with basal insulin treatment prior to switching to IDeg. Basal
insulin unit costs were weighted to represent the basal insulin present at
baseline (T1D: IGlar 63.8%, Insulin detemir (IDet) 22.7%, other/missing
13.5%. T2D: IGlar 59.1%, IDet 20.8%, other/missing 20.1%). The
Swedish original IGlar price was used as base case. IGlar biosimilar price
was used in a sensitivity analysis. Where information on basal insulin at
baseline was missing, the lowest basal insulin price (insulin NPH) was used
as a conservative approach. C/E was analysed over a 1-year time horizon
from a Swedish societal perspective (price level 2019). Only differences with
p<0.05 were included in the analysis.
Results: Basal and bolus insulin doses at baseline were 25.0 IU and 27.3 IU
(T1D) and 37.5 IU and 24.4 IU (T2D). At 12 months estimated basal and
bolus insulin dose ratios were 0.91 (95% C.I. 0.83-0.91) and 0.87 (0.83-0.91)
for T1D and 0.98 (0.95-1.01) and 0.96 (0.94-1.01) for T2D. For T1D risk
ratios (RR) for non-severe daytime hypoglycaemia was 0.85 (0.78-0.93), non-
severe nocturnal hypoglycaemia 0.63 (0.52-0.76) and severe hypoglycaemia
0.28 (0.14-0.56). Corresponding RR for T2D were 0.56 (0.46-0.69), 0.38
(0.22-0.64) and 2.87 (0.33-24.65). In T1D IDeg was cost-saving compared
to previous basal therapy (Table 1). In T2D, IDeg was highly cost-effective,
with a cost per quality-adjusted life-year (QALY) of SEK 15,000-24,000
(Table 1). A treatment is considered cost-effective in Sweden if cost/QALY
is belowSEK500,000. Sensitivity analyses showed that the resultswere robust
to changes in efficacy and cost parameters in both T1D and T2D.
Conclusion: In this C/E-analysis, treatment with IDeg was cost-saving
(T1D) or highly cost-effective (T2D) relative to the treatment used before
switch in a Swedish setting after one year. C/E of IDeg in clinical practice is
driven by lower insulin doses (T1D) and reduced risk of hypoglycaemia
(T1D and T2D).

Disclosure: J.H. Jendle: Other; Advisiory board, Speakers bureau,
Research support.
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Cost-effectiveness of insulin degludec vs insulin glargine U100 in type
1 diabetes in a Swedish setting after one year
A. Ericsson, A.-C. Mardby;
Novo Nordisk Scandinavia AB, Malmoe, Sweden.

Background and aims: According to several randomised controlled tri-
als and observational studies, Insulin Degludec (IDeg) has a beneficial
hypoglycaemia profile compared with Insulin Glargine U100 (IGlar).
Hypoglycaemia is an important cost driver in health economic studies.
This analysis was done to assess cost-effectiveness of IDeg vs original
and biosimilar IGlar in a Swedish setting in type 1-diabetes (T1D).
Materials and methods: Data from a double-blinded, randomised, two-
period crossover trial in T1D (SWITCH 1) was used to assess the cost-
effectiveness of IDeg vs. original and biosimilar IGlar. Cost-effectiveness
was analysed over a 1-year time horizon with a societal perspective based
on the different rates of hypoglycaemia and actual doses of insulin (price
level 2019). Only differences with p<0.05 were included in the analysis.
Results:The IGlar basal dosewas 40.58 units/day and IDeg/IGlar basal dose
ratio was 0.97 [95% confidence interval: 0.94-0.99]. The bolus dose used in
the IGlar arm was 31.93 U/day and the bolus dose ratio for the two arms
(IDeg/IGlar) 0.97 [0.94-1.01]. Rate ratios (RR) for non-severe daytime
hypoglycaemia was 0.98 [0.94-1.03], non-severe nocturnal hypoglycaemia
0.76 [0.69- 0.84] and severe hypoglycaemia 0.74 [0.61-0.91)]. IDeg was
highly cost-effective compared with IGlar, with an incremental cost-
effectiveness ratio of SEK 25,000-52,000. Total cost difference was SEK
575-1,219 (Table 1). A treatment is considered cost-effective in Sweden if
cost/Quality-Adjusted Life-Year (QALY) is belowSEK500,000. The drivers
in the analyses were dose reduction and lower hypoglycaemia for patients
treated with IDeg compared with those using IGlar.
Conclusion: The rigorous design of the SWITCH 1 trial, coupled
with a representative patient population and a definition of
hypoglycaemia that is relevant for patients who prescribers meet in
their clinics, makes the results of this trial highly generalisable. This
short-term economic analysis estimated that IDeg would be highly
cost-effective relative to original and biosimilar IGlar in T1D in a
Swedish setting after one year. The result is driven by lower insulin
dose and reduced risk of hypoglycaemia.

Disclosure: A. Ericsson: Employment/Consultancy; Employment,
Employment.
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The effectiveness of insulin glargine 300 U/ml among type 2 diabetes
patients: analysis of a real world data
C. Melzer Cohen1, V. Shalev1,2, G. Chodick1,2;
1Maccabi Institute for Research and Innovation, Maccabi Healthcare
Services, Tel Aviv, 2School of Public Health, Sackler Faculty of
Medicine, Tel Aviv University, Tel Aviv, Israel.
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Background and aims: Prior randomized controlled trials have shown that
insulin glargine 300U/mL (Gla-300), has more stable and prolonged glucose
lowering effect compared to insulin glargine 100U/mL (Gla-100), resulting
in reduced risk of hypoglycaemia (including nocturnal hypoglycaemia)while
maintaining a similar efficacy of lowering glycated haemoglobin A1C

(HbA1c). We aimed to investigate the effectiveness of Gla-300 among pa-
tients with type 2 diabetes (T2DM) in a real world setting.
Materials and methods: In this retrospective study, included were adult
T2DM patients from a large sick fund in Israel who were initiated therapy
with Gla-300 from June 1st, 2016 until December 31th, 2017 and treated
for at least 180 days. Documented hypoglycaemia events as well as
changes in HbA1c level, body weight, and insulin dose were calculated
from baseline period (180 days prior to therapy initiation) to 180 days
afterwards (follow-up period).
Results: A total of 2404 patients were included in this study (mean±SD
age was 63.9±11.4, baseline HbA1c was 8.9%±1.8%, 42.6% women,
72.3% had diabetes for more than 10 years). A total of 1797 patients were
treated with insulin prior to Gla-300, including patients who were fully
(n=1533) or partially (n=264) covered with insulin during the entire base-
line period. A total of 607 patients were not treated with insulin during
this period (insulin naive). Among patients with HbA1c measurement at
follow-up (n=2013), HbA1c was significantly reduced by 0.9%±1.7%
(P<0.001) from baseline. The mean reduction in HbA1c among patients
who were insulin naïve (1.7%±2.1%) was larger compared to the reduc-
tion in patients who were previously partially (0.9%±1.8%) or fully cov-
ered (0.5%±1.3%) with insulin; however the reduction in HbA1c was
significant in all subgroups ( P<0.001). Overall, no change in body
weight was observed (p=0.689). During the study follow-up period, a
total of 22 patients were reported with hypoglycaemia event (9.2 per
1000) compared to 37 patients (15.4 per 1000) during the baseline period,
representing a 40.5% reduction (p=0.039). Among patients fully covered
with insulin at baseline, 18 were reported with hypoglycaemia event (11.7
per 1000) during follow-up period compared to 32 patients (20.9 per
1000) during the baseline period. No hypoglycaemia events were report-
ed among insulin naïve patients during baseline and follow-up period.
Among patients fully covered with insulin at baseline, basal insulin dose
significantly (p<0.001) increase by 18.5%.
Conclusion: The results of this real-world data analysis in Israel support
the effectiveness of Gla-300 among T2DM patients in improving
glycaemic control, both in insulin naïve patients and patients who
switched from a different insulin treatment. In addition, there was a re-
duction in severe hypoglycaemia events with no increase in body weight.
Supported by: Sanofi
Disclosure: C. Melzer Cohen: None.
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Comparison of patient vs physician-managed algorithm for titrating
insulin glargine 300 U/ml in type 2 diabetes: the ITAS study
A. Giaccari1, R.C. Bonadonna2, R. Buzzetti3, G. Perseghin4, D.
Cucinotta5, A. Avogaro6, G. Aimaretti7, M. Larosa8, C. Fanelli9, G. Bolli9;
1"Cattolica Sacro Cuore" University of Rome, Rome, 2University of
Parma, Parma, 3"Sapienza" University of Rome, Rome, 4University of
Milan Bicocca, Milan, 5University of Messina, Messina, 6University of
Padova, Padova, 7University of the Eastern Piedmont, Novara, 8Medical,
Sanofi, Milan, 9University of Perugia, Perugia, Italy.

Background and aims: People with inadequately controlled type 2 dia-
betes (T2DM) often delay in initiating or intensifying basal insulin ther-
apy. Patient-managed titration may reduce such delays. Primary aim of
ITAS (Italian Titration Approach Study) was to assess non-inferiority of
HbA1c reduction after 24 weeks with a patient- (nurse assisted) vs a
physician-managed algorithm to titrate insulin glargine 300 U/mL (Gla-
300) in insulin naïve T2DM subjects, in poor control (HbA1c ≥7.5% and
≤10%). Main secondary aim was incidence and rates of hypoglycemia in
the two arms.

Materials and methods: 24-week, national, multicenter, open label, ran-
domized (1:1), parallel group study (“patient-managed” vs “physician-
managed”). 0.2 U/kg Gla-300 was initiated (evening) and dose adjusted
every 3-4 days according to the same algorithm. Sulfonylurea/glinides
were discontinued at randomization.
Results: N= 355 subjects entered the ITT population (age 64.0 ± 9.8
years, diabetes duration 11.6 ± 7.6 years, BMI 30.5 ± 5.6). Treatment
efficacy was non inferior in patient- vs physician-managed arm
[HbA1c change at week 24 vs baseline: -1.60% (95%CI: -1.72,-
1.47) vs -1.49% (95%CI: -1.61,-1.37) respectively; least square mean
difference (LSM∆): -0.11%(95%CI: -0.26,0.04); p-value = 0.168].
There was no between arm difference in the reduction of fasting
SMPG (LSM∆: -4.25 mg/dl [95%CI: -10.04 to 1.54]; p=0.1499)
(Figure). As to the secondary aim 23.4% subjects in patient- and
22.8% in physician-managed arm experienced at least one episode
of confirmed (≤3.9 mmol/L [70 mg/dL]) hypoglycemia at any time of
the day [Relative Risk (RR): 1.03 (95%CI: 0.70,1.50)]; hypoglyce-
mic events per participant-year were 1.55 (95%CI: 1.28,1.80) vs 1.42
(95%CI: 1.17,1.67) respectively [Rate Ratio: 1.09 (95%CI:
0.85,1.39)]. The RR in the patient-managed arm of confirmed and/
or severe nocturnal (00.00 to 05.59) hypoglycemia was 0.77 (95%
CI: 0.27,2.18); and the annualized event rate was similar in both arms
(Rate Ratio: 1.12; 95%CI: 0.48,2.65). No differences were observed
in patient reported outcomes. No safety concern were reported.
Conclusion: In insulin naïve T2DM, the identical titration algorithm
either “patient-managed” or “physician-based” for basal insulin Gla-
300, allows similar glucose control and low risk of hypoglycemia.

Clinical Trial Registration Number: EudraCT N: 2015-001167-39.
Supported by: Sanofi
Disclosure: A. Giaccari: Honorarium; fees for consulting.
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Predictive modelling suggests subgroup effects for severe
hypoglycaemia in type 2 diabetes patients treated with Gla-300 vs
IDeg: the LIGHTNING study
B. Eliasson1, I. Hramiak2, M. Haluzik3, J. Westerbacka4, Z. Bosnyak4, L.
Blonde5, T. Bailey6;
1University of Gothenburg, Gothenburg, Sweden, 2St. Joseph's Health
Care, London, Canada, 3Institute for Clinical and Experimental
Medicine, Prague, Czech Republic, 4Sanofi, Paris, France, 5Dept. of
Endocrinology, Ochsner Medical Center, New Orleans, USA, 6AMCR
Institute, Escondido, USA.

Background and aims: The LIGHTNING study predictive modelling
of US health record data previously predicted similar severe
hypoglycaemia rates with insulin glargine 300 U/mL (Gla-300) and
insulin degludec 100 U/mL (IDeg) in type 2 diabetes mellitus
(T2DM), using methodology including hypothesis-free generation
of subgroups automatically derived from all available data using ma-
chine learning algorithms. This exploratory analysis examines those
data-driven subgroups in which predicted severe hypoglycaemia
rates were lower with Gla-300 vs IDeg.
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Materials and methods: The dataset used in LIGHTNING included
831,456 patients with T2DM using basal insulin (BI), and 198,198
patient-treatments (periods when patients used a BI) were eligible for
hypoglycaemia rate prediction.
Results: We present 10 subgroups showing the greatest absolute differ-
ence in predicted severe hypoglycaemia rate in favour of Gla-300 vs IDeg
(Table). These subgroups frequently reflected cardiovascular (CV) dis-
ease, while other subgroups included acute kidney disease, thyroid dis-
ease, and neuromuscular block.
Conclusion: The novelty of the predictive modelling methodology used
in LIGHTNING means that these data-driven subgroup findings are hy-
potheses-generating. Therefore, LIGHTNING indicates that further in-
vestigation into differences in severe hypoglycaemia risk between Gla-
300 and IDeg in possible high-risk subgroups (such as those with CVor
renal disease) may be worthwhile.
Data first presented at the American Diabetes Association's 78th
Scientific Sessions, June 7-11, 2019, San Francisco, California, USA.

Supported by: Sanofi
Disclosure: B. Eliasson: Employment/Consultancy; Amgen,
AstraZeneca, Boehringer Ingelheim, Eli Lilly, Merck Sharp & Dohme,
Mundipharma, Navamedic, Novo Nordisk, and RLS Global. Grants;
Sanofi.
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The forgotten populations: real-world patients with type 2 diabetes
notmeeting eligibility criteria of the glargine 300U/ml EDITIONand
BRIGHT RCTs
D. Mauricio1, J. Westerbacka2, C. Nicholls3, J. Wu4, R. Gupta5, A.A.
Menon5, B. Eliasson6;
1CIBERDEM, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain,
2Sanofi, Paris, France, 3Sanofi, Guildford, UK, 4Sanofi, Bridgewater,
USA, 5Accenture, Florham Park, USA, 6University of Gothenburg,
Gothenburg, Sweden.

Background and aims: Randomised controlled trials (RCTs) are the
gold standard for comparing therapies’ efficacy and safety, but can have
strict eligibility criteria and may not reflect real-life clinical practice.
Electronic medical records such as those from the Predictive Health
Intelligence Environment (PHIE) database may be used to assess clinical
effectiveness in real-world populations missed by clinical trials. We de-
scribe here the proportion and characteristics of patients with type 2
diabetes mellitus (T2DM) who would have been excluded from RCTs
using eligibility criteria adapted from the EDITION 1-3 and BRIGHT
trials.
Materials and methods: Records from people with T2DM, with a
basal insulin prescription on the index date (01 March 2015) and
≥1 HbA1c value in the previous 12 months, were evaluated.
Exclusion criteria included HbA1c <7.0 % / >10.0 %, systolic
blood pressure >180 mmHg and/or diastolic blood pressure >95
mmHg, or key comorbidities (e.g. heart failure or stroke) in the
previous 12 months.
Results: Of 191,218 evaluated records, 157,873 (83%) met ≥1 ex-
clusion criterion; only 33,345 (17%) could have been included in
RCTs (Table). Excluded patients were older, with more previous
hypoglycaemia vs included patients, and were less likely to have
HbA1c between 7 and 9%.
Conclusion: This divergence in clinical characteristics and patient
numbers highlights the need for real-world studies assessing clin-
ical effectiveness in populations of interest typically excluded
from RCTs.

Supported by: Sanofi
Disclosure: D. Mauricio: Other; Has served on advisory panels for
Ferrer, Sanofi, AstraZeneca, Janssen and MSD, and received speakers’
bureau fees from Almirall, Boehringer Ingelheim, Menarini,
GlaxoSmithKline, Eli Lilly, Sanofi, Novartis, Novo Nordisk and MSD,
Institutional research support was obtained from AstraZeneca,
GlaxoSmithKline, Eli Lilly, Sanofi, Novo Nordisk and MSD.
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Gender differences in achieving glycaemic control in patients with
type 2 diabetes initiated on insulin glargine 300 U/ml (Gla-300): the
European REALI pooled database
M. Bonnemaire1, R. Bonadonna2, N. Freemantle3, D. Mauricio4, D.
Müller-Wieland5, G. Bigot6, C. Mauquois7, A. Ciocca1, P. Gourdy8;
1Sanofi, Paris, France, 2University of Parma School of Medicine and
AOU of Parma, Parma, Italy, 3University College London, London,
UK, 4Hospital Universitari Germans Trias i Pujol, Barcelona, Spain,
5University Hospital RWTH Aachen, Aachen, Germany, 6IVIDATA
Stats, Levallois-Perret, France, 7IDDI, Louvain-la-Neuve, Belgium,
8CHU Toulouse Hospital, Toulouse, France.

Background and aims: Data from clinical practice suggested that wom-
en with T2D are less likely to achieve adequate glycemic control, com-
pared with men. The aim of our analysis was to evaluate the effect of
gender on reaching HbA1c goals in patients with T2D treated with Gla-
300.
Materials and methods: The REALI database currently comprises
data from three interventional and five observational studies conduct-
ed across Europe. Patients initiated on Gla-300 and included in the
database were stratified according to gender. We performed an anal-
ysis comparing demographics, baseline associated risk factors and
glycemic control during 6 months of treatment between the two
subgroups.
Results: Overall 6132 patients were included. Of these, 5798
(3193 men and 2605 women) treated with Gla-300 were analyzed
after exclusion of 8 patients with unreported gender. Mean (SD)
age for women was 65.3 (10.4) years vs 63.6 (9.8) for men.
Women presented with a higher mean (SD) BMI than men, 32.6
(6.2) vs 31.7 (5.4) kg/m2. The eGFR was almost similar with the
majority above 60 mL/min/1.73 m2. There were no notable gender
differences, either in the median duration of diabetes (11 years),
or the median previous daily basal insulin dose and type of basal
insulins. However, the proportion of insulin pre-treated patients
was lower in men (62.8 vs 65.6%; P=0.025) whereas median
duration of prior treatment with basal insulin at baseline was
higher in men (1.9 vs 1.3 years). Prior non-insulin anti-hypergly-
cemic treatments were similar, mostly biguanides (72%), and less
sulfonylureas (22%). The frequency of diabetic complications was
higher in men (31.0 vs 22.6%; P<0.001), essentially driven by
macrovascular diseases. Despite a similar glycemic control at
baseline, mean (SD) HbA1c of 8.53 (1.0) in men and 8.48 (1.0)
% in women (P=0.074), the least squares mean (SE) decrease in
HbA1c was higher in men than in women, 0.91 (0.05) vs 0.76
(0.03), (P=0.032), and this was reflected in the percentage of
patients achieving target HbA1c at 6 months (27.5 vs 21.3% and
49.2 vs 44.5% for HbA1c <7.0% and <7.5%, respectively; p<0.01
for both). Nevertheless, a similar event rate was observed for
symptomatic hypoglycemia with both genders (0.63 vs 0.60).
Nocturnal symptomatic hypoglycemia events were numerically
more frequent in men, 68/3193 (2.1%), compared to 45/2605
(1.7%) in women (P=0.27). For both genders, a low event rate
of severe hypoglycemia was reported. No gender difference was
observed for mean Gla-300 daily dose at baseline (0.28 U/kg/
day), which remained comparable at 6 months (0.37 U/kg/day).
There were no notable changes in mean body weight at 6 months
vs baseline in both subgroups.
Conclusion: Our analysis of the REALI database suggests that women
with T2D, initiated on insulin Gla-300 treatment, achieve slightly less
improvement in glycemic control with similar rate of hypoglycemia and
insulin dose change than men over 24-weeks. Differences in regulation of
glucose homeostasis, the older age and slightly higher BMI of female
patients may partly explain this difference.
Supported by: Sanofi
Disclosure:M. Bonnemaire: Employment/Consultancy; Sanofi employee.
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High-hypoglycaemia-risk patients with type 2 diabetes have lower
risk of hypoglycaemia following switch to insulin glargine 300U/ml
vs 1st generation basal insulins: DELIVER - High Risk
T. Bailey1, N. Freemantle2, A. Menon3, R. Gupta3, J. Wu4, C. Nicholls5,
J. Westerbacka6, S. Sullivan7;
1AMCR Institute, Escondido, USA, 2University College London, London,
UK, 3Accenture, Florham Park, USA, 4Sanofi US, Inc., Bridgewater, USA,
5Sanofi, London, UK, 6Sanofi, Paris, UK, 7CHOICE Institute, University of
Washington, Seattle, USA.

Background and aims: DELIVER - High Risk study compared long-
term clinical outcomes for patients with T2D and high hypoglycaemia
risk on first-generation basal insulins (BIs) who were switched to insulin
glargine 300 U/mL (Gla-300) or first-generation BIs (other switchers).
Materials and methods: Electronic medical record data from the US
PHIE database were used. Eligible adult patients had ≥1 criterion for high
hypoglycaemia risk (age >64 years; basal-bolus insulin use; renal impair-
ment; uncontrolled baseline HbA1c; sulfonylurea use; atherosclerotic car-
diovascular disease; history indicating high risk, including ≥1 severe
hypoglycemic episode (prior 12 months). Endpoints were HbA1c reduc-
tion from baseline to 9-12 months, attainment of HbA1c goals (<7.0%;
<8.0%), and hypoglycaemia (based on ICD-9-CM codes or blood glu-
cose ≤70 mg/dL) at 12 months.
Results: In a propensity score-matched comparison of Gla-300 vs other
switchers (Table), mean HbA1c reduction from baseline and attainment of
HbA1c goals were comparable. Significantly fewer Gla-300 vs other
switchers experienced inpatient/ED-related hypoglycaemia.
Conclusion: For T2D patients at high hypoglycaemia risk in a real-world
setting, Gla-300 was associated with a significantly lower risk of
hypoglycaemia than switching to other BI, 1 year after switching, while
delivering similar glycemic control.

Supported by: Sanofi
Disclosure:T. Bailey:Grants; Abbott, Ascensia, BD, Boehringer Ingelheim,
Calibra Medical, Capillary Biomedical , Companion Medical, Dance
Biopharm, Dexcom, Diasome, Eli Lilly, Glysens, Kowa, Lexicon,
Medtronic, Novo Nordisk, POPS. Honorarium; Abbott, Capillary
Biomedical, Eli Lilly, MannKind, Medtronic, Sanofi, Senseonics.

901
Differences in HbA1c lowering effect and hypoglycaemia risk be-
tween Gla-300 and IDeg according to renal function in the
BRIGHT Trial
D. Müller-Wieland1, A. Philis-Tsimikas2, Z. Bosnyak3, M. Haluzik4, F.
Lauand3, L. Melas-Melt5, J. Rosenstock6, G. Bolli7;
1University Hospital RWTH Aachen, Aachen, Germany, 2Scripps Whittier
Diabetes Institute, San Diego, USA, 3Sanofi, Paris, France, 4Institute for
Clinical and Experimental Medicine, Prague, Czech Republic, 5Ividata,
Levallois-Perret, France, 6Dallas Diabetes Research Center at Medical
City, Dallas, USA, 7Perugia University Medical School, Perugia, Italy.
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Background and aims: BRIGHT demonstrated similar HbA1c reduction
and hypoglycaemia risk with the second-generation basal insulin ana-
logues, insulin glargine 300 U/mL (Gla-300) and insulin degludec 100
U/mL (IDeg) over 24 weeks, and less anytime (24 h) hypoglycaemia with
Gla-300 during the first 12 weeks, in type 2 diabetes mellitus (T2DM).
This analysis examined HbA1c change and confirmed (≤3.9 mmol/L and
<3.0 mmol/L) hypoglycaemia by baseline characteristics.
Materials and methods: BRIGHT was a multicentre, open-label,
randomised, active-controlled, parallel-group trial in T2DM. Participants re-
ceiving multiple oral agents ± glucagon-like peptide-1 receptor agonists
(GLP-1 RAs) were randomised to Gla-300 (N=466) or IDeg (N=463), titrat-
ed to a fasting self-monitored plasma glucose of 4.4-5.6 mmol/L.
Results: Efficacy and safety with Gla-300 vs IDeg were unaffected by
age (</≥65 years), gender, BMI category (<30/30-35/≥35 kg/m2) or dia-
betes duration (</≥10 years). However, significant heterogeneity of treat-
ment effect across subgroups (p=0.015) suggested greater HbA1c reduc-
tion with Gla-300 than IDegwith impaired renal function (eGFR<60mL/
min/1.73 m2) (Table), with no difference in hypoglycaemia incidence or
rates. Further analyses revealed lower confirmed (≤3.9 mmol/L)
hypoglycaemia rates with Gla-300 vs IDeg in those with normal renal
function, with comparable HbA1c reduction (Table).
Conclusion:Gla-300 appears to confer advantages vs IDeg in those with
impaired renal function, warranting further investigation.
Data first presented at the American Diabetes Association's 78th
Scientific Sessions, June 7-11, 2019, San Francisco, California, USA.

Clinical Trial Registration Number: NCT02738151
Supported by: Sanofi
Disclosure: D. Müller-Wieland: Employment/Consultancy; Bayer.
Honorarium; Advisory Boards: Amgen, AstraZeneca, Bayer, Boehringer
Ingelheim, MSD, NovoNordisk, Sanofi. Lecture/other fees; Amgen,
AstraZeneca, Bayer, Boehringer Ingelheim, MSD, NovoNordisk, Sanofi.

902
HbA1c goal attainment without hypoglycaemia (Gla-300 vs other
BIs) in insulin naive type 2 diabetes patients in the ACHIEVE
Control real life study: 12 month analysis by age and comorbidities
J. Anderson1, D. Hinnen2, J. Gill3, P. Evenou3, R. Raymond3, L.
Meneghini4;

1The Frist Clinic, Nashville, 2University of Colorado Health, Colorado
Springs, 3Sanofi US, Inc., Bridgewater, 4UT Southwestern Medical
Center and Parkland Health & Hospital System, Dallas, USA.

Background and aims: ACHIEVE Control is a randomized, prospective,
pragmatic real-life study comparing efficacy and safety of insulin glargine
300 U/mL (Gla-300) vs other basal insulins used as standard of care (SOC-
BI) in insulin-naive patients with type 2 diabetes (T2D). Gla-300 demon-
strated superiority in the primary composite endpoint of reaching individu-
alized A1C targets (<8.0% if age ≥65 years or with defined comorbidities,
<7.0% otherwise) without documented symptomatic (≤3.9 mmol/L) and/or
severe hypoglycaemia at 6 months. This post hoc analysis assessed these
two individualized targets separately to determine if the overall benefit is
maintained in older patients and those with comorbidities at 12 months.
Materials andmethods: Insulin-naive patients with T2D, age ≥18 years,
A1C 8-11%, under care of their physician for ≥1 year before index date
were randomized to Gla-300 or SOC-BI. Analysis was performed in two
groups: 1) patients >65 years or with comorbidities (A1C target <8%),
and 2) patients ≤65 years without comorbidities (A1C target <7%) and
included: a) A1C target attainment without severe and/or confirmed
symptomatic hypoglycaemia (≤3.9 mmol/L or <3.0 mmol/L) and b)
Proportion of patients without severe and/or confirmed symptomatic
hypoglycaemia (≤3.9 mmol/L or <3.0 mmol/L).
Results:Patients in theA1C target <8%groupwere older than the <7%group,
had lower baseline mean body weight, and longer duration of diabetes. At 6
months more Gla-300-treated vs SOC-BI-treated patients attained their A1C
target <8%without hypoglycaemia ≤3.9mmol/L (48.4%vs 44.1% [OR: 1.17;
95%CI: 0.96-1.44]).This trendwasmaintained at 12months (40.7%vs37.7%
[OR: 1.12; 95% CI: 0.91-1.38]). Similar results were observed with a trend
favouringGla-300 vs SOC-BI in the A1C target <8% subgroup using the <3.0
mmol/L cutoff at 6 months (55.9% vs 53.1% [OR: 1.10; 95% CI: 0.90-1.35])
and 12 months (50.7% vs 45.9% [OR: 1.20; 95% CI: 0.98-1.47]). Results in
the A1C target <7% subgroup were similar in both subgroups (Table). Results
in terms of hypoglycaemia avoidance showed that in the A1C target <8%
group a higher proportion of Gla-300-treated patients did not experience
hypoglycaemia vs SOC-BI at 6 months (≤3.9 mmol/L, 79.2% vs 73.6%
[OR: 1.36; 95% CI: 1.07-1.72]; <3.0 mmol/L, 88.5% vs 85.0% [OR: 1.36;
95% CI: 1.00-1.83]). This trend was maintained at 12 months (≤3.9 mmol/L,
68.6% vs 63.0% [OR: 1.28; 95% CI: 1.03-1.58]; <3.0 mmol/L, 82.6% vs
76.2% [OR: 1.49; 95% CI: 1.16-1.91]). Results in terms of hypoglycaemia
in the A1C target <7% subgroup were similar in both subgroups (Table).
Conclusion: Efficacy and safety benefits demonstrated by Gla-300 vs
SOC-BI in the overall population were maintained in older patients and
those with comorbidities at 6 and 12 months.

Clinical Trial Registration Number: NCT02451137
Supported by: Sanofi
Disclosure: J. Anderson: Employment/Consultancy; advisory panel:
Abbott Diabetes, AstraZeneca, Boehringer Ingelheim, Eli Lilly and
Company, Janssen, MannKind, Merck & Co., Novo Nordisk, and Sanofi.
Other; speakers’ bureau: AstraZeneca, Boehringer Ingelheim, Eli Lilly and
Company, Janssen, and Sanofi.
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Gestational diabetes inmothers and long term cardiovascular disease
in both parents: results of over a decade follow-up
M. Kabootari1,2, M. Hasheminia2, K. Guity2, F. Azizi2, F. Hadaegh2;
1Golestan University of Medical Sciences, Gorgan, 2Shahid Beheshti
University of Medical Sciences, Tehran, Islamic Republic of Iran.

Background and aims: To evaluate whether the presence of gesta-
tional diabetes mellitus in mothers is associated with increased
risk of incident cardiovascular disease (CVD) in both mothers
and fathers.
Materials and methods: During a prospective population-based
study, 4308 Iranian women, aged 18-64 years with at least 1 live-
birth delivery and free of CVD at baseline were followed.
Corresponding spouses were identified for 2547 cases. The asso-
ciation between GDM in mother and incident CVD in both
mothers and fathers was assessed using multivariate Cox's propor-
tional hazard in 2 models. Model 1, adjusted for age, body mass
index, smoking (for men), hypertension and hypercholesterolemia.
Model 2, further adjusted for diabetes mellitus.
Results: After a median follow-up of 14.1 years, 314 mothers and
424 fathers experienced CVD; corresponding incidence rates were
58.68 and 142.67 per 10000 person-years, respectively. Women
with GDM had an increased risk of CVD [hazard ratio (HR)
1.38, 95% CI (1.02-1.86)] in the confounder adjusted model.
After adjusting for diabetes mellitus, this risk became insignificant
[1.19(0.88-1.60)]. Furthermore, an independent association with
CVD was observed in fathers with an adjusted HR of 1.33 (1.00-
1.75) in the confounder adjusted model and even after further
controlling for diabetes [1.34(1.01-1.77)]. Moreover, all con-
founders excluding BMI remained independent risk factors for
CVD in both genders.
Conclusion: Women with prior GDM have increased risk of CVD
that might be mediated by the development of subsequent diabe-
tes. Moreover, among fathers, spousal history of GDM is an inde-
pendent risk factor for incident CVD and might be added to tradi-
tional risk factors in the CVD risk evaluation.

Disclosure: M. Kabootari: None.

904
Impact of the severity of obesity on the live birth rate obtained after
in vitro fertilisation
A. Sultan, C. Brunet, T. Mura, A. Avignon;
CHU Montpellier, Montpellier, France.

Background and aims:Obesity is likely to cause impaired fertility (1,2).
Many centers deny access to PMA for obese women, arguing that weight
loss is a prerequisite. In practice, most nutritional interventions result in
often insufficient weight loss to allow these women to cross arbitrary BMI
thresholds. The literature is divergent regarding the impact of obesity on
IVF results. The objective of our study is to evaluate the impact of the
severity of obesity on the live birth rate resulting from embryo transfers
obtained after IVF +/- ICSI.
Materials and methods: This is a retrospective mono centric study. All
data was collected from the BabySentryTM software used at Montpellier
University Hospital Center.
Results: The data of 1729 patients were analyzed, ie 2580 stimulation
cycles. 9.5%were obese, 7.3%were grade 1 obesity. Amongwomenwith
grade 1 obesity, 34.74% had a live birth in the first cycle, 21.28% in
second cycle, 21.43% in the third cycle, 10.3% in the fourth and final
cycle, comparable to non-obese women. After adjusting for potential
confounding factors, ie age of women, smoking, cause of infertility and
plasma AMH level. Only age had a significant impact. Our results show
the absence of the impact of obesity and especially its severity on (i) live
birth rates, whatever the cycle, and without increasing the number of
transfers, (ii) the rate of false layer.
Conclusion:Our results need to be confirmed on larger cohort. We high-
light that obesity do not have any impact on the live birth rate, and should
encourage centers to no longer systematically deny women who are
obese. Nevertheless, weight loss should be encouraged to reduce obstetric
morbidity.
Disclosure: A. Sultan: None.

905
Impaired fertility in long-standing type 1 diabetes women
S. Tartaglione, C. Tiberti, M. Porpora, M. Di Trani, E. Berardelli, V.
Viggiani, T. Filardi, S. Morano, A. Angeloni, E. Anastasi;
La Sapienza University, Rome, Italy.

Background and aims: It is known that women with type 1 diabetes
mellitus (T1DM) have a higher prevalence of reproductive disorders com-
pared to women without diabetes. Anti-Müllerian hormone (AMH) is con-
sidered to be a reliable marker of ovarian reserve, intended as a woman's
reproductive potential, alone or in combination with antral follicle count
(AFC) assessed by transvaginal ultrasound. Prolonged exposure to elevations
in glucose levels during long term diabetes could affect the ovary through
deposition of advanced glycation end-products. In this study we aimed to
investigate ovarian reserve in a population of long-standing T1DM patients.
Materials and methods: We studied 145 women: 49 with long-standing
T1DM (> 10 years), 50 with endometriosis-related infertility (positive control
group) and 46 healthy women (negative control group) matched for age (age
range 17-40) and body mass index (BMI). A clinical examination, determina-
tion of serum AMH and AFC were performed for all study participants.
Results: Low AMH levels were observed in 12 % of long-standing
T1DMwomen (p < 0.02) and a very similar percentage (10%) was found
among endometriosis infertile women (p < 0.05) while only 4% of
healthy women had lowAMH levels. AFC did not differ between women
with T1DM, women with endometriosis and healthy controls.
Conclusion: We found that the percentage of patients with low AMH
levels is similar in women with long-standing T1DM and in women with
endometriosis-related infertility. Our results suggest that AMH determi-
nation should be performed in long standing T1DM women to assess
impaired ovarian reserve.
Disclosure: S. Tartaglione: None.
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Longitudinal changes of plasma high-molecular weight adiponectin
are associated with developing postpartum glucose intolerance in
previous gestational diabetes
D.-H. Lee1, J. Lim2, T. Oh3, J. Kim4, H. Jang3, S. Choi3;
1Internal Medicine, Chungbuk National University College of Medicine
and Chungbuk National University Hospital, Cheongju, 2Internal
Medicine, National Medical Center, Seoul, 3Internal Medicine, Seoul
National University College of Medicine and Seoul National University
Bundang Hospital, Seongnam, 4Internal Medicine, Seoul National
University College of Medicine, Seoul, Republic of Korea.

Background and aims: Women with previous gestational diabetes
mellitus (GDM) are at high risk for developing type 2 diabetes mellitus.
We previously reported that higher plasma retinol binding protein 4 and
lower adiponectin concentrations in postpartum of previous GDM wom-
en are correlated with current diabetes mellitus in cross-sectional design.
However, the influence of serial changes of adipokines from pregnancy to
postpartum periods in womenwith previousGDMhas not been evaluated
yet. Therefore, we investigated the relationship between the serial chang-
es of adipokines, which are candidate markers for insulin resistance and
conversion of diabetes mellitus in women with previous GDM.
Materials and methods: For longitudinal study, we obtained each plas-
ma sample during pregnancy, 2 months postpartum, and 3 years after
delivery. We measured the plasma concentrations of high-molecular-
weight (HMW) adiponectin, retinol-binding protein-4 (RBP4),
lipocalin-2, and chemerin as adipokines in three groups of women who
exhibited normal glucose tolerance (NGT) after GDM (GDM-NGT, n=
20), impaired glucose tolerance (IGT) after GDM (GDM-IGT, n= 23),
and type 2 diabetes mellitus after GDM (GDM-DM, n= 22). We analyzed
the correlation between the serial changes of adipokines and various
metabolic parameters.
Results: Plasma HMW adiponectin was not differed between groups
during pregnancy. However, HMW adiponectin levels have increased
after 3 years delivery in women with GDM-NGT compared to GDM-
DM group. And in GDM-IGT group, HMW adiponectin level in-
creased at 2 months postpartum. In contrast, HMW adiponectin were
not altered after parturition in women with GDM-DM. HMW
adiponectin was negatively correlated with body mass index (BMI),
fasting plasma insulin and homeostasis model assessment of insulin
resistance (HOMA-IR). Other adipokines such as RBP4 and lipocalin-
2, and chemerin did not show the different patterns of serial changes
between the groups and no significant correlation with current status
of glucose intolerance.
Conclusion: We observed the serial increase of HMW adiponectin in
GDM-NGT and GDM-IGT at 3 years postpartum compared to GDM-
DM. Serial change of HMWadiponectin is associated with maintenance
normal glucose level in women with previous GDM after delivery.
Disclosure: D. Lee: None.
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Four year follow-up of health outcome status of womenwith previous
gestational diabetes
E. O'Shea1, H. Awang2, L. Culliney3, L. O’Mahony3, D. Dahly4, M.
O’Riordan5, A. Tuthill2;
1University College Cork, Cork, 2Department of Endocrinology, Cork
University Hospital, Cork, 3Diabetes in Pregnancy Research Group,
Cork University Maternity Hospital, Cork, 4School of Public Health,
University College Cork, Cork, 5Department of Obstetrics and
Gynaecology, University College Cork, Cork, Ireland.

Background and aims: Women with a history of Gestational Diabetes
Mellitus (GDM) are at a high risk of later development of type 2 diabetes
mellitus (T2DM), with a cumulative incidence of 60% at 16 years.
Identification of those women at higher risk of progression to diabetes

allows the timely introduction of measures to delay or prevent diabetes
onset. This study aims to to determine the incidence of glucose intoler-
ance among women with previous gestational diabetes (GDM) and iden-
tify the risk factors predicting this. To review the post-natal management
and attendance at diabetes screening. To evaluate the impact of weight
change, post-partum lifestyle modification and vitamin D status on the
risk of diabetes development.
Materials and methods: All of the women who attended our University
Maternity Hospital in 2014 with a diagnosis of GDM were invited for
screening for glucose intolerance. A questionnaire on diet and health was
administered. Weight, height and waist circumference were measured. A
standard fasting 75g oral glucose tolerance test was performed.
Biochemical parameters including liver function, thyroid function,
HbA1c levels, vitamin D status and standard lipid analysis were
measured.
Results: A total of 426 women were diagnosed with GDM in CUMH
between January 2014 and December 2014. Of those, 246 were invited
for screening for T2DM, 74 of whom attended. Of the 74 screened, 15
(20.3%) had glucose intolerance (7 women with T2DM, 2 with impaired
fasting glucose and 6 with impaired glucose tolerance). Predictive factors
for the development of glucose intolerance were fasting glucose levels
during pregnancy, family history of diabetes, BMI prior to the index
pregnancy and at follow up. Mean fasting glucose levels in pregnancy
were higher in those who developed glucose intolerance than those who
did not (5.8mmol/L ± 1.2 vs 5.2mmol/L ± 0.4, P<0.01 ). 26 women
(35%) had not attended for postnatal screening for glucose intolerance.
A large majority (71.2%) had not adhered to the recommended lifestyle
changes. 71.8% of the women had hypercholesterolemia. A larger pro-
portion of women with normal glucose tolerance breastfed than those
with glucose intolerance (76.3% vs 33.3%, P<0.01). Mothers who did
not breastfeed were 15.3 (95%CI 1.3-183.5, P<0.05) times more likely to
develop glucose intolerance after controlling for age, occupation, ethnic-
ity, family history of T2DM, weight loss since the index pregnancy and
BMI and fasting glucose levels at diagnosis of GDM. Mean Vitamin D
levels were found to be insufficient in women with glucose intolerance
and adequate in womenwith NGT (49.7 nmol/L ± 27.5 vs. 59.9 nmol/L ±
25.3, P=0.2).
Conclusion: The proportion of women with previous GDM developing
pre-diabetes and T2DM remains high and diagnosis is often delayed.
Women at high risk of developing T2DM can be identified during preg-
nancy. Althoughweight loss post-partum, lifestyle changes, breastfeeding
and regular screening are recommended to these women, this study shows
that this guidance is not being adhered to by the majority. A mechanism
should be in place for on-going educational support and follow-up.
Supported by: I would like to thank The IES for the Student Summer
Research Bursary
Disclosure: E. O'Shea: None.

908
Preeclampsia is associated with increased preclinical carotid athero-
sclerosis in women with type 1 diabetes
A.J. Amor1,2, I. Vinagre1, M. Valverde3, A. Pané1, X. Urquizu4, E.
Meler5, E. López4, C. Quirós3, M. Giménez1,6, L. Codina4, I. Conget1,6,
M. Barahona3, V. Perea3;
1Endocrinology and Nutrition Department, Hospital Clínic de Barcelona,
Barcelona, 2CIBER de Fisiopatología de la Obesidad y Nutrición
(CIBEROBN), Instituto de Salud Carlos III (ISCIII), Madrid,
3Endocrinology and Nutrition Department, Hospital Universitari Mútua
de Terrassa, Terrassa, 4Obstetrics and Gynecology Department, Hospital
Universitari Mútua de Terrassa, Terrassa, 5Fetal i+D Fetal Medicine
Research Center, BCNatal-Barcelona Center for Maternal-Fetal and
Neonatal Medicine (Hospital Clínic and Hospital Sant Joan de Déu),
IDIBAPS, University of Barcelona, Barcelona, 6CIBER de Diabetes y
Enfermedades Metabólicas Asociadas (CIBERDEM), Instituto de Salud
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Carlos III (ISCIII), Madrid, Spain.

Background and aims: Although preeclampsia (PE) is a well-
established cardiovascular risk factor in general population, its role in
type 1 diabetes (T1D) has been scarcely studied. We assessed the associ-
ation between PE and preclinical atherosclerosis in women with T1D.
Materials and methods:We included 112 women without cardiovascu-
lar disease and with last pregnancy at least 5 years before (four groups,
n=28 per group): a) T1D and history of PE (T1D+/PE+); b) T1D without
PE (T1D+/PE-); c) History of PE without T1D (T1D-/PE+); and d)
Controls (without T1D or PE; T1D-/PE-). Groups were matched by
age, body mass index (BMI) and smoking habit; and diabetes duration
and retinopathy in T1D participants. Carotid intima-media thickness
(IMT) and plaque presence (IMT ≥1.5 mm) were assessed by standard-
ized ultrasonography protocol. Multivariate models (adjusted for age,
systolic blood pressure, estimated glomerular filtration rate, smoking hab-
it, LDL-cholesterol, HDL-cholesterol, triglycerides and statin treatment)
were constructed to study independent relationships between T1D or PE
with several preclinical atherosclerosis variables.
Results:Mean age of the participants was 44.9±7.8 years (BMI 25.5±4.9 kg/
m2; 14.3% with hypertension, 21.4% active smokers and 23.2% on statin
treatment). Groups including patients with T1D (T1D+/PE+ and T1D+/PE-)
showed more prevalence of hypertension and statin treatment (23.2% vs.
5.4% and 37.5%vs. 8.9%; respectively; p<0.01), without differences in other
cardiovascular risk factors (Table). Carotid plaques were observed in 20.5%
of the participants. In multivariate-adjusted models, both T1D and PE
showed similar impact in plaque presence, with odds ratios (95% confidence
interval), 5.45 (1.36-21.9) and 4.24 (1.04-17.3), respectively. Both entities
showed an additive effect when merged in the participants, both in common
carotid-IMT (DT1+/PE- orDT1-/PE+,β=0.193;DT1+/PE+,β=0.286), as in
plaque presence (8.53 [1.07-68.2] and 28.1 [2.67-296.4], respectively).
Conclusion: Previous PE was independently associated with preclinical
atherosclerosis in T1D. Further studies are needed to ascertain its useful-
ness for stratifying risk in women with T1D.

Supported by: Menarini
Disclosure: A.J. Amor: None.

909
Urinary total inorganic arsenic concentration associated with insulin
resistance among gestational diabetes subjects
I.A. Hossain, F. Jebunnesa, R. Zinnat, L. Ali;
Biochemistry and Cell Biology, Bangladesh University of Health
Sciences, Dhaka, Bangladesh.

Background and aims: Arsenic toxicity is emerging as a major health
problem in the Bangladeshi population and gestational diabetes mellitus

(GDM) subjects are more vulnerable to the development of the disorder
due to the problem of insulin resistance. Association of total arsenic
exposure with diabetes mellitus is fairly well established; however, data
examining the association of urinary total inorganic arsenic (iAs) concen-
tration with insulin resistance among GDM subjects is still limited. In this
context, the present study was assessed to investigate the association of
urinary total iAs concentration with GDM and to investigate whether this
association is mediated by insulin resistance during this disorder.
Materials and methods: Under an observational cross-sectional design a
total of 324 pregnant women (age in years, M±SD, 22.79±4.14) residing in
an arsenic affected area of Bangladesh, were subjected to a 2 sampleOGTT
at the second trimester of their gestation. Clinical and anthropometric mea-
surements were done by standard techniques. The degree of arsenic expo-
sure was assessed by the levels of arsenic in the usable (drinking, cooking,
washing, and bathing) water at the respective households and urinary total
iAs of the individuals. GDM was diagnosed by WHO criteria and com-
prising into non GDM (n=255; age in yrs, 22.56±3.91) and GDM (n=69;
age in yrs, 24.09±5.04) respectively. Serum glucose was measured by
glucose-oxidase method. Urinary total iAs was measured by hydride gen-
eration atomic absorption spectroscopy (HG-AAS) method. Insulin sensi-
tivity (HOMA%S) and insulin resistance (HOMA-IR) was calculated by
the homeostasis model assessment (HOMA). Data were analyzed by both
univariate and multivariate statistics.
Results: Compared to non GDM subjects, GDM subjects had sig-
nificantly higher levels of urinary total iAs (24.55±10.83 vs. 9.32
±5.58 μg/L, p<0.001) and HOMA-IR (2.69±0.40 vs. 1.56±0.98,
p<0.001). Pearson’s correlation analysis showed a significant pos-
itive correlation of urinary total iAs concentration with fasting
serum glucose (FSG) (r=0.183, p=0.001) and HOMA-IR
(r=0.160, p=0.003) while, it showed a significant negative correla-
tion with HOMA%S (r=-0.163, p=0.003) among the GDM sub-
jects. Multiple linear regression analysis showed a significant pos-
itive association of urinary total iAs with HOMA-IR (β=-0.135,
p=0.023) among the GDM subjects after adjusting the effects of
confounding variables of age, FSG, and triglyceride respectively.
On binary logistic regression analysis, urinary total is (OR=1.275,
95% CI: 1.153-1.411, p<0.001) and HOMA-IR (OR=3.566, 95%
CI: 1.523-8.346, p=0.003) were found to be significant determi-
nants of GDM when adjusted the effects of major confounders of
age, FSG, triglyceride and HOMA%S respectively.
Conclusion: Urinary total inorganic arsenic concentration is associated
with worsening of glucose tolerance during pregnancy and this relation-
ship is mediated by insulin resistance which considered the pathophysi-
ological determinant of gestational diabetes mellitus. Further research is
warranted to elucidate the factors underlying this association.
Clinical Trial Registration Number: BUHS/BIO/EA/18/003
Supported by: The World Academy of Sciences (TWAS); Bangladesh
Medical Research Council
Disclosure: I.A. Hossain: None.

910
Progression of autoantibody positive gestational diabetes to type 1
diabetes
R.V. Scott1, E. Mullins1, P. Pantelidis2, B. Jones1, J. Terry1, C. Yu1, A.
Dornhorst1,3, S. Robinson1,3, R. Agha-Jaffar1,3, S. Misra1,3;
1Imperial College Healthcare NHS Trust, London, 2North West London
Pathology, London, 3Imperial College, London, UK.

Background and aims: Both the development of gestational diabetes
(GDM) and the presence of pancreatic autoantibodies may precede the
onset of Type 1 Diabetes (T1DM) in women. We aimed to determine the
risk of diabetes post-partum in women with GDM who were found to be
positive to pancreatic autoantibodies.
Materials and methods: Women with gestational diabetes (defined by
the National Institute for Health and Care Excellence (NICE) criteria
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(2015) as a fasting plasma glucose > 5.6mmol/l and/or a 2-hour plasma
glucose level > 7.8mmol/l after a 75g oral glucose tolerance test) who had
pancreatic autoantibody levels measured (anti-GAD-65 and anti-islet cell
antibodies) in an inner city NHS Trust from 2014-2017 were retrospec-
tively analysed. In routine clinical practice, antibody testing occurred
when GDM developed in women with few risk factors as defined by
NICE 2015 guidance. These risk factors include 1) BMI >30kg/m2 2) a
previous macrosomic baby 3) previous gestational diabetes 4) a first-
degree relative with diabetes mellitus 5) minority ethnic family origin
with a high prevalence of diabetes. Women who were tested for antibod-
ies were followed up for between 1 and 3 years to ascertain whether they
developed diabetes, defined as self-reported or by medical records indi-
cating treatment for type 1 diabetes or an elevated HbA1c level.
Results: 2711 women with GDM were identified. In total, 125/2711
(4.6%) of women were tested for pancreatic autoantibodies. Compared
to controls, women in whom pancreatic autoantibodies were tested had a
lower BMI (23.4+4.3 kg/m2 v 27.0+5.7kg/m2, p<0.0001), were more
likely to be of Caucasian ethnicity (53% v 19%, p<0.0001), had a lower
average fasting plasma glucose level (4.7+1.1mmol/l v 5.1+1.3mmol/l,
p<0.01) and had a higher average 2-hour plasma glucose level
(9.7+7.6mmol/l v 8.8+2.1mmol/l, p<0.05). There was no significant dif-
ference in age between these groups (33.5+4.3yrs v 33.4+5.2yrs, p=0.8).
Fourteen (11%) of women tested were found to be autoantibody positive.
No significant difference in age, BMI, ethnicity or oral glucose tolerance
result existed between those women who were autoantibody positive and
the other women tested for antibodies. Follow up data was available for
57% (n=71) of women (12 with autoantibodies, 59 without). Twenty-five
percent (n=3) of autoantibody positive women developed insulin-
dependent diabetes in this time; a further 25% (n=3) had an HbA1C
suggestive of diabetes, though were not on insulin. With the exception
of 2 (3.3%) of the antibody-negative women, diagnosed with pre-existing
diabetes in pregnancy, no other antibody negative women developed
diabetes in the follow up period.
Conclusion: In this analysis, 43% of women with positive pancreatic
antibodies during pregnancy developed diabetes within 3 years. Regular
and sustained follow up in these women is essential to ensure early diag-
nosis, appropriate counselling and prevention of complications such as
diabetic ketoacidosis. Our preliminary analysis suggests that women with
few risk factors for GDMcould be considered for pancreatic autoantibody
testing during pregnancy or in the post-partum period.
Supported by: EFSD/AZ Mentorship
Disclosure: R.V. Scott: None.

911
Novel indices of glucose homeostasis derived from principal compo-
nents analysis: application for metabolic assessment in pregnancy
C.S. Göbl1, T. Stopp1, M. Feichtinger1, I. Rosicky1, G. Yerlikaya-
Schatten1, J. Ott1, H.C. Egarter1, C. Schatten1, W. Eppel1, P. Husslein1,
M. Mittlböck2, A. Tura3;
1Department of Obstetrics and Gynecology, Medical University of
Vienna, Vienna, Austria, 2Center of Medical Statistics, Informatics, and
Intelligent Systems, Medical University of Vienna, Vienna, Austria,
3Metabolic Unit, CNR Institute of Neuroscience, Padova, Italy.

Background and aims: This study aimed to assess the performance of
novel indices of glucose homeostasis derived from principal components
analysis (PCA) during pregnancy, which were previously developed in
postpartumwomenwith a history of gestational diabetes mellitus (GDM).
Materials and methods: In this prospective longitudinal study an oral
glucose tolerance test was performed in sixty-seven pregnant women at
two prepartum (12+0 to 22+6 and 24+0 to 28+6) and one postpartum (2
to 11 months) visit. Three principal component scores (PCS) were calcu-
lated based on measurements of glucose, insulin, C-peptide, age and BMI
to assess their association with fasting and dynamic indices of insulin
action and secretion, β-cell function and gestational diabetes status.

Results: PCS1 was positively associated with fasting and dynamic param-
eters of insulin sensitivity (composite index: r=0.93, p<0.001, OGIS: 0.78,
p<0.001; Figure 1A and 1B), whereas a strong negative association was
observed for early, late and total insulin response (Figure 1A and 1C).
PCS2 was associated with higher mean glucose but negatively related to
parameters of insulin secretion (Figure 1A and 1C). PCS3 was significantly
associated with fasting indices of insulin sensitivity. PCS1 to 3 assessed at
early pregnancywere associatedwith development of GDM,whereby PCS1
random forest analysis revealed the highest variable importance for PCS1 as
compared to traditional risk factors (age, family history of diabetes) and other
parameters of glucosemetabolism (e.g. fasting glucose,mean glucose during
theOGTT). PCS1 to 3were significantly related to the oral disposition index
explaining 49.0% of its variance.
Conclusion: PCS1 to 3 behaved similarly as compared to previous ob-
servations in non-pregnant women andwere associatedwith development
of GDM. These findings support our hypothesis that PCS1 to 3 could be
used as novel indices of glucose disposal and risk prediction during
pregnancy.

Supported by: Grant of the Austrian Association of Obstetrics and
Gynecology to CSG
Disclosure: C.S. Göbl: None.
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Serum fructosamine predicts macrosomia in well controlled
hyperglycaemic pregnant women
P. Poupon1, N. Foussard1, C. Helmer2, A. Cougnard-Gregoire2, C.
Delcourt2, M. Haissaguerre1, L. Baillet-BLanco1, L. Alexandre1, K.
Mohammedi1, V. Rigalleau1;
1Nutrition-Diabetology, CHU Bordeaux, Hospital Haut-Lévêque,
Bordeaux, 2ISPED Université Bordeaux, Bordeaux, France.

Background and aims: Glucose control reduces birth weight in the
offspring of mothers with Gestational Diabetes Mellitus (GDM), and
for women with pregestational diabetes, HbA1C <6% is necessary to
prevent macrosomia. Recent studies, however, still report high rates of
macrosomia, about 15% for GDM and up to 50% for type 1 diabetes. The
HbA1C is not the best parameters during pregnancy, some other param-
eters, such as glycated proteins, may be more relevant. The aim of the
study was to compare fructosamine and HbA1C on their relationship with
macrosomia.
Materials and methods: In this single-center study, we included consec-
utive pregnant women with pregestational or gestational diabetes mellitus
who were referred to the nutrition-diabetology unit of a university hospi-
tal during years 2013-2015, at 25±7 weeks of amenorrhea. The women
with GDM were managed by lifestyle intervention and medical nutrition
therapy, and advised to perform self-monitoring of blood glucose. Insulin
was introduced if the glycemic goals were not achieved.
Results: The 130 pregnant womenwere 33±5 years old, their BMI before
pregnancy were 27.7±6.6 kg/m2, and they gained 7.5±6.9 kg during the
first six months of gestation. Twenty women had diabetes before preg-
nancy and 110 GDM. Seventeen newborns had macrosomia, their mean
birth weights were 3900±227 g (92±5 ctile for gestational age) vs the
mean birth weight of non macrosomic newborns: 3057±512 (45±25 ctile
for gestational age) (p<0.001). The gestational age at birth (37±2 weeks)
did not differ between groups. Mothers of macrosomic newborns were
older, had a higher parity, but did not significantly differ for BMI or
gestational weight gain. HbA1C did not differ between groups (5.2±0.5
vs 5.3±0.2). The fructosamine levels were higher for mothers of large
babies (221±40 vs 192± 22 mcmol/L) (p<0.001). In logistic regression
analysis, the association between serum fructosamine and macrosomia
remained significant (OR=1.049; 95%IC: 1.013-1.091) after adjusting
for the maternal age, BMI, gestational weight gain and parity. The area
under the ROC curve was 0.726 (95%CI: 0.58-0.86), with a threshold at
fructosamine= 200 mcmol/L.
Conclusion: A maternal fructosamine level higher than 200 mcmol/L is
associated with macrosomia in the newborns of “well-controlled” preg-
nant women with diabetes according to HbA1c level. The relation be-
tween fructosamine and macrosomia kept significant after adjusting of
maternal age, BMI, gestational weight gain and parity. It could be a
helpful analysis to predict macrosomia in this population of pregnant
women with diabetes.
Disclosure: P. Poupon: None.

913
Associations between maternal insulin dose and capillary blood glu-
cose throughout pregnancy with perinatal outcomes in women with
type 1 diabetes
A. García-Patterson, A. Chico, M.J. Martínez, J.M. Adelantado, R.
Corcoy;
Hospital de la Santa Creu i Sant Pau, Barcelona, Spain.

Background and aims: Fetal growth is unquestionably associated with
maternal glycemic control during pregnancy whereas associations with

maternal insulin doses have also been described. The aim of this study
was to analyse the association of maternal insulin doses and glycemic
control during pregnancy with perinatal outcomes not related to
birthweight.
Materials andmethods:We studied a cohort of 472 women with Type 1
DM and singleton pregnancies attended in the Diabetes and Pregnancy
Clinic of the center. The dependent variables analyzed were pregnancy-
induced hypertension including preeclampsia (PIH), preterm birth,
intrapartum fetal distress, cesarean section (CS), 1st min Apgar <7. arterial
pH <7.20 and neonatal hypoglycaemia. Maternal mean self-monitored
blood glucose (MBG, mg/dl), HbA1c (%) and insulin doses (IU/kg/day)
in 1st, 2nd and 3rd trimesters (T) were addressed as potential independent
variables. Analyses were adjusted by maternal age, height, and
prepregnancy BMI, smoking habit, prior pregnancies, gestational age at
delivery, fetal sex and interaction between smoking habit x insulin dose.
Statistics: results are expressed as %, mean + SD or P50 (P25, P75)
according to data distribution; logistic regression analyses (backward
method); significance was set at a bilateral p<0.05. Only significant re-
sults for MBG and insulin doses are described.
Results:Maternal characteristics and perinatal outcomes were as follow:
age 30 (26; 33) years, height 161.5 ± 5.98 cm, BMI 23.1 (21.3; 25.5) Kg/
m2, smoking habit 24.0 %, prior pregnancies 53.7%, boys 50.3%, PIH
16.7%, preterm birth 22.6%, intrapartum fetal distress 3.2%, CS 60.7%,
1st min Apgar <7 10.5%, arterial pH <7.20 34.9%, neonatal hypoglyce-
mia 8.0%. Significant associations of maternal glucose and insulin doses
with perinatal outcomes are described in Table 1. 1st T MBG was posi-
tively associated with 1st min Apgar <7, 2nd TMBGwith CS and PIH and
3rd T MBG with preterm birth. Insulin dose in the 2nd T was positively
associated with preterm birth, arterial pH <7.20 and neonatal
hypoglycaemia, while 3rd T insulin dose displayed a negative relationship
with these variables. Similar associations were observed when HbA1c
was used for the analyses instead of MBG. Table 1. Significant associa-
tions of maternal glucose and insulin doses with perinatal outcomes
Conclusion: In this cohort of women with Type 1 DM, both maternal
insulin doses and glycemic control during pregnancy were independently
associated with perinatal outcomes. Higher 2nd T insulin doses were as-
sociated with higher risk of unfavorable outcomes and the contrary was
true for the 3rd trimester.

Disclosure: A. García-Patterson: None.

914
Increased free fatty acids, ketone bodies and fasting glucose after
nutritional lifestyle intervention in obese pregnant women: a second-
ary analysis of the DALI study
J. Harreiter1, D. Simmons2,3, G. Desoye4, R. Corcoy5, R. Devlieger6,
E.R. Mathiesen7, P. Damm7, D.M. Jensen8, F. Dunne9, A. Lapolla10,
M.G. Dalfra11, D. Hill12, M.N.M. van Poppel13, A. Kautzky-Willer1, on
behalf of the DALI Core Investigator group;
1Medical University Vienna, Vienna, Austria, 2Western Sydney
University, Sydney, Australia, 3Institute of Metabolic Science,
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Cambridge, UK, 4Medical University Graz, Graz, Austria, 5Institut de
Recerca de l´Hospital de la Santa Creu i Sant Pau, Barcelona, Spain,
6University Leuven, Leuven, Belgium, 7University of Copenhagen,
Copenhagen, Denmark, 8Odense University Hospital, Odense,
Denmark, 9National University of Ireland, Galway, Ireland, 10Universita
Degli Studi di Padova, Padova, Italy, 11Universitaria Pisana, Pisa, Italy,
12Recherche en Santé Lawson SA, St. Gallen, Switzerland, 13University
Graz, Graz, Austria.

Background and aims:Lifestyle approaches to prevent gestational diabetes
mellitus (GDM) among overweight/obese women have largely been unsuc-
cessful. However, little is known about the effects of lifestyle intervention on
lipid metabolism throughout pregnancy. In a secondary analysis we have
compared the impact of two different lifestyle interventions - healthy eating
([HE] aiming for limited gestational weight gain, fat and carbohydrate intake
or increased physical activity [PA] - on maternal lipid metabolism in a
multicentre randomized trial across 9 European countries.
Materials and methods: Pregnant women (n=436) with a BMI≥29 kg/m2

were included before 20 weeks gestation and underwent a 75g oral glucose
tolerance test with lipid profiling at baseline (<20 weeks), 24-28 and 35-37
weeks of gestation. A standardized intervention based on motivational
interviewing principles delivered by trained coaches was performed in five
face-to-face and up to four telephone coaching sessions. A 2x2 factorial
design approach was used with generation of two groups for factorial anal-
ysis: Factor 1-HE (n=221) vs noHE (n=215) and factor 2- PA (n=218) vs no
PA (n=218). Comparisons were made within factors, of triglycerides, LDL-
C,HDL-C, free fatty acids (FFA) 3-beta-hydroxybutyrate (3BHB) and leptin
from baseline to end of pregnancy and in cord blood, using general linear
model adjusting for several relevant parameters.
Results: In HE vs. no HE, FFA (mean±SD, 0.60±0.19 vs. 0.55
±0.17mmol/L, p<0.01) were increased, and GWG was decreased (3.3
±2.6 vs. 4.3±2.8kg, p<0.001) at 24-28 weeks gestation. In addition,
fasting glucose levels (4.7±0.4 vs. 4.6±0.4mmol/L, p<0.05) and 3BHB
(0.082±0·065 vs. 0.068±0.067mmol/L, p<0.05) were increased.
Significant reductions in fat intake and portion sizes at 24-28 weeks and
carbohydrate, sugary drink and fat intake and portion size at 35-37 weeks
of gestation in HE compared to no HE were found. Significant negative
associations between carbohydrate intake and free fatty acids, ketone
bodies and fasting glucose were observed. Elevated cord blood FFA
levels were found in HE (0.34±0.22 vs. 0.29±0.16mmol/L p=0.01).
Conclusion: We found substantial changes in lipid metabolism at 24-28
weeks of gestation, with increases in FFA in the HE lifestyle group. This
was associated with elevations in ketone bodies and fasting glucose levels
suggesting increased lipolysis.
Clinical Trial Registration Number: ISRCTN70595832
Supported by: EU FP7 no 242187
Disclosure: J. Harreiter: Grants; EU FP7.

915
Gestational diabetes modifies cord blood lipid profile across birth
weight categories
A. Megia1, F. Algaba-Chueca1, E. Maymó-Masip1, M. Ballesteros1, G.
Albert1, N. Amigó2, S. Näf1, S. Fernandez-Veledo1, J. Vendrell1;
1Hospital Universitari de Tarragona Joan XXIII. IISPV. Universitat
Rovira i Virgili, Tarragona, 2Biosfer. Teslab, SL. Metabolomics
Platform. Ciberdem, Reus, Spain.

Background and aims: Both gestational diabetes (GDM) and fetal
growth disorders have been associated with metabolic adaptations that
may affect cardiovascular conditions in adulthood. Abnormal lipid me-
tabolism has already been observed in GDM and small for gestational age
(SGA) neonates. However, enrichment of circulating lipid classes and
subclasses, as well as the sub-fraction particles and their size has been
scarcely explored. The aim of this study is to assess the impact of GDM in
cord blood lipid profile across birth weight categories.

Materials and methods: Case-control study involved 74 normal
Glucose tolerant (NGT) and 62 GDM pregnant women and their off-
spring. Methods: Cord blood was collected, and newborn were classified
according birth weight as SGA, adequate for gestational age (AGA) and
large for gestational age (LGA). Inclusion criteria: delivery at term, single
pregnancy, no other known disease. A complete anthropometric evalua-
tion, including skinfold measurements, was performed. Glucose, insulin
and standard lipid concentrations were measured in cord blood. The 2D
diffusion-ordered (1) H NMR spectroscopy data was further used for
lipoprotein profiling which provides information about the size, lipid
concentration (cholesterol and triglycerides), and number of particles
for the main classes of lipoproteins [very-low density lipoprotein
(VLDL), low-density lipoprotein (LDL), intermediate-density lipoprotein
(IDL) and high-density lipoprotein (HDL)], as well as the concentration
of particles in their subclasses (large, medium, small) (Liposcale test).
Statistical analyisis: Student T-test and Mann-Whitney as requiered, cor-
relation analysis, one-way and two-way anova test.
Results: Maternal age and pre-pregnancy BMI was similar in both
groups, whereas gestational weight gain was lower in the GDM group.
No differences were observed in gestational age at delivery, skinfold
measurements, placental weight and birth weight in both groups.
Skinfold measurements and cord blood insulin and C peptide concentra-
tions were positively correlated with LDL cholesterol content and LDL
large and small particles, whereas VLDL and IDL triglyceride content
and VLDL particles and their subclasses were negatively correlated. In
addition, the size, lipid content, number of particles or the concentration
of particles in their subclasses between offspring born to GDM and NGT
women were similar; across different birth weight categories, LDL and
HDL cholesterol content and the concentrations of particles in their sub-
classes showed a similar trend in NGTand GDM offspring. However, we
observed an interaction between GDM and birth categories in IDL cho-
lesterol content, IDL and LDL triglyceride content and the number of
medium VLDL and LDL particles, showing a different behavior of cord
blood VLDL and LDL triglycerides and cholesterol content in AGA
neonates from GDM compared to NGT mothers, who showed higher
number of particles and lipoprotein concentrations.
Conclusion: GDM disturbs triglyceride and cholesterol lipoprotein con-
centrations across birth categories, with AGA neonates born to GDM
mothers showing a profile more similar to adults with dyslipidemia and
atherosclerosis than those born to NGTwomen.
Supported by: Spanish Ministry of Economy and co-financed ERDF: PI
15/01562; PI 18/0560
Disclosure: A. Megia: Grants; FIS PI15/01562; PI18/00516.

916
The relationship between low carbohydrate diet and pregnancy out-
comes in women with pre-gestational diabetes: a historical prospec-
tive study
R. Shalit1, N. Dayan2, R. Yoeli-Ullman2, T. Cukierman-Yaffe1,3;
1Endocrinology Department, Sheba Medical Center Hospital-Tel
Hashomer, Ramat Gan, 2Obstetrics and Gynecology Department, Sheba
Medical Center Hospital-Tel Hashomer, Ramat Gan, 3Epidemiology
Department, Sackler School of Medicine, Tel-Aviv, Israel.

Background and aims: Pregnancy profoundly affects the manage-
ment of pre-gestational diabetes and requires more intensive medical
and nutritional therapy. The ADA recommends that women with pre-
gestational diabetes consume at least 175 g of carbohydrates per day.
However, this relatively high amount of carbohydrates increases the
amount of required insulin and makes glucose control more
challenging.
Materials andmethods: This was a historical prospective study unifying
data from hospital records with glucose values collected through the
Medtronic CareLink® pro software (Medtronic MiniMed, Northridge,
CA). The study included consecutive women with pre-gestational
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T1DMand T2DM that weremonitored before and/or during pregnancy at
the high-risk pregnancy clinic. Data regarding pregnancies and neonates
outcomes were available from 2010-2018. The relationship between re-
ported carbohydrate consumption (dichotomized into ><120 g per day)
and a composite of adverse neonatal outcome (severe hypoglycemia,
IUGR, neonatal malformation, RDS, Transitory Tachypnea, IUFD,
shoulder dystocia, need for phototherapy, LGA) and adverse pregnancy
outcomes (caesarian delivery, preeclampsia, HELLP syndrome, gesta-
tional hypertension) as well as other maternal parameters including severe
maternal hypoglycemia, maternal DKA, total daily insulin requirements (
dichotomized into ><45 units of insulin per day) and birth weight were
assessed. The composite variables were assessed using logistic regression
after adjustment for potential confounders.
Results: This analysis pertains to 145 consecutive deliveries; in which 25
women (17.2%) reported an average consumption of carbohydrate
<120 g per day. After adjustment for possible confounders there was no
statistically significant association between carbohydrate consumption
<120g and 1: Adverse neonatal outcome OR 0.95 (95%CI 0.39-2.31,
P=0.91) or its components; 2: Adverse pregnancy outcomes OR 1.30
(95%CI 0.48-3.52, P= 0.6) or its components. Those who reported con-
sumption of <120 g per day were ~ 60% less likely to consumemore than
a total daily dose of 45 U of insulin per day OR 0.41 (95%CI 0.17-0.99,
P= 0.048). Mean birth weight was 3279±531 g in the >=120 g group and
3083±519 in the < 120 g group P= 0.009.
Conclusion: In women with pre-gestational diabetes a reported carbohy-
drate consumption of <120 gram per day was not associated with adverse
pregnancy or neonatal outcomes, notably a significantly lower percentage
of patients required more than 45 units of insulin TDD. A tendency
towards lower birth weight in the low carbohydrate consumption group
has been shown but did not reach statistical significance. We did not
observe any incident DKA or fatality among either mothers or neonates
of our study cohort.

Disclosure: R. Shalit: None.

917
Triglyceride and glucose (TyG) index at mid-pregnancy is an effec-
tive predictor of large for gestational age newborns in women with
gestational diabetes
K.-S. Kim, S.-K. Kim, S. Park, Y.-W. Cho;
CHA University, Seongnam, Republic of Korea.

Background and aims: Maternal insulin resistance may links triglycer-
ide (TG) levels and fetal growth in women with gestational diabetes
mellitus (GDM). Because large for gestational age (LGA) newborns have
increased risk of perinatal morbidity and metabolic disorder, it is very
important to predict LGA during pregnancy. Triglyceride and glucose
(TyG) index is a useful marker of insulin resistance but there are few
studies about association between TyG index and LGA newborns in

women with GDM. The aim of this study was to investigate the ability
of TyG index at mid-pregnancy to identify LGA newborns through com-
paring with triglyceride to high-density lipoprotein cholesterol ratio (TG/
HDL-C) in women with GDM.
Materials and methods:We enrolled 1,062 pregnant women diagnosed
with GDM fromDecember 2005 to June 2017. GDMwas diagnosed by a
‘two-step’ approach with Carpenter and Coustan criteria. Anthropometric
assessments and laboratory tests were performed during 24-32 gestational
weeks. The TyG index was calculated as the Ln[fasting TG (mg/dL) x
fasting plasma glucose (mg/dL)/2].
Results: Mean age was 33.2 years and mean pre-pregnancy body mass
index was 22.4 kg/m2. The prevalence of LGAwas 6.9 % (n = 73). TyG
index was significantly higher in mothers of LGA newborns compared
with those of non-LGA newborns (9.32 vs. 9.26, P = 0.019), but TG and
TG/HDL-C were not different between two groups. TyG index tended to
positively correlated with birthweight but it is not statistically significant.
After adjustment for maternal age, prepregnancy body mass index, and
fasting plasma glucose, the highest tertile of TyG index was two times
(95% CI 1.04 - 4.17) more likely to have LGA newborns than the lowest
tertile. However, there was no difference between the groups according to
TG/HDL-C tertiles.
Conclusion: TyG index is effective to identify women with GDM at risk
for LGA newborns.
Disclosure: K. Kim: None.

918
Gestational weight gain but not gestational diabetes associate with
altered heart rate variability in 2 year old children
L. Fritsche1,2, J. Hartkopf1,2, J. Hummel1,2, C. Dannecker1,2, R.
Wagner1,3, M. Heni1,3, H.-U. Häring1,3, H. Preissl1,2, A. Fritsche1,3;
1Institute for Diabetes Research andMetabolic Diseases of the Helmholtz
Center Munich at the University of Tübingen, Tuebingen, 2German
Center for Diabetes Research, Neuherberg, 3Internal Medicine, Divi. of
Endocrinology, Diabetology, Angiology, Nephrology and Clinical
Chemistry, University Hospital Tuebingen, Tuebingen, Germany.

Background and aims: Themeasurement of heart rate variability (HRV)
is used to assess the activity of the autonomous nervous system. A de-
creased HRV and an increased heart rate have been shown to associate
with glucose intolerance and diabetes. In our previous work we showed
that the fetal HRVof the unborn child is influenced by gestational diabetes
(GDM) of the mother. We have now examined whether this association is
also present in 2 year old children that have been exposed to GDM in
utero.
Materials andmethods:We examined the offspring of mothers who had
a 5-point 75-g oral glucose tolerance test during pregnancy. To assess
HRV, a 10 minute ECG (BIOPAC MP30, BIOPAC Systems Inc) was
recorded. We analyzed time domain (beats per minute (BPM), Root
Mean Square of successive differences (rMSSD)) and frequency domain
parameters (low frequency (LF), high frequency (HF) and LF/HF) of
HRV with KUBIOS HRV (version 2.2). All variables were tested for
normal distribution using Shapiro Wilk test and log-transformed if nec-
essary. Group differences (GDM vs control) were tested with T-test and
continuous variables were analyzed with linear regression.
Results:We examined 59 children (31 girls, 28 boys, age 25.3±1.7months).
During pregnancy 27mothers hadGDMwithout insulin therapy, whichwas
treated according to international guidelines. Children from the GDM group
were taller (length for age z-score corrected for sex p=0.024) but BMI z-
score was not different. We were able to record ECGs with sufficient quality
from 44 children. There was no difference in any of the examined HRV
parameters between children of mothers with GDM and controls. However
we observed a correlation with gestational weight gain (GWG). An in-
creased GWG associated with a lower heart rate in the (p=0.03, adjusted
for sex). In addition, higher GWGwas associated with a lower LF/HF ratio
and a higher rMSSD (both p=0.01, adjusted for sex).

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S447



Conclusion: GWG is associated with heart rate variability features that
indicate an activation of the parasympathetic nervous system in 2 year old
children. The absence of a correlation with maternal metabolism could be
explained by successful treatment of women with GDM. Further studies
are needed to examine how a GWG above or below the recommendations
affects HRVand if the observed differences persist in the offspring.
Supported by: BMBF, DDS
Disclosure: L. Fritsche: Grants; German Diabetes Foundation 380/02/16.

919
In vitro myoinositol exposure reduces inflammation in human um-
bilical vein endothelial cells exposed in vivo to chronic
hyperglycaemia
G. Formoso1, P. Di Tomo1, M.P.A. Baldassarre1, P. Lanuti1, N. Di
Pietro1, G. Bologna1, A. Pandolfi2, A. Consoli1;
1Department of Medicine and Aging Sciences, Aging Research Center
and Translational Medicine CeSI-MeT, "G. d'Annunzio" University,
Chieti, 2Department of Medical, Oral and Biotechnological Sciences,
Aging Research Center and Translational Medicine CeSI-MeT, "G.
d'Annunzio" University, Chieti, Italy.

Background and aims: Recent studies indicate that Myoinositol im-
proves insulin resistance and glucose metabolism alterations. These both
associate with inflammation and oxidative stress and subtend vascular
damage in diabetic patients as well as in women affected by Polycystic
Ovary Syndrome. Human Umbilical Vein Endothelial Cells (HUVECs)
obtained from women affected by gestational diabetes (GD-HUVECs)
exhibit pro-atherogenic features even after several in vitro passages at
physiological glucose concentration. Thus, aim of this study was to ex-
plore, in this cellular model, the potential anti-inflammatory/antioxidant
effects of Myoinositol (Myo), as compared to those of a known antioxi-
dant molecule such as α-Lipoic Acid (LA).
Materials and methods: After 48 hours pre-incubation with Myo 0.1, 0.5
and 1 mM (doses resulted not toxic for the cells) or LA (0.1-0.2 mM), GD-
HUVECs as well as control cells (C-HUVECs) were exposed to Tumor
Necrosis Factor-α (TNF-α, 1 ng/ml) for 16 hours. We than determined
monocyte cells adhesion and adhesion molecules membrane exposure (flow
cytometry), oxidative stress levels (intracellular levels of peroxynitrite,
ONOO--, detected by using the HKGreen-4A probe in flow cytometry)
and EMV release, a marker of endothelial damage (flow cytometry). Data
are the results of more than 3 different experiments on 3 different C- and
GD-HUVECs explants. Statistical analyses were performed by applying
Student’s t-test and one-way analysis of variance (ANOVA) followed by
Bonferroni multiple comparison test for post hoc comparisons. P values
lesser or equal to 0.05 were considered statistically significant.
Results: Pre-treatment with Myo 1 mM or LA 0.2 mM significantly
reduced monocytes adhesion in GD-HUVECs (P<0.05). Myo or LA
treatment determined also a significant reduction in VCAM-1 and
ICAM-1 membrane exposure induced by TNF-α (P<0.05) in both C-
and GD-HUVECs. Moreover, oxidative stress levels as well as EMV
release in the colture media were significantly decreased in both cell
models by Myo 1 mM or LA 0.2 mM (P<0.05).
Conclusion: In human endothelial cells, pre-treatment with Myo im-
proves oxidative stress levels and inflammation induced by TNF-α.
This, in turn, improves the endothelial stress/damage as evidenced by a
lesser release of EMV in the colture media. These data suggest that Myo
could exerts protective actions against chronic inflammation induced en-
dothelial dysfunction in diabetes.
Disclosure: G. Formoso: None.
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Type 2 diabetes genetic risk variants and gestational diabetes
L. Pacal1, B. Bednáriková1, B. Barátová1, V. Bartáková1, K. Chalásová1,
P. Janků2, K. Kaňková1;
1Department of Pathophysiology, Masaryk University, Brno,
2Department of Obstetrics and Gynaecology, University Hospital Brno,
Brno, Czech Republic.

Background and aims: Gestational diabetes (GDM) is defined as any
degree of glucose intolerance first diagnosed in pregnancy. Glucose intoler-
ance usually disappears after delivery, however GDM increases the risk of
developing type 2 diabetes (T2DM) in future life. Considering similar
etiopathogenesis of GDM and T2DM (decrease of insulin sensitivity as a
common pattern) we can assume shared genetic risk factors. In the present
study we focused on selected SNPs associated with T2DM in genome-wide
association studies (GWAS). The aim was to compare genotype and allele
frequencies of 14 SNPs (genetic variants in the following loci: FTO, JAZF1,
MAEA, CDKN2A/B, TLE4, TP53INP1, KCNQ1, ARAP1, NOTCH2,
PPARG, WFS1, SLC30A8, KCNJ11, MTNR1B) between healthy women
and women with GDM. Weighted genetic risk score (GRS) was calculated
to study risk variants as a quantitative trait. We also studied relationship
between SNPs and selected clinical phenotypes such as BMI, insulin therapy
and peripartal risk caused by GDM according to the Czech Gynaecological
and Obstetrical Society (CGOS) criteria.
Materials and methods: A case-control study included 269 women, 209
had GDM and 60 had normal pregnancy. GDM diagnosis was based on the
result of routine mid-gestational GDM screening using oral glucose toler-
ance test (oGTT) with 75 g of glucose between 24-28th week of pregnancy.
Genetic variants were selected from established GRS composed of 65 SNPs
that is associated with 3-times higher risk of T2DM. All selected SNPs had
OR > 1.1 in the original study. Detection of SNPs was performed by quan-
titative PCR based methodology (TaqMan Genotyping Assays).
Results: Comparison of allele and genotype frequencies of selected
polymorphisms between women with and without GDM showed
significant difference in FTO variant rs9936385 (allele frequency,
P = 0.024 and genotype frequency, P = 0.054). The difference was
also confirmed in comparison of women with BMI lower and
higher than 25 kg/m2 (genotype frequency, P = 0.00249; allele
frequency, P = 0.02). Another significant difference was shown
in genotype frequencies of JAZF1 polymorphism rs849135 within
GDM group between insulin-treated and non-insulin-treated wom-
en (P = 0.036). Genotype frequencies of JAZF1 rs849135 and
allele and genotype frequencies of CDKAL1 rs7756992 differed
between women with low and a high risk according to the
CGOS criteria (P = 0.037; 0.0211 and 0.012). GRS did not differ
between women with and without GDM.
Conclusion: Founded association of FTO gene with GDM is in agree-
ment with results of previous association studies including GWAS, which
linked FTO gene to obesity. It confirms that obesity is a major driver of
GDM development. JAF1 variant is usually linked to insulin secretion
and in our study, it was associated with insulin therapy requirement.
Supported by: Czech Health Research Council NV18-01-00046
Disclosure: L. Pacal: None.

921
Ηigher risk of gestational diabetes in singleton pregnancies achieved
by assisted reproduction techniques comparedwith spontaneous con-
ceptions: a meta-analysis
P. Anagnostis, J. Bosdou, D.G. Goulis, G. Lainas, B.C. Tarlatzis, G.
Grimbizis, E.M. Kolibianakis;
Unit for Human Reproduction, 1st Department of Obstetrics and
Gynaecology, Medical School, Aristotle University of Thessaloniki,
Thessaloniki, Greece.
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Background and aims: Pregnancies achieved by assisted reproduc-
tion techniques (ART) have been associated with increased risk of
obstetric and perinatal complications, such as pre-eclampsia, pla-
cental anomalies, preterm birth and increased caesarean sections,
compared with pregnancies achieved by spontaneous conception.
However, inconsistency exists regarding the association between
ART and the risk of gestational diabetes mellitus (GDM). The
aim of this study was to systematically review and meta-analyze
the best available evidence as to whether singleton pregnancies
achieved by ART exert a higher risk of GDM compared with sin-
gleton pregnanciesachieved by spontaneous conception.
Materials and methods: A comprehensive search was conducted in
PubMed, CENTRAL and Scopus, from inception up to January
31st, 2019. Matched and unmatched case-control studies compar-
ing the risk of GDM in singleton pregnancies achieved by ART
and spontaneous conception were included. Studies were excluded
if pregnancies were achieved by ovulation induction or intrauter-
ine insemination. Results were reported as risk ratio (RR) with
95% confidence interval (CI). Heterogeneity was quantified with
the I2 index.
Results: Twenty-nine studies (14 matched, 15 unmatched), pub-
lished between 1995 and 2017, were eligible, yielding a total of
1,086,740 women. A diagnosis of GDM was made in 2,855 out of
35,300 women who underwent ART and in 57,449 out of
1,051,440 women who became pregnant spontaneously. The ART
method was in vitro fertilization (IVF) and intracytoplasmic sperm
injection (ICSI) (n=22), IVF only (n=4) and ICSI only (n=3).
Maternal age, parity and ethnic origin were used to match ART
and spontaneous conception groups. Singleton pregnancies
achieved by ART were associated with a higher risk of GDM
compared with spontaneous conceptions [RR 1.59, 95% CI 1.40
to 1.79; I2 76% (random effects model)]. A sensitivity analysis was
performed using only the matched studies (n=14), without chang-
ing the direction or the magnitude of the effect [RR 1.69, 95% CI
1.50 to 1.91; I2 18.4% (fixed effects model)].
Conclusion: Singleton pregnancies achieved by ART are associated
with a higher risk of GDM compared with singleton pregnancies
achieved by spontaneous conception. Whether this risk is attributed
to the underlying infertility status of the couples undergoing ART
as compared with those who conceive spontaneously, needs to be
further elucidated.
Disclosure: P. Anagnostis: None.

922
Vitamin B12 deficiency is associated with higher risk of gestational
diabetes: a systematic review and meta-analysis
E. Kouroglou1, P. Anagnostis2, A. Daponte3, A. Bargiota4;
1First Internal Medicine Department, General Hospital of Volos, Volos,
2Unit of Reproductive Endocrinology, First Department of Aristotle
University of Thessaloniki, Thessaloniki, 3Department of Obstetrics and
Gynaecology, Faculty of Medicine, School of Health Sciences,
University of Thessaly, Larissa, 4Department of Endocrinology and
Metabolic Diseases, Faculty of Medicine, School of Health Sciences,
University of Thessaly, Larissa, Greece.

Background and aims: Gestational diabetes mellitus (GDM) has
been associated with serious complications for both the pregnant
woman and the newborn. Vitamin B12 deficiency has been asso-
ciated with various metabolic abnormalities, such as hyperhomo-
cysteinemia, and defective synthesis of neurotransmitters and fatty
acids. However, inconsistency exists with regard to the association

between vitamin B12 deficiency and the risk of GDM. The pur-
pose of this study was to systematically investigate and meta-
analyze the existing evidence that for such an association.
Materials and methods: A comprehensive research was conducted
in PubMed, Scopus and Cochrane Central Register of Controlled
Trials up to November 30th, 2018. Data are expressed as odds ratio
(OR) with 95% confidence intervals (CI). The I2 index was
employed for heterogeneity.
Results: Initial search retrieved 122 studies, six of which (including
1,810 pregnant women and 309 GDM cases) fulfilled eligibility criteria
for qualitative and two studies for quantitative analysis. In five studies
providing data on vitamin B12 concentrations for both groups, women
with GDMhad lower vitamin B12 levels when comparedwith non-GDM
women. Women with vitamin B12 deficiency were at higher risk for
developing GDM when compared with those who were vitamin B12
sufficient: OR 1.81 (95%CI, 1.25-2.63, I2: 0%). Due to the small number
of studies, the role of potential confounders could not be safely estimated.
Conclusion: Vitamin B12 deficiency seems to be associated with in-
creased risk of GDM. The pathogenetic mechanisms for this association
need to be clarified in future studies.
Disclosure: E. Kouroglou: None.

923
Air pollution and gestational diabetes: accumulated evidence from
observational studies
J. Zhou1,2, X.-Y. Tang3, F.-Q. Luo3, Y.-P. Han3, L. Qi2;
1Endocrinology, Beijing Tongren Hospital, Capital Medical University,
Beijing, China, 2Epidemiology, School of Public Health and Tropical
Medicine, Tulane University, New Orleans, USA, 3Beijing Tongren
Hospital, Capital Medical University, Beijing, China.

Background and aims: Exposure to different air pollutant has been
linked to type 2 diabetes mellitus, but evidence of the association between
air pollutant and gestational diabetes mellitus (GDM) has not been sys-
tematically evaluated.
Materials and methods: Relevant studies were systematically retrieved
from PubMed, Embase and the Cochrane Library. Stratified analyses and
regression analyses were performed.
Results: Eleven studies were analyzed, including 9 cross- sectional
studies, 1 case-control study, and 1 Longitudinal study. There were
105,1208 individuals in this research. Increasing exposure to par-
ticulate matter ≤ 2.5 μm in diameter (PM2.5) was associated with
the increasing risk of GDM (adjusted odd ratios (OR) 1.07 (95%
CI: 1.02-1.12)(Fig ). Subgroup Analysis showed the positive asso-
ciation also (combined OR in first trimester, 1.07 (95%CI: 1.00-
1.15); OR in second trimester, 1.07 (95% CI: 1.00-1.14)). The
corresponding ORs associated with exposure were 1.08 (95%CI:
1.01-1.16) for ozone (O3), and 1.20 (95%CI: 1.04-1.40) for sulfur
dioxide (SO2). Increased exposure to nitrogen dioxide (NO2) was
associated with the decreased risk of GDM(OR=0.92 (95%CI:
0.87-0.98)). There was no significant association between exposure
to black carbon (BC) and GDM.
Conclusion: Existing evidence demonstrated association of expo-
sures to PM2.5, O3, SO2 and the increasing risk of GDM, inverse
association between exposures to NO2 and the increasing risk of
GDM. Cautious explain should be given because of the limited
studies.
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Supported by: the National Science Foundation Council of China (No.
81870556, 81670738)
Disclosure: J. Zhou:Grants; the National Science Foundation Council of
China (No. 81870556, 81670738), Beijing Municipal Administration of
Hospital`s Youth Programme (QML20170204), Excellent Talents in
Dongcheng District of Beijing.

924
Risk of gestational diabetes inmigrants as compared to non-migrants
in Italy: a retrospective cohort study
C. Lencioni1, E. Gualdani2, E. Lacaria1, E. Corsi1, P. Francesconi2, G. Di
Cianni1, G. Seghieri2;
1Local Health Unit North-West Tuscany, Livorno and Lucca Hospitals,
Livorno and Lucca, 2Epidemiology, Regional Health Agency of Tuscany,
Firenze, Italy.

Background and aims: Migrant women who are coming in Italy from
high migration pressure countries (HMPC), are characterized by a higher
natality rate and a higher risk of diabetes compared to Italians. In the light
of these two premises this retrospective cohort study was aimed at eval-
uating whether the annual rate of gestational diabetes mellitus (GDM) as
well as the burden of related neonatal complications were higher among
migrant women compared to Italian mothers.
Materials and methods: This study included all live births in the period
2102-2017 fromwomen, aged 15-45 years and resident in Tuscany (Italy)
on 1stJanuary 2012. Deliveries were identified by the certificates of care at
delivery (CEDAP). By using regional administrative database, GDMwas
identified by an algorithm based on the adherence to at least one among
following criteria: a) insulin prescription during pregnancy, stopped after
delivery, b) at least one documented visit by a diabetologist or inclusion
into an educational program for patients with diabetes, c) OGTT per-
formed by six months after delivery, d) GDM diagnosis by hospital dis-
charge with ICD-9-code 648.8. Validation of GDM diagnosis has been
previously done crossing data with those of unselected pregnancies
whose GDM status was diagnosed after an OGTT evaluated using
IADSPG criteria.

Results: 20,041 (16,36%) live births out of 122,527 were from HMPC
mothers. GDM rate was significantly higher in HMPC mothers than in
Italian women (14.31% vs 10.93; p<0.0001). The rate of insulin treated
GDM was higher among migrant women (5.64%) than among Italians
(3.57%); p<0.0001. After adjusting for age, year of delivery,
pregestational BMI, parity, gestational age at delivery and neonatal sex,
the rate of non-insulin treated GDM was significantly higher among
migrant women compared to Italian mothers (OR 1.461; 95% CI 1.377-
1.551; p<0.0001). Instead the risk for insulin-treated GDM was as much
as two times higher: OR: 2.162 (2.003-2.334;p<0,0001). Moreover mi-
grant women compared to Italians had a higher risk of macrosomia:
OR:1.387 (1.288-1.495; p<0,01), cesarean section: OR:1.113 (1.066-
1.162; p<0.0001) and Apgar score <8: OR: 1.098 (1.004-1.201; p<0.04).
Conclusion: In Tuscany (Italy) mothers from HMPC are burdened by a
significantly higher risk of GDM (especially of GDM needing insulin
treatment) compared to Italians. Moreover their deliveries are more often
complicated by fetal macrosomia, neonatal distress and cesarean section.
We can speculate that, other than ethnic/genetic features, other factors
driving the excess of risk for fetal-maternal complications of women from
HMPC, could be also linked to linguistic/social barriers that prevent the
health care system from giving them the best care.
Disclosure: C. Lencioni: None.

925
First trimester fasting glycaemia as a predictor of gestational diabe-
tes and adverse pregnancy outcomes
G. Sesmilo1, P. Prats2, S. García2, I. Rodríguez2, B. Serra2;
1Endocrinology and Obstetrics/gynecology, Hospital Universitari
Dexeus, Barcelona, 2Obstetrics/Gynecology and Reproductive health,
Hospital Universitari Dexeus, Barcelona, Spain.

Background and aims: Intervention studies to prevent gestational dia-
betes (GDM) have shown the best results when lifestyle measures have
been applied early in pregnancy. We aimed to investigate whether first
trimester fasting plasma glucose (FPG) could predict the risk of GDMand
if first trimester FPG -in patients who did not have GDM-, was related to
maternal and fetal adverse pregnancy outcomes.
Materials and methods: A retrospective analysis of prospective collected
data from singleton pregnancies attended at our University Hospital between
2008 and 2017 (n=6845). We included patients who had a recorded first
trimester FPG and complete pregnancy data. Patients under 18 years, with
pregestational diabetes or who had undergone reproductive techniques were
excluded. FPG was evaluated in the first trimester (before the 12th gesta-
tional week -GW-). For analysis purposes, glucose was treated as a contin-
uous variable and was also divided in quartiles. GDM was diagnosed by
NDDG criteria. The relationship between 1st trimester glucose and risk of
glucose >92mg/dL (IADPSGbaseline glucose criteria for diabetes)was also
investigated. To study the relationship between FPG and pregnancy out-
comes, patients who had GDMwere excluded from data analysis (n exclud-
ing GDM= 6150). Outcomes included: caesarean delivery, gestational hy-
pertensive disorders (GHD), large for gestational age (LGA), small for ges-
tational age (SGA), macrosomia, prematurity (<37 GW), severe prematurity
(<34 GW) and APGAR at 1 minute <7.
Results: Maternal age was 34.2 ± 3.9 years, BMI at first antenatal visit
was 23.1±3.7 kg/m2 andmean FPGwas 83±7.3mg/dL. Glucose quartiles
were: Q1:≤ 78, Q2:79-83, Q3: 84-87 and Q4: ≥88 mg/dL. First trimester
FPG predicted the risk of GDM by NDDG criteria (prevalence of GDM
in each quartile was: 7, 8, 10.2 and 16% respectively, p<0.001) and the
risk of glucose >92mg/dL in the second trimester -OR for Q3= 2.57 (95%
CI 1.65-4.3) and OR for Q4= 4.9 (95% CI 3.3-7.3)-. First trimester FPG
correlated with second trimester FPG (r= 0.332, p<0.001). FPG in pa-
tients who did not have GDM, both as a continuous variable and divided
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in quartiles, was significantly associated with LGA (prevalence of LGA
in each quartile: 8.2, 9.3, 10 and 11.7%, p=0.011 ) but was not associated
with any other pregnancy outcome. In a multivariate analysis including
age, BMI, tobacco use, number of pregnancies and weight gained during
pregnancy, first trimester FPG was an independent predictor of LGAwith
an OR: 12.5 (95% CI: 2.2-69.1) and GDM (OR for Q4=1,85, 95% CI=
1.29-2.57). BMI and age were independently related to GDM risk and
LGA. Number of pregnancies, weight gain in pregnancy and tobacco
were independently associated with LGA.
Conclusion:We found an association between first trimester FPG levels
and risk of GDMby NDDG criteria and risk of 2nd trimester FPG>92mg/
dL. First Trimester FPG in patients who did not have GDM, was inde-
pendently associated with LGA risk, but not with other adverse maternal
and neonatal outcomes. First trimester FPG is an early marker of adverse
pregnancy outcomes.
Disclosure: G. Sesmilo: None.

926
Foetal abdominal overgrowth is already present at 20-24 weeks' ges-
tation earlier than the time of gestational diabetes diagnosis
Y. Kim1, W. Kim1, S. Park2;
1Endocrinology and Metabolism, CHA Gangnam Medical Center, CHA
University, Seoul, Republic of Korea, 2Epidemiology, The Johns
Hopkins Bloomberg School of Public Health, Baltimore, USA.

Background and aims: We previously reported fetal abdominal over-
growth was detected at the time of GDM diagnosis at 24-28 weeks’
gestation especially in old and/or obese women, and was persistent until
delivery despite appropriate GDM management. In this study, we inves-
tigated whether fetal abdominal overgrowth is already present at 20-24
weeks’ gestation more than 4 weeks earlier than the time of GDM screen-
ing and diagnosis.
Materials and methods: Medical records of 1992 singleton pregnancy
including 384 GDM were reviewed. GDM and NGT (normal glucose
tolerance) were diagnosed by 50-g glucose screening test (GST) and
100-g OGTT according to ADA criteria. Serial data of fetal biometry
performed more than 4 weeks earlier than 50-g GST, at 50-g GST, and
near term were collected. Three sets of fetal ultrasonographic measure-
ments of biparietal diameter (BPD), abdominal circumference(AC), and
femur length(FL) were converted to each estimated gestational ages(GA-
BPD, GA-AC, GA-FL) and estimated fetal weights (EFW) were calcu-
lated by Shinozuka’s formula. Three sets of ratio of GA-AC/GA-LMP
(gestational age by last menstrual period), GA-AC/GA-BPD, and GA-
AC/GA-FL were calculated as indices for fetal abdominal overgrowth
(FAOI). Fetal growth status at more than 4 weeks earlier than 50-g GST
was compared between GDM and NGT. Correlations of FAOIs at more
than 4 weeks earlier than 50-g GST with FAOIs at 50-g GST and near
term, and with maternal age and body mass index (BMI) were
investigated.
Results: 1) FAOIs at 22 weeks’ gestation in GDM fetus were already
significantly increased compared with NGT fetus (GA-AC/GA-LMP:
1.03±0.04 vs. 1.02±0.04, p<0.0001, GA-AC/GA-FL: 1.03±0.04 vs.
1.02±0.04, p<0.0001, GA-AC/GA-BPD: 1.02±0.04 vs. 1.01±0.04,
p<0.0001). 2) FAOIs measured both at the time of 50-g GST (26 weeks’
gestation) and near term (35 weeks’ gestation) in GDM fetus were sig-
nificantly higher than those of NGT fetus. 3) FAOIs at 22 weeks’ gesta-
tion showed significant positive correlation with FAOIs at 50-g GST and
near term (p<0.0001). 4) FAOIs at 22 weeks’ gestation showed signifi-
cant positive correlation with maternal age, pre-pregnancy BMI, and BMI
at 50-g GST.
Conclusion: Fetus of GDM mothers already showed fetal abdominal
overgrowth at 20-24 weeks’ gestation more than 4 weeks earlier than
diagnosis of GDM in the old and/or obese women. These findings suggest
that early diagnosis and active interventions of GDM before or early in

pregnancy might be necessary to prevent metabolic derangements espe-
cially in the elderly and/or obese women.
Disclosure: Y. Kim: None.

927
Contextual and individual social disadvantage among women with
hyperglycaemia first-diagnosed during pregnancy: data from
769,576 women who delivered in France in 2015
E. Cosson1, E. Moutengou2, S. Fosse2, Y. Barry2, C. Billonniet3, A.
Weill3, J.-J. Altman4, A. Vambergue5, N. Regnault2;
1AP-HP, Bobigny, 2Santé Publique France, French National Public
Health Agency, St Maurice, 3General Health Insurance Scheme, Paris,
4AP-HP, Paris, 5CHRU, Lille, France.

Background and aims: Some studies suggest that hyperglycemia first-
diagnosed during pregnancy (HGP) is more prevalent in case of socio-
economic disadvantage. In addition, vulnerable women may have a
poorer materno-fetal prognosis. Our goal was to study whether the impact
of social deprivation on perinatal outcomes was modified by the presence
of HGP or not.
Materials and methods: We selected all deliveries after 22 weeks of
gestation in France in 2015 from the French National Health Data
System (SNDS) and linked mothers to the child maternity records
(91.8% linked). HGP was identified using data on reimbursements for
self-monitoring of blood glucose, insulin therapy during pregnancy and
hospital diagnoses. Perinatal events were identified using ICD-10 codes
recorded at birth. The SNDS database also includes a social disadvantage
index of the town of residence (FDep) expressed in quintiles (Q1: least
deprived, Q5: most deprived) and an individual proxy of deprivation
(benefit from the complementary universal medical cover). We used
Poisson regressions with robust variance to evaluate whether the risk of
perinatal events according to social deprivation status differed when
women had HGP or not. The risk estimate for each perinatal outcome
was adjusted on potential confounders, in particular maternal age, and
gestational age when appropriate.
Results: The prevalence of HGP was 10.4% in the 769,576 included
women. HGP was more frequent among deprived women (FDep in quin-
tiles, from Q1 the least disadvantaged to Q5 the most disadvantaged, Q5:
12.2% vs Q1: 9.4%) as well as insulin therapy (Q5: 32% vs Q1: 28%) and
hospitalizations >1 day (Q5: 21% vs Q1: 17%). Preeclampsia, caesarean
section, macrosomia, neonatal hypoglycemia, stay in a neonatal resusci-
tation unit and mortality were also more frequent among deprived wom-
en. The role of deprivation on prognosis wasmore marked in case of HGP
for pre-eclampsia (Q5vsQ1 if HGP: + 16%, without HGP: + 9%), cesar-
ean section (Q5vsQ1 if HGP: + 7%, without HGP + 4%) andmacrosomia
(Q5vsQ1 if HGP: + 25%, without HGP + 9%). The results were globally
similar using the individual index of deprivation.
Conclusion: HGP is more frequent among deprived women and needs a
heavier diabetological care. In addition, social deprivation is associated
with a worse perinatal prognosis, all the more when women have HGP.
Thus, among women with HGP, the unfavorable socio-economic context
appears to be a predictor of a less favorable maternal-fetal prognosis.
Disclosure: E. Cosson: None.
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928
Dramatic reduction of costs with Diabgest, a telehealth platform for
gestational diabetes
J.-J.A. Altman, F.-X. Sallée;
HEGP, PARIS, France.

Background and aims: More systematic detection of gestational
diabetes(GDM) and its treatment could lead to an increase of costs. In
this field, telehealth has already proven to improve materno-fetal out-
comes while facilitating the work of the medical team. Can telehealth
participate to the limitation of costs?
Materials and methods: Diabgest is a free application dedicated to
GDM available in France since 2006. It displays an electronic log
book with a color code : green for normal value up to red for
values above the target and the possibility of permanent message
exchanges between the patient and the medical team. For 2012 and
2013, national data about maternal characteristics, pregnancy and
delivery were recently available for a group of 59 000 GDM. Same
parameters during the same time were obtained concerning 778
GDM followed with Diabgest in one center, offering the possibility
to compare the results of the two cohorts : national/local.
Results: The prevalence of GDM, 8.6/8.9% was similar in the 2 cohorts,
as well as mean age, 29.8/30 years, BMI or risks factors for GDM.
Diagnosis of GDM was predominantly established through an oral glu-
cose tolerance test between 24-28 gestational weeks(GW) , a third of
GDM women was treated with insulin in the 2 groups,. Mean term of
delivery 39/39.2 GW, mean need of caesarean section 26.4%/26.5%,
mean weight of babies 3348/3210, were comparable. In other words,
the local cohort did not differ from the national cohort except for 2 pa-
rameters. 1)The % of macrosomia, 9.4%, was reduced by half in the
telehealth local group to 4.8%. 2)The rate of hospitalization >1 night,
not linked to the diabetic state or related to it, of 20.3 % and 9.1% was
decreased to 2.5% and 0.5% in the telehealth cohort. The mean direct cost
for each hospitalization is 1500 euros plus 50% of indirect costs.
Conclusion: Linked to this enormous reduction of hospitalizations, while
the profile of patients is similar in the 2 cohorts, there is a dramatic
reduction of costs for GDMwomen followed by the telemedical platform.
In this local group, characteristics of the pregnancies before the introduc-
tion of the platform were comparable to the national group. Telehealth
brings interactivity, simplification in the follow-up, speedness, improved
observance, limitation of transportation, educational support, resulting in
better results with less money. Saving of millions of euros can be expect-
ed with the extension of the program. Knowing that few years after GDM,
the mothers and there infants are exposed to metabolic and vascular
disorders that can be prevented, the trend to universal detection of
GDM should be encouraged.
Disclosure: J.A. Altman: None.

929
Demographic and clinical factors for safer pregnancy in diabetes:
trends over time in a national primary care study
M. Gaudio1,2, N. Dozio2, M.D. Feher1, M. Scavini2, M. Joy1, S. de
Lusignan1;
1University of Surrey, Guildford, UK, 2Università Vita-Salute San
Raffaele, Milan, Italy.

Background and aims: Pre-conception care for women with diabetes,
aimed at optimization of metabolic control together with review/
withdrawal of specific medications and improved comorbidities, showed
a reduction in complications related to pregnancy for both the foetus and
mother. However, only a minority of women with diabetes plan their
pregnancy. The aims of the study were to describe in women of

childbearing age with diabetes, demographic, clinical characteristics,
and specific medication and their change over 13 years in primary care.
Materials and methods:Women with diabetes, 16-45 years, were iden-
tified from the Royal College of General Practitioners (RCGP) Research
and Surveillance Centre (RSC) network. Repeated annual cross-sectional
analyses were undertaken between 2004 and 2017 to assess glycaemic
control, medications and other conditions. We used descriptive statistics
to report proportions of women whose diabetes management was not
adequate for safe pregnancy in addition to the rate of each unfavourable
factors with a confidence interval of 95%, considering statistically signif-
icant results with p value less than 0.001, using Pearson χ2 test. HbA1c
was categorised as follows: ideal HbA1c < 6.5% (48 mmol/mol); good
[6.5% - 7.5 % (48 - 58 mmol/mol)]; moderate [7.5% - 8.5 % (58 - 69
mmol/mol); poor [≥8.5% (69 mmol/mol)]. A cumulative risk score was
derived to describe the burden of unfavourable conditions in the case of
pregnancy: HbA1c ≥8.5% (69 mmol/mol); BMI > 30 kg/m2; presence of
microalbuminuria; hypertension or SBP ≥ 140 mmHg or DBP ≥
90 mmHg regardless of antihypertensive medication; use of statins,
ACE inhibitors or ARB; use of at least one diabetes medication other
than metformin and insulin (for type 2 diabetes patient only).
Results: We identified 3,218 women (61.5% type 2 diabetes) in
2004 and 6,657 (65.0% type 2 diabetes) in 2017. The proportion
of women with ideal glycaemic control increased over time, for
type 1 diabetes from 9% (95%CI: 7.1 - 11.0) to 19.1% (95%CI:
17.2 - 21.1), and for those with type 2 diabetes from 27.2%
(95%CI 24.6 - 29.9) to 35.4% (95% CI 33.6 - 37.1). Mean
HbA1c declined from 70.3 mmol/mol (SD 18.8) to 65.3 mmol/mol
(SD 19.1) for type 1 diabetes, and from 62.1 mmol/mol (SD 18.8)
to 57.4 mmol/mol (SD 19) for those with type 2 diabetes.
Prescription of medications for therapy of type 2 diabetes other
than insulin and metformin increased from 22.3% (95%CI: 20.5 -
24.2) to 27.3% (95%CI: 26.0 - 28.6). Women who were prescribed
ACE inhibitors, ARBs or statins decreased in type 1 diabetes from
21.3% (95%CI: 19.0 - 23.6) to 14% (95%CI: 12.6 - 15.4) while in
type 2 diabetes from 34.6% (95%CI: 31.5 - 36.7) to 30.7%
(95%CI: 29.3 - 32.0). Women with type 2 diabetes had more
unfavourable factors when compared to those with type 1 diabetes.
Between 2011 and 2017, the proportion of women with type 1
diabetes who had at least one unfavourable factor decreased from
66.0% to 56.0% while that of those with type 2 diabetes remained
unchanged (71.4% to 69.9%).
Conclusion:Despite an overall improvement in glycaemic control, wom-
en with diabetes of childbearing age have more than one unfavourable
condition/medication if pregnancy would occur. Enhanced educational
interventions on pregnancy planning to both healthcare professionals
and patients should be implemented to target treatable factors.
Disclosure: M. Gaudio: None.

930
Comparison of the WHO 2013 and the NICE 2015 gestational dia-
betes diagnostic criteria (from an obstetrician’s point of view)
A. Kun1, J. Tornóczky2, E. Szabó3,4, A.G. Tabak4,5;
1Department of Obstetrics and Gynaecology, Tolna County Balassa Janos
Hospital, Szekszard, Hungary, 2Diabetes Outpatient Clinic, Tolna County
Balassa Janos Hospital, Szekszard, Hungary, 3Szent Imre Teaching
Hospital, Budapest, Hungary, 41st Department of Medicine, Diabetes
Unit, Semmelweis University Faculty of Medicine, Budapest, Hungary,
5Department of Epidemiology and Public Health, University College
London, London, UK.

Background and aims: Based on the results of the HAPO study,
IADPSG recommended new criteria for the diagnosis of gestational dia-
betes (GDM) in 2010 that was endorsed by WHO in 2013.Currently, we
follow the NICE criteria for the diagnosis of GDM in Hungary. To com-
pare pregnancy outcomes of singleton pregnant womenwho received and
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those who did not receive diabetes care and had GDM according to the
WHO 2013 criteria but had normal glucose tolerance according to the
NICE criteria (1-hour glucose >10 or fasting glucose 5,1-5.6 mmol/l).
Materials and methods: There were n=5175 singleton pregnancies in a
West Hungarian Region between 1/Jun/2013 and 17/Nov/
2017.Altogether n=4659 women had a valid OGTT test and we offered
diabetes care to all those with a GDM diagnosis based on the IADPSG
criteria (n=799, 17.1%).However,47.8% of those eligible did not show up
for care. We compared pregnancy outcomes between women who partic-
ipated and those who did not participate in diabetes care.
Results: Altogether n=102 pregnant women had an abnormal 1-hour
blood glucose according to the IADPSG criteria but had normal glucose
tolerance according to the NICE criteria. Of these n=26 did not receive
diabetes care, while n=76 were cared for GDM. No differences were
found in maternal age, early pregnancy BMI, fasting, 1-hour and 2-hour
glucose and systolic blood pressure at the time of the OGTT and gesta-
tional age at delivery (p>0.05). Diastolic blood pressure (74±10 vs. 77±6
mmHg) was lower, weight gain until the OGTT (9.6±5.5 vs. 7.3±3.0 kg)
was larger in the treated group, while weight gain during the whole
pregnancy (10.5±5.0 vs. 13.1±6.1 kg) was smaller in the treated group
(all p<0.05). Birthweight (3260±519 vs. 3530±463 g), as well as the risk
of macrosomia (7.9 vs. 23.1%) and caesarean section (34.2 vs. 53.8%)
was lower in the treated group. Altogether n=297 women had a fasting
glucose between 5.1 and 5.6 mmol/l of whom n=221 did not receive
diabetes care and n=76 received diabetes care. Maternal age, BMI and
gestational age at delivery were similar in the treated and untreated groups
(p>0.1). Fasting (5.3±0.1 vs. 5.2±0.1), 1-hour (7.8±1.5 vs. 7.3±1.5) and
2-hour blood glucose (6.5±1.3 vs. 5.8±1.1 mmol/l), systolic blood pres-
sure (122±13 vs. 116±8 mmHg) at the time of the OGTT and maternal
weight gain until the OGTT (9.6±5.3 vs. 5.3±3.2 kg) were larger, while
diastolic blood pressure (72±8 vs. 77±5 mmHg) and weight gain during
the whole pregnancy (10.1±6.0 vs. 12.3±6.1 kg) were smaller in the
treated group (all p<0.05). Although birthweight and the risk of caesarean
section was not different between the groups (all p>0.05), the risk of
macrosomia was almost twice in the treated compared to the untreated
group (23.7 vs. 12.7%).
Conclusion: According to the results of our population-based GDM
screening program, women diagnosed with GDM according to the
IADPSG but not by the NICE criteria and treated for GDM had lower
weight gain during pregnancy compared to untreated women. Those
women with GDM based on elevated 1-hour blood glucose and treated
for GDM had better pregnancy outcomes while those diagnosed by an
elevated fasting value had less pregnancy outcomes.
Disclosure: A. Kun: None.

931
Predictors for additional insulin use among women with gestational
diabetes
E. Anastasiou, S.A. Paschou, P. Konstantakou, K. Pappa, E. Zapanti;
Endocrine Section - Diabetes Center, Alexandra General Hospital,
Athens, Greece.

Background and aims:Medical nutrition therapy is the first step to treat
women with Gestational Diabetes (GDM). When lifestyle modification
alone is not enough to achieve glucose targets, the next step is to admin-
ister insulin as a first-line agent proposed by several official boards. The
aim of this retrospective study was to explore the relative significance of
clinical risk factors and of glucose values in the OGTT in predicting the
probability of GDM women needing insulin in addition to medical nutri-
tion therapy.
Materials and methods: Over a period of 7 years, at a tertiary hospital,
4726 pregnant women with GDM were followed. For GDM diagnosis
IADSPG/WHO criteria were used. Initially all women were recommend-
ed to follow a specific diet and to perform self-monitored glucose mea-
surements. Additional insulin treatment was initiated based on the

following criteria: 30% of fasting glucose values over 95mg/dl or of 1-
hour postprandial glucose values over 130mg, despite adherence to diet
instructions, and/or findings of the fetal u/s, namely fetal abdominal cir-
cumference over 70 percentile or amniotic fluid index over 20. The pa-
tients were followed-up every two weeks at the outpatient diabetic clinic.
In all GDM women age, pre-pregnancy BMI, first-degree family history
of DM2, parity, education status and smoking were recorded.
Additionally, gestational age at the time of the OGTT, as well as glucose
values fasting and at 1 and 2 hours after 75g glucose load were also
recorded. For statistical analysis odds ratios (OR-95%CI) and a stepwise
logistic regression model were applied.
Results:Of the 4726GDMwomen, 2841 (60.1%) received only nutrition
therapy (group D), while 1885 (39.9%) needed insulin additionally
(group I). Women of group I versus group D were older (age: 33.1 vs
32.2 years, p<0.001); heavier (BMI: 29.0 vs 25.5 kg/m2, p<0.001); had a
stronger family history of DM2, presented higher systolic BP (115.1 vs
113.1mmHg, p<0.001) and diastolic BP (71.8 vs 71.1mmHg, p=0.03),
and were current or ex-smokers at a higher rate (24.6 vs 17.5%, p<0.001).
Notably group I underwent the OGTT at an earlier gestational age com-
pared to group D (25.3 vs 28.1weeks, p<0.001), and their glucose levels
in the OGTT were higher, namely Glucose 0min=101.7 vs 90, Glucose
60min=198.9 vs 184.2, Glucose 120min=167.2 vs 157.2 mg/dl, p<0.001.
Regarding parity and education status there was no significant difference
between the two groups. Further, in a sub-analysis the ORs between
groups I and D were as follows: Age >35 years: OR= 1.65, BMI >30
Kg/m2 : OR= 3.99, presence of DM2 family history: OR= 1.90, gesta-
tional age at the ≤24 weeks: OR= 3.11 and fasting glucose <100 mg/dl,
OR=17.84. Based on these five parameters a prediction model for insulin
use versus only diet was developed. When all these five risk factors were
present in GDM women, the probability to need additional insulin treat-
ment was calculated to be 100%. Conversely, when all these were absent
the probability was only 18.5%.
Conclusion: In this large study of GDM women we found five parame-
ters whose presencemay predict the need for additional insulin therapy. In
particular when a pregnant woman is of older age, obese, with a family
history of DM2 and most importantly with fasting glucose over 100mg/dl
in the OGTT, the possibility for insulin need is nearly 100%. This finding
may be useful for a closer surveillance of this subgroup of GDMwomen.
Disclosure: E. Anastasiou: None.

932
Are there differences inmaternal and neonatal outcomes among tight
controlled pregnancies with gestational diabetes and the general
population?
P. Thomakos1, O. Kepaptsoglou1, C. Barreto1, A. Trouva2, A.
Korantzis3, I. Taraoune1, D. Trouvas2, C. Zoupas1;
1Diabetes Center & Clinic Hygeia General Hospital, Athens, 2Mitera
Maternity Hospital, Athens, 3IASO Maternity Hospital, Athens, Greece.

Background and aims: Previous studies have demonstrated that the
prevalence of adverse outcomes in GDM pregnancies, using ADA treat-
ment criteria [Fasting <95 and 1-hour Postprandial (1-h PP) BG < 140mg/
dL], are still high compared to the general population. Studies, which
evaluated data from normal pregnancies, support the need for lower ther-
apeutic glycemic targets. The aim of our study was to compare outcomes
of tight controlled GDM pregnancies achieving patterns of optimal
glycaemia (FBG <90 and 1-h PP < 120mg/dL) with normal pregnancies.
Materials andmethods:A cross-sectional study was conducted in a total
of 280 singleton pregnancies: 140 GDM who achieved mean FBG <90
and 1-h PP < 120mg/dL vs 140 normal pregnancies matched for age and
BMI. Both FBG and 1-h PP BG for each participant was determined by
the average of their SMBG readings. The clinical characteristics of the
study groups are (Mean±SD) age: 35.7±5 vs 35.4±5 years; BMI: 23.1±5
vs 23.7±4 kg/m2; OGTT 0’: 94.1±14.4, 60’: 186.1±27.7, 120’: 161,2
±20.4 mg/dL; HbA1c: 5.2±0.6 vs 4.8±0.3 %, p<0.001; FBG: 83.7±8

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S453



mg/dl; 1-h PP BG: 106.5±11 mg/dl; week of diagnosis GDM: 25.8±4;
week of starting insulin: 26.8±5; insulin dose: 46.3±13 iu/day; smoking
history: 30.1 vs 28.2 %.
Results: The summary of obstetric and neonatal history between the
groups are: Maternal weight gain: 11.8±4 vs 10.4±2 kg, p=0.03; week
of delivery: 37.7±2 vs 38.1±1, p=0.01; neonatal birth weight: 3050±327
vs 3200±355 g, p<0.001; SGA: 5.7 vs 4.3%; LGA: 5.7 vs 3.6 %; women
experienced hypoglycemia episodes: 21.4 %; pre-eclampsia rate: 4.2 vs
2.8 %; Respiratory Distress Syndrome: 10 vs 7.1 %; Neonatal hypogly-
cemia: 6.4 vs 5.7%, Neonatal Intensive Care Unit admittance: 17.8 vs
6.4%, p=0.02, Caesarean Section (CS): 60 vs 23.6 %, p<0.001. There
were no cases of severe maternal hypoglycemia. There were no cases of
perinatal mortality in neither group. Increased 1-h PP BG was associated
with maternal-fetal complications (r=303, p=0.001). Insulin dose was
associated with maternal hypoglycemia incidence. However, maternal
hypoglycemia was not associated with adverse fetal outcome. 1-h
(r=348) and 2-h (r=228) OGTT values were associated with adverse
pregnancy outcome.
Conclusion: Tight metabolic control with early insulin therapy mini-
mizes adverse pregnancy outcomes. In line with this, GDM screening
earlier than 24-28weeks in women >30 years of age should be performed.
The outcome of the pregnancies was not adversely affected by maternal
hypoglycemia. The predictors of adverse consequences among GDM
pregnancies include 1-h PP BG, as well as 1-h and 2-h OGTT values.
Further studies are necessary to clarify the role of GDM in maternal and
fetal complications.
Disclosure: P. Thomakos: None.

933
Adaptive insulin secretion despite impaired islet cell proliferation in a
pregnant mouse model with impaired glucose tolerance
K. Grupe1, M. Liebmann1, I. Rustenbeck1, A. Schürmann2, S.
Scherneck1;
1Technical University Braunschweig, Braunschweig, 2German Institute
of Human Nutrition Potsdam-Rehbrücke, Nuthetal, Germany.

Background and aims: The NewZealand obese (NZO)mouse shows an
impaired glucose tolerance, but no overt diabetes, both preconceptional
and during pregnancy. In addition, the islets of Langerhans have a lacking
compensatory proliferation in spite of the increased insulin demand dur-
ing gestation. Despite this observation the impaired glucose tolerance of
the NZO mouse does not aggravate during gestation. Therefore, the aim
of this study was to investigate the responsible compensatory
mechanisms.
Materials and methods: In NZO and NMRI (control) mice oral glucose
tolerance tests (oGTT) were performed preconceptionally, on day 14 of
gestation and postpartum. In addition to the determination of blood glu-
cose levels, insulin secretion was measured in vivo. Furthermore, islets of
Langerhans were isolated both preconceptionally and during gestation
(d14) by collagenase digestion technique. These freshly isolated islets
were used in perifusion experiments to determine the glucose-
stimulated insulin secretion ex vivo.
Results: Compared to the NMRI strain NZO mice showed an impaired
glucose tolerance and preconceptional hyperinsulinemia that was reduced
by pregnancy. The preconceptional insulin secretion of the NZOmouse was
not stimulated by a glucose bolus (2 mg/g body weight) in vivo (fasting
insulin value: 1.65 vs. max. insulin value: 1.68 μg/l, n.s.). However, during
pregnancy the same glucose challenge had a significant insulinotropic effect,
associated with significant decreases of the fasting insulin values (fasting
insulin value: 0.56 vs. max. insulin value: 1.13μg/l, p<0.05). Postpartum the
glucose stimulation of insulin secretion diminished again (fasting insulin
value: 1.01 vs. max. insulin value: 1.19 μg/l, n.s.). In perifusion experiments
freshly isolated NZO mouse islets showed no substantial response to the
increase of glucose from 5 mM to 20 mM. Interestingly, this lack of respon-
siveness was unchanged on day 14 of gestation. NMRI islets in contrast

secreted significantly higher amounts of insulin at both time points. The
prestimulatory values of insulin secretion (60 minutes, 5 mM glucose) were
not significantly different at both time points (preconceptional: NMRI 4.06
vs. NZO 6.45 pg/min x islet, day 14 of gestation: NMRI 3.71 vs. NZO 5.86
pg/min x islet). Total amount of insulin released during stimulation for 60
minutes (AUC) was significantly higher within the NMRI strain (NMRI
1715 vs. NZO 711 pg, p<0.05, day 14 of gestation NMRI 1849 vs. NZO
506 pg, p<0.01).
Conclusion: During gestation, NZO islets partially compensate for their
proliferation defect in vivo by increasing their stimulability, which is
accompanied by a lower basal secretion rate. Since this effect is no longer
detectable ex vivo, rapidly reversible extrapancreatic modulators would
be conceivable as a cause, which are the subject of further investigations.
Supported by: DDG
Disclosure: K. Grupe: None.

934
Gut microbiota changes are associated with insulin resistance in
women with gestational diabetes
D. Pongrac Barlovic1, K. Molan2, M. Starcic Erjavec2, J. Ambrozic
Avgustin2, D. Zgur-Bertok2;
1University Medical Centre Ljubljana, Ljubljana, 2University of
Ljubljana, Ljubljana, Slovenia.

Background and aims: Gut microbiota is associated with metabolic
diseases, including obesity and diabetes. Insulin resistance (IR) increases
during pregnancy and serves as a physiological adaptation to enable foetal
growth. We hypothesized that changes in gut microbiota are associated
with IR in women with gestational diabetes mellitus (GDM).
Materials and methods: GDM women were extensively phenotyped in
the second trimester of pregnancy. IR was estimated using HOMA-IR
index. 16S metagenomic analysis of faecal gut microbiota by the next-
generation sequencing was performed in the second and third trimester,
respectively.
Results:Women with GDM (n=20; age 33±4 years, body mass index 25
±5 kg/m2, weight gain during pregnancy 10±5 kg, glycated haemoglobin
5.0±0.3%), were divided into 2 groups according to the median HOMA-
IR index. Women with greater estimated IR had less physical activity
before pregnancy (p=0.014) and ate less healthy food before pregnancy
(p=0.031). However, during pregnancy, there were no differences in life-
style detected between the two groups. In addition, during pregnancy,
comparable glycaemic and lipid levels were achieved in both groups.
Women with increased IR had a lower abundance of Firmicutes
(p=0.005), driven by a lower abundance of Clostridia (p=0.003), and
an increase in Bacteroidetes (p=0.019) in the 2nd trimester gut microbiota.
Conversely, there were no differences at the bacterial phylum level de-
tected in the 3rd trimester gut microbiota. Women with greater insulin
resistance were more likely to deliver babies with birth weight above
the 99th percentile for the gestational age (p=0.035).
Conclusion: Gut microbiota changes during pregnancy accompany IR
state in women with GDM and may have a role in foetal growth regula-
tion, in addition to the established risk factors. Understanding this role
may assist us in providing new strategies for obesity and diabetes
prevention.
Disclosure: D. Pongrac Barlovic: None.

935
Relative significance of fasting versus post-load glucose levels in preg-
nancy: a population-based study
P. Kaul, A. Savu, R.O. Yeung, L.E. Moore, S.L. Bowker, E.A. Ryan;
University of Alberta, Edmonton, Canada.

Background and aims:Women affected by gestational diabetes mellitus
(GDM) are at an increased risk of developing hypertensive disorders in

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S454



pregnancy (HDP) and having large for gestation age (LGA) babies. The
purpose of this study was to assess the association between fasting versus
post-load (1 and/or 2 hour) glucose levels and HDP and LGA outcomes.
Materials and methods: The Alberta Pregnancy-Birth cohort contains
data on all inpatient and outpatient health encounters, as well as linked
laboratory data and pharmaceutical claims at the population-level in
Alberta, Canada. The current study included all live, singleton birth preg-
nancies between 2008-2014. Based on Diabetes Canada guidelines,
women undergo a 50-g gestational diabetes screen (GDS) followed by a
75-g oral glucose tolerance test (OGTT) for a GDM diagnosis.
Pregnancies were grouped as follows: 1) GDS negative; 2) GDS positive
but OGTT negative; 3) abnormal fasting OGTT; and 4) abnormal 1-hour
and/or 2-hour OGTT. The association between fasting versus 1-hour and/
or 2-hour values on the OGTT values and outcomes (HDP and LGA)
were evaluated using univariate and multivariable logistic regression
models.
Results: Among 258,511 live birth pregnancies, 208,344 (80.6%) were
GDS negative and 36,830 (14.2%) were GDS positive but OGTT nega-
tive. Overall, 13,337 (5.2%) were diagnosed with GDM, of which 4,359
had abnormal fasting and 8,978 had abnormal 1-hour and/or 2-hour
OGTT values. Both HDP (Figure, Panel A) and LGA (Figure, Panel B)
rates were highest in pregnancies with abnormal fasting OGTT. In uni-
variate analyses, both fasting and post-load OGTT values were associated
with higher rates of outcomes; however, in multivariate analyses
adjusting for maternal characteristics, only fasting OGTT levels remained
predictive of LGA (OR 1.39 (1.35-1.44) p<0.005), and fasting and 1-h
OGTT levels were predictive of HDP (OR 1.22 (1.18-1.26) p<0.005) and
OR 1.08 (1.03-1.13) p<0.005, respectively).
Conclusion: Fasting hyperglycemia in pregnancy may be a better predic-
tor of HDP and LGA outcomes than post-load glucose values.

Supported by: CIHR
Disclosure: P. Kaul: None.
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Renal function dominates the landscape of the metabolome in type 1
diabetes
T. Suvitaival1, N. Tofte1, I. Mattila1, K. Trošt1, S. Theilade1, S.Winther1,
T. Ahluwalia1, M. Frimodt-Møller1, P. Rossing1,2, C. Legido-Quigley1,3;
1Steno Diabetes Center Copenhagen, Gentofte, Denmark, 2University of
Copenhagen, Copenhagen, Denmark, 3King's College London, London, UK.

Background and aims: Kidney disease (KD) is a major burden in
type 1 diabetes (T1D). Although problems in kidney function di-
rectly affect blood levels, it is still unclear, which metabolite path-
ways are perturbed, and whether these perturbations bear prognos-
tic potential. We did a data-driven analysis of associations in me-
tabolites with the goal of, both, predicting the development of
diabetic complications as well as to uncovering the underlying
molecular biology.
Materials and methods: Plasma levels of 75 metabolites were analysed
in a cross-sectional study of 586 persons with T1D. A machine learning
method, the graphical LASSO, was used in an unbiased way to mine for
associations in the mixed set of metabolite measurements and complete
clinical variables shown in the Figure.
Results: A dense co-regulation network between metabolites and
clinical variables was discovered (Figure). Metabolites grouped in-
to four main clusters: amino acids (top-right), free fatty acids (top-
left), glucose metabolism (bottom-right) and sugars derivatives
(bottom-left).
The highest number of associations between metabolites and clin-
ical variables were in eGFR, which was associated with 11 metab-
olites. Particularly, sugar derivatives myo-inositol, ribitol and
ribonic acid were inversely associated with eGFR but were inde-
pendent of HbA1c and other clinical variables. In addition, the
balance of ketone bodies was disturbed, and amino acids valine
and isoleucine were associated with eGFR. The medians
(quartiles) of eGFR, AER and duration of T1D were 83.7 (63.1;
101.4) ml/min/1.73 m2, 17.0 (8.0; 62.3) mg/24 h and 35.5 (25.2;
44.6) years, respectively. 25 % and 30 % had a history of micro-
and macro-albuminuria, respectively. The entire network of associ-
ations is shown in the Figure as follows: Nodes are measured
variables and edges (lines) are inferred associations (width:
strength; red: positive, blue: inverse). Circular and rectangular
nodes, respectively, are metabolites and clinical variables. Node
size is the degree of the node (number of associations with the
node). The highest-degree clinical node is highlighted in yellow
and other nodes are colored by the respective Spearman r to the
yellow node.
Conclusion: Pathway analysis of a large T1D cohort revealed a dense
fabric of metabolites associating with clinical variables. Remarkably,
the highest number of metabolite associations were to eGFR and not
to other clinical variables that are known to influence major metab-
olite pathways. This finding indicates that KD leads to drastic chang-
es in blood metabolite levels. Particularly, sugar derivatives and ke-
tone bodies were perturbed in kidney disease. Blood levels of certain
sugar derivatives are regulated by the kidney, suggesting potential for
their use as an early biomarker of progression of KD.
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Plasma metabolomics identifies markers of kidney function in 3,064
Europeans with type 2 diabetes
T.S. Ahluwalia1, N. Tofte1, N. Vogelzangs2,3, D. Mook-Kanamori4, A.
Brahimaj5, M. Frimodt-Møller1, I. Arts3, J. Beulens6, A. van der
Heijden6, C. Stehouwer2,3, G. Nijpels6, M. van Greevenbroek2,3, C. van
der Kallen2,3, P. Rossing1,7, L.M. ’t Hart4,6;
1Steno Diabetes Center Copenhagen, Gentofte, Denmark, 2Maastricht
University Medical Center, Maastricht, Netherlands, 3Maastricht
University, Maastricht, Netherlands, 4Leiden University Medical
Center, Leiden, Netherlands, 5Erasmus Medical Center, Rotterdam,
Netherlands, 6Amsterdam University Medical Center, Amsterdam,
Netherlands, 7University of Copenhagen, Copenhagen, Denmark.

Background and aims:Diabetic kidney disease is the leading cause
of chronic kidney disease worldwide. It develops in about 40% of
patients who are diabetic. Our aim was to identify plasma metab-
olites associated with kidney function and albuminuria among peo-
ple with type 2 diabetes.
Materials and methods: This study included five independent
Dutch cohorts, (a. The Hoorn Diabetes Care System (n=995) co-
hort, b. The Maastricht Study (n=848), c. The Rotterdam Study
(n=401), d. The Netherlands Epidemiology of Obesity Study
(n=675) and e. The Cohort of Diabetes and Atherosclerosis
Maastricht study (n=145)) totaling upto 3,064 people with type 2
diabetes. The participants had a mean estimated glomerular filtra-
tion rate (eGFR) of 83.5 (ml/min/1.73m2) at a mean age of 61.9
years. Linear regression based cross sectional association was test-
ed between single plasma metabolites (n=152) and eGFR and uri-
nary albumin-to-creatinine ratio (UACR) in each study. Covariate
adjustments included age, sex, systolic blood pressure, body mass
index, medication (lipid-modifying, glucose-lowering, anti-hyper-
tensive), smoking, diabetes duration, HbA1c, and eGFR or
UACR, where appropriate. An inverse variance random effect
meta-analysis was performed on the participating cohorts.
Multiple testing was accounted for using the false-discovery-rate
(FDR) method.

Results:After adjustment for multiple testing, 125metabolites associated
significantly with eGFR while none with UACR. Inverse associations
were demonstrated for creatinine, amino acids and glycoprotein acetyls
and fatty acids (Omega-6, Linoleic acid, and PUFA; PFDR<1×10

-4).
Albeit Glycoprotein and measures of small and medium VLDL were
associated with UACR levels (P<0.01) before correction, the significance
was lost after correction for multiple testing.
Conclusion: The current study identifies plasma metabolites associated
with eGFR among type 2 diabetes individuals of European origin. The
findings suggest that serum lipoprotein subclasses of HDL, and ApoA1
may be associated with an improved, while amino acids and fatty acids
like Omega-6 and Linoleic acid with a reduced kidney function.
Supported by: BBMRI-NL
Disclosure: T.S. Ahluwalia: None.

938
Urinary metabolomics: to distinguish diabetic kidney disease from
non-diabetic kidney disease
S. Ghosh1, S.K. Manna2, M. Basu1, S. Pulai3, M. Banerjee1, A.
Raychoudhury4, N. Bhattacharyya1;
1Endocrinology and metabolism, IPGME & R CALCUTTA, Kolkata,
2Biophysics and Structural Genomics Division, Saha Institute of
Nuclear Physics, Kolkata, 3Department of Nephrology, IPGME & R
CALCUTTA, Kolkata, 4IPGME & R CALCUTTA, Kolkata, India.

Background and aims:Differential diagnosis of diabetic kidney disease
(DKD) and non-diabetic kidney disease is essential for appropriate ther-
apeutic intervention. However, currently, the biopsy is the only reliable
method, which is advisable to only a subset of the patient population and
often fraught with risk. Urinary metabolic biomarkers can provide a non-
invasive alternative that is highly warranted. So far no study has ever
reported a comparison of urinary metabolic signatures of biopsy-
confirmed DKD and NDKD subjects. Aim: Comparison urinary meta-
bolic signatures of biopsy-confirmed DKD and NDKD subjects and dia-
betic controls with normal kidney function to identify putative biomarkers
for differential diagnosis of DKD and NDKD.
Materials and methods: Urine samples from 17 biopsy-confirmed
DKD, 4 NDKD and 7 age, body-weight and BMI-matched diabetic sub-
jects with normal kidney function samples were deproteinated,
derivatized and analyzed in random order by GCMS along with intermit-
tent injection of quality control samples. Features were extracted and
analyzed using nonparametric Kruskal-Walis test with Dunn’s correction
for multiple testing
Results: Creatinine-normalized abundance of two urinary metabolites
(M1, M2 and M3) were found to be depleted in DKD (P < 0.004,
<0.006, and < 0.01, respectively) as well as NDKD (P<0.02, <0.04,
and <0.01, respectively) with respect to diabetic control subjects. On
the other hand, M4 was elevated (P< 0.03) and M5 was depleted (P <
0.02) exclusively in DKD subjects while M6 (P<0.01) and M7(P<0.03)
were exclusively depleted in NDKD subjects with respect to diabetic
controls. The level ofM6 in NDKD subjects were also significantly lower
(P<0.03) compared to DKD subjects. In addition, another three metabo-
lite M8 (P<0.05),M9 (0.03) andM10 (0.02) were found to be exclusively
depleted in NDKD samples compared to DKD subjects only. Analysis of
fragmentation pattern indicated that these ten metabolites putatively be-
long to central carbon metabolism, fatty acid metabolism, purine metab-
olism in addition to metabolites exclusively of non-endogenous
(microbial) origin.
Conclusion:Our pilot study suggests that urinary metabolomics analysis
may help to distinguish DKD and NDKD subjects from diabetic controls
with normal kidney function. Our results warrant validation in a bigger
cohort (ongoing).
Supported by: RSSDI
Disclosure: S. Ghosh: None.
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Serum adipocyte fatty acid-binding protein levels are associated with
rapid renal function decline in patients with type 2 diabetes
S. Kim1, D. Seo1, M. Jung1, Y. Suh2, S. Ahn1, S. Hong1, M. Nam1;
1Department of Endocrinology and Metabolism, Inha University School
of Medicine, Incheon, 2Department of Biomedical Sciences, Inha
University School of Medicine, Incheon, Republic of Korea.

Background and aims: There is a lack of good predictors for the pro-
gression of early diabetic kidney disease (DKD) in patients with type 2
diabetes mellitus (T2DM) and preserved renal function. Adipocyte fatty
acid-binding protein (A-FABP) is an adipokine that is closely associated
with metabolic syndrome and type 2 diabetes. We investigated whether
serumA-FABP levels were associated with rapid renal function decline in
patients with type 2 diabetes and preserved renal function.
Materials and methods: A total of 456 subjects with T2DM and pre-
served renal function were recruited and were followed up for 7 years
with serial estimated glomerular filtration rate (eGFR) measurements.
The serum levels of A-FABP were measured at baseline along with other
related adipokines including Pentraxin-3 (PTX3), tumor necrosis factor
(TNF)-α, interleukin (IL)-6, total adiponectin, and high molecular weight
(HMW) adiponectin. Rapid renal function decline was defined as an
eGFR decline >3.3% /year.
Results: Over 7 years, 120 participants (26.3%) developed rapid renal
function decline with mean annual eGFR decline of -5.4 ± 2.7%/ year.
Median A-FABP levels were significantly higher in participants with
rapid renal function decline than in non-decliners (19.1 versus 16.8 ng/ml,
p=0.011). Serum A-FABP levels correlated negatively with baseline
eGFR (adjusted r = -0.150, p=0.005) No significant differences were
observed with other cytokines between groups. Higher baseline A-
FABP levels were associated with greater risk of developing rapid renal
function decline, independent of age, sex, BMI, diabetes duration,
HbA1c, baseline eGFR, previous history of hypertension and cardiovas-
cular disease, and urine albumin creatinine ratio (odds ratio [OR] = 1.06;
95% confidence interval [CI] 1.03-1.10; p = 0.001).
Conclusion: High serum A-FABP was an independent risk factor for
rapid renal function decline in Korean patients with T2DM and preserved
renal function.
Supported by: National Research Foundation (NRF) of Korea
(2017R1D1A1B03034581)
Disclosure: S. Kim: None.

940
The relationship between telomere length and diabetic kidney dis-
ease: the Hong Kong Diabetes Register
F. Cheng1, A.C.W. Ng1, A.O.Y. Luk1,2, G. Jiang1, C.K.P. Lim1,2, M.
Joglekar3, A. Jenkins3, J.C.N. Chan1,2, A.A. Hardikar3, R.C.W. Ma1,2;
1Department of Medicine and Therapeutics, The Chinese University of
Hong Kong, Hong Kong, Hong Kong, 2Li Ka Shing Institute of Health
Sciences, The Chinese University of Hong Kong, Hong Kong, Hong
Kong, 3NHMRC Clinical Trials Centre, The University of Sydney,
Sydney, Australia.

Background and aims: Telomere length within cells is an important
marker of aging. Several studies have suggested a potential link between
leukocyte telomere length (LTL) and type 2 diabetes (T2D). In this study,
we aim to investigate the relationship between LTL and the subsequent
risk of diabetes complications and outcomes.
Materials and methods: Chinese patients with T2D were recruited from
the Hong Kong Diabetes Register (HKDR). All subjects were followed
for the development of diabetic kidney disease (DKD) including chronic
kidney disease (CKD) and end stage renal disease (ESRD). LTL was
measured using quantitative polymerase chain reaction (qPCR) in base-
line DNA samples. CKD was defined as estimated glomerular filtration
rate (eGFR) <60 ml/min per 1.73 m2 and ESRD was defined as eGFR <

15ml/min/1.73m2, or those requiring dialysis/transplantation irrespective
of GFR.
Results: Telomere length was evaluated in 1,504 T2D patients to date.
LTL was associated with age and gender. Patients with CKD at baseline
had significantly shorter LTL (3.77 ± 0.79 vs. 4.05 ± 0.85, P value <
0.001). Among subjects free of CKD at baseline, over a median follow-
up period of 14.5 years, there were 660 and 361 patients who developed
incident CKD and ESRD, respectively. Compared with non-progressors,
baseline LTLwas significantly shorter among patients with incident CKD
(3.93 ± 0.85 vs. 4.20 ± 0.82), or ESRD (3.80 ± 0.87 vs. 4.06 ± 0.83) (both
P values < 0.001). After adjusting for age and gender, the difference of
LTL in ESRD progressors remained significant, while the difference was
no longer significant for incident CKD after adjusting for age. In Cox
regression models to examine the predictive effects of LTL in DKD, LTL
was significantly associated with incident CKD and ESRD (hazard ratio
(95% CI): 0.767 (0.704-0.836) and 0.735 (0.656-0.824), respectively,
both P values <0.001). However, when traditional risk factors including
age, gender, BMI, lipids, glucose, etc. were included into these models,
LTL was no longer independently associated with renal outcome.
Analysis of additional samples is currently ongoing to expand the analy-
sis between telomere length and diabetic kidney disease.
Conclusion: Telomere length was significantly shorter in patients with
diabetic complications at baseline. Telomere length may be a useful bio-
marker for future risk of diabetic complications.
Supported by: Research Grants Council Theme-based Research Scheme
(T12-402/13N)
Disclosure: F. Cheng: None.

941
MicroRNA 200 as a potential biomarker of kidney complications in
type 2 diabetes
M.K. Gupta1,2, S. Kopf3,4, T. Fleming3,4, E. Satake5,2, A.S.
Krolewski5,2, P. Nawroth3,4, R.N. Kulkarni1,2;
1Islet Cell and Regenerative Biology, Joslin Diabetes Center, Boston,
USA, 2Harvard Medical School, Boston, USA, 3Department Internal
Medicine 1-Endocrinology and Clinical Chemistry, University Hospital
Heidelberg, Heidelberg, Germany, 4German Center for Diabetes
Research (DZD e.V.), Munich-Neuherberg, Germany, 5Section on
Genetics and Epidemiology, Joslin Diabetes Center, Boston, USA.

Background and aims: Patients with type 1 or type 2 diabetes mellitus
(T1D, T2D) manifest hyperglycemia that can lead to complications in-
cluding nephropathy, cardiovascular dysfunction, neuropathy, stroke,
ketoacidosis and retinopathy. Animal modeling of these phenotypes has
met with challenges over the years, in part due to an inability to precisely
mimic the human disease phenotype. Using human fibroblasts and plu-
ripotent stem cells as model systems we have previously reported that
microRNA200 (miR200) levels are elevated in T1D patients with com-
plications. We have also shown that regulation of the DNA damage
checkpoint pathway by miR200 is a novel mechanism underlying protec-
tion against diabetic complications. Here we extended our studies to
evaluate the levels of miR200 in T2D
Materials and methods: MicroRNAs were isolated from serum from
controls (N=51), pre-diabetes (N=52) or T2D patients with complications
(N=60) patients. Preamplication of miR200 family (a, b and c) and con-
trol miRNAs (miR16, miR-661, miR-4269, miR39) and reverse tran-
scriptional control RTC assay was performed using Qiagen
Preamplication kit. The real time PCR analyses of pre-amplified
miRNAs were performed using sybr green and customized microRNA
plates (for miR200 family and control microRNAs) from Qiagen. The
expression levels of miRNAs were calculated by ΔΔCt method using
miR661 and miR4269 as internal controls.
Results: The levels of miR200c and miR200b were significantly higher
in T2D patients with complications (N=60, p<0.05) compared to control
(N=51) and pre-diabetic patients (N=52). Interestingly, miR200c level but

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S457



not miR200b level was significantly up regulated (N=60, p<0.01) in T2D
patients with deregulated glomerulus filtration rate (GFR). However, up
regulatedmiR200c andmiR200b levels were significantly correlatedwith
high urinary albumin creatinine ratio (N=60, p<0.01). The glycation end
product MGH1 (methylglyoxal derived hydroimidazolone 1) and DNA
damage marker gamma H2Ax were also significantly associated with
expression of miR200c and miR200b (N=60, p<0.01). We did not ob-
serve any significant correlations amongmiR200c and miR200b levels in
T2D patients manifesting retinopathy and neuropathy. Additionally,
miR200 expression levels did not reveal significant associations with
diabetes duration, age or HbA1C- levels.
Conclusion: Together, these data extend our findings in T1D and suggest
that elevated miRNA200c and miR200b levels are related to T2D-
associated albuminuria and chronic kidney disease.
Disclosure: M.K. Gupta: None.

942
Tubular biomarkers and renal function decline inmacroalbuminuric
individuals with type 1 diabetes: a treatment effect analysis with
propensity score matching
N. Panduru1,2, E. Valo1,2, C. Forsblom1,2, N. Sandholm1,2, V.
Harjutsalo1,3, M. Saraheimo1,2, P.M. Humpert4,5, P.-H. Groop1,6;
1Folkhälsan Research Center, Biomedicum Helsinki, Helsinki, Finland,
2Research Programs Unit, Clinical and Molecular Metabolism,
University of Helsinki, Helsinki, Finland, 3Diabetes Prevention Unit,
National Institute for Health and Welfare, Helsinki, Finland,
4Stoffwechselzentrum Rhein Pfalz, Mannheim, Germany, 5Department
of Medicine I and Clinical Chemistry, University of Heidelberg,
Heidelberg, Germany, 6Abdominal Center Nephrology, University of
Helsinki and Helsinki University Hospital, Helsinki, Finland.

Background and aims:We previously showed, in individuals with type
1 diabetes (T1D) and macroalbuminuria, that tubular biomarkers are as-
sociated with renal function decline. Our Mendelian randomization study
showed that KIM-1 is a causal risk factor for renal function decline.
However, genetic factors associated with the other studied tubular bio-
markers were not available, and therefore their potential causal role re-
mains unclear. Therefore, the aim of this study was to explore the poten-
tial causal relationship between three common tubular markers and AER
with the loss of renal function using a treatment effect (TE) analysis with
propensity score (PrSc) matching.
Materials and methods: A total of 315 individuals with T1D and
macroalbuminuria (AER >300mg/24h) from the Finnish Diabetic
Nephropathy Study were enrolled. They were required to have at least
two eGFR measurements done after the baseline visit to calculate the
slope. Urinary L-FABP, KIM-1, and adiponectin were measured by
ELISA and normalized with urinary creatinine. All other blood and uri-
nary tests were performed by standard methods. The causal effect was
tested using a TE analysis with PrSc matching. Variables initially includ-
ed in the PrSc were diabetes duration, glycated hemoglobin A1C (HbA1c)
and baseline eGFR, with a further addition of rs2036402* into the PrSc, a
SNP known to affect the level of urinary KIM-1. We further added age
and gender into the PrSc for all biomarkers. The analysis used a logit PrSc
model. In the TE analysis, the treatment groups were defined as bio-
markers above/below the median, with the mean effect of treatment cal-
culated between the two groups.
Results:Median follow-up time was 9.1 years (IQR 6.2-12.4). In the TE
analysis with PrSc including baseline diabetes duration, HbA1C and
eGFR high vs. low values of each biomarker were associated with decline
of eGFR [βL-FABP = -1.77 ml/min (95%CI -3.06 - -0.48), βADP = -5.94
ml/min (95%CI -8.73 - -3.15), βKIM-1* = -1.50 ml/min (95%CI -2.49 - -
0.51), βAER = -3.07 ml/min (95%CI -4.32 - -1.82)]. KIM-1 was not
causally related to the decline in eGFR, when the genetic background
was not considered [βKIM-1 = -1.24 ml/min (95%CI -2.64 - 0.16)].
When age and gender were added into the PrSc, all biomarkers were

related to a significant decline of eGFR [βL-FABP = -2.25 ml/min
(95%CI -3.49 - -1.00), βADP = - 4.67 ml/min (95%CI -8.01 - -1.33),
βKIM-1 = -1.84 ml/min (95%CI -2.94 - -0.75); βKIM-1* = -1.59 ml/min
(95%CI -2.72 - -0.47), βAER = -3.29 ml/min (95%CI -4.70 - -1.88)].
Conclusion: The tubular injury here measured with three different bio-
markers seems causally related to the decline in renal function indepen-
dently of age, gender, glycaemic control, baseline eGFR and when the
genetic background is considered. Whether the studied tubular markers
are causal themselves or reflect the underlying tubular damage, remains to
be defined with other methods.
Supported by: Folkhälsan Research Foundation, Wilhelm and Else
Stockmann Foundation, Acad
Disclosure: N. Panduru: None.

943
SHP-1 as a marker of podocyturia and diabetes kidney disease
P. Geraldes1, F. Lizotte1, S. Higgins1, R. Sabbagh2, A.-M. Côté1;
1Medicine, University of Sherbrooke, Sherbrooke, 2Surgery, University
of Sherbrooke, Sherbrooke, Canada.

Background and aims: Diabetic nephropathy (DN) is the leading cause
of end-stage renal disease (ESRD) worldwide and an independent risk
factor for all-cause and cardiovascular mortalities in diabetic patients.
Despite significant advances in kidney care, efforts to improve therapy
for diabetic patients with kidney disease remain unsuccessful. Therefore,
in order to better identify which patient will develop advanced kidney
disease, it is crucial to find new markers of renal failure progressions.
Podocytes are essential for maintaining normal renal filtration. Presence
of these cells in urine due to their detachment is called podocyturia. Our
laboratory has previously published that the protein tyrosine phosphatase
SHP-1 is upregulated in podocytes of diabetic mice causing podocyte
dysfunction and loss. Our objective was to evaluate the expression levels
of SHP-1 in urinary podocytes and renal tissues of diabetic patients.
Materials and methods: Nondiabetic (N=21) and diabetic (N=54) pa-
tients that underwent nephrectomy or biopsy were recruited for the quan-
tification of SHP-1 in peripheral blood monocytes, renal tissues and uri-
nary podocytes. Blood pressure, lipid profile, BMI, estimated glomerular
filtration rate (eGFR), albuminuria, serum and blood creatine levels were
evaluated in both groups. Peripheral bloodmonocytes were isolated using
magnetic beads coupled to anti-CD14. Urinary podocytes were counted
by immunofluorescence and mRNA expression of SHP-1 and other renal
markers were measured by qPCR.
Results: There was no difference between groups for age, gender and
systolic blood pressure. As expected, albumin/creatine ratio, HbA1C, and
total cholesterol were significantly increased in the diabetic patients com-
pared to the nondiabetic group. Expression levels of SHP-1 were elevated
in monocytes of diabetic patients compared to nondiabetic participants
(p=0.06). SHP-1 mRNA expression correlated with serum creatine levels
(r2=0.38; p=0.02), glomerular filtration rate (r2=0.45;p=0.004) and degree
of renal dysfunction state (r2=0.33; p=0.046) in diabetic but not in non-
diabetic patients. In addition, the mRNA expression levels of SHP-1 in
renal tissue of diabetic patients strongly correlated with proteinuria
(r2=0.66; p=0.07), an observation not seen in nondiabetic patients.
Conclusion: Elevated expression of SHP-1 in monocytes, urinary
podocytes and renal tissue was associated with kidney dysfunction in
diabetic patients. Levels of SHP-1 in urinary podocytes may serve as a
potential marker of renal disease progression in diabetic patients.
Supported by: Brome Missisquoi Diabetes Foundation
Disclosure: P. Geraldes: Grants; Brome Missisquoi Diabetes
Foundation.
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Glucose-lowering agents and incidence of amputation in patients
with type 2 diabetes: a systematic review and network meta-analysis
E. Bekiari1, T. Karagiannis1, I. Avgerinos1, A. Liakos1, K. Malandris1,
A. Manolopoulos1, P. Andreadis1, M. Rika1, A. Tsapas1,2;
1Clinical Research and Evidence-Based Medicine Unit, Aristotle
University of Thessaloniki, Thessaloniki, Greece, 2Harris Manchester
College, University of Oxford, Oxford, UK.

Background and aims: Intensive glycemic control can decrease the risk
of amputation in patients with type 2 diabetes mellitus (T2DM).
However, recent evidence has raised concerns about specific antidiabetic
agents and increased risk for amputations. We conducted a systematic
review and network meta-analysis to assess the effect of all approved
medications for T2DM on the incidence of amputation.
Materials and methods: We searched Medline, Embase, and the
Cochrane Central Register of Controlled Trials for randomised controlled
trials with at least 24 weeks’ duration recruiting patients with T2DM.We
performed random-effects network meta-analysis to combine direct and
indirect comparisons and present effect estimates as ORs with 95% CIs
using placebo as the reference treatment.
Results:Out of 413 studies meeting the eligibility criteria, 18 trials (95,358
participants) assessing 14 interventions reported results for a total of 1,124
patients who underwent an amputation. Study duration ranged from 24
weeks to 3.9 years and was ≥ 1 year in 16 studies. None of the included
trials was primarily designed to assess the incidence of amputation, while 9
trials were long-term cardiovascular outcome studies. Across the study
network most comparisons were against placebo (14 out of 20 pair-wise
comparisons). Treatment with canagliflozin increased the incidence of am-
putation (OR 2.27; 95% CI 1.62 to 3.16) compared with placebo, a result
mainly driven by the findings of the respective cardiovascular outcomes
trial programme (CANVAS programme). Conversely, liraglutide was asso-
ciated with reduced incidence of amputation (OR 0.65; 0.45 to 0.96 versus
placebo), a result also mainly based on the findings of the respective car-
diovascular outcomes trial (LEADER trial). Among other sodium-glucose
cotransporter 2 inhibitors and glucagon like peptide-1 receptor agonists, no
difference was evident compared with placebo. Similarly, dipeptidyl-
peptidase 4 inhibitors, pioglitazone and insulin regimens had a neutral effect
on incidence of amputation (Figure).
Conclusion: Almost all glucose-lowering agents for T2DM are safe re-
garding incidence of amputation. Caution is warranted for patients treated
with canagliflozin, until further evidence clarifies the drug’s effect on am-
putation events. Underreporting in primary studies highlights the need for
future trials to consistently assess and report amputation adverse events.

Supported by: EFSD-PACT Programme supported by AstraZeneca
Disclosure: E. Bekiari: None.

945
20 years with diabetes and amputations: a retrospective population-
based cohort study
J. Roeikjer, M. Hasselstroem, P. Vestergaard, N. Ejskjaer;
Aalborg University Hospital, Aalborg, Denmark.

Background and aims: Amputation is the final outcome of severe dis-
ease in the lower extremities and is often preceded by years of atheroscle-
rosis and/or neuropathy. Earlier studies have shown huge morbidity and
mortality amongst amputated patients. Over the last decade, there has
been an increasing interest in amputation prevention as well as revascu-
larization. This study sought to investigate the evolution of amputations
amongst patients with and without diabetes.
Materials and methods: From the Danish National Patient Register a
cohort of diabetic patients (n=501.724) with either type 1 or type 2 dia-
betes as well as a group of matched controls without diabetes
(n=1.375.567) was identified. Amongst these 26.291 amputations were
identified between 1996-2011 and stratified into three groups based on
location using surgical codes. Revascularizations were identified by sur-
gical codes. Amputations due to traumas were excluded (n=310).
Equivalent data for the period 2011-2017 will be presented.
Results: Amongst diabetic patients amputations on ankle and foot has in-
creased more than 35%, while amputations on knee and lower leg has de-
creased more than 30%. Interestingly, a slight increase is also seen in amputa-
tions on hip and thighs. In non-diabetic controls, the evolution is more or less
the same, however, the groups differ significantly when looking at amputation
site, where non-diabetic patients more often receive more proximal amputa-
tions. Furthermore, diabetic patients are often younger when receiving their
first amputation at any site compared to non-diabetics, and exhibit increasingly
improved survival rates compared to non-diabetics over the last decades.
Amongst all amputations, the percentage of preceding revascularization has
increased by almost 20 percentage points before amputations on hip and thighs
and 13 percentage points before amputations on knee or lower leg, while
procedures preceding amputations on ankle or foot more or less has stayed
the same. Finally, the time between revascularization procedures and the need
for amputation has increased significantly over time.
Conclusion: The study indicates a tendency towards more distal ampu-
tation sites as well as more frequent revascularization before amputation
amongst patients with diabetes. Furthermore, it also shows a significant
reduction in five-year mortality in both groups with diabetics having the
greatest overall reduction.
Disclosure: J. Roeikjer: None.

946
Prediction models for the risk of diabetic foot in people with type 2
diabetes: a systematic review and external validation study
J.W. Beulens1, J.S. Yauw2, L.M. Peelen3, T.L. Feenstra4, K.G. Moons2, R.C.
Slieker1, R.M. Herings5, P.J. Elders1, G. Nijpels1, A.A. van der Heijden1;
1Amsterdam UMC-location VU, Amsterdam, 2University Medical
Center Utrecht, Utrecht, 3Univesity Medical Center Utrecht, Utrecht,
4University Medical Center Groningen, Groningen, 5PHARMO
Institute, Utrecht, Netherlands.

Background and aims: In their lifetime, 15-25% of people with type 2
diabetes (T2D) experience a foot ulcer and their risk of amputation is 10-
20 times higher compared to people without T2D. Predictionmodels have
been developed to predict the risk of diabetic foot in people with T2D, but
an overview of their performance is lacking. The aim of this study was to
identify all prediction models for the risk of diabetic foot in people with
T2D, to determine their quality, and to evaluate their performance in a
large independent cohort.
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Materials and methods: Literature was systematically searched until
March 2016 in PubMed and Embase, for all studies with development
of prediction models for the risk of diabetic foot applicable to people with
T2D. Studies were included when: (i) the model was developed for peo-
ple with T2D or included T2D as predictor; (ii) the outcome of the model
was diabetic foot and (iii) the minimal follow-up was one year. Eligibility,
data extraction using CHARMS and risk of bias assessment using
PROBAST were conducted in duplicate. Where possible, identified
models were externally validated in the Diabetes Care System cohort, a
prospective cohort of over 12,000 people with T2D with annually repeat-
ed measures of T2D risk factors and complications. Model performance
was evaluated in terms of discrimination (c-statistic) and calibration (ob-
served/expected ratio; calibration plots).
Results:We included 16 articles with 25 models predicting polyneuropathy,
foot ulcer or amputation over a period of one to ten years. The number of
predictors ranged from one to 13 with age, peripheral vascular disease, and
HbA1c as most common predictors. Reported discrimination for 10 studies
ranged from 0.55 to 0.84. Fourteenmodels were externally validated in 3,846
participants, of whom 104 developed an ulcer and 43 underwent amputation
during 3.6 years follow-up. Validatedmodels showed poor discrimination for
ulcers with c-statistics ranging from 0.50 (95%-CI=0.50-0.50) to 0.64 (0.59-
0.69) and moderate discrimination for amputations with c-statistics ranging
from 0.57 (0.51-0.64) to 0.76 (0.69-0.84). Observed/expected ratios were
around one but with generally poor calibration plots.
Conclusion:Twenty-five predictionmodels for the risk of diabetic foot in
people with T2D were identified with model performance ranging from
poor to moderate. All models, especially for predicting ulcer, should be
improved before use in clinical practice.
Supported by: DIAMANT
Disclosure: J.W. Beulens: None.

947
Diabetic patients in the UK necrotising fasciitis study: 15-years’ data
shows increasing incidence but no increase in mortality
H. Bodansky1, D. Bodansky2;
1Manny Cussins Diabetes Centre, Leeds, 2Royal Liverpool Hospital,
Liverpool, UK.

Background and aims: Diabetes may predispose to necrotizing fasciitis
(NF), a rapidly progressing soft tissue infection with high mortality. We
studied the incidence and mortality of patients with diabetes developing
NF in England, risk factors for mortality and causative micro-organisms.
Materials and methods: The Hospital Episodes Statistics database was
used to identify patients with NF admitted to English hospitals from
2002-2017. Information on patient demographics, comorbid conditions,
microbiology specimens, surgical intervention, and in-hospital mortality
was collected. Uni- and multi-variate analyses were performed to inves-
tigate factors related to in-hospital mortality.
Results: 11,042 patients were diagnosed with NF. Age standardised inci-
dence rose from 9 per million in 2002 to 21per million in 2017. Incidence
increased with age and was higher in men. There were 2,941 patients with
diabetes (26.6%), whilst UK diabetes prevalence is 6.8%. Diabetes preva-
lence rose from 25.4% in 2007 to 34.5% in 2017 (p<0.001). Age
standardised mortality rate for those with and without diabetes was 16%,
unchanged over the study period. In the whole cohort, multivariate analysis
showed that risk of in-hospital deathwas increased by female sex, history of
congestive heart failure, peripheral vascular disease and chronic kidney
disease. Admission year and diabetes were not associated with increased
risk of mortality. Over time, traditional gram-positive organisms, such as
staphylococcal and streptococcal species declined from 70 to 63%whereas
gram-negative species e.g. E coli and klebsiella increased from . gram-
negative specii have increased. Gram-positive species decreased over the
study period from 70 to 63% with a corresponding increase in gram-
negative species from 30 to 37%. Of those receiving surgery, amputation
rates varied from 13 to 10% with 96% receiving debridement.

Conclusion: The incidence of NF increased from 2002 to 2017 with a
constant age-standardised mortality for patients with diabetes. The prev-
alence of diabetes in the cohort rose from a quarter to a third between
2002-2017. However, diabetes did not confer an increased in-hospital or
90 daymortality rate. There has been a change in the causative organisms.
Disclosure: H. Bodansky: None.

948
Regional disparities in the prevalence of amputations in patients with
type 2 diabetes: results from the disease management programmes in
North Rhine-Westphalia, Germany
S. Groos1, J. Bätzing2, J. Kretschmann1, C. Macare1, M. Schulz2, A.
Weber1, B. Hagen1;
1DMP Department, Central Research Institute for Ambulatory Health
Care, Cologne, 2Department of Regional Health Care Analyses and
Health Care Atlas, Central Research Institute for Ambulatory Health
Care, Berlin, Germany.

Background and aims: To prevent the incidence and progression of
micro- and macrovascular complications is one of the central aims in
the therapy of type-2-diabetes. In this study regional disparities in the
prevalence of amputations are presented. Furthermore their association
with structural sociodemographic parameters and patient related charac-
teristics is analysed within a population of patients inscribed in disease
management programmes (DMP) for type-2-diabetes.
Materials andmethods:Analyses are based on documentations of a total
of 878.893 patients with type-2-diabetes who were taken care of by gen-
eral practitioners and were participating in the DMPs in the German fed-
eral state of North Rhine-Westphalia from 2009 until 2017. Grouped by 53
counties and cities the prevalence of amputations is presented. To describe
the socio-demographic characteristics of the counties and cities we used
the socio-economic health index (SGX) and the urbanity index (UX). The
SGX describes regional disparities in socio-economic and health status
variables such as rate of unemployment, rate of welfare recipients or life
expectancy. The UX characterises the spatial distribution of interregional
migration and household size. High values of SGX and UX indicate high
levels of social deprivation and urbanisation, respectively. Pearson’s cor-
relation analyses reveal the association between prevalence of amputations
and the SGX and UX, respectively, on a regional level. Furthermore, on
individual data level, predictors of the incidence of amputation were esti-
mated by multivariate logistic regression analyses (odds ratios, OR, and
95-percent confidence intervals, CI 95%, are given).
Results: In 2017 6.64 ‰ of the patients with type-2-diabetes suf-
fered from at least one amputation. Regional prevalence ranged
from 4.33 ‰ to 9.89 ‰. A negative correlation between theses
prevalence values and the SGX (r = -0.29; p < 0.033) and the UX
(r = -0.37; p < 0.007) on regional level can be shown. The regres-
sion models revealed a significant influence of the SGX (OR 0.88;
CI 0.79-0.97; highest vs. lowest tertile) and the UX (0.89; 0.80-
0.99; do.) on the risk of having a first amputation. Of the patient
related parameters suffering from a peripheral artery disease (3.82;
3.46-4.22), from a diabetic foot syndrome (2.30; 2.06-2.57) as
well as a low glycaemic control (2.22; 1.99-2.47) have the highest
impact on the incidence, besides being male, having a higher age,
and suffering from additional micro- and macrovascular burden.
Conclusion: An association between the risk of amputation and regional
structural characteristics can be shown: prevalence of amputation is
higher in those regions that show a less urban structure but that also are
characterised by less social deprivation. However, stronger effects on the
incidence of first amputations are revealed for individual patients’ char-
acteristics like diabetic foot syndrome, vascular diseases and glycaemic
control. Limitations of the study are given by the fact that DMP docu-
mentations do not allow to distinguish between minor and major ampu-
tations as well as by possible selection bias in DMP participation.
Disclosure: S. Groos: None.
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949
The use of artificial neuronal network for three-month prognosis in
individuals with diabetic foot syndrome
A.A. Poradzka, B. Mrozikiewicz-Rakowska, L. Czupryniak;
Department of Diabetology and Internal Diseases, Medical University of
Warsaw, Warsaw, Poland.

Background and aims: Diabetic foot syndrome (DFS) is the most feared
complication of diabetes. Establishing reliable prognosis for the wound
healing is challenging in most cases. Being able to properly assess the course
of ulceration healing would help manage the wound by the foot team and a
patient as well as it allow appropriate allocation of resources. We conducted
the study aiming at evaluating the use of the machine learning method -
artificial neuronal network (ANN) to predict wound healing outcome in in-
dividuals with DFS. ANN is a modern method of statistical analysis, so far
not tried or applied in the assessment of DFS course prediction.
Materials and methods: The study population comprised 174 patients
hospitalized due to DFS. We included all patients with diabetic foot ulcers
whose general condition allowed to participate. Each patient underwent stan-
dard physical examination including assessment of peripheral nervous sys-
tem, venous bloodwas drawn for the assessment of glucose control (HbA1c),
renal function, and infection status. Ankle-brachial index and transcutaneous
oxygenmeasurement (with the use of Periflux5000 [Perimed, Sweden]), foot
skin temperature, and ulcer area [with the use of Planimator [Institute of
Biocybernetics and Biomedical Engineering, Poland] were measured. All
the patients were assessed at baseline and after 3 months. Initial prediction
model included 38 clinical and biochemical variables, in the course of statis-
tical analysis their number was reduced to six.
Results: The study group comprised 25.3% women and 74.7% men, 11%
with type 1 diabetes, 89%with type 2 diabetes. Mean age of all subjects was
61.4±10.8, BMI 30.83±5.66, diabetes duration 17.06±10.88, HbA1c 8.17
±2.11. With help of traditional statistics we reduced the number of variables
found to be ulcer healing significant predictors to sevenwhichwere taken into
consideration in the main part of analysis. Neuronal network with 9 input
neurons, 5 hidden nodes and 2 output neurons was found to have satisfactory
parameters: train-test-validation classification rates are: 81.96-84.61-84.61
[this indices are tools evaluating the sufficient effectiveness of a model].
Area under ROC curve for this method was 0.85, indicating usefulness of
the network. Final analysis revealed that just as few as 6 variables can be used
for reliable wound healing prediction in DFS patients: past amputationwithin
foot, palpable bone with probe, ulcer area, ulcer duration, ankle-brachial
index, and presence of blood flow in doppler. Based upon this analysis a tool
for wound healing prediction was designed.
Conclusion:Machine learning with the use of artificial neuronal network
can be used in modelling the course of chronic diabetes complications.
Our results may lead to producing a simple application which may be
used at bedside to predict the course and outcome of DFS management.

Disclosure: A.A. Poradzka: None.

950
Long-term reduction of major amputations by two-thirds after im-
plementation of a binding multidisciplinary treatment concept in a
regular and emergency care hospital
B. Mertes1, H. Voß2, B. Miokovic3, T. Voigtländer4, R. Geraldes5, M.
Piorkowski6;
1Diabetologie, AGAPLESIONKrankenhaus Bethanien, Frankfurt/ Main,
2Allgemeinchirurgie, AGAPLESION Krankenhaus Bethanien,
Frankfurt/ Main, 3Gefäßchirurgie, AGAPLESION Krankenhaus
Bethanien, Frankfurt/ Main, 4Kardiologie, AGAPLESION Krankenhaus
Bethanien, Frankfurt/ Main, 5Controlling, AGAPLESION Frankfurter
Diakonie Kliniken, Frankfurt/ Main, 6Angiologie, AGAPLESION
Krankenhaus Bethanien, Frankfurt/ Main, Germany.

Background and aims: In a 243-bed regular and emergency care
hospital with specialist departments for cardiology, angiology,
diabetology, general and vascular surgery, the incidence of major
amputations in people with diabetes mellitus was counted and
found to be too high. This happened in 2014 as part of a quality
assurance measure in cooperation with the Diabetic Foot Working
Group of the German Diabetes Society.
Materials and methods: At the beginning of 2015, a multidisciplinary
treatment concept was implemented as a binding standard: lower extrem-
ity amputation was performed only after examination of peripheral
pallesthesia (C64, Metatarsus I), after intra-arterial angiography showing
the foot arteries, and after obtaining a second opinion. If possible, an
optimization of the blood flow through angioplasty or bypass surgery
was carried out. Obtaining and documenting the second opinion (either
from an angiologist or a vascular surgeon) was coordinated by a diabe-
tologist. Case numbers (only patients with peripheral arterial disease;
PAD), diagnoses (ICD codes) and the incidence of major and minor
amputations (OPS codes) were determined using the DRG billing of the
years 2010 to 2018.
Results: Between 2010 and 2014, there were on average 31.8 major
amputations per year per 1000 cases with PAD, from 2015 to 2018 the
average was only 10.8. Minor amputations decreased on average during
the same time period slightly (62 versus 53.5 per year per 1000 cases with
PAD).
Conclusion: The implementation of a binding, multidisciplinary treat-
ment concept can lead to a significant and sustainable reduction of major
amputations.
Disclosure: B. Mertes: None.

951
Negative pressure wound therapy in diabetic foot wounds: a system-
atic review and meta-analysis of real world data
P. Rys1, S. Borys2,3, J. Hohendorff2,3, A. Zapala1, P. Witek2,3, M.
Monica1, A. Ludwig-Slomczynska4, B. Kiec-Wilk2,3, M.T. Malecki2,3;
1HTA Consulting, Krakow, 2Department of Metabolic Diseases,
Jagiellonian University Medical College, Krakow, 3Department of
Metabolic Diseases, University Hospital in Krakow, Krakow, 4Center
for Medical Genomics OMICRON, Jagiellonian University Medical
College, Krakow, Poland.

Background and aims:Negative pressure wound therapy (NPWT) is an
adjunct modality in diabetic foot ulcerations (DFUs). Randomized con-
trolled trials (RCTs) have shown its advantage over standard approaches,
however real world data (RWD) remains scarce. We performed a system-
atic review of observational non-RCTs evaluating NPWT efficacy and
safety in patients with DFU.
Materials andmethods: Electronic databases, includingMEDLINE and
EMBASE, were searched for observational studies involvingNPWT. The
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results of single-arm studies were presented as percentages of patients
with the outcome of interest. A meta-analysis of comparative studies
provided point estimates of outcomes. Continuous outcomes were report-
ed as either weighted or standardized mean differences, and dichotomous
data as relative risk (RR).
Results: The search identified 16 RWD papers, 12 single-arm, and
4 comparative studies, reporting on a total of 18,449 patients with
DFU, of which 1,882 were managed with NPWT. In the NPWT-
treated patients, ulcers were larger (average size range 6.6-51.9
cm2), as compared with controls (<3 cm2). NPWT was added
to the standard therapy including surgical debridement, antibiotic
therapy, immobilization, revascularization and in particularly dif-
ficult wounds, partial amputation. Additionally, in some studies,
patients were treated with non-standard methods, such as skin
grafts, irrigation with saline or poliexanide solution, hyperbaric
oxygen therapy and grow factors. The pooled results showed
healing and major amputation in 51% and 5% of NPWT patients,
respectively. Sensitivity analysis, including only patients receiving
NPWT added to standard therapy, revealed numerically higher
rates of healing (71%) and lower rates of major amputation
(3%) than in total population, which may reflect that in routine
clinical practice additional intervention are offered mainly to pa-
tients with more complicated DFUs. The meta-analysis of com-
parative studies revealed lower risk of major amputation [RR =
0.14 (0.03; 0.65)] in NPWT-treated patients. The pooled results
for healing rate and risk of any amputation were inconclusive due
to large between-study heterogeneity. Overall, 6 deaths out of 158
patients were reported, none of them related to NPWT. Serious
adverse events occurred in 6% patients on NPWT.
Conclusion: This systematic review provided supportive RWD ev-
idence that NWPT is an efficient and safe adjunct treatment in
management of DFUs.
Supported by: The study was funded by the National Science Centre in
Poland through the O
Disclosure: P. Rys: None.
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Bone immunohistochemistry and plasma levels of RANKL, osteopro-
tegerin and TNFa in acute Charcot foot
I. Eleftheriadou1, A. Tentolouris1, I. Anastasiou1, I.Mourouzis2, E. Jude3, J.
La Fontaine4, E. Catrina5, C. Papadimitriou1, K. Evangelou6, N. Tentolouris1;
1First Department of Propaedeutic and Internal Medicine, Medical
School, National & Kapodistrian University of Athens, Athens, Greece,
2Department of Pharmacology, Medical School, National & Kapodistrian
University of Athens, Athens, Greece, 3Department of Diabetes,
Tameside Hospital NHS Foundation Trust, Ashton under Lyne, UK,
4Department of Plastic Surgery, UT Southwestern Medical Center,
Dallas, USA, 5Clinica de Chirurgie, Bucureşti, Romania, 6Department
of Histology-Embryology, Medical School, National & Kapodistrian
University of Athens, Athens, Greece.

Background and aims: An exaggerated inflammatory response to a
minor trauma is the most current theory regarding the pathophysiology
of Charcot neuroarthropathy (CN), but the pathogenesis remains unclear.
Osteolysis mediated through inflammation and activation of the receptor
activator of nuclear factor kappa B ligand (RANKL)-osteoprotegerin
(OPG) pathway has been proposed to be the primary event for the initi-
ation and progression of CN. The aim of our study was to compare
plasma levels as well as the expression of RANKL, OPG and TNFa in
bone samples from 3 groups of participants: patients with CN, patients
with diabetes (DM) and healthy individuals.
Materials and methods: A total of 59 participants were recruited: 24
patients with CN, 21 patients with DM and 14 healthy controls. Plasma
RANKL levels were measured using ELISA and plasma OPG and TNFa
using Luminex Multiplex assay. Bone samples were collected from 31
participants: 11 patients with CN, 10 patients with DM and 10 healthy
controls. Hematoxylin and eosin staining as well as immunohistochem-
istry for the expression of RANKL, OPG and TNFa were performed. The
distribution and intensity of staining was graded by 2 independent inves-
tigators and a total score that ranged from 0-9 was calculated.
Results: Plasma levels of RANKL, OPG and TNFa were significantly
different among the 3 groups of participants (p=0.027, p<0.001 and
p<0.001, respectively) (Table 1). The expression of RANKL, OPG and
TNFa in bone samples differed significantly among the 3 groups of par-
ticipants (all p<0.001) (Table 1). Multinucleated osteoclasts demonstrat-
ing active bone breakdown were observed in bone specimens obtained
from patients with CN.
Conclusion: Increased bone resorption in acute CN is mediated through
increased expression of RANKL and TNFa, while increased expression
of OPG does not seem to counterbalance the increased RANKL-mediated
osteoclastic activity.
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Disclosure: I. Eleftheriadou: None.
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Bedside blind bone biopsy (B4) for diagnosis of diabetic foot osteitis
allows similar healing rate than basic bone biopsy (B3)
F. Féron1, L. Potier2, G. Péan de Ponfilly1, D.-C. Gauthier1, A.-L.
Munier1, E. Lecorche1, H. Jacquier1, N. Grall2, M. Laloi-Michelin1, F.
Mercier2, M. Marre2, J.-P. Riveline1, J.-F. Gautier1, R. Roussel2, J.-P.
Kevorkian1;
1Hôpital Lariboisière, Paris, 2Hôpital Bichat, Paris, France.

Background and aims:Bedside Blind Bone Biopsy (B4) performed by a
diabetologist has been recently shown as a reliable tool to manage
antibiotherapy in case of Diabetic Foot Ulcer (DFU) with suspected os-
teitis. Here, we evaluated the performance of B4 compared to the con-
ventional procedure (Basic Bone Biopsy, B3) performed either by surgery
or interventional radiology.
Materials and methods: A bicentric, observational, retrospective study
was conducted in two different diabetes departments. B4 was performed
by a diabetologist from december 2015 to september 2018 (33 months) in
Center A. B3 was performed by a surgeon or an interventional radiologist
from september 2013 to september 2018 (62 months) in Center B. The
primary endpoint was complete wound healing with Exclusive Medical
Treatment (EMT) and no recurrence at 6 months (EMT=offloading,
wound care±antibiotherapy). The secondary endpoints were the rates of
contaminations and sterile Bone Biopsies (BB).
Results: Among 1112 patients with Diabetes Mellitus (DM) admitted
with foot ulcer, 127 consecutive patients (11,4%) were presented with
clinically and/or radiological suspicion of osteitis, eligible for EMT and
consequently with an indication of BB: B4=81/415 DFU (19,5%),
B3=46/697 DFU (6,6%, surgery n=31/46 [67.4%], radiology n=15/46
[32.6%]). Patients characteristics were similar between the 2 groups:
males (76,4%), mean age (69±12years), mean duration of DM (19
±10years), mean glycated hemoglobin (8±2%). Bacterial stains were
comparable between the two groups with Staphylococcus Aureus mainly
(B4=21,4%, B3=26,4%, p=0,58). The rate of patients with complete
wound healing with EMT and no recurrence at 6 months was similar
between the two groups (B4=59%, B3=58,7%, p=1). The mean duration
of follow-up was 604+/-446 days. No statistical difference was observed
for the rate of contaminations (B4=14% [37/262 bone samples] ,
B3=10% [7/68 bone samples], p=0,55) and sterile BB (B4=34%,
B3=22%, p=0,18).
Conclusion: B4 is a simple and valid diagnostic procedure to manage
DFU with suspected osteitis. It results to comparable healing rate than
more sophisticated and expensive procedures.
Disclosure: F. Féron: None.
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Effect of negative pressure wound therapy on the level of selected
circulating signalling molecules in patients with diabetic foot ulcer
S. Borys1,2, J. Hohendorff1,2, A. Drożdż3, A. Wróbel3, B. Kieć-Wilk1,2,
E. Stępień3, M.T. Małecki1,2;
1Jagiellonian University Medical College, Krakow, 2Department of
Metabolic Diseases, University Hospital, Krakow, 3Department of
Medical Physics, M. Smoluchowski Institute of Physics, Faculty of
Physics, Astronomy and Applied Computer Science, Jagiellonian
University, Krakow, Poland.

Background and aims: Diabetic foot syndrome, frequently occurring
with diabetic foot ulcer (DFU), leads to lower limb amputation and pre-
mature death in many patients with diabetes. Negative pressure wound
therapy (NPWT) has been used for treatment of DFU. Its potential influ-
ence on local gene expression andmethylation in the wound bed has been

recently described. However, a different NPWT mechanism of action
may be associated with its influence on circulating signaling molecules.
The aim of this research was to asses NPWT effect on Angiopietine-2
(Ang2), a strong modulator of angiogenesis, and circulating serum levels
of its microvesicular receptors (Tie2) as well as microvesicles (MVs)
themselves in patients with DFU.
Materials and methods: We included 33 patients with type 2 diabetes
mellitus (T2DM) and neuropathic, non-infected DFU - 23 treated with
NPWT and 10 treated with standard therapy. Assignment to NWPTwas
non-random and based on DFU characteristics. Serum level of circulating
Ang2 and Tie2 wasmeasured in blood samples taken at the beginning and
after 8 days of therapy. Ang2 evaluation was performed by ELISAwhere-
as Tie2 was evaluated through flow cytometry (Apogee A50 Micro) with
use of Alexa Fluor 488 (BioLegend) marked anti-human CD202b
(Tie2/Tek) antibodies. Alexa Fluor 488 Mouse igG1, κ IsotypeCtrl (FC)
(BioLegend) antibodies were used for isotype control. Evaluation of the
total quantity of circulating microvesicles MVs and MVs AnnV+
(Annexin V, Alexa Fluor® 488, Biolegend) was performed at the same
time points. Statistical analysis was performed using the Mann-Whitney
test.
Results: Control individuals and the NPTW group were similar in terms
of basic clinical characteristics such as age (65.±6 vs. 69±9 years. p=0.16)
and HbA1c level (7.4±1.6 vs. 7.0±1.3 %, p=0.38) but differed by mean
DFU area - 3.0±5.2 vs. 16.9±14.9 cm2 (p<0.001), respectively. In the
NPWT group, there was no influence of treatment used on Ang2, Tie2
and total MVs quantity. However, a difference was identified between the
groups at onset of the study as elevated Ang2 levels were found in the
NPWT group when compared to controls (4.24±2.4 vs, 2.6±0.75 ng/ml;
p<0.001) at the initial time point and after therapy 4.05±2.27 vs. 2.47
±0.84 ng/ml (p<0.001). Additionally, no significant difference in total
MVs quantity was found between the two groups at the beginning of
therapy (15.5*E6 vs. 9.6*E6, p=0.07) but and at the end of therapy the
total MVs quantity was significantly lower in the NPTW group (12.6*E6
vs. 8.2*E6, p=0.033). There was no difference found for Tie2 serum level
and MVs Ann+ quantity in any comparison.
Conclusion: NPWT in T2DM patients with neuropathic, non-infected
DFU seems not to influence Ang2, Tie2 serum levels or the total quantity
of circulating MVs. However, the difference in initial Ang2 and post-
treatment MVs level may be associated with larger DFU area. Thus, this
difference may modify CV risk.
Supported by: Natinal Science Center Poland 2013/11/B/NZ5/03298
Disclosure: S. Borys: None.
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Monitoring wound healing of diabetic foot ulcers using two-
dimensional and three-dimensional wound measurements
L.B. Jørgensen1, U. Halekoh2, G.B.E. Jemec3, J.A. Sørensen4, K.B.
Yderstræde1;
1Steno Diabetes Center Odense, Odense University Hospital, Odense,
2Department of Epidemiology, Biostatistics and Biodemography,
University of Southern Denmark, Odense, 3Department of
Dermatology, Zealand University Hospital, Roskilde, Odense,
4Department of Plastic Surgery, Odense University Hospital, Odense,
Denmark.

Background and aims: Three-dimensional (3D) wound measure-
ments of diabetic foot ulcers (DFU) enable the evaluation of
wound healing from the wound bed. During recent years, several
3D wound measurement methods have been developed. However,
most of the 3D measurement devices are not commonly used in
clinical practice due to inaccuracy or high costs. Also, they are
often complicated to handle. Furthermore, only few studies with
a limited number of study participants have investigated 3D mea-
surements in monitoring wound healing over time. We have devel-
oped a 3D-Wound Assessment Monitor (WAM) camera, which can
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measure wound size in 3D and assess wound characteristics. The
aim of this study was to compare the changes in 3D area measure-
ments using the 3D-WAM camera with traditional 2D area mea-
surements of DFU during a period of 8 weeks.
Materials and methods: In a prospective cohort study, we monitored
wound healing in 150 patients with DFU using the 3D-WAM camera (3D
area) and the digital imaging method (2D area) at baseline, week 2, 4 and
8. The following statistical approaches were used to compare the changes
in 2D area and 3D area measurements: linear regression analysis, paired
Wilcoxon signed rank test, Bonett-Price 95% confidence interval (CI) and
Spearman correlation coefficient.
Results: Of the 150 included patients with DFU, 109 patients were
followed for 8 weeks. In the statistical analyses 96 patients were included
(13 patients missed one or more wound measurements). The changes in
3D area measurements were significantly larger compared to 2D area
measurements assessed by Wilcoxon test (p <0.0001) and Bonett-Price
95% CI of 0.009-0.163. Moreover, there was a significant positive corre-
lation between the changes in 2D area and 3D area measurements after 8
weeks assessed by a Spearman correlation coefficient of 0.94 (p
<0.0001). The healing rates illustrated by 2D area and 3D area measure-
ments were also compared to each other, showing that the majority of the
wounds had larger decrease in 3D area compared to 2D area (Figure 1).
However, the difference between the changes in 2D and 3D area mea-
surements were very small in wounds having a baseline area below 5 cm2.
Conclusion: Our study highlights the potential benefit of a novel 3D
camera for monitoring wound healing in DFU, which was found partic-
ularly useful in monitoring wound healing in large wounds. In wounds
with surface area less than 5 cm2, the 2D area and 3D area measurements
perform equally well in monitoring the wound healing. Further research
should be undertaken to investigate whether changes in 3D area measure-
ments are more sensitive predictors of the outcome of DFU compared to
the traditional 2D area measurements.

Clinical Trial Registration Number: NCT02423850
Supported by: The European Regional Development Fund
Disclosure: L.B. Jørgensen: None.

956
Protein tyrosine phosphatase 1B inhibition plays a role in the mac-
rophage phenotype under high glucose conditions: potential therapy
for diabetic wound healing
A. Figueiredo1, E.C. Leal1, G. Gasiunaite2, M. Delibegovic2, E.
Carvalho1;
1Center for Neuroscience and Cell Biology, University of Coimbra,
Coimbra, Portugal, 2University of Aberdeen, Aberdeen, Scotland, UK.

Background and aims: Diabetic foot ulceration is one of the serious
complications of diabetes. When classical treatments fail, diabetic foot
ulcers (DFU) become chronic and often lead to amputations.
Macrophages play an important role in wound healing. In diabetic chron-
ic wounds, pro-inflammatory M1 macrophages are not able to change to
an anti-inflammatory phenotype (M2 macrophages). Thus, contributing
to the maintenance of the inflammatory phase, delaying wound healing.
Protein tyrosine phosphatase 1B (PTP1B) is present in many tissues,
including the skin. Its expression is known to be higher in diabetes and
DFU.We aimed at evaluating the role of PTP1B inmacrophage inhibition
under high glucose conditions.
Materials and methods: THP-1 monocytic cells were incubated with
phorbol-12-myristate-13-acetate (PMA) and ionomycin for 48 hours in
order to differentiate them into macrophages. Macrophage differentiation
was confirmed by CD68 staining; over 95% of the cells were macro-
phages. These cells were treated with the PTP1B inhibitor MSI-1436,
(500 nM, 1 μM and 3 μM) for 30 minutes before the differentiation
stimuli and after the 48h of incubation, under high glucose (25mM) or
normoglycemic conditions (5.5mM). Cell viability was measured by
MTT assay. The number of M1 macrophages was evaluated by immuno-
cytochemistry using the double staining CD68 and TNF-alpha.
Moreover, the inflammatory state of macrophages was evaluated with
TNF-alpha by immunohistochemistry. Along with oxidative stress, eval-
uated with the dichloro-dihydro-fluorescein diacetate (DCFH-DA) assay,
the levels of the enzyme Heme oxygenase 1 (HO-1) were measured by
immunohistochemistry.
Results: PTP1B inhibition increases macrophage viability under high
glucose condition (500 nM, 116%, 1 μM, 126% and 3 μM, 119% com-
paring to control, p<0.01), however, under normoglycemic conditions
PTPT1B did not have an effect on cell viability. We found that PTP1B
inhibition decreases the number of M1 macrophages under high glucose
(500 nM, 75%; 1 μM, 41% and 3μM 52% of control) although, in
normoglycemic conditions, PTP1B had only a slight effect. Moreover,
TNF-alpha levels decreased in high glucose conditions with 1 and 3 μM
of PTP1B inhibitor (36% and 39% of control, respectively) and in
normoglycemia when 3μM of PTP1B inhibitor were used (79% of con-
trol). Under high glucose, oxidative stress levels were increased in mac-
rophages (500 nM and 1 μM 72%; 3 μM, 40% of control) and in
normoglycemic condition only 3 μM decreased oxidative stress to 59%
comparing to control. HO-1 increased with PTP1B inhibition in high
glucose conditions (500 nM, 132%; 1μM, 126% and 3 μM, 121% of
control) but not in normoglycemic conditions.
Conclusion: Under high glucose conditions, PTP1B inhibition is
able to modulate macrophage differentiation, promoting a lower
inflammatory environment, and decreasing significantly the oxida-
tive stress via an increase of the antioxidant enzyme HO-1. These
effects of PTP1B inhibition in macrophages, under high glucose
conditions, suggest a new potential therapeutic approach for the
treatment of diabetic foot ulcers.
Supported by: Diabetes UK, FCT, SPD/GIFT
Disclosure: A. Figueiredo: None.

957
Denosumab, compared to standard care alone, reduces disease activ-
ity of acute diabetes related Charcot neuropathy
N.S. Lau1,2, M. Malone3,4, S. Schwarzer3,4, A. France3, G.
Rajarethanam5, E. Staunton6, H.G. Dickson1,2;
1Liverpool Diabetes Collaborative Research Unit, Ingham Institute of
Applied Medical Research, NSW, 2Faculty of Medicine, University of
New South Wales, Sydney, 3South West Sydney Limb Preservation and
Wound Research, SouthWest Sydney Local Health District, NSW, 4High
Risk Foot Service, Liverpool Hospital, NSW, 5High Risk Foot Service,
Royal Brisbane and Women's Hospital, Queensland, 6Diabetic Foot
Service, Royal Melbourne Hospital, Victoria, Australia.
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Background and aims: Charcot Neuroarthopathy (CN) is an uncommon
complication of diabetic peripheral neuropathy; starts from trivial injury
causing acute, cascading & progressive inflammation of soft tissue and
bones & then deformity in affected joints. Feet are most commonly af-
fected hence the increased rates of foot ulceration, infection, sepsis &
lower limb amputation. Current best practice for acute CN are
immobilising & off-loading foot devices but are cumbersome to apply
and associated with poor adherence. No therapies are known to reduce the
inflammation; prior research into a range of drugs failed to demonstrate
clear clinical efficacy. Denosumab (DNB) is a monoclonal antibody with
specific affinity for osteoclast receptors of maturation and activity. We
hypothesise for people with diabetes and acute CN, DNB may reduce
disease activity (primary outcome) through less inflammation and bone
turnover (secondary outcomes).
Materials and methods: Our pragmatic, open label prospective study
was a collaboration between 3 High Risk Foot Services (Brisbane,
Melbourne & Sydney) so to aid recruitment. After informed consent
eligible people (adults, Type 1 or 2 DM, unilateral CN, no intercurrent
significant foot infection, no contraindications to denosumab) received
standard high level acute CN care (immobilisation devices, multidisci-
plinary care) and a single dose of DNB then followed fortnightly for 6
months, then 3rd monthly until 12 months. Control group was retrospec-
tive; a (single site) cohort of people with diabetes & acute CN treated and
followed by same high level standard care. CN disease activity was
assessed as averaged difference in temperatures between feet, as mea-
sured across 4 sites twice per visit on thermal thermometers. If two con-
secutive visits recorded <20C difference, primary outcome was met.
Analyses of primary outcome was by ANOVAwith repeated measures,
baseline continuous data by unpaired T-tests and categorical data by Chi-
square analyses.
Results: The DNB group (n=22) were (mean or %) aged 53.5 years, 55%
female, 86% Type 2 DM, 45% Right side & 95% midfoot CN with
baseline temperature change 3.10C. The control group (n=12) were aged
55.5 years, 25% female, 100% Type 2 DM, 75% Right side & 100%
midfoot CN with baseline temperature change 2.80C. Baselines differed
for gender, type of DM, side of CN but not for other measures, nor on
ESR and CRP. Resolution of acute CN in DNB Denosumab group was 8
weeks while for controls 21 weeks (p<0.01).
Conclusion: For people with diabetes and acute CN, compared to a
cohort who received only standard care, a single dose of denosumab
significantly shortened disease activity. Limitations include retrospective
non matched control & small study population. Results need validation,
ideally by a placebo controlled randomised study. Use of denosumab for
acute diabetic CN may yet significantly reduce diabetic foot morbidity,
reduce health care costs and improve quality of life.
Clinical Trial Registration Number: ACTRN12614000326695
Supported by: Diabetes Australia, Perich Diabetes
Disclosure: N.S. Lau: Grants; Diabetes Australia General Research
Grant, Perich Diabetes Research Grant.

958
Cytoprotective effect of interleukin 4 on fibroblasts in a 3D culture
system comprising immune factors of patients with chronic diabetic
foot ulcers
M. Mashkova, V. Goranov, T. Mokhort, L. Chvatova, O. Symanovich;
Belarusian State Medical University, Minsk, Belarus.

Background and aims: To study the influence of interleukin 4 on
keratinocytes and fibroblasts viability in presence of immune factors of
patients with chronic diabetic foot ulcers in a 3D skin culture system
Materials and methods: In this study a multilayer 3D human skin
model comprising of keratinocytes, fibroblasts and dendritic cells
in an agarose-fibronectin gel was used. 20% serum of 13 patients
with chronic noninfected diabetic foot ulcers, 13 healthy individ-
uals without diabetes and lymphocyte / monocyte mixture of the

same groups of patients were added to the culture model. The
system was tested with standard irritants - dimethyl sulfoxide
(DMSO), Lipopolysaccharide (LPS), SCS. Then interleukin 4 (IL-
4) (50 pg/ml) was added to the culture system to DMSO+LPS and
separately. Cell viabil i ty and growth of fibroblasts and
keratinocytes was measured using the resazurin reduction assay.
Results:Decreased fibroblasts viability was seen in the presence of blood
components of patients with chronic diabetic foot ulcers (blood serum
and lymphocyte/monocytemixture) comparing to healthy controls. At the
same time, adding IL-4 to DMSO+LPS and IL-4 alone showed protective
effects on fibroblasts (table 1).
Conclusion: IL-4 showed cytoprotective effect on fibroblasts in presence
of immune factors of patients with chronic diabetic foot ulcers in a 3D
skin culture system.

Disclosure: M. Mashkova: None.

959
Inhibition of PTP1B for improved diabetic wound healing
G. Gasiunaite1, E.C. Leal2, A. Figueiredo2, H.M. Wilson1, A.M.
Rajnicek1, E. Carvalho2, M. Delibegovic1;
1Institute of Medical Sciences, University of Aberdeen, Aberdeen, UK,
2Center for Neuroscience and Cell biology, University of Coimbra,
Coimbra, Portugal.

Background and aims: Non-healing wounds, such as foot ulcers affect
around 10 % of diabetic patients and may lead to lower extremity ampu-
tations. Factors such as neuropathy, macrovascular and microvascular
disease and chronic inflammation contribute to the developing of foot
ulcers. Failure of wounds to heal involves processes such as prolonged
chronic inflammation, dysregulated cytokine and growth factor expres-
sion, and debridement of the wound tissue. Macrophages play a major
role in all stages of wound healing and their function in diabetes is im-
paired, thus factors restoring their activity could enhance wound repair.
Protein tyrosine phosphatase 1 B (PTP1B) negatively regulates insulin
signalling and regulates growth factor and cytokine expression, differen-
tiation, proliferation and cell-cell adhesion. PTP1B is also known to be
upregulated in diabetes and diabetic foot ulcers, and inhibition of PTP1B
in macrophages has been shown to decrease lipopolysaccharide induced
inflammation in vivo. We hypothesized that local inhibition of PTP1B at
a wound site may enhance healing in diabetic wounds.
Materials and methods: Diabetes was induced by streptozotocin (50
mg/kg for 5 consecutive days) in C57/BL6 mice and two full thickness
6 mm diameter wounds were made on the dorsal skin. The PTP1B inhib-
itor (1 μg, 10 μg or 25 μg) or vehicle control was applied topically daily
for 10 days and the rate and extent of wound closure was recorded. On
day 3 and day 10 the wounds were harvested, corresponding to the pro-
inflammatory and proliferation phase of wound healing, for histological,
immunohistochemical (IHC) and gene expression analyses.
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Results: Wounds treated with the PTP1B inhibitor (1 or 10 μg/day)
displayed improved wound closure by 10 % as compared to wounds
treated with vehicle over a ten-day period. IHC analysis revealed a de-
crease in reactive oxygen species (ROS) production in the treatment
group of 25μg/day, a dose that did not show decrease in the rate of wound
closure. Lower doses (10 μg and 1 μg/day) which improved wound
closure, did not show decrease in ROS. Hence other factors, such as
inflammation and expression of proteins involved in proliferative stage
of wound healing was investigated. IHC studies revealed alterations in
macrophage polarisation towards pro-inflammatory (M1) or anti-
inflammatory (M2) phenotype in the wounds and data is currently being
analysed. Gene expression experiments revealed alterations in expression
of genes involved in wound healing process and inflammation, including
a decrease in expression of IL-1 beta, TNF alpha, TGF beta and inducible
nitric oxide synthase (iNOS) on day 10, and a decrease in MMP-9 ex-
pression on day 3 and day 10 in some of the groups treated PTP1B
inhibitor as compared to vehicle-treated group.
Conclusion:Mechanisms involved in non-healing wounds can be attrib-
uted to dysregulation of inflammation, expression of growth factors, pro-
liferation and angiogenesis, all of which are regulated by PTP1B. In
current and ongoing experiments inhibition of PTP1B showed increased
wound closure in diabetic mice. In addition, expression of inflammatory
factors and other proteins that play roles in different stages of wound
healing have been altered. Inhibition of PTP1B shows strong potential
to facilitate chronic wound healing in diabetic patients and thus more
studies are currently underway to better understand the mechanisms
involved.
Supported by: Diabetes UK, EFSD/Albert Renold Travel Fellowship
Disclosure: G. Gasiunaite: None.

PS 078 The impact of autonomic neuropathy

960
Autonomic neuropathy in type 1 diabetes: findings from the T1D
Exchange
K. MizoKami-Stout1, R. Bailey2, N. Foster2, L. Ang1, G. Aleppo3, C.
Levy4, M. Rickels5, V. Shah6, S. Polsky6, M. Katz7, B. Nelson8, A.
Carlson9, F. Vendrame10, R. Pop-Busui1;
1University of Michigan, Ann Arbor, 2Jaeb Center for Health Research,
Tampa, 3Northwestern University, Chicago, 4Icahn School ofMedicine at
Mount Sinai, New York, 5Rodebaugh Diabetes Center, University of
Pennsylvania Perelman School of Medicine, Philadelphia, 6Barbara
Davis Center for Diabetes, University of Colorado, Aurora, 7Joslin
Diabetes Center, Boston, 8University of South Carolina School of
Medicine - Greenville, Greenville, 9Park Nicollet International Diabetes
Center, Minneapolis, 10University of Miami, Miami, USA.

Background and aims: Diabetic autonomic neuropathy (DAN) may
contribute to significant morbidity, including orthostatic hypotension, ar-
rhythmia, hypoglycemia unawareness, gastroparesis, enteropathy, urinary
incontinence and sexual dysfunction in T1D. Contemporary data on
DAN impact are scarce.
Materials and methods: We evaluated the frequency of DAN in adult
T1D patients enrolled in the T1D Exchange Clinic Network using the
validated Survey of Autonomic Symptoms (SAS). Surveys were emailed
to registry participants who consented to be emailed about future studies.
DAN was defined as a score >3 on the Symptom Score (SS). Severity of
symptoms was graded with the Total Impact Score (TIS) defined as mild
(≤25thpercentile), moderate (≤50th percentile) and severe (≤75th percen-
tile). Multivariable linear regression and stepwise logistic regression were
used to analyze SAS-defined DAN and the correlations between DAN
and glycemic control, medical comorbidities and socioeconomic factors.
Results: Among 965 T1D participants, DAN frequency was 17%, of which
76% presented with moderate and 24% with severe symptoms. Participants
with DANwere older (44±16 vs 39±17 years), weremore often female (73%
vs 62%), had longer T1D duration (28±14 years vs 23±14 years), and had
higher hemoglobin A1c (8.1±1.7% vs 7.7±1.5%) than those without DAN
(all p-values <0.05). Compared with those without DAN, those with DAN
were more likely to have peripheral neuropathy (OR 8.10, 95% CI 4.57-
14.18), gastroparesis (OR 5.35, 95% CI 2.55-11.23), cardiovascular disease
(OR 2.60, 95% CI 1.34-4.91), depression (OR 2.20, 95% CI 1.46-3.32) and
use opioids (OR 4.23, 95% CI 1.76-10.13), both p-values <0.01.
Conclusion: As ascertained by the short SAS questionnaire, we found
that DAN symptoms were common and should be screened for regularly.
Traditional glycemic risk factors and the presence of peripheral neuropa-
thy and CVD were associated with DAN. Opioid use also was greater in
those with DAN, which might serve as a marker of more painful periph-
eral neuropathy.
Supported by: Leona M. and Harry B. Helmsley Charitable Trust
Disclosure: K. MizoKami-Stout: None.

961
Subclinical cardiovascular autonomic neuropathy associates with in-
creased all-cause mortality and incident cardiovascular disease in
screen-detected type 2 diabetes
S.T. Andersen1,2, J. Fleischer3, M.E. Jørgensen4,5, T.S. Jensen6,2, L.
Bjerg1, D.R. Witte1,7, A. Sandbæk1,3, M. Charles8,3;
1Department of Public Health, Aarhus University, Aarhus, 2Department of
Clinical Medicine, Aarhus University, Aarhus, 3Steno Diabetes Center
Aarhus, Aarhus, 4Clinical Epidemiology, Steno Diabetes Center
Copenhagen, Gentofte, 5National Institute of Public Health, University of
Southern Denmark, Copenhagen, 6Department of Neurology, Aarhus
University Hospital, Aarhus, 7Danish Diabetes Academy, Odense,
8Research Unit of General Practice, Aarhus University, Aarhus, Denmark.
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Background and aims: Cardiovascular autonomic neuropathy (CAN)
has been shown to increase morbidity and mortality in people with dia-
betes. This study aimed to quantify mortality risk and risk of incident
cardiovascular disease (CVD) during 7 years follow-up by presence of
CAN in type 2 diabetes detected by screening.
Materials and methods: We used data on CAN assessments from 777
participants with a median age of 65 years (IQR: 60;70) of the
ADDITION-Denmark study who attended the 6-year clinical follow-up ex-
amination. CAN was defined as two or three abnormal standard cardiovas-
cular autonomic reflex tests (lying-to-standing, deep breathing, and Valsalva
maneuver) using VAGUSTM device. Individuals where followed from CAN
assessment (carried out between 2008-2009) to death and to the first event of
CVD (stroke, myocardial infarction or peripheral arterial disease) or the cen-
soring date (31.12.2016) in two separate analyses. History of cardiovascular
diseases (CVD) and incident CVD were obtained from national registers, as
were records on deaths. Cox regression models were used to estimate hazard
ratios of mortality and first incident CVD event by CAN status.
Results: At the 6-year follow-up examination CAN was present in 70 par-
ticipants (10%). During the median follow-up of 7.2 years (IQR: 7.1;7.3), 12
(17%) deaths occurred in participants with CAN, whereas 71 (10%) deaths
occurred in participants without CAN. A higher mortality hazard ratio was
seen for participants with CAN (HR 1.8 (95% CI:1.1;3.0)) compared with
participants without CAN in a Cox regression model adjusted for sex, age,
systolic blood pressure, LDL-cholesterol level and trial-randomization group.
This estimate attenuated only marginally by further adjusting for history of
CVD (HR 1.7 (95% CI:1.0;2.9). During the follow-up period, 18 (26%)
participants with CAN had at least one CVD event, whereas 98 (14%) par-
ticipants without CAN had CVD events. A higher hazard ratio of incident
CVD was seen for participants with CAN (HR 2.0 (95%CI:1.2;3.7)) com-
pared with participants without CAN in the fully adjusted Cox model.
Conclusion: CAN is associated with higher all-cause mortality and a higher
risk of incident CVD in people with screen-detected type 2 diabetes, beyond
the impact of prevalentCVD.Therefore, identifyingCAN in peoplewith type
2 diabetes might enhance risk stratification models used in their care.
Supported by: Novo Nordisk Foundation Challenge Programme grant
Disclosure: S.T. Andersen: None.

962
The association between pulse wave velocity, diurnal indices of blood
pressure, some vasoactive peptides and cardiovascular autonomic
neuropathy
V. Serhiyenko1, V. Segin2, A. Serhiyenko1;
1Endocrinology, Danulo Halitsky Lviv National Medical University,
Lviv, 2Endocrinology, Lviv State Regional Clinical Diagnostical
Treatment Endocrinological Center, Lviv, Ukraine.

Background and aims: Diabetic cardiovascular autonomic neuropathy
(CAN) is often underdiagnozed complication of diabetes mellitus, that
can affect daily activities of patients and may invoke life-threatening
outcomes. Increased arterial stiffness, violated daily blood pressure
(BP) profile are considered as strongest predictors of cardiovascular mor-
bidity and mortality. This study aims to investigate the relationship be-
tween pulse waive velocity (PWV), diurnal indices (DI) of BP, some
vasoactive peptides and presence as well as severity of CAN in persons
with type 2 diabetes mellitus (T2DM).
Materials and methods: A total of 155 patients with T2DM were re-
cruited. The study population included patients with median age of 55.1
±3.6 years, BMI 28.3±0.87 kg/m2 and HbA1c level 7.2±0.7%, among
them 19 patients without cardiovascular diseases and CAN, 44 patients
with early, 46 - definite and 46 - advanced CAN. The diagnosis of CAN
was based on the results of 5 standard cardiovascular tests, 24-hour heart
rate variability during the ECG recording. Ambulatory BP monitoring
using the TensioMedTM Arteriograph 24 (Hungary) device was per-
formed to evaluate the systolic and diastolic DI, PWV. N-terminal pro-
brain natriuretic peptidе (NT-proBNP) and endothelin-1 (ET-1) contents

in blood were determined by enzyme-linked immunosorbent assay
(ELISA) using kits by DRG (USA). Statistics: ANOVA.
Results:We found out that development of early CAN is associated with
statistically significant increase of NT-proBNP concentration (319.8
±16.2 vs 272.1±16.9 fmol/ml, p<0.05) and PWV (10.2±0.15 vs 8.9
±0.23 m/sec, p<0.001) compared to patients with T2DM without CAN.
The average value of PWVexceeds the physiological and was considered
as high. Among the patients of this group in 43.2% we observed the
normal values of PWVand in 56.8% - elevated. In patients with definite
CAN the concentration of NT-proBNP (405.2±14.2 vs 319.8±16.2
fmol/ml, p<0.001) and PWV (10.95±0.23 vs 10.2±0.15 m/sec, p<0.01)
were statistically significant higher compared to patients with early CAN.
The value of PWV was normal in 19.6%, elevated in 47.8% and patho-
logical in 32.6% of cases. The development of advanced CAN was char-
acterized by the increase of ET-1 (0.83±0.07 vs 0.51±0.14 ng/ml,
p<0.05), NT-proBNP (521.1±20.3 vs 272.1±16.9 fmol/ml, p<0.001)
levels, systolic DI (-8.9±0.96 vs -12.3±1.23 %, p<0.05) and diastolic DI
(-8.1±1.18 vs -11.9±1.14 %, p<0.05) compared to patients with T2DM
without CAN. The value of PWV content 11.85±0.24 m/sec, that was
statistically significant higher compared to patients with early (+16.2 %,
p<0.001) and definite (+8.2 %, p<0.001) CAN. Among the patients of
this group mostly elevated and pathological parameters of PWV were
observed: in 23.9% - elevated; in 60.9% - pathological; only in 15.2 %
- normal. Multiple regression analysis, after controlling for age, gender,
diabetes duration, BP, HbA1c and left ventricular mass index, showed an
independent association of heart rate response to deep breathing with
PWV (p<0.001).
Conclusion: The development of CAN is associated with increased arte-
rial stiffness, NT-proBNP and endothelin-1 concentrations and violations
of diurnal BP profile. Increased PWV is associated strongly and indepen-
dently not only with the presence but also with the severity of CAN.
Disclosure: V. Serhiyenko: None.

963
Cardiovascular autonomic neuropathy correlate with cardiac dia-
stolic dysfunction in patients with type 2 diabetes
J. Won, Y. Kim, J.-H. Park, G. Kim;
Inje University, School of Medicine, Seoul, Republic of Korea.

Background and aims: Both cardiovascular autonomic neuropathy (CAN)
and cardiac diastolic dysfunction are common and associated with increased
risk of mortality in diabetes. This study was to investigate the association
between CAN and left ventricular (LV) diastolic dysfunction using doppler
echocardiography in patients with type 2 diabetes mellitus (T2DM).
Materials and methods: We retrospectively enrolled patients with
T2DM who underwent CAN test and echocardiographic assessment of
LV function. Clinical measures of CAN based on modified Ewing’s tra-
ditional tests: sympathetic (the heart rate response to deep breathing or
stand) and parasympathetic (the blood pressure response to stand or sus-
tain handgrip) tests. Subjects were considered to have CAN if both dys-
function were satisfied. Diastolic dysfunction was defined according to
the guideline of American society of Echocardiography and the European
Association of Cardiovascular imaging.
Results: From Jan 2012 to December 2017, the final analyses included
301 patients (178 men and 122 women) with a mean age of 64.5 ± 12.5
years and a mean duration of diabetes of 9.1 ± 8.0 years. The prevalence
rate of CAN and diastolic dysfunction of this study were 48% and 14.3%,
respectively. Linear regression analyses indicated that cardiac diastolic
dysfunction was associated with significantly gender, age, CAN, retinop-
athy and microalbuminuria. In multiple linear regression analysis, female
sex, old age and presence of CAN were highly correlated with higher
prevalence of diastolic dysfunction in patients with T2DM.
Conclusion: This study suggested that presence of CAN is associated
with diastolic dysfunction in patients with T2DM.
Disclosure: J. Won: None.
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964
Relationship between heart rate variability indices and laboratory
markers in type 1 diabetic adults using canonical correlation analysis
K. Moshenets, N. Pertseva;
Endocrinology, SE "Dnipropetrovsk Medical Academy of Health
Ministry of Ukraine", Dnipro, Ukraine.

Background and aims: The reduction in global heart rate variability (HRV)
is closely associated with the deterioration of the functional state of the cardio-
vascular system. Our aim was to estimate the impact of diabetes control labo-
ratorymarkers onHRVin adult patientswith type 1 diabetesmellitus (T1DM).
Materials andmethods: The study assessed62T1DMpatients (25men and
37woman), aged 18-45 years, diabetes duration 11.0 (5; 18) years, BMI 23.06
(20.81; 24.08) kg/m2, daily insulin dose 0.68 U/kg. C-peptide, HbA1c, blood
creatinine, first morning urinary albumin excretion (UAE) were measured.
Estimated glomerular filtration rate (eGFR) was calculated using CKD-EPI
formula. Standard deviation (SD), maximum and minimum blood glucose
levels, blood glucose range (maximumminus minimum blood glucose values)
were calculated and analyzed using continuous glucose monitoring system
CGMs. We considered CGMs data during the 24-h Holter monitoring proce-
dure. These indicatorswere used in the correlation canonical analysis (CCA) as
laboratory-related variable set. Time and frequency domain analyses of HRV
were performed. These parameters were included in HRV- related variable set.
Results:A strong significant correlation between HRV- related variables and
laboratory indicators was determined. R = 0.82 (χ2 = 261.76; p = 0.001). In
addition, 100% of the variance was extracted from the left set of variables
(laboratory indicators) and 45.03%of the variance extracted from the right set
(HRV- related variables). The total redundancy values showed that 45.73 %
of the variance in HRV- related variables could be explained with laboratory
values, and 29.41 % of the variance in laboratory indicators could be ex-
plained with accountable HRV- related indicators. Based on evaluated load-
ings of the variables for 1st canonical function from the laboratory values set
themost importantwereC-peptide (loading: 0.991),maximumblood glucose
level (-0.662), blood glucose range (-0.659), HbA1c (-0.612), SD (-0.564)
and eGFR (0.524). These indicators are strongly correlatedwithHRV- related
variables. In the left set of variables the highest canonical weights, in module,
relate to very low frequency (VLF) daytime, total spectral power (TP) day-
time, VLF 24-h, TP 24-h (18.225, 14.363, 9.485, 5.643, respectively).
Conclusion: The findings obtained from the CCA indicated strong sta-
tistically significant relationship between HRV- related variables and se-
lected laboratory markers of diabetes control (C-peptide, HbA1c, blood
creatinine, UAE, eGFR, SD, blood glucose range). Also they explained
45% of variance in HRV, mainly affecting the variability of TP 24-h, TP
daytime, VLF 24-h, VLF daytime. Reduction of TP and VLF may indi-
cate autonomic neuropathy in T1DM adult patients.

Disclosure: K. Moshenets: None.

965
Evaluation of effect of diabetes on intracardiac nervous system by
means of laser microdissection
M. Chottova Dvorakova, T. Smrhova, B. Brizova, S. Pandey;
Biomedical Centre, Charles University, Pilsen, Czech Republic.

Background and aims: One of the most abundant neuropeptide in the
heart is neuropeptide Y (NPY), which is co-stored and co-released with
noradrenaline in all sympathetic nerve fibers innervating the heart.
Additionally, it is produced by cell bodies of intrinsic neurons and endo-
thelial cells in the heart. The actions of NPY in the heart are extensive and
include practically every cardiac cell type. It is suspected to play a role in
the pathology of a number of cardiovascular diseases including coronary
heart disease, congestive heart failure, hypertension, as well as diabetes
mellitus. In the rat model of type I diabetes mellitus, preproNPY mRNA
was transiently downregulated in the left atrium of the heart, while NPY
peptide concentration remained unchanged. Here, we investigated the
level of mRNA for NPY in the heart atria and superior cervical ganglion
to assess involvement of the neurotransmitter in the events underlying
development of diabetic cardiomyopathy in the rat model of type II dia-
betes mellitus by means of RT-qPCR and immunohistochemistry.
Materials and methods: Zucker diabetic fat (ZDF) rats were sacrificed
by decapitation 20 weeks after the onset of diabetes, heart atria and su-
perior cervical ganglia were dissected. Laser capture microdissection was
used to isolate intracardiac neuronal cell bodies. Relative expression of
preproNPY mRNAwas expressed as a ratio of target gene concentration
to control gene. The results were considered significantly different when
p<0.05.
Results: Expression of preproNPY mRNA in the superior cervical gan-
glion (N8+8) as well as in whole left atrium (N7+6) of diabetic hearts has
not changed significantly, although analysis of intracardiac nerve cell
bodies showed significant overexpression of preproNPY mRNA
(p=0.05). Indirect immunofluorescence does not show any visible differ-
ences in distribution of NPY-immunoreactivity between diabetic and con-
trol hearts.
Conclusion: Expression of gene for NPY in the heart is differentially
regulated in the rats with type I and type II diabetes mellitus, suggesting
at least some differences in mechanisms of cardiac autonomic neuropathy
in both types of diabetes mellitus. Moreover, the results show that the
study of the effect of diabetes on the intracardiac nervous system cannot
be done simply by analyzing the expression of the corresponding neuro-
peptide mRNA from a sample of total RNA isolated from the entire left
atrium because there is a risk of misinterpretation. Our results show that
the use of laser microdissection or other method for isolation and subse-
quent analysis of cardiac ganglia is necessary.
Supported by: NPU I (Nr. LO1503) from MSMT of Czech Rep., Progres
Q39 from Charles Univ.
Disclosure: M. Chottova Dvorakova: Grants; NPU (Nr.LO1503),
Ministry of Education Youth and Sports of the Czech Republic, Charles
University Research Fund (Progres Q39).

966
The presence of cardiac autonomic neuropathy is associated with
improved diabetic foot ulcer healing
F.J. Farrow1, N. Fountoulakis1, P. Vas2, A. Sharma1, S. Thomas3, J.
Karalliedde1;
1Kings College London, London, 2Kings College Hospital, London,
3Guy's and St Thomas' NHS Foundation Trust, London, UK.

Background and aims: Cardiac autonomic neuropathy (CAN) is a sig-
nificant marker for morbidity and mortality in people with diabetes. A
high prevalence of CAN has been reported in those at risk of developing
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diabetic foot ulcers (DFUs). However, the impact that CAN has on DFU
healing and outcomes is unclear and has to date not been investigated in a
prospective study. The aim of this research was to ascertain what effect, if
any, CAN has on DFU healing and related outcomes.
Materials and methods: This was a prospective observational cohort
study of 47 patients (26% type 1 diabetes and 74% type 2 diabetes) with
confirmed diabetic peripheral neuropathy and DFU attending a tertiary
university hospital specialist diabetic foot unit, who underwent cardiac
autonomic reflex testing for CAN. CANwas diagnosed in the presence of
two or more abnormal Ewing’s tests. Baseline DFU severity was evalu-
ated using the site, ischaemia, neuropathy, bacterial infection, area and
depth (SINBAD) score. DFU outcomes were prospectively collected
from the date of CAN assessment using electronic patient records by
two independent researchers. Median (interquartile range) length of fol-
low up was 1150 (624-1331) days.
Results: Of the total cohort, the mean (± standard deviation) age was 57
(± 15) years and the mean SINBAD score was 2.2 (± 1.2). The prevalence
of CAN was 43%. There were no significant differences in baseline
variables including age, type of diabetes, duration of diabetes, glycaemic
control, renal function, diabetic microvascular complications, cardiovas-
cular comorbidities or baseline ulcer severity between those with and
without CAN. CAN was only associated with a lower baseline BMI [26
(± 6) compared to 31 (± 6) kg/m2 (p = 0.003)].
Patients with a diagnosis of CAN had a significantly shorter time for ulcer
healing with a median time to heal of 91 (44-164) days as compared to
those without CAN, 302 (135-413) days (p = 0.047). This difference
persisted after adjustment for baseline BMI. Minor, major and total am-
putation incidence rates were similar in both groups with a total amputa-
tion incidence of 15% in those with CAN compared to 37% in those
without CAN (p = 0.095). There were numerically more deaths in patients
with CAN compared to those without CAN, however, this was not sta-
tistically significant [4 deaths vs. 1 death (p=0.073)]. Furthermore, in
competing risk analyses with death before DFU healing as a competing
event, the presence of CAN increased DFU healing by twofold [Hazard
ratio = 2.05, 95% confidence intervals (1.01-4.16), p = 0.046].
Conclusion: To our knowledge, this is the first prospective study that has
evaluated if CAN impacts on DFU outcomes. We observed that the pres-
ence of CAN is associated with improved DFU outcomes. Our results,
albeit in a specialist diabetes foot unit, indicate that CAN does not signify
poor outcomes for DFU healing. Possible explanations for these novel
results include that individuals with CAN may experience better DFU
healing as a result of increased off-loading due to lower exercise tolerance
and/or may have reduced sympathomimetic activation of the peripheral
tissues and skin. Our results establish the clinical and scientific rationale
for further studies to better understand themechanisms between CAN and
DFU outcomes.
Disclosure: F.J. Farrow: None.

967
Lesions of the small fibers of the peripheral autonomic nervous sys-
tem and gradation of the diabetic foot risk in patients with diabetes
F. Travert1, M. Sollier2, L. Potier1, L. Bianchi1, G. Gubranski1, E.
Debbah1, C. Garcia2, D. Kadouch1, M. Dolz2, J. Allain2, B. Hansel1,
M. Marre1, L. Bordier2, R. Roussel1;
1Hôpital Bichat, Paris, 2Begin Military Hospital, Saint Mandé, France.

Background and aims: Foot lesions are a common, serious and costly
complication of diabetes. The examination of the foot allows the diabetic
foot risk grading according to the International Working Group on the
Diabetic Foot, ranging from grade 0 to 3. However, clinical risk grade is
not being systematically assessed. A non-invasive, objective, rapid, re-
peatable, and quantitative method, operated by a nurse or an assistant,
could help to estimate foot risk. The sweat glands are innervated by the
small fibers C of the autonomic nervous system (ANS) and the evaluation
of the plantar sudoromotor function allows detection and follow-up of

peripheral vegetative neuropathy, which is involved in diabetic foot ulcer
pathophysiology. Severity of small fiber neuropathy can be assessed with
a ready-to-use commercially available device, Sudoscan(tm), whose di-
agnostic and prognostic value has been validated in other clinical fields.
Our objective was to evaluate the association between diabetic foot risk
grade and severity of small fiber neuropathy
Materials and methods: 647 not selected diabetic patients from two
diabetology departments (503 patients type 2 diabetes and 89 type 1
diabetes), had gradation of the risk for diabetic foot ulcers in their regular
care and a Sudoscan test assessing their feet sudoromotor function
through measurement of the electrochemical skin conductance (ESC,
μS). Thresholds for ESCs were: <70μS: neuropathy; <50 μS severe neu-
ropathy. In addition, for comparison, Sudoscan test was also performed in
276 non-diabetic obese patients without clinical neuropathy. Chi2,
Kruskal-Wallis, and Fisher tests were used.
Results: The characteristics of the patients were: 42% women, age: 57 ±
14 years, HbA1C: 8.0 ± 1.6%. Feet ESC decreased significantly with
grade; grade 0: 72 μS [20]; grade 1: 65 μS [21]; grade 2: 60 μS [32];
grade 3: 28 μS [23] (results expressed in median [inter-quartile], p
<0.0001 Kruskal-Wallis test) (figure). The feet ESC were <70 μS in
44% of patients of the whole population with grade 0 (asymptomatic),
the feet ESCwere <50 μS in 15%of patients of the whole populationwith
grade 0. In patients with type 2 diabetes, There was no association with
BMI, beta-blockers or tobacco, but ESC <50 μS was more frequent in
patients with a history of severe hypoglycemia during the previous year
(39 vs. 17%) (p = 0.0013)
Conclusion: This study revealed an association between the neuropathy
of the small fibers of the ANS the gradation of the diabetic foot risk
carried out during regular care, confirming the clinical interest of
Sudoscan. This work needs to be completed on a larger population and
by studying the possible predictive value of the severity of neuropathy of
small fibers regarding the development of future lesions of the foot, and
its potential performance compared to standard of care.

Disclosure: F. Travert: None.

968
Role of cardiac autonomic function impairment and free fatty acids
(FFA) on hypertension in overweight patients
A. Rezki, P. Valensi, M. Fysekidis, S. Chiheb, E. Cosson;
AP HP Jean Verdier Hospital, Department of Endocrinology-
Diabetology-Nutrition, CRNH-IdF, CINFO, Bondy, France.

Background and aims: In diabetic patients, autonomic alterations are
associated with hypertension. In healthy individuals, FFAs were shown to
enhance sympathetic activity. We aimed to examine the influence of
autonomic function alterations and FFA on hypertension and artery stiff-
ness (pulse wave velocity, PWV) in overweight patients with normal or
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impaired glucose intolerance (NGT orIGT) or orally-treated type 2
diabetes.
Materials and methods: We included 122 normotensive or well-
controlled hypertensive patients; 38 NGTs, 28 IGTs, 15 well-controlled
T2Ds, 41 poorly-controlled T2Ds;mean age 41.1/41.7/53.8/54.2 yrs BMI
38.4/36.6/28.7/29.3 kg/m2; HbA1c 5.2/5.5/6.7/9.1% respectively. At
fasting, cardiac vagal (HFnu-HR) and sympathetic (LFnu-HR) activity
and sympatho-vagal balance (LF/HF-HR) were measured by spectral
analysis of heart rate variations, PWV by applanation tonometry; FFA
measured in IGTs and poorly-controlled T2Ds.
Results: Spectral indexes were similar in NGT, IGT and well-controlled
T2D patients (mean HF-HRnu 68% and LF-HRnu 32%), but different vs
poorly-controlled T2Ds (37% and63%,respectively). Compared to pa-
tients with HF-HR>median value, those with HF-HR<median were older
(p<0.01),had lower BMI (p<0.05);similar glycemic status, HbA1c, PWV;
higher LF/HF-HR(p<0.001) and more of them were hypertensive(40%
vs20%, p<0.04), these differences remaining significant after adjustment
for age, BMI, glycemic status. FFA correlated positively with LF-HR and
negatively with HF-HR (p<0.04), also after multiple adjustment, in IGTs
but not in poorly-controlled T2Ds (of whom49% were hypertensive).
Conclusion: In NGT, IGT orwell-controlled T2D overweight patients,
lower vagal activity may contribute to hypertension independently from
glycemic status, and FFA may reduce vagal activity and enhance sympa-
thetic activity and thus promote hypertension while in poorly-controlled
T2Ds this profile is more likely related to long-term hyperglycemia.
Disclosure: A. Rezki: None.

969
Analysis of gastric emptying measurement in a large cohort of pa-
tients suspected of diabetic gastroparesis, comparison between type 1
and type 2 diabetic patients
J. Drouhard1, G. Prévost1, G. Gourcerol2;
1Dept of Endocrinology, Diabetes and Metabolic Diseases, Rouen
University Hospital, Normandie University, Rouen, 2Department of
Physiology, Rouen University Hospital, Normandie University, Rouen,
France.

Background and aims:Gastroparesis is a common complication of type
1 (T1DM) and type 2 diabetes (T2DM). However, the prevalence is
highly variable in the studies according to the criteria and methods used
to perform the diagnosis. The pathophysiology and natural history are
complex and little is known about differences between T1DM and
T2DM for clinical features. In this context, from a large cohort of patients
who underwent a 13C-octanoic acid gastric emptying breath test (GEBT),
we compared T1DM and T2DM patients on upper gastrointestinal scales,
gastric emptying and clinical data.
Materials and methods: From January 1, 2012 to December 31, 2017,
all patients who underwent a 13C-octanoic acid gastric emptying breath
test (GEBT) in our centre were included. Tlag and T1/2 were calculated for
the gastric emptying measurement. Upper gastrointestinal scales
(Gastrointestinal Quality of Life Index, GIQLI, 144 items, Total
Symptom Severity, TSS, 32 items) and all characteristics of the diabetic
patients were collected.
Results: 739 out of 881 patients who underwent GEBT were evaluable,
364 subjects exhibited a delayed gastric emptying including 99 diabetic
patients. The diabetic gastroparesis prevalence was estimated to 26.6%.
The gastric emptying delay confirmed by GEBT parameters was more
frequent in the diabetic than non diabetic populations (68.1% versus
44.9%, p<0.001). In T1DM patients, strong correlations were observed
between the upper gastrointestinal symptoms scales (TSS and GIQLI)
and T1/2. Moreover, T1/2 was correlated with HbA1c. By contrast, in
T2DM patients, only TSS was moderately correlated to T1/2. While Tlag
and T1/2 were similar in both groups of diabetic patients with delayed
gastric emptying, the glycemia during the GEBT and HbA1c was signif-
icantly higher in the T1DM patients (HbA1c = 8.8% ± 0.3 versus 7.8% ±

0.3, p=0.005). Age, BMI and macrovascular complication frequency
were higher in T2DM than T1DM patients with delayed gastric emptying
while the duration of diabetes was longer in T1DM patients. Finally, we
could divide the diabetic patients according to the GEBT indication. The
indication of GEBT for brittle diabetes/hypoglycemia was more frequent
in T1DM diabetic patients (26.8% versus 2%, p<0.005), and the preva-
lence of vomiting was significantly increased in the subgroup of T1DM
patients with a GEBT indication for digestive symptoms compared to
T2DM patients (68.2% versus 39.5%, p=0.03).
Conclusion: Concordance of the upper gastrointestinal symptoms with
the gastric emptyingmeasurement seems better in diabetic population and
especially in T1DM diabetic patients. Moreover, significant differences
for clinical data andmetabolic control were observed between T1DM and
T2DM patients with diabetic gastroparesis. Further prospective studies
are needed to confirm these results.
Disclosure: J. Drouhard: None.
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Circulating miRNAs (miR-155, miR-128a and miR-499) as potential
biomarkers of diabetic neuropathies
A. Latini1, C. Ciccacci1,2, A. Colantuono1, C. Politi1, C. D'Amato3, M.E.
Rinaldi3, D. Lauro3, G. Novelli1, P. Borgiani1, V. Spallone3;
1Department of Biomedicine and Prevention, Genetics Section,
University of Rome Tor Vergata, Rome, 2UniCamillus, International
University of Health and Medical Sciences, Rome, 3Department of
Systems Medicine, Endocrinology Section, University of Rome Tor
Vergata, Rome, Italy.

Background and aims: There is emerging evidence that microRNAs
(miRNAs), as genomic regulators, might play a role in diabetic compli-
cations. Moreover, polymorphisms of MIRNA genes could alter their
expression and MIR146a, MIR128a, MIR27a and MIR499 have been
proposed as candidate genes for diabetic polyneuropathy (DPN) and car-
diovascular autonomic neuropathy (CAN) susceptibility. However, the
relation between MIRNA genes polymorphism and miRNAs expression
is less explored with regard to DPN and CAN. The study was aimed at
evaluating the expression of candidate miRNAs for DPN and CAN in
type 2 diabetes.
Materials andmethods: In 50 participants with type 2 diabetes (age 62.5
±6.6 years, duration 12.6±9.2 years, BMI 31.6±6.2 Kg/m2, 32 males), we
assessed DPN by measuring neuropathic symptoms and signs (using
MNSI-Q and MDNS), vibration and thermal perception thresholds, and
CAN by performing four cardiovascular reflex tests. We extracted RNA
from peripheral blood mononuclear cells and quantified the expression of
six miRNAs (i.e. miR-21, miR-27a, miR-128a, miR-146a, miR-155,
miR-499), using TaqMan assays. Moreover, we extracted DNA from
the whole blood, analysed common polymorphisms of theMIRNA genes
and evaluated the possible correspondence between genetic variants and
levels of miRNAs.
Results: Compared to those without DPN, patients with DPN showed
higher expression of miR-128 (0.96±0.82 Vs. 0.45±0.49, P=0.015), and
lower expression of both miR-155 (0.87±0.50 Vs. 1.32±0.98, P=0.04)
and miR-499 (0.40±0.31 Vs. 0.63±0.44, P=0.05). We also observed a
lower expression of miR-155 in patients with early CAN compared to
those without (0.84±0.47 Vs. 01.26±0.92, P=0.05). Genotypic analysis
indicated that rs767649 polymorphism variant allele in the MIR155 pro-
moter region was associated with a higher expression of this miRNA
compared to the wild-type allele (2.14±1.06 Vs. 0.98±0.67, P=0.003).
Conclusion: This study shows changes in expression of miR-128a, miR-
155, and miR-499 in patients with DPN and CAN, and confirms a cor-
respondence between MIRNA gene polymorphism and miRNA expres-
sion at least for miR-155. Thus, MIRNA gene polymorphism and
miRNAs seem to be involved in the development of diabetic neuropa-
thies. After external validation in more numerous cohorts, these data
could offer insights for both new biomarkers and therapeutic targets in
diabetic neuropathies.
Disclosure: A. Latini: None.

971
Comparison between multifrequency vibrometry, neurothesiometer
and nerve conduction studies in subjects with type 1 diabetes
E. Lindholm1, L. Ekman1, J. Apelqvist1, M. Löndahl2, L.B. Dahlin1;
1Lund University, Malmo, 2Lund University, Lund, Sweden.

Background and aims: Nerve conduction studies (NCS) are considered
as a gold standard for assessment of neuropathy. However, NCS is ex-
pensive, time consuming with limited access. Multifrequency vibrometry
(MFV) is a novel method for assessment of diabetic neuropathy. Impaired

vibration perception thresholds (VPTs) at low frequencies (4 or 8 Hz)
have shown to be associated with risk of diabetic foot ulcers and neuro-
pathic symptoms, such as difficulties of gait and balance. Knowledge of
any possible correlation between MFVand NCS is lacking. Our aim was
to compare the two methods for detecting VPTs (MFV and
neurothesiometer) with NCS.
Materials andmethods: Totally 39 patients (20male, 19 female, age 50.3
±13.5 years) with type 1 diabetes (T1DM) were investigated. VPTs were
measured at seven frequencies (4, 8, 16, 32, 64, 125 and 250Hz) in the sole
of the foot - at the first (MTH1) and fifth metatarsal heads (MTH5). VPT
using neurothesiometer (100 Hz) was measured two times at the bony
prominent of MTH1 and a mean of the two measurements values was
calculated. After that, a standard electrophysiological assessment was per-
formed. In statistical analysis each foot was considered as separate mea-
surements. Spearman rank correlation coefficient (rs) was calculated for
sensory nerve action potential amplitudes (SNAP) and velocities.
Results: The 125 Hz VPTs measured at MTH1 correlated strongly with
sural SNAP (rs -0.82, p= 2.3x10-18), as well as with tibial (rs -0.70,
p=1.0x10-11) and peroneal nerve (rs -0.64, p= 2.0x10-9) action potentials.
The rs between neurothesiometer and sural, tibial and peroneal nerve
action potentials were -0.66, -0.47 and -0.45 (p<0.00006 for all), respec-
tively. The correlation coefficients for all frequencies atMTH 1 are shown
in the table. The rs values for VPTs registered at MTH5 were in general
lower than those at the MTH1 (data not shown). We tested three different
cut-off values for the 125 Hz frequency using age and gender adjusted
normal values. The cut-offs were mean+standard deviation (SD), mean+
1.6xSD and mean+2.0xSD. Selecting mean+SD as cut-off gave 73.5%
sensitivity and 74.3% specificity to detect pathological SNAP, using
mean+1.6xSD gave 52.9% and 91.4% and mean+2xSD gave 32.4%
and 100% sensitivity and specificity, respectively. Using the
neurothesiometer >25 V resulted in 55.9% sensitivity and 64.3%
specificity.
Conclusion: A strong correlation between sural SNAP and VPTs, espe-
cially with the 125 Hz frequency measured at the MTH1 was found,
suggesting that impairment in VPTs reflects mainly the decline in nerve
fibre density. Neurothesiometer uses 100 Hz frequency but did not show
as good correlation as the multifrequency vibrometer. We conclude that
the multifrequency vibrometry is a non-invasive method that can be used
instead of NCS in assessment of diabetic neuropathy in T1DM.

Supported by: SIA, SRD
Disclosure: E. Lindholm: None.

972
Non-invasivemeasurements of AGEs products in the Crystalline lens
of the eye can distinguish subjects with prediabetes and type 2
diabetes
M. Tavakoli;
University of Exeter Medical School, Exeter, UK.

Background and aims: The accumulation of advanced glycation end
products (AGEs) in the body contributes to pathogenesis of many dis-
eases including complications of diabetes including retinopathy and neu-
ropathy. Proteins in the lens of the eye do not turnover and therefore give
an indication of the average glucose levels over a very long period of
time. AGEs have a unique measurable fluorescence, however non-
invasive measurement of AGEs was not available until recently with
introducing a new scanning confocal biomicroscope. The main aim of
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the present study were to investigate if measurement of lens Auto fluo-
rescence (FL) can distinguish subjects with impaired Glucose Tolerance
(IGT) and Type 2 Diabetes (T2DM) from Healthy control subjects and to
investigate the relationship between levels of FL. ratio, and corneal nerves
morphology.
Materials and methods: The main aim of the present study were to
investigate if measurement of lens Auto fluorescence (FL) can distinguish
subjects with impaired Glucose Tolerance (IGT) and Type 2 Diabetes
(T2DM) from Healthy control subjects and to investigate the relationship
between levels of FL. ratio, and corneal nerves morphology. 20 T2DM,
20 IGT and 20 Healthy aged matched control subjects underwent com-
prehensive medical and neurological assessments including corneal con-
focal microscopy and measurement of Crystalline Lens Autofluorescence
by using a confocal bio microscope.
Results: There was a significant difference at the level of fluorescence
ratios in Control subjects, IGT patient and T2DM patients. There was a
significant correlation between FL. Ratios and level of HbA1C, and
CNFL. The results of this study showed the Lens fluorescence is signif-
icantly greater in patients with IGT and T2DM. The level of AGEs prod-
ucts were correlated with HbA1C and alterations in corneal nerves mor-
phology. However the relationship with HbA1c was rather poor since
HbA1c cannot completely reflect long-term glycation process.
Conclusion: Lens autofluorescence could be a robust marker of long-
term diabetes control predicting future complication risks. This supports
the feasibility of lens autofluorescence to screen subjects for undiagnosed
type 2 diabetes. However, confirmation of such hypothesis will need
larger and long-term clinical studies.
Disclosure: M. Tavakoli: None.

973
Potential of myelin specific circulating mRNA as biomarkers for
diabetic peripheral neuropathy
J. Morgenstern1, J.B. Groener1, S. Kopf1, Z. Kender1, J. Jende1, F.
Kurz1, J. Masjkur1, M. Brune1, P. Nawroth1,2, T. Fleming1,2;
1University Hospital of Heidelberg, Heidelberg, 2German Center for
Diabetes Research (DZD), Neuherberg, Germany.

Background and aims:Diabetic peripheral neuropathy (DPN) is a major
complication in patients suffering from type 1 (T1D) or type 2 diabetes
(T2D). Diagnosis of this complex pathophysiology is mainly based upon
subjective perception of the individual patient, but also upon more objec-
tive nerve conduction velocity (NCV) measurements. Neither of these
diagnostic tools have an adequate sensitivity and specificity. Free circu-
lating nucleic acids have been reported to have a high potential as bio-
markers for detecting the onset and the progression of several diseases,
such as different types of cancer. This study evaluates the capacity of
myelin-specific circulating mRNA as a diagnostic marker in patients
suffering from DPN.
Materials and methods: Study cohorts were defined by 40 healthy age-
matched control patients, 38 T2D patients without diagnosedDPN and 67
T2D patients with a diagnosed DPN. Diagnosis was based upon
Quantitative Sensory Testing (QST) Neuropathy Deficit Score (NDS) as
well as Neuropathy Symptom Score (NSS). Magnetic Resonance
Imaging (MRI) was used to evaluate for myelin density in peripheral
nerves. Detection and quantification of four Schwann cell specific
mRNA markers, which are involved in the regulation of peripheral
myelination, were measured (Myelin Protein Zero - MPZ; Peripheral
Myelin Protein 22 - PMP22; Proteolipid 1 (PLP1); Myelin Basic
Protein (MBP)).Within this context a novel, fast and simple "direct serum
qPCR" approach was used and the results were normalized to four indi-
vidual housekeeping genes (Ubiquitin C, Glyceraldehy-3-Phosphate
Dehydrogenase, Elongation Factor-1 alpha, 18S ribosomal RNA), which
were detected in the circulation of all patients.
Results: In serum, the four housekeeping genes, MBP and MPZ were
detectable in all patients, whereas PLP1 and PMP22 were not. The

quantification revealed that MPZ had a significantly lower expression
in the patients suffering from DPN as compared to healthy controls and/
or diabetic patients without DPN. Furthermore, MPZ-expression corre-
lated strongly with the various parameters of NSS, NCVand QST. MRI
analysis also showed a high correlation of myelin density and expression
of circulating MPZ. Sensitivity and specificity for a (pre)diagnosed DPN
with this novel method were 60.5% and 76.5% respectively. In addition
with established diagnostic tools such as NSS and NDS the ROC curve
revealed a significant advantage as compared to clinical standard tests for
the diagnosis of DPN in this study cohort.
Conclusion: This study represents a novel biomarker based concept,
which could add an advantage for the diagnosis of DPN in the clinical
Routine.
Supported by: SFB1118, SFB1158
Disclosure: J. Morgenstern: None.

974
Retinal neurodegeneration in pediatric patients with type 1 diabetes
F. Picconi1, M. Parravano2, L. Chioma3, B. Russo1, L. Ziccardi2, D. Ylli4,
P. Pasqualetti5, I. Patera3, S. Frontoni1;
1Unit of Endocrinology, Diabetes and Metabolism, S. Giovanni Calibita
Fatebenefratelli Hospital, Department of Systems Medicine, University
of Rome Tor Vergata, Rome, Italy, 2IRCCS-G.B. Bietti Foundation,
Rome, Italy, 3Diabetes Unit, Bambino Gesù Children’s Hospital,
IRCCS, Rome, Italy, 4Division of Endocrinology MedStar Washington
Hospital Center, MedStar Health Research Institute, Washington DC,
USA, 5Service of Medical Statistics and Information Technology,
Fatebenefratelli Foundation for Health Research and Education, AFaR
Division, Rome, Italy.

Background and aims: Retinal neurodegeneration (RN) has been con-
sidered an early marker of diabetic retinopathy (DR), preceding vascular
damage. Very few data are available between the pediatric population
with type 1 diabetes mellitus (DM1) regarding the early structural or
functional signs of RN and whether these changes may represent an early
marker of DR o neuropathic damage. Moreover, the role of glycemic
control and daily glucose variability (GV) on early RN is still not clari-
fied. The aim of our study are to evaluate the structural and functional
alteration of neuroretina and the impact of the GVon neurosensory retina
in pediatric DM1 subjects without any complication.
Materials and methods: 24 patients with DM1 with ages between 10
and 20 years, with no signs of DR, microalbuminuria and peripheral
neuropathy and 17 healthy control subjects (C) comparable in age were
enrolled. All subjects underwent an Optical Coherence Tomography
(OCT) Heidelberg Spectralis, with analysis of all macular neuroretinal
layers measuring mean of subfoveal, inner and outer nasal (N)/temporal
(T)/superior (S)/inferior (I) quadrants. The functional study was obtained
by multifocal electroretinogram (mfERG) analysis, measuring the ampli-
tude density (RAD) and implicit time (IT) from 4 concentric annular
retinal regions (rings, R1-R4). Metabolic control was evaluated by
glycated hemoglobin (HbA1c), and indexes of GV were calculated from
continuous glucose monitoring.
Results: RNFL-S-inner thickness was significantly reduced in the DM1
group compared to C (mean difference=1.53; p=0.046), together with T,
N, I outer plexiform layer (OPL) (mean difference=2.33; p=0.04; mean
difference=1.22; p=0.01; mean difference=1.37; p=0.03 and mean differ-
ence=1.5, p=0.03 respectively). Also N outer nuclear layer (ONL) (mean
difference = 14,24, p=0.04) was reduced in DM1. IT in R2 and R4 was
significantly increased in the DM1 group compared to C (mean differ-
ence=-2,58ms; p=0.046 andmean difference=-3,23ms; p=0.005; respec-
tively). A negative correlation between OPL-T and Low Blood Glucose
Index (LBGI) (r=-0.522, p=0.031 Pearson correlation) and between
ONL-N and mean amplitude of glycemic excursions (MAGE) (r=-494,
r=0.04 Pearson correlation) were observed in DM1 patients. No associa-
tion with HbA1c has been observed.
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Conclusion: Very early morphological and functional alterations of
neuroretina are already present in pediatric DM1 patients without both vas-
cular retinopathy and neuropathy, supporting the hypothesis that RN occurs
early in the course of diabetes. Glycemic variability seems to play a patho-
genic role in the morphological abnormalities of neurosensory retina in DM1
pediatric population. A longitudinal evaluation is needed to identify if
neuroretinal nerve damage is a predictor marker of diabetic neuropathy.
Disclosure: F. Picconi: None.

975
Corneal nerve fiber loss correlates with other measures of diabetic
neuropathy
M. Ferdousi1, A. Kalteniece1, S. Azmi1, I.N. Petropoulos2, S. Dhage1, G.
Ponirakis2, M. Jeziorska1, A. Marshall1, H. Soran1, R.A. Malik2;
1Institute of Cardiovascular Sciences, The University of Manchester,
Manchester, UK, 2Weill Cornell Medicine-Qatar, Qatar Foundation,
Education City, Doha, Qatar.

Background and aims: Corneal confocal microscopy (CCM) has been
used to identify corneal nerve loss in the central and inferior whorl region
in diabetic peripheral neuropathy. In this study we assessed whether there
is an association between corneal nerve fibre loss and other measures of
severity of diabetic neuropathy including intraepidermal nerve fibre den-
sity (IENFD) in skin biopsies.
Materials and methods: 42 patients with type 1 and type 2 diabetes
(age=57.14 ± 2.25, duration of diabetes=25.99 ± 2.76) and 18 healthy
age-matched controls (age=52.28 ± 3.29) underwent assessment of the
neuropathy disability score (NDS), quantitative sensory testing (cold and
warm thresholds (CT and WT), vibration perception threshold (VPT)),
peroneal motor nerve conduction velocity (PMNCV) and amplitude
(PMNA), IENFD, Corneal nerve fibre density (CNFD), branch density
(CNBD), length (CNFL) and inferior whorl length (IWL).
Results:Diabetic patients had a higher NDS (3.37 ± 0.49 vs. 0.29 ± 0.16,
P<0.0001), VPT (14.61 ± 1.51 vs. 6.87 ± 1.34, P=0.01), CT (19.93 ± 1.52
vs. 12.93 ± 2.43, P<0.0001) and lower WT (42.68 ± 0.73 vs. 45.19 ±
0.72, P<0.0001), PMNCV (41.67 ±0.71 vs. 48.41 ± 0.98, P=0.004),
PMNA (3.65 ± 0.33 vs. 5.44 ± 0.36, P=0.007), IENFD (5.08 ± 0.61 vs.
9.95 ± 1.11, P=0.002), CNFD (25.94 ± 0.91 vs. 34.7 ± 1.34, P=0.003),
CNBD (55.94 ± 5.59 vs. 84.95 ± 7.42, P=0.004), CNFL (20.04 ± 1.01 vs.
25.56 ± 1.03, P=0.006) and IWL (20.87 ± 1.32 vs. 33.54 ± 2.09,
P=0.008).CNFD correlated significantly with IENFD (R=0.4, P=0.008),
NDS (R= -0.4, P=0.001), VPT (R= -0.4, P=0.03), PMNA (R=0.5,
P=0.001) and PMNCV (R=0.5, P<0.0001), but not thermal thresholds.
IWL also correlated significantly with IENFD (R=0.3, P=0.05), NDS (R=
-0.3, P= 0.04), VPT (R= -0.4, P=0.02), PMNA (R=0.3, P=0.04) and
PMNCV (R=0.4, P=0.004), but not thermal thresholds.
Conclusion: This study shows a reduction in central and inferior whorl
corneal nerve fibres, which correlates with reduced intraepidermal nerve
fibre density and other measures of diabetic neuropathy.
Supported by: FP7, JDRF, NIH
Disclosure: M. Ferdousi: None.
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Corneal nerve fibre loss is related to the severity of pain and quality
of life in patients with painful diabetic neuropathy
A. Kalteniece1, M. Ferdousi1, S. Azmi1, A. Marshall1, A.J.M. Boulton1,
H. Soran1, R.A. Malik2;
1Institute of Cardiovascular Sciences, The University of Manchester,
Manchester, UK, 2Weill Cornell Medicine-Qatar, Qatar Foundation,
Education City, Doha, Qatar.

Background and aims: Corneal confocal microscopy (CCM) has been
utilized to identify small nerve fibre damage in diabetic peripheral neu-
ropathy (DPN). We have assessed whether CCM can detect loss of small

nerve fibres in patients with DPN in relation to the severity of pain and
quality of life (QoL).
Materials and methods: 113 patients with diabetes and 38 healthy con-
trols underwent assessment of symptoms of neuropathy, depression and
anxiety and QoL (SF-36, SFN-SIQ, pre-R-ODS and HADS). Based on
the visual analogue scale (VAS) patients were divided into four groups:
no pain (VAS 0-4) (n=43), mild pain (VAS 5-44) (n=34), moderate pain
(VAS 45-74) (n=16) and severe pain (VAS 75-100) (n=20).
Results: There was a progressive reduction in corneal nerve fibre density
(CNFD), branch density (CNBD) and length (CNFL) in DPN patients
with none, mild, moderate and severe pain compared to controls (all
P<0.005). Vibration perception threshold (VPT) was increased and pero-
neal nerve conduction velocity (PMNCV) was reduced in all groups
(P<0.005) compared to controls, but was not related to the severity of
painful DPN. The number of symptoms in SFN-SIQ was significantly
higher in severe (P<0.0001) and moderate (P=0.01 and P<0.0001) com-
pared to mild and no pain. SF-36 was significantly reduced in severe
(P=0.005 and P<0.0001) and moderate (P=0.001 and P<0.0001) com-
pared to mild and no pain. Pre-R-ODS demonstrated a significant effect
on all aspects of daily life in mild, moderate and severe pain groups
compared to no pain. The anxiety score was significantly higher in pa-
tients with severe (P=0.02 and P<0.0001) and moderate (P=0.005 and
P<0.0001) pain compared to mild and no pain and the depression score
was significantly higher in severe (P=0.001), moderate (P<0.0001) and
mild (P=0.005) pain compared to no pain. The severity of pain correlated
with CNFD (R=-0.4, P<0.0001), CNBD (R=-0.3, P=0.001) and CNFL
(R=-0.4, P<0.0001) and the SF-36 score also correlated with CNFD
(R=0.3, P=0.01), CNBD (R=0.3, P=0.005) and CNFL (R=0.3, P=0.003).
Conclusion: This study shows a gradual reduction of corneal nerve fibres
and quality of life in patients with increasing severity of painful diabetic
neuropathy and a relationship between corneal nerve loss with the sever-
ity of pain and QoL in patients with painful diabetic neuropathy.

Supported by: FP7
Disclosure: A. Kalteniece: None.
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Corneal confocal microscopy identifies early and definite cardiac
autonomic neuropathy
S. Azmi1,2, M. Ferdousi1, A. Kalteniece1, G. Ponirakis3, I.N.
Petropoulos3, U. Alam4, O. Asghar1, A. Marshall1, A.J.M. Boulton1, N.
Efron5, R.A. Malik3,1;
1University of Manchester, Manchester, UK, 2Manchester Diabetes
Centre, Manchester University Foundation Trust, Manchester, UK,
3Weill-Cornell Medical College in Qatar, Doha, Qatar, 4University of
Liverpool, Liverpool, UK, 5Queensland University of Technology,
Queensland, Australia.

Background and aims: Cardiac Autonomic Neuropathy (CAN) is an inde-
pendent risk factor for mortality, therefore early recognition is key to prevent
progression. Autonomic function tests are not widely available and cannot be
performed in patients on beta-blockers. We have previously shown the utility

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S473



of corneal confocal microscopy (CCM) to identify advanced diabetic auto-
nomic neuropathy. We now aim to assess its utility to identify early CAN.
Materials and methods: 148 patients with type 1 and type 2 diabetes
mellitus of 15.9±1.3 years duration and 48 age-matched controls (57.2
±1.1 v 55.4±1.7, NS) underwent cardiac autonomic function tests and
CCM. CAN was graded according to the Toronto Autonomic Diabetic
Neuropathy Consensus Panel.
Results: CAN was absent in 17%, early in 16% and definite in 67% of
patients with DM. There was no significant difference in deep breathing
heart rate variability (DB-HRV), E:I ratio, valsalva ratio or CCM in pa-
tients without CAN compared to controls. However, compared to controls
there was a reduction in DB-HRV in patients with early and definite CAN
(28.2±1.9 v 28.3±2.2 v 22.2±1.6(p<0.05) v 12.9±0.7(p<0.0001)). E:I ratio and
valsalva ratio were progressively reduced in patients without, early and
definite CAN. E:I ratio (1.3±0.03 v 1.2±0.02p<0.005 v 1.0±0.006p<0.005);
Valsalva ratio (1.4±0.05 v 1.2±0.01p<0.05 v 1.1±0.01p<0.005). Compared to
controls, corneal nerve fibre density (CNFD) (35.6±1.0 v 30.5±1.3 v
24.01±1.0(p<0.05) v 22.1±0.7(p<0.05)), corneal nerve branch density
(CNBD) (84.6±5.5 v 79.6±8.3 v 62.1±6.3(p<0.05) v 44.7±2.2(p<0.05)) and
corneal nerve fibre length (CNFL) (28.2±1.3 v 26.1±0.8 v 24.3
±1.3(p<0.05) v 20.2±0.6(p<0.05)) showed a progressive reduction in patients
without, early and definite CAN. CNFD (22.2±0.7 v 24.01±1.02 p=0.05),
CNBD (44.7±2.2 v 62.1±6.3, p=0.03) and CNFL (20.2±0.6 v 24.3±1.2,
p=0.02) were further reduced in definite compared to early CAN. DB-
HRV correlated with CNFD (r=0.5, p<0.0001), CNBD (r=0.3, p=0.001)
and CNFL (r=0.3, p=0.002) and E:I ratio showed a weak correlation with
CNFD (r=0.2, p=0.013), CNBD (r=0.2, p=0.04) and CNFL (r=0.2,
p=0.024).
Conclusion: CCM identifies early CAN and worsens with severity of
CAN. It may act as an objective surrogate marker of CAN.

Supported by: JDRF, FP7
Disclosure: S. Azmi: None.

PS 080 Clinical implications of peripheral
neuropathy

978
Neuropathy of the upper limb: an underestimated complication of
diabetes
Z. Kender1, J.B. Groener1, J. Jende2, F.T. Kurz2, M. Bendszus2, P.P.
Nawroth1,3, S. Kopf1;
1Department of Medicine I and Clinical Chemistry, University Hospital
Heidelberg, Heidelberg, 2Department of Neuroradiology, University
Hospital Heidelberg, Heidelberg, 3German Center for Diabetes
Research (DZD), Munich-Neuherberg, Germany.

Background and aims: In patients with diabetes, increased risk for nerve
compression such as carpal-tunnel-syndrome and other musculoskeletal
disorders on the hands (Dupuytren's contractures, limited joint mobility,
and trigger finger) are subsumed under diabetic hand syndrome (DHS).
However, there are no studies investigating the direct impact of diabetic
neuropathy (DN) of the upper limbs on disabilities, hand performance,
and quality of life.
Materials and methods: 77 healthy controls and 136 patients with type 2
diabetes were evaluated for DN on the upper limbs using a newly developed
questionnaire for disabilities, neurological and functional tests (quantitative
sensory testing (QST), Purdue Pegboard Test, hand strength), and psychoso-
cial and health status questionnaires. On a subgroup of participants, neuro-
physiological testing and MR-Neurography (MRN) of the upper extremity
were performed. Statistical analyses were performed using parametric and
nonparametric tests. Linear regression analysis was performed.
Results: The prevalence of neuropathic symptoms as well as a hand
disability score (HDS) were significantly higher in patients with type 2
diabetes compared to healthy controls (p<0.01). Patients with diabetes
showed significant deficits compared to healthy controls in fine motoric
and neurophysiological testing, as well as impaired thermal and mechan-
ical detection in QST. Affected patients with diabetes and hand disabil-
ities also showed significantly reduced hand strength and dexterity com-
pared to patients without any disabilities, as well as significant associa-
tions with increased levels of somatic symptoms, depression and stress,
and decreased subjective health status. The subgroup analyses of MRN
showed decreased microstructural integrity of the median and ulnar
nerves. Moreover, female gender but not age or HbA1c were associated
with increased prevalence for hand disabilities.
Conclusion: Not only DHS in general, but DN per se leads to clinically
relevant functional impairment in the hands of patients with type 2 diabetes.
These findings suggest that only a single neurophysiological measurement
or sensory testing does not adequately diagnose all aspect of diabetic neu-
ropathy and consequential hand disabilities. Our hand disability question-
nairemight be useful to detect affected patients with clinically relevant hand
disabilities due to diabetic neuropathy which can lead to relevant impair-
ment of hand performance in everyday activities and quality of life.
Clinical Trial Registration Number: NCT03022721
Supported by: German Research Foundation Collaborative Research
Center 1158
Disclosure: Z. Kender: Grants; German Research Foundation,
Collaborative Research Center 1158, German Center for Diabetes
Research (DZD).
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Diabetic neuropathy impacts muscle strength measures in patients
with type 2 diabetes: a controlled study
B.L.M. Van Eetvelde1, B. Lapauw2, P. Proot3, K. VandenWyngaert1, B.
Celie1, D. Cambier1, P. Calders1;
1Department of Rehabilitation Sciences and Physiotherapy, Ghent University,
Ghent, 2Department of Endocrinology, University Hospital Ghent, Ghent,
3Department of Neurology, University Hospital Ghent, Ghent, Belgium.
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Background and aims: Type 2 Diabetes Mellitus (T2DM) is the most
common cause of peripheral diabetic neuropathy (dNP) with potential
impairment in muscle performance and functionality. We aimed in this
trial (1) to determine strength-endurance and explosive strength of the
lower extremities in T2DM patients (D) without dNP (dNP-) and with
dNP (dNP+), with further subdivision into sensory (dNPs) and sensori-
motor dNP (dNPsm) versus age-matched healthy controls (C), and (2) to
gain novel insights into the impact of T2DM with dNPs and dNPsm on
maximal muscle strength parameters.
Materials and methods: Fifty-four participants (19 controls and 35 pa-
tients with T2DM), aged between 54 and 82 years, were enrolled in this
study. T2DM was diagnosed according to the ADA Diagnosis Criteria.
Electroneuromyography (ENMG) was carried out in all participants in
order to exclude controls suffering from any kind of neuropathy. Based
upon ENMG analysis, patients with T2DM were allocated to either the
dNP- or the dNP+ group; with an additional subdivision into dNPs and
dNPsm. Strength-endurance and maximal muscle strength measurements
of the dominant knee and ankle joint were performed using isokinetic
dynamometry, while explosive strength was assessed by mechanography
(i.e. single two leg jump (s2LJ) test and chair rising test (CRT)). Lean
body mass data of the dominant leg (LBMleg) were achieved by Dual-
energy X-ray Absorptiometry. Univariate analysis of covariance
(ANCOVA) was used to compare muscle strength between groups, with
LBMleg as covariate.
Results: Patients with T2DM (D) had significantly reduced knee and
ankle strength-endurance compared to healthy controls (C) by means of
total work, while the work-fatigue ratio between all study groups did not
differ significantly. Explosive strength, assessed by total muscle power,
was significantly different between D and C. This was, again, caused by
the presence of dNP in the s2LJ test and CRT, with deteriorating values in
dNPsm for the s2LJ test only. Maximal voluntary muscle strength was
significantly reduced in patients with dNPsm compared to dNP- and
healthy controls
Conclusion: The data in the present study showed a recurring pattern of
muscle strength deterioration in T2DM for all three muscle strength mea-
sures, which was mainly loaded by the presence of dNP and with the
worst values in the dNPsm group. This ascertainment implies the need for
appropriate attention in view of functioning and daily activity
independence.

Disclosure: B.L.M. Van Eetvelde: None.
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The effect of diabetic sensory peripheral neuropathy on mortality: a
meta-analysis
M.M. Svebis1, B.A. Domjan1, A. Körei1, Z. Szili-Janicsek1, V. Vass2, P.
Dhunnoo1, B. Marki1, V.J. Horvath1, A.G. Tabak1;
11st Department of InternalMedicine, Semmelweis University, Budapest,
23rd Department of Internal Medicine, Jahn Ferenc South-Pest Hospital,
Budapest, Hungary.

Background and aims:Diabetic sensory peripheral neuropathy (DSPN)
is a common microvascular complication of both type 1 and type 2 dia-
betes worldwide. It is associated with substantial morbidity and worse
quality of life. However the literature on its association with mortality is
equivocal. Aims: To evaluate the association between diabetic DSPN and
all-cause mortality.
Materials and methods: We searched MEDLINE using predefined key-
words from inception to November 2018. The original data were collected
from case-control and cohort studies that reported on diabetes and DSPN
status at baseline and all-cause mortality during follow-up. Data was synthe-
sized using random-effects meta-analysis. Differences in effect sizes between
type 1 and type 2 diabetes were investigated using meta-regression analysis.
Results: From the search results of 1870 published papers, 7 observational
studies with 11 943 individuals (22.9% with DSPN) and 2348 incident deaths
over amedian of 6 years of follow-upwere included in the final analysis. It was
observed that patients with DSPN had an increased risk of death compared to
those without DSPN (random-effects odds ratio [OR] 3.01, 95%CI 1.71-5.31;
I2 = 89.4%).Moreover, papers on patientswith type 1 diabetes reported amore
than 3 times increased risk of death compared to those on mainly type 2
diabetes (random-effects OR 3.40, 95% CI 2.21-5.25). Sensitivity analyses
did not alter these findings. Funnel plot and Egger test did not reveal significant
publication bias. Limitations: only 7 papers fulfilled search criteria. None of
them provided information restricted to type 2 diabetes. Additionally, only one
paper reported estimates adjusted for mortality risk factors.
Conclusion:According to our findings, sensory neuropathy is associated
with a threefold risk of death. If this association is causal, targeted therapy
for DSPN could have a significant effect on the life expectancy of diabe-
tes patients.
Disclosure: M.M. Svebis: None.
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Early indication of diabetic neuropathy is associated with higher risk
of subsequent cardiovascular disease in screen-detected type 2
diabetes
L. Hansen1,2, R.W. Thomsen3, J.S. Nielsen4,5, S.T. Andersen1,6, S.K.
Nicolaisen3, M.E. Jørgensen2,7, H. Bech-Nielsen4,5, T.S. Jensen6,8, A.
Sandbæk1,9, D.R. Witte10,11, M. Charles9,12;
1Public Health, Aarhus University, Århus, 2Epidemiology, Steno
Diabetes Center Copenhagen, Gentofte, 3Clinical Epidemiology,
Aarhus University Hospital, Århus, 4DD2, Steno Diabetes Center
Odense, Odense, 5Diabtes Research Centre, Department of
Endocrinology, Odense University Hospital, Odense, 6Danish Pain
Research Center, Clinical Medicine, Aarhus University, Aarhus,
7National Institute of Public Health, University of Souther Denmark,
Odense, 8Department of Neurology, Aarhus University Hospital,
Aarhus, 9Steno Diabetes Center Aarhus, Aarhus, 10Section for
Epidemiology, Department of Public Health, Aarhus University, Århus,
11Danish Diabetes Academy, Odense, 12Research Unit of General
Practice, Aarhus University, Aarhus, Denmark.

Background and aims: The association between early indication of
diabetic peripheral neuropathy (DPN) at time of diabetes diagnosis and
subsequent long-term risk of cardiovascular disease and mortality in type
2 diabetes is not clear. This cohort study compared morbidity and mor-
tality according to the presence of DPN present at the time of diagnosis of
screen-detected type 2 diabetes.
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Materials and methods:We used data from the prospective ADDITION-
DK study and linked data from Danish national healthcare registers. DPN
was assessed by the Michigan Neuropathy Screening Instrument question-
naire (MNSI)with a score ≥ 4 indicatingDPN.We estimated the excess risk
of amajor adverse cardiac event (expandedMACE= composite of incident
CVD (AMI, stroke, peripheral arterial disease) or all-cause death), any
CVD, and all-cause mortality. Crude (model 1) and adjusted incidence rate
ratios (IRRs) were estimated using Poisson regression models, with adjust-
ment for sex and age (model 2) and additionally for HbA1c, BMI, smoking,
LDL cholesterol, systolic blood pressure, antihypertensive medication, and
lipid lowering medications (model 3).
Results: A total of 1445 individuals were included in the study and 187
(13%) had an abnormal MNSI score at diabetes diagnosis. In total, 419 indi-
viduals (12%) experienced expanded MACE (died or were diagnosed with
CVD) during a median follow-up period of 12 years. Among patients with
expandedMACE, 65 (16%) had DPN. After adjustment the risk of expanded
MACE was 38% higher in individuals with DPN compared with individuals
without DPN (table 1). The excess risk was mainly driven by risk of incident
CVD, whereas no materially higher mortality risk from DPN was found.
Conclusion:We show that DPN, defined byMNSI ≥ 4, is associated with
a markedly higher risk of subsequent CVD, beyond the risk carried by
well-known CVD risk factors. DPN might act as a proxy for important
unmeasured determinants of CVD, such as physical activity level, or the
MNSI questionnaire may capture information on processes that influence
CVD risk more directly.

Supported by: IDNC research programme
Disclosure: L. Hansen: None.
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Type 2 diabetes patients with peripheral neuropathy display an in-
creased risk of hypertension
S. Pinto1, M. Fysekidis2, S. Chiheb2, Y. Jaber2, E. Cosson3, P. Valensi2;
1Department of Endocrinology and Metabolic Disease, San Raffaele
Hospital, Milan, Italy, 2Unit of Endocrinology-Diabetology-Nutrition, Jean
VerdierHospital, Bondy, France, 3SorbonneParis Cité,UMRU1153 Inserm -
U1125 Inra - Cnam - Université Paris 13, Bobigny, France.

Background and aims: Arterial stiffness is known to be increased in
type 2 diabetes (T2D) patients and in hypertensive ones. We previously
showed that, in normotensive T2D patients, peripheral neuropathy (PN) is
associated to increased arterial stiffness independently of hypertension
(HT). Epidemiological data suggest that hypertension is a risk factor for
PN. The aim of the present study was to examine whether normotensive
T2D patients with PN were exposed to an increased risk of developing
hypertension and to evaluate the role of arterial stiffness in this risk.
Materials and methods: In our previous study, we included 447 T2D
patients. Sixty-six % were hypertensive and fifty-three % displayed a PN.
Of 150 normotensive patients, we followed-up 77 T2D patients for a median
of 3,9 years. Arterial stiffness was measured by carotid-femoral pulse wave
velocity (PWV) and PWV values above the 90th percentile age- and blood
pressure-adjusted reference range were considered as pathological. PN was
diagnosed by clinical criteria andHTwas diagnosed if anti-hypertensive treat-
ment was taken or an ambulatory blood pressure >140/90 mmHgwas found.

Results:During the follow-up, 25 patients out of 77 developed HT, more
often in PN+ group as compared to PN- one (13/28=46,4% vs 12/
49=24,5%, p=0.013), mostly in PN+/pathological PWV group
(9/17=52,9%). Patients were separated according to the development of
HT. The two groups were similar in age, BMI, duration of follow-up,
duration of diabetes, pathological PWV (32% vs 28,8%, p=0,1), preva-
lence of nephopathy and diabetic retinopathy. The proportion of male
patients was greater in the group who developed HT (72% vs 38%,
p<0.05). Fifty-two% vs 29% (p<0,05) had a PN at baseline.
Multivariate analysis confirmed the association between PN and HT de-
velopment, independently of PWV (p=0.028).
Conclusion: In T2D patients, PN is associated to arterial stiffness. T2D
patients with PN show an increased risk of developing HT independently
of arterial stiffness. PN could contribute to arterial stiffness and to the
development of HT by promoting media calcifications and altering vas-
cular tonus.
Disclosure: S. Pinto: None.
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Interest of slow breathing test to evaluate therapeutic efficacy and
adherence to CPAP treatment in patients with type 2 diabetes and
non diabetic obese patients
R. Galiero1, L. Bianchi1, P. Valensi1, L. Bernardi2, E. Cosson1, F.
Duperron3, T. Ciunganu1, A. Rezki1;
1Service de Diabetologie et Endocrinologie Hopital Jean Verdier, Bondy,
Paris, France, 2Folkhäsan Research Center, Université Helsinki, Finlande,
Helsinki, Finland, 3Explorations Fonctionnelles – Hôpital Jean Verdier,
Bondy, Paris, France.

Background and aims: We previously showed that the slow breathing
test (SLBT) is a fast and inexpensive investigation for the detection of
obstructive sleep apnoea syndrome (OSAS), and, compared to the gold
standard polysomnography (PSG), offers good performances. We here
tested in patients with OSAS whether SLBT was able to estimate the
efficacy of CPAP treatment and the patients compliance to this treatment.
Materials andmethods: In 49 patients, 33 with type 2 diabetes (age 58±24
yrs, BMI 41±9 kg/m2, HbA1c 6.3±1.3%) and 16 obese (age 45±16 yrs, BMI
46 ±2 kg/m2), treated with continuous positive airway pressure (CPAP), we
performed the SLBTconsisting of 5 minutes of breathing at a frequency of 6
cycles/min. If patients developed apnoeas and/or hypopneas during the 10
minutes post-SLBT, the test was considered positive. In all patients PSGwas
repeated or at least CPAP reports were used to get the apnoeas-hypopnoeas
index, and Epworth sleepiness scale (ESS) was administered.
Results: Compared to PSG, the SLBT offered: positive predictive value
(PPV) 40%, negative predictive value (NPV) 100%, sensitivity 100%,
specificity 79%; while ESS offered PPV 25%, NPV 97 %, sensitivity
75%, specificity 79 %. Among these 49 patients, 35 had performed two
times the SLBT, before and after at least 1 year of CPAP treatment: 10
patients had improved, 21 unchanged and 4 worsened the test. We ob-
served good adherence to treatment, estimated as CPAP compliance 4
hours/night, in 43 patients, all of them negative at PSG, while 35 were
negative at SLBT, whereas the 6 patients with bad tolerance to CPAP
resulted positive at both investigations.
Conclusion: In diabetic and obese patients with OSAS, the SLBTmay be
used as a follow-up test to evaluate the efficacy of therapy with CPAP.
PPV, NPVand sensitivity were better compared to ESS.
Disclosure: R. Galiero: None.
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Efficacy and safety of a pill containing SOD, ALA, vit. B12 and car-
nitine after 12 months of administration in patients with diabetic
neuropathy
T. Didangelos, E. Karlafti, Z. Kontoninas, C. Margaritidis, E. Margariti,
K. Tziomalos, A. Hatzitolios;
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Diabetes Center, 1st Prop. Department of Internal Medicine, “AHEPA”
Hospital, Aristotele University, Thessaloniki, Greece.

Background and aims: To investigate the efficacy and safety of a new
combination of four elements [Superoxide Dismutase (SOD, 10 mg/24h),
Alpha Lipoic Acid (ALA 570mg/24h), Acetyl L-Carnitine (AC, 300 mg/
24h), Vit. B12 (250 mcg/24h)] contained in one pill in Diabetic
Neuropathy (DN).
Materials and methods: In current prospective, double-blind, placebo
controlled, age matched study, 85 patients with Diabetes Mellitus Type 2
(DMT2), 41 women, with mean age 64±11 years, mean duration of DM
15 years randomized in two groups: group A: n=43received the pill with
the combination of the four elements (SOD, ALA, B12, ACL) and group
B: n=42 received placebo. All patients were on treatment either with a
combination of antidiabetic drugs or with a combination with insulin and
drugs. Treatment of diabetes did not change during the 12 months of
follow up. The following methods for detecting Diabetic Peripheral and
Autonomic Neuropathy (DPN, DAN) used: Michigan Neuropathy
Screening Instrument Questionnaire and Examination (MNSIQ and
MNSIE), measurement of vibration perception threshold with
biothesiometer (BIO) and Cardiovascular Autonomic Reflex Tests
(CARTS): R-R variation during deep breathing [assessed by mean circu-
lar resultant (MCR)], Valsalva maneuver (Vals), 30:15 ratio and blood
pressure response to standing (OH). Recently, a novel point-of-care sural
nerve conduction device has been developed and sural nerve functions
were measured using DPN Check [sural nerve conduction velocity
(SNCV) and amplitude (SNAP)]. We used a pain (PS) and a quality of
life (QL) questionnaire, also. All patients underwent laboratory measure-
ments including Vit.B12.
Results: All values of laboratory tests and indices of measurements be-
tween the two groups did not differ at baseline A vs B including HbA1c
(7.2±1.2 vs 6.8±1.2% p=0.207, Vit.B12 263±100 vs 299±155 pmol/L
p=0.268). The following indices decreased significantly in groupA (base-
line vs final): BIO 37±13 vs 16±10 (p<0.001), MNSIQ 6.6±1.6 vs 6.0
±1.7 (p=0.003), QL 39.8±10.8 vs 36.2±9.8 (p<0.001), PAIN 20.6±7.9 vs
17.4±7.0 (p<0.001) and SNCV 32.5±23.8 vs 39.4±22.8 m/s (p=0.027),
SNAP 6.2±5.1 vs 7.5±6.5 uV (p=0.031) improved significantly. Indices
of CARTS andMNSIE did not differ significantly in group A (baseline vs
final). Vit. B12 increased in group A 257.4±104.9 vs 326.0±108.8
pmol/L (p<0.001) and was unchanged in group B. We did not observe
a significant change in all indices in group B (placebo group) except
MCR which decreased (baseline vs final), 20.7±14.7 vs 12.5±9.1
(p=0.012). No adverse events reported in both groups.
Conclusion: In current study after 12 months of administration of the
combination with the four elements in one pill in patients with DMT2
(group A), we observed an improvement in all indices of peripheral neu-
ropathy including neurophysiological parameters, Pain and Quality of
Life except CARTS and MNSIE. In group B parasympathetic function
deteriorated and all other indices did not change. The pill could be helpful
in the management in patients with DPN or could be a good starting point
for a valid adjuvant for the treatment of pain symptoms.
Disclosure: T. Didangelos: None.

985
Biological actions of glucagon gene-derived peptides in the peripher-
al nervous system of mice
M.Motegi1, T. Himeno1, H. Kamiya1, H. Nakai-Shimoda1, S. Asano1, E.
Miura-Yura1, N. Inoue1, N. Ozeki1, Y. Seino2, M. Kondo1, S.
Tsunekawa1, Y. Kato1, Y. Hayashi3, J. Nakamura1;
1Division of Diabetes, Department of Internal Medicine, Aichi Medical
University School of Medicine, Nagakute, 2Department of

Endocrinology and Metabolism, Fujita Health University, Toyoake,
3Department of Genetics, Division of Stress Adaptation and
Recognition, Research Institute of Environmental Medicine, Nagoya
University, Nagoya, Japan, Nagoya, Japan.

Background and aims: Diabetic polyneuropathy (DPN) is one of the
most prevalent complications in diabetes. However, the molecular mech-
anism of DPN remains to be clarified. In the current study, we focused on
the physiological activities of glucagon gene-derived peptides (GCGDP)
in the peripheral nervous system (PNS). In the previous report, we previ-
ously reported that glucagon-like peptide 1 receptor (GLP-1R) agonist
exendin-4 promoted neurite outgrowths in primary culture of dorsal root
ganglion (DRG) neurons and improved nerve conduction velocity (NCV)
and sensory dysfunction in hindlimbs of streptozotocin-induced diabetic
mice. However, the mechanism of the neuroprotective action derived
from the GLP-1R agonist has not been clarified. Therefore, in this study,
we verified that a physiological significance of GCGDPs in the PNS
utilizing glucagon gene deficient mice.
Materials and methods: 1. The expression of glucagon receptor (GCGR)
in the PNS was examined by RT-PCR and immunostaining in C57BL6/J
(WT)mice of 18- to 21-week-old.2. Glucagon (GCG)was supplemented to
primary culture of DRG neurons derived from 3- to 5-week-old WT mice.
After 24 to 48 hours of the culture, neurite length in each neuron was
quantified using immunostaining.3. The sensory functions of hindlimbs
were evaluated employing a thermal plantar test, a monofilament test, cur-
rent perception thresholds (CPTs), and NCV in WT and glucagon gene
deficient (gcg+/-, gcg-/-) mice of 8, 12, 18, 24, 30, and 36 weeks of age.
4. Intraepidermal nerve fiber densities (IENFDs) of the plantar pedis were
counted using immunohistological staining in WT and gcg-/- mice of 36-
week-old.5. The numbers of myelinated nerve fibers were evaluated with
light microscopy. In addition, myelinated and unmyelinated nerve fibers
were evaluated morphologically with electron microscopy.
Results: 1. GCGRwas expressed in most DRG neurons and glial cells. 2.
In primary cultures of DRG neurons, the neurite outgrowth was signifi-
cantly increased in group treated with GCG (control 761.4±294.9 μm/
cell, 10^-5 mol/l GCG 2276.5±835.6, 10^-6 mol/l GCG 985.6±413.6,
10^-7 mol/l GCG 735.8±578.4, p < 0.001: control versus 10^-5 mol/l
GCG).3. The gcg-/- mice showed hyperalgesia at 12- to 18-week-old,
which then turned to hypoalgesia at 36-week-old. Sensory NCV signifi-
cantly decreased in gcg-/- mice of 36 weeks of age.4. There was a signif-
icant decrease in IENFDs of 36-week-old gcg-/- mice.5. There was a
significant decrease of circularity in myelinated fibers and increase in g-
ratio (axon diameter/nerve fiber diameter) of 36-week-old gcg-/- mice.
The number of unmyelinated nerve fiber densities significantly decreased
in the mice.
Conclusion: The expression of GCGR in the PNS may indicate direct
neuroprotective effects of GCG on the PNS. The dysfunctions and mor-
phological changes in the PNS of gcg-/- mice appeared to be similar to
those in DPN mice, suggesting that GCGDP play an important role in
maintaining the PNS homeostasis. It is necessary to clarify further details
of the role utilizing DPN mice in the future.
Disclosure: M. Motegi: Honorarium; Astellas Pharma Inc, MSD Co,
Ono Pharmaceutical Co Ltd, Sanofi Co, Daiichi Sankyo Co Ltd,
Dainippon Sumitomo Pharma Co Ltd, Takeda Pharmaceutical Co,
Mitsubishi Tanabe Pharma Co, Japan Tobacco Inc, Novartis Pharma
Ltd, Novo Nordisk Pharma Co Ltd, Pfizer Inc, Takeda Pharmaceutical
Co. Lecture/other fees; MSD Co, Ono Pharmaceutical Co Ltd, Daiichi
Sankyo Co Ltd, Sanofi Co, AstraZeneca Co Ltd, Novo Nordisk Pharma
Co Ltd, Dainippon Sumitomo Pharma Co Ltd, Astellas Pharma Inc,
Japan Eli Lilly Co, Nippon Boehringer Ingelheim CoLtd, Novartis
Pharma Ltd, Takeda Pharmaceutical Co. Other; EPS Co, Kissei
Pharmaceutical Co Ltd, Nippon Boehringer Ingelheim Co Ltd.
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PS 081 Diabetic kidney disease biomarkers and
more

986
Cell populations and molecular biomarkers in blood and urine char-
acterise nephropathy in type 1 diabetes
P. Henriksen1, D.L. Kyluik-Price2, S.A. Winther3, T.R. Suvitaival1, C.L.
Quigley1, D.B. Timmermann2, P. Rossing1;
1Steno Diabetes Center Copenhagen, Copenhagen, 2Novo Nordisk
A/S, Copenhagen, 3Novo Nordisk A/S & SDCC, Copenhagen,
Denmark.

Background and aims:Diabetic nephropathy (DN) is a lethal com-
plication of type 1 diabetes (T1D). Nevertheless, the pathogenesis
behind DN is still not fully understood. Inflammation and a dys-
regulation of the immune systems response to injury have been
shown to be important pathways associated with the disease. We
aim to perform a detailed phenotyping of T1D patients, with and
without progressive renal complications, through flow cytometry
analysis of cell populations in blood and urine. We hypothesize
that the combined data of flow cytometry, biomarker and clinical
measurements may provide new insight into DN and its
progression.
Materials and methods: The cross-sectional study (n=150)
consisted of healthy non-diabetic controls (Healthy, n=22) and
128 persons with T1D stratified according to historic levels of
urinary albumin excretion rate or urinary albumin creatinine ratio:
Normoalbuminuria (<30 mg/g or mg/d; n=50), Microalbuminuria
(30-299 mg/g or mg/d; n=45), and Macroalbuminuria (≥300 mg/g
or mg/d, n=33). Flow cytometry was used to record 278 features
relating to immune cell populations in the blood and urine of
study subjects. ELISA/multiplexing was used to measure an addi-
tional 34 molecular biomarker features, many of which had pre-
viously been associated with DN. Urinary flow cytometry and
biomarker features were standardised according to creatinine
levels. Variables were transformed using specialised functions
written in R to decide whether features should be log transformed
and if left, right or no censoring should be carried out.
Transformed flow cytometry and biomarker features were
analysed with Tukey or Games Howell one-way posthoc tests
comparing difference of means for all combinations of the four
groups and p-values were converted to False Discovery Rate
(FDR). Effect size was calculated according to the Cohen D
formula.
Results:A total of 1872 one-way posthoc tests were carried out on
the data (204 for biomarker features and 1668 for flow cytometry
features) of which 163 were found to be significant (FDR < 0.05).
Of the 34 biomarker features, 25 showed significance in one or
more tests while 48 of the 278 flow cytometry variables generated
one or more significant test results. The results of these 48 flow
cytometry features are summarised in the figure showing effect
sizes. Significance is indicated with asterisks as explained in the
footnote. The figure also shows dendrograms for the hierarchical
clustering of features (left) and tests (top).
Conclusion: The results of the urine and blood biomarkers were
comparable to previous studies in the literature suggesting good
reproducibility of our data in relation to DN. Further data analysis
will be needed to explore novel relationships between clinical,
flow cytometry and biomarker features, while follow up results
on study participants may eventually lead to improved diagnosis
of DN progression.

Supported by: The Novo Nordisk Foundation grant NNF14OC0013659
(PROTON: PeRsOnalising Tre
Disclosure: P. Henriksen: Grants; NNF14OC0013659.

987
Differential expression of urinary exosomal MicroRNAs miR-21-5p
and miR-30b-5p in individuals with diabetic kidney disease
G.J. McKay, J. Zang, A.P. Maxwell, D.A. Simpson;
Queen's University Belfast, Belfast, UK.

Background and aims: The earliest stages of diabetic kidney dis-
ease (DKD) are asymptomatic and may go unrecognised without
regular screening for albuminuria and/or declining eGFR. Renal
impairment develops in approximately one third of those with di-
abetes leading to increased comorbidity and premature mortality.
Biomarkers for identification of DKD are needed as current tests
lack sensitivity for detecting early kidney damage. MicroRNAs
(miRNAs) are short, non-coding regulatory molecules commonly
found in urinary exosomes and are differentially expressed as renal
function declines. Urine is an ideal source for non-invasive miRNA
profiling because it is produced in the kidneys and its constituents
reflect renal function.
Materials and methods: We evaluated urinary exosomal miRNA ex-
pression in persons with type 2 diabetes mellitus and DKD (T2DKD).
87 human urinary exosomal miRNAs were profiled in a discovery cohort
of patients with T2DKD (n=14) and age and gender matched controls
with type 2 diabetes mellitus and normal renal function (T2DNRF; n=15).
Independent validation of differentially expressed target miRNAs was
performed in a second cohort with T2DKD (n=22) and two control
groups: T2DNRF (n=15) and controls with chronic kidney disease
(CCKD) and poor renal function without diabetes (n=18). Receiver op-
erating characteristics (ROC) were used to assess the potential of
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differentially expressed miRNAs to discriminate between individuals
with good and poor renal function.
Results: In the discovery cohort, urinary miR-21-5p, let-7e-5p and miR-
23b-3p were significantly up-regulated in T2DKD compared to T2DNRF
(p<0.05). Conversely, miR-30b-5p and miR-125b-5p expression was sig-
nificantly lower in T2DKD (p<0.05). Independent validation confirmed
up-regulation of miR-21-5p in a replication cohort in T2DKD (2.13-fold,
p=0.006) and in CCKD (1.73-fold, p=0.024). In contrast, miR-30b-5p
was down-regulated in T2DKD (0.82-fold, p=0.006) and in CCKD
(0.66-fold, p<0.002). Independently, miR-21-5p had an area under the
curve (AUC) of 0.791 (95% CI: 0.638-0.944, p=0.003), and miR-30b-
5p had an AUC of 0.773 (95% CI: 0.610-0.935, p=0.005). Combined,
both miRNAs improved the discriminatory power of the model further
with an AUC of 0.833 (95% CI: 0.688-0.978, p=0.001). ROC analyses
were also undertaken to discriminate poor renal dysfunction in T2DKD
and CCKD combined; miR-21-5p: AUC: 0.785 (95% CI: 0.643-0.927,
p=0.001); miR-30b-5p: AUC: 0.797 (95% CI: 0.656-0.938, p=0.001).
When both miRNAs were included together in the model the discrimina-
tory power increased to 0.840 (95% CI: 0.708-0.972, p<0.001).
Conclusion:A profiling approach identified altered expression of urinary
exosomal miRNAs miR-21-5p and miR-30b-5p in association with poor
renal function. These changes were subsequently validated in a larger
independent cohort. Urinary miR-21-5p was enriched in T2DKD and
CKD patients compared with T2DM individuals with good renal func-
tion; while in contrast, the expression of miR-30b-5p was reduced in
T2DKD and CKD patients. Both miRNAs were significantly correlated
with serum creatinine levels. Urinary miR-21-5p and miR-30b-5p repre-
sent candidate biomarkers of renal function, although further clarification
is necessary to determine the extent of this association more generally
across individuals with other renal conditions. Urinary miRNAs offer a
simple, non-invasive biomarker of kidney function measurable in an eas-
ily accessible liquid biopsy.
Supported by: NI Kidney Research Fund
Disclosure: G.J. McKay: None.
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Clinical phenotypes and biomarkers of non-albuminuric and albu-
minuric patterns of chronic kidney disease in subjects with type 2
diabetes
A.I. Korbut1, I.V. Vinogradov2, V.V. Klimontov1;
1RICEL - Branch of IC&G SB RAS, Novosibirsk, 2“MBU-Technology”
ltd., Novosibirsk, Russian Federation.

Background and aims: A number of recent studies have demonstrated
that non-albuminuric pattern of chronic kidney disease (NA-CKD) be-
comes more prevalent in subjects with type 2 diabetes (T2D), meanwhile
proportion of albuminuric pattern (A-CKD) is decreasing. The risk fac-
tors and molecular pathways of these patterns are still subject to debate. It
was suggested that A-CKD reflects glomerular changes, including
podocytopathy, primarily, whereas NA-CKD is associated with
macrovascular and/or tubulointerstitial lesions. This study aimed to de-
termine the clinical phenotypes and biomarkers of CKD patterns in sub-
jects with T2D.
Materials and methods: Three hundred and sixty patients, from 43 to 88
years of age (median 66 years), with T2D duration of 10 years or more
(median 17 years), were included in the study. Among them, 89 individuals
had no signs of CKD (non-CKD group), 111 patients had NA-CKD, 87
subjects demonstrated persistently elevated albuminuria and estimated glo-
merular filtration rate (eGFR) ≥60 ml/min×1.73 m2 (A-CKD1 group) and
73 ones had elevated albuminuria and eGFR <60 ml/min×1.73 m2 (A-
CKD2 group). A group of 20 individuals without diabetes, obesity and
cardiovascular diseases, matched by sex and age, was acted as a control.
Urinary concentrations of two podocyte markers, nephrin and podocin, and
WAP four-disulfide core domain protein 2 (WFDC2), which is considered
as a marker of tubulointerstitial fibrosis, were measured by ELISA.

Results: Patients of NA-CKD and A-CKD2 groups had longer diabetes
duration compared with non-CKD and A-CKD1 individuals (all p<0.05).
In a multiple regression analysis NA-CKD was associated with female
gender, older age and treatment with diuretics (all p<0.05). Male gender,
HbA1c and greater waist-to-hip ratio were independent predictors of el-
evated albuminuria (all p<0.05). The prevalence of myocardial infarction
was higher in albuminuric subjects (OR=2.01, 95%CI 1.16-3.5), whereas
individuals with decreased eGFR (NA-CKD and A-CKD2 groups) had
higher risk of cerebral atherosclerosis, stroke and peripheral artery disease
(OR=2.24, 95% CI 1.44-3.48; OR=2.25, 95% CI 1.07-4.74; OR=1.62,
95% CI 1.02-2.58, respectively). Urinary nephrin and podocin excretions
were increased in all diabetic groups (all p≤0.02). Both markers were
higher in A-CKD1 and A-CKD2 groups when compared to non-CKD
and NA-CKD subjects (all p≤0.04). Non-CKD and NA-CKD as well as
A-CKD1 and A-CKD2 subjects did not differ by nephrin and podocin
excretion. Urinary WFDC2 concentrations were markedly higher in men
than in women (p<0.000001). Men from non-CKD, NA-CKD and A-
CKD groups demonstrated increased WFDC2 excretion compared to
control ones (p=0.04, p=0.01 and p=0.009), without significant differ-
ences between diabetic groups. Women with NA-CKD and A-CKD
had elevated excretion of WFDC2 compared to control and non-CKD
women (all p≤0.01).
Conclusion: The data dive further support to notion that A-CKD and
NA-CKD patterns differ in their clinical phenotypes and mechanisms.
In T2D subjects, female gender, age and treatment with diuretics are
associated with NA-CKD, whereas male gender, abdominal obesity and
poor glycemic control are the features of A-CKD pattern. Urinary nephrin
and podocin excretion is associated with A-CKD, meanwhile WFDC2
excretion is increased in both CKD patterns.
Disclosure: A.I. Korbut: None.

989
Serum neprilysin concentration does not outperform NT-pro BNP
for renal and cardiac outcomes in patients with type 2 diabetes: the
SURDIAGENE cohort
S. Hadjadj1, M. Kolli1, M. Wargny1, E. Gand2, S. Ragot2, B. Cariou1, R.
Roussel3, V. Rigalleau4, P. Zaoui5, J.-M. Halimi6, P.-J. Saulnier2;
1L'institut du Thorax, Nantes, 2CHU Poitiers, INSERM CIC 1402,
Poitiers, 3Assistance Publique – Hôpitaux de Paris (AP-HP), Bichat
Hosp i t a l , DHU FIRE, Pa r i s , 4CHU Bordeaux , Se rv i ce
d’Endocrinologie, diabète, nutrition, Bordeaux, 5CHU Grenoble,
Service de Néphrologie, dialyse et transplantation, Grenoble, 6CHU
Tours, Service de Néphrologie, dialyse et transplantation, Tours, France.

Background and aims: Recently, analysis from the PARADIGM HF
trial suggested that neprilysin inhibition was associated with least renal
function decline, in addition to the primary heart failure beneficial effect,
especially in patients with type 2 diabetes. This beneficial renal effect was
not due to cardiac function or metabolic improvement, leading us to
investigate whether neprilysin could be used as biomarker for renal and
cardiac outcomes in a population of patients with type 2 diabetes.
Materials and methods: Consecutively recruited patients with type 2
diabetes were regularly followed at a university hospital in the
SURDIAGENE cohort. Participants’ biocollection sampled at baseline
was used to determine neprilysin and NT-pro BNP concentration. Renal
endpoints (doubling of serum creatinine sustained over 1 month or renal
replacement therapy, whichever occurred first) and heart failure requiring
hospitalization (HFH) were determined from patients’ hospital records
and interviews with general practitioners, and recorded every other year
since 2007. An independent committee adjudicated the clinical events
during follow-up.
Results: We considered a study population of 1336 participants with
eGFR > 30 ml/min at baseline. During follow-up (median 7.5 years),
occurrence of renal endpoints and HFH were found in 75 and 211 pa-
tients, respectively. Neprilysin concentration was not significantly
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correlated with NT-pro BNP, HbA1c nor eGFR: p=0.0823, p=0.1842 and
p=0.2768, respectively. Due to a skewed distribution, we considered the
distribution of neprilysin concentration (pg/ml) in tertiles (min-max): T1
(16.67-245.67); T2 (246.16-633.15); T3 (636.49-4285.54). Tertiles of
neprilysin concentration were not related to incident renal endpoints:
T1: 0.7 % pt.yr (0.4-1.0); T2: 1.0 (0.6-1.4); T3: 0.7 (0.3-1.0); ptrend=
0.99, nor to incident HFH: T1: 2.2% pt.yr (1.6-2.8); T2: 2.6 (2.0-3.2);
T3: 1.7 (1.2-2.2) ptrend= 0.2441. Tertiles of NT-pro-BNP concentration
were associated with incidence of renal outcomes (T1: 0.3% pt.yr (0.1-
0.5); T2: 0.6 (0.3-0.9); T3: 1.6 (1.1-2.1); ptrend< 0.001) and of HFH (T1:
0.3% pt.yr (0.1-0.5); T2: 1.4(1.0-1.8); T3: 6.0 (5.0-6.9); ptrend< 0.001).
Conclusion: In our population of persons with type 2 diabetes, neprilysin
concentration was not associated with cardiac and renal outcomes, while
NT-pro-BNP concentration was.
Supported by: PHRC-IR; AFD; GEMMS
Disclosure: S. Hadjadj: None.
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Variations of 20-HETE levels are associated with diabetes induced
kidney injury and cardiovascular diseases
P. Houeiss1,2, A.F. Hamdy3, H. Tamim4, A. Rashid5, S.A. Azar6,2, A.A.
Eid1,2;
1Anatomy, Biology and Cell Physiology, American University of Beirut,
Beirut, Lebanon, 2AUB Diabetes Program, American University of
Beirut, Beirut, Lebanon, 3Nephrology, Hamad Medical Corporation,
Hamad, Qatar, 4Internal Medicine, American University of Beirut,
Beirut, Lebanon, 5Nephrology, Hamad Medical Corporation, Doha,
Qatar, 6Endocrinology, Diabetes and Metabolism, American University
of Beirut, Beirut, Lebanon.

Background and aims: 20-HETE originates from Arachidonic acid.
Many factors can influence circulating 20-HETE levels by regulating
the synthesis, the metabolism or the elimination of this metabolite.
20-HETE plays a key role in regulating the renal, pulmonary, cardiac
and vascular function, while variations in 20-HETE has been corre-
lated to the pathogenesis of several diseases. The aims of this study
were to show that there is an association between 20-HETE levels
and renal and cardiovascular events and to determine the factors that
affect the urinary levels of 20-HETE. A secondary objective was to
check the diagnostic performance of urinary 20-HETE in kidney
diseases in diabetics.
Materials and methods: A cross sectional study was conducted in
Hamad general hospital in Qatar. The study population were subjects
who presented to the clinics of endocrinology between the year 2013
and 2014. Patients were considered eligible for the study if they were
between 18 and 74 years of age and able to give informed consent.
The main outcome was urinary 20-HETE. Data on socio- demo-
graphics, past medical history and family history were collected from
medical records. Laboratory tests were done on blood and urine. The
data was analyzed using SPSS 25 and the level of significance was at
a p value of 0.05.
Results: In total, 182 patients were recruited. Data from univariate anal-
ysis showed that urinary 20-HETE was associated with age with a p
value<0.001. Levels were higher among subjects with diabetes
(p<0.001), hypertension (p<0.001), dyslipidemia (p<0.001), stroke
(p=0.021), coronary artery disease (p=0.003) and metabolic syndrome
(p<0.001). 20-HETE levels positively correlated with albuminuria
(p<0.001) and proteinuria (p<0.001). In the multivariate regression anal-
ysis of all patients, the presence of family history of kidney disease, being
diabetic, being on diuretics, the severity of kidney failure and the severity
of albuminuria were significantly associated to 20- HETE levels with an
adjusted R square of 0.82. Using the Receiver Operating Characteristic
curve in diabetic patients, a 20-HETE level of 5957pmol/l had an 80%
sensitivity and 20% specificity when screening for kidney injury with an
area under the curve of 0.8.

Conclusion: Diabetes and kidney disease are associated with high levels
of 20-HETE. Our data correlating 20-HETE to the etiology of diabetes
and to several micro and macrovascular complications are of great im-
portance. Assessing 20-HETE levels in patients with diabetes has a good
diagnostic performance and can be considered in the diagnosis of diabetic
complications mainly diabetic kidney disease.

Supported by: National Priority Research Programs grant from QNRF
Disclosure: P. Houeiss: None.
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Role of gastrointestinal inflammation in diabetic kidney disease
M.M. Mannerla1,2, S.A. Winther3,4, M. Frimodt-Møller3, F. Persson3,
T.W. Hansen3, C. Forsblom1,2, M. Lehto1,2, P.-H. Groop1,5, P. Rossing3,6;
1Folkhälsan Institute of Genetics, Folkhälsan Research Center, Helsinki,
Finland, 2Research Program for Clinical and Molecular Metabolism,
Faculty of Medicine, University of Helsinki, Helsinki, Finland, 3Steno
Diabetes Center Copenhagen, Copenhagen, Denmark, 4Novo Nordisk
A/S, Copenhagen, Denmark, 5Abdominal Center, Nephrology,
University of Helsinki and Helsinki University Hospital, Helsinki,
Finland, 6University of Copenhagen, Copenhagen, Denmark.

Background and aims: Around 30% of individuals with type 1
diabetes (T1D) develop diabetic kidney disease (DKD), a condition
with limited treatment options. Both genetic and environmental
factors play a role in DKD pathogenesis, but the underlining mo-
lecular mechanisms remain obscure. Gastrointestinal (GI) dysbiosis
is frequently reported in individuals with T1D. It has been sug-
gested that increased leakage of microbial toxins may accelerate
development of kidney injury. Our objective was to assess in a
cross-sectional setting whether T1D individuals with DKD exhibit
significant changes in gut related biomarkers.
Materials and methods: Study subjects (n=209) were recruited at
the Steno Diabetes Center Copenhagen: 50 non-diabetic controls
(NDC) and 159 individuals with T1D. Both study groups had sim-
ilar age and gender distribution. The T1D cohort was stratified
according to the level of urinary albumin excretion rate (AER):
normal AER (<30 mg/g; n=49), history of microalbuminuria (30-
299 mg/g; n=50) and history of macroalbuminuria (≥300 mg/g;
n=60). Fecal samples were collected and analyzed for intestinal
alkaline phosphatase (IAP) activity, calprotectin, short chain fatty
acids (SCFAs), and immunoglobulin levels. Pearson Chi-square test
was used to examine for group-wise differences in calprotectin-
positivity (>50 μg/g), and ANCOVA was used to assess for chang-
es in the levels of IAP activity, SCFAs and immunoglobulins.
Relationships between fecal measures (IAP, IgA and SCFA) were
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tested for with linear regression. All tests were adjusted for age,
sex, systolic blood pressure and eGFR. The statistical analyses
were performed with SPSS (version 25.0), Chicago, IL, USA.
Results: Fecal calprotectin levels did not differ between T1D subjects and
controls (p=0.26). However, when subjects were stratified according to
the calprotectin cut-off level, the percentage of subjects showing positive
test results (>50 μg/g) were higher among individuals with diabetes and
macroalbuminuria: NDC 8%, T1D-normo 18%, T1D-micro 16%, T1D-
macro 26% (NDC vs. T1D-macro; p=0.02). The levels of fecal SCFAs,
butyrate and propionate, were negatively associated with diabetes
(p=0.03 and p=0.04, respectively). The level of albuminuria had no im-
pact on the fecal IAP activity and IgA levels (p=0.8 and p=0.6, respec-
tively). The fecal IAP activity and butyrate concentrations correlated
positively with the secretory IgA levels (p=0.004).
Conclusion: Based on the fecal calprotectin measurements, intestinal
inflammation seems to be more prevalent in individuals with T1D com-
pared to non-diabetic controls. In addition, the subjects with impaired
kidney function displayed significantly lower fecal butyrate levels, which
could be related to changes in nutrition, medication, metabolism, or more
likely to gut-related dysbiosis.
Supported by: NNFOC0013659, Folkhälsan Research Center,
AstraZeneca
Disclosure: M.M. Mannerla: Grants; W. von Frenckell Foundation.
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Unique synergism between obesity and metabolic syndrome as a risk
for incident chronic kidney disease: study in a non-diabetic
population
K. Yamashita, K. Hirabayashi, H. Koike, T. Aizawa;
Aizawa Hospital, Matsumoto, Japan.

Background and aims: Aim of this study was to clarify the characteris-
tics of interaction between obesity andmetabolic syndrome (MetS) as risk
for incident chronic kidney disease (CKD) in non-diabetic subjects.
Materials and methods: A total of 12895 diabetes- and CKD-free re-
peated health examinees at our hospital were evaluated (the mean age, 47
years; male 56%; the mean observation period 4.3 years). CKD was
diagnosed by estimated glomerular filtration rate <60 ml/min/1.73 m2

or dipstick-positive proteinuria. Fulfilling the criteria at two consecutive
health checks was the basis for incidence; diabetes diagnosed by
FPG≥126 mg/dL or HbA1c≥7.0%. The participants were classified ac-
cording to the baseline BMI (kg/m2) into four groups: Normal (BMI<23,
n = 7286), Overweight (23.0-24.9, n = 2777), Obesity1 (25.0-29.9, n =
2520), and Obesity2 (30≤, n = 312). Metabolic factors defined by the
2009 International Harmonized Criteria, i.e., increased waist circumfer-
ence, elevated blood pressure, triglycerides, FPG, and low HDL-choles-
terol, was counted and having any three was defined as MetS. Insulin
resistance was estimated by [1/Single Insulin Sensitivity Estimator
(SPISE)]. Hazard ratio adjusted for age and sex (AHR) was calculated
by Cox proportional hazard model: the individuals with BMI<23 were
employed as the reference group. δBMI ([follow-up - basal] BMI) was
treated as a time-dependent covariate. p value <0.05 was considered
significant.
Results: Crude CKD incidence of the entire population was 1.92%/yr.
AHR (p) of BMI was 1.66 (<0.01) per 5 kg/m2. AHR (p) of BMI cate-
gories such as, Normal, Overweight, Obesity1 and Obesity2 for incident
CKDwere, 1.00, 1.17 (<0.05), 1.36 (<0.01) and 1.94 (<0.01), respective-
ly. AHR (p) of MetS was for incident CKDwas 1.23 (<0.05). When BMI
category and MetS were tested together, interaction between the two was
significant (p = 0.01), so that MetS-specific risk of BMI category for
incident CKD was evaluated. (Figure. Size of the bubbles is proportional
to the number of subjects in each panel. Weighted best-fit lines in the
upper and lower panels were cubic and quadratic, respectively. Note that
the mean BMI in each BMI category was not the same inMetS (+) and (-)
groups. “Normal BMI without MetS” group was a reference group and

δBMI was not entered in this calculation.) In individuals without MetS,
increase in BMI was slightly but progressively greater risk for incident
CKD up until Obesity1. In contrast, in those with MetS, there were no
elevation of CKD risk up until Obesity1, and a striking elevation was
found in those with MetS and Obesity2. [1/SPISE] predicted incident
CKD so well that when it was entered as a covariate, none of BMI
categories or presence of MetS was a significant predictor.
Conclusion: Weight gain and metabolic trait are independent but syner-
gistic risk for incident CKD in non-diabetics. In those with MetS, BMI
increase was a robust CKD risk only in those with overt obesity. Insulin
resistance appears a major denominator for incident CKD even before
development of diabetes.

Disclosure: K. Yamashita: None.

993
Association of glucose metabolism and kidney function in middle-
aged adults
M. Schroijen, R. de Mutsert, F. Rosendaal, T. Rabelink, O. Dekkers;
Leiden University Medical Center, Leiden, Netherlands.

Background and aims: The global increase in obesity is a leading cause
of the increased prevalence of pre-diabetes and type 2 diabetes mellitus
(DM). Previous studies showed that different measures of glucose metab-
olism and obesity are associated with risk of chronic kidney disease, but
results were not consistent in all aspects. In the present study we studied
the prevalence of chronic kidney disease, and markers thereof, and its
association with glycaemic levels and measures of glucose metabolism.
Materials and methods: The Netherlands Epidemiology of Obesity
(NEO) study is a population-based cohort study of middle-aged men
and women. We categorized the study population according to glycaemic
levels normoglycemia (reference group), pre-DM, DM and newly diag-
nosed DM. Outcome variables studied were serum creatinine, estimated
glomerular filtration rate, eGFR (CKD-EPI), glomerular hyperfiltration
and micro-albuminuria. Clinically relevant CKD was defined as CKD-
EPI <= 60ml/min/ 1.73m2. Linear regression analyses were performed to
calculate age- and sex-adjusted mean differences with 95% confidence
intervals (95% CIs) in levels of serum creatinine and albuminuria for the
defined categories. We further examined the association between mea-
sures of glucose metabolism (fasting glucose, HbA1c, fasting insulin,
glucose AUC, insulin AUC, HOMA-IR, HOMA-B, Disposition index)
and kidney function. We performed linear regression for continuous out-
comes and logistic regression analyses for binary outcomes
(hyperfiltration or micro-albuminuria) adjusted for age, sex, BMI, blood
pressure, smoking, antihypertensive agents and cardiovascular disease.
Results: 6338 participants were included in the present analyses. 3458
were classified as normoglycemic, 2206 as pre-DM, 435 as known DM
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and 239 participants as newly diagnosed DM. The prevalence of clinical-
ly relevant CKD, was higher in pre-DM (3.5 %), diagnosed DM (6.2 %)
and newly diagnosed DM (7.0 %) compared to the reference group (1.2
%). Presence of micro-albuminuria was increasing from normoglycemia
(1.4%), pre-DM (3.5%), diagnosedDM (6.2%) to newly diagnosed DM
(8.3 %). Compared to the reference group, diagnosed and newly diag-
nosed DM was associated with a higher eGFR (+ 2.1 ml/min/ 1.73 m2

(95% CI -0.19, 4.4) and + 2.7 ml/min/ 1.73 m2 (95% CI -0.3, 5.7)). A 1%
higher HbA1c was associated with an increased odds of hyperfiltration of
1.41 (95 % CI 1.06, 1.88). Also higher levels of fasting plasma glucose,
AUC glucose, and HOMA-B were associated with increased odds ratio’s
for hyperfiltration. Per mmol/l higher fasting glucose concentrations the
odds ratio of micro-albuminuria was 1.21 (95 % CI 1.04, 1.42).
Conclusion: The prevalence of chronic kidney disease was low in this
Dutch study population of middle-aged men and women. Both fasting
and post-prandial glucose and HOMA-B, but not insulin resistance, were
associated with glomerular hyperfiltration, while fasting glucose was as-
sociated with micro-albuminuria. This implies that hyperinsulinemia is
not associated with a first increase in eGFR (hyperfiltration) but is asso-
ciated with an immediate decline in eGFR. The clinical relevance of this
finding needs further confirmation in cohorts with long term follow up.
Disclosure: M. Schroijen: None.

994
Euglycaemia in patients with type 1 diabetes after pancreas-kidney
transplantation is not a guaranty of complications stabilisation: role
of oxidative stress
A. Severina1, I. Larina1, M. Shamkhalova1, E. Artemova1, D. Egorova1,
T. Chistyakov1, L. Nikankina1, M. Shestakova1, I. Dmitriev2, A.
Pinchuk2, M. Kaabak3, G. Musaeva4;
1Endocrinology Research Centre, Moscow, 2N.V. Sklifosovsky Scientific
Research Institute of Emergency Care, Moscow, 3Petrovsky National
Research Centre of Surgery, Moscow, 4I.M. Sechenov First Moscow
State Medical University (Sechenov University), Moscow, Russian
Federation.

Background and aims: To evaluate potential role of oxidative stress
markers and advanced glycation end products (AGE, RAGE) in course
of diabetes complications in patients with diabetes mellitus type 1 (DM1),
which reached stable euglycemia after simultaneous pancreas-kidney
transplantation (SPKT).
Materials and methods: The study included 20 patients with stable
graft function after SPKT. Mean age was 36,5 [34,0; 44,0] years,
DM1 duration 22 [19; 28] years, posttransplantation period 44,5
[6;61,5] months. Clinico-laboratory evaluation, including examina-
tion of diabetes complications and analysis of oxidative stress
markers (3-nitrothyrosine, superoxide dismutase) and advanced
glycation end products (AGE, RAGE) were performed in all
patients.
Results: Despite of reached euglycemia (HbA1c 5,5 [5,1; 5,8] %;
С-peptide 3,2[2,45; 3,63] ng/ml) and stable kidney function (esti-
mated glomerular filtration rate (eGFR) CKD-EPI 84 [69;95] ml/
min/1.73m2, urine albumin-to-creatinine ratio (ACR) 1,42
[0,89;2,41] mg/mmol) оn standard immunosuppressive therapy re-
lapse of diabetic foot was observed in 40%, toe bones amputation
- in 25% cases. 55% patients had secondary hyperparathyroidism,
45% - osteoporosis. Vitamin D deficiency was observed in 80%
patients (13,3 [9,3;18,5] ng/ml) despite of vitamin D supplemen-
tation (40% cholecalciferol). There were no decrease of 3-
nitrothyrosine, superoxide dismutase (SOD) levels, and significant
changes in AGE-RAGE axis after 6 month of euglycemia, which
could indicate persistence of negative metabolic memory mecha-
nisms in the early posttransplantation period. At the same time,
corneal confocal microscopy showed an increase in the tortuosity
coefficient (TC) from 13,5408 to 22,9152, nerve fiber length

(CNFL) from 7,9522 to 8,8344 mm/mm2 and corneal nerve fiber
density (CNFD) from 9,3744 to 14,5824 n/mm2, in the presence
of strong correlations CNFL and CNFD with duration of remis-
sion (r= 0,697041, r=0,711249 respectively), which indicates the
early activation of reparative processes in unmyelinated nerve fi-
bers. The correlation analysis revealed statistically significant cor-
relations between AGE and eGFR (r= -0,511356757), AGE and
ACR (r= 0,638239944), erythropoietin and superoxide dismutase
with trabecular bone score (TBS) (r= 0,7, -0,716666667 respec-
tively). Weak non-significant correlation relationships between du-
ration of diabetes remission after transplantation with 3-
nitrothyrosine, SOD, AGE, RAGE levels could show persistence
of pathological mechanisms, resulting from long-lasting hypergly-
cemia even in stable euglycemia maintenance. In patients with
more long-lasting period of euglycemia after transplantation
AGE level was slightly decreased and RAGE level was respec-
tively increased, possibly indicating imbalance of AGE-RAGE
axis.
Conclusion: Obtained results could reflect persistence of negative meta-
bolic memorymechanisms in patients with long-termDM1 duration after
successful SPKT, despite of stable euglycemia achievement.
Supported by: Ministry of Health
Disclosure: A. Severina: None.

995
Active vitamin D treatment does not modify arterial stiffness and
markers of cardio-renal risk in patients with type 2 diabetes and
stage 3 chronic kidney disease
J. Karalliedde, N. Fountoulakis, S. Ayis, A. Panagiotou, M. Flaquer, S.
Stoilov, G. Maltese, G. Viberti, S. Thomas, L. Gnudi;
King's College London, London, UK.

Background and aims:Active vitamin D [1,25(OH)2D3] deficiency
is a potential modifiable risk factor for cardiovascular disease
(CVD) and renal disease. In animal studies active vitamin D
treatment reduces arterial stiffness and albuminuria. Retrospective
cohort studies in type 2 diabetes (T2DM) patients with stage 3
and 4 chronic kidney disease (CKD) have demonstrated that
calcitriol treatment is associated with reduced CVD mortality.
The exact mechanisms for these findings are unclear. Arterial
stiffness as measured by Aortic pulse wave velocity (Ao-PWV)
is an independent predictor of CVD and progression of renal
disease. There are no long term randomised controlled trial data
in patients with diabetes and CKD on the effect of active vitamin
D treatment on Ao-PWV or other cardio-renal risk bio-markers.
Materials and methods: We performed a 48 week duration single
centre randomised double blind parallel group placebo controlled
intervention trial, examining the impact of calcitriol 0.25 mcg od
as compared to placebo on the primary endpoint of change in Ao-
PWV. T2DM patients with clinical evidence of diabetic kidney
disease, and stable estimated glomerular filtration rate (eGFR)
between 30-59 ml/min with raised intact parathyroid hormone
(iPTH) level >30 pg/ml were eligible. Ao-PWV was measured
by applanation tonometry (Sphygmocor system). Secondary end-
points included albuminuria (measured by urine albumin excretion
rate-AER), central arterial blood pressure, serum calcium, phos-
phate levels, eGFR, and iPTH.
Results: In total 127 (male 70%) patients were randomised to
calcitriol (n=64 or placebo n=63) and eligible for analyses.
Baseline, mean ± standard deviation, values for selected variables
were: age 64.2 ± 7.7, eGFR 43.2 ± 20.2 ml/min, SBP 146.2
±19.9 mmHg , DBP 76.7 ± 11, Ao-PWV 11.6 ± 3.3 m/s, iPTH
61.6 ± 34 pg/ml and AER median (interquartile range) was 50.51
(11.5 to 188.6) mcg/min. There were no significant deference’s
between the two groups in baseline clinical or biochemical
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indices. Following treatment with calcitriol there was no signifi-
cant mean (95% confidence interval-CI) change in Ao-PWV as
compared to placebo of 0.05 m/s (-0.68 to 0.78) vs. 0.23 m/s (-
0.46 to 0.93) with a between treatment mean (95% CI) difference
for Ao-PWV of 0.19 (-0.81 to 1.19) m/s p=0.71. No statistically
significant effect of calcitriol treatment was also observed on cen-
tral arterial pressures, augmentation index, albuminuria or eGFR.
iPTH increased to a greater extent with placebo as compared to
calcitriol, mean (95%CI) between treatment difference of 29.02
(5.52 to 52.52) pg/ml p<0.05. Serum calcium and phosphorus
levels during the study did not differ between groups. Overall
calcitriol was well tolerated with no treatment related serious ad-
verse effects reported.
Conclusion: In T2DM patients with stage 3 CKD, 48 week treatment
with calcitriol as compared to placebo does not improve Ao-PWV, albu-
minuria or other indices of central arterial blood pressure and stiffness.
Our data does not support the routine use of active vitamin D for cardio-
renal protection in patients with diabetes and stage 3 CKD.
Clinical Trial Registration Number: 2010-018285-23.
Supported by: Diabetes UK
Disclosure: J. Karalliedde: None.

PS 082 Promising therapeutic options for diabet-
ic kidney disease
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Chronic kidney disease (CKD) outcomes with dulaglutide (DU) ver-
sus insulin glargine (IG) in type 2 diabetes and moderate-to-severe
CKD by albuminuria status: AWARD-7
K.R. Tuttle1, B. Rayner2, M.C. Lakshmanan3, D.B. Woodward3, A.
Kwan3, M. Konig3, F.T. Botros3;
1Providence Health Care, University of Washington, Spokane, USA,
2Division of Nephrology and Hypertension, Groote Schuur Hospital and
University of Cape Town, Cape Town, South Africa, 3Lilly Diabetes, Eli
Lilly and Company, Indianapolis, USA.

Background and aims: In theAWARD-7 study, conducted in patients with
T2D andmoderate-to-severe CKD,DU treatmentwas associatedwith slower
decline in estimated glomerular filtration rate (eGFR) compared to IG. One-
year treatment with DU 1.5 mg weekly was associated with a lower rate of
CKD events of ≥40% eGFR decline or end-stage renal disease (ESRD),
compared to IG at similar levels of glycaemic control and blood pressure.
The aim of this post hoc analysis was to determine the risk of these CKD
events between treatments in the albuminuria subgroups.
Materials and methods: Participants with T2D and CKD (stages 3-4)
were randomised (1:1:1) to DU 0.75 mg or 1.5 mg weekly versus titrated
IG daily, added-on to titrated insulin lispro, for one year. eGFR was calcu-
lated using CKD-EPI creatinine (primary analysis) and cystatin C equa-
tions. The occurrence of the composite endpoint of ≥40% eGFR decline or
ESRDwas compared between treatments using a Cox-proportional hazards
model time-to-first-event analysis.
Results: At baseline, study treatment groups had similar eGFR within
albuminuria subgroups (Table). The majority of CKD events occurred in
patients with macroalbuminuria (Table). Compared to IG, the incidence
rate of the composite endpoint was significantly lower for DU 1.5 mg in
the overall study population and in those with macroalbuminuria.
Consistent results were obtained when eGFR was calculated using with
the cystatin C CKD-EPI equation (data not shown).
Conclusion: This post hoc analysis shows that the risk of ≥40% eGFR
decline or ESRD outcomes was reduced bymore than half for DU 1.5 mg
compared to IG, particularly in the macroalbuminuric subgroup.
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Clinical Trial Registration Number: NCT01621178
Supported by: Eli Lilly and Company
Disclosure: K.R. Tuttle: Employment/Consultancy; Eli Lilly and Co.,
Boehringer Ingelheim, Astra Zeneca, Gilead, Goldfinch Bio.
Honorarium; Eli Lilly and Co.
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Exenatide once weekly decreases uACR over 26/28 weeks in patients
with diabetes and elevated albuminuria: a pooled analysis
H.J.L. Heerspink1, A.B. van der Aart - van der Beek1, C. Guja2, D.H.
van Raalte3, L.J. Suchower4, E. Hardy5, C.D. Sjöström6;
1Clinical Pharmacy and Pharmacology, University of Groningen,
Groningen, Netherlands, 2Carol Davila University of Medicine and
Pharmacy, Bucharest, Romania, 3Department of Internal Medicine,
Amsterdam UMC, Amsterdam, Netherlands, 4Kelly Services,
Gaithersburg, USA, 5AstraZeneca, Gaithersburg, USA, 6AstraZeneca,
Gothenburg, Sweden.

Background and aims: Despite glucagon-like peptide (GLP)-1 re-
ceptor agonist outcome trials suggesting a reduction in albumin-
uria and a delay in the progression of eGFR decline in patients
(pts) with diabetes, data on the percentage reduction in albumin-
uria in pts with diabetes and micro- or macroalbuminuria are
lacking. In this pooled analysis, we investigated the albuminuria-
lowering potential of exenatide once weekly (EQW) vs active
comparators.
Materials and methods: This exploratory analysis included diabetes
pts with baseline urine albumin-to-creatinine ratio (uACR) ≥30 mg/
g from 6 EQW Phase III studies. Treatment arms were EQW and
all active non-GLP-1 comparators pooled (insulin, sitagliptin, met-
formin and pioglitazone). Studies were performed on a broad range
of background drugs. ANCOVA models were used for the primary
efficacy result of uACR percent change from baseline to Week 26/
28. Absolute changes from baseline to Week 26/28 in eGFR,
HbA1c, body weight and systolic blood pressure (SBP) were also
investigated.
Results: Baseline clinical characteristics (N=659) were comparable
between the EQW and comparator arms: median uACR, 71 vs 68
mg/g; mean eGFR, 80 vs 82 ml/min/1.73 m2; mean HbA1c, 8.6%
in both treatment arms. Overall, pts in both treatment arms expe-
rienced uACR adjusted mean percent decreases from baseline to
Week 26/28. Compared with the comparators arm, EQW changed
albuminuria by -26% (95% CI -39, -10) after 26/28 weeks. Similar
results were observed for EQW vs oral antidiabetes drugs (OADs;
-30% [95% CI -48, -5]) and vs insulin (-24% [95% CI -42, -0.2]).
Adjustment for changes in HbA1c, eGFR and SBP did not substan-
tially affect the uACR-lowering effect of EQW vs the comparators
(-21% [95% CI -36, -4]). However, when also adjusted for changes
in body weight, the uACR-lowering effect of EQW was reduced to
-13% (95% CI -30, 8). HbA1c, body weight and SBP adjusted
mean decreases were also more pronounced in the EQW vs com-
parators arm (Table).
Conclusion: This pooled analysis suggests that EQW reduces
uACR from baseline to Week 26/28 compared with commonly
used OADs and insulin in pts with micro- or macroalbuminuria.
These data add to the body of evidence that GLP-1 receptor ago-
nists may offer renoprotective effects in pts with diabetes.
However, further research is needed to delineate the mechanisms
of EQW-induced reductions in albuminuria.

Supported by: This analysis and medical writing assistance were funded
by AstraZeneca
Disclosure: H.J.L. Heerspink: Employment/Consultancy; Abbvie,
Astellas, AstraZeneca, Boehringer Ingelheim, Janssen, Fresenius,
Gilead, and Merck, and has a policy of honoraria going to his employer.
Grants; Boehringer Ingelheim, AstraZeneca and Janssen (funding to his
employer). Other; Member of the steering committee for the DAPA-CKD
study.
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Estimated GFR (eGFR) loss with glucagon-like peptide-1 (GLP-1)
analogue treatment: data from SUSTAIN 6 and LEADER
V. Perkovic1, S.C. Bain2, G. Bakris3, J.B. Buse4, T. Gondolf5, T. Idorn5,
N. Lausvig5, K. Mahaffey6, S.P. Marso7, M.A. Nauck8, R. Pratley9, P.
Rossing10, B. Zinman11, J. Mann12;
1The George Institute, UNSW, Sydney, Australia, 2Institute of Life
Science, Swansea University, Swansea, UK, 3University of Chicago
Medicine, Chicago, USA, 4University of North Carolina School of
Medicine, Chapel Hill, USA, 5Novo Nordisk A/S, Søborg, Denmark,
6Stanford Center for Clinical Research (SCCR), Stanford School of
Medicine, Stanford, USA, 7Research Medical Center, Kansas City,
USA, 8Diabetes Center Bochum-Hattingen, St Josef Hospital (Ruhr-
Universität Bochum), Bochum, Germany, 9AdventHealth Translational
Research Institute for Metabolism and Diabetes, Orlando, USA, 10Steno
Diabetes Center Copenhagen, and University of Copenhagen,
Copenhagen, Denmark, 11Lunenfeld–Tanenbaum Research Institute,
Mt. Sinai Hospital, University of Toronto, Toronto, Canada, 12Friedrich
Alexander University of Erlangen, Erlangen, Germany.

Background and aims: Previous SUSTAIN 6 and LEADER cardiovas-
cular (CV) outcomes trials data indicate that the GLP-1 analogues
semaglutide and liraglutide may have beneficial effects on kidney func-
tion. This post hoc analysis investigated the semaglutide and liraglutide
effects on change in eGFR evaluated as total eGFR slope.
Materials and methods: SUSTAIN 6 and LEADER assessed CV, kidney
and safety outcomes with semaglutide and liraglutide vs placebo, in 3297
and 9340 patients with type 2 diabetes and at high CV risk, respectively.
Median treatment duration was 2.1 and 3.8 years, respectively. In the cur-
rent analysis, eGFR change over time was evaluated by overall population
and baseline eGFR subgroup (<60 vs ≥60 mL/min/1.73 m2) for
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semaglutide (1.0 mg) and liraglutide vs placebo using a linear regression
model with random slope and intercept; treatment differences between
annual slopes were estimated (estimated treatment differences [ETDs]).
Results: In the overall population, a slower rate of annual eGFR reduc-
tion was observed with semaglutide vs placebo (mean annual ETD of
0.87 mL/min/1.73 m2 favouring semaglutide); this effect appeared more
pronounced for baseline eGFR <60 mL/min/1.73 m2 (annual ETD: 1.62
mL/min/1.73m2 slower eGFR reduction, Table). In LEADER, the annual
eGFR reduction was slower for liraglutide vs placebo for the overall
population; the effect was more marked in patients with baseline eGFR
<60 mL/min/1.73 m2 (annual ETD: 0.67 mL/min/1.73 m2 slower eGFR
reduction, Table).
Conclusion: Annual loss of kidney function was slower in patients treat-
ed with semaglutide or liraglutide vs placebo. The benefit appears more
pronounced in patients with pre-existing chronic kidney disease.

Clinical Trial Registration Number: NCT01179048; NCT01720446
Supported by: Novo Nordisk
Disclosure:V. Perkovic:Other; Steering Committees for trials funded by
Abbvie, Boehringer Ingelheim, GSK, Janssen, Novo Nordisk, Retrophin
and Tricida, Scientific Presentations/Advisory boards with Abbvie,
Astellas, Astra Zeneca, Bayer, Baxter, BMS, Boehringer Ingelheim,
Dimerix, Durect, Eli Lilly, Gilead, GSK, Janssen, Merck, Mitsubishi
Tanabe, Scientific Presentations/Advisory boards with Novartis, Novo
Nordisk, Pfizer, Pharmalink, Relypsa, Retrophin, Sanofi, Servier, Vifor
and Tricida.
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Renal effects of sodium-glucose co-transporter 2 inhibitors in
Japanese type 2 diabetes patients with chronic kidney disease
K. Kobayashi1, M. Toyoda2, N. Hatori1, K. Sato1, K. Tamura3, M.
Miyakawa1;
1Kanagawa Physicians Association, Yokohama, 2Department of
Medicine,Tokai University, Division of Diabetes, metabolism, and
Endocrinology, Isehara, 3Department of Medical Science and
Cardiorenal Medicine, Yokohama City University Graduate School of
Medicine, Yokohama, Japan.

Background and aims: Large-scale clinical trials have demonstrated that
the administration of sodium-glucose co-transporter 2 inhibitors
(SGLT2is) in patients with type 2 diabetes mellitus (T2DM) results in
pronounced and consistently beneficial renal outcomes. However, wheth-
er long-term SGLT2i administration is similarly effective in Japanese

patients with T2DM remains unclear. The aim of this study is to investi-
gate the renal effects of long-term SGLT2i administration in Japanese
T2DM patients with chronic kidney disease (CKD).
Materials and methods: From August 2018 to November 2018, data
were collected from T2DMpatients with CKDwhowere consultedmem-
bers of the Kanagawa Physicians Association and who were administered
SGLT2i for >1 year.
Results: We retrospectively analyzed the data of 763 cases
(male:female=497:266; mean age, 60.8 years; mean BMI 28.4kg/m2).
Six types of SGLT2i were used for a median period of 33.0 months.
The logarithmic value of albumin-to-creatinine ratio (LNACR) signifi-
cantly decreased from 1.60±0.65 to 1.51±0.46 (p<0.01) from baseline to
the time of the survey. Based on intensity, LNACR significantly de-
creased from 1.89±0.28 to 1.71±0.51 in patients with microalbuminuria
(n=358) (p<0.01) and from 2.89±0.35 to 2.56±0.63 in those with
macroalbuminuria (n=58) (p<0.01). However, no significant change
was observed in patients with normoalbuminuria (n=275). Multiple linear
regression analysis demonstrated that baseline LNACR, change (Δ) in
diastolic blood pressure, ΔHbA1c, and adherence to diet treatment were
independently correlated with ΔLNACR, with regression coefficients of
-0.23, 0.01, 0.08, and 0.11, respectively (r=0.38, p<0.01). The estimated
glomerular filtration rate (eGFR) decreased from 77.4±22.3 to 72.7±22.5
mL/min/1.73 m2 (p<0.01). We conducted the same retrospective survey
1.5 years ago, and of 763 cases registered the present study, 511 cases
were included in both the previous and present surveys. LNACRs record-
ed at baseline, in the previous survey, and in the present survey were 1.64
±0.66, 1.59±0.65, and 1.54±0.68, respectively, and were significantly
different (p<0.01). In patients with normoalbuminuria, these values were
1.02±0.27, 1.11±0.41, and 1.08±0.41, respectively, and a significant dif-
ference was observed only between baseline and results of the previous
survey. eGFRs recorded at baseline, in the previous survey, and in the
present survey were 79.2±22.2, 76.8±21.8, and 73.4±22.8, respectively,
and were significantly different (p<0.01). To avoid the influence of the
initial dip owing to SGLT2i administration, ΔeGFR was evaluated from
the time of the previous survey to that of the present survey; this ΔeGFR
was independently correlated with LNACR and eGFR at baseline, and
Δbody weight and ΔeGFR in the previous survey with regression coef-
ficients of -1.36, -0.04, -0.17, and -0.10, respectively (r=0.30, p<0.01).
Conclusion: This study confirmed that improvement in ACR was ob-
served in patients with T2DM and CKD in clinical practice. However,
eGFR gradually decreased after long-term SGLT2i administration. Some
limitations might be present with respect to the renoprotective effects of
SGLT2i in clinical practice.
Disclosure: K. Kobayashi: None.
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The impact of sotagliflozin on renal function, albuminuria, and blood
pressure in adults with type 1 diabetes
D.H. van Raalte1, P. Bjornstad2, F. Persson3, R. de Cassia Castro4, S.
Wang4, D.R. Powell5, H.J.L. Heerspink6, D. Cherney7;
1Diabetes Center, Internal Medicine, Amsterdam University Medical
Center, Amsterdam, Netherlands, 2University of Colorado School of
Medicine, Aurora, USA, 3Steno Diabetes Center, Copenhagen,
Denmark, 4Sanofi US, Inc. , Bridgewater, USA, 5Lexicon
Pharmaceuticals, Inc., The Woodlands, USA, 6University of Groningen,
Groningen, Netherlands, 7University of Toronto, Tornto, Canada.

Background and aims: In adults with type 2 diabetes (T2D), sodium-
glucose cotransporter2 (SGLT2) inhibitors reduce cardiovascular risk and
diabetic kidney disease (DKD) progression. Because several mechanisms
of DKD progression overlap in people with either T2D and type 1 diabe-
tes (T1D), our aim was to assess if sotagliflozin (SOTA), a dual SGLT1
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and 2 inhibitor, had favourable renal effects suggestive of kidney protec-
tion in adults with T1D.
Materials and methods: In this 52-week pooled analysis, 1575 adults
enrolled in the inTandem1 and 2 trials were randomised to SOTA 200mg,
400 mg, or placebo (PBO) in addition to optimised insulin therapy. Mean
changes of eGFR (Modification of Diet in Renal Disease [MDRD]),
urinary albumin to creatinine ratio (urine albumin to creatinine ratio
[UACR], geometric mean), systolic blood pressure (SBP), and diastolic
blood pressure (DBP) from Baseline to Week 52 were compared with
PBO.
Results: From a baseline eGFR of 89.3±0.86 mL/min/1.73 m2, mean
eGFR reduction was -2.50±0.63 mL/min/1.73 m2 vs PBO after 4 weeks
for SOTA 200 mg and similar change was observed with 400 mg
(p<0.0001 for both). From Week 4 to 52, although lower than PBO,
eGFR tended to return toward Baseline. At Week 52, eGFR was -1.96
±0.76 (p=0.01) and -0.49±0.76 mL/min/1.73 m2 (p=0.52) for SOTA 200
and 400 mg vs PBO, respectively. In response to SOTA 200 and 400 mg,
SBP decreased by -2.9±0.7 mmHg and -3.6±0.7 mmHg (p<0.0001 vs
PBO for both); DBP decreased by -1.4±0.5 and -1.6±0.5 mmHg (p<0.01
vs PBO for both). In participants with baseline UACR ≥30mg/g (n=196),
UACR decreased by 23.7±12.9% (p=0.05) and 18.3±13.8% (p=0.18) for
SOTA 200 and 400 mg, respectively, versus PBO. Increases in serum
albumin and haematocrit at Week 12 persisted at Week 52 with both
SOTA dosages (p<0.01).
Conclusion: In adults with T1D, SOTA 200 mg was associated with
short- and long-term haemodynamic changes in eGFR and lower
UACR. SOTA 200 and 400 mg lowered SBP and DBP and induced mild
haemoconcentration. These data suggest that the renal haemodynamic
profile of SOTA in T1D is similar to that seen with SGLT2 inhibition in
T2D. Further investigation around cardiorenal effects of SOTA in adults
with T1D is warranted. Data were first presented at the American
Diabetes Association's 78th Scientific Sessions, June 7-11, 2019, San
Francisco, California, USA.
Clinical Trial Registration Number: NCT02384941; NCT02421510
Supported by: Lexicon Pharmaceuticals, Inc., and Sanofi
Disclosure: D.H. van Raalte: Employment/Consultancy; Sanofi,
Boehringer Ingelheim, Eli Lilly, Merck. Grants; Boehringer Ingelheim,
Eli Lilly, AstraZeneca, Merck, Sanofi. Lecture/other fees; Sanofi,
Boehringer Ingelheim, Eli Lilly, Merck.
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Risk of renal outcomes according to eGFR and categorical Urinary
Albumin Creatinine Ratio (UACR) in the DECLARE-TIMI 58 trial
O. Mosenzon1, S.D. Wiviott2, I. Yanuv1, A. Cahn1, H.J.L. Heerspink3,
J.P. Dwyer4, E.T. Kato5, E.L. Goodrich2, L.A. Leiter6, D.L. Bhatt7, A.
Langkilde8, M. Fredriksson9, I.A.M. Gause-Nilsson8, M.S. Sabatine2, I.
Raz1;
1Hadassah Hebrew University Hospital, Jerusalem, Israel, 2TIMI Study
Group, Brigham and Women’s Hospital, Boston, USA, 3University
Medical Center Groningen, Groningen, Netherlands, 4Vanderbilt
University Medical Center, Nashville, USA, 5Kyoto University
Graduate School of Medicine, Kyoto, Japan, 6St. Michael's Hospital,
University of Toronto, Toronto, Canada, 7Brigham and Women’s
Hospital, Harvard Medical School, Boston, USA, 8AstraZeneca,
Molndal, Sweden, 9AstraZeneca Global Medicines Development /
CVRM, Molndal, Sweden.

Background and aims: Patients with kidney dysfunction are at increased
risk for adverse renal outcomes. We hereby report the effects of albumin-
uria and eGFR on key renal outcomes in a large population of patients
with type 2 diabetes (T2D) at risk or with established atherosclerotic
cardiovascular disease.

Materials andmethods: In the DECLARE-TIMI 58 trial we randomized
17,160 patients to dapagliflozin 10 mg or placebo in addition to standard
of care. The predefined combined primary renal outcome was: sustained
40% eGFR decline to < 60ml/min/1.73m2 (estimated by CKD-EPI), end-
stage renal disease (defined as dialysis ≥90 days or kidney transplanta-
tion, confirmed sustained eGFR <15 ml/min/1.73 m2), or death from
renal or cardiovascular causes. We report the incidence of this primary
renal outcome according to baseline eGFR and UACR categories during
a median follow-up of 4.2 years.
Results: At baseline, there were 8,162 (47.6%) patients with eGFR ≥90,
7,732 (45.1%) with eGFR 60-<90 and 1,265 (7.4%) with eGFR <60 ml/
min/1.73m2. Therewere also 551 (3.3%) patients with albuminuria below the
lowest detectable limit (urinary albumin<3.0 mg/dl), 8,516 (50.6%) with
UACR ≤15 mg/g, 2,577 (15.3%) with 15<UACR<30 mg/g, 4,030 (23.9%)
with microalbuminuria (UACR ≥30 to ≤300 mg/g); and 1,169 (6.9%) with
macroalbuminuria (UACR >300 mg/g). The risk for the composite primary
renal outcome was increased amongst patients with lower eGFR and higher
UACR categories [Figure]. This risk for the combined primary renal outcome
was reduced in the dapagliflozin arm (n/N=370/8582, 4.3%) compared with
placebo arm (n/N=480/8578, 5.6%) in the entire trial population [HR 0.76
(0.67, 0.87) p<0.001]. The protective effect of dapagliflozin was not affected
by eGFR categories (p-value for interaction=0.97), but was increased in pa-
tients with higher UACR categories (p-value for interaction=0.02).
Conclusion: In a broad population of patients with T2D, renal outcomes
were more likely with both reduced baseline eGFR categories and in-
creased baseline UACR categories. Long-term treatment with
dapagliflozin reduced the risk for adverse renal outcomes.

Clinical Trial Registration Number: NCT01730534
Supported by: AstraZeneca
Disclosure: O. Mosenzon: Employment/Consultancy; Novo Nordisk,
Eli Lilly, Sanofi, Merck Sharp & Dohme, Boehringer Ingelheim,
AstraZeneca. Grants; AstraZeneca, Novo Nordisk. Lecture/other fees;
AstraZeneca, Novo Nordisk, Eli Lilly, Sanofi, Merck Sharp &Dohme,
Boehringer Ingelheim.
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Glycogen synthase kinase 3 alpha/beta inhibition attenuates progres-
sion of diabetic kidney disease beyond standard-of-care with
Metformin/Ramipril/Empagliflozin
M. Manga, L. Anguiano, J. Marschner;
Nephrologisches Zentrum, LMU, München, Germany.
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Background and aims: The increasing prevalence of obesity-related
type 2 diabetes, its global health problem. Treatment of diabetic kidney
disease (DKD) by dual blockade of RAS,SGLT-2 has profound effects on
DKD progression, but further improvements are needed. Glycogen syn-
thase kinases 3-α/β inhibitor (BIO) have been shown to improve out-
comes on non-diabetic kidney injury by enhancing podocyte regeneration
from local podocyte progenitors. Thus, we hypothesized that BIO may
also act as a therapeutic molecule to improve the renal function in a pre-
clinically model of DKD
Materials and methods: Male BKS-Lepr-/- mice (DB) with insulin re-
sistance and profound obesity even on normal diet (n=5, DB 1K; n=8, DB
1K+SOC therapy; n=8, DB 1K+SOC therapy+BIO) and their respective
non-diabetic BKS-Lepr+/+ controls (n=9, WT 1K+SOC therapy, n=8,
WT 1K+SOC therapy+BIO) underwent 2/4 nephrectomy (1K) at 6 weeks
of age (week -2) to induce CKD. To accelerate CKD progression, 1K
mice were fed a sodium-deficient diet (“salt paradox” in DM) from week
0 until end of the experiment (week 16). 1K mice were treated fromweek
12-16 with a standard-of-care (SOC) therapy (1500mg/kg metformin,
6mg/kg ramipril, 480mg/kg empagliflozin) +/- BIO. Primary endpoint:
GFR was measured using MediBeacon NIC in awake and unrestricted
animals. Secondary endpoints: Body weight, blood glucose, albuminuria
were monitored at regular intervals. After sacrifice, glomerular tuft area,
density of WT-1+ podocytes were quantified in both cortical,
juxtamedullary glomeruli.
Results: In DB mice, the GFR increased after surgery, progressively
decreased later (A). Combination of SOC therapy, BIO demonstrated an
improvement on DKD progression in terms of delta GFR, expressed as
the difference between week 12 and 16 (B). The week-to-30% reduction
in GFR was calculated in DB groups, showing that SOC therapy together
with BIO delayed DKD progression until week 38, as compared to SOC
therapy alone which delayed DKD progression only until week 25 (C).
As a secondary endpoint, albuminuria increased along the experiment and
both SOC therapy and SOC therapy+BIO significantly reduced albumin-
uria in DB mice (D). In DB mice, tuft area was increased in both cortical
and juxtamedullary glomeruli without showing statistical significance
between treatment groups (E). DKD reduce podocyte density, expressed
as podocyte number/glomerular area, in both glomeruli types.
Combination of SOC therapy and BIO increased podocyte density but
only in juxtamedullary glomeruli (F). As expected, in DB mice, body
weight and blood glucose increased along the experiment and treatment
with SOC therapy reduced hyperglycemia (G-H).
Conclusion: Our experiments establish that GSK 3-α/β inhibitor BIO
can have renoprotective effects beyond SOC therapy in a clinically mean-
ingful model of DKD. Therefore, optimizing animal models of DKD to
better mimic the study population, co-medication, and study endpoints
using in clinical trials will be feasible also in preclinical DKD

Disclosure: M. Manga: None.
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SGLT2 inhibitors are renoprotective via minimising tubular hypoxia
and protein O-GlcNAcylation
D.B. Balogh1,2, J. Hodrea1,2, L. Lenart1,2, A. Hosszu1,2, C. Mezei1,2, T.
Lakat1,2, L. Wagner3, A.J. Szabo2,4, A. Fekete1,2;
1MTA-SE „Lendület” Diabetes Research Group, Budapest, 21st
Department of Pediatrics, Semmelweis University, Budapest,
3Department of Transplantation and Surgery, Semmelweis
University, Budapest, 4MTA-SE Pediatrics and Nephrology
Research Group, Budapest, Hungary.

Background and aims: Identification of novel therapeutic strategies
that reduce the risk of diabetic kidney disease (DKD) is a re-
search priority. Tubular hypoxia has a major pathogenic role in
DKD. Hypoxia is in strong association with elevated glucose re-
absorption and increased protein O-GlcNAcylation (protein modi-
fication by O-linked β-N-acetyl glucosamine) which could con-
tribute to renal fibrosis. We recently described that SGLT2 inhib-
itors (SGLT2i) are renoprotective in experimental type 1 diabetes.
Considering emerging evidence of proximal tubular involvement
in DKD and the major role of SGLT2 in glucose metabolism,
here we investigated the direct effects of SGLT2i on hypoxia
and O-GlcNAcylation.
Materials and methods: Diabetes (D) was induced by
streptozotocin (65 mg/bwkg, ip.) in adult, male Wistar rats.
Following the onset of D, rats were treated for six weeks with
dapagliflozin (D+DAPA, 1 mg/bwkg/day, po.). Metabolic parame-
ters, renal function and fibrotic processes were evaluated. Novel
fibrosis biomarkers (Pro-C3, tumstatin) and profibrotic growth fac-
tors (TGF-β, CTGF, PDGF, PAI-1) were determined. The effect of
hyperglycaemia was tested in human proximal tubular epithelial
cells (HK-2) kept under normal glucose (5.5 mM), high glucose
(35 mM) or high mannitol (osmotic control, 35 mM) conditions
for 24 hours. HG cells were treated with 10 μM DAPA. O-
GlcNAc, O-GlcNAc transferase (OGT) and O-GlcNAcase (OGA)
were measured. To test the effect of hypoxia cells were treated
with 10 μM DAPA and were placed in a hypoxic chamber for 2
hours (1% O2, 5% CO2, 94% N2). HIF-1α, EPO, VEGFA and
PAI-1 were measured. Immunocytochemistry (ICC) staining for
HIF-1α was performed.
Results: DAPA decreased blood glucose levels (D: 37±2.7 vs. D+
DAPA: 18±5.6 mmol/L; p<0.05) and improved renal function (cre-
atinine clearance: D: 3.8±0.4 vs. D+DAPA: 8.9±1.0 mL/min;
p<0.01). Subsequently novel fibrosis biomarkers Pro-C3, tumstatin
and profibrotic growth factor (CTGF, PDGF, TGF-β, PAI-1) ex-
pressions and renal fibrotic tissue accumulation were reduced.
DAPA minimized hyperglycemia-induced total protein O-
GlcNAcylation and OGT, while OGA which removes O-GlcNAc
moieties was elevated in HK-2 cells. Hypoxia-induced HIF-1α el-
evation was suspended by DAPA treatment. Abolishment of HIF-
1α upregulation by DAPA was confirmed by ICC staining. EPO,
VEGFA and PAI-1 levels were also increased in hypoxia and
DAPA prevented EPO elevation.
Conclusion:Here we identified a novel mechanism of SGLT2i by which
the direct reduction of tubular hypoxia and inhibition of OGT by DAPA
results in decreased O-GlcNAcylation in proximal tubular cells. These
processes could contribute to improved renal function and alleviated kid-
ney fibrosis.
Supported by: OTKA-FK124491, VKE-2017-00006, FIKP, ÚNKP-18-3,
EFOP-VEKOP-16-2017-0009
Disclosure: D.B. Balogh: None.
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Efficacy on albuminuria and safety of high dose eplerenone in type 2
diabetes: a MIRAD-substudy
N.H. Brandt-Jacobsen1, M.-L. Johansen2, J. Rasmussen2, M. Schou3, P.
Rossignol4, J. Faber5, C. Kistorp6;
1Department of Endocrinology, Rigshospitalet, Copengane, Denmark,
2Department of Internal Medicine, Herlev/Gentofte, Copenhagen,
Denmark, 3Department of Cardiology, Herlev/Gentofte Hospital,
Copenhagen, Denmark, 4INSERM, Institut Lorrain du Coeur et des
Vaisseaux Louis Mathieu, Nancy, France, 5Department of
Endocrinology, Herlev/Gentofte, Copenhagen, Denmark, 6Department
of Endocrinology, Rigshospitalet, Copenhagen, Denmark.

Background and aims: In type 2 diabetes (T2D), Renin-Angiotensin-
System (RAS)-blockade with either Angiotensin-Converting-Enzyme
(ACE)-inhibitors or angiotensin receptor blockers (ARB) is first line ther-
apy of albuminuria in patients with diabetes, which decreases the risk of
progression of diabetic nephropathy. However, a growing amount of ev-
idence has shown that several patients present with increased plasma(p)
levels of aldosterone, and continuous albuminuria despite RAS-blockade,
suggesting that addition of a mineralocorticoid receptor antagonist
(MRA) might be of clinical significance. The aim of the study is to
investigate the effects of high-dose eplerenone as add-on to standard
RAS-inhibitors in patients with T2D and high risk of cardiovascular
disease, and to evaluate the safety with regards to incident hyperkalemia.
Materials and methods: One-hundred-and-forty patients (N=140) were
randomized to either eplerenone or placebo for 26 weeks in a double-
blinded, single center design. Key inclusion criteria included T2D and at
least one predefined risk factor of cardiovascular disease (pro-BNP 70 ≥pg/
mL, urine-albumin-creatinine ratio (UACR) ≥30 mg/g) or established car-
diovascular disease. Key exclusion criteria were left ventricular ejection
fraction ≤40% or estimated glomerular filtration rate (eGFR) ≤40 mL/
min/1.73m2. Target study medication dose was 200 mg/day or 100mg/
day for patients with an eGFR >60 or 40-60 ml/min/1,73m2, respectively.
Outcomes of this substudy was percentage change in UACR at week 26
and trend in incident hyperkalemia (p-K ≥ 5.5 mmol/L).
Results: Patients’ mean age was 63 years (CI [62; 65]), 74% of patients
were male, 79% received antihypertensive treatment with ACE or ARB,
and patients had been diagnosed with T2D for a median of 11.5 years
(Interquartile range (IQR) [7; 16]). A significant decrease was found in
UACR in the eplerenone group, compared with placebo at end of study
(Between group difference: -34% [-51; -12], P=0.005 - constrained linear
mixed model). Twelve incidents of hyperkalemia were observed (10 in
the eplerenone group in 6 patients; 2 in the placebo group in 2 patients),
none were severe hyperkalemia (p-K ≥ 6.0 mmol/L). No patients needed
discontinuation of study-medication due to hyperkalemia. Median dose
achieved in the eplerenone group was 200 mg/day (IQR [100; 200]); 200
mg/day (IQR [150; 200] in the placebo group (P=0.11 - X2-test).
Conclusion: In conclusion, treatment with high dose eplerenone dimin-
ishes UACR significantly in patients with T2D and established cardio-
vascular disease with low incidence of hyperkalemia.

Clinical Trial Registration Number: 2015-002519-14
Supported by: Danish Heart Foundation
Disclosure: N.H. Brandt-Jacobsen: None.
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Comparison of renal effects of ezetimibe-statin combination versus
statin monotherapy in patients with and without diabetes: a propen-
sity score-matched analysis
J. Bae, I. Lee, B.-W. Lee, E. Kang, C. Ahn, B.-S. Cha, Y.-H. Lee;
Department of Internal Medicine, Yonsei University College of
Medicine, Seoul, Republic of Korea.

Background and aims: Recent randomized clinical trials demonstrated
the benefits of ezetimibe-statin combination therapy on major adverse
cardiovascular events. Ezetimibe is known to reduce inflammatory re-
sponses and activate autophagy, which may show additional effects on
cardiometabolic and renal diseases. This study aimed to compare the
effect of adding ezetimibe to statin on renal outcome with statin
monotherapy.
Materials and methods: Using electronic medical records, a total of
5948 patients who were prescribed simvastatin 20mg plus ezetimibe
10mg (S+E, n=3406) or simvastatin 20mg alone (S, n=2542) for more
than 180 days were initially included in the present study. A propensity
scores based on the patients’ baseline characteristics, medical history and
estimated glomerular filtration rate (eGFR) were used to match them. The
incidence of adverse renal events, defined as doubling of serum creatinine
to at least 1.5 mg/dL or occurrence of end-stage renal disease (ESRD)
after the index date, was examined longitudinally and compared between
S+E group and S group. The changes in eGFR over time were also
followed up.
Results: On evaluating the data of 3130 well-matched patients, average
age of the subjects was 68.7 years old (68.5 ± 10.1 in S+E group vs. 68.9
± 11.1 in S group, P = 0.331) and baseline eGFR was 76.5 mL/min per
1.73m2 (76.6 ± 31.39 vs. 76.4 ± 31.0, P = 0.850). The adverse renal
events occurred in 1.6% of patients (25 of 1565) in S+E group, whereas
4.2% (66 of 1565) occurred in S group.Whenwe analyzed the occurrence
of the adverse renal events longitudinally, S+E group showed significant-
ly lower risk of renal events than S group (P=0.03, assessed by Log rank
test in Kaplan-Meier curve, hazard ratio (HR) = 0.59, 95% CI: 0.37-0.94,
P = 0.027), regardless of age (P value for interaction = 0.762) and the
presence of diabetesmellitus (P value for interaction = 0.761). In addition,
S+E group tended to preserve eGFR better than S group throughout the
follow-up periods (P values for time-group interactions < 0.001).
Conclusion: Combining ezetimibe to statin resulted in a significantly
lower incidence of adverse renal events than statin monotherapy in pa-
tients with and without diabetes mellitus. The combination therapy also
showed better improvements of eGFR during the follow-up periods.
Disclosure: J. Bae: None.
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Secular trends of chronic kidney disease in people with type 1 and type
2 diabetes in developing countries (2005-2017): the IDMPS study
J.C. Mbanya1, P. Aschner2, J.J. Gagliardino3, H. Ilkova4, F. Lavalle5, A.
Ramachandran6, M. Shestakova7, J.-M. Chantelot8, J.C.N. Chan9;
1University of Yaounde I, Yaounde, Cameroon, 2Javeriana University
School of Medicine and San Ignacio University Hospital, Bogotá,
Colombia, 3School of Medicine UNLP, CENEXA (UNLP-CONICET),
La Plata, Argentina, 4Istanbul University, Istanbul, Turkey, 5Facultad de
Medicina de la Universidad Autónoma de Nuevo León, Nuevo León,
Mexico, 6India Diabetes Research Foundation and Dr. A.
Ramachandran's Diabetes Hospitals, Chennai, India, 7Endocrinology
Research Center, Moscow, Russian Federation, 8Sanofi, Paris, France,
9The Chinese University of HongKong, Shatin, HongKong SAR, China.

Background and aims: In this real-world observational study, spanning
more than 12 years, we examined the secular trend of chronic kidney
disease (CKD) in people with type 1 (T1D) or type 2 (T2D) diabetes.
Materials and methods: IDMPS is the largest ever observational study
program that describes patient profiles, management, and patterns of care
over time in developing regions, involving more than 80,000 people with
T1D or T2D living across 51 developing countries. Data were collected in
primary and specialist care practices in seven successive waves from
2005 (Wave 1 [W1]) to 2017 (Wave 7 [W7]). The main outcome mea-
surements were the frequency of screening for kidney disease (type not
specified) and frequency of microalbuminuria and proteinuria.
Results: Mean age (T1D: ~35 years; T2D: ~60 years), diabetes duration
(T1D: ~12 years; T2D: ~9 years) and proportion of participants with
hypertension (T1D: ~20%; T2D: ~65%) were similar across the seven
waves. While frequency of screening for CKD increased in both T1D
(77.5% inW1 to 83.4% inW7) and T2D (63.3% inW1 to 86.2% inW7),
the proportion of individuals with microalbuminuria and proteinuria de-
creased from W1 to W7 in people with T1D or T2D (Table).
Conclusion: In developing countries, the frequency of screening for CKD
increased over time; thismay be a result of international initiatives to improve
such practice. Conversely, markers of renal complications decreased over
time in people with T1D or T2D; however, they still remain high, indicating
a need for improvedmanagement of diabetes and renal complications in these
individuals to alleviate their consequent burden on patients and healthcare
systems. Note: Data first presented at the European Diabetic Nephropathy
Study Group's 32nd Annual Meeting, May 24-25, 2019, Paris, France.

Supported by: Sanofi
Disclosure: J.C.Mbanya:Honorarium; Has received honoraria and trav-
eling sponsorship in relation to the IDMPS. Other; Member of the
IDMPS steering committee.
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Renal complication and duration of diabetes: an international com-
parison in persons with type 1 diabetes
A.-M. Svensson1, R. Holl2, D.M. Maahs3, J. Hermann2, N. Foster4, K.
Miller4, M. Mueller-Korbschf5, M. Lind6, K. Eeg-Olofsson1;

1Department of Molecular and Clinical Medicine, University of
Gothenburg, Gothenburg, Sweden, 2University of Ulm, Ulm, Germany,
3Stanford University, Stanford, Sweden, 4Jaeb Center for Health
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Background and aims: Renal complication in persons with type 1 diabe-
tes (T1D) is generally both a marker for previous inadequate glycaemic
control as well as a major risk factor for future cardiovascular disease and
mortality. Our aim was to investigate the prevalence of renal complications
in persons with T1D in 3 countries when more modern treatment regimens
have existed (last 20-30 years) and for personswith longer diabetes duration.
Materials andmethods:Weconducted a cohort study, 2016 through 2017,
using registry data from Sweden, Austrian, German and US. Persons with
T1D diabetes were eligible for inclusion.We estimated proportion of persons
with different CKD (chronic kidney disease) stages, micro- and
macroalbuminuria in the overall cohort and in the three registries. In the total
cohort we analysed renal function stratified on diabetes duration (<20 years,
20-40 years and >40 years). eGFR was calculated using CKD_Epi formula.
Results: In the total cohort (n=78926) mean age was 44.4 years, diabetes
duration 21.6 years, mean eGFR was 94.0 ml/min, 13.0 % had
microalbuminuria and 3.9 % macroalbuminuria. There were 2.3% with
eGFR< 30 ml/min, 2.7% with 30 - <45 ml/min, 4.9% with 45 - <60 ml/
min and 27.9%with eGFR 60 - < 90ml/min and 62.1%with eGFR ≥ 90ml/
min. Table 1. presents clinical characteristics by registry and albuminuria and
CKD levels by diabetes duration in the total cohort.
Conclusion: This large registry-based study comprising modern data from
three countries with up to date diabetes treatment show that over all albu-
minuria was present in 10% and impaired renal function (eGFR< 60 ml/
min) in around 17%of patients with diabetes duration less than 20 years, i.e
who received most of their care during the 21st century. In those with
diabetes duration over 40 years it becomes even more prevalent with ap-
proximately one third having albuminuria and 25 % renal impairment.
Clinicians need to focus on preventive measures for renal complications
including treatment of albuminuria, glycaemic and blood pressure control.

Disclosure: A. Svensson: None.
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Type 2 diabetes and chronic kidney disease: insights from DISCOVER
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Background and aims: Type 2 diabetes (T2D) is the most common
cause of chronic kidney disease (CKD), which increases the risk of pro-
gression to end-stage renal disease, and is associated with greater risk of
cardiovascular morbidity and mortality. Little is known about the rela-
tionship between T2D and CKD development and progression in con-
temporary patient cohorts. We assessed the prevalence and progression of
CKD in a global cohort of patients with T2D of short duration.
Materials and methods: DISCOVER is a global, observational study of
T2D patients enrolled at initiation of second-line glucose-lowering ther-
apy. Outcomes have been prospectively collected for 2 years. In patients
with eGFR data, we examined incidence and progression of CKD, de-
fined as an increase of ≥ 1 stage.
Results:Among 8782 patients from 38 countries with eGFR data (mean age
58 ± 12 years, T2D duration 5.7 ± 5.2 years, HbA1c 8.4 ± 1.7%, serum
creatinine 1.0 ± 1.0 mg/dL), 3715 (42.3%) had CKD 2, 961 (10.9%) had
CKD 3, and 213 (2.4%) had CKD 4 or 5. Patients with CKD tended to be
older, be women, have a longer duration of T2D, and have a greater preva-
lence of atherosclerotic cardiovascular disease. Higher stage of CKD was
associated with lower use of metformin, DPP-4 and SGLT-2 inhibitors, and
higher use of sulfonylureas (Figure). Overall, 3868 patients (44.0%) had
follow-up eGFR data; 747 (19.3%) had development or progression of
CKD with a median decline in eGFR of 14.7 mL/min/1.73 m2 per year
(IQR 8.0-34.8). The 2-year prevalence of CKD was 1805 patients (46.7%)
with CKD 2, 541 (14.0%) with CKD 3, and 153 (4.0%) with CKD 4 or 5.
Conclusion: In a global cohort of patients with a relatively short duration of
T2D, over half had CKD at initiation of second-line glucose therapy (mostly
stage 2). CKD progressed in a substantial proportion of patients; approximately
two-thirdsof patientswith availableEGFRat follow-uphadhad somedegreeof
CKDat the 2-year follow-up,with18%beingatCKD3orhigher.Thepresence
of CKD appeared to impact selection of glucose-lowering medications.

Clinical Trial Registration Number: NCT02322762
Supported by: AstraZeneca
Disclosure: K. Khunti: Employment/Consultancy; Amgen,
AstraZeneca, Bayer, NAPP, Eli Lilly, Merck Sharp & Dohme, Novartis,
Novo Nordisk, Roche, Berlin-Chemie AG / Menarini Group, Sanofi
Aventis, Servier. Grants; AstraZeneca, Boehringer Ingelheim, Eli Lilly,
Merck Sharp & Dohme, Novartis, Novo Nordisk, Sanofi-Aventis, Pfizer.
Lecture/other fees; Amgen, AstraZeneca, Bayer, NAPP, Eli Lilly, Merck
Sharp & Dohme, Novartis, Novo Nordisk, Roche, Berlin-Chemie AG /
Menarini Group, Sanofi Aventis, Servier.
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Excess of mortality risk in type 2 diabetes due to stage of chronic
kidney disease
O. Vikulova, M. Isakov, A. Zheleznyakova, M. Shamkhalova, M.
Shestakova, I. Dedov;
Endocrinology Research Centre, Moscow, Russian Federation.

Background and aims: The increased risk of mortality from car-
diovascular causes in patients with type 2 diabetes (T2DM) is
well known but the contribution of renal damage is not clearly
defined. The aim of our study was to assess these risks according
to the stage of chronic kidney disease (CKD), age and cause of
death among adult persons with T2DM.
Materials and methods: The analysis performed on registry-based
data, included all adult patients (≥18years old) with T2DM regis-
tered during 2018, total number n=4699557, number of died pa-
tients n=114982. CKD was registered in 11,2% of patients
(n=525947). CKD stage was estimated according to glomerular
filtration rate (eGFR) calculated by the CKD-EPI creatinine equa-
tion and albumin/creatinine ratio. Number of persons with data of
eGFR is 380610, with albuminuria - 343357. Patients were divid-
ed into groups by albuminuria and eGFR according to the clinical
practice guideline for the prevention, diagnosis, evaluation, and
treatment of chronic kidney disease (KDIGO). If a patient had a
change in CKD stage during 2018, then the last result was taken.
The risk calculation was performed in relation to the control
group separately according to the eGFR, albuminuria and age.
The control group was T2DM patients without diabetic complica-
tions. The date and cause of death was retrieved by death certif-
icate, we account for the total or cardiovascular mortality defined
as death due to acute myocardial infarction, CHD, stroke, heart
failure. IBM SPSS Statistics ver 24.0 was used to process the
data.
Results: Overall, 49052 of 2441581 T2D patients without complica-
tions died in 2018 (2,01%) as compared with 18327 T2D with CKD
(3,48%): hazard ratio (HR) 1,73; 95% confidence interval (CI), 1,71-
1,75. The rate of cardiovascular death was 1,04% among patients
without complications versus 1,9% in patients with CKD (HR 1,83;
95% CI 1,80-1,86). HR for death from any cause and cardiovascular
causes in T2DM versus controls according to CKD stage and age are
presented in a table. The HR for death increases significantly as renal
function failure depending on eGFR and albuminuria: С3a - 1,46;
С3b - 2,27; С4 - 4,78, C5 - 4,86. The risks of death with
macroalbuminuria (A3) was 3,59 as high as the risks among controls.
The highest HR of death was observed for patients under the age of
64 years with eGFR <30 ml per minute, which is more than 7 times
higher compared with the control group.
Conclusion: We conclude that the risk of all-cause and cardiovascular
mortality increases vigorously in T2DM patients with CKD due to the
degree of renal function loss and albuminuria progression. We observed
the highest risk for both mortality in younger age group below 55yr even
among pat ients wi th in tac t eGFR>60ml per minute and
normoalbuminuria that might indicate the more aggressive contribution
of CKD to common DM risk factors.
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Disclosure: O. Vikulova: None.

1010
Type 2 diabetes genetic risk score and morbidity and mortality asso-
ciated with diabetic kidney disease
D. Galuška, M. Janáková, B. Bednáriková, K. Chalásová, L. Pácal, K.
Kaňková;
Department of Pathological Physiology, Masaryk University, Brno,
Czech Republic.

Background and aims: Diabetic kidney disease (DKD) is one of the
most serious complications of type 2 diabetes mellitus (T2DM).
Individual predisposition to development and progression of DKD has
well established genetic component however it is still insufficiently ex-
plored. Genetic predisposition to T2DM is comprehensively described
and genetic risk score (GRS) composed of 65 SNPs that is associated
with 3-times higher risk of T2DM development has been established. In
our study we tested the hypothesis that reduced GRS (comprised of 21
SNP with highest OR) might represent a risk factor for DKD progression
and cardiovascular morbidity and mortality in T2DM patients in the
Czech population.
Materials andmethods:A total of 399 patients with T2DM and variable
stage of DKDwere included and followed up for a median of 43 (IQR 22
- 76) months. The followings endpoints were considered: (a) renal (pro-
gression of chronic kidney disease by stage or reaching end-stage renal
disease), (b) major adverse cardiovascular event (MACE, i.e. myocardial
infarction, stroke) and (c) all-cause mortality (ACM). 21 SNPs were
selected from the original 65 SNPs composing GRS (OR > 1.1). SNPs
were determined using quantitative PCR (TaqMan® Genotyping Assay).
Survival analysis using Kaplan-Meier curves was used to assess predic-
tive value of GRS for studied endpoints.
Results:Unweighted GRS was calculated by summing-up the number of
risk alleles. Weighted GRS considered OR of individual SNPs. First of
all, we analysed potential correlation between GRS and age, diabetes
duration, HbA1c, creatinine and GFR. No significant correlations were
ascertained (all P > 0.05, Spearman). Distributions of both GRS were
divided into quartiles for the purpose of time-to-event analysis.
Cumulative incidence of DKD, MACE and all-cause mortality were
47.1 %, 14.9 % and 37.4 %, respectively. Using time to event analysis
we did not find any significant differences between groups defined by
quartiles of GRS and progression of DKD, MCVE and ACM (all P >
0.05, log-rank test).
Conclusion: To our knowledge, this is the first study that apply
GRS based on SNPs identified by GWAS in T2DM patients in
the cohorts of T2DM patients with DKD. Our results demonstrate
that GRS does not predict progression of DKD, MCVE or ACM
in the Czech population.
Supported by: NV18-01-00046 from the Ministry of Health
Disclosure: D. Galuška: None.

1011
High glomerular filtration rate is associated with impaired arterial
stiffness and subendocardial viability ratio in prediabetic subjects
A. Di Pino, R. Scicali, F. Urbano, L. Zanoli, S. Piro, F. Purrello, A.
Rabuazzo;
University of Catania, Catania, Italy.

Background and aims: Glomerular hyperfiltration is a well recognized
early renal alteration in subjects with diabetes mellitus and a strong and
independent predictor of cardiovascular events in these patients.
Prediabetes was also associated with increased glomerural filtration rate
(GFR), however, the association between prediabetes, glomerular
hyperfiltration and early markers of cardiovascular damage was not in-
vestigated. The aim of this study was to investigate the association be-
tween renal hyperfiltration (RHF) and early markers of cardiovascular
disease in subjects with prediabetes.
Materials and methods: Arterial stiffness [Augmentation Pressure
(Aug), Augmentation Index (AugI)], subendocardial viability ratio
(SEVR), Pulse wave velocity (PWV), intima-media thickness (IMT),
glycated hemoglobin (HbA1c), oral glucose tolerance test and estimated
GFR (eGFR) were evaluated in 348 subjects without a previous history of
diabetes. The eGFR was assessed using the Chronic Kidney Disease
Epidemiology Collaboration formula (CKD-EPI). Hyperfiltration was
defined as eGFR above the 75th percentile. First, the subjects were strat-
ified in two groups according according to glycemic status (American
Diabetes Association Criteria 2019): controls (120) and prediabetes
(228). Then, the prediabetic subjects were stratified according to the pres-
ence or absence of RHF. All the analysis were adjusted for age and sex.
Results:The subjects with prediabetes showed a higher Aug, AugI, PWV
and IMT compared with controls (117.7±6.6 vs 10.3±5.5, 29±12 vs 26.4
±12, 7.7±1.6 vs 7.4±1.8, 0.75±0.12 vs 0.7 ± 0.12, respectively, P<0.05).
Then, we further analyzed the subjects with prediabetes and RHF com-
pared with subjects with prediabetes without RHF. Subjects with RHF
showed higher Aug, AugI and lower SEVR compared with prediabetes
with lower GFR (11.8±6.2 vs 14.1±7.2, 32.9±12.7 vs 27.6±11.7, 153.5
±27.8 vs 162±30.2,P<0.05). No differences were found in PWVand IMT
values between the two groups. Then, we performed multiple regression
analysis to test the relationship between Aug, SEVR and several cardio-
vascular risk factors focusing only on prediabetic patients. In multiple
regression analysis Aug was associated with with age, systolic blood
pressure (SBP), HOMA-IR and eGFR; the major determinants of
SEVR were eGFR, HOMA-IR and SBP.
Conclusion: Our data show that subjects with prediabetes and RHF ex-
hibited an increased Aug, AugI and a reduced SEVR. Longitudinal stud-
ies are needed to explore whether hyperfiltration increases the odds of
diabetic nephropathy and cardiovascular disease in individuals with
prediabetes.
Disclosure: A. Di Pino: None.

1012
Blood pressure variability and microvascular dysfunction: The
Maastricht Study
S. Rensma1,2, T. Zhou1,2, F. van der Heide1,2, R. Henry1,2, A. Kroon1,2, J.
Jansen3,4, W. Backes3,4, T. Berendschot5, S. Eussen1,6, P. Dagnelie7,6, C.
Webers5, M. Schram1,2, C. Schalkwijk1,2, T. van Sloten1,2, C.
Stehouwer1,2;
1CARIM School for Cardiovascular Diseases, Maastricht, 2Department
of Internal Medicine, Maastricht, 3School of Mental Health and
Neuroscience, Maastricht, 4Department of Radiology and Nuclear
Medicine, Maastricht, 5University Eye Clinic Maastricht, Maastricht,
6Department of Epidemiology, Maastricht, 7CAPHRI Care and Public
Health Research Institute, Maastricht, Netherlands.

Background and aims:Microvascular dysfunction (MVD) is an impor-
tant contributor to various diseases, including chronic kidney disease,
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retinopathy, stroke, dementia and depression, but it’s determinants are
incompletely understood. Greater very short- to mid term blood pressure
variability (BPV) may be involved. To this end, we investigated whether
systolic and diastolic BPVis associatedwith various measures ofMVD in
the population-based Maastricht Study.
Materials and methods: We used cross-sectional data including 2773
participants (age 59.9 years; 51.9% men, 28.2% type 2 diabetes mellitus
[oversampled by design]).We standardized and averagedwithin-visit, 24-
hour and 7-day BPV into a systolic and a diastolic BPV composite score.
Measures of MVD included a composite score of brain MRI-defined
cerebral small vessel disease (CSVD) (i.e. total brain parenchymal vol-
ume, white matter hyperintensity volume, lacunar infarcts and cerebral
microbleeds), a composite score of retinal arteriolar and venular dilation
response, albuminuria, skin hyperaemia and a composite score of plasma
biomarkers of MVD (i.e. sICAM-1, sVCAM-1, sE-selectin and von
Willebrand Factor). Linear regression analyses were adjusted for age,
sex, glucose metabolism status, mean 24-hour systolic or diastolic blood
pressure, education level, body mass index, smoking, alcohol consump-
tion, lipid profile, lipid-modifying and antihypertensive medication.
Results: Greater systolic and diastolic BPV scores were associated with
higher albuminuria (standardized β 0.060 [95%CI 0.007-0.112] and
0.097 [0.045-0.149], respectively). The strength of the associations
corresponded to a 1.19 (1.02-1.38) higher odds of albuminuria ≥30mg/
24h for systolic BPVand a 1.19 (1.02-1.37) higher odds for diastolic BPV
(per SD). The BPV scores were not associated with the CSVD score,
retinal arteriolar and venular dilation response score, skin hyperaemia,
and the plasma biomarkers of MVD score. Results were similar after
additional adjustment for healthy diet score, physical activity and socio-
economic status.
Conclusion: Greater systolic and diastolic BPV was associated with
higher albuminuria, but not with CSVD features, flicker light-induced
arteriolar and venular dilation response, skin hyperaemia and plasma
biomarkers of MVD. These results suggest that very short- to mid-term
systolic and diastolic BPV may be determinants of albuminuria.
Longitudinal studies are needed to study this subject.
Supported by: DF, OF, ERDF, PoL, SDW, PSID, CVC, CARIM, CAPHRI,
NUTRIM, SA, HFL, JCBV, NN
Disclosure: S. Rensma: None.

1013
Factors associated with change in estimated glomerular filtration
rate differ between people with and those without diabetes: a
24,621 person-year analysis
S. Katoh1, K. Yokoyama2, H. Toshima1, M. Zeniya3, Y. Sakamoto1, K.
Utsunomiya4, R. Nishimura1;
1Jikei University, Tokyo, 2Jikei University Harumi Triton Clinic, Tokyo,
3Gastroenterology Sanno Medical Center, International University of
Health and Welfare, Tokyo, 4Center for preventive medicine, Jikei
University, Tokyo, Japan.

Background and aims: We examined factors associated with change in
estimated GFR (ΔeGFR) among people with diabetes and those without
diabetes.
Materials and methods: The study population comprised 5,733 people
(3,752men, 1,981women;mean age: 51 years) who underwent an annual
medical checkup under the Japanese healthcare system in Period I (April
2013 to September 2014) and Period II (April 2017 to September 2018).
We evaluated ΔeGFR (mL/min/1.73 m2/year) during the observation
period, as well as fatty liver using ultrasonography score (FLUS) and
the FIB-4 index.
Results: The mean observation period was 51.5 months. In all people,
ΔeGFR (0.13±2.07 mL/min/1.73 m2/year) was significantly correlated
with total cholesterol (TC) (209±33 mg/dL, r=0.052, p=0.0001), HDL
(67±18 mg/dL, r=0.075, p<0.0001), and baseline eGFR (73±13 mL/min/
1.73 m2, r=-0.203, p<0.0001) in Period I. Stepwise regression analyses in

the full study sample revealed that TC (adjusted β [Aβ]=0.130, exclusion
F value [eF]=5.8), HDL (Aβ=0.145, eF=7.2), HbA1c (5.6±0.5%, Aβ=-
0.132, eF=5.9), and baseline eGFR (Aβ=-0.180, eF=11.2) in Period I
were independent determinants ofΔeGFR, while FLUS, BMI, age, waist
circumference, systolic BP, diastolic BP, triglycerides (TG), LDL, AST,
ALT, gamma GTP, cholinesterase (ChE), hepatitis B surface antigen,
hepatitis C antibody, C-reactive protein, fasting immunoreactive insulin,
uric acid (UA), ethanol intake (g/week), exercise habit (min/day),
smoking status, and vegetable intake were not. In the linear regression
model, ΔeGFR (all people) = 3.016 + 0.009×TC + 0.022×HDL -
0.645×HbA1c - 0.033×baseline eGFR. In people with diabetes (fasting
plasma glucose ≥126 mg/dL, HbA1c ≥6.5%, or treated with antidiabetic
agents; n=410), ΔeGFR (0.19±2.38 mL/min/1.73 m2/year) was signifi-
cantly correlated with TC (205±38 mg/dL, r=0.137, p=0.0059) and HDL
(58±16, r=0.130, p=0.0084) in Period I. In stepwise regression analyses
in people with diabetes, TG (149±118 mg/dL, Aβ=0.526, eF=15.2), BMI
(25.4±4.1 kg/m2, Aβ=-0.428, eF=9.7), and UA (5.9±1.4 mg/dL, Aβ=-
0.575, eF=17.7) in Period I were independent determinants of ΔeGFR,
while other variables were not. In the linear regression model, ΔeGFR
(people with diabetes) = 16.524 + 0.011×TG - 0.362×BMI - 1.684×UA.
In people without diabetes (n=5,323), ΔeGFR (0.13±2.0 mL/min/1.73
m2/year) was significantly correlated with HDL (68±18 mg/dL, r=0.072,
p<0.0001) and baseline eGFR (73±13 mL/min/1.73 m2, r=-0.215,
p<0.0001) in Period I. In stepwise regression analyses among people
without diabetes, HDL (Aβ=0.203, eF=11.4), ChE (343±72 U/L,
Aβ=0.141, eF=5.5), and baseline eGFR (Aβ=-0.222, eF=16.0) in
Period I were independent determinants ofΔeGFR, while other variables
were not. In the linear regression model, ΔeGFR (people without diabe-
tes) = -0.376 + 0.030×HDL + 0.005×ChE - 0.040×baseline eGFR.
Furthermore, ΔeGFR in 87 people with high FIB-4 index (≥ 2.67) in
Period I was significantly lower than in the other 5,646 people (-0.38
±2.1 vs 0.14±2.1, p=0.019).
Conclusion: Determinants of ΔeGFR differed between people with dia-
betes and those without diabetes. TC, HDL, TG, BMI, and ChE were
associated with ΔeGFR, as were HbA1c, UA, and baseline eGFR.
Clinical Trial Registration Number: 20-130 5420
Disclosure: S. Katoh: None.

1014
Afro-Caribbean ethnicity and HbA1c variability are associated with
non-linear eGFR decline in patients with type 2 diabetic kidney
disease
S.I. Stoilov, N. Fountoulakis, A. Panagiotou, S. Thomas, J. Karalliedde;
Diabetes and Endocrine Department, Guy's and St Thomas' NHS
Foundation Trust, London, UK.

Background and aims: Diabetic nephropathy (DN) is often assumed to
follow a linear eGFR decline over time. Non-linear patterns of renal
function decline have been described in type 1 but not in type 2 diabetes.
We describe here the trajectories of eGFR decline over time in a well-
characterized ethnically-diverse population of patients with type 2 diabe-
tes on renin-angiotensin system (RAS) blockade with a long duration of
follow-up.
Materials and methods:We evaluated 398 type 2 diabetes patients with
DN, attending outpatient clinics in a specialist secondary care environ-
ment, followed for a median (range) of 7 (2-14) years with repeated eGFR
measurements [by the 4-variable Modification of Diet in Renal Disease
(MDRD) equation]. Of the cohort, 71 (18%) reached end-stage renal
disease (ESRD). eGFR trajectories were determined for patients reaching
ESRD using the GAM function in R (version 3.4.2). Multinomial regres-
sion analysis was used to determine predictors of each individual
trajectory.
Results: In the cohort who reached ESRD, baseline mean (±standard
deviation) age was 58.4 (±9.4) years, 61% were male, 47% Afro-
Caribbean, 53% Caucasian origin. Baseline eGFR was 67.8 ml/min
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(±33.78) and HbA1c 9.4% (±2.8). The mean duration of diabetes in the
cohort was 13.1 (±7.7) years and 59 patients (83%) received uninterrupt-
ed RAS blockade. Four eGFR trajectory patterns were identified. A stable
decline was defined as a ‘linear’ trajectory (n=29). 42 patients (59%)
exhibited non-linear decline. Within those with non-linear decline, three
patterns were identified. A stable decline followed by an acceleration in
eGFR fall was termed an ‘accelerator’ trajectory (n=16). A stable decline
in renal function followed by a decrease in the rate of eGFR loss was a
‘decelerator’ trajectory (n=9). Unstable patterns where eGFR rose and fell
unpredictably were defined as ‘stepwise’ trajectories (n=17). There were
no differences in BP between groups. Afro-Caribbean ethnicity was an
independent predictor of the accelerator trajectory (OR=10.6, 95% CI
2.14-52.7, p<0.001). Time-averaged HbA1c was not different between
groups but HbA1c variability (measured as coefficient of variation of
HbA1c values over follow-up) was higher for patients exhibiting a step-
wise trajectory (OR=1.15, 95% CI 1.03-1.3, p=0.02).
Conclusion: eGFR trajectories exhibit significant non-linearity in the
majority of our patients (~59%) with type 2 diabetes reaching ESRD.
Afro-Caribbean ethnicity is an independent predictor of an accelerating
pattern of eGFR decline. Moreover, higher glycaemic control variability
determines a stepwise pattern of renal function loss. There is a need for
further studies to investigate the distinct patterns of renal function decline
in patients with type 2 diabetes who progress to ESRD and identify the
associated patient features and risk factors to enable more robust clinical
risk stratification.
Disclosure: S.I. Stoilov: None.

PS 084 Nephropathy: What can we learn from
experimental models?

1015
Advanced 3D imaging for quantitative analyses of renal function in
rodent models of diabetic nephropathy and chronic kidney disease
B. Boland, M.V. Østergaard, F.E. Sembach, T. Secher, A.A. Pedersen,
P.G.J. Pedersen, T.X. Pedersen, U. Roostalu, J. Hecksher-Sørensen, J.
Jelsing, L.N. Fink, N. Vrang;
Gubra Aps, Hørsholm, Denmark.

Background and aims: Diabetic nephropathy (DN) is a long-term
complication of diabetes and a leading cause of chronic kidney
disease (CKD). To explore disease mechanisms and test novel
therapies, rodent models that exhibit all pathological features of
human DN are required. Because no single rodent model meets
these requirements, rodent models of CKD are commonly used to
test novel drugs directed at key mechanisms contributing to late
stage DN, including fibrosis and inflammation. Here, we apply
novel 3D image analyses to study whole-kidney morphological
and functional changes in rodent models relevant to DN.
Materials and methods: Light sheet microscopy (LSM) and subse-
quent 3D image analyses were applied in two animal models of
renal disease. In the first model, male db/db mice were uni-
nephrectomized (UNx) to accelerate the progression of early stage
DN. After 6 weeks, animals were terminally perfused with fluo-
rescently labelled lectin-594 to determine glomerular size and
number by LSM, and subsequently by stereology in Periodic-
acid Schiff stained kidney sections. In the second model, male
Sprague-Dawley rats were subjected to 5/6 nephrectomy (Nx) as
a model of CKD with severe progression of glomerulosclerosis
and tubulointerstitial fibrosis. After 10 weeks, rats were perfused
with fluorescently labelled lectin-649, albumin-555 and 10 kDa
dextran-488 under terminal anesthesia, and kidneys were analyzed
by LSM and 3D image analyses for nephron reconstruction and
functional assessment. In parallel, biochemical analyses were con-
ducted to assess plasma urea and albuminuria, while glomerular
and tubular morphology, renal fibrosis and inflammation were
assessed by histopathological analyses for correlations with 3D
imaging endpoints.
Results: In db/db UNx mice, automized 3D image analyses showed
increased glomerular tuft volumes compared to unoperated db/m con-
trols (medians 145 μm3 vs 96 μm3), while glomerular numbers were
similar in both groups (~17,000 glomeruli/kidney). These findings
correlated with 2D stereological assessment. As expected in the 5/6
Nx model of CKD, plasma urea and creatinine were increased 10
weeks after surgery versus Sham-operated rats (urea 14.4±1.8 vs 5.8
±0.3 mmol/L, p<0.01; creatinine 72±9.8 vs 24±1.4 μmol/L,
p<0.001). Urinary albumin-to-creatinine ratio was also increased in
5/6 Nx (23,612±6,230 vs 519±131 μg/mg, p<0.05). LSM and 3D
nephron reconstruction by image analyses revealed intact nephrons
with glomeruli connected to proximal tubules that expanded from
the cortex and into the medulla in sham-operated rats. Proximal
tubules were clearly delineated by tubular epithelial cells that were
fluorescently labelled by absorbed albumin and dextran. Nephrons in
5/6 Nx rats appeared fragmented and with limited tubular absorption
of albumin and dextran, which obstructed tubular tracking from the
cortex to the medulla. 3D findings were substantiated by detailed 2D
histological assessments.
Conclusion: Advanced 3D imaging supports 2D end-point histological
analyses and embraces the spectrum from whole-organ morphometrics to
single-nephron functional analyses in various rodent models of CKD and
DN. Together, these advanced imaging methodologies refine and im-
prove the use of rodent models to study disease mechanisms and test
novel therapies for CKD and DN.
Disclosure: B. Boland: None.
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1016
A role for collagen I in regulating connexin-43mediated hemichannel
activity in the proximal region of the diabetic kidney
J.A. Potter, G.W. Price, C.E. Hills, P.E. Squires;
University of Lincoln, Lincoln, UK.

Background and aims: Tubulointerstitial fibrosis represents the key un-
derlying pathology in diabetic kidney disease and is characterised by tu-
bular injury and extracellular matrix remodelling. In diabetic nephropathy
increased collagen I deposition is linked to inflammation and fibrosis, yet,
we know little as to how collagen facilitates these effects. Pivotal to early
tubular injury is impaired epithelial (E)-cadherin mediated cell adhesion;
loss of which inhibits docking of connexin-mediated hemichannels and
prevents gap junction intercellular communication. Uncoupled hemi-
channels respond via increased release of adenosine triphosphate (ATP),
an effect we have previously confirmed is linked to increased expression of
inflammatory and fibrotic markers. The current study investigates if colla-
gen I mediates its effects through altered connexin-43 (Cx43) mediated
hemichannel activity in human proximal tubule cells.
Materials and methods: Human kidney (HK-2) proximal tubule cells
were cultured on collagen I (50μg/mL) and treated for 48 hours ±
TGF-β1 (2-10ng/mL). Uncoated plastic served as the control.
Expression of candidate proteins was determined by immunoblotting.
Cell-substrate interactions were measured using the Cytoselect cell adhe-
sion assay. Carboxyfluorescein (200μM) dye uptake and ATP biosensing
were used to measure hemichannel activity and ATP release respectively
in TGF-β1 treated HK-2 at 48 hours.
Results: Immunoblot analysis confirmed that TGF-β1 increased collagen I
expression to 167±19%, 181±8% and 192±19% at 2, 4 and 10ng/mL respec-
tively as compared to control, whilst adhesion assays confirmed that HK-2
cells exhibit increased affinity for collagen I in the presence of TGF-β1
(10ng/mL) to 0.36±0.06OD as compared to control (0.15±0.02OD) (n=4,
P<0.05). Interestingly, when cultured on collagen I, cells exhibit increased
expression ofCx43 to 107±16%,with co-incubation of TGF-β1 exacerbating
this effect to 136±7%as compared to control (n=5,P<0.001). This increase in
expressionwas paralleled by increased hemichannel activity andATP release.
Carboxyfluorescein dye uptake increased in cells cultured on collagen I ±
TGF-β1 to 149±6% (collagen I) and 251±5% (collagen I + TGF-β1) respec-
tively, as compared to control (n=5, P<0.001), whilst biosensing confirmed a
significant increase in ATP, increased from 2.2±0.4μM (collagen I) to 4.5
±0.2μM (collagen I + TGF-β1) as compared to control (n=3, P<0.001).
Conclusion: The current study confirms a role for collagen I in regulating
connexin-43 expression, changes which are exacerbated in the presence
of pro-fibrotic TGF-β1, the principal mediator of damage in the tubular
region of the diabetic kidney. Increased expression of this protein, central
to cell-cell communication, was paralleled by increased hemichannel me-
diated ATP release, most likely a consequence of diminished cell-cell
adhesion and gap junction mediated intercellular communication as pre-
viously reported by the group. With studies linking increased collagen I
deposition to altered cell phenotype in tubulointerstitial fibrosis, and ele-
vated ATP release to increased fibrosis and inflammation; this study
highlights a potential role for collagen I in exacerbating diabetic tubular
injury by regulating connexin-mediated hemichannel activity.
Supported by: Diabetes UK (16/0005544) and (16/0005427).
Disclosure: J.A. Potter: None.

1017
The equilibrative nucleoside transporter 2 is a target of insulin and is
dysregulated in diabetic nephropathy
R.J. Suárez, C. Jara, S. Alarcón, C. Quezada, R. San Martín;
Molecular Pathology Laboratory, Institute of Biochemistry and
Microbiology, Universidad Austral de Chile, Valdivia, Chile.

Background and aims: Diabetic nephropathy is characterized by pro-
teinuria and progressive loss of renal function. Progression of

nephropathy in diabetic human and experimental models correlated with
increased adenosine levels. Extracellular homeostasis of adenosine is de-
pendent on the uptake activity mediated by the equilibrative nucleoside
transporters (ENTs) at the cell surface. Recently, it was reported that
ENT2 is regulated by insulin in renal cells and its activity was necessary
to maintain basal extracellular levels of adenosine. Our aim was to study
the mechanisms associated with the dysregulation of ENT2 activity and
loss of adenosine homeostasis in the diabetic kidney.
Materials andmethods: Immortalized human podocytes and purified rat
glomeruli from non-diabetic control rats and STZ-induced diabetic rats
were used to evaluate ENT2 uptake activity and insulin signaling. All
animal procedures were approved by the Animal Ethics Committee from
our university. ENT2 mediated uptake was assayed using 2,3-[3H] aden-
osine, 30 seconds, 22°C and saturated by 2mM hypoxanthine. Cellular
distribution of ENT2 was evaluated by immunohistochemistry in kidneys
from rat and human biopsies.
Results: The uptake activity mediated by ENT2 was upregulated by
insulin (Vmax 1.913 ± 0.18 vs Vmax insulin 3.576 ± 0.23; P<0.05, n=9)
through the PI3K/Akt signaling pathway in ex vivo glomeruli from con-
trol rats. This mechanism allows extracellular adenosine to be maintained
at basal levels. The effect of insulin was independent of Protein
Phosphatase-1 but dependent on the integrity of the actin cytoskeleton,
because the use of cytochalasin D blocked the uptake induction. Notably,
the activation of the PI3K/Akt pathway by insulin was impeded in glo-
meruli from diabetic rats ex vivo, evidenced by a reduced ratio of
phospho-Akt/total Akt. Consequently, the transport activity mediated by
ENT2 was lower in glomeruli from diabetic rats (0.37 ± 0.01 vs 0.19 ±
0.03 pmol/μg protein/sec; P<0.05, n=5) and the response to insulin was
less compared to control rats. The immunohistochemical analysis of
ENT2 distribution in kidney samples showed that ENT2 is located at
the plasma membrane and changed to an intracellular pattern in diabetic
rats and diabetic nephropathy patient biopsies.
Conclusion: We conclude that upregulation of ENT2 by insulin may be
regulated through ENT2 translocation to the plasma membrane. The de-
ficiency of insulin or insulin resistance in renal cells may affect ENT2
activity leading to increased extracellular adenosine levels.
Supported by: FONDECYT CONICYT DID-UACh
Disclosure: R.J. Suárez: Grants; FONDECYT 1171340, CONICYT,
DID-UACh.

1018
Liver X receptors activation triggered autophagy suppression con-
tributes to podocyte injury in vitro and in vivo
Z. Zhang, W. Gui, X. Lin, Y. Zhu, F. Zheng, H. Li;
Sir Run Run Shaw Hospital, Zhejiang University, School of Medicine,
Hangzhou, China.

Background and aims: Diabetic kidney disease (DKD) is a major dev-
astating complication of diabetes mellitus (DM). Abnormalities of
podocyte lead to massive proteinuria and eventually glomerulosclerosis
in DKD. Impaired autophagic activity in podocyte has been suggested to
play important pathogenic roles in DKD. Liver X receptors (LXRs) have
become major pharmaceutical targets for the treatment of metabolic dis-
eases, however, their relationships with DKD and the underlying molec-
ular mechanisms remain unclear. Therefore, in this study, we aim to
explore the role of LXRs activation in modulating autophagic activity
in podocyte and diabetic kidney.
Materials and methods: We established mouse podocyte cell line to
investigate the effect of LXRs agonists on podocytes autophagic activity
and related signaling pathway by performing Western blot, RT-PCR,
GFP-mRFP-LC3 transfection and immunofluorescence staining. Then,
C57BL/6J mice were randomized into three groups: nondiabetic control
mice (NC), STZ-induced diabetic mice (DM), and diabetic mice treated
with the LXR agonist TO901317 (DM+TO901317). Diabetes was in-
duced by peritoneal injection of STZ. Pathological staining, transmission
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electron microscopy, immunohistochemistry and western blot were ap-
plied to explore the effects of TO901317 on podocyte function and dia-
betic kidney.
Results: In this study, we found that LXRs activation could inhibit the
expression of LC3B-II and Beclin1 and increase the expression of p62
(P<0.01) which was achieved by blocking the formation of
autophagosome in podocyte. Moreover, the expression of LC3B-II in-
creased in the absence of LXRβ. LXRs agonists could attenuate the
expression level of podocyte marker proteins significantly (P<0.01) and
could impair AMPK activation, reduce the expression level of SIRT1, and
increase the phosphorylation of mTOR simultaneously (P<0.01).
Combining LXRs agonists with mTOR inhibitor could increase the ex-
pression of LC3B-II, podocin and nephrin. In diabetic mice model, de-
spite the fact that LXRs activation could ameliorate glomerular hypertro-
phy, mesangial matrix expansion and interstitial fibrosis, the albuminuria
was not improved (P>0.05). Moreover, the administration of LXRs ago-
nist caused autophagy suppression in glomeruli and decreased podocytes
marker protein expression in diabetic mice (P<0.01), leading to aggravat-
ed podocyte loss and foot processes alterations.
Conclusion: In summary, our findings indicate that activation of LXRs
induced autophagy suppression, which in turn contributed to podocyte
injury both in vitro and in vivo. This study provides a warning rationale
for further investigations of LXRs activation in diabetic kidney and con-
tinued investigation of the combination therapy with mTOR inhibitor as
well as AMPK or SIRT1 agonist is particularly warranted.
Supported by: NSFC (Grant number 81873653)
Disclosure: Z. Zhang: Grants; Q19H050035, 81873653, 81870583.

1019
Complement C5a induces renal injury in diabetic kidney disease via
mitochondrial reprogramming
M.T. Coughlan1, S. Tan1, M. Ziemann2, M. Snelson1, A. El-Osta1, R.J.
MacIsaac3, P.J. Meikle4, J.M. Forbes5, M.E. Cooper1, E.I. Ekinci3, T.M.
Woodruff6;
1Monash University, Melbourne, 2Deakin University, Geelong, 3The
University of Melbourne, Melbourne, 4Baker Institute, Melbourne,
5Mater Medical Research Institute, Brisbane, 6The University of
Queensland, Brisbane, Australia.

Background and aims: The sequelae of diabetes mellitus include micro-
vascular complications such as diabetic kidney disease (DKD), which
involves glucose-mediated renal injury that is associated with a disruption
in mitochondrial metabolic agility, inflammation and fibrosis. We explored
the role of a potent mediator of inflammation, complement component C5a
in the pathogenesis of DKD in clinical and experimental diabetes.
Materials andmethods: Complement C5a was determined by ELISA in
plasma from patients with diabetes with and without renin angiotensin
system (RAS) inhibitors. C5a and its receptor (C5aR1) were determined
in several rodent models of diabetes (Ins2-Akita, db/db and streptozotocin
(STZ)-induced diabetic rats). STZ-induced diabetic C57BL/6 mice were
treated with the highly selective C5aR1 antagonist, PMX-53 (2mg/kg/
day) in drinking water for 24 weeks (n=10). C5aR1 deficient mice
(C5ar1-/-) and their wild type littermates were rendered diabetic with
STZ and followed for 24 weeks (n=10). Kidney injury was assessed by
urinary albumin excret ion and glomerulosclerosis (GSI).
Immunohistochemistry for Collagen IV and FoxP3+ regulatory T cells
was performed. Transcriptomics of renal cortex was performed by RNA-
sequencing using the Illumina platform and pathway analyses using Gene
Set Enrichment Analysis. Lipidomics on renal cortices was determined.
Results: We found marked systemic C5a activation in patients with dia-
betes which was not targetable with classical clinical therapies (RAS
blockade) (183±20 vs 209±17ng/ml, p<0.05). C5a and its receptor
(C5aR1) were upregulated early in the disease process and prior to kidney
injury in several diverse rodent models of diabetes. Diabetic C5ar1-/-
mice showed protection against renal injury with decreased albumin

excretion (154.8±30.9 vs 59.7±7.2μg/24hr, p<0.001). Treatment of dia-
betic mice with PMX-53 led to a reduction in proteinuria (83.2±18.3 vs
30.1±9.5μg/24hr, p<0.05), inhibition of glomerular injury (2.8±0.1 vs 2.3
±0.2, p<0.05) and fibrosis (11.8±1 vs 8.0±0.5%, p<0.05), and resolution
of inflammation via activation of FoxP3+ regulatory Tcells (0.15±0.03 vs
1.03±0.40 cells/field, p<0.05). Transcriptomic profiling of kidney re-
vealed diabetes-induced downregulation of mitochondrial fatty acid me-
tabolism. The top differential gene downregulated in the diabetic kidney
was acyl-CoA dehydrogenase 10 (Acad-10), which participates in the
beta-oxidation of fatty acids in mitochondria. Blockade of C5aR signal-
ling in diabetic mice restored Acad-10 expression (0.45±0.11 vs 0.94
±0.07 fold change, p<0.01). Interrogation of the lipidomics signature
revealed abnormal cardiolipin remodelling in the diabetic kidney, a car-
dinal sign of disrupted mitochondrial architecture and bioenergetics.
PMX53 normalized cardiolipin remodelling.
Conclusion: This study provides evidence for a pivotal role of the C5a/
C5aR1 axis in propagating renal injury in the development of DKD via
mitochondrial reprogramming.
Supported by: JDRF
Disclosure: M.T. Coughlan: Grants; JDRF Innovative Grant.

1020
Backcross db gene into CD-1 background results in novel type 2
diabetic mouse model with progressive kidney fibrosis
Y. Mizunuma1, K. Kanasaki1, Y. Takagaki1, K. Nitta1, S. Takagi1, H.
Liu1, S. Li1, J. Li1, Y. Aso2, D. Koya1;
1Department of Diabetology and Endocrinology, Kanazawa Medical
University, Kahoku, Ishikawa, 2Department of Endocrinology and
Metabolism, Dokkyo Medical University, Mibu, Tochigi, Japan.

Background and aims: Kidney fibrosis is the final common pathway of
progressive kidney disease including diabetic kidney disease (DKD).
With the rapid increase of type 2 diabetes, DKD in type 2 diabetic patients
has become a serious public health threat around the world. To establish
novel therapy to combat DKD, human disease relevant animal model is
essential. However, a type 2 diabetic mouse model with presenting pro-
gressive kidney fibrosis is not established yet. We have previously report-
ed that kidneys of streptozotocin-induced diabetic CD-1 mice exhibited
severe fibrosis compared to other backgrounds of mice associated with
the suppression of anti-fibrotic peptide N-acetyl-seryl-aspartyl-lysyl-
proline(AcSDKP), fibroblast growth factor receptor 1, and their down-
stream target anti-fibrotic microRNAs (miRs) such as miR 29 and miR
let-7. As the type 2 diabetic mice model, leptin receptor deficient mice in
BKS background (BKSdb/db) are often utilized; the kidney fibrosis in
BKSdb/db phenotype is minimum.
Materials and methods: We generated CD-1db/db by backcrossing db
gene into potential fibrotic CD-1 background.We have already performed
the backcrosses for 12 generations and utilized CD-1db/db from 8th gener-
ation. We analyzed phenotypic difference compared to BKSdb/db and CD-
1db/m. We sacrificed and examined at 16 and 24 weeks of age.
Results: Male CD-1db/db appeared to be elevated trend of blood glucose
levels compared to BKS db/db. Fasting insulin levels were declining in
CD-1 mice either db/m or db/db. Blood pressure was similar in CD-1db/db

with CD-1db/m. Plasma cystatin C levels trended elevated in CD-1db/db

from 16 to 24 weeks of age. Urine albumin creatinine ratio was elevated
trend in CD-1db/db when compared to that of other groups. Male CD-1db/
dbdisplayed significantly progressive kidney and heart fibrosis from 16 to
24 weeks of age when compared to age matched BKSdb/db. Female CD-
1db/db exhibited milder fibrotic phenotype. Gene expression profile indi-
cated fibrogenic program associated genes in male CD-1db/db. Male CD-
1db/db displayed significantly lower urine AcSDKP when compared to
that of BKS db/db at 24 weeks of age. Gene expression of proryl
oligopeptidase, the enzyme essential for AcSDKP production from thy-
mosin beta4, was significantly lower in the CD-1 mice. Thymosin beta4
levels were also lower trend in CD-1 mice.
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Conclusion: These results suggested that CD-1db/db is the novel type 2
diabetic mouse model with the progressive kidney and heart fibrosis.
Disclosure: Y. Mizunuma: None.

1021
Purinergic receptor (P2X7) activation contributes to disassembly of
adherens and tight junctions in tubular epithelial cells of the diabetic
kidney
G.W. Price, E. Siamantouras, J.A. Potter, P.E. Squires, C.E. Hills;
School of Life Sciences, University of Lincoln, Lincoln, UK.

Background and aims: Preceded by a loss of cell-cell adhesion, glucose-
evoked changes in connexin (Cx) expression/function are linked to in-
creased hemichannel mediated release of adenosine triphosphate (ATP) in
tubular epithelial cells of the diabetic kidney. Elevated ATP is associated
with inflammation and fibrosis, and this study investigates a role for Cx43
hemichannel-mediated ATP release in regulating adherens- and tight-
junction proteins, effects that initiate the morphological and phenotypic
changes of tubular damage.
Materials andmethods:Human primary proximal tubule epithelial cells
(HPTECs) and clonal tubular epithelial cells (HK2) were cultured in
TGFβ1 (10ng/mL) ± apyrase (5U/ml), or non-hydrolysable ATPγS
(100μM) at 48h. Immunoblotting assessed protein expression. Trans-
epithelial electrical resistance assessed paracellular tight junction forma-
tion and atomic force microscopy force spectroscopy measured cell-cell
adhesion. Carboxyfluorescein uptake and ATP biosensing measured
hemichannel activity and nucleotide release. Co-incubation of cells with
TGFβ1 ± Peptide5 (25μM) or A438079 (50μM) assessed effect of Cx43
hemichannel and purinergic receptor (P2X7) blockade respectively.
Results: Immunoblotting confirmed that TGFβ1 downregulated E-
cadherin (ECAD), claudin-2 and ZO-1 to 38.5±4.1%, 60.5±4.4% and
64.8±4.4% respectively, whilst N-cadherin (NCAD) expression increased
to 213.3±28.0% compared to control (P<0.01; n=4). The effect was rep-
licated by ATPγS, which decreased expression of ECAD, claudin-2 and
ZO-1 to 43.4±6.1%, 42.0±2.6% and 45.9±1.4% respectively. NCAD in-
creased to 181.3±6.3% (P<0.01; n=3). In a separate series of experiments,
co-incubation with the ectonucleotidase apyrase partially restored ECAD
expression to 51.2±3.2%, and NCAD to 133.3±9.1%, compared to con-
trol (P<0.001; n=3). Trans-epithelial resistance decreased in TGFβ1 and
ATPγS treated cells from 67.7±5.5Ω.cm2to 27.6±2.0Ω.cm2 and 42.6
±3.0Ω.cm2 respectively (P<0.05; n=3). Mean unbinding forces between
ATPγS treated cells also decreased from 2.17±0.64nN in control cells to
1.60±0.48nN (P<0.001; n=3) confirming a loss of cell-cell adhesion.
Increased carboxyfluorescein uptake (609.4±46.0%) and ATP release
(6.10±0.36μM from 0.43±0.03μM) confirmed increased hemichannel
mediated ATP release in TGFβ1 treated cells, an effect blocked by
Cx43 mimetic, Peptide5 (163.0±10.2% and 0.60±0.20μM) (P<0.001;
n=3). Co-incubation of HPTECs with TGFβ1 and Peptide5 restored ex-
pression of ECAD (108.9±17.1% from 31.5±9.2%), NCAD (154.7
±10.6% from 280.5±16.7%), claudin-2 (100.9±10% from 65.3±5.4%)
and ZO-1 (91.6±12.8% from 59.6±3.1%) compared to control (P<0.01;
n=3). Blocking P2X7 with A438079 restored ECAD expression from
22.2±5.5% to 52.8±5.4% in TGFβ1 treated cells (P<0.001; n=3), with
unbinding forces restored from 2.17±0.64nN to 2.45±0.89nN (P<0.001;
n=3).
Conclusion: Hemichannel mediated ATP release is downstream of
TGFβ1-evoked changes to adherens- and tight-junction proteins, effects
blocked by inhibiting P2X7 receptors or Cx43 hemichannel activity.
Disassembly of these junctions is a pivotal event in progression of tubular
injury in diabetic nephropathy and data suggests a potential role for Cx-
mediated hemichannel activity as a future therapeutic target in diabetic
kidney disease.
Supported by: Diabetes UK (16/0005427 and 16/0005544) and an
EFSD/Boehringer Ingelheim Award
Disclosure: G.W. Price: None.

1022
Methylglyoxal-modified DNA is increased in urine of type 1 diabetic
rats and correlates with early diabetic kidney disease
J.L.J. Scheijen1,2, N.M.J. Hanssen2, O. Brouwers1, C.D.A. Stehouwer2,
C.G. Schalkwijk1;
1Internal Medicine, Maastricht University, Maastricht, 2Internal
Medicine, Maastricht University Medical Center, Maastricht,
Netherlands.

Background and aims: The highly reactive methylglyoxal (MGO) is the
major precursor in the formation of advanced glycation endproducts
(AGEs), a process that drives diabetic complications, including diabetic
kidney disease (DKD). In addition to modifications of proteins, MGO
also react with 2’-deoxyguanosine (dG) in DNA to the MGO-DNA-
adduct N2-(1-carboxyethyl)-2′-deoxyguanosine (CEdG). So far, studies
about the relevance of CEdG in diabetes have been limited because of a
lack of a robust analytical method. In this study, we developed a new
unispray tandem mass spectrometry (U-tandem-MS/MS) method to ana-
lyze CEdG and dG in urine and tissues. We have used this method for the
quantification of CEdG in an animal model of type 1 diabetes and studied
the association of CEdG with early DKD.
Materials andmethods:Wild-type rats (male, 10 weeks old) received an
intravenous injection of 45 mg/kg streptozotocin (STZ, n=8) or vehicle
(n=9) and were sacrificed after 24 weeks of diabetes. Kidney and urine
samples were processed for U-tandem-MS/MS for the quantification of
CEdG and dG. Early DKD Markers were analyzed in urine with multi-
array-ELISA. Immunohistochemical staining of CEdG in the kidney, was
performed with a specific antibody.
Results: Intra- and inter-day accuracy and precision for CEdG and dG U-
tandem-MS/MS analysis were ~3%. The calibration curves showed perfect
linearity in water and sample matrices (r2>0.99). Urinary levels of CEdG
were higher in diabetic vs. normoglycaemic rats (24.4±3.7 vs. 2.0±0.3
nmol/mmol creatinine, mean±SEM, p<0.0001). Diabetes-induced kidney
injury was confirmed by an increase of urinary albumin, osteopontin and
kidney-injury-molecule (KIM-1) after 24weeks of diabetes. Urinary CEdG
levels correlatedwith these markers (osteopontin, r=0.70, p<0.01, albumin,
r=0.39, p=0.15; and KIM-1, r=0.81, p<0.01). Immunohistochemical stain-
ing showed that CEdG is highly abundant in tubular and glomerular cells in
the kidney, without a significant difference of CEdG levels in the kidney,
between diabetic and normoglycemic rats. Renal podocytes showed a de-
creased number in diabetic glomeruli and urinary CEdG levels showed a
trend with podocyte numbers (r=-0.44, p=0.10).
Conclusion: We developed a new assay for the detection of CEdG. The
MGO-DNA-adduct CEdG is increased in the urine of an animal model of
type 1 diabetes. Urinary CEdG levels correlated with early DKDmarkers.
However, CEdG levels in the kidney were not further increased by dia-
betes, which may be due to a loss of CEdG-containing cells due to apo-
ptosis, or DNA-repair mechanisms in living cells. This study suggests a
potential role of CEdG in early diabetic kidney disease and shows urinary
CEdG levels as an early marker for DKD.
Disclosure: J.L.J. Scheijen: None.

1023
Cocoa intake ameliorates renal damage by modulating the redox
status, autophagy and apoptosis in Zucker diabetic fatty rats
D. Álvarez-Cilleros1, M.E. López-Oliva2, M.Á. Martín1,3, S. Ramos1;
1Metabolismo y Nutrición, Instituto de Ciencia y Tecnología de
Alimentos y Nutrición (CSIC), Madrid, 2Fisiologia, Facultad de
Farmacia (UCM), Madrid, 3CIBER de Diabetes y Enfermedades
Metabolicas Asociadas (Instituto de Salud Carlos III), Madrid, Spain.

Background and aims: In the diabetic kidney disease (DKD) oxidative
stress plays a main role in its development and progression, and it is
associated to increased production of free radicals and/or impaired anti-
oxidant defences. Cocoa is a rich food in antioxidant compounds, which
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also seems to possess anti-diabetic effects, but the mechanisms for its
potential preventive activities in the kidney, especially in the cortex, re-
main largely unknown. In the present work, the role of a cocoa-enriched
diet in ameliorating the oxidative stress-induced damage, as well as the
effects on autophagy and apoptosis in the renal cortex of type 2 diabetic
Zucker diabetic fatty (ZDF) rats was studied.
Materials and methods:Male ZDF rats were fed a control or cocoa-rich
diet (10%), and Zucker Lean (ZL) animals received the control diet.
Glucose, insulin, urinary albumin and creatinine were measured by com-
mercial kits. Generation of reactive oxygen species (ROS) and glutathi-
one levels (GSH) were evaluated by fluorimetric methods. Activities of
the antioxidant enzymes glutathione peroxidase (GPx), glutathione reduc-
tase (GR), superoxide dismutase (SOD) and catalase (CAT) were assayed
by spectrophometric methods. Levels of proteins related to oxidative
stress (NOX-4, MAPKs, p-Nrf2, SIRT-1), autophagy (mTOR, AMPK,
p62, beclin-1, LC3) and apoptosis (Bcl-xL, Bax, caspases-9 and -3) were
analysed by Western blot or immunohistochemistry. Apoptotic and pro-
liferative indexes were assayed by TUNEL and PCNA, respectively.
Results: ZDF rats fed with cocoa (ZDF-Co) decreased body weight gain,
glucose and insulin levels, and improved glucose tolerance, insulin resis-
tance, and renal dysfunction. Cocoa diet reduced ROS, carbonyl and
NOX-4 levels in the renal cortex of ZDF animals. GSH content and
GPx and GR activities remained unaltered among all animal groups.
Diminished activities of SOD and CAT in ZDF-C rats were returned to
ZL values upon cocoa administration, and in ZDF-Co animals´ renal
tubules p-Nrf2 displayed higher values than those of ZL group. Cocoa
further restored to ZL values enhanced levels of p-ERK and mTOR, and
decreased values of p-AMPK and SIRT-1, whereas p-mTOR levels were
partially recovered. Phosphorylated values of p38 and JNK were un-
changed among all rat groups. Likewise, increased p62, Bax, caspase-3
and -9 values, and decreased Bcl-xL levels in the renal cortex of ZDF-C
rats were averted in ZDF-Co rats. Cocoa enhanced the reduced levels of
beclin-1 and LC3-II/LC3-I ratio in ZDF-C group to higher values than
those of ZL rats, and highly or totally restored the proliferative and apo-
ptotic indexes, respectively.
Conclusion: Cocoa-enriched diet alleviates glycaemic homeostasis and
renal dysfunction in ZDF rats. Cocoa ameliorates the renal redox imbal-
ance through its ability to modulate the antioxidant defence system and
close-related proteins. Moreover, cocoa-rich diet activates autophagy and
inhibits apoptosis in the renal cortex. This study provides evidence on the
protective effects of cocoa and potential therapeutic targets of antioxidant
treatment for the prevention and therapy of renal function in diabetes,
although further efforts are needed to define the precise role of cocoa
intake in DKD.
Supported by: AGL2015-67087-R, MINECO/FEDER, UE). D.A.-C. ac-
knowledges MINECO
Disclosure: D. Álvarez-Cilleros: None.
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Dual inhibition of cannabinoid-1 receptor and iNOS ameliorates
obesity-induced chronic kidney disease
L. Hinden1, S. Udi1, M. Ahmad1, A. Drori1, M.R. Iyer2, R. Cinar2, M.
Herman-Edelsteinand3,4, J. Tam1;
1The Hebrew University of Jerusalem, Jerusalem, Israel, 2National
Institutes of Health, Bethesda, USA, 3Rabin Medical Center, Petah
Tikva, Israel, 4Tel-Aviv University, Tel-Aviv, Israel.

Background and aims: Obesity, a major risk factor for the development
of chronic kidney disease (CKD), affects the kidney via two molecular
signaling pathways: the endocannabinoid/CB1R system, which has been
shown to mediate obesity-induced renal inflammation, fibrosis, and inju-
ry; and the inducible nitric oxide synthase (iNOS), which generates reac-
tive oxygen species (ROS) resulting in oxidative stress. Thus, targeted
blockade of both CB1R and iNOSmay have the potential to treat obesity-
induced CKD.

Materials and methods: We assessed the effect of a novel peripherally
restricted, orally bioavailable dual CB1R/iNOS antagonist, MRI-1867 (3
mg/kg), in ameliorating CKD in high-fat diet (HFD)-induced obese mice.
Its renal effect was compared to the peripherally restricted CB1R antag-
onist, JD5037 (3 mg/kg) and the iNOS inhibitor, 1400W (10 mg/kg).
HFD-vehicle, HFD-pair-fed, and standard diet-fed groups were served
as controls. Additionally, we assessed oxidative stress and ROS produc-
tion in human renal proximal tubule cells exposed to fatty acid flux and
treated with MRI-1867, JD5037 (100 nM, each) or 1400W (10 μM).
Results: Enhanced expression of CB1R and iNOS in renal tubules was
found in human kidney patients with obesity and other CKDs. Dual
inhibition of CB1R and iNOS ameliorated obesity-induced morphologi-
cal and functional changes in the kidney via decreasing inflammation,
fibrosis, oxidative stress, and renal injury. Peripheral blockade of CB1R
alone was able to significantly attenuate the metabolic and morphological
renal abnormalities associated with obesity. However, only MRI-1867
improved kidney dysfunction. Interestingly, neither iNOS inhibition nor
pair feeding resulted in any metabolic or renal improvements. In vitro,
MRI-1867 as well as 1400W, but not JD5037, were able to attenuate the
fatty acid flux-induced oxidative stress, indicating the iNOS inhibitory
effect of MRI-1867. Molecularly, the beneficial effects on the kidney and
proximal tubule cells were partially associated with modulating renal
adiponectin signaling.
Conclusion: Collectively, our results highlight the therapeutic relevance
of blocking both CB1R and iNOS in peripheral organs, and may further
support the preclinical development and clinical use of MRI-1867 in
ameliorating obesity-induced CKD.
Supported by: Funded by the ERC-2015-StG grant (#676841) to Joseph
Tam
Disclosure: L. Hinden: Grants; Funded by the ERC-2015-StG grant
(#676841) to Joseph Tam. Other; R. Cinar, M.R. Iyer are listed as co-
inventors on a US patent application covering MRI-1867 and related
compounds (patent no. 2.PCT/US2013/069686). All other co-authors
declare that no conflict of int.
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Effect of glucose-lowering agents on diabetic retinopathy in patients
with type 2 diabetes: a systematic review and network meta-analysis
I. Avgerinos1, T. Karagiannis1, K. Malandris1, P. Andreadis1, A.
Manolopoulos1, A. Liakos1, K. Kitsios1, D.R. Matthews2, E. Bekiari1,
A. Tsapas1,3;
1Clinical Research and Evidence-Based Medicine Unit, Aristotle
University of Thessaloniki, Thessaloniki, Greece, 2Oxford Centre for
Diabetes, Endocrinology and Metabolism, Churchill Hospital, Oxford,
UK, 3Harris Manchester College, University of Oxford, Oxford, UK.

Background and aims: Improved glycaemic control can reduce risk of de-
velopment of diabetic retinopathy. However, the effect of individual glucose-
lowering agents on diabetic retinopathy remains uncertain. We conducted a
systematic review and networkmeta-analysis to assess the effect of all approved
medications for type 2 diabetes mellitus (T2DM) on diabetic retinopathy.
Materials and methods: We searched Medline, Embase, and the
Cochrane Central Register of Controlled Trials for randomised controlled
trials with at least 24 weeks’ duration recruiting patients with T2DM.We
performed random-effects network meta-analysis to combine direct and
indirect comparisons and present effect estimates as ORs with 95% CIs
using placebo as the reference treatment.
Results: Out of 413 trials that met the eligibility criteria, 38 studies (103,184
patients) reported results for diabetic retinopathy corresponding to a total of
1,636 patients with an event (Figure). Study duration ranged from 24 weeks
to 7 years, and was ≥ 1 year in 25 trials. None of the included studies was
primarilydesigned to assessdiabetic retinopathy,while nine trialswereoriginally
designed to assess cardiovascular safety. Definition of diabetic retinopathy was
not consistent among included trials. Compared with placebo, treatment with
sitagliptin and glimepiride was associated with increased incidence of diabetic
retinopathy (OR2.56; 95%CI 1.16 to 5.62 and 1.34; 1.09 to 1.64, respectively).
The result for sitagliptin wasmainly driven by findings of the respective cardio-
vascular outcomes trial (TECOS trial), while the result for glimepiride was
inconsistent between direct and indirect comparisons. Incidence of diabetic ret-
inopathy with other dipeptidyl-peptidase 4 inhibitors or sulphonylureas was
similar to placebo. Similarly, treatment with individual glucagon-like peptide 1
receptor agonists, sodium-glucose cotransporter 2 inhibitors, pioglitazone or
basal insulin was safe regarding incidence of diabetic retinopathy.
Conclusion: Available evidence from direct and indirect comparisons
suggests that most glucose-lowering agents have a neutral effect on dia-
betic retinopathy. Cautionmay be warranted for sitagliptin or glimepiride.
Finally, our findings highlight the need for future trials to consistently
assess and report diabetic retinopathy events.

Supported by: EFSD-PACT Programme supported by AstraZeneca
Disclosure: I. Avgerinos: None.
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Glucagon-like peptide 1 receptor agonists, diabetic retinopathy and
angiogenesis: Safe or not? The ANGIOSAFE type 2 diabetes study
J.-B. Julla1,2, B. Gaborit3,4, P. Massin5, P. Ancel4, T. Vidal-Trecan1, J.-P.
Riveline1,2, A. Dutour3,4, J.-F. Gautier1,2;
1Diabetology, Lariboisiere Hospital - APHP, Paris, 2INSERM 1138,
Paris, 3Diabetology, Conception Hospital - APHM, Marseille, 4AMU /
INSERM 1062/INRA 1260 AP-HM, Marseille, 5Ophtalmology,
Lariboisiere Hospital - APHP, Paris, France.

Background and aims:Glucagon-like peptide 1 receptor agonists (GLP-
1 RAs) have provided evidence of glycemic and weight improvement
without severe adverse event in type 2 diabetes. Nevertheless, non-
dedicated recent studies have shown a potential association between
GLP-1 RAs treatment and severe diabetic retinopathy, through possible
pro-angiogenic mechanisms. Here we test the hypothesis that GLP-1 RAs
exposure increases the risk of severe diabetic retinopathy (SDR).
Materials andmethods: In this bi-centric observational study we includ-
ed all consecutive ambulatory (day hospitalization) type 2 diabetic pa-
tients between June 2016 and September 2018. Patients records were
standardized, common in both center and computerized in a structured
database. Retinography were performed for every patient. Graders, who
were blinded to treatments exposition, assessed all photographs for reti-
nopathy, according to the International classification of Diabetic
Retinopathy. SDR was defined as presence of a NonProliferative
Diabetic Retinopathy or of a Proliferative Diabetic Retinopathy or of an
History of Panretinal photocoagulation or of a Macular Oedema. Logistic
regression was used to calculate Odds Ratio and 95% Confidence
Interval.
Results: 3154 patients have been included. 57% were male, means of
age, diabetes duration andHBA1cwere respectively 62 [55-69] years old,
12 [6-19] years and 7,6% [6.8-8.5]. 10% (320) had RDS, and GLP-1 RAs
exposure rate was 19% (604). Multivariate analysis showed no associa-
tion between GLP-1 RAs exposure and RDS (OR 1,139 [0,8-1,16]
p=0,4715). After adjustment, variables still associated with severe diabet-
ic retinopathy were age (OR: 0,975 - p=0,0016), diabetes duration (OR:
1,05 - p<0,001), HbA1c (OR: 1,15 - p=0,0021), eGFR (OR: 0,990 -
p=0,003), presence of diabetic neuropathy (OR: 2,153 - p<0,001), pres-
ence of macroangiopathy (OR: 1,688 - p=0,0022), and use of insulin
(OR: 2,34 - p<0,001).
Conclusion: In our cohort, exposure to GLP-1 RAs was not a risk factor
of severe diabetic retinopathy. There is therefore no reason to stop the
prescription of these treatments when they are indicated.
Clinical Trial Registration Number: NCT02671864
Supported by: ANR-DGOS and ASSERADT
Disclosure: J. Julla: Grants; ANR.

1027
The relationship of retinal vessel and image texture characteristics to
diabetic nephropathy in Chinese patients with type 2 diabetes
B. Gao1, X. Xu2, Q. Wang1, M. Zhang1, Q. Ji1;
1Department of Endocrinology and Metabolism, Xijing Hospital, Air
Force Medical University, Xi'an, 2The Key Laboratory of Biomedical
Information Engineering of Ministry of Education, School of Life
Science and Technology, Xi’an Jiaotong University, Xi'an, China.

Background and aims: Retinal vasculature provides a unique opportu-
nity to assess human microvasculature optically and non-invasively
in vivo. Moreover, retinal and renal microcirculations could share similar
determinants in early diabetic damage. A study on a wider range of retinal
image characteristics is of great interest. So we evaluate the associations
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between various retinal image characteristics (RIC) and diabetic nephrop-
athy in Chinese patients with type 2 diabetes.
Materials and methods: Data from 1925 patients (aged 49.0±10.3) with
type 2 diabetes were analyzed. Various retinal image characteristics, in-
cluding vessel characteristics (i.e., caliber and geometrical) and image
texture characteristics, were collected using a validated fully automatic
computer program. Multiple logistic regressions were performed to in-
vestigate the correlation between RIC and chronic kidney disease (CKD)
which defined as an estimated glomerular filtration rate<60 mL/min/
1.73m2. The diagnostic efficacy was analyzed using the receiver operat-
ing characteristic (ROC) curve.
Results: After adjusting for age, sex, BMI, blood pressure, HbA1c, and
lipid level, wider venular calibers were positively associated with CKD,
especially in the central region (OR 1.102, 95%CI 1.033-1.176). Also
wider central arteriolar caliber was associated with decreased risk of
CKD (OR 0.945, 95%CI 0.900-0.992). Various image texture character-
istics were found to be significantly associated with CKD (P<0.05). With
selected RIC measures for diagnosis efficacy of CKD, the area under the
ROC curve (AUC) was 0.755 (95%CI: 0.724, 0.786) for classic model
and 0.782 (95%CI: 0.751, 0.813) for RIC model (p=0.038).
Conclusion: Renal dysfunction in type 2 diabetes is strongly correlated
with various retinal image characteristics. Compound variables from
these noninvasive retinal measures may serve as potential biomarkers
for the early identification of individuals at high risk of CKD in the course
of diabetes.

Clinical Trial Registration Number: chiCTR1800018380
Supported by: NSCF81401480; Shanxi NSF2018JM7130
Disclosure: B. Gao: None.

1028
Genome-wide association study for famine-associated diabetic
retinopathy
O. Fedotkina1, T. Ozgumus1, M. Akerlund2, L. Cherviakova3, N.
Khalimon4, T. Svietleisha4, T. Buldenko5, P. Nilsson2, V. Lyssenko1,2;
1Department of Clinical Science, Bergen, Norway, 2Lund University
Diabetes Center, Malmo, Sweden, 3Chernihiv Regional Hospital,
Chernihiv, Ukraine, 4Chernihiv City Hospital, Chernihiv, Ukraine,
5Public Health Authority of Chernihiv regional public administration,
Chernihiv, Ukraine.

Background and aims: Exposure to extreme stressful conditions in early
life has been associated with a number of adverse consequences later in
life. By investigating influence of perinatal exposure to pre-war and
World War 2 famine on the risk of type 2 diabetes (T2D) and related
comorbidities in the DOLCE study of offspring to individuals exposed
to the Ukrainan famine (1932-1933), we have demonstrated that perinatal
famine exposure acts as a trigger of developing severe diabetic retinopa-
thy (DR) in adulthood independently of glucose levels. The aim of the

present study was to identify genetic determinants of famine-related risk
of DR by preforming a genome-wide association (GWAS) study in pa-
tients with T2D.
Materials andmethods: Severe DRwas defined as proliferative retinop-
athy, or laser treatment, or blindness in either eye. Moderate DR also
included cases with preproliferative retinopathy or maculopathy. We ob-
tained information on different stages of DR for 2844 T2D participants in
the DOLCE study (mean age onset 54, yrs; diabetes duration 6, yrs). Of
them, 89 (3%) had severe DR, while 276 (9%) had moderate DR. There
were 1366 T2D subjects in famine exposed and 1474 subjects in unex-
posed cohort. GWAS included 343 768 directly genotyped SNPs and
39,127,678 after imputation using Reference Panel HRC r1.1 2016.
QC:We excluded three allelic SNPs, variants with low imputation quality
(R2<0.4), monomorphic SNPs, ultrarare SNPs (MAF<0.01), SNPs with
minor allele count <=6, missingness level >5%, and SNPs on sex chro-
mosomes. We excluded individuals with more than 5% missingness of
genotype and population outliers. After all QC steps 11,256,393 imputed
SNPs were included in the analysis. Linear mixedmodel adjusted for sex,
age at visit, diabetes duration, and using genetic relation matrix as covar-
iate was used to study association of SNPs with DR. Heterogeneity test
was used to compare effect sizes of genetic loci associated with DR
between exposed and unexposed to famine groups.
Results: A strong heterogeneity effect (I2 value > 90, p<5*10-6) between
exposed and unexposed to famine groups was observed for 265 SNPs
(n=210 with MAF 1-5%, and n=55 with MAF > 5%) for severe DR, and
74 SNPs (n=27 with MAF 1-5%, and n=47 with MAF > 5%) for mod-
erate DR. In famine exposed group, there were 14 SNPs (MAF 1-5%) for
severe and one SNP (MAF 1%) for moderate DR at genome wide signif-
icance level. In the whole cohort, there were 16 SNPs (MAF 1-5%)
reaching genome-wide significance level (p<5*10-8) for severe DR, while
no genome-wide associations were detected for moderate DR. We have
selected a list of loci with p<5*10-4 for further replication in the indepen-
dent cohorts. The three top genome-wide significant enrichment GO
terms in the SNP pathway analyses (p<1*10-5) were: regulation of
MAPK cascade (p=6.5*10-8), positive regulation of cell communication
(p=6.3*10-8) and regulation of cell morphogenesis involved in differen-
tiation (p=9.3*10-8).
Conclusion: In the present study we identified a number of suggestive
genetic loci for famine-related risk for DR, however, the data warrant
further validation.
Supported by: Dnr2015-03574, Dnr349-2006-237, Dnr2009-1039,
NNF12OC1016467, DnrIRC15-0067
Disclosure: O. Fedotkina: None.

1029
HbA1c as a risk factor for retinopathy and nephropathy in persons
with type 1 diabetes
J. Ludvigsson1, A. Pivodic2, A.-M. Svensson3, A.F. Òlafsdòttir4, H.
Wedel5, M. Lind4;
1Div of Pediatrics and Crown Princess Victoria Children´s Hospital,
Linköping University, Linköping, 2Department of Ophthalmology,
Institute of Neuroscience and Physiology, Sahlgrenska Academy,
Statistiska Konsultgruppen, Gothenburg, 3Center of Registers rep.
Department of Molecular and Clinical Medicine, Region Västra
Götaland, Linköping, 4Department of Molecular and Clinical Medicine,
University of Gothenburg, Gothenburg, 5Department of Health Metrics,
Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden.

Background and aims: Targets for glycaemic control differ for children
and adults in various developed countries. Low HbA1c should decrease
microangiopathy but may increase risk of hypoglycaemia. The study aim
was to evaluate if HbA1c<6.5% gives less risk for retinopathy and ne-
phropathy than less tight control in persons with type 1 diabetes.
Materials and methods: Retrospective cohort study from January 1st,
1998 to December 31st, 2017. Population based study using the Swedish
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National Diabetes Registry. We included 10398 children and adults with
type 1 diabetes who were followed from diagnosis or up to 5 years from
diagnosis until end of 2017. Relative risk was calculated by Odds ratio for
retinopathy and nephropathy for different mean levels of HbA1c.
Results: In total, 10398 persons were included in the analyses, mean age
was 14.7 years (43.4% women) and mean HbA1c 8.0 %. Adjusted OR:s
when comparing mean HbA1c <6.5% (<48 mmol/mol) to 6.5%-6.9% (48
- <53) mmol/mol) during follow-up were: any retinopathy 0.77 (95% CI
0.56-1.05), p=0.10, pre-proliferative retinopathy or worse 3.29 (95% CI
0.99-10.96),n=6; p=0.053, proliferative retinopathy 2.48 (95% CI 0.71-
8.62), p=0.15, microalbuminuria 0.98 (95% CI 0.60-1.61), p=0.95, and
macroalbuminuria 2.47 (95% CI 0.69-8.87),n=7; p=0.17. HbA1c 7.0-
7.4% was associated with increased risk of any retinopathy OR 1.31
(95% CI 1.05-1.64), p=0.017, and microalbuminuria OR 1.55 (95% CI
1.03-2.32), p=0.034, compared to HbA1c 6.5-6.9%. For proliferative ret-
inopathy OR 5.98 (95% CI 2.10-17.06) , p=0.0008, and
macroalbuminuria OR 3.43 (95% CI 1.14-10.26), p=0.028, risk increase
existed at HbA1c >8.6%. Severe hypoglycaemia was increased at mean
HbA1c <6.5% compared with 6.5-6.9%, RR 1.34 (95% CI 1.09-1.64),
p=0.0048.
Conclusion: There was not less risk of retinopathy and nephropathy at
HbA1c levels below 6.5% (<48mmol/mmol) but a tendency to increased
risk of pre-proliferative or worse retinopathy and increased risk for severe
hypoglycemia compared to 6.5-6.9% (48- <53 mmol/mol), Severe com-
plications mainly occurred at HbA1c > 8.6% (70 mmol/mol), while
milder complications increased in risk at HbA1c >7.0% (>53 mmol/mol)
Disclosure: J. Ludvigsson: None.

1030
Association of non-diabetic hyperglycaemia and microvascular and
macrovascular complications of type 2 diabetes: a retrospective co-
hort study
E.P. Vamos1, R. Palladino1,2, A.G. Tabak3,4, J. Valabhji5,6, K. Khunti7,
A. Majeed1, C. Millett1;
1Imperial College London, London, UK, 2University “Federico II”,
Naples, Italy, 3University College London, London, UK, 4Semmelweis
University Faculty of Medicine, 1st Department of Medicine, Budapest,
Hungary, 5Imperial College Healthcare NHS Trust, London, UK, 6NHS
England, Skipton House, London, UK, 7University of Leicester,
Leicester, UK.

Background and aims: The associated risk of vascular complications in
people identified as having non-diabetic hyperglycaemia (NDH) follow-
ing subsequent diagnosis of Type 2 diabetes (T2D) in real-world settings
is not known. This study aims to assess whether testing and detection of
NDH prior to the diagnosis of T2D is associated with the risk of incident
microvascular and macrovascular complications following the diagnosis
of T2D.
Materials and methods: We identified 122,282 individuals newly di-
agnosed with T2D from the Clinical Practice Research Database be-
tween 2004 and 2017 in England who did not have vascular compli-
cations at the time of T2D diagnosis. The study exposure was testing
for and detection of NDH within three years before the diagnosis of
T2D. Patients were classified as: i) glycaemic values within the nor-
mal range before T2D diagnosis; ii) NDH detected before T2D diag-
nosis; or iii) no glycaemic measures recorded within three years before
T2D diagnosis. We assessed incident microvascular complications (ret-
inopathy and nephropathy) and a composite outcome of macrovascular
complications (fatal or non-fatal acute coronary events and cerebrovas-
cular events and peripheral arterial disease). We estimated hazard ra-
tios using Cox proportional hazards regression models to compare
patients by glycaemic status before T2D diagnosis using the group
with normal glycaemic values as reference.
Results:During a median follow-up of 49months (interquartile range 22-
83 months), there were 12,500 incident retinopathy and 12,621

nephropathy diagnoses and 12,823 diagnoses of macrovascular outcomes
in the cohort. Patients with NDH had a significantly higher risk of reti-
nopathy (adjusted HR 1.60 [95% CI 1.49-1.73]) and nephropathy (ad-
justed HR 1.13 [1.06-1.21]) compared with patients with normal
glycaemic values. Patients without glycaemic values recorded before
the diagnosis of T2D also had a significantly higher risk of retinopathy
(adjustedHR 1.34 [1.25-1.44]) and nephropathy (adjustedHR 1.19 [1.10-
1.29]) compared with patients with normal glycaemic values. For
macrovascular outcomes, the differences between patients with NDH
and those without glycaemic testing compared with patients with normal
glycaemic values were not statistically significant (adjusted HR 0.95
[0.89-1.02] and 0.99 [0.88-1.04], respectively).
Conclusion: Individuals with newly diagnosed T2D who were previous-
ly detected with NDH had an increased risk of microvascular complica-
tions following the diagnosis of T2D. Detection of NDH might represent
opportunities for reducing the burden of microvascular disease through
heightened attention to screening for microvascular complications.
Clustering of NDH with other cardiovascular risk factors might prompt
earlier assessment and tailored cardiovascular risk reduction strategies
during the NDH phase.
Disclosure: E.P. Vamos: None.

1031
The association of post-load glucose levels with retinopathy signs in
non-diabetic individuals in midlife: the Northern Finland Birth
Cohort 1966 study
A.E. Saunajoki1, J. Auvinen1,2, M.J. Liinamaa2,3, V. Saarela2,3, J.-J.
Uusitalo4, S. Keinänen-Kiukaanniemi1,5, M. Timonen1,2;
1Center for Life Course Health Research, University of Oulu, Oulu,
2Medical Research Center Oulu, Oulu University Hospital and
University of Oulu, Oulu, 3PEDEGO Research Unit, University of
Oulu, Oulu, 4Medical Research Center Oulu, University of Oulu, Oulu,
5Healthcare and Social Services of Selänne, Pyhäjärvi, Finland.

Background and aims: Diabetic retinopathy (DR) is the most spe-
cific microvascular complication of hyperglycemia and the diag-
nostic cut-off points of type 2 diabetes are based on the inflection
point for retinopathy prevalence. Fasting and post-load glucose
level may increase years before the diagnosis of type 2 diabetes
remaining, however, in the normal range. Increased 1-hour plasma
glucose (1-h PG) level in an oral glucose tolerance test (OGTT)
have been considered to predict type 2 diabetes equally or even
better than fasting or 2-hour plasma glucose (2-h PG) levels. The
purpose of the present study is to evaluate the association of post-
load glucose levels to non-diabetic retinopathy sings.
Materials and methods: We studied prevalence of retinopathy in a sub-
sample of Northern Finland Birth Cohort study (NFBC1966) of 1809
subjects, at 47 years of age, without previously diagnosed type 2 diabetes
and/or blood pressure medication. All participants underwent an OGTT
and glucose values were measured at 0, 30, 60 and 120 min. The retinop-
athy signs were diagnosed by fundus photography and classified accord-
ing to the Eurodiab classification scheme into four classes: no retinopathy,
mild non-proliferative DR, moderate non-proliferative DR, severe non-
proliferative DR and proliferative DR.
Results:The overall prevalence of newly diagnosed non-diabetic retinop-
athy was 1.4 %. The retinopathy signs were highly associated with in-
creased glucose levels at 30 min PG, 1-h PG and 2-h PG (p<0.05). After
adjustment with systolic blood pressure, 30 min PG and 1-h PGwere able
to recognize the participants with retinopathy signs despite the measure-
ments of fasting glucose, 2-h PG andHbA1cwere lying in a normal range
(p<0.05).
Conclusion: These findings support the potential role of increased 1-h
PG to the retinal microvasculature risk factor among non-diabetic popu-
lation and thus the diagnostic threshold values of type 2 diabetes and use
of 1-h PG might be reconsidered in the future.
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Supported by: State Research Financing of the Expert Responsibility area
of Oulu
Disclosure: A.E. Saunajoki: None.

1032
Carotid stiffness is associated with retinal microvascular dysfunc-
tion: the Maastricht study
T. Zhou1,2, F.C.T. van der Heide1,2, R.M.A. Henry1,2, A.J.H. Houben3,2,
A.A. Kroon1,2, C.J.H. van der Kallen3,2, P.C. Dagnelie4,5, S.J.P.
Eussen5,2, T.T.J. Berendschot6, J.S.A. Schouten7, M.T. Schram3,2,
M.M.J. van Greevenbroek3,2, A. Wesselius5, K.D. Reesink8,2, C.D.A.
Stehouwer1,2;
1Internal Medicine, Maastricht University Medical Centre, Maastricht,
2Maastricht University, CARIM School for Cardiovascular Diseases,
Maastricht, 3Internal Medicine, Maastricht University, Maastricht,
4CAPHRI Care and Public Health Research Institute, Maastricht,
5Epidemiology, Maastricht University, Maastricht, 6University Eye
Clinic, Maastricht University Medical Centre+, Maastricht, 7University
Eye Clinic, Maastricht University Medical Centre, Maastricht,
8Biomedical Engineering, Maastricht University, Maastricht,
Netherlands.

Background and aims:Diabetic retinopathy is one of the leading causes of
blindness and is preceded by impaired microvascular autoregulation.
However, determinants of these early changes are still unknown.We hypoth-
esized that greater arterial stiffness, measured by carotid and aortic stiffness,
may be such a determinant. Therefore, this study investigated the association
between arterial stiffness and retinal microvascular function.
Materials and methods: We used cross-sectional data from The
Maastricht Study, a type 2 diabetes (T2D)-enriched, population-based
cohort study (n=1838, 51% men, age 59.9±8.2 years, 14.9% diabetes,
28.4% T2D). We calculated standardized z-scores of carotid and aortic
stiffness (i.e. a lower carotid distensibility coefficient [DC] and a higher
carotid-femoral pulse wave velocity [cfPWV] indicate stiffer arteries) and
retinal microvascular function (i.e. flicker light-induced retinal arteriolar
and venular dilation). We used linear regression with adjustments for age,
sex, glucose metabolism status (GMS), mean BP, heart rate, waist cir-
cumference, lipid profile, the use of lipid-modifying and antihypertensive
medication, smoking, and alcohol consumption. In addition, we tested
whether these associations were modified by GMS or sex.
Results: After adjustment, lower carotid DC (per SD) was associated with
lower retinal arteriolar microvascular dilation (SD) (-0.059 [95%CI -0.117;
0.000]), but not with venular microvascular dilation (-0.042 [-0.099; 0.016]).
The associations were modified by GMS and sex. In T2D, lower carotid DC
was associated with lower retinal arteriolar microvascular dilation (-0.141 [-
0.246; -0.036]), but not in normal glucose metabolism or prediabetes (-0.063
[-0.142; 0.015], 0.164 [-0.334; 0.007], respectively). In men, but not in wom-
en, lower carotid DC was associated with lower venular microvascular dila-
tion (-0.088 [-0.171; -0.005], 0.034 [-0.118; 0.050], respectively). cfPWV
(per SD)was not associatedwith arteriolar (-0.018 [-0.079; 0.044]) or venular

(-0.022 [-0.080; 0.036]) microvascular dilation. Additional adjustment for
diet, physical activity and socioeconomic status did not materially change
our results.
Conclusion: Greater carotid stiffness, but not aortic stiffness, is associat-
ed with retinal arteriolar microvascular dysfunction. Hence, these results
support the concept that greater carotid stiffness may be determinant of
retinal microvascular dysfunction and diabetic retinopathy.
Supported by: DF, OF, ERDF, PoL, SDW, PSID, CVC, CARIM, CAPHRI,
NUTRIM, SA, HFL, JCBV, NN
Disclosure: T. Zhou: None.

1033
Association between pulse wave velocity and the severity of diabetic
retinopathy in type 2 diabetes
S. Chaung, C. Lee, M. Chien, S. Liu;
Division of Endocrinology and Metabolism, Department of Internal
Medicine, Mackay Memorial Hospital, Taipei City, Taiwan.

Background and aims: Pulse wave velocity (PWV) has been used as a
noninvasive clinical index of arterial stiffness. Previous studies have
shown that PWV is associated with the presence of diabetic
retinopathy(DR). Very few studies have discussed whether the PWV
value was related to the severity of DR. This study aimed to investigate
association between PWV value and severity of DR.
Materials and methods: The cross-sectional study recruited 846 patients
with T2DM, including 320 male subjects and 526 female subjects. All sub-
jects were identified as having no diabetic retinopathy(NDR), non-
proliferative retinopathy(NPDR), or proliferative retinopathy (PDR) based
on severity, as diagnosed by the ophthalmologist and using digital retinal
photographs primarily based on the Early Treatment Diabetic Retinopathy
Study (ETDRS) scale. Brachial-ankle PWV was divided by tertile(PWV 1st
tertile <1681cm/s, PWV 2nd tertile,1681-1963cm/s, PWV 3rd tertile
>1963cm/s). The multiple logistic-regression analysis was used to provide
adjusted odds ratios (ORs) for DR.
Results: PWV, duration of diabetes, blood pressure and fasting glucose level
were all significantly higher in subjects with NPDR or PDR than in individ-
uals with NDR. PWV was positively correlated with age, DM duration, DR
severity, hypertension, albuminuria and negatively correlatedwith eGFR.The
stage of diabetic retinopathy was associated with PWV(1816.9 ± 356.4 cm/s
in NDR (n= 632), 1972.5 ± 371.5 cm/s in NPDR (n = 162), and 2061.0 ±
340.7 cm/s in PDR (n= 52) (푃;< 0.001). After statistical adjustment with
confounding factors, high PWV remained significantly association with
NPDR, with increasing OR from the 2nd tertile (OR, 1.16; 95% CI: 0.60-
2.25, P=0.660) and 3rd tertile (OR, 2.02; 95% CI, 1.07-3.83, P=0.030) as
compared to the lowest tertile. Similarly, a gradual increasedOR for PDRwas
also associated with high PWV; OR, 1.39(95% CI, 0.32-5.97, P=0.657) for
2nd tertile and OR, 4.28(95% 1.12-16.35, P=0.033) for 3rd tertile.
Conclusion:Diabetic retinopathy was associated with arterial stiff-
ness in patients with type 2 diabetes. Our findings suggested that
high PWV is strongly associated with risk of the severity of DR,
especially in PDR.

Disclosure: S. Chaung: None.
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Validation of artificial intelligence eye screening for diabetic retinop-
athy: analysis from a pivotal multi-centre trial
E. Ipp1, B. Bode2, V. Shah3, K. Solanki4;
1LA BioMed Research, Los Angeles, 2Atlanta Diabetes Assocates,
Atlanta, 3Univ. of Colorado Denver, Aurora, 4Eyenuk, Inc., Los
Angeles, USA.

Background and aims: Artificial Intelligence (AI) eye screening
has the potential to make diabetic retinopathy (DR) screening
possible in general practice and endocrinology clinics. In this
study, we evaluated the EyeArt AI DR screening system against
a clinical reference standard (CRS) and compared it to the per-
formance of dilated ophthalmoscopy by general ophthalmologists
and retina specialists.
Materials and methods: A prospective study evaluated EyeArt AI
DR screening and dilated ophthalmoscopy against a CRS of ad-
judicated 4-wide field stereo image grading on ETDRS scale. 893
people with diabetes (1786 eyes) were enrolled at 15 study cen-
ters and underwent undilated 2-field fundus photography for anal-
ysis by the EyeArt system and dilated 4-wide field fundus pho-
tography for the CRS. Of these, 521 subjects at 10 centers also
underwent dilated ophthalmoscopy by a board-certified ophthal-
mologist (115 at retina specialty centers and 406 at non-retina
specialty centers). The performances of the EyeArt AI system
and dilated ophthalmoscopy were evaluated against the CRS at
eye-level for identifying referable DR (rDR) [moderate non-
proliferative or higher on the International Clinical Diabetic
Retinopathy severity scale or clinically significant macular ede-
ma]. Sensitivity, specificity, and gradability (percentage of eyes
for which negative/positive screening outcomes are available) are
reported with confidence intervals that adjust for correlation be-
tween eyes of the same subject.
Results: Of the 1786 eyes, 1392 eyes were rDR negative and 326
were rDR positive per the CRS and 68 eyes (3.8%) did not have
CRS due to image quality and were excluded from analysis.
Results (Table) indicate that the EyeArt AI system in undilated
eyes performed favorably and achieved high sensitivity and spec-
ificity against the CRS and met predetermined sensitivity and
specificity endpoints. Additionally, EyeArt had significantly
higher sensitivity than dilated ophthalmoscopy by ophthalmolo-
gists (p=0). With a dilation-if-ungradable protocol where dilated
images are used for a small (<18%) fraction of subjects who
received ungradable EyeArt results on undilated images,
gradability using the EyeArt system is comparable to that of di-
lated ophthalmoscopy. Stratification, based on whether subjects
were enrolled at retina specialty centers or not, demonstrates sig-
nificant variability and inconsistency in the sensitivity of dilated
ophthalmoscopy, but no significant differences in the EyeArt sys-
tem’s performance.
Conclusion: The EyeArt AI eye screening system for DR com-
pares favorably with the clinical reference standard using 4-wide
field stereo images and has significantly higher sensitivity (im-
proved safety) and consistency than dilated ophthalmoscopy.
Therefore, it is a promising alternative for DR screening with
the advantage of being accessible to patients at general practice
and endocrinology clinics.

Clinical Trial Registration Number: NCT03112005
Supported by: Funded in part by grants from the US NIH
Disclosure: E. Ipp: None.

1035
Cost effectiveness of individualised versus annual screening for dia-
betic retinopathy in the ISDR randomised controlled trial
M. James1, J.G. Lathe1, C. Sampson1, C. Cheynes2, M. Garcia2, I.
Stratton3, J. Vora4, H. Simon5, D. Broadbent5, ISDR;
1Division of Rehabilitation Ageing and Wellbeing, University of
Nottingham, Nottingham, 2LCTRC, University of Liverpool, Liverpool,
3Gloucester Retinal Research Group, Cheltnam, 4Department of Diabetes
and Endocrinology, University of Liverpool, Liverpool, 5Department of
Eye and Vision Science, University of Liverpool, Liverpool, UK.

Background and aims: As the prevalence of diabetes increases and
funding is constrained, varying the intervals in retinopathy screening,
informed by personalised risk estimates, could offer improved cost effec-
tiveness (CE) and patient targeting. We performed a health economic
evaluation of individualised risk-based screening run alongside the largest
randomised clinical trial (RCT) in diabetic eye screening.
Materials and methods: 4534 patients were randomised 1:1 to
individualised variable interval risk-based screening (intervention arm)
with intervals of 6 months (high risk), 12 months (medium risk) and 24
months (low risk), or to 12 month fixed interval screening (control arm).
The costs of routine screening were measured using a mixed micro-
costing and observational health economics analysis including patient
and attender costs. A detailed work place analysis, measuring resources
and staff time at each screening centre occurred. The first 868 eligible
patients enrolled into the RCT completed at baseline and follow-up visits
EQ-5D-5L, HUI3 questionnaires and a bespoke visit resource use ques-
tionnaire for attending screening. The cost of running the risk engine was
estimated at £1.81 per person (intervention arm)
Results: ITT within trial analysis at a two-year time horizon showed no
significant difference in QALY scores between the groups. At 2 years,
mean EQ5d-5L utility was 0.71(SE 0.022) for the intervention group and
0.71 (SE 0.020) for the control group. The corresponding HUI3 results
were 0.64 (SE 0.024) for the intervention group and 0.66 (SE 0.023) for
the control group. The incremental cost savings per participant were:
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NHS £19.17 rising to £26.52 with the inclusion of societal costs.
Bootstrapped complete case means, from an NHS perspective, deter-
mined an incremental net monetary benefit of £720 (SE 16) for the
EQ5d-5L, and £196 (SE 19) for the HUI3. Multiple imputation models
demonstrated minimal change in cost-effectiveness estimates.
Conclusion: Individual Risk based variable interval screening could be
cost effective in established screening programmes. In a large screen
population such as in Liverpool, annual savings in the region of £424k
in health service costs could be realised. Such resources could be used in
future screening programmes to target the hard to reach and potentially
most at-risk groups, andmaintain programmes facing the increasing prev-
alence of diabetes. Patients in the low risk groups would be spared the
inconvenience and cost of attending superfluous appointments. The
views expressed are those of the authors, not those of the NHS, NIHR
or Department of Health.
Clinical Trial Registration Number: ISRCTN 87561257
Supported by: NIHR UK
Disclosure: M. James: None.

1036
A genome-wide association study for sight-threatening diabetic reti-
nopathy in Chinese patients with type 2 diabetes: an Asian screening
array analysis
C.Y.Y. Cheung1, P.C.H. Lee1, K.K.K. Ng1, C.H.Y. Fong1, R.L.C.
Wong1, W.S. Chow1, Y.C. Woo1, M.M.A. Yuen1, K.C.B. Tan1, P.C.
Sham2, K.S.L. Lam1;
1Department of Medicine, The University of Hong Kong, Hong Kong,
2Department of Psychiatry, The University of Hong Kong, Hong Kong,
Hong Kong.

Background and aims:Diabetic retinopathy (DR) is the most com-
mon microvascular complication of type 2 diabetes (T2DM),
which if left unchecked, can lead to blindness. Previous
genome-wide association studies (GWAS) have identified a num-
ber of susceptibility variants showing significant associations with
DR in different ethnic groups. However, many of these associa-
tions could not be replicated. It has been suggested that the var-
iation in allele frequencies among different populations due to
diverse genetic composition may affect the detectability of the
risk variants. Therefore, it is important to perform population-
specific association analysis to detect novel population-specific
loci for DR. This study aimed to identify the sight-threatening
DR (STDR) susceptibility variants in Chinese subjects with
T2DM, using an Asian-focused genotyping array.
Materials andmethods:AGWAS on STDRwas conducted by genotyp-
ing 750 STDR cases and 750 non-STDR controls of Southern Chinese
ancestry, using the newly developed Illumina Infinium Asian Screening
Array (ASA). Single variant association analysis was performed on
503,039 single nucleotide polymorphisms (SNPs). Stringent quality con-
trol was applied on both sample- and SNP-levels to ensure high quality
genotype data. Associations between SNPs and STDR were examined
using the multiple logistic regression analysis with adjustment for age,
gender, duration of diabetes, haemoglobin A1c (HbA1c), presence of
hypertension and the first 5 principal components.
Results: The strongest association was detected at ANXA2 rs4775262
(Padjusted=2.28x10

-7; OR[95%CI]: 0.56[0.45-0.70]). ANXA2 encodes the
cytosolic Ca2+-dependent and phospholipid-binding protein, annexin A2,
which has been shown to play a key role in promoting angiogenesis. An
Asian-specific variant, rs75545041, of WNT4 (Wnt Family Member 4)
also showed a suggestive association with STDR (Padjusted=1.62x10

-6;
OR[95%CI]: 0.35[0.23-0.54]). This variant is monomorphic in
European and African populations but is polymorphic in Asian popula-
tions. Dysregulated canonical Wnt signalling has been shown to play a
causative role in many human ocular diseases, including DR.
Furthermore, we also identified a marginal association at an intronic

variant (rs3773643) of TGFBR2 (Padjusted=2.50x10
-5; OR[95%CI]:

1.62[1.29-2.02]). TGFBR2 encodes the receptor for the transforming
growth factor-beta (TGF-beta). TGF-beta signalling has been implicated
in the pathogenesis of DR.
Conclusion: We identified a number of novel genetic variants showing
suggestive associationswith STDR, some of which having potential func-
tional relevance. Our findings have provided novel insights into the ge-
netic architecture of STDR in Chinese patients with T2DM. Further rep-
lication studies in independent cohorts to validate our findings are
warranted.
Disclosure: C.Y.Y. Cheung: None.

1037
Evaluating an algorithm for screening intervals for diabetic retinop-
athy and the effect of HbA1c and hypertension
S. Byberg1, D. Vistisen1, M.E. Jørgensen1,2, M. Valerius1,3, J.N.
Hajari1,4, H. Lund-Andersen1,3;
1Steno Diabetes Center Copenhagen, Gentofte, 2National Institute of
Public Health, Copenhagen, 3Department of Ophthalmology, University
Hospital Glostrup, Glostrup, 4University Hospital Glostrup, Department
of Ophthalmology, Denmark.

Background and aims:Diabetic retinopathy (DR) screening is gen-
erally recommended once yearly. However, among diabetes pa-
tients with glycemic dysregulation, shorter intervals are recom-
mended. In a specialized diabetes center in Denmark, screening
intervals are based on quantitation of pathological findings in the
retina in a semi-automatic way, resulting in screening intervals
that are often longer than recommended. We assessed whether
screening intervals with planned interval lengths ≥12 months were
adequate for optimal patient outcomes and quantified the effect of
patient characteristics including HbA1c and hypertension on the
risk of experiencing adverse events.
Materials andmethods:A total of 19,576 intervals from 6000 type
1 and type 2 diabetes patients in the period 1/1-2003 to 1/5-2017
were assessed for occurrence of adverse events, defined as; 1) DR
progression requiring treatment, at the following screening date,
2) DR-related hospital contact within the planned interval.
According to Danish guidelines, patients were considered dysreg-
ulated if they had HbA1c levels ≥53 mmol/mol and/or hyperten-
sion (>130/80 mmHg) at the beginning of an interval. We
assessed the risk of adverse events in a logistic regression using
cubic splines to model the effect of HbA1c, stratified by hyper-
tension status. In the logistic regression, we only included inter-
vals where the diabetes duration was longer than five years, as
the risk of developing advanced DR before is very small.
Results: 16,943 (87%) of patient intervals followed the planned in-
terval and only 0.5% (n=87) of these experienced an adverse event.
The median interval length at our diabetes center was longer than
recommended; 18.7 (IQR: 14.6-25.7) months among well-regulated
patient intervals and 18.3 (IQR: 14.5-24.5) months among dysregu-
lated patient intervals. Intervals of dysregulated patients (86% of all
intervals) did not experience a higher proportion of adverse events,
compared with well-regulated patient intervals (0.5% vs. 0.4%,
p=0.35). Type 2 diabetes patient intervals had a higher proportion
of adverse events compared with type 1 diabetes (0.7% vs. 0.4%,
p<0.01). Diabetes duration and age were significantly higher in in-
tervals experiencing an adverse event compared with intervals with-
out any adverse events (median diabetes duration;16 vs. 22 years,
p<0.001 and median age; 56 vs. 66 years, p<0.001). There was a
non-linear effect of HbA1c on the risk of experiencing adverse events
which peaked around HbA1c-levels of 80 mmol/mol, with a 1%
probability of experiencing an event. Having hypertension slightly
increased the risk of experiencing adverse events. Only few intervals
had HbA1c levels >100 mmol/mol.
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Conclusion: The present study supports the validity of the current algo-
rithm. We found no association between dysregulation and adverse
events. However, there was a non-linear effect of HbA1c. Age, diabetes
duration and diabetes type were significantly associated with the risk of
experiencing adverse events. Further analyses will assess the optimal
screening interval for the individual patient.
Disclosure: S. Byberg: None.

1038
Normal waist circumference identifies type 2 diabetic patients at low-
er risk of retinopathy
L. Frittitta, M. Graziano, N. Carrubba, F. Furnari, R. Baratta, F.
Vinciguerra, A. Tumminia;
Endocrinology, Dept. Clinical and Experimental Medicine, University of
Catania, O.U. of Diabetes, Obesity and Dietetic Center, Garibaldi
Hospital, Catania, Italy.

Background and aims: An increasing amount of evidence demon-
strates that T2D patients have a wide spectrum of clinical pheno-
types that are related to different risks of developing diabetes-
related complications. In the present study we aimed to investi-
gate the correlation between abdominal adiposity and the preva-
lence of micro- and macrovascular complications in a cohort of
T2D outpatients.
Materials and methods: A cross sectional analysis was carried out
in 555 T2D individuals (314 males, 241 females) consecutively
referred to our diabetes center between January and June 2018.
Waist circumference (WC) ≥88 cm for females and ≥102 cm for
males was used to define an excess of abdominal fat. Body mass
index (BMI), glycated hemoglobin (HbA1c), smoking habit, mi-
crovascular (retinopathy, nephropathy, peripheral neuropathy) and
macrovascular (carotid artery and lower limb atherosclerosis,
stroke, myocardial infarction) complications were recorded for
each patient. Comparisons were conducted by Pearson χ2 test
for categorical variables and one-way analysis of variance
(ANOVA) for continuous variables. A multivariate logistic regres-
sion model was applied to correlate each study group to the risk
of diabetes complications.
Results: On the basis of BMI and WC patients were divided into
three groups: non-obese with normal WC (NObNWC, n=145),
non-obese with excess of abdominal fat (NObAF, n=186) and
obese (BMI ≥30 Kg/m2, n=224). All obese patients had an excess
of abdominal fat. Clinical characteristics of patients are summa-
rized in Table 1. NObNWC patients, compared to NObAF and
obese individuals, were predominantly males, had better glycemic
control and showed a significantly lower prevalence of diabetes
retinopathy (25% vs. 37% and 35% in NObAF and obese pa-
tients, respectively; p=0.04). Specifically, multivariate logistic re-
gression analysis accounting for possible confounders (age, gen-
der, smoking habit, BMI, HbA1c), demonstrated a significantly
lower risk of diabetes retinopathy in NObNWC group compared
to NObAF (OR 0.57, 95CI 0.33-0.99; p=0.04). A similar, al-
though not significant, trend was found in comparison to obese
individuals (OR 0.63, 95CI 0.28-1.42; p=0.14). In contrast, no
differences between the three groups were observed regarding
the other diabetic complications.
Conclusion:Our data suggest that, among non-obese T2D patients,
normal WC could help clinicians to detect those individuals at
lower risk of diabetic retinopathy. In our cohort of patients, this
supposed protective phenotype was significantly more prevalent
among males. Therefore, gender-specific prevention and interven-
tion programs, aiming to reduce abdominal fat distribution, could
favorably impact on the prevalence of diabetic retinopathy.

Disclosure: L. Frittitta: None.

1039
Causes of non-attendance at the diabetic eye screening service in
Wales, UK: a retrospective population analysis
R.L. Thomas, W.-Y. Cheung, J.M. Rafferty, S.D. Luzio, D.R. Owens;
Diabetes Research Unit Cymru, Swansea University, Swansea, UK.

Background and aims: Blindness due to diabetic retinopathy (DR) is
largely preventable, with the introduction of screening contributing to it
no longer being the leading cause of blindness in the working age popu-
lation in the UK. Further reductions in new blindness certification rates
can be expected from lowering non-attendance at screening clinics by
identifying those most likely to not attend by removing any barriers to
attendance.
Materials and methods:Data from 2008 - 2017 for 1,018,933 screening
events were extracted and linked to primary care data for 80% of the
population in Wales using the Secure Anonymised Information Linkage
(SAIL) databank. Non-attendance was defined as no screening occurring
within a 15month period following invitation. The Welsh Index for
Multiple Deprivation (WIMD) is the official measure of small area dep-
rivation and was used to assess deprivation. For comparisons between
attenders and non-attenders, T tests and χ2 tests were used, with a p value
of <0.05 to indicate statistical significance. Multivariate logistic regres-
sion analyses were performed to assess the association of the routinely
collected variables with uptake of screening.
Results: 218,954 people who had been invited for screening with con-
firmed Type 1 (T1DM, n=8610, 3.9%) or Type 2 diabetes (T2DM,
n=210,344, 96.1%) were reviewed. The overall screening appointments
uptake rate during this period was 84%. However, attendance rates fell
sharply from the age of 17 (82%) to 26 years (65%), rising again after the
age of 32 years and peaking at 67 years (90%). Those aged 18-34 years
had the lowest attendance rates irrespective of type of diabetes.
Multivariate logistic regressions (Table 1) showed that gender and age
had a different impact on people with T1DM and T2DM, whereas those
with a longer duration of either diabetes type were less likely to attend
screening, depicting a linear effect (odds ratio [0R] 0.970 T1DM, OR
0.972 T2DM). People with diabetes living in the more affluent areas of
Wales (WIMD) were more likely to attend screening, however the effect
was less for those with T2DM compared to T1DM and moving house
reduced screening attendance which was less in persons with T1DM
compared to T2DM. Previous retinopathy grade was the greatest
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predictor of attendance, with those with the worse grade of DR being
more likely to attend (OR 0.622 T1DM, OR 1.084 T2DM).
Conclusion: Higher grades of DR was the biggest predictor of subse-
quent attendance at DR screening. Providing education and service im-
provement strategies for those living in more deprived areas (especially
with T1DM) and those who move house (especially those with T2DM)
would improve uptake rates. Further analysis is required to assess the
factors that would improve uptake rates in those people aged 18-34 years.

Disclosure: R.L. Thomas: None.

1040
Optical coherence tomography for the detection of diabetic cystoid
macular oedema during routine care in seventeen diabetic care units
in Germany
T. Forst1,2, G. Michelson3;
1Clinical Research Services, Mannheim, 2Johannes Gutenberg
University, Mainz, 3Clinical Research Services, Erlangen, Germany.

Background and aims: Diabetic cystoid macular edema (DME) is a
common complication in patients with diabetes mellitus, with a high risk
of inherent risk of vision loss. Early detection and treatment of DME is
important to best preserve patients visual acuity. Compared to standard
ophthalmological fundoscopy, optical coherence tomography (OCT) ap-
pears to be a much more sensitive technology for the early detection of
DME. The aim of this study was to investigate the incidence of DME in a
cross sectional population of ambulatory diabetic care units using a por-
table OCT device.
Materials and methods: Optical coherence tomography (Spectralis
OCT, Multicpectra Camera®; Heidelberg Engineering, Germany) was
performed in 17 specialised ambulatory diabetes sites across Germany.
In total, 1538 diabetic patients (706 women; age: 61.6 ± 5.2 years; dura-
tion of diabetes: 14.8 ± 2.1 years; HbA1c: 7.4 ± 0.7 %; systolic RR: 134 ±
6 mmHg; diastolic RR 78 ± 3 mmHg; mean ± SD) were screened for
DME. Telemetric evaluation of the OCT investigations achieved at the 17
diabetes sites was performed at the Interdisciplinary Centrum for
Ophthalmological Preventive Medicine at the Friedrich Alexander
University Erlangen Germany.
Results: In 155 patients (10.1%) cystoid macular edema and in 241
patients (15.6%) retinal bleedings were observed. 122 of the 155 patients
with DME received a further telephone visit where 33 patients (27%)
reported that they were aware of the DME; while in 89 patients (83%)
DMEwas unknown. A significant association could be observed between
the incidence of DME and age (r=.167; p<.0001), duration of diabetes
(r=.138; p<.0001) and systolic blood pressure (r=.131; p<.0001). Retinal
bleedings were detected in 241 patients and were found to be associated
with age (r=.106; p<.0001), and duration of diabetes (r= .220; p<.0001).

Conclusion: In clinical routine many patients with diabetes mellitus suf-
fer from undetected DME. The consequent use of optical coherence to-
mography in patients with diabetes mellitus would allow an earlier diag-
nosis of DME, and thereby amore timely and comprehensive treatment of
this vision threatening disease.
Supported by: Bayer
Disclosure: T. Forst: None.

1041
Evaluation of novel adipokines (omentin-1, apelin and chemerin) as
potential biomarkers of presence and severity of diabetic retinopathy
in type 2 diabetes patients
M. Yasir1,2, G.P. Senthilkumar2, K. Ramesh-Babu3, M. Vadivelan4;
1Biochemistry, NEIGRIHMS, Shillong, 2Biochemistry, JIPMER,
Pondicherry, 3Ophthalmology, JIPMER, Pondicherry, 4Medicine,
JIPMER, Pondicherry, India.

Background and aims: Diabetic retinopathy (DR) affects about 22% of
the 73 million diabetes patients in India. DR has complex patho-
physiology involving insulin resistance (IR), oxidative stress, inflamma-
tion but mechanism remains unclear. Also, there is lack of reliable circu-
latory biomarkers for early diagnosis of DR especially vision threatening
diabetic retinopathy (VTDR). Adipokines have recently been implicated in
obesity and diabetes mellitus. Apelin mediate insulin sensitivity and path-
ological angiogenesis. Chemerin is a chemo-attractant adipokine involved
in inflammation, obesity and IR. Omentin-1, insulin sensitizing molecule,
increases glucose uptake in human adipocytes. We aimed to evaluate the
serum levels of omentin-1, apelin, and chemerin and to find their correla-
tion with DR severity in type 2 diabetes mellitus patients.We also aimed to
investigate their relationship with insulin resistance and dyslipidemia.
Materials and methods: In this cross-sectional study, 168 T2DM patients
were recruited and grouped equally into No DR (NDR), Non-proliferative
DR (NPDR) and Proliferative DR (PDR). Severe NPDR and PDR were
taken together as VTDR. Anthropometric and routine biochemical data were
collected. SerumApelin, chemerin, omentin-1, hs-crp and insulin levels were
determined using standard ELISA kits. Insulin resistance was evaluated by
HOMA-IR, HOMA-B, and triglycerides-glucose index (TyG).
Results: Omentin-1 levels in NPDR and PDR were low compared to NDR
group (p<0.001). Chemerin and apelin level in PDR were high compared to
NDR (p= 0.002 and <0.001 respectively). Spearman’s correlation showed
omentin-1 (r= -0.282, p<0.001), apelin (r= 0.416, p<0.001), chemerin (r=
0.283, <0.001), HOMA-IR and TyG were significantly associated with DR
severity. Bivariate analysis showed omentin-1 had significantly negative cor-
relation with triglycerides, hs-crp, TyG but positive correlation with HOMA-
B, while apelin correlated positively with chemerin (r= 0.378, p<0.001).
Logistic regression models, adjusted for gender and age, showed highest
quartiles of omentin-1, apelin, chemerin were associated with DR with odds
ratio of 0.176, 5.616 and 7.295 respectively. With VTDR, apelin associated
better than others. ROC curve analysis revealed that omentin-1, apelin,
chemerin were associated with DR with areas of 0.730, 0.719, 0.726 respec-
tively, and with VTDR with areas of 0.676, 0.799, 0.670 respectively.
Conclusion: Negative correlation of omentin-1 with inflammation, insulin
resistance and dyslipidemia explain its inverse association with DR severity.
Positive correlation of apelin with chemerin might explain the role of
chemerin in angiogenesis in PDR stage. Interestingly, we found sexual di-
morphism in the level of apelin only. Our findings suggest decreased
omentin-1 and increased apelin and chemerin significantly increases the odds
of presence of DR and apelin best explained the presence of vision threaten-
ing retinopathy. Impressing finding from our study was the better perfor-
mance of TyG than HOMA-IR as a marker of insulin resistance in diabetic
retinopathy. Our study suggests that adipokines act as mediators in the patho-
physiology of DR and they are potential novel circulatory biomarkers of DR
presence and severity in type 2 diabetes patients.
Supported by: JIPMER Intramural research grant
Disclosure: M. Yasir: None.
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1042
RANKLblockade suppresses pathological angiogenesis and vascular
leakage in ischaemic retinopathy
S. Ock1, J. Lee2, J. Kim1;
1Chung-Ang University, Seoul, 2Yeungnam University, Daegu, Republic
of Korea.

Background and aims: Proliferative diabetic retinopathy (PDR) is char-
acterized by the presence of neovascularization arising from the ischemic
retina. In addition to the risk of acute visual loss, the incidence of cardio-
vascular disease events is higher in patients with PDR. Receptor activator
of NF-κB ligand (RANKL) is a member of the TNF superfamily, best
known for its role in regulating immune response and bone remodeling
through the binding of its receptor RANK. It has been shown that
RANKL increases endothelial permeability and induces angiogenesis
suggesting critical roles in the vasculature. Despite this in vivo evidence
implicating RANKL in vascular pathology, the role for RANKL in reti-
nopathy has not been previously reported. We observed high RANKL
protein expression in the aqueous humor of patients with PDR compared
with control patients. This prompted us to investigate the effects of
RANKLblockade in mousemodel of ischemic retinopathywhichmimics
PDR.
Materials and methods: Neonatal mice were exposed to 75% oxygen
from postnatal day (P)7 to P12 to induce vaso-obliteration and then
returned to room air from P12 to P17 causing the retina to become hyp-
oxic and inducing vascular endothelial growth factor (VEGF) signaling,
which produces pathological neovascularization. On P12, the mice re-
ceived a single intravitreal injection of control IgG1 (100 ng in 1 μl
PBS) or RANK-Fc (100 ng in 1 μl PBS) and retinas were obtained at P17.
Results: At P17, RANKL was expressed strongly and selectively at the
neovascular tufts (NVT) area. To investigate cellular sources of RANKL
from NVT, double immunofluorescence staining was performed.
RANKL was colocalized with αSMA in NVT. However, CD31 positive
areas were not the same as RANKL via co-immunostaining which indi-
cates that RANKLmight be produced by retinal pericytes, not endothelial
cells. Consistent with this finding, chemical hypoxia upregulates RANKL
expression in cultured human retinal pericytes but not in endothelial cells.
Although the pathological significance of pericyte-derived RANKL ac-
cumulation in NVT remains unknown, our results clearly uncovered tem-
poral association between RANKL and neovascularization in the retina.
Treatment with RANK-Fc markedly reduced the NVT area by 54.8%
compared to mice with IgG1 injection (P < 0.05). In contrast, central
avascular region of RANKL-Fc retina was comparable to controls. In
addition, we assessed retinal vascular permeability using FITC-labeled
dextran. RANK-Fc treated mice displayed decreased vascular leakages
(39.3%) compared to mice injected with IgG1 (P < 0.05). Furthermore,
intravitreal injection of RANKL-Fc restores functional blood vessels at
P17.
Conclusion: Our work supports use of RANKL blockade as a potential
therapeutic approach against ischemic retinopathies such as PDR.
Supported by: National Research Foundation of Korea
Disclosure: S. Ock: None.

1043
Role of ER stress in hypoglycaemia-induced mouse retinal cell death
D. Fresia, E. Cannizzaro, A. Borgo, R. Roduit;
Jules-Gonin Ophthalmic Hospital, Asile des Aveugles, Lausanne,
Switzerland.

Background and aims: Glucose is one of the most important metabolic
substrate of the retina and maintenance of normoglycemia is an essential
challenge for diabetic patients. Glycemic excursions could lead to serious

side effects, including retinopathy. A vast body of literature exists on
hyperglycemia namely in the field of diabetic retinopathy, but very little
is known about the deleterious effect of hypoglycemia.When the cells are
in hypoglycemic conditions, several pathways can be triggered: apopto-
sis, autophagy, and pathways linked to endoplasmic reticulum (ER)
stress. We recently showed that hypoglycemia-induced retinal cell death
in mouse, with the implication of the glutathione (GSH) scavenger pro-
tein. In addition, low glucose conditions are associated with autophagy
defects in 661W photoreceptor cells and retinal explants.
Materials and methods: To study the ER stress in hypoglycemic condi-
tions, we cultured 661W photoreceptor cells and retinal explants at di-
verse (1mM/25mM) glucose conditions and analyzed ER stress markers
by qPCR and Western Blot analysis. We use the ERAI (“ER stress-
activated indicator”) mouse model to test ER stress ex vivo, by culturing
retinal explants at different glucose conditions and in vivo by doing a 5-
hours hyperinsulinemic/hypoglycemic clamp.
Results: We first showed the cleavage of XBP1 and the upregulation of
many ER stress genes (BIP, CHOP, ATF4 and 6) at mRNA and protein
level. As low glucose induces a decrease of GSH level, we tested the role
of GSH alone, using an inhibitor of its synthesis. No ER stress is induce
when GSH is chemically decrease by buthionine sulphoximine (BSO),
suggesting that GSH is not implicated in this pathway. We further ana-
lyzed the ERAI mice by Tunicamycin (ER stress activator) intraocular
injection suggesting that these mice could be a useful model for our
purpose. We tested ER markers (XBP1 cleavage) on ERAI retinal ex-
plants. The ERAI mice will be also studied in hypoglycemic situation,
namely during a 5-hours hypoglycemic clamp.
Conclusion: Low glucose causes ER stress in retinal cells, but GSH does
not seem implicated. A better understanding of the molecular mecha-
nisms induced by hypoglycemia that trigger cell death, autophagy defects
and ER stress may lead to new ways of preventing retinal degeneration
and decrease eyesight in diabetes.
Supported by: FNS 31003A_166119 / Foundation "Art & Vie"
Disclosure: D. Fresia: None.

1044
Evaluation of fenofibrate action in diabetic retinopathy using a novel
retinal triple culture model
R. Churm1, L. Cranny1, M. Salih1, S.L. Prior1, R.L. Thomas1, S.
Banerjee2, D.R. Owens1;
1Swansea University, Swansea, 2Cardiff and Vale Health Board, Cardiff,
UK.

Background and aims: Fibrates have been shown to slow diabetic ret-
inopathy (DR) progression in individuals with DR, independent of their
lipid lowering capabilities. Current literature suggests the effect of fibrates
on the blood-retinal-barrier is via mediation of vascular endothelial
growth factor (VEGF) and inflammation.We aim to investigate themech-
anistic effect of fenofibrates within a novel in vitro human retinal model.
Materials and methods: Triple culture model was optimized prior to
analysis. Triple-culture media contained endothelial medium and high
glucose [25 mmol] DMEMmixed (1:2) medium. Retinal pigment epithe-
lium cells (RPE) (ARPE-19, ATCC) were cultured in a 6-well dish. RPEs
were prepared for all experiments at passage 6, requiring maturation and
the formation tight-junctions with transepithelial resistance for 28 days.
Day 28, culture required addition of Müller glial (MIO-M1, UCL) cells
and day 32 for human retinal microvascular endothelial cells (HRMVEC-
ACBRI181, Cell systems). MIO-M1 at passage 34 were seeded onto the
basal side of a Transwell® membrane. On day 32, HRMVECs were
seeded on the apical surface of the membrane insert, cells reach optimal
confluency for dosing after 48 hours. Cells were dosed according to the
therapeutically active range of fibric acid (fenofibrate metabolite) [25 μM
and 50 μM] and a PBS control [0 μM] for 48 hours, media and dose
replenished every 24 hours. Total RNA of each cell type was extracted at
48 hours. Gene expression analysis of VEGF and interleukin 6 (IL-6)
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were measured using real time PCR and analysed using the 2-ΔΔCT meth-
od. Relative fold change (FC) values normalized to β-actin and compared
to 0 μM fibric acid, a range of -1.5 to 1.5 deemed as no change in
expression. Cell supernatants were used to assess the release of VEGF
using an ELISA. All data were analysed using SPSS V25.
Results: VEGF expressionwas downregulated post 25μMand50μMfibric
acid exposure in HMVREC (-3.9 and -2.5 FC, respectively, both p<0.05).
There was no significant change in VEGF expression for either Müller glial
cells or RPE’s (25μM; p=0.50 and p=0.70, 50μM; p=0.36 and p=0.56, re-
spectively). VEGF levels in our triple cell culture system were significantly
decreased post fibric acid exposure at both 25μM (6384.8 v 3923.9 pg/mL,
p<0.05) and 50 μM (6384.8 v 5508.1 pg/mL, p<0.05). IL-6 expression was
significantly decreased in all cell types post fibric acid dosing at 25 μM(RPE;
-5.9 FC, p<0.01, Müller glial; -21.2 FC, p<0.001, HMVREC; -3.8 FC,
p<0.01) however, at 50 μM IL-6 expression was only significantly altered
in RPE’s and Müller glial cells (-10.9 FC, p<0.01 and -12.8 FC, p<0.05,
respectively), no change was observed in HMVREC (±1.2 FC, p=0.37).
Conclusion: This study demonstrates that fibric acid at a therapeutic level
causes a decline in VEGF expression within HMVREC and a resultant
decline in VEGF release within our triple culture. This VEGF-response
can be linked to a decline in IL-6 expression, we hypothesis HMVREC
specific-response in VEGF expression may down regulate IL-6 expression
in both Müller glial and RPE cells of the blood-retinal-barrier. Therefore,
the use of a novel in vitro retinal model allows for further insight into
fenofibrates mechanism and beneficial action in DR. Our results provide
evidence for fenofibrate down regulating VEGF expression which may
induce a multicellular (Müller glial and RPE) anti-inflammatory response
within the retina, delaying the progression of DR.
Supported by: SDMF
Disclosure: R. Churm: None.

1045
Usefulness of liquid biopsy of aqueous humor biomarkers in
predicting anti-VEGF response in diabetic macular oedema: results
of a pilot study
O. Simo-Servat1, C. Hernández1, L. Briansó1, M. Mesquida2, E.
Nogoceke2, P. Udaondo3, R. Simó1;
1Diabetes andMetabolismUnit, Vall d'Hebron Research Institute, Barcelona,
Spain, 2Roche Pharma Research and Early Development, Roche Innovation
Center, Basel, Switzerland, 3Ophthalmology Deparment, Nuevo Hospital
Universitario y Politécnico La Fe, Valencia, Spain.

Background and aims: Intravitreal injections anti-VEGF agents and ste-
roids are currently used for the treatment of diabeticmacular edema (DME).
However, the selection criteria of the type of treatments are not based on
pathophysiological reasons and the response is variable. Themain objective
of the present studywas to investigate the usefulness of a panel of cytokines
obtained from aqueous humor from patients with DME as predictors of the
clinical response after intravitreal injections of anti-VEGF agents.
Materials and methods:Aqueous humor (AH) samples obtained prior to
anti-VEGF injection from 31 type 2 diabetic patients were analyzed.
Patients were classified according anti-VEGF response in 3 groups: rapid
responders (n=11), slower responders (n=11), and non-responders (n=9).
An additional group (n=7) with a good response to corticosteroids, but
with previous failure response to anti-VEGF therapy were included.
Clinical response to anti-VEGF was defined according to changes in cen-
tral retinal thickness, analyzed by optical coherence tomography (OCT),
after 3 monthly intravitreal injection of anti-VEGF as: A) Rapid response:
reduction >50% of in central retinal thickness (CRT) at 3 months. B) Slow
response: reduction between 10-50% of CRT at 3 months, but >50% at 6
months. C) No response: < 20% reduction in CRT at 3 and 6 months.
Response to corticosteroids was established after the first injection and
defined as greater than 50% reduction in CRT at 6-8 weeks. Levels of 17
different cytokines, chemokines, and growth factors (including VEGF and
PIGF) in AH were measured using a multiplex immunoassay.

Results: We found higher levels (pg/ml) of VEGF in AH in rapid re-
sponders vs. non-responders (62.2[0-484] vs. 0 [0-75]; p=0.036). In ad-
dition, slow-responders to anti-VEGF showed higher levels of inflamma-
tory markers (IL-6, IL-8, TNFR1, TNFR2 and MMP-9) than rapid re-
sponders, but did not reach statistical significance. Finally, those patients
who responded to corticosteroids but not to anti-VEGF therapy showed a
significant lower levels of VEGF than patients with rapid response (0 [0-
27] vs. 62.1 [0-484]; p=0.01).
Conclusion: The use of aqueous humor obtained during the first injection
(“liquid biopsy”) could be useful for examining whether the predominant
event is the increase of VEGF or other factors. This approachwould allow
us to select a more rational and probably a most cost-effective treatment.
Further studies to validate this preliminary results are warranted.
Disclosure: O. Simo-Servat: None.

1046
Thyroid stimulating hormone aggravates diabetic retinopathy
through TSHR-dependent mitochondrial apoptosis pathway
D. Lin, L. Guo;
Department of Endocrinology, Beijjing Hospital, National Center of
Gerontology, Beijing, China.

Background and aims: Diabetic retinopathy (DR) is one of the most
common microvascular complications of diabetes mellitus (DM) and the
primary cause of blindness among adults. High glucose induced mitochon-
drial apoptosis played a switch role in the development of retinal microvas-
cular pericytes (PCs) loss both in vivo and in vitro, whichwas considered to
be a predominant pathologic change of the early stage of DR. The higher
serum thyroid stimulating hormone (TSH) level was recognized to be as-
sociated with increased prevalence of DR in patients with both DM and
subclinical hypothyroidism (SCH). However, the effects and underlying
mechanisms of elevated TSH on PCs were still ambiguous in DR. Here
we investigated whether TSH regulated glucose-induced PCs apoptosis
through TSH- receptor (TSHR)-dependent mitochondrial pathway.
Materials andmethods: In our study, the expression of TSHRprotein and
mRNAwere examined via western blot and PCR, respectively to investi-
gate whether TSHR was present in PCs. human thyroid follicular epithelial
cells (Nthy-ori 3-1) was used as positive control. Simultaneously, cellular
cAMP concentrations were examined via ELISA after cells being subjected
to Forskolin (a potent adenylate cyclase activator) or bovine TSH (bTSH)
for 1 hour to evaluated the bioactivity of TSHR. PCs were collected after
incubated without or with different concentrations of glucose (10mM,
20mM, 30mM) for 24 hours to detect glucose-induced mitochondrial apo-
ptosis via the examination of reactive oxygen species (ROS), mitochondrial
membrane potential (ΔΨm), lipid peroxidation (MDA), ATP concentra-
tion, TUNEL dye, Annexin V-FITC/PI and apoptosis-related proteins were
measured via western blot, such as Bcl-2, Bax, P53, PDCD5, caspase 9,
cleaved caspase 9, caspase 3 , cleaved caspase3 and the release of cyto-
chrome C . Thence, the cells were subjected to high-glucose (30mM) with-
out or with different concentrations of bTSH (1uM, 2uM, 4uM) for 24
hours to observe the effects of TSH on glucose-induced apoptosis.
Results: Our data demonstrated that TSHR protein was present in PCs.
The mRNA of TSHR could also be detected in PCs, and had the same
sequence with that derived from Nthy-ori 3-1 cells. Moreover, bTSH
could stimulate cAMP production in PCs. Glucose inducedmitochondrial
apoptosis in PCs in a dose-dependent way, evidenced by increased ROS,
MDA and apoptosis cells, decreased ΔΨm and ATP concentration.
Meanwhile, glucose upregulated the expression of pro-apoptosis proteins,
such as Bax, P53, PDCD5, downregulated the expression of anti-
apoptosis proteins, such as Bcl-2 and the ratio of Bcl-2/Bax, which further
increased the release of cytochrome C from mitochondrial matrix to cy-
toplasm to promote apoptosis through increasing the expression of
cleaved caspase9 and cleaved caspase 3. Furthermore, after being treated
with bTSH, mitochondrial dysfunction and cell apoptosis were worsened
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in a dose-dependent way, which revealed that bTSH had the synergistic
function with glucose and aggravated glucose-induced apoptosis.
Conclusion: These findings demonstrated that TSHR was present and
functional in human PCs, and provided insights that elevated TSH might
aggravate high glucose-induced PCs loss through TSHR-dependent mi-
tochondrial apoptosis pathway.
Disclosure: D. Lin: None.

1047
New insights into the mechanisms of action of topical administration
of GLP-1 in an experimental model of diabetic retinopathy
J. SampedroVida, P. Bogdanov, H. Ramos, C. Solà-Adell,M. Turch,M.
Valeri, O. Simó-Servat, C. Lagunas, R. Simó, C. Hernández;
Vall d’Hebron Research Institute, Barcelona, Spain.

Background and aims: The main goals of this work were to assess
whether the topical administration of GLP-1 could revert the impairment
of the neurovascular unit induced by long-term diabetes (24 weeks) in
diabetic mice and to look into the underlying mechanisms.
Materials and methods: For that reason, db/db mice were treated with
eye drops of GLP-1 or vehicle for 3 weeks. Moreover, db/+ mice were
used as control. Studies performed in vivo included ERG and the assess-
ment of vascular leakage by using Evans Blue. NF-κB, GFAP and Ki67
proteins were analyzed by immunofluorescence (IF). Additionally,
AMPK, IκBα, NF-κB, AKT, GSK3β, β-catenin, Bcl-xl, VEGF and
caspase 9 were analyzed by WB. Finally, VEGF, IL-1β, IL-6, TNF-α,
IL-18 and NLRP3 were studied by RT-PCR and immunofluorescence.
Results: We found that topical administration of GLP-1 reverted reactive
gliosis and albumin extravasation, and protected against apoptosis and retinal
dysfunction. Regarding the involved mechanisms, GLP-1 exerted an anti-
inflammatory action by decreasing NF-κB, inflammosome, and pro-
inflammatory factors. In addition, it also decreased VEGF expression.
Furthermore, GLP-1 promoted cell survival by increasing the anti-apoptotic
protein Bcl-xl and the signaling pathway Akt/GSK3b/β-catenin. Finally,
Ki67 results revealed that GLP-1 treatment could induce cell regeneration.
Conclusion: In conclusion, the topical administration of GLP-1 reverts
the impairment of the neurovascular unit by modulating essential path-
ways involved in the development of diabetic retinopathy (DR). These
beneficial effects on the neurovascular unit could pave the way for clin-
ical trials addressed to confirm the effectiveness of GLP-1 in early stages
of DR.
Supported by: DTS15/00151, SAF2016-77784, AGAUR grant and BES-
2017-081690
Disclosure: J. Sampedro Vida: None.

1048
MicroRNA-124a prevents retinal vasoregression
J. Lin1, A. Schlotterer1, L. Yang1, N. Dieterich1, B. Kraenzlin2, S.
Hoffmann2, N. Gretz2, H.-P. Hammes1;
15th Medical Department, Medical Faculty Mannheim, Mannheim,
2Medical Research Center, Medical Faculty Mannheim, Mannheim,
Germany.

Background and aims: MicroRNA-124a is the most abundant
microRNA in the neurons and glial cells of the retina. MicroRNA-124a
regulates microglial polarization and modulates microglia-mediated
immune/inflammatory response. MicroRNA-124a is involved in retinal
neurodegenerative diseases. However, it is unknown if microRNA-124a
plays a role in retinal vasoregression. This study aims to investigate the
effect of microRNA-124a on retinal vasoregression in a rat model of
polycystic kidney disease (PKD).
Materials and methods:MicroRNA-124a was administered by intravit-
real injection to transgenic PKD and control SD rats at the age of 8 and 10
weeks. At 12 weeks multifocal electroretinography (mfERG) and retinal

morphometry were assessed. Microglial activation was analyzed by
CD74/Iba1 immunofluorescences. MicroRNA-124a expression and lo-
calization were assessed by in situ hybridization. Microglial cells were
transfected with microRNA-124a and their migration was evaluated by
trans-well assay. Gene expressions were quantified by real time PCR.
Results: MicroRNA-124a was expressed in ganglion cells, in the inner
nuclear layer and outer segments of photoreceptors of control rats and its
expression was reduced in the PKD rats. Neurodegenerative retinas dem-
onstrated increased pericyte loss by 38% and a 3.7 fold increase in pericyte
migrating compared to SD rats, while microRNA-124a prevented pericyte
loss and migrating away from vessels. There was a 5.8-fold increase in
acellular capillary formation and 5-fold strongermicroglial activation com-
pared to controls.MicroRNA-124a inhibited TNF-α, Il-1β, CD74, TGF-β
and IFN-γ expression and increased Arginase 1 and Il-10 expression.
Exogenous microRNA-124a reduced vasoregression, inhibited pericyte
migration, ameliorated neuronal functions and suppressed microglial acti-
vation as well as inflammatory cytokine expression.
Conclusion: MicroRNA-124a expression is localized in retinal neurons,
especially in ganglion cells, the inner nuclear layer and photoreceptors.
MicroRNA-124a expression is reduced in neurodegenerative retinae.
Exogenous microRNA-124a inhibits microglial activation and expres-
sions of inflammatory cytokines as well as vasoregression. MicroRNA-
124a can serve as potential therapeutic target in retinal vasoregression and
neurodegeneration.
Supported by: EYEnovative
Disclosure: J. Lin: None.

1049
Diabetic retinopathy in well-controlled type 2 diabetes: the role of
glycaemic memory
C. Ducos1, M. Rigo1, A. Larroumet1, M.-N. Delyfer2, J.-F. Korobelnik2,
M. Monlun1, N. Foussard1, P. Poupon1, M. Haissaguerre1, L. Blanco1, K.
Mohammedi1, V. Rigalleau1;
1Hospital Haut Lévêque, Endocrinology-Nutrition Department, CHU
Bordeaux, 2Hospital Pellegrin, Ophtalmology Department, CHU
Bordeaux, France.

Background and aims: Diabetic Retinopathy (DR) can occur in well-
controlled patients with Type 2 Diabetes (T2D). We sought whether it
could be related to their "glucose memory": HbA1c from previous years
and skin autofluorescence (SAF).
Materials and methods: In well-controlled (HbA1c ≤ 8%) patients with
T2D, we collected retrospectively available values of HbA1c from the
previous years andwemeasured the SAFwith anAGE-Reader. By binary
logistic regression analysis, we related DR to the HbA1c at each previous
time and to SAF, adjusted for risk factors for DR: age, gender, BMI,
arterial hypertension and Diabetic Kidney disease (DKD), blood lipids
and statin treatment, and duration of diabetes.
Results:Our 334 patients weremainlymen (58.4%), 63±10 years old, with
13±10 years duration of diabetes, their HbA1c was 7.1±0.7%. Eighty-four
subjects (25.1%) had a DR, associated to a + 6 years longer duration of
diabetes and to nearly twice more DKD. After adjustment, the relation
between DR and having a HbA1c higher than the median was significant
only for the most ancient HbA1c: OR = 6.75 (95%CI:1.90-23.90). The
SAF were higher for DR cases: 2.95±0.67 A.U. vs no DR: 2.65±0.65
(p<0.05), and were related to the most ancient HbA1c: ß=+0.24 (p<0.01).
AFC was also higher than median in 67.9% of DR cases vs 44.4%
(P<0.005), remaining significant after adjustment: OR=2.23 (1.22-4.07).
Conclusion: Our study shows that in well-controlled T2D, the oldest
available value of HbA1c is an independent factor associated with dia-
betic retinopathy while the current HbA1c is not. This highlights the
strong relation between “glycemic memory” and retinopathy in these
patients, which could be evaluated with a simple and non-invasive meth-
od: the skin autofluorescence.
Disclosure: C. Ducos: None.
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Not diabetic polyneuropathy but muscle strength and fasting C-
peptide levels are important predictors for falls in subjects with
diabetes
Y. Suzuki1, H. Suzuki2, T. Ishikawa3, Y. Yamada3, S. Yatoh2, Y. Sugano2,
H. Iwasaki2, M. Sekiya2, N. Yahagi2, Y. Hada1, H. Shimano2;
1Department of RehabilitationMedicine, University of Tsukuba Hospital,
Tsukuba, 2Department of Internal Medicine (Endocrinology and
Metabolism), Faculty of Medicine, University of Tsukuba, Tsukuba,
3IBM Research, Tokyo, Japan.

Background and aims: The risk of falls in diabetic subjects is higher
than that in nondiabetic subjects. Several risk factors such as diabetic
polyneuropathy (DPN), lower-extremity muscle strength and balance ca-
pability are involved in incidence of falls. However, there is no report that
comprehensively analyzed these risk factors. In this study, we collected
data on muscle strength, balance capability, body composition, diabetic
microvascular and macrovascular complications, and laboratory exami-
nations as risk factors for falls and aimed at identifying important predic-
tors for falls.
Materials and methods: We conducted a questionnaire survey on falls
for one year after discharge in 333 of diabetic subjects who had been
hospitalized due to poor glycemic control and assessed for physical ca-
pability. The responses were obtained form 233 subjects (107 females,
mean age 55.5 ± 14.9 years). To capture nonlinear and complex high-
order interaction effects, in addition to the logistic regression analysis, we
used the random forest method, one of the nonlinear and nonparametric
methods from machine learning.
Results: Forty-three of 233 (18.5%) had one or more fall experiences one
year after discharge. Age, female sex, higher vibration perception thresh-
old (VPT), past history of falls in one year at the admission, boy fat
percentage and fasting serumC-peptide levels (F-CPR) were significantly
higher and height, one-leg standing time with eyes opened (OLS), grip
strength, knee extension strength, knee extension strength endurance,
dorsiflexion strength (ankle joint), toe pinch force, skeletal muscle per-
centage and skeletal muscle mass index (SMI) were significantly lower in
the subjects with falls compared with those without falls. Type of diabe-
tes, retinopathy, nephropathy, index of postural stability (IPS) and type of
anti-diabetic medication used were not significantly different between the
two groups. The significantly different variables and IPS were used as
explanatory variables for further analyses. Knee extension strength, past
history of falls, F-CPR and female sex were independent predictors of
falls in a logistic regression analysis, whereas variables with high impor-
tance were in the order of grip strength, knee extension strength,
dorsiflexion strength, F-CPR, knee extension strength endurance, IPS,
height, SMI, skeletal muscle percentage, age, body fat percentage,
OLS, past history of falls, sex and higher VPT in a random forest method.
Conclusion: In both models, muscle strength is more important predic-
tors for falls than DPN. Remaining F-CPR implicates that the existence of
insulin resistance might be involved in the risk of falls.
Disclosure: Y. Suzuki: None.

1051
Features of the pancreas shear wave elastography with ultrasonog-
raphy in Japanese type 2 diabetes
M. Furuta1, H. Yamaoka1, H. Furuta2, T. Akamizu2;
1Clinical Laboratory Medicine, Wakayama Medical University,
Wakayama, 2First Department of Medicine, Wakayama Medical
University, Wakayama, Japan.

Background and aims: Shear wave elastography using ultrasound
equipment presents a method for determining the elasticity of the target
tissue with the velocity of shear waves of the target tissue. Originally, the

procedure was developed as a non-invasive investigation for the diagno-
sis of liver fibrosis. Concerning the velocity of shear wave of the pancre-
as, a few investigators have reported that increasing of the shear wave
velocity as stiffened tissue due to the tissue fibrosis. The aims of this study
were to establish shear wave elastography of the pancreas by comparing
measurements in patients with type 2 diabetes (T2DM) and age and Body
mass index (BMI) matched non diabetic subjects (NDM). NDM with
chronic pancreatitis were excluded. Our aim in this study is to consider
whether this method could contribute to the screening of T2DM.
Materials and methods: Our study included 343 patients with 201
T2DM (105 men, 96 women) and 142 NDM (80 men, 62 women) as
controls. Ultrasonographic measurements were performed with
ARIETTA 850 (HITACHI, Chiba, Japan) with 3.75MHz convex trans-
ducer and the Shear Wave Measurement (SWM) method. Serum C-
peptide concentration was measured using CLEIA (Chemiluminescent
enzyme immunoassay) for evaluating inner insulin secretion.
Results: Mean age and body mass index were not significant difference
between T2DM group and NDM group. The mean shear wave velocity
(SWV) of the pancreas body was 1.56 ± 0.2 m/s (median: 1.52 m/s) for
the total subjects. The mean SWVof T2DM was 1.74±0.2 m/s (median:
1.66) and 1.49 ± 0.2 m/s (median: 1.4 m/s) for NDM group. SWV were
measured in the body of the pancreas in both groups. The mean SWV
value in the T2DM with low C-peptide (C-peptide <0.7 ng/dl) group
(n=60; 2.04±0.3) was significantly higher than that of the T2DM with
normal C-peptide (C-peptide ≧0.7ng/dl )group (n=141; 1.61±0.1) (p <
0.01).
Conclusion: Elastography of the pancreas using ultrasonography of the
T2DM showed higher values than NDM group. This fact reflects that the
hard elasticity of the pancreas of T2DM compared with NDM group. Our
study also suggested that the relationship between the elasticity of the
pancreas and C-peptide value of the T2DM. Future studies need to deter-
mine whether our findings can be found in a larger study population.
Disclosure: M. Furuta: None.

1052
Hypertriglyceridaemia and osteopenia in diabetes: detrimental effect
of TG-rich lipoproteins and improving effect of fibrate agent on os-
teoblastic cells
M. Eto, F. Kumagai, M. Saito;
Ohu University, Koriyama, Japan.

Background and aims: Skeletal fragility is considered among the com-
plications associated with type 2 diabetes. Type 2 diabetic patients have
increased fracture risk. Previously we reported that type 2 diabetic pa-
tients have osteopenia and that hypertriglyceridemia is associated with a
decrease in bone density in type 2 diabetic patients and that the apolipo-
protein E2which is a genetic factor to increase plasma triglyceride (TG) is
associated with diabetic osteopenia. We also found that TG-rich lipopro-
teins derived from diabetic patients with hypertriglyceridemia have ef-
fects on human osteoblastic cells through scavenger receptor B1.
However, its underlying mechanism remains unknown. Fibrate agent,
PPARα activator, is a ligand-activated transcription factor, and has TG
lowering effect. PPARα is reported to help maintain bone homeostasis
and promote bone formation. First, we examined the effects of fibrate
agent on RANKL and type 1 collagen expression in human osteoblastic
cells loaded with TG-rich lipoproteins. Runt-related transcription factor 2
(RunX2) is known as a master transcription factor for osteogenesis, and
Twist interacts with Runx2 and inhibits osteoblastic differentiation. Next,
in order to elucidate the contribution of RunX2 and Twist we examined
whether fibrate agent participates in expression of RunX2 and RANKL in
TG-rich lipoproteins loaded human osteoblastic cells.
Materials and methods: TG-rich lipoproteins were isolated by ultracen-
trifugation. Human osteoblastic cells from Promo Cell Co. USA were
cultured. TG-rich lipoproteins were loaded onto cultured human osteo-
blastic cells. This was followed by investigationwith the RT-PCRmethod

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09 S509



into the expression of RANKL, type 1 collagen, RunX2 and Twist
mRNA. Fenofibrates were added to human osteoblastic cells loaded with
TG-rich lipoproteins, and changes in the above-mentioned mRNA ex-
pressions were examined through the RT-PCR method.
Results: TG-rich lipoproteins in cultured human osteoblastic cells signif-
icantly and concentration-dependently increased RANKLmRNA expres-
sion (p<0.001), and decreased type 1 collagen mRNA expression
(p<0.01), and significantly increased Twist mRNA (p<0.01) and de-
creased RunX2 mRNA (p<0.001). Moreover, fenofibrates significantly
and concentration-dependently increased PPARα and RunX2 mRNA
expression (p<0.001), decreased Twist mRNA expression (p<0.001), de-
creased RANKL mRNA expression (p<0.001), and increased type 1 col-
lagen mRNA expression (p<0.01).
Conclusion: This study clarified that TG-rich lipoproteins stimulate the
expression of RANKL and decrease the expression of type 1 collagen by
increasing Twist and reducing RunX2 expression in osteoblastic cells.
This finding explains one mechanism by which hypertriglyceridemia
causes osteopenia, as shown in SWAN study and reported previously
by us in diabetic patients. Moreover, fibrate agent improved these effects
through PPARα activity in osteoblastic cells. This is the first report that
fibrate agent, PPARα activator, has a possibility to protect and improve
osteopenia in diabetic patients.
Disclosure: M. Eto: None.

1053
Restrictive or liberal red blood cell transfusion in patients with dia-
betes undergoing cardiac surgery: results from the TRICS III
randomised multinational trial
C. Mazer1, N. Shehata1, P. Carmona2, D. Bolliger3, R. Hu4, K. Thorpe1,
N. Mistry1, G. Hare1, P. Jüni1, S. Verma1, TRICS III investigators;
1University of Toronto, Toronto, Canada, 2University Hospital La Fe,
València, Spain, 3Universitätsspital Basel, Basel, Switzerland, 4Austin
Health, Heidelberg, Australia.

Background and aims: In patients with diabetes and multi-vessel coro-
nary artery disease, clinical practice guidelines prioritize cardiac surgery
as the preferred revascularization strategy. Cardiac surgery also represents
one of the highest utilizers of red blood cell transfusion overall, with
recent data supporting a restrictive (versus liberal) transfusion trigger.
However, accumulating evidence suggests that the diabetic milieu is as-
sociated with changes in red blood cell structure and function, in addition
to abnormalities in thrombo-homeostasis. This has raised concerns about
whether restrictive transfusion thresholds should also apply to patients
with diabetes undergoing cardiac surgery, and whether such an approach
leads to increased risk of adverse clinical events. Herein, we report the
analyses of the effect of diabetes in the global TRICS III study.
Materials and methods: TRICS III was a randomized controlled non-
inferiority trial of restrictive transfusion (haemoglobin [Hb] trigger <75
g/L) versus liberal (Hb trigger <95 g/L during operation or intensive care
unit stay; <85 g/L on ward) in patients undergoing cardiac surgery with
cardiopulmonary bypass and at least moderate risk of mortality as defined
by a EuroSCORE I of ≥6. The primary outcome was a composite of all-
cause mortality, non-fatal myocardial infarction, stroke or renal failure
with dialysis. Other outcomes included transfusion, coronary revascular-
ization and healthcare utilization (hospital re-admission and emergency
room visits).
Results: From a total of 5243 patients randomized in 74 sites from 19
countries, 4860 patients were included in the per protocol analysis popu-
lation. Of the 1332 patients with diabetes, 646 were in the restrictive
group and 686 were in the liberal group; and of the 3528 patients without
diabetes, 1784 were in the restrictive group and 1744 were in the liberal
group. The presence of diabetes did not increase red blood cell transfusion
requirements. There were no clinically significant between group differ-
ences evident for the primary outcome (odds ratio [OR] for patients with
diabetes 1.10, 95% confidence interval [CI] 0.83, 1.45; OR for patients

without diabetes 0.98, 95% CI 0.81, 1.18; p=0.556 for interaction) or for
other outcomes. The odds ratios for individual outcomes are shown in
figure 1.
Conclusion: In patients undergoing cardiac surgery, the presence of dia-
betes did not exhibit additional meaningful risk for either red blood cell
transfusion or the composite outcome of death from any cause, myocar-
dial infarction, stroke or new-onset renal failure with dialysis at 6 months
after surgery. We conclude that restrictive red blood cell transfusion trig-
gers are safe in people with diabetes undergoing cardiac surgery.

Clinical Trial Registration Number: NCT02042898
Supported by: CIHR, Canadian Blood Services–Health Canada,
NHMRC, HRCNZ
Disclosure: C. Mazer: None.

1054
Effect of a novel long-acting GLP-1/GIP/glucagon triple agonist
(HM15211) in a dyslipidaemia animal models
H. Jo, J. Kim, J. Choi, S. Lee, S.-H. Lee, I. Choi;
Hanmi Pharm. Co., Ltd, Seoul, Republic of Korea.

Background and aims: Dyslipidemia is a well-known risk factor for
cardiovascular disease. Although the lipid lowering has been demonstrat-
ed for several drugs including HMG-CoA reductase (HMGCR) and
PCSK9 inhibitors, the overall clinical benefits are still unclear due to
the heterogenic etiology of the dyslipidemia. Targeting multiple pathways
simultaneously may provide promising efficacy and clinical benefits in a
broad patient population. Previously, we showed that a long-acting GLP-
1/GIP/Glucagon triple agonist, HM15211, not only provided for effective
weight loss, but also improved lipid profiles in DIO mice. With its triple
agonism, HM15211 could affect multiple lipid metabolism pathways,
suggesting that HM15211 may have therapeutic potential for dyslipid-
emia. Here, we investigated the therapeutic effect of HM15211 on dys-
lipidemia and its mode of action (MoA).
Materials and methods: For in vivo efficacy evaluation, dyslipidemia
was induced in 8 weeks old male hamsters by feeding a high fat, high
cholesterol, and high-fructose diet for 2 weeks. Dyslipidemia hamsters
were treated either with HM15211, evolocumab, rosuvastatin, or
ezetimibe, and the blood lipid profiles including total cholesterol
(CHO), LDL, VLDL, and HDL were monitored. For MoA studies,
HepG2 cells were treated with HM15211, and the cell lysates were sub-
jected to qPCR and western blot analysis to evaluate the effect of
HM15211 on the expression of LDL receptor and HMGCR (rate limiting
enzyme for CHO synthesis). To investigate the effect of HM15211 on
LDL clearance and HMGCR activity, intracellular fluorescence-labeled
LDL (LDL-BODIPY) uptake and NADPH oxidation (mediated by
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HMGCR in the presence of HMG-CoA) were measured, respectively.
The potential effect of HM15211 on the phosphorylation of AMPK and
HMGCRwas determined by western blot analysis. For additional molec-
ular target exploration, the expression of genes directly involved in he-
patic lipid metabolism were evaluated by qPCR. The effect of HM15211
on β-oxidation was further evaluated by measuring β-hydroxybutyrate.
Results: In dyslipidemia hamsters, HM15211 showed greater LDL lower-
ing than evolocumab, rosuvastatin, and ezetimibe. To elucidate the MoA
for this lipid lowering,HepG2 cells were treatedwithHM15211 after which
a significantly increased LDLR expression (4.1- and 2.3-fold increase vs.
CTL for HM15211 and evolocumab) was observed. Consistent LDL-
BODIPY uptake (3.6- and 2.8-fold increase vs. CTL for HM15211 and
evolocumab) indicated enhanced LDL clearance by HM15211 compared
to evolocumab. Moreover, HM15211 progressively induced the phosphor-
ylation and the degradation of HMGCR, thereby substantially reducing
intracellular HMGCR activity (-79.8% vs. CTL). Furthermore, HM15211
led to favorable gene expression signature both in β-oxidation, FFA- and
CHO-synthesis. Similar benefits were also confirmed when measuring β-
hydroxybutyrate (3.1 ~ 19.9 fold increase vs. CTL) in HepG2 cells.
Increased ApoA1 may explain the increase of HDL by HM15211 in vivo.
Conclusion: Our results demonstrate that unlike current dyslipidemia
drugs with a single target, HM15211 could affect multiple pathways in
lipid metabolism, well-supporting its potential for improved efficacy
compared to available therapeutics in the dyslipidemia hamster model.
Therefore, we propose that HM15211 might be a good therapeutic option
for dyslipidemia patients. Human efficacy studies are ongoing to assess
the clinical relevance of these findings.
Disclosure: H. Jo: None.

1055
The association between urinary N-acetyl-beta-D-glucosaminidase
and heart rate variability in patients with type 1 diabetes
M. Choi1, J. Jun2, G. Kim1, S.-M. Jin1, K. Hur1, M.-K. Lee1, J. Kim1;
1Samsung Medical Center, Seoul, 2Kyung Hee University Hospital at
Gangdong, Seoul, Republic of Korea.

Background and aims: Reduced heart rate variability (HRV) is an early
manifestation of cardiovascular autonomic neuropathy (CAN) in diabe-
tes. Microalbuminuria is one of major risk factors for the development of
CAN. The aim of our study was to assess if the urinary N-acetyl-beta-D-
glucosaminidase (uNAG), a knownmarker of early renal tubular injury in
diabetic nephropathy, is related with early reduction of HRV in the sub-
jects with type 1 diabetes, even with normoalbuminuria.
Materials and methods: The subjects with type 1 diabetes who had tests
for uNAG and HRVat an outpatient clinic from February 2016 to June 2018
were enrolled in this cross-sectional study. Both frequency and time domain
indices were evaluated to estimate heart rate variability. Frequency domain
markers included low frequency (LF) and high frequency (HF). Time domain
markers included standard deviation of NN intervals (SDNN) and root mean
square of successive RR interval differences (RMSSD). Baseline age, sex,
duration of diabetes, hypertension, smoking status, BMI, glycemic index,
eGFR, current antihypertensivemedications, and the presence of albuminuria
were adjusted in multivariable analyses.
Results:Aftermultivariate regression analysis, in the 261 subjectswith type
1 diabetes, elevated uNAG had a significantly negative association with LF
(p=0.007), HF (p=0.016), SDNN (p= 0.012) and RMSSD (p=0.029). In the
multivariate analysis of the 223 subjects with T1D and normoalbuminuria,
elevated uNAG also had significantly negative association with LF
(p=0.009), HF (p=0.028), SDNN (p=0.029) and RMSSD (p=0.044).
Conclusion: Elevated uNAG is associated with the reduction of HRV in
the subjects with type 1 diabetes, even with normoalbuminuria. Further
longitudinal studies are needed to investigate whether uNAG could be
useful for prediction of early autonomic dysfunction in the subjects with
type 1 diabetes.
Disclosure: M. Choi: None.

1056
The DPP-4 inhibitor sitagliptin impacts the gut microbiota and pre-
vents neuronal damage of hippocampus in type 2 diabetic rats
M. Tian1, F. Zhou2, J. Liang2;
1Department of Endocrinology, The Second Affiliated Hospital,
Chongqing Medical University, Chongqing, 2Department of Pathology,
Chongqing Medical University, Chongqing, China.

Background and aims: Type 2 diabetes mellitus is characterized by
impaired glucose metabolism and insulin resistance with increasing risk
of specific complication, including central neuropathy. Dipeptidyl pepti-
dase 4(DPP-4) inhibitors designed to increase the half-life of incretions
are widely used in the treatment of type 2 diabetes (T2D). Although they
are administered orally, their effects on central neuropathy and gut micro-
biota remain unclear. Our objective was aimed to identify the impact of
the DPP-4 inhibitor sitagliptin on gut microbiota and central neuropathy
in a rat model of streptozotocin (STZ)-induced T2D.
Materials and methods: Diabetic rats were induced by a high-fat diet
and streptozotocin injection. Diabetic rats were orally administered a dose
of sitagliptin (10mg/kd/d), and normal diet for 12 weeks. Fecal DNA
sequenced on Illumina MiSeq platform. 16S rRNA genes were used to
determine the overall structure of microbiota. Then Rats were killed, of
which the brain tissue sections were observed for changes of neurons in
the hippocampus by HE staining.
Results: Sequencing of the V3-V4 regions of 16S rRNA genes revealed
that sitagliptin significantly altered the gut microbiota. Compared to the
diabetic group, Shannon index and the abundance of phylum
Bacteroidetes decreased significantly, whereas the proportion of phylum
Firmicutes increased significantly in the sitagliptin-treated rats.
Moreover, higher abundance of a few putative short-chain fatty acid-
producing bacteria, including Clostridium and Fusobacterium was ob-
served remarkablely after sitaglitin treatment. Genera Lactobacillus,
Streptococcus and Clostridium, which could produce some neurotrans-
mitters, were found increased substantially in the sitagliptin-treated rats.
Notably, we found that sitagliptin treatment could ameliorate the degen-
erative changes of pyramidal neurons in hippocampus with HE staining.
Conclusion: Our study demonstrated that sitagliptin prevented the neu-
ronal damage of hippocampus in type 2 diabetic rats, accompanied by
changes of gut microbiome. It indicated that sitagliptin might alleviate
diabetic central neuropathy through triggering “microbiota-gut-brain”
axis.
Supported by: NSFC 81801389
Disclosure: M. Tian: None.

1057
Application of a collagen-glycosaminoglycan scaffold to a novel mod-
el of chronic wounds in diabetic mice
A.C. Panayi, S. Fu, Y. Endo, K. Udeh, B. Mi, D.P. Orgill;
Brigham andWomen’s Hospital, HarvardMedical School, Boston, USA.

Background and aims: Currently available animal models fail to repli-
cate the complex pathophysiology of chronic diabetic wounds and, hence,
are not a reliable method for preclinical testing of therapeutics. This study
was designed to optimize a murine model of type-2 diabetic chronic
wound healing and validate it by testing a dermal regeneration scaffold.
Materials and methods:A total of 32 11-week-old db/dbmice received an
injection of 3-amino-1,2,4-triazole, a catalase inhibitor, prior to creation of a
full thickness dorsal wound. Mercaptosuccinic acid, a GPx inhibitor, was
topically applied to the wound. The mice were separated into two groups,
the control group, which received occlusive dressing, and the experimental
group, which received a collagen-glycosaminoglycan scaffold and occlusive
dressing. The wounds were photographed, and the animals sacrificed, at
various time points for histological and immunohistochemical evaluation.
Results:Both groups of wounds showed delayed healingwhen compared
to previous data on db/db mice. The wounds became chronic and the
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control mice that were not treated with the scaffold did not heal for as long
as 28 days. Histology showed failure of the scaffold to integrate with the
wound bed, lack of cell migration within the grafts, and presence of
inflammatory infiltrate at the wound borders.
Conclusion: This study was the first to successfully induce a chronic
diabetic wound in 11-week-old mice. Scaffold engraftment was poor,
replicating in a murine model what is seen in patients if a wound is not
debrided prior to scaffold application. This model will be instrumental for
the development and optimization of therapeutic products.
Supported by: Integra® LifeSciences Corp
Disclosure: A.C. Panayi: Grants; Dr. Orgill is a consultant for Integra®
LifeSciences Corp. All the other authors declare no conflict of interest.

1058
Relationships among long-term/daily blood glucose and blood pres-
sure fluctuation
T. Tsuchiya, Y. Saisho, R. Murakami, Y. Watanabe, H. Sasaki, J. Inaishi,
H. Itoh;
Keio University School of Medicine, Tokyo, Japan.

Background and aims: A number of studies have shown that postpran-
dial hyperglycemia increases a risk of cardiovascular disease even if
fasting plasma glucose is normal. Recently, sub-analysis of ADVANCE
study has shown that there was a positive association between visit-to-
visit glycemic variability (VVV) and the risk of micro/macrovascular
events as well as the mortality in patients with type 2 diabetes. It has also
been recently reported that long-term glycemic fluctuation and blood
pressure fluctuation are additively related to total death in patients with
type 1 diabetes. However, there are limited data available as to relation-
ships among daily and long-term glycemic and blood pressure fluctua-
tions. [Aims] We investigated the relationships among long-term/daily
blood glucose and blood pressure fluctuations, and micro-/macrovascular
complications.
Materials and methods: We enrolled 156 patients with type 2 diabetes
(84 men, age 67 ± 11 years old, HbA1c 7.0 ± 0.9% and glycated albumin
(GA) 18.2 ± 3.8%) who underwent continuous glucose monitoring
(CGM) at outpatient setting. Cases who admitted for glycemic control
and those treated with steroid were excluded. We evaluated the daily
glycemic variability from the CGM data as follows; mean glucose level,
standard deviation (SD), time of hyper- and hypoglycemia, area under the
curve (AUC) of hyper- and hypoglycemia, J-index, hyperglycemic index,
hypoglycemic index, index of glycemic control (ICG), continuous over-
lapping net glycemic action (CONGA), mean amplitude of glycemic
excursion (MAGE), M-value, mean of the daily differences (MODD).
Coefficient of variation (CV) of HbA1c and GA were calculated from
HbA1c and GA measured for 3 years at the time of CGM measurement.
CVof systolic/diastolic blood pressure (CV-SBP and CV-DBP) were also
calculated. We analyzed the relationships among daily glycemic variabil-
ity and long-term blood glucose fluctuation and their relation with blood
pressure index, micro- and macrovascular complications.
Results: CV-HbA1c was significantly correlated with HbA1c levels and
BMI, respectively (r = 0.319, p <0.01 and r = 0.316, p <0.01, respective-
ly). On the other hand, CV of systolic blood pressure (CV-SBP) was
significantly correlated with age (r=0.213, p<0.01). With regard to daily
glycemic variability and long-term blood glucose fluctuation, mean glu-
cose level /hyperglycemic index showed significant positive correlation
with CV-HbA1c (r = 0.36, p <0.01 and r = 0.304, P <0.01, respectively).
CV-HbA1c was associated with the presence of retinopathy and nephrop-
athy, while daily glycemic variability and CV-BP were not. There was no
significant correlation between CV-HbA1c and CV-SBP or CV-DBP (r =
-0.012, p = 0.83 and r = 0.014, P = 0.86, respectively).
Conclusion: Long-term glycemic variability may be more strongly asso-
ciated with the onset of (microvascular) complications than daily glyce-
mic variability. Although both long-term blood pressure and blood glu-
cose fluctuation appear to increase the risk of complications in patients

with T2DM, there was no significant correlation between the two indices.
It is suggested that the long-term blood pressure and blood glucose fluc-
tuations independently and synergistically influence the development of
diabetic complications.
Disclosure: T. Tsuchiya: None.

1059
The course of thyroid autoimmunity in children and adults diag-
nosed with type 1 diabetes
A. Rogowicz-Frontczak, E. Niechcial, S. Pilacinski, P. Fichna, D.
Zozulinska-Ziolkiewicz;
Poznan University of Medical Sciences, Poznan, Poland.

Background and aims: Individuals with type 1 diabetes (T1D) are at
higher risk of developing other autoimmune disease, including autoim-
mune thyroid diseases (AITD). The incidence of Hashimoto among peo-
ple with T1D varies between 8 and 50%, depending on gender, age and
ethnicity. The aim of the study was to evaluate prevalence of anti-thyroid
peroxidase (anti-TPO) antibodies and its correlation to the presence of
thyroid dysfunction in children and adults at diagnosis of T1D and in the
five-year observation.
Materials and methods: The study included 367 patients (218 children;
149 adults) at T1D onset. Anti-TPO level and thyroid function tests (fT4,
fT3, and TSH) were performed within 5 days of the initial diagnosis of
diabetes and during the five-year follow-up period.
Results:At T1D onset, anti-TPOwas reported in 18.5% of patients, more
frequently in adults than in children (26.2% vs.13.3%, p=0.001). In chil-
dren, anti-TPO was observed mostly in girls (62.1 vs. 37.9%, p=0.047),
while there was no gender association in adults (females 56.4% vs. men
34.6%; p=0.754). Positive anti-TPO patients had higher occurrence of
GADA (83.8% vs. 70%, p= 0.03) and higher level of its titer [median
38.7 (IQR:5.4-512.4) vs.6.2 (1.1-40.6), p<0.0001]. Whereas, in children
higher titer of IAA was observed [6.5 (5.3-8.2) vs. 5.6 (5.0-6.9),
(p=0.026)].Hypothyroidism (HT) at diagnosis of T1D occurred more
frequently in adults than in children (9 vs. 2, p=0.009), in 3 positive
anti-TPO adults autoimmune hyperthyroidism was noted (elevated titers
of anti-TSH-R). Positive anti-TPO adults had higher TSH concentration
as opposed to negative anti-TPO group (3.6±0.9vs 1.7±0.9, p=0.026),
such relationship was not observed among children. HT was diagnosed
in 41.4% anti-TPO positive children at T1D onset in the five-year follow-
up period, significantly more often in girls than in boys (83.3%vs.16.7%).
While, only next 15% of adults with initially positive anti-TPO developed
HT during the study period. The mean time from T1D diagnosis to HT
development was 2.8±1.7 years.
Conclusion: Anti-TPO occur more frequently in adults than in children
with newly diagnosed T1D. The presence of a positive anti-TPO titer was
related to a higher incidence of HT at T1D onset in adults. While, in
children, the occurrence of a positive anti-TPO titer at T1D diagnosis
was associated with a greater risk of developing HT in 5-year follow-up
period. The results of the study confirm the validity of screening for
AITD at the time of T1D diagnosis and further thyroid function assess-
ment should be recommended.
Disclosure: A. Rogowicz-Frontczak: None.
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Is cardiac function and exercise capacity impaired in adolescents
with type 1 diabetes?
L. Van Ryckeghem1, G. Massa2, W. Franssen1, V. Bito3, P. Dendale4,3,
D. Hansen1,4;
1Rehabilitation Sciences, Hasselt University, Diepenbeek, 2Pediatrics, Virga
Jessa Hospital, Hasselt, 3Faculty of Medicine and Life Sciences, Hasselt
University, Diepenbeek, 4Cardiology, Virga Jessa Hospital, Hasselt, Belgium.

Background and aims: Cardiovascular diseases are a major cause of
morbidity and mortality in type 1 diabetes mellitus (T1DM). Both
hypo- and hyperglycemia can impair cardiac function (hypoglycemia
by decreased myocardial blood flow and hyperglycemia by collagen de-
position, respectively). It is unclear whether cardiac dysfunction already
occurs during adolescence in T1DM patients, and whether this affects
exercise capacity. The purpose was to investigate whether T1DM impairs
cardiac function (diastolic and systolic function) and hereby limits exer-
cise capacity in adolescents with T1DM compared to controls (C)
matched for gender, age, tanner stage and body mass index.
Materials andmethods: Two-dimensional transthoracic echocardiographic
assessments and cardiopulmonary exercise tests (oxygen uptake (VO2peak
)and workloadpeak) were performed in 19 T1DM patients (14.8±1.9years)
and 19 C (14.4±1.4years). Echocardiographic assessments were performed
in rest in supine position. Diastolic function (septal annular velocities (e’s , a’s
), left-ventricular filling pressures (E/e’), deceleration time (Dt) and mitral
inflow pattern (E, A, E/A)) and systolic function (ejection fraction (EF),
cardiac output (CO) and global longitudinal strain rate (GSL)) were evaluated
according the guidelines of the European Society of Cardiology. HbA1c
values and duration of diabetes were evaluated in the T1DM group.
Statisical analyses included: tests for normality (Shapiro Wilk test),
Independent Sample T-tests and Pearson correlations.
Results: Mean HbA1c was 7.4% (±0.9) and duration of T1DM 61 months
(±34). EF and e’s were higher in T1DM compared to C (60.9%±4.5% vs
56.5%±5.2% and 12.1cm/s±2.2 vs 10.3cm/s±2.0, p=0.019). VO2peak (2888
±639mL/min vs 2286±578mL/min),Workloadpeak (180±39 vs 192±46), oth-
er diastolic and systolic parameters did not differ between groups. Within
T1DM, EF was negatively correlated (r=-0.67, p=0.017) with duration of
T1DM (even when controlling for age), but not with HbA1c. Taken both
groups into account, EF and e’s were not correlated with age.
Conclusion: During adolescence, T1DM is not automatically associated
with impaired cardiac function, nor exercise intolerance. A reduced EF is
related with a prolonged duration of T1DMwhich indicates that the duration
of T1DM may affect cardiac function. Specific assessments such as stress
echocardiography (evaluation of cardiac function during exercise) might be
necessary to detect early diabetes-associated cardiac dysfunction in T1DM as
a mismatch between oxygen supply and demand can occur during exercise.
This can reveal cardiac dysfunction during exercise which is occult in the
resting state. Therefore, sensitive assessments are crucial to investigate
diabetes-associated effects on cardiac function in T1DM.

Clinical Trial Registration Number: NCT03291834
Disclosure: L. Van Ryckeghem: None.

1061
Diabetes is the risk factor which runs alongside the STEMI patients
who died in hospital or in 1-year follow up period
D. Andric1, D. Tesic2, M. Petrovic1, A. Redzek1, S. Andric1, M. Tomic3;
1Clinic of Cardiology, Institut for Cardiovascular Diseases, Sremska
Kamenica, 2Clinic of Endocrinology, Diabetes and Metabolic
Disorders, Novi Sad, 3Clinic of Haematology, Institut for Internal
Diseases, Novi Sad, Serbia.

Background and aims:About 40% of diabetic patients die sudden-
ly. One of the mechanisms of fatal outcome is primary ventricular
fibrillation (PVF). The aim of these study was to analyze charac-
teristics of ST-elevation myocardial infarction STEMI patients as-
sociated with PVF occurrence and mortality.
Materials and methods: Our study included 755 pts hospitalised due to
STEMI between January 2016 and December 2016. One year follow up
was done. Study compared pts with cardiac arrest due to PVF and those
without PVF. Only pts treated with urgent coronarography and primary
percutaneous coronary intervention (PPCI) in whom TIMI 3 in infarct-
related artery was acheved were included. Pts with Killip class 4 as well
as pts with mechanical complications or complications due to procedure
were excluded.
Results:We found 56/755 (7.42%) STEMI pts had PVF. Compared to pts
without PVF (n= 699), those with PVF (n=56) were younger (57.8±12.9
vs. 61.8±11.9 years, p 0.02) and more frequently had diabetes mellitus
(DM) (52.3% vs. 33.4%, p 0.01) alone or DM with abnormal
glucoregulation (AGR) (77.3% vs. 58.4%, p 0.01). Pts with STEMI and
PVF had more frequently Killip class 2 (32.7% vs. 21.2%, p 0.02) and
class 3 (7.3% vs. 3%, p 0.08), most frequently left anterior descending
coronary artery affected (51.8% vs. 36.9%, p 0.03) and proximal occlu-
sion of coronary arteries (44.6% vs. 23%, p 0.000), lower left ventricle
ejection fraction (LVEF) (45.4±9.8% vs. 48.7±7.5%, p 0.02), longer du-
ration of hospitalisation (7.3±5.7 vs. 5.7±3.2 days, p 0.001) and higher in-
hospital mortality (12.5% vs. 4.9%, p 0.02), but with no difference in
long-term mortality (14.3% vs. 11.6%, p 0.40). After multivariable logis-
tic regression analysis (MVLR), model with the differences in proximal
coronary artery occlusions (OR 2.4 [95% CI: 1.3-4.7], p 0.008) and DM
presence (OR 1.9 [95% CI: 1-3.6], p 0.05) persisted. After one year
patients who died compared to those still alive were more frequently male
(52% vs. 32.2%, p 0.01), older (70.8±12.8 vs. 61±11.8 years, p 0.000),
had higher appearance of anterior wall STEMI (46.7% vs. 24.5%, p
0.001), more frequently Killip class 2 and class 3 (50% vs. 20.9% and
23.5 vs. 2.4% respectively, both p 0.000), lower EF (38.6±10.5 vs. 48.8
±7.3%) and higher prevalence of DM (75.8% vs. 32.4%) or DM with
AGR (87.9% vs. 57.9%) (both p 0.000). After MVLR model with differ-
ences in Killip class 3 (OR 4.2 [95%CI: 1.1-84.6], p 0.000), EF (OR 0.93
[95% CI: 0.87-0.99], p 0.04) and DM presence (OR 3.3 [95% CI: 1.1-
10.2], p 0.04), all persisted.
Conclusion: Proximal coronary occlusions and DM presence as
indicators of coronary artery disease severity and ischaemic area
size were strongly associated with PVF in STEMI patients. Long-
term mortality in STEMI patients was strongly associated with
heart failure (lower EF and higher Killip class) and again DM
presence. As diabetes mellitus happened as continuum in STEMI
patients future investigations should be foccused on to the com-
parison of drugs with and without hypoglicaemic effects e.g.
GLP-1 RA and insulin therapy, in diabetic subgroup of patients
with STEMI.
Disclosure: D. Andric: None.
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Vitamin E and steroid hormones in patients with type 2 diabetes
treated with evolocumab
D.J. Blom1, J. Chen2, J.L.C. Borges3, Z. Yuan4, M. Monsalvo5, N.
Wang5, A. Hamer5, J. Ge6;
1University of Cape Town, Cape Town, South Africa, 2Guangdong
Cardiovascular Institute & Guangdong General Hospital, Guangzhou, China,
3UniversidadeCatolica deBrasilia, Brasilia, Brazil, 4FirstAffiliatedHospital of
Xi’an Jiaotong University, Shanghai, China, 5Amgen Inc., Thousand Oaks,
USA, 6Zhongshan Hospital & Fudan University, Shanghai, China.

Background and aims: Evolocumab markedly and consistently lowers
low-density lipoprotein-cholesterol (LDL-C). Vitamin E is transported in li-
poproteins and steroid hormones are synthesised from cholesterol, leading to
concerns that very low levels of LDL-Cmay cause vitamin E deficiency and
impair steroidogenesis. The effect of evolocumab on vitamin E and steroid
and gonadal hormone levels in patients with type 2 diabetes (T2D), including
Chinese patients, has not previously been reported.
Materials and methods: We conducted a prespecified analysis of vita-
min E, cortisol, ACTH, gonadal hormones, and gonadotrophins in the 12-
week, placebo-controlled BERSON trial of evolocumab in patients with
T2D and hypercholesterolemia or mixed dyslipidaemia. 981 (451 in
China) patients were randomised 2:2:1:1 and received study drug:
evolocumab 140mg every 2 weeks (Q2W), evolocumab 420mgmonthly
(QM), placeboQ2W, or placeboQM. Placebo or evolocumabwere added
to daily, unblinded, background therapy consisting of atorvastatin 20 mg.
Vitamin E levels were assessed at baseline and at week 12 among all
patients; steroid and gonadal hormones, ACTH, and gonadotrophinswere
assessed at these time points only among Chinese patients.
Results: Compared with placebo, evolocumab reduced LDL-C from base-
line by a least squares mean of approximately 70% in the global population
and 80% among Chinese patients based on the mean of values obtained at
weeks 10 and 12. Absolute vitamin E levels decreased from baseline to
week 12 by approximately 6 μmol (P<0.0001) among evolocumab-treated
patients. No decrease was observed in vitamin E levels normalised for
cholesterol in both the global and China populations (Table). Among
Chinese patients, levels of cortisol and adrenocorticotrophic hormone
(ACTH) as well as the cortisol:ACTH ratio did not change significantly
from baseline to week 12 (Table). No patient had a cortisol:ACTH ratio
<3.0 (nmol/pmol), suggestive of adrenocortical deficiency. We did not ob-
serve clinically relevant changes for gonadal hormones and gonadotrophins
(estradiol and testosterone in female and male patients, respectively; lutein-
ising and follicle-stimulating hormones for both). Normalised vitamin E
and steroid changes were consistent across subgroups by minimum
postbaseline LDL-C <0.6 (Table) and <0.4 mmol/L.
Conclusion: In the BERSON study vitamin E levels were not adversely
affected by the low LDL-C levels achieved with evolocumab among T2D
patients, including a large cohort of Chinese patients. Steroid hormones,
including gonadal hormones, did not change significantly with
evolocumab treatment among Chinese T2D patients.

Clinical Trial Registration Number: NCT01764633
Supported by: Amgen Inc.
Disclosure: D.J. Blom: Employment/Consultancy; Consultant,
Gemphire. Grants; Amgen, AstraZeneca, Sanofi-Aventis, Regeneron,
Ionis, Esperion and Kowa Pharmaceuticals, MSD. Honorarium;
Amgen, Sanofi-Aventis, AstraZeneca, MSD, Boehringer-Ingelheim, and
Pfizer.

1063
Insulin and IGF-1 signalling play critical roles for the regulation of
cardiac rhythm
J. Kim, S. Ock, W. Lee;
Department of Internal Medicine, Chung-Ang University Hospital,
Seoul, Republic of Korea.

Background and aims: Sinus node dysfunction (SND) is a cardiac
conduction disturbance characterized by sinus bradycardia, sinus
pauses, and sinus arrest that is associated with increased risk of
heart failure. Epidemiologic studies have suggested that cardiovas-
cular risk factors such as obesity, hypertension, and diabetes af-
fect the sinoatrial node (SAN) promoting the pathological and
electrical substrate of SND. Recently, several studies highlighted
that hyperglycemia induces SND. However, streptozotocin-treated
diabetic mice rescued by insulin administration showed increased
heart rate suggesting absence of insulin signaling may contribute
the mechanism of SND. We therefore hypothesized that a mech-
anism directly links insulin/IGF-1 signaling to SND without the
systemic effect of hyperglycemia.
Materials and methods: We generated cardiac conduction system-
specific inducible insulin receptor KO (CSIRKO), IGF-1 receptor KO
(CSIGF1RKO), and double KO (CSDKO) mice by crossing insulin re-
ceptor (IR), IGF-1 receptor (IGF-1R), or both floxed mice with HCN4-
CreERT2 mice on C57BL6/J background. Eight-week-old male mice
were injected i.p. with tamoxifen (40 μg/g) for 4 days and sacrificed after
12 weeks.
Results: Body weight, blood pressure, glucose, and insulin sensitivity
were comparable in WT and all KO mice. Telemetry measured electro-
cardiography in freely moving animals found regular sinus rhythm in
CSIGF1RKOmice, indicating IGF-1R is dispensable for cardiac conduc-
tion. In contrast, CSIRKOmice exhibited severe sinus bradycardia (<200
bpm). QPCR analysis of CSIRKO SAN showed that a widespread sup-
pression of SAN ion channels such asCav3.1 (1.4-fold),Kv4.3 (1.6-fold),
Kir2.1 (1.3-fold), NCX1 (1.3-fold), and hyperpolarization-activated cy-
clic nucleotide-gated 4 (Hcn4; 4.0-fold, P < 0.05) relative toWTcontrols.
In addition, levels of HCN4 protein, encoded by Hcn4, significantly
decreased in CSIRKO SAN relative to controls. Patch-clamp study of
single SAN cells of CSIRKO mice marked a significant decrease of the
size of the funny current (If), which is responsible for HCN4 suggesting
loss of IR reduces heart rate via downregulation of HCN4 channel.
Further, insulin (100 nM) induced the expression of HCN4 by 1.63-fold
(P < 0.05) through Akt pathways in isolated SAN cells. CSDKO mice
showed typical SND characterized by sinus bradycardia, junctional
rhythm, and recurrent sinus pauses. Interestingly, SAN mass was de-
creased by 44% in CSDKO mice compared to controls (P < 0.05) that
explained by increased SAN cell apoptosis assessed with TUNEL assay.
Conclusion: Our results strongly support the relevance of insulin signal-
ing in the regulation of heart impulse generation and conduction.
Furthermore, we provide evidence that overlapping signaling of IGF-1
and insulin is critical to SAN cell survival.
Supported by: National Research Foundation of Korea
Disclosure: J. Kim: None.
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Risk factors for heart failure in the ACE trial population
C.A.B. Scott1, J.J. McMurray2, L. Rydén3, Y. Sun4, M. Tendera5, R.L.
Coleman1, R.R. Holman1;
1Diabetes Trials Unit, University of Oxford, Oxford, UK, 2Institute of
Cardiovascular & Medical Sciences, University of Glasgow, Glasgow, UK,
3Karolinska Institutet, Stockholm, Sweden, 4China-Japan Friendship
Hospital, Beijing, China, 5Department of Cardiology and Structural Heart
Diseases, Medical University of Silesia, Katowice, Poland.

Background and aims: Heart failure (HF) is a deadly complication of
type 2 diabetes but little is known about its incidence and recurrence in
patients with coronary heart disease (CHD) and impaired glucose tolerance
(IGT). We used Acarbose Cardiovascular Evaluation (ACE) trial data to
identify baseline variables predictive of hospitalization for HF (hHF) or
cardiovascular (CV) death in this Chinese population with CHD and IGT
randomised to acarbose or placebo. As ACE showed a non-significant 11%
hHF first event relative reduction with acarbose, compared with placebo
(P=0.48), we have assessed the impact on recurrent hHF.
Materials and methods: We defined a composite hHF and CV death
endpoint (to account for competing risk of death) and determined indepen-
dent risk factors for it using a Cox proportional hazards model. Participants
were censored at hHF, CV death or end of follow-up. The 16 baseline
variables evaluated included age, sex, body mass index (BMI), smoking,
plasma creatinine, prior CV events, fasting and 2-hour post load glucose,
andHbA1c. Thosewith a univariate composite endpoint association (P<0.1)
were considered for inclusion in the multivariable model, with P<0.05
required for retention. The Anderson-Gill model, a generalization of the
Cox proportional hazardsmodel, was used to analyse recurrent hHF events.
Results: The 6522 ACE participants were mean (SD) 64.2 (8.0) years
old, BMI 25.4 (3.1) kg/m2, with the majority male (73%) and were
followed for median five years. Significant independent hHF/CV death
risk factors were: age, plasma creatinine, prior HF, prior stroke, prior
myocardial infarction (MI) and prior atrial fibrillation (AF) (Table).
There was a numerical 9% relative reduction in the first occurrence of
hHF/CV death with acarbose, compared with placebo (Hazard ratio [HR]
0.91, 95% CI 0.74-1.11, P=0.34). Of 138 patients that had ≥1 episode of
adjudicated hHF, 40 (0.6 %) experienced ≥1 recurrent events (94 events
in total), a mean rate of 3.35 (1.71) over five years, and no significant
effect seen with acarbose (HR 1.19, 95% CI 0.92-1.55, P=0.19).
Conclusion: In Chinese patients with CHD and IGT, those at higher risk
of hHF/CVD were older with higher plasma creatinine values, prior MI,
AF, HF and stroke. Allocation to acarbose 50mg TIDwas associated with
a numerical 9% reduction in hHF/CV death.

Clinical Trial Registration Number: NCT00829660
Disclosure: C.A.B. Scott: None.

1065
Left ventricular diastolic dysfunction in patients with diabetic chron-
ic kidney disease
B. Han, J. Huh;
Yonsei University Wonju College of Medicine, Wonju, Korea, Wonju,
Republic of Korea.

Background and aims: Diastolic dysfunction is common in patients
with chronic kidney disease (CKD) and diabetes mellitus. Diabetic pa-
tients with CKD (DCKD) are at increased risk of developing cardiovas-
cular diseases. Therefore, early detection and prevention of risk factors
are critical. The aim of this study was to evaluate the impact of type 2
diabetes on left ventricular (LV) diastolic function among CKD stage 3
and 5 patients, and whether markers of fluid balance can predict LV
diastolic dysfunction (LVDD).
Materials and methods: A total of 409 patients (age and sex matched
non-diabetic CKD stage 3 [nDMCKD3], n = 106; diabetic CKD stage 3
[DMCKD3], n = 106; non-diabetic CKD stage 5 [nDMCKD5], n = 73;
diabetic CKD stage 5 [DMCKD5], n = 124) were analyzed. The stage 3
CKD patients were retrospectively reviewed, and stage 5 CKD patients
were prospectively analyzed. All cohort patients with stage 5 CKD were
hospitalized to plan their first dialysis treatment. The following exclusion
criteria were applied: ejection fraction less than 45%, history of coronary
artery disease and/or intervention treatment, history of angina or myocar-
dial infarction, abnormalities of cardiac rhythm, moderate or severe val-
vular heart diseases, systemic immunologic diseases, liver cirrhosis, ma-
lignancy, infection, and previous renal transplantation. Coronary artery
disease having regional wall motion abnormalities on echocardiographic
examination was also ruled out. Clinical and echocardiographic parame-
ters were compared among groups. Echocardiography, bioimpedance
spectroscopy, and serumNT-proBNPwere analyzed in patients with stage
5 CKD. The LVDD was defined as E/e´ ratio greater than 15.
Extracellular water/total body water (ECW/TBW) and NT-proBNP were
used as markers of fluid balance.
Results: Patients with E/e´ ratio >15 presented with more advanced
stages of CKD. Prevalence of diastolic dysfunction in patients with dia-
betes was higher compared to those without diabetes. Patients in
DMCKD5 group demonstrated higher E/e´ ratios compared to those with
nDMCKD5, DMCKD3, and nDMCKD3 (16.63±5.04 vs. 14.12±4.60 vs.
14.69±4.65 vs. 13.07±3.76, p < 0.001). The E/e´ ratio in patients with
DMCKD5 were significantly higher than those with DMCKD3 (16.63
±5.04 vs. 14.69±4.65, p = 0.003). In contrast, the E/e´ ratio was not
significantly different between nDMCKD3 and nDMCKD5 patients
(13.07±3.76 vs. 14.12±4.60, p = 0.099). The ECW/TBW in patients with
DMCKD5were significantly higher than nDMCKD5patients (0.51±0.04
vs. 0.48±0.05, p <0.001). In a multiple regression analysis, the presence
of diabetes, serum albumin level, NT-proBNP, and ECW/TBW were
significantly associated with LVDD in CKD5 patients.
Conclusion: Our results suggest that an echocardiographic examination
and assessment of volume status should routinely be performed in pa-
tients with type 2 DCKD. Early detection of LVDD before clinical symp-
toms are apparent is important, regardless of the stage of DCKD. Fluid
overload could be one of the aggravating factors of LVDD in DCKD
patients. Early evaluation of volume status and control of fluid overload
should be considered important therapeutic approaches for LVDD in
DCKD patients, especially for those in advanced stages.
Disclosure: B. Han: None.
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Glucose impairment and early diastolic dysfunction in a large cohort
at cardiovascular risk
C.W. Haudum1,2, E. Kolesnik3, N. Schweighofer1,2, C. Colantonio3, B.
Pieske3, A. Schmidt3, A. Zirlik3, B. Obermayer-Pietsch1,2, T.R. Pieber1,2;
1Division of Endocrinology and Diabetology, Medical University Graz,
Graz, 2CBmed, Center for Biomarker Research in Medicine, Graz,
3Division of Cardiology, Medical University Graz, Graz, Austria.

Background and aims: Symptomatic diastolic heart failure represents an
entity of heart failure which is both common but yet difficult to treat. The
causes and underlying mechanisms of diastolic dysfunction are still ill-de-
fined. The aim of this study was to investigate whether impaired glucose
tolerance or diabetes may already affect diastolic function in a large study
population at cardiovascular risk but without manifest cardiovascular disease,
including healthy, pre-diabetic and diabetic patients.
Materials and methods: Cardiovascular phenotyping including cardiac
and vascular ultrasound, spiroergometry, biochemical and clinical parameters
in 857 volunteers of the BioPersMed cohort (Biomarkers in Personalized
Medicine, Medical University Graz) at baseline were subgrouped using
ADA (AmericanDiabetes Association) criteria for manifest diabetes mellitus
(DM, n=172), pre-diabetes (Pre-DM, n=305) and non-diabetic controls
(Non-DM, n=380) via oral glucose tolerance tests (oGTT).Diastolic function
was assessed according to current echocardiographic recommendations in-
cluding transmitral flow (peak E velocity), myocardial relaxation velocities at
mitral annulus (e’med and e’lat velocities), calculated E/e’mean as a surrogate of
LV filling pressure, left atrial volume index (LAVI) and tricuspid regurgita-
tion maximal gradient (TR pmax) as index of LA remodelling and secondary
pulmonary hypertension/disease severity.
Results:As summarized in table 1, the non-diabetic study population had the
lowest E/e’mean ratio and the highest e’ relaxation velocities (normal diastolic
function), while the pre-diabetic study population had a settle but significantly
higher E/e’mean ratio and lower e’ relaxation, indicating early diastolic dys-
function. Accordingly, the diabetic study population was characterized by the
highest E/e’mean ratio and the lowest e’ relaxation velocities. There was no
significant difference found in TR pmax and LAVI between the subgroups.
Conclusion: In this large cardiovascular risk study population, DM as
well as PreDM are already significantly associated with deteriorated dia-
stolic function mainly driven by an impairment of myocardial relaxation
velocities (e’) and increased LV-filling (E/e’), whereasmarkers of second-
ary remodeling (e.g. LAVI) and disease severity (TR pmax) were not
significantly altered. This indicates that impaired glucose tolerance may
have an early direct effect on diastolic dysfunction in otherwise healthy
subjects. Early detection of subclinical myocardial dysfunction in DM
patients is mandatory for the prevention of heart failure, thereby improv-
ing the prognosis of these patients.

Supported by: BioPersMed (COMET K-project 825329)
Disclosure: C.W. Haudum: None.

1067
Metabolic inflexibility in patients with type 2 diabetes and heart
failure
E. Hošková1, J. Kopecký1, J. Veleba1, K. Velebová1, V. Melenovský2, T.
Pelikánová1;
1Diabetes Centre, Institute for Clinical and Experimental Medicine,
Prague, 2Cardiology Centre, Institute for Clinical and Experimental
Medicine, Prague, Czech Republic.

Background and aims: Patients with type 2 diabetes (DM) are known to
have decreased metabolic flexibility when switching between carbohy-
drate and lipid oxidation. Our aim was to assess the situation in patients
with isolated heart failure (HF) and HF with DM.
Materials and methods: A cross-sectional comparative trial with 77
subjects in 4 groups. 21 age matched healthy subjects without metabolic
syndrome (HF-DM-), 14 patients with HF without diabetes (HF+DM-),
21 patients with diabetes alone (HF-DM+) and 21 patients with type 2
diabetes or prediabetes and heart failure (HF+DM+). The subjects
underwent indirect calorimetry before and during hyperinsulinemic
isoglycemic clamp.
Results:Metabolic clearance rate of glucose (MCG)was lower (p ˂ 0.05)
in the groups of patients with DM, while HF did not affect MCG signif-
icantly (HF-DM-: 6.08 ± 2.03; HF+DM-: 5.86 ± 2.37; HF-DM+: 4.29 ±
2.2; HF+DM+: 3.9 ± 1.76 ml/kg.min). Compared to healthy subjects all
the other groups had significantly smaller changes in respiratory quotient
(∆RQ) during the clamp (Fig. 1).
Conclusion: Our results on a unique group of patients show similarly
deterioratedmetabolic flexibility of carbohydrate versus lipid oxidation in
patients with type 2 diabetes and heart failure.

Clinical Trial Registration Number: NCT02559128
Supported by: AZV16-27496A
Disclosure: E. Hošková: None.
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Factors associated with sclerostin levels, a calcification inhibitor, in
patients with type 2 diabetes: Is autonomic neuropathy the missing
link?
A. Tentolouris1, I. Eleftheriadou1, I. Anastasiou1, I. Mourouzis2, D.
Tsilingiris1, O. Kosta1, P. Grigoropoulou1, N. Tentolouris1;
1Diabetes Center, 1st Department of Propaedeutic and Internal Medicine,
Medical School, National and Kapodistrian University of Athens, Laiko
General Hospital, Athens, 2Department of Pharmacology, Athens
University Medical School, Athens, Greece.

Background and aims: Sclerostin is a glycoprotein produced by the oste-
ocytes and itsmain action is the inhibition of bone formation. Sclerostin is up-
regulated in the vasculature during the medial arterial calcification (MAC)
process as a counterregulatory mechanism. MAC is commonly seen in pa-
tients with type 2 diabetes mellitus (T2DM) and especially in those with
neuropathy, while recent studies have reported increased sclerostin levels in
subjects with T2DM when compared with healthy individuals. Herein we
investigated the factors associated with plasma sclerostin levels and primarily
its association with neuropathy in patients with and without T2DM.
Materials and methods: A total of 74 patients with T2DM and 76
healthy individuals were recruited (mean age 66.5±10.1 vs. 62.3±8.5
years, respectively, median DM duration 15.0 [6.5, 25.0] years). Plasma
sclerostin levels were measured using ELISA. Diagnosis of cardiac auto-
nomic neuropathy (CAN) was based on the four autonomic tests pro-
posed by Ewing, while of peripheral neuropathy on neuropathy symptom
score and neuropathy disability score.
Results: Participants with T2DM had significantly higher sclerostin levels
when compared with non-diabetic individuals (511 [339.8, 624.6] vs.
367.8 [282.9, 446.4] pg/ml, respectively). Univariate linear regression
analysis showed that circulating sclerostin in subjects with DM was sig-
nificantly associatedwith CAN andCAN score, while there was a trend for
a positive association with male gender and a negative one with cerebro-
vascular disease; no significant associations were found with body mass
index (BMI), arterial hypertension, smoking, duration of DM, HbA1c,
estimated glomerular filtration rate (eGFR), albumin-to-creatinine ratio
(ACR) or use of statins. Multivariate analysis after adjustment for gender
and cerebrovascular disease showed that plasma sclerostin levels were
significantly and independently associated with the presence of CAN
[standardized regression coefficient (b)=0.374, p=0.001). In subjects with-
out T2DM, univariate analysis showed that plasma sclerostin was positive-
ly associated with male gender, arterial hypertension and coronary artery
disease while there was a trend for association with ACR; no significant
associations were found with BMI, eGFR or smoking. Multivariate anal-
ysis after adjustment for age and arterial hypertension, showed that
sclerostin was significantly and independently associated with male gen-
der, coronary artery disease and ACR (b=0.280, p=0.019, b=0.280,
p=0.023, b= -0.286, p=0.008, respectively).
Conclusion: Plasma sclerostin levels are significantly and independently
associated with the presence of CAN in patients with T2DM, while in
individuals without T2DM plasma sclerostin levels are associated inde-
pendently with male gender, ACR and presence of coronary artery dis-
ease. It could be hypothesized that in subjects with T2DM sympathetic
denervation of the vasculature promotes the osteogenic differentiation of
vascular smooth muscle cells and the subsequent defensive increase ex-
pression of sclerostin to avoid further calcification process.
Disclosure: A. Tentolouris: None.

1069
Serum levels of calponin 1, relaxin and l-citrulline in subjects with
type 2 diabetes: the relationships with carotid atherosclerosis
parameters
E.A. Koroleva1, R.S. Khapaev2, A.P. Lykov3, V.V. Klimontov1;
1Endocrinology, The Research Institution of Clinical and Experimental
Lymphology, Novosibirsk, 2Clinical Lymphology, The Research
Institution of Clinical and Experimental Lymphology, Novosibirsk,
3Cell Technology, The Research Institution of Clinical and
Experimental Lymphology, Novosibirsk, Russian Federation.

Background and aims: It was revealed in recent epidemiological studies
that carotid atherosclerosis (CA)measures, such as carotid intima-media thick-
ness (CIMT) and presence or absence of plaques, can be independent predic-
tors of cardiovascular diseases. The mechanisms and biomarkers of CA in
patients with diabetes continue to be studied intensively. A growing body of
evidence indicates that vascular smooth muscle cell (VSMC) plasticity and
contractility could be a cornerstone of vascular wall remodeling in a variety of
VSMC-driven vascular diseases. Meantime, the changes in the panel of
VSMC regulators/markers in patients with CA and diabetes remain to be
clarified. Therefore, we aimed to evaluate the relationships between CA ultra-
sound parameters and serum levels of molecules related to VSMC contractil-
ity (calponin-1, relaxin and l-citrulline) in patients with type 2 diabetes (T2D).
Materials and methods:One hundred and fifty two T2D individuals, 90
F/62 M, mean age 61.5 (55; 66) [median (25; 75 percentile)] years, dia-
betes duration 12 (6.5; 18) years, BMI 33.7 (30.1, 38.1) kg/m2, were
included. The presence and severity of CAwas assessed by quantitative
Doppler ultrasound with CIMT measurement and plaque detection.
Among observed T2D patients, forty six individuals had no signs of
CA (CIMT <1.0 mm, no plaques; group 1), 42 subjects demonstrated
increase in the CIMT only (CIMT ≥1.0 mm, no plaques; group 2), and
64 patients had plaque(s) in carotid arteries, with or without stenosis
(group 3; 43 patients with stenosis). The concentrations of calponin 1,
relaxin, and l-citrulline were determined by ELISA in fasting serum. The
serum samples from twenty one healthy subjects were acted as control.
Results: Individuals with diabetes as compared to control had increased l-
citrullin serum levels (p=0.000001), but no differences were found in
calponine 1 and relaxin concentrations. Among patients with CA, lowest
levels of calponin 1 and relaxin were detected in patients with plaques,
with significant differences between group 2 and group 3 in these param-
eters (p=0.047 and p=0.024, respectively). The number of atherosclerotic
plaques correlated weakly with relaxin. There was a tendency to increase
in l-citrulline levels in patients with plaques compared to other diabetic
groups (both p=0.07). Patients with carotid artery stenosis as compared to
those without demonstrated lower relaxin levels (p=0.03). None of the
markers was associated with CIMT, diabetes duration and glycemic con-
trol parameters. In amodel of discriminant analysis, with inclusion of age,
BMI, lipids, HbA1c, diabetes duration, estimated glomerular filtration
rate (eGFR) and biomarkers (calponin 1, relaxin, l-citrulline) as indepen-
dent variances, l-citrulline and diabetes duration were predictors for ca-
rotid artery stenosis (p=0.02 and p=0.01 respectively).
Conclusion: The results of this study demonstrate multidirectional changes
in circulating molecules related to VSMC contractility in T2D subjects.
Increase in l-citrullin serum levels and, probably, decrease in serum relaxin
concentrations are associated with advanced CA in individuals with T2D.
Disclosure: E.A. Koroleva: None.

1070
Relationship between ABO blood groups and cardiovascular disease
in type 1 diabetes according to diabetic nephropathy status
E.B. Parente1,2, V. Harjutsalo1,3, M. Lehto1,4, C. Forsblom1,4, P.-H.
Groop1,5;
1Folkhälsan Research Center, Helsinki, Finland, 2Faculdade de Ciências
Médicas da Santa Casa de São Paulo, São Paulo, Brazil, 3Chronic Disease
Prevention Unit, National Institute for Health and Welfare, Helsinki,
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Finland, 4Research Program for Clinical and Molecular Metabolism,
Faculty of Medicine, University of Helsinki, Helsinki, Finland,
5Abdominal Center, Nephrology, University of Helsinki and Helsinki
University Hospital, Helsinki, Finland.

Background and aims:ABO blood groups have previously been shown
to be associated with cardiovascular disease (CVD) and also considered a
cardiovascular risk factor in patients with familial hypercholesterolemia.
People with type 1 diabetes (T1D) have a high risk of CVD, and if the
presence of diabetic nephropathy (DN) is taken into consideration this
risk increases manifold. Since it is not knownwhether ABO blood groups
are also associated with the increased risk of CVD in individuals with
T1D and DN, we explored this issue in the large nationwide Finnish
Diabetic Nephropathy (FinnDiane) cohort.
Materials and methods: The study included 2884 individuals with
T1D from the Finnish Diabetic Nephropathy Study with informa-
tion on ABO blood groups available. The CVD events were iden-
tified by linking the data with the Finnish Care Register for
Health Care and the Finnish Cause of Death Register. Follow-up
was from baseline visit until CVD, death or to the end of 2015.
The impact of the ABO blood group on CVD risk was estimated
by multivariable Cox-regression analyses adjusted for traditional
risk factors (age at diabetes diagnosis, duration of diabetes, SBP,
HDL cholesterol, triglycerides, HbA1c, sex, severe diabetic reti-
nopathy (laser treatment) and smoking). DN was classified by
albumin excretion rate (normal, micro, macro, end-stage
[ESRD]) and ABO groups were compared stratified for the vari-
ous stages of renal disease. The CVD endpoints were: ischemic
heart disease (IHD), ischemic stroke (IS), peripheral arterial dis-
ease (PAD) and combined IHD+IS.
Results: At baseline, median age was 41.3 (IQR 32.7-49.2) years and
median duration of diabetes 26.0 (18.8-33.4) years. There were 657 inci-
dent IHD, 231 IS, and 318 PAD events during a median follow up of 14.8
(11.6-16.9) years. In normoalbuminuric individuals, the AB blood group
compared to the other groups showed the highest risk of IHD (HR 1.82,
95%CI: 1.19-2.79), of IS (HR 2.37, 95%CI: 1.05-5.33) and of combined
IHD+IS (HR 1.57, 95% CI: 1.01-2.47). In microalbuminuric individuals,
the risk of IHD was also higher in the AB group (HR 2.71, 95% CI: 1.30-
5.63), followed by the A group (HR 1.98, 95% CI: 1.17-3.32), compared
to the O group. In individuals with macroalbuminuria or ESRD there
were no differences between ABO groups regarding risks of IHD or IS.
The risk of PAD was no different among the ABO groups independent of
renal disease stage.
Conclusion: The AB blood group is a risk factor for thrombotic events
such as IHD and IS independently of traditional risk factors in
normoalbuminuric individuals with T1D, as well as for IHD in
microalbuminuric individuals.
Supported by: Folkhälsan Research Foundation, Else and Wilhelm
Stockmann Foundation
Disclosure: E.B. Parente: None.

1071
Predictive value of triglyceride glucose index for subclinical athero-
sclerosis: the Korean genome and epidemiology study
N. Kim, D. Lee, J. Yu, J. Seo, S. Lee, C. Shin;
Korea University Ansan Hospital, Ansan-si, Republic of Korea.

Background and aims: The present study aims to investigate whether
triglyceride glucose index (TyG Index), a novel marker of insulin resis-
tance, can predict the four-year risk of subclinical atherosclerosis.
Materials andmethods:A total of 2035 Koreans in the Korean Genome
and Epidemiology Study (KoGES) were stratified into TyG index quar-
tile. TyG index was calculated from Ln [triglyceride (mg/dL) × fasting
glucose (mg/dL)/2]. We compared the risk of subclinical atherosclerosis
after four years using multivariate logistic regression analysis. And after

stratifying the subjects according to body mass index (BMI) of 25kg/m2,
we conducted this analysis separately. Subclinical atherosclerosis was
defined as the presence of atherosclerotic plaques in carotid intima-
media thickness ultrasound.
Results: At baseline, subjects of TyG index quartile 4 showed worse
cardio-metabolic profiles, such as age, proportion of men, obesity,
blood pressure, and lipid levels, compared to those of TyG index
quartile 1-3. Subjects of TyG index quartile 4 had higher risk of
subclinical atherosclerosis compared with those of quartile 1-3. The
hazard ratio (HR) and 95% confidence interval (95% CI) of TyG
index quartile 4 was 1.42 (1.07-1.87) after adjustment for age, sex,
BMI, systolic blood pressure, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, smoking, alcohol drinking, exer-
cise, baseline insulin level. When the subjects were divided by obe-
sity status, this significance was found in non-obese group (BMI
<25kg/m2).
Conclusion: The TyG index measured at a single time point might be a
predictor of subclinical atherosclerosis in non-obese Koreans.
Supported by: the Korean Centers for Disease Control and Prevention
Disclosure: N. Kim: None.

1072
Skin autofluorescence measurement improves CVD risk prediction
in the general population
M.M. van der Klauw1, H.E. Boersma2, A.J. Smit2, R. Graaff1, B.H.R.
Wolffenbuttel1;
1Endocrinology, University of Groningen, University Med Ctr
Groningen, Groningen, 2Internal Medicine, University of Groningen,
University Med Ctr Groningen, Groningen, Netherlands.

Background and aims: Cardiovascular (CV) risk engines are used
to estimate CV risk. Noninvasively-measured skin autofluores-
cence (SAF), a marker of tissue levels of advanced glycation
endproducts (AGE), has been shown to predict the development
of type 2 diabetes mellitus (T2D), cardiovascular disease (CVD)
and mortality in the general population. We assessed whether SAF
measurement may improve CV risk assessment with the ASCVD
risk calculator.
Materials and methods: For this cross-sectional analysis, we in-
cluded subjects 40-70 years of age from the Lifel ines
population-based study, who had SAF measurement available,
and were without T2D and CVD. SAF was measured non-
invasively with the AGE Reader (DiagnOptics Technologies BV,
Groningen, Netherlands; software version 2.3), and subdivided
into 4 SAF groups: group 1, <1.9; 2, 1.9-2.5; 3, 2.5-2.9; 4,
>2.9 arbitrary units (AU). Outcome was defined as all atheroscle-
rotic CV events, heart failure and total mortality. Median follow-
up duration was 4 years.
Results:Mean (±SD) age of 46164 participants was 50 (±8) years,
while mean SAF was 2.03 (±0.40) (AU). With increasing ASCVD
risk (groups 1-4 with resp. <1, 1-5, 5-10, >10% 10-years calcu-
lated risk) the % of participants with a CV endpoint or mortality
increased. In all but the lowest ASCVD risk group, increasing
SAF levels were associated with an increase in risk (Figure), with
% of participants with an event within 4 years ranging from 1.8-
3.3% in ASCVD group 1 vs 7.6-18.8% in ASCVD group 4.
Conclusion: Measuring skin autofluorescence can assist in improving CV
risk prediction with the ASCVD risk calculator, and assist in selecting people
who may benefit from more aggressive CV risk factor management.
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1073
Impact of masked and white coat hypertension on clinical outcomes
in patients with type 2 diabetes
L.R. Remonti1, G. Pulz2, L.C. Pinto2, L.H. Canani2, C.B. Leitão2;
1Hospital de Clínicas de Porto Alegre, Porto Alegre, 2UFRGS, Porto
Alegre, Brazil.

Background and aims:Ambulatory blood pressure monitoring (ABPM) is
superior to office blood pressure (BP) in predicting cardiovascular (CV) events
in hypertensive patients. In patients with type 2 diabetes (T2DM), ABPM
abnormalities have been associated with increased risk of chronic complica-
tions and CV risk. The objective of this study is to evaluate the influence of
these abnormalities in the risk of CVand renal events in patients with T2DM.
Materials and methods: 400 patients were submitted to office BP mea-
surement and ABPM after 1 week wash out period of BP lowering medi-
cations and classified as normotensive (NT) (mean office BP < 140/
90 mmHg and daytime BP (DBP) < 135/85), white-coat hypertensive
(WCHT) (office BP > 140/90 and DBP < 135/85), masked hypertensive
(MHT) (office BP <140/90 and DBP ≥135/85) and sustained hypertensive
(HT) (office BP > 140/90 and DBP ≥ 135/85). Patients were reassessed for
occurrence of myocardial infarction (MI), stroke, lower limb non-traumatic
amputation, myocardial or lower limb revascularization, end-stage renal
disease (ESRD - haemodialysis or renal transplantation) and death.
Composite outcome was defined as the first of any of the above events.
Major CVwere defined as non-fatalMI or stroke andCVdeath (MACE3P).
Results: 345 patients (86.2% of original cohort) were reassessed during the
follow-up (mean follow-up 118.3 ± 64.8 months). Patients had a mean age
and T2DM duration of 56.7 ± 9.2 and 10.3 ± 7.11 years, respectively. There
was 128 (32%)NT, 62 (15.5%)WCHT, 61 (15.35%)MHTand 148 (37%)HT.
In baseline, NTwere more frequently females thanMHT. NTandMHT groups
hadhigherprevalenceof smokers than theHT.HTgrouphadhigherHbA1c than
NT.NTandWCHThad lower valuesof 24hBP than the other groups, aswell as
MHT compared to HT. During follow-up, 160 events occurred (47 deaths, 23
strokes, 25 MI, 18 ESRD, 21 myocardial and 13 lower limb revascularization
and 13 amputations). Patients with HTwere more likely to have the composite
outcome than thosewithWCTH(177±11vs 209±13months, respectively, p=
0.032) and therewas no difference among other groups. Therewas no difference
between groups in the occurrence of MACE3P. Patients with HT had an in-
creased risk of ESRD than NT and WCHT (fig 1) (p <0,001 and p = 0.046,
respectively) andMHTwere also at increased riskofESRD thanNT (p=0.025).
When the associations were adjusted for sex, smoking, HbA1c and 24 h systolic
BP, there were no difference among groups for the composite outcome, but 24h
systolic BP and A1C were related to MACE3P in Cox regression.
Conclusion: In this long-term prospective cohort study, HT and MHTwere
associated with worse cardiovascular and renal outcomes. Associations for
the composite outcomewhere lostwhen corrected for 24 h systolicBPvalues,

but this variablewas associatedwithMACE3P suggesting that absolute blood
pressure is more relevant than ABPM classifications. Association of MHT
with ESRD may be because these patients are not recognized during routine
consultation and not treated.

Supported by: FIPE / CnPq
Disclosure: L.R. Remonti: None.
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Neuroprotective action of liraglutide in experimental brain ischaemia
is independent on its influence on glucose metabolism
A.V. Simanenkova1, I.A. Filchenko1, S.G. Chefu1,2, E.V. Shlyakhto1,2,
T.D. Vlasov1,2;
1Pavlov First Saint-Petersburg State medical University, Saint-
Petersburg, 2Almazov National Medical Research Centre, Saint-
Petersburg, Russian Federation.

Background and aims: Ischemic stroke has high incidence and severe
manifestations in type 2 diabetes mellitus (DM). This requires a glucose-
lowering drug with neuroprotective properties. The aim of this study was
to investigate neuroprotective effect of glucagon-like peptide-1 receptor
agonist liraglutide (LIR) in rat brain ischemia. To exclude a connection
between protective effect of LIR and its influence on glycaemia, we
conducted a study in both diabetic and non-diabetic rats.
Materials and methods: In the I phase male Wistar rats 200-255 g were
subjected to 30-min filament middle cerebral artery occlusion (MCAO).
LIR was administered 1 mg/kg s.c. once daily for 7 days before MCAO
(group “LIR before”, n=15) or once only 1 mg/kg s.c. 1 hour afterMCAO
(group “LIR after”, n=9). “Control” rats (n=15) received 0.9% NaCl. 48
hours after MCAO neurological deficit was evaluated with Garcia scale,
then rats were euthanized and brain slices were incubated with 0.1%
2,3,5-triphenyltetrazolium chloride for necrosis measurement. Blood glu-
cose level (BGL) was studied 3 times during the treatment. In the II phase
male Wistar rats 200-250 g were kept on high-fat diet for 4 weeks before
DM induction and thereafter. DM was induced by nicotinamide 230
mg/kg i.p. and streptozotocin 60 mg/kg i.p. 2 weeks after DM induction
3 groups (n=20 each) were formed: “LIR” - LIR 0.03 mg/kg once daily
s.c. for 7 days; “MET” - metformin 200 mg/kg per os once daily for 7
days; “DMwithout treatment” - animals did not get treatment for 7 days.
Then all the rats underwent MCAO. In 48 hours neurological deficit and
brain damage volume were measured. BGLwas evaluated 3 times during
the treatment period.
Results: I phase. Neurological deficit was significantly smaller in “LIR
before” group comparing with “control” (14.0 (11.5; 15.5) and 11.0 (6.0;
12.0) scores, р=0.03) but did not differ in groups “LIR after” (8.5 (4.5;
14.75) scores) and “control”, р=0.93. Brain infarct volume was smaller in
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“LIR before” group in comparison with “control” (3.97 (2.20; 9.60) and
16.60 (11.67; 28.30) % of total brain volume, р=0.00). Brain damage
volume in “LIR after” group (20.36 (15.06; 24.59) %) did not differ from
that of the “control” (р=0.90) and was significantly larger than that in
group “LIR before” (р=0.00). BGL was normal in all groups all the time,
with no hypoglycemic episodes. II phase. Neither LIR nor metformin
therapy decreased neurological deficit (11.5 (9.0; 16.0) and 10.0 (7.0;
12.0) scores), in comparison with “DM without treatment” group (9.0
(7.0; 12.0) scores), p>0.05. Nevertheless, brain necrosis volume in
“LIR” group was significantly smaller comparing not only with “DM
without treatment” group (5.32 (2.91; 14.41) and 21.41 (15.23; 23.84)
%, р=0.00), but also with “MET” group (20.16 (13.90; 28.41) %),
р=0.00. Brain infarct volume in “MET” group did not differ from that
in “DM without treatment” group, p=0.6. Importantly, animals receiving
both LIR and metformin had similarly good glycemic control.
Conclusion: LIR administered once only in early reperfusion period does
not cause neuroprotection in transient brain ischemia in rats. Extended use
of LIR in both diabetic and non-diabetic rats prior to brain ischemia has
neuroprotective effect. This LIR action is pleiotropic and is not connected
with glycemic control improvement.
Disclosure: A.V. Simanenkova: None.

1075
Circulating TNFrII levels correlate with incidence of ischaemic heart
disease in male patients with type 2 diabetes
M. Johansson, C. Vavruch, C. Östgren;
Medicine and Health sciences, Linköping University, Linköping,
Sweden.

Background and aims: To explore new and clinically useful markers of
cardiovascular risk in patients with type 2 diabetes, since ischemic heart
disease is a major cause of death in these patients.
Materials and methods: In 761 middle-aged patients with type 2
diabetes we measured a wide range of inflammatory markers and
other risk factors for heart disease. 498 men and 263 women
participated in the “Cardiovascular Risk factors in Patients with
Diabetes -a Prospective study in Primary care” study. All partic-
ipants had type 2 diabetes and were 55-66 years old at recruit-
ment during year 2005 to 2008. Patients were followed for inci-
dence of ischemic heart disease mortality and morbidity until end
of the year 2012, using the national Swedish Cause of Death and
Hospitalization Registries.
Results: During the whole period of a median of 6 years 86 men
and 23 women died or were hospitalized for ischemic heart dis-
ease including myocardial infarction. Soluble tumor necrosis fac-
tor alpha (TNFalpha) receptor type II predicted ischemic heart
disease in men (hazard ratio (HR) for each log 10-unit 2,33,
95% CI 1,516 to 3,587 with p-value 0,00012), independently of
age, HbA1c, BMI, systolic blood pressure, inflammatory marker
interleukin 6, LDL/HDL-cholesterol ratio, triglycerides, IMT and
PWV . Circulating TNFrII levels did not predict ischemic heart
disease in women, (hazard ratio (HR) for each log 10-unit 1.29,
95% CI 0,313 to 5,328 with p-value 0,724 after similar
adjustments.
Conclusion: Our data support the use of serum TNFrII in male type 2
diabetes patients to add independent prognostic information in terms of
ischemic heart disease when compared with traditional cardiovascular
risk factors. The study may be underpowered to detect a similar finding
in women due to smaller number of women in the study and lower
incidence of cardiovascular disease in general.

Clinical Trial Registration Number: NCT01049737
Disclosure: M. Johansson: None.

1076
Carotid ultrasonography as a strategy to optimise the management
of cardiovascular risk in patients with type 1 diabetes
L. Boswell1, A.J. Amor1,2, C. Viñals1, S. Ruíz1, A. Pané1, J. Blanco1, I.
Vinagre1, M. Giménez1,3, E. Esmatjes1,3, I. Conget1,3, E. Ortega1,2;
1Endocrinology andNutritionDepartment, Hospital Clínic, Barcelona, 2Centro
de Investigación Biomédica en Red Fisiopatología de la Obesidad y Nutrición
(CIBEROBN), Instituto de Salud Carlos III (ISCIII), Madrid, 3Centro de
Investigación Biomédica en Red Diabetes y Trastornos Metabólicos
Asociados (CIBERDEM), Instituto deSaludCarlos III (ISCIII),Madrid, Spain.

Background and aims: Despite the great advances on the last decades in
the care of type 1 diabetes (T1D), cardiovascular disease (CVD) is still the
leading cause of mortality and accounts for most of the disease burden.
Nevertheless, the use of cardioprotective drugs is scarce in clinical care,
albeit international guidelines’ recommendations. The goal of this study is
to evaluate the impact of carotid ultrasonography on the improvement in
cardiovascular risk factors (CVRF) in this population.
Materials and methods: T1D patients without CVD meeting criteria for
statin treatment according to guidelines (≥40 years, nephropathy and/or
≥10 years of diabetes duration with ≥1 additional CVRF) were included.
A standardized protocol of vascular ultrasonography and cardiovascular
risk assessment was used and recommendations were made according to
the presence of subclinical atherosclerosis. Finally, changes in CVRF
(specially statin use and LDLc levels) at one year were analysed.
Results:One-hundred and seventy seven patientswere included (53%wom-
en, age 47.2±9.7 years, diabetes duration 25.6±8.9 years, HbA1c 7.7±1%).
The prevalence of smoking and hypertension were 29% and 28%, and dia-
betic retinopathy and nephropathy were present in 38% and 11%, respective-
ly. The ultrasonography revealed plaques (intimal medial thickness ≥1.5mm)
in 38%, and 10% had ≥3 plaques. Baseline LDLc was 115±23 mg/dL (25%
and 0.6% had LDLc <100 and <70 mg/dL, respectively) and 43.5% of the
patients were on statins. One year after, 58% were on statins and LDLc was
104±28 mg/dL (46% and 10% with LDLc <100 and <70 mg/dL,
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respectively); (p<0.01 for all). Smoking habit was abandoned by 30% of
former smokers (p<0.001). Variations on CVRF are shown in table 1. The
changesweremore pronounced in thosewith carotid plaques: 84%on statins,
LDLc 92±28 mg/dL, 67% with LDLc <100 mg/dL (p<0.001).
Conclusion: In high risk patients with T1D, the screening of subclinical ath-
erosclerosis through carotid ultrasonography leads to an improvement inCVRF,
especially in lipid profile and smoking habits, promoting the use of statins and
smoking cessation. Awaiting further studies, carotid echography could be a
useful approach to individualize and optimize CVRF management in T1D.

Disclosure: L. Boswell: None.

1077
Tissue sodium concentration correlates with hypertrophic vascular
remodelling in type 2 diabetes
D. Kannenkeril1, S. Jung2, J. Harazny1,3, K. Striepe1, C. Ott1, P. Linz4,
A. Nagel4,5, M. Uder4, R. Schmieder1;
1Department of Nephrology and Hypertension, University Hospital
Erlangen, Erlangen, Germany, 2Department of Cardiology, University
Hospi ta l Er langen, Er langen, Germany, 3Depar tment of
Pathophysiology, University of Warmia and Mazury, Olsztyn, Poland,
4Institute of Radiology, University Hospital Erlangen, Erlangen,
Germany, 5Division of Medical Physics in Radiology, German Cancer
Research Center (DKFZ), Heidelberg, Germany.

Background and aims: Studies describe a linkage between greater so-
dium intake and higher incidence of organ damage and cardiovascular
end points. Sodium intake is usually assessed by measuring 24-hour
urinary sodium excretion, which is prone to high fluctuation. For the
assessment of tissue sodium a new technique (23Na-MRI) has been de-
veloped. We analyzed whether tissue sodium is linked to vascular remod-
eling of small resistance vessels in patients with type-2 diabetes.
Materials and methods: In patients with type 2 diabetes we assessed
tissue sodium content and vascular structural parameters of the retinal
arterioles, since structural changes of resistance vessels (150-300 μm)
can be non-invasively and reliably assessed in the retinal circulation by
Scanning Laser Doppler Flowmetry (SLDF). Patients with antidiabetic
medication were off the therapy (antihypertensives were kept constant)
for 4 weeks. The structural parameters of retinal arterioles assessed were
outer- and inner diameter (OD& ID), wall thickness (WT), wall-to-lumen

ratio (WLR) and wall cross sectional area (WCSA). Tissue sodium con-
tent was assessed non-invasively with a 3.0 T clinical MRI system
(Magnetom Verio, Siemens Health Care, Erlangen, Germany) in each
patient. Subject placed their lower legs in the center of a 23Na knee coil
and sodium content in skin and muscle (musculus triceps surae) were
measured.
Results: In patients with type 2 diabetes (N=52) we observed a signifi-
cant correlation between tissue sodium content (muscle and skin) and
OD, WT and WCSA and a trend has been noticed between muscle sodi-
um content and ID andWLR. Multiple linear regression analysis demon-
strated that tissue sodium content is a significant determinant of hyper-
trophic vascular remodeling as indicated by increased WT and WCSA,
independent of age, gender and 24-hour ambulatory diastolic blood
pressure.
Conclusion: With the novel 23Na-MRI technology, we could demon-
strate that high tissue sodium concentration is linked to with hypertrophic
vascular remodeling of retinal arterioles. Thus, the reduction of tissue
sodium content may emerge as a therapeutic target.

Disclosure: D. Kannenkeril: None.

PS 091 NAFLD: diagnosis and metabolic factors

1078
Missed opportunities for timely diagnosis and referral of type 2 dia-
betic patients at high risk for fatty liver disease
K. Grdinovac, D.C. Robbins;
Endocrinology, Metabolism and Genetics, University of Kansas Medical
Center, KU Diabetes Institute, Kansas City, USA.

Background and aims: Patients with type 2 diabetes mellitus (DM) have
higher rates of fatty liver disease (FLD) compared to those without DM,
but DM guidelines fail to highlight the importance of fibrosis screening
and hepatology referral, potentially overlooking a large proportion of
patients at risk for progression to advanced liver disease. Early identifi-
cation and management of patients with DM at risk for FLD is crucial to
prevent serious health consequences and reduce economic burden on the
health system. In a retrospective analysis of all T2DM patients in our
large tertiary clinic, we assessed the prevalence of those at risk for FLD
(NAFLD Fibrosis Score, Fib-4 Score) and the proportion of those with
documented FLD and referral to specialty liver clinics.
Materials and methods: Data from the EpicCare EMR were analyzed
using the University of Kansas Medical Center i2b2-based clinical data
repository (HERON). Data were collected for 3,302 patients who
attended clinic between Jan 2016 and Feb 2019. NAFLD and Fib-4 fi-
brosis scores were calculated for patients 1) without documented FLD or
hepatology referral and compared to risk scores of 2) those with FLD and
co-management by hepatology. Non-paired T test and Chi-squared test
determined significance where applicable.
Results: Of 3,302 patients with DM, 3,015 (91.3%) did not have docu-
mented FLD or affiliation with hepatology clinic. Based on NAFLD
Fibrosis Score, 2,275 pts (75%) qualified for hepatology referral, scoring
at least an intermediate risk for fibrosis. Specifically, 976 (32.37%) had
predicted advanced fibrosis, while another 1,299 (43.08%) had interme-
diate scores. In addition, Fib-4 Score showed one-third qualified for
hepatology referral with intermediate or high-risk scores, 32.64% and
6.07%, respectively. We compared patients who had not been referred
to specialty clinic to those who were already being seen there (n= 287,
8.69%). Of those, 193 (67.25%) had NAFLD Fibrosis Scores predicting
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F3-4, while 73 (25.44%) had intermediate scores; 149 (51.92%) had Fib-
4 scores indicating high likelihood of advanced fibrosis, while 81
(28.22%) had intermediate scores. Patients without documented FLD
were older than those with FLD and hepatology visits (61.5 yrs [13.3]
and 59.7 yrs [11.3], respectively, p=0.028). The two groups did not sig-
nificantly differ by sex, BMI or HbA1c. Patients with FLD and
hepatology involvement were disproportionately more white vs non-
white (p<0.05).
Conclusion: Diabetic patients who may harbor FLD are frequently un-
recognized in DM clinic, delaying referral to hepatology. Less than 10%
of our patients with DM and FLD were co-managed by hepatology.
However, of the remaining patients, 75% qualified for hepatology referral
based on NAFLD score and 38% qualified by Fib-4 score. Consistent
utilization of the NAFLD and Fib-4 fibrosis scores can identify patients at
risk for advanced liver fibrosis and initiate timely interventions to prevent
or reduce associated morbidity and mortality. Arguably, the NAFLD
Fibrosis Score may be a better screening tool in this population, as it
includes DM or impaired fasting glucose as a risk for fibrosis.
Disclosure: K. Grdinovac: None.

1079
Non-invasive scores of liver fibrosis in morbidly obese patients
E. Muraca1,2, S. Ciardullo1,2, S. Perra1, G. Manzoni1, A. Oltolini1, F.
Zerbini1, R. Cannistraci1,2, E. Bianconi1,2, A. Gastaldelli3, G. Lattuada1,
G. Perseghin1,2;
1Policlinico di Monza, Monza, 2Università degli Studi Milano Bicocca,
Milano, 3CNR Institute of Clinical Physiology, Pisa, Italy.

Background and aims: In patients with NAFLD, advanced fibrosis and
cirrhosis are difficult to be detected without liver biopsy. This is a partic-
ularly difficult task especially in morbidly obese patients in which ab-
dominal ultrasound and MRI may be challenging procedures. This study
was undertaken to assess the prevalence of advanced fibrosis using non-
invasive scores in a population of morbidly obese patients candidates for
a bariatric surgery intervention.
Materials and methods: We performed a retrospective analysis of clin-
ical and metabolic data of obese individuals attending the outpatients
service of a single center of bariatric surgery between 2013 and 2018.
We assessed the prevalence of NAFLD using the fatty liver index (FLI)
and the NAFLD Liver Fat score (NLFS) and compared the prevalence of
advanced fibrosis using the NAFLD fibrosis score (NFS), fibrosis-4 (FIB-
4) index, aspartate aminotransferase (AST) to platelet ratio index (APRI),
and AST/alanine aminotransferase (ALT) ratio.
Results: The study population consisted of 531 morbidly obese patients
(age: 45± 11 ys, BMI: 43±6 kg/m2, sex: 22%M 78%F, prevalence of
T2DM: 18%). Significant liver steatosis was detected in the majority of
subjects (between 45% based on NLFS>1.257 and 100% based on
FLI>60). Advanced fibrosis was present in 13% based on NFS>0.675,
4% based on AST/ALT> 1.4, <1% based on FIB-4>2.67 and 0% based
on APRI>1.5. Individuals with high fibrosis score (according to NFS)
were older (p<0.001), more commonly males (p<0.001), with a higher
prevalence of diabetes (p<0.001) and metabolic syndrome (p<0.001) and
lower eGFR (p<0.014), higher systolic blood pressure (p<0.001), and uric
acid levels (p<0.001).
Conclusion: In this large cohort of bariatric surgery candidates, we de-
tected a high prevalence of hepatic steatosis and a low prevalence of
advanced fibrosis probably related to the young age and high prevalence
of women in this cohort. However, the large variability of the percentage
of patients with advanced fibrosis based on the different surrogate bio-
markers indicates the need for their further validation in morbidly obese
subjects.
Disclosure: E. Muraca: None.

1080
The opposite effects of serum lipoprotein(a) level and insulin resis-
tance on fatty liver disease in 2,536 Korean adults
I. Jung, H. Kwon, S. Park, C.-Y. Park, W.-Y. Lee, K.-W. Oh, S.-W. Park,
E.-J. Rhee;
Department of Endocrinology and Metabolism, Kangbuk Samsung
Hospital, Seoul, Republic of Korea.

Background and a ims : Recen t s t ud i e s s ugge s t h i gh
lipoprotein(a)[Lp(a)] is associated with increased risk of cardiovascular
disease. However, the association between Lp(a) and fatty liver disease
(FLD) is controversial. We aimed to analyze the relationship between
FLD and serum Lp(a) concentrations in Korean adults.
Materials and methods: A total of 2,536 participants (mean age 40.8
years, 92% men) who underwent a routine health screening program at
our hospital in 2010 were enrolled. Anthropometric and biochemical
parameters including Lp(a) were measured. The presence and severity
of FLD was assessed by abdominal ultrasonography. The odds ratios
(OR) for presence of FLD was analyzed in quartile groups of serum
Lp(a) concentrations using logistic regression. We divided the partici-
pants into 4 groups according to the median values of Lp(a) and homeo-
stasis model assessment for insulin resistance (HOMA-IR) (high Lp(a)-
low HOMA-IR, high Lp(a)-high HOMA-IR, low Lp(a)-low HOMA-IR,
and low Lp(a)-high HOMA-IR), and analyzed OR for FLD.
Results: Among the total study population, 1,234 (48.7%) participants
had fatty liver. The mean Lp(a) level was lower in subjects who had FLD
compared to those who did not (26.77 vs. 32.98 mg/dL, p < 0.01 ). The
OR for FLD was the lowest in the 4th quartile group of Lp(a) among the
four Lp(a) quartile groups with 1st quartile group as the reference after
adjusting for confounding factors {0.500; 95% confidence interval (CI)
0.383-0.652}.When the OR for FLDwas analyzed in four groups divided
by themedian values of Lp(a) andHOMA-IR, lowLp(a)-highHOMA-IR
group showed the greatest OR for FLD among the four groups with high
Lp(a)-low HOMA-IR group as the reference (2.662 ; 95% CI 2.005-
3.534).
Conclusion:We found serum Lp(a) concentration is inversely associated
with the presence of FLD. In addition, those with low Lp(a) and high
insulin resistance (IR) showed higher risk for FLD compared with those
with high Lp(a) and low IR, suggesting the opposite associations of Lp(a)
and IR with FLD.
Disclosure: I. Jung: None.

1081
Factors affecting hepatic steatosis in adult Caucasian patients with
type 2 diabetes
A. Meritsi1, E. Manesis2, P. Koussis3, E. Tsitsopoulos4, I. Tsorlalis1, M.
Noutsou1, H. Moshoyanni5, S. Manolakopoulos6, D. Pektasidis7, S.
Dourakis6, A. Thanopoulou1;
1Medicine, Diabetes Center, 2nd Department of Internal Medicine and
Research Laboratory, National and Kapodistrian University of Athens,
Hippokration General Hospital, Athens, 2Liver Unit, Euroclinic, Athens,
3MRI-CT, Biomedicine SA, Athens, 4Laboratory of Molecular Genetics,
Biomedicine SA, Athens, 5Biomedicine SA, Athens, 6Medicine, 2nd
Department of Internal Medicine and Research Laboratory, National
and Kapodistrian University of Athens, Hippokration General Hospital,
Athens, 7Medicine, National and Kapodistrian University of Athens,
Athens, Greece.

Background and aims: Patients with established T2DM display a high
prevalence of non-alcoholic fatty liver disease (NAFLD), which encom-
passes a spectrum of pathologic conditions ranging from simple steatosis
to non-alcoholic steatohepatitis (NASH), with or without cirrhosis and
hepatocellular carcinoma (HCC). The aim of this study was to investigate
the factors affecting hepatic steatosis (HS) in adult Greek subjects with
T2DM.
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Materials andmethods: 100 consecutive subjects with T2DM attending
the Diabetic Outpatient Clinic (DOC) at an Academic Department of
Internal Medicine in Athens, Greece were enrolled in the study. The
degree of HS was defined as the percentage of total liver fat divided by
the liver volume as estimated by Magnetic Resonance Imaging based on
Proton Density Fat Fraction (MRI-PDFF). The PNPLA3 (I148M) variant
was evaluated with standard Molecular Biology techniques. SteatoTest
for steatosis grading, ActiTest for inflammatory activity grading and
NashTest for NASH grading were determined.
Results: Patients' age was 60.2 +/- 8.5 with duration of T2DM 10.3 +/-
7.6 and HbA1c 6.7 +/- 0.69.The PNPLA3 rs 738409 CC/CG/GG geno-
type frequencies were 60.6%, 31% and 8.5% respectively. The median
(IQR) of HS (MRI-PDFF) was 8.5% (3.9-15.1), SteatoTest was 0.50
(0.33-0.61), ActiTest was 0.08 (0.05-0.19) and NashTest was 0.50
(0.25-0.50). In a univariate analysis HS was positively correlated with
SteatoTest (r2 0.323, p<0.001), NashTest (r2 0.289, p<0.001), ActiTest (r2

0.228, p<0.001), triglycerides (r2 0.118, p=0.003), BMI (r2 0.113,
p=0.004), waist circumference (r2 0.066, p=0.032) and negatively corre-
lated with age (r2 0.264, p<0.001) and duration of T2DM (r2 0.098,
p=0.008). No association was found with sex, LDL, non-HDL, ApoA1,
T-CHOL, uric acid, HbA1c or TSH. TheG-allele of PNPLA3 (rs 738409)
was also correlated with HS (CC vs CG vs GG, p=0.018 and CC vs CG+
GG, p=0.031) and ActiTest (p=0.044). In a multivariate analysis
PNPLA3 (I148M) variant (beta coefficient +5.03, 95% CI 2.44-7.62,
p=0.004), female sex (beta coefficient +3.23, 95% CI 0.007-0.883,
p=0.007), waist circumference (beta coefficient +0.0117, 95% CI 6.44-
9.10, p=0.001) and age (beta coefficient -7.77 95% CI 6.44-9.10,
p=0.001) were independent risk factors for HS in patients with T2DM.
Conclusion: PNPLA3 (I148M) variant is a major determinant of
HS and is associated with hepatic inflammatory activity
(ActiTest). Both waist circumference and female sex are indepen-
dently correlated with HS as well. Finally with age and diabetes
progression HS seems to be reduced.
Supported by: Biomedicine SA, Athens, Greece
Disclosure: A. Meritsi: None.

1082
Negative correlation between the early glucagon response and
intrahepatic content of lipid (IHCL) in individuals with PNPLA3
rs738409 CCgenotype
A. Nadasdi1, V. Gál2, K. Rosta3, J. Harreiter4, A. Kautzky-Willer4, A.
Somogyi1, G. Firneisz1,5;
12nd Department of Internal Medicine, Semmelweis University,
Budapest, Hungary, 2Brain Imaging Centre, Research Centre for
Natural Sciences, Hungarian Academy of Sciences, Budapest, Hungary,
3Department of Obstetrics and Gynecology, Medical University of
Vienna, Vienna, Austria, 4Department of Internal Medicine III,
Medical University of Vienna, Vienna, Austria, 5Hungarian
Academy of Sciences, MTA-SE Molecular Medicine Research
Group, Hungary.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) and
type 2 diabetes mellitus (T2DM) are closely associated to obesity, dys-
lipidemia, insulin resistance and metabolic syndrome. The PNPLA3
rs738409 GG risk genotype is implicated in the development and pro-
gression of NAFLD. The glucagon / glucagon-GLP-1 receptor
(co-)agonists have a hepatocyte protective effect / reduce IHCL.
Materials and methods: 35 women (mean age=37.1±4.5yrs,
BMI=26.9±5.8kg/m2) from our prior GDM genetic association
study (previous GDM n=20/35) were enrolled based on their
rs738409 genotype (nCC=24 vs. nGG =11). IHCL and pancreatic
fat content (IPCL) was measured using 1HMRS and Multi-echo
Dixon methods (Siemens 3T MR). Liver enzymes, metabolic pa-
rameters (HbA1c, lipids, 75g OGTT: PG, serum insulin /CLIA/:
0’-30’-120’, plasma glucagon /0’-30’, RIA/) were measured. Liver

fibrosis scores (NFS, Fib-4) were calculated. Man-Whitney U,
Wilcoxon, Spearman tests were used.
Results: In women with GG genotype the IHCL was elevated (median
IHCLGG vs CC=10.1 vs 3.4%, p=0.01). In NAFLD patients (n=10) OGTT
PG (median0’,30’,120’=5.0, 7.6, 5.7 vs. 5.45, 9.95, 7.7 mmol/l,
p0’,30’,120’=0.01, 0.0003, 0.003, respectively) and HOMA2-IR (medi-
an=1.12 vs 2.03, p=0.001) values were higher, and in patients with
prediabetes/diabetes (OGTT and/or HbA1c., n=13) the IHCL was in-
creased (median=3.15 vs 7.94%, p=0.001). Glucagon levels were higher
in NAFLD compared to without NAFLD (0’: 41.3 vs 30.8 / 30’: 35.6 vs
29.2 pmol/L, p=0.002 / 0.04, respectively) and the change (0’ vs 30’) was
only significant within NAFLD group (p=0.028). Correlations: between
Δ(30’-0) glucagon and Δ(30’-0) glucagon/ Δ(30’-0) insulin vs IHCL (r=-
0.46, p=0.028) in individuals with CC genotype (Figure 1). The correla-
tions among IHCL and metabolic parameters, IPCL, also between IPCL
and HbA1c was modified by the rs738409 genotype. No participant, in-
cluding NAFLD patients had significant liver fibrosis.
Conclusion: In Hungarian women the PNPLA3 rs738409 GG ge-
notype together with the history of GDM increase IHCL and
modifies the correlations between IHCL and the metabolic param-
eters in early NAFLD stages (no significant fibrosis). Novel find-
ing: Significant negative correlation between the IHCL and the
early (30’) glucagon response during OGTT even after correction
to early insulin response in individuals without specific genetic
risk for fatty liver (PNPLA3 rs738409 CC), potentially referring
to an additional regulatory mechanism between IHCL and the
glucagon response.

Supported by: EFSD/New Horizons, Wörwag Pharma
Disclosure:A. Nadasdi:Grants; EFSD/NH grant (GF), Wörwag Pharma
(ÁN).

1083
Role of prolactin rhythm in regulating hepatic lipid metabolism
P. Zhang, W. Feng, D. Zhu, Y. Bi;
Nanjing Drum Tower Hospital Affiliated to Medical School of Nanjing
University, Nanjing, China.

Background and aims: Sleep disorder like stay up late, shift work and
frequent “jet-lag” increases the risk of nonalcoholic fatty liver disease
(NAFLD). Prolactin (PRL), a peptide hormone mainly produced by pi-
tuitary, is recently shown to improve hepatic steatosis via inhibiting fatty
acid translocase. Noteworthy, PRL is a circadian hormone and its rhythm
is disrupted under sleep disruption and night eating syndrome. Here we
explored whether PRL rhythm is perturbed by sleep disorder, and thereby
exert impact on the development and progression of hepatic steatosis.
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Materials and methods: Clinical and laboratory data of 126 eligible
subjects without NAFLD and 135 patients with NAFLD as diagnosed
by ultrasound were evaluated. Sleep time of these subjects was recorded,
and late bedtime was defined as 24:00 or later. Serum PRL at 8:00, 16:00,
and 24:00 was detected. Luciferase report assay and ChIP analysis were
applied to test the mechanism of PRL rhythm. C57BL/6 mice were ran-
domly assigned into control or jet-lag group for 16 weeks (light period of
8h advance every 3-4 days) to mimic sleep disorder in human. PRL levels
at ZT0, ZT4, ZT8, ZT12, ZT16, ZT20 of control and jet-lag mice were
determined. Hepatic lipid content was measured utilizing Oil O staining
and ELISA kit. PRL (2mg/kg) was treated intraperitoneally to mice daily
for 2 weeks after 16 weeks of jet-lag induction at ZT0.
Results: The peak of PRL level in a day was around 24:00 in both
genders, which was significantly higher than 8:00 and 16:00. Subjects
with NAFLD or sleep later than 24:00 showed remarkably dampen PRL
levels at 24:00, compared with their counterparts. A higher proportion of
late bedtime was observed in NAFLD patients than those without. After
adjusted for confounders, late bedtime is a risk factor of NAFLD, and this
association persisted even after adjusted for 16:00 or 24:00 PRL levels.
However, after adjusting for 24:00 PRL, this association was disappeared,
implying a role of dampen peak levels of PRL at 24:00 in sleep disorder
related NAFLD. Using cosine curve analysis, we found that dynamic
PRL levels attained highest levels at ZT0 in control but not in jet lag
mice. Luciferase report assay showed that the promoter of PRL can be
transactivated by core clock genes RORα (Retinoic-acid-receptor-related
orphan receptor) via RORα response element RORE (AGGTCA). ChIP
analysis showed that binding of RORα and PRL promoter in mouse
pituitary reached highest levels at ZT0 but was damaged in mice under
“jet-lag”. Furthermore, hepatic triglycerides content was significantly
higher in jet-lag group than that in controls. Importantly, PRL intervention
at ZT0 for 2 weeks can largely reverse hepatic steatosis in jet-lag mice.
Conclusion: We firstly clarified that normal cyclic expression of PRL is
required in hepatic lipid homeostasis. Disturbed PRL rhythm caused by
sleep disorder mediated the development of sleep disorder induced
NAFLD. PRL can serve as an endocrine sensor that transmits rhythmic
signals from central nervous system to liver and thus regulating hepatic
lipid metabolism.

Clinical Trial Registration Number: NCT03296605
Supported by: National Natural Science Foundation of China Grant
Awards
Disclosure: P. Zhang: None.

1084
Hepatic insulin resistance in NAFLD is associated to reduced glycine
and HDL concentrations
C. Barbieri1,2, M. Gaggini1, F. Carli1, C. Rosso3, R. Younes3, G.
Mingrone4, E. Bugianesi3, A. Gastaldelli1;
1Consiglio delle Ricerche, Pisa, 2University of Siena, Siena, 3Department
of Medical Sciences, University of Torino, Torino, 4Department of
Internal Medicine, Catholic University, Roma, Italy.

Background and aims: NAFLD is a metabolic disease and hepatic fat
accumulation is a strong risk factor of diabetes and cardiovascular dis-
ease. However, NAFLD is often undiagnosed. Circulating markers of
altered hepatic metabolism are therefore needed. Glycine is non-
essential amino acid involved in many metabolic processes including
glutathione synthesis. Several studies have indicated that reduced plasma
concentrations of glycine are associated with increased risk of type 2
diabetes (T2D), cardiac and inflammatory diseases. Also reduced HDL
are associated to increased risk of cardiometabolic diseases. Our aim was
to investigate if decreased circulating levels of glycine and HDL were
associatedwith hepatic insulin resistance (IR) in non-diabetic subject with
non-alcoholic fatty liver disease (NAFLD).
Materials and methods:We studied 112 non-diabetic subjects, of which
92 with NAFLD diagnosed by liver biopsy or ultrasound and 20 non-
NAFLD andmeasured fasting amino acid profile by GCMS, lipid profile,
liver enzymes. IR was evaluated by HOMA (glucose x insulin/22.5),
hepatic IR (Hep-IR=EGP*INS) and adipose tissue IR (Lipo-IR=Ra -
glycerol*INS), where the endogenous glucose production (EGP) and
lipolysis (Ra-glycerol) were measured by tracer infusion.
Results: Subjects with NAFLD had increased Hep-IR (3.4 vs 1.4
umol/kg*min x mU/l, p=0.007), Lipo-IR (37 vs 12 umol/kg*min x mU/
l, p<0.003) and HOMA (131 vs 52, p<0.03). Compared to non-NAFLD
subjects with NAFLD had increased fasting levels of lysine, threonine,
glutamate and of the branched chain amino acids (BCAA) isoleucine and
valine but similar levels of leucine. On the other hand, glycine concen-
trations were significantly reduced in NAFLD vs non-NAFLD (178 vs
206 uM, p<0.02). NAFLD had also reduced HDL concentrations that
were associated with Hep-IR (r=-0.30, p<0.005). In NAFLD, only gly-
cine concentrations were correlated (inversely) with Hep-IR (r=-0.42,
p<0.0001), HOMA-IR (r=-0.23, p<0.03). Glycine levels were also in-
versely correlated with Lipo-IR (r=-0.39, p<0.007).
Conclusion: Reduced levels of plasma glycine and HDL are surrogate
markers of hepatic IR in non-diabetic subjects with NAFLD and might be
used to identify subjects at risk of NAFLD.
Supported by: EPOS
Disclosure: C. Barbieri: None.
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Correlation between serum proinsulin levels and fatty liver disease: a
population-based study
A. Miya1, A. Nakamura1, H. Miyoshi1, S. Ukawa2,3, K. Nakamura2, T.
Nakagawa4, Y. Terauchi5, A. Tamakoshi2, T. Atsumi1;
1Department of Rheumatology, Endocrinology and Nephrology, Hokkaido
University, Sapporo, 2Department of Public Health, Hokkaido University,
Sapporo, 3Research Unit of Advanced Interdisciplinary Care Science,
Osaka City University, Osaka, 4The Hokkaido Centre for Family Medicine,
Sapporo, 5Department of Endocrinology and Metabolism, Yokohama City
University, Yokohama, Japan.

Background and aims: It has been well recognized that fatty liver dis-
ease is a risk for the development of diabetes in the general population.
However, no data are available whether fatty liver is related with pancre-
atic β-cell dysfunction. In the present study, we explored the association
between the degree of fatty liver and pancreatic β-cell function, using
fasting serum proinsulin level.
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Materials and methods: We performed a cross-sectional study of
residents aged 35-79 years of a rural community in Hokkaido,
Japan. A total of 488 (53.9% women) participants who were not
using insulin nor oral hypoglycemic agents were enrolled. The
extent of fatty liver was estimated using a fatty liver index
(FLI), comprising body mass index (BMI), waist circumference,
serum γ-glutamyl transferase and triglyceride levels. All partici-
pants were categorized into three groups, with low (FLI≤30),
moderate (30<FLI<60), or high (FLI≥60) degree of fatty liver.
Their serum proinsulin levels were transformed into natural loga-
rithms and expressed as least squares means (95% confidence
interval). Ln-transformed serum proinsulin levels among the three
groups were compared using analysis of covariance, followed by
Tukey's honest significant difference test for multiple post-hoc
comparisons. To determine whether obesity modifies the associa-
tion of interest, the participants were stratified into two groups,
according to median BMI. In addition, to determine whether basic
insulin secretion modifies the association of interest, similar strat-
ified analyses were conducted using median of serum insulin and
HOMA-β. All tests were two-sided, and p<0.05 was considered
to represent statistical significance.
Results: The overall mean age was 57.9 ± 12.5 years, and the
mean BMI was 23.7 ± 3.6 kg/m2. The numbers of participants
in each FLI group were 302 for low FLI; 106 for moderate FLI;
and 80 for high FLI. In the crude analysis, ln(proinsulin) was
significantly higher in the high FLI group than in the moderate
and low groups, and significantly higher in the moderate group
than in the low group. A similar pattern was obtained for
ln(proinsulin) after adjustment for age and sex [ln(proinsulin):
high FLI group: 2.91 (2.79, 3.03) pmol/L; moderate FLI group:
2.45 (2.35, 2.55) pmol/L; low FLI group: 2.07 (2.01, 2.13)
pmol/L; all different, with p<0.05]. Ln(proinsulin) was significant-
ly higher in the high FLI group than in the low FLI group,
regardless of BMI, after adjustment for age and sex. Similar pat-
terns were observed for both serum insulin and HOMA-β strata.
Conclusion: This was a first study to prove that the degree of fatty liver is
positively correlated with serum proinsulin, regardless of the presence of
obesity and serum insulin level, suggesting that fatty liver disease may
reflect pancreatic β-cell dysfunction.
Disclosure: A. Miya: None.

PS 092 Bones and microvascular disease

1086
Alteration of cerebral and peripheral microcirculation in type 2 dia-
betes and obesity
M. Káplár, Z. Képes, M. Emri, M. Mikó, J. Varga, S. Somodi, R. Esze,
L. Rajnai, I. Garai;
University of Debrecen, Debrecen, Hungary.

Background and aims: The number of people with obesity and diabetes
is continuously growing. These are important metabolic drivers of cere-
brovascular and cardiovascular diseases as well as peripheral neuropathy.
Damage to the microcirculation is at the basis of these conditions. In our
study we investigated cerebral and peripheral perfusion and cerebral me-
tabolism in these two metabolic diseases.
Materials and methods: In this prospective study 57 patients with type 2
diabetes mellitus (T2DM) (mean age:52±9,6) and 46 patients with obesity
(50,6±7,9)were recruited. BMIwas 34,1±5,9 kg/m2 in T2DMand 38,1±6,1
kg/m2 in obese group. Tc99m HMPAO dynamic and SPECT/CT studies
were performed to assess cerebral and peripheral microcirculation. Patients
with known cerebrovascular diseases were excluded from the study. Brain
metabolism was evaluated with F18 FDG PET/CT. Hemispheral perfusion
was measured by Patlak analysis. FDG and HMPAO images were trans-
formed into MNI152 brain map. Regional brain perfusion differences were
evaluated with SPM (statistical parametric mapping) analysis and Harvard-
Oxford cortical and subcortical regional mapping. SUV (standardized up-
take value) was calculated in both legs. In statistical analysis Shapiro nor-
mality test, Wilcoxon test and paired Spearman correlation were done.
Results: Regarding the correlation of brain perfusion with age, BMI and
groups, we found a significant and surprisingly positive correlation of
cerebral perfusion with BMI (p<0.001). There were no significant differ-
ences in hemispheral and regional perfusion in T2DM and obese group.
However, we found hypometabolism in right and left cuneus (Br17) in
T2DM with SPM analysis. Harvard-Oxford cerebral mapping confirmed
hypometabolism in cuneus and precuneal region with mild perfusion
decrease. Besides these findings, we found further hypoperfused and
hypometabolized regions in T2DMgroups compared with obese patients.
Leg perfusion (SUV) was significantly lower in diabetic group (p<0.001)
and there was no significant correlation with HBA1c level.
Conclusion: Microcirculatory abnormalities are more prominent in the
diabetic group both in the brain and in the legs. Further studies are needed
to clarify the association of microcirculation with other clinical parame-
ters and with the unexpectedly strange positive association with BMI.
Supported by: GINOP-2.1.1-15-2015-00609
Disclosure: M. Káplár: Grants; GINOP-2.1.1-15-2015-00609.
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Prediabetes stage negatively impacts in sleep respiratory function:
data from the ILERVAS project
A. Lecube1, E. Sánchez1, G. Torres2, F. Barbé1, C. Mizab1, M.
Hernández1, L. Gutiérrez-Carrasquilla1, E. Fernández1, M. Bermúdez3,
C. Farràs4, C. López-Cano1, M. Portero-Otin5, F. Purroy1, E. Sapiña6,
ILERVAS team;
1Arnau de Vilanova University Hospital, IRBLleida, Lleida, 2Hospital
Santa Maria, Lleida, 3IRBLleida, Lleida, 4Primary Health Care, Lleida,
5IRBLleida, UdL, Lleida, 6Arnau de Vilanova University Hospital,
Lleida, Spain.

Background and aims: Growing evidence support that Type 2 Diabetes
(T2D) adversely affects sleep breathing, becoming an independent risk
factor for higher rates of sleep apneas, as well as severe nocturnal hyp-
oxemia and daily sleepiness. Therefore, our aim was to assess the night-
time respiratory function on the prediabetes stage.
Materials andmethods:Cross-sectional study conducted in 674middle-
aged subjects from the ILERVAS project. Participants were free of both
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lung and cardiovascular diseases, and showed at least one cardiovascular
risk factor (dyslipidemia, hypertension, obesity, smoking or a first-degree
family member with premature cardiovascular disease). Prediabetes was
defined by glycosylated hemoglobin (HbA1c) between 5.7-6.4% accord-
ing to the American Diabetes Association guidelines. Subjects with pre-
vious T2D diagnosis or with HbA1c ≥6.5% were excluded for the study.
Nighttime respiratory function was assessed using a non-attended cardio-
respiratory polygraphy (Embletta; ResMed, Spain) according to standard
techniques. The presence and severity of sleep apnoea-hypopnoea syn-
drome (SAHS) was evaluated according to the American Academy of
Sleep Medicine. Multinomial logistic regression model was used to ana-
lyze the association between glycosylated hemoglobin with the severity
of SAHS.
Results: Prevalence of prediabetes was 31.5%. Subjects with prediabetes
showed a higher apnea-hypoapnea index [AHI: 12,5 (7,0-23,8) vs. 10,2
(4,4-20,4) events per hour, p=0.012) and hypopnoea events [58,0 (29,0-
106,8) vs. 44,5 (20,0-91,3) events per hour, p=0.004), and expended a
significantly higher percentage of their sleep timewith oxygen saturations
below 90% [CT90: 14 (4-30) vs. 6 (1-25) %, p<0.001] compared to the
population with an HbA1c level <5.7%; the number of apnoeas was
similar between the two groups. The HbA1c value was correlated with
the AHI (r=0.112, p=0.004), the hypopnoea events (r=0.126, p=0.001)
and the CT90 (r=0.192, p<0.001). The multinomial logistic regression
model in the whole population showed a significant and independent
association between HbA1c and any severity of the SAHS: severe
[OR= 4.0 (1.0 to 16.1), p=0.049], moderate [OR= 2.8 (0.8 to 9.3),
p=0.095] and mild [OR= 3.2 (1.1 to 9.3), p=0.038].
Conclusion: The deleterious effect of type 2 diabetes on sleep breathing
appears to be initiated in prediabetes, and it is related with metabolic
control.
Clinical Trial Registration Number: NCT03228459
Supported by: PI15/00260, FEDER "Una manera de hacer Europa",
CIBERDEM, CIBERES
Disclosure: A. Lecube: None.
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Increased nocturnal blood pressure is associated with cerebral small-
vessel disease in type 1 diabetes
M. Eriksson1,2, C. Forsblom1,2, D. Gordin1,2, P. Summanen1,3, S.
Shams4, R. Liebkind5, T. Tatlisumak5,6, J. Putaala5, P.-H. Groop1,2, J.
Martola4,7, L.M. Thorn1,2, The FinnDiane Study Group;
1Folkhälsan Research Center, Helsinki, Finland, 2Abdominal Center
Nephrology, University of Helsinki and Helsinki University Hospital,
Helsinki, Finland, 3Department of Ophtalmology, Helsinki University
Hospital, Helsinki, Finland, 4Department of Radiology, Karolinska
University Hospital and Karolinska institute, Stockholm, Sweden,
5Department of Neurology, Helsinki University Hospital, Helsinki,
Finland, 6Department of Neurology, University of Gothenburg and
Sahlgrenska University Hospital, Gothenburg, Sweden, 7Department of
Radiology, Helsinki University Hospital, Helsinki, Finland.

Background and aims: Type 1 diabetes is associated with vascular com-
plications, but there are few studies on cerebral small-vessel disease in
type 1 diabetes. We recently showed that cerebral small-vessel disease is
more common in individuals with type 1 diabetes, compared with healthy
controls, and that it is associated only with higher systolic blood pressure
(SBP). The aim of this study was, thus, to study the role of blood pressure
(BP) in cerebral small-vessel disease in type 1 diabetes in more detail.
Materials and methods: This study included 73 individuals with type 1
diabetes, from the Finnish Diabetic Nephropathy Study. The studied individ-
uals’median age was 40.6 (33.7-45.7) years, duration of diabetes 21.2 (18.9-
24.0) years, 54.8% were male, HbA1c was 65 ± 12 mmol/l, and 39.7% used
antihypertensive medication. BP was measured ambulatory for 24-hours.
SBP, diastolic blood pressure (DBP), mean arterial pressure (MAP), pulse
pressure (PP), BP variability (average real variability), and nocturnal dipping

were registered. Measurement quality was validated in accordance with cur-
rent standards. Signs of cerebral small-vessel disease (white matter
hyperintensities, lacunar infarctions, and cerebralmicrobleeds)were identified
from brain MRI and analyzed in relation to BP.
Results: Of the studied, 20 (27.4%) had signs of cerebral small-vessel
disease. Increased nocturnal SBP [127 (124-134) vs 122 (118-129)
mmHg, p=0.010*], DBP (68 ± 6 vs 67 ± 6 mmHg, p=0.009*), and
MAP [86 (83-92) vs 81 (78-86) mmHg, p=0.006*] were associated with
cerebral small-vessel disease. Diurnal BP was not associated with cere-
bral small-vessel disease, neither was PP at any time of day, BP variabil-
ity, nor nocturnal dipping in adjusted analyses. There was an association
between nocturnal hypertension (systolic and/or diastolic) and cerebral
small-vessel disease, OR 4.09 (95%CI 1.27-13.20), p=0.019*. Masked
hypertension was observed in 22 (30.3%), and was associated with cere-
bral small-vessel disease, OR 3.74 (95% 1.17-11.95), p=0.020*. No as-
sociation was found between cerebral small-vessel disease and white coat
hypertension. *Adjustment for age, antihypertensive medication, and
quality of ambulatory measurements.
Conclusion: Cerebral small-vessel disease is associated with increased
nocturnal BP and masked hypertension in type 1 diabetes. Individuals
with type 1 diabetes have a high prevalence of masked hypertension, and
office BPmeasurements are not sensitive enough to rule out hypertension
in these individuals.
Supported by: Folkhälsan Research Foundation, Academy of Finland,
Stockmann foundation
Disclosure: M. Eriksson: None.
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Exercise training is associated with reduced pain from the musculo-
skeletal system in patients with type 2 diabetes
S.S.S. Rasmussen1, T.M. Jensen2, S.B.M. Eriksen3, J.S. Larsen4, M.
Aadahl5,6, L.B. Bockhoff3, T. Rehling3, S. Mølsted2;
1Steno Diabetes Center Copenhagen, Gentofte, 2Department of clinical
research, Nordsjællands Hospital, Hillerød, 3Department of physiothera-
py, Nordsjællands Hospital, Hillerød, 4Louiselund, HørsholmKommune,
Hørsholm, 5Centre for clinical research and prevention, Frederiksberg-
Bispebjerg Hospital, Copenhagen, 6Department of public health, Faculty
of health and medical science, Copenhagen, Denmark.

Background and aims: Patients with type 2 diabetes report musculo-
skeletal pain twice as often as the general population. The pain is associ-
ated with lower levels of physical activity. Exercise training programmes
are offered as part of rehabilitation programmes. We aimed to investigate
the effect of exercise training on musculoskeletal pain in patients with
type 2 diabetes.
Materials and methods: In this clinical intervention study patients with
type 2 diabetes were offered one hour aerobic and strength training twice
weekly for 12 weeks as part of a rehabilitation programme and were
enrolled consecutively. Primary outcome was change in musculoskeletal
pain assessed with a 0-10 Numeric Rating Scale (NRS) in 11 body sites
after the 12 weeks. Secondary outcomeswere use of analgesics, change in
glycaemic control (HbA1c) and in body weight. At baseline, the partici-
pants reported musculoskeletal pain using three questions from the
Danish Health and Morbidity Survey (pain in back/low-back, limbs,
and neck/shoulder). Their data were compared with an age, gender and
region matched general population sample.
Results: Participants (n=69) were 66 ± 10 years old, 55%were men, BMI
was 34 ± 6 kg/m2 and 50 completed the intervention. At baseline, pain in
the back/low-back and the limbs was more frequently reported by partic-
ipants compared with the general population (67.7% vs 54.4% p=0.030,
and 80.9% vs 65.3% p=0.007, respectively (χ2-test)). There was no dif-
ference in reported pain in the neck/shoulder area (50.8% vs 49.6%
p=0.898). Participants who had any pain at baseline (NRS > 0) or severe
pain (NRS > 3) reported significant (Welch’s test) decreased pain after the
training period: In those with NRS > 0 at baseline the mean decrease was
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in the feet (n=26) -2.3 (95%CI: -3.4; -1.1), calf muscles (n=18) -2.1 (95%
CI: -3.7; -0.4), knees (n=30) -1.4 (95% CI: -2.1; -0.6), thighs (n=17) -1.7
(95% CI: -2.6; -0.8), hips (n=19) -2.0 (95% CI: -3.0; -1.0), lower back
(n=31) -1.0 (95% CI: -2.0; -0.1), arms (n=17) -1.8 (95% CI: -2.8; -0.8),
and hands (n=19) -1.5 95% CI: (-2.8; -0.2). In participants with NRS >3,
the mean decrease was in the feet (n=16) -2.8 (95% CI: -4.7; -1.0), calf
muscles (n=8) -3.8 (95% CI: -7.0; -0.5), knees (n=17) -1.5 (95% CI: -2.8;
-0.2), thighs (n=6) -2.8 (95% CI: -5.4; -0.2), hips (n=9) -3.0 (95% CI: -
4.8; -1.2), lower back (n=15) -2.0 (95%CI: -3.4; -0.6) and arms (n=9) -2.0
(95% CI: -4.0; -0.0). Pain at baseline (NRS > 0) was not associated with
drop-out during the intervention except for pain in the hands (drop-outs vs
completers 3.2 ± 3.0 vs 1.3 ± 2.2 p=0.025). Use of analgesics was un-
changed, HbA1c decreased from 60 ± 15 mmol/mol to 54 ± 11 mmol/mol
p<0.001 and body weight decreased from 100.5 ± 19.1 kg to 98.6 ±
17.7 kg p=0.005.
Conclusion: In our study participants with type 2 diabetes reported more
frequently pain than a matched general population. Training intervention
was associated with reduced musculoskeletal pain. Reduced pain may be
an important motivational factor in patients with type 2 diabetes to per-
form exercise training.
Clinical Trial Registration Number: NTC02366416
Supported by: The Association of Danish Physiotherapist
Disclosure: S.S.S. Rasmussen: None.
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Glycaemic control and renal complications in Korean Veterans
Affairs Diabetes (KVAD) cohort
Y. Kim, Y. Lee, J. Seo;
Veterans Health Service Medical Center, Seoul, Republic of Korea.

Background and aims: This study aimed to determine the glycemic
goal with lower risk of diabetic nephropathy and its progression
in Korean Veterans Affairs with type 2 diabetes (KVAD) cohort.
Materials and methods: This is a retrospective cohort study of
3729 patients with type 2 diabetes followed up at least 10 years
in Korean Veterans hospital. Inclusion criteria was measured gly-
cosylated hemoglobin (HbA1c) both at 2008 and 2017 and miss-
ing data (serum creatinine and urine protein within 2 years of
initial and last year) and malignancies affecting diabetic progres-
sion (stomach, pancreas, and kidney) were excluded. They were
divided into 6 groups with the baseline HbA1c and time propor-
tional hazard ratio were calculated for the new onset of nephrop-
athy (eGFR<60mL/min/1.73m2 or albuminuria>30mg/dL for
>3months without reversion) or progression of nephropathy (wors-
ening of GFR category).
Results: The baseline mean age was 64.6±6.3 years and HbA1c
was 7.5±1.4%. During the follow-up period, 960 patients (465 in
GFR categories, and 495 in albuminuria categories) were devel-
oped new nephropathy, and 719 (254 with existing nephropathy at
baseline) had progression of nephropathy. The risks for new ne-
phropathy was 1.397 (1.012-1.930, p=0.042) in the patients with
A1c 8.0-8.5%, and 1.767 (1.379-2.263, p<0.001) and in those
with A1c≥8.5% compared to those of A1c <6.5%. The risks for
progression of nephropathy were higher in the group with
A1c≥8.5% (HR 1.488, 95% CI 1.133-1.953, p=0.004) than
A1c<6.5%, while there was no differences of risks in the groups
with A1c 6.5-7.0%, 7-7.5%, and 7.5-8.0%. The group with A1c
8.0-8.5% also showed comparable risk (HR 1.279, 95% CI 0.899-
1.821, p=0.172) in terms of nephropathy progression.
Conclusion: The HbA1c <8.0% group showed similar rates of renal
complications in comparison with the group of A1c <6.5%. Therefore,
HbA1c<8.0% also could be suggested as an acceptable glycemic target
for elderly patients, considering the incidence of renal complications or its
progression. Figure Legends A.Risk of nephropathy progression B.Risk
of new nephropathy

Supported by: VHS17030
Disclosure: Y. Kim: None.

1091
Effect of type 1 diabetes remission on fracture risk
C. Conte1,2, S. Frara2,1, S. Costantini2,3, E. Falbo2, C. Socci1, P. Maffi1,
M. Scavini1,4, A. Secchi2,1;
1IRCCS San Raffaele Scientific Institute, Milan, Italy, 2Vita-Salute San
Raffaele University, Milan, Italy, 3Epatocentro Ticino, Lugano,
Switzerland, 4Diabetes Research Institute, Milan, Italy.

Background and aims: Individuals with type 1 diabetes (T1D) are at
increased risk of fracture. Insulin deficiency appears to play a key role, as
insulin has anabolic effects on the skeleton. Successful pancreas trans-
plantation provides physiological insulin repletion, without the risk of
hypoglycaemia associated with exogenous insulin administration. No in-
formation is available on the effect of diabetes remission following pan-
creas transplantation alone (PTA) on bone health in individuals with T1D
and preserved kidney function.
Materials and methods: We retrospectively assessed clinical Fx
(cFX, any Fx except skull, face, hands and feet) and morphomet-
ric vertebral Fx (vFX) in PTA recipients. We enrolled all T1D
patients who underwent PTA at our Center between 2004 -
2017, had preserved graft function for at least 6 months and
normal renal function. Data were collected through electronic
medical record review; vFX were detected on lateral chest X-
rays using a qualitative and quantitative evaluation of vertebral
shape; patients were also contacted by phone and queried about
Fx history.
Results: Fifty-six PTA were performed between 2004 - 2017.
Thirty-eight patients were eligible and had data available for anal-
yses. Of these, 17 had a history of cFx (total: 34 cFx): 23.7%
only before, 7.9% both before and after, 13.2% only after PTA.
Only 4 patients (11%) had a cFx exclusively after PTA (median
time to first cFx 6.0 yrs, 95% CI 0.7;11.1). Patients with a cFX
after PTA had longer disease duration at PTA vs. those with no
Fx after PTA and a greater number of fractures before PTA, but
no other differences (Table). A mVFx was diagnosed in 15 pa-
tients. Only 7 (47%) of these also had a cFx, bringing the total
number of fractured subjects to 25 (66% of all PTA recipients).
Thirteen (34% of the total) had a prevalent vFX at PTA. Only 3
subjects developed an incident vFX after PTA (only 1 also had a
prevalent vFX at PTA). Median time to incident mVFx was 4.9
yrs (95% CI 0.0;11.2) after PTA. There were no significant dif-
ferences between those with or without an incident vFX.
Conclusion: Fx risk is very high among PTA recipients, particularly if
morphometric technique is used to detect Fx. cFX are influenced by
disease duration. Despite the high prevalence of vFX (a risk factor for
subsequent vFX), only 1 subject developed a subsequent vFX, suggesting
that T1D remission through PTA might reduce Fx risk in those with
prevalent vFX.
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Clinical Trial Registration Number: NCT03869281
Disclosure: C. Conte: None.
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The impact of type 2 diabetes on bone density and quality in Chinese
postmenopausal women and the role of fibroblast growth factor 21 in
diabetic bone disease
D.T.W. Lui, C.H. Lee, V.W.K. Chau, C.H.Y. Fong, K.M.Y. Yeung, J.K.Y.
Lam, A.C.H. Lee, W.S. Chow, K.C.B. Tan, Y.C. Woo, K.S.L. Lam;
Department of Medicine, The University of Hong Kong, Queen Mary
Hospital, Hong Kong, Hong Kong.

Background and aims: Type 2 diabetes is associated with increased
fracture risk despite higher bonemineral density (BMD). Trabecular bone
score (TBS) is an indirect index of bone microarchitecture reflecting bone
quality and is found to capture type 2 diabetes-related fracture risk better.
Data are lacking on TBS in Asian postmenopausal women (PMW) with
type 2 diabetes. Altered adipokine expression or responsiveness in obe-
sity, secondary to adipose tissue inflammation, may potentially be path-
ogenic in diabetic bone disease (DBD) as a chronic inflammatory state is
common to both type 2 diabetes and osteoporosis. In this study, we
compared the BMD and TBS between Chinese PMW with and without
type 2 diabetes. We also studied the correlations between circulating
levels of several adipokines and bone parameters.
Materials and methods: We conducted a case-control study of
community-dwelling Chinese PMW aged between 55 and 80 years
(inclusive) without type 2 diabetes recruited from the Hong Kong
Cardiovascular Risk Factor Prevalence Study cohort and those with type
2 diabetes from the Hong Kong West Diabetes Registry. BMD, vertebral
fracture assessment, and TBS were measured by dual-energy x-ray ab-
sorptiometry. Fasting blood was drawn for measurements of fasting glu-
cose (FG), HbA1c, eGFR, carboxy-terminal cross-linked telopeptide of
type 1 collagen (CTX), and adipokines (adiponectin, adipocyte fatty acid
binding protein, and fibroblast growth factor 21 [FGF21]). Type 2 diabe-
tes was defined by FG ≥7.0mmol/L, 2 hours post-load glucose
>11.0mmol/L in 75-gram OGTT, or HbA1c ≥6.5%. Participants were
excluded if they (i) were already on anti-osteoporosis therapy, (ii) had
secondary causes of osteoporosis, (iii) BMI <15 or >37 kg/m2, or (iv)
eGFR <30mL/min.
Results: 358 participants (100 with type 2 diabetes and 258 without type
2 diabetes) were included. Those with type 2 diabetes were significantly
older (63.8 vs 61.5 years, p<0.001) with higher BMI (25.8 vs 24.2 kg/m2,
p<0.001) and lower eGFR (79.5±18.9 vs 90.3±10.7 mL/min, p<0.001)
compared to those without type 2 diabetes. After adjustments for age,
BMI and eGFR, TBS was lower in type 2 diabetes (1.260 [SEM 0.007]
vs 1.282 [SEM 0.004], p=0.018) despite higher lumbar spine BMD
(0.912 [SEM 0.012] vs 0.853 g/cm2 [SEM 0.007], p<0.001), and lower
CTX (p<0.001). No significant difference in prevalent fragility fractures
was observed between those with or without type 2 diabetes. Among the
adipokines studied, serum FGF21 showed a significant inverse correla-
tion with TBS (r -0.2, p=0.001), which remained statistically significant

after adjusting for age, BMI, eGFR and glycaemic status. Serum FGF21
showed no significant correlation with BMD or CTX.
Conclusion: Among Chinese PMW, bone quality was worse in type 2
diabetes despite higher bone density, associated with attenuated bone re-
sorption. We have also provided the first report of a significant inverse
correlation between serum FGF21 and TBS, suggestive of a possible role
of FGF21 in DBD, likely mediated through mechanisms other than bone
resorption. Whether serum FGF21 is a useful biomarker in fracture risk
prediction, andwhether interventions to lower FGF21 resistance can reduce
fracture risk in DBD, however, warrant future adequately powered studies.
Supported by: HKSEMR Young Researcher Grant; QMH Training and
Research Assistance Scheme
Disclosure: D.T.W. Lui: None.
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DIabetes Severity SCOre (DISSCO) improves hospitalisation and
mortality prediction: model development and validation in 139,626
people with type 2 diabetes
S. Zghebi1, M. Mamas2, D.M. Ashcroft3, C. Salisbury4, C. Mallen5, C.
Chew-Graham5, D. Reeves1, H. Van marwijk6, N. Qureshi7, S. Weng7, T.
Holt8, I. Buchan9, N. Peek10, M.K. Rutter11, E. Kontopantelis1;
1Centre for Primary Care and Health Services Research, University of
Manchester, Manchester, 2Keele Cardiovascular Research group, Keele
University, Stoke-on-Trent, 3Division of Pharmacy and Optometry,
University of Manchester, Manchester, 4Centre for Academic Primary
Care, Population Health Sciences, University of Bristol, Bristol,
5Research Institute for Primary Care and Health Sciences, Keele
University, Staffordshire, 6Division of Primary Care and Public Health,
University of Brighton, Brighton, 7Division of Primary Care, University
of Nottingham, Nottingham, 8Nuffield Department of Primary Care
Health Sciences, University of Oxford, Oxford, 9Department of Public
Health and Policy, University of Liverpool, Liverpool, 10Division of
Informatics, Imaging & Data Sciences, University of Manchester,
Manchester, 11Manchester Diabetes Centre, Manchester University
NHS Foundation Trust, Manchester, UK.

Background and aims: Type 2 diabetes (T2DM) prevalence is increas-
ing worldwide. But, a validated and clinically applicable T2DM severity
measure derived from medical data is lacking. We aimed to: 1) develop
and validate a disease severity score (DISSCO) in T2DM patients using
electronic health data, 2) evaluate the score's association with risks of
hospitalisation and mortality, assessing if it provides additional risk infor-
mation to sociodemographic factors and HbA1c.
Materials and methods:We used primary and secondary care data held by
the UK CPRD. We included patients with T2DM from March 2007 to
March 2017, aged ≥35 years, registered in 400 general practices in
England. The study cohort was randomly divided to a training cohort (N=
111,748, 80%) to develop the severity tool, and validation cohort (N=27,878,
20%). We developed baseline and longitudinal severity scores using 34
diabetes-related and cardiovascular (CV) domains. The primary outcome
was all-cause mortality. Secondary outcomes were first hospitalisation due
to any cause, diabetes (including hypoglycaemia), or due to CV disease or
procedures.
Results: Patients aged (mean±SD) 63±12 years, 45% female, 83% White,
18% fromdeprived areas, baselineHbA1c 62±22mmol/mol.DISSCOranged
between 0-22. Overall, 27,362 (20%) people died, and 99,951 (72%) had ≥1
hospitalisation during follow-up. Cox models (adjusted for age, gender, race,
deprivation, and HbA1c) showed that a 1-unit increase in baseline DISSCO
was associatedwith significantly higher risks formortality (HR: 1.14, 95%CI:
1.13; 1.15, an AUROC=0.77), and CV hospitalisation (HR: 1.45, 95%CI:
1.44; 1.46, AUROC=0.76). The addition of DISSCO to demographic vari-
ables improved the predictive value of survival models outperforming the
added value of HbA1c for mortality (AUROC improved from 0.76 to 0.77)
and CV hospitalisation (AUROC from 0.70 to 0.76). Compared to DISSCO,
HbA1c was a weaker predictor for all outcomes but hypoglycaemia
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hospitalisation, based on AUROC. Findings were consistent in the validation
cohort.
Conclusion: Higher T2DM severity score are associated with higher risks
for hospital admissions and mortality. The new severity score had higher
predictive value than the proxy used in clinical practice, HbA1c. This re-
producible algorithm can be useful to practitioners, help stratify clinical
care of T2DM patients and inform funding allocation to health services.
Supported by: NIHR SPCR
Disclosure: S. Zghebi: Grants; NIHR SPCR.
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Hormonal: metabolic indicators of diabetes-associated osteoarthritis
V. Orlenko1, M. Tronko1, O. Magomedov2;
1State Institution of Endocrinology and Metabolism n. a. V.P.
Komisarenko, NAMS of Ukraine, Kyiv, 2State Institution of
Traumatology and Orthopedics of the NAMS of Ukraine, Kyiv, Ukraine.

Background and aims:Diabetes-associated osteoarthritis is one of the com-
mon, but not well-known complications in patients with diabetesmellitus. For
today, there is no single theory of the pathogenesis of diabetic arthropathies.
But it is clearly known that both hyperinsulinemia and insulin deficiency lead
to dystrophic changes in the joints. The influence of the remaining hormones,
the role of cytokines and metabolic factors is undetermined. The aim of our
research was to study the level of proinflammatory cytokines, hormones and
metabolic parameters of articular structures in patients with diabetes.
Materials and methods: 384 patients with type 2 diabetes (201 women
and 183 men) were examined, with average age 59 ± 2.7 years, duration
of diabetes 12 ± 4.9 years, BMI 27 ± 3.1 kg / m, HbA1c -7,4 ± 0 ,7%.
Arthropathy was found in 234 (61%) patients with type 2 diabetes. They
entered the main group. The control group consisted of 150 patients with
type 2 diabetes without joint damage. The contents of IL-6, TNF-α, IL-
1alpha, IL-6 and receptors to S IL-6-R, insulin levels, leptin, osteocalcin
in serum was determined. The ELISA was used with a set of reagents
from the company Diaclone (France), the activity of collagenase en-
zymes, hydroxyproline free and protein binding, glycosaminoglycans
were determined using biochemical techniques.
Results: In patients with arthropathy, a significant increase in TNF-α and IL-
6 was found. The average level of TNF-α in the presence of arthropathy was
higher by 42,9% (t = 7,2; p <0.001) than with its absence, and IL-6 by 64,4%
(t = 7,3; p <0.001). The chances of arthropathy detection with an increase in
the level of TNF-α increase 1.8 times (OR = 1,78; DI 1,21-2,61), with an
increase in IL-6 of 1.3 times (OR = 1,34; DI 1,03-1,74). In patients with
arthropathy, the presence of insulin resistance and a direct correlation between
insulin resistance and the presence of arthropathy in type 2 diabetes (r = 0.68;
p <0.001) were established. The chances of developing arthropathy increase
with increasing of the insulin levels (OR= 2.62;DI 1,05-6,53).An increase of
the insulin level with an increase of arthropathy stage (F=9.9; p<0.001) was
determined. The level of osteocalcin in patients with type 2 diabetes and the
presence of arthropathy is 53,9% higher than without arthropathy (t=4,1; p
<0.001).) With type 2 diabetes and arthropathy, collagenase levels are higher
by 16.6% (t = 3.1; p <0.01) thanwith its absence.Adirect correlationbetween
osteocalcin and collagenase indicatorswas determined forwomenwith type 2
diabetes (t = 0.48; p <0.052). Using logit regression analysis, it was found that
in womenwith diabetes type 2, the chances of arthropathy development were
higher by 6,4 times than inmen (OR = 6,39; DI = 1,18-34,62; p = 0,032); the
chance for arthropathy in patients with type 2 diabetes and renal damages 5,2
times higher than in patientswithout this complication (OR=5,17;DI = 1,32-
20,22; p = 0.018).
Conclusion: Thereby, the main proinflammatory cytokines, namely,
TNF-α and IL-6, which may be markers of the presence and progression
of arthropathy in patients with diabetes mellitus, can be identified.
Diabetes associated osteoarthritis is characterized by hyperinsulinemia,
hyperleptinemia, increased levels of osteocalcin, more common in wom-
en and against the background of chronic kidney disease.
Disclosure: V. Orlenko: None.
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Mediation of intrahepatic triglyceride content on the association of
physical activity and diabetes risk
J. van der Velde1, H. Lamb2, F. Rosendaal1, R. de Mutsert1;
1Clinical Epidemiology, LUMC, Leiden, 2Radiology, LUMC, Leiden,
Netherlands.

Background and aims: Physical activity has a beneficial effect on the
risk of type 2 diabetes, but the underlying mechanisms are not fully
elucidated. Liver fat accumulation is strongly linked to diabetes risk.
We hypothesized that the association between physical activity and dia-
betes risk is mediated by reduced intrahepatic triglyceride content (liver
fat) and we aimed to investigate the extent of mediation in a prospective
cohort study of middle-aged men and women.
Materials and methods: The Netherlands Epidemiology of Obesity study
is a population-based prospective cohort study including 6,671 men and
women with overweight who were 45 to 65 years at baseline. In a random
subgroup of 2,019 participantswithout contra indications, hepatic triglyceride
content (HTGC)was determined using 1H-magnetic resonance spectroscopy.
Physical activity during leisure time was assessed via questionnaire and
expressed as MET-hours per week. Incident diagnoses of type 2 diabetes
were collected via medical records of general practitioners during 10 years
of follow-up. Using Cox regression analyses, the relation between physical
activity and incidence of type 2 diabeteswas examined.We calculated hazard
ratios (HR)with 95%confidence intervals (CI) of type 2 diabetes, adjusted for
age, sex, education, alcohol consumption, smoking, and BMI. To investigate
mediation, we additionally adjusted the analyses for HTGC.
Results: After exclusion of participants with a medical history of T2D
(n=127) or lost-to-follow-up (n=27), 1,865 participants (51% men) were
analysed, with a mean (SD) age of 55.5 (6.0) years, and mean BMI of 29.2
(4.1 kg/m2). Mean leisure time physical activity was 36.3 (32.6) MET-h
[median: 28.5, 25-75 percentile: 14.3-47.5] and median intrahepatic tri-
glyceride content was 4.6 % [2.1-11.3]. During 12,088 person-years 87
participants were diagnosed with type 2 diabetes. More leisure time phys-
ical activity resulted in a lower risk of type 2 diabetes; HR per SD: 0.65
(95% CI: 0.49-0.88). Higher intrahepatic triglyceride content was associ-
ated with an increased risk of type 2 diabetes; HR per SD: 1.56 (1.36-1.79).
When the association between leisure time physical activity and risk of
type 2 diabetes was additionally adjusted for intrahepatic triglyceride con-
tent, the HR somewhat attenuated; HR: 0.69 (0.51-0.93).
Conclusion: In ten years of follow-up of this cohort of middle-aged men
and women, physical activity during leisure time and intrahepatic triglyc-
eride content were both related to the risk of type 2 diabetes. However,
intrahepatic triglyceride content only mediated a small part of the relation
between leisure time physical activity and type 2 diabetes risk. This sug-
gests that the protective effect of physical activity on diabetes risk, is only
partly explained by the amount of triglycerides in the liver and other
pathways may be of greater importance.
Clinical Trial Registration Number: NCT03410316
Disclosure: J. van der Velde: None.
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Baseline characteristics of patients with and without diabetes in trials
for advanced fibrosis/cirrhosis due to nonalcoholic steatohepatitis
(NASH)
M. Romero-Gomez1, J. Calleja2, J. Crespo3, J. García-Samaniego4, S.
Augustín5, J. Turnes6, Z.M.Younossi7, L.J. Eric8, V.W.Wong9, T.Okanoue10,
M. Trauner11, B.J. McColgan12, S.A. Harrison13, A.M. Quentin14;
1Hospital Universitario Virgen del Rocío, Sevilla, Spain, 2Hopsital
Universitario Puerta de Hierro Majadahonda, Madrid, Spain, 3Hospital
Universitario Marqués de Valdecilla, Santander, Spain, 4Hospital
Universitario La Paz, Madrid, Spain, 5Hospital Hospital Universitari
Vall d'Hebron - Institut de Recerca (VHIR), Barcelona, Spain,
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6Complejo Hospitalario Universitario de Pontevedra, Pontevedra, Spain,
7Inova Fairfax Hospital, Falls Church, Falls Church, USA, 8Texas Liver
Institute, University of Texas Health San Antonio, San Antonio, USA,
9Department of Medicine and Therapeutics, The Chinese University of
Hong Kong, Hong Kong, Hong Kong, 10Saiseikai Suita Hospital, Osaka,
Japan, 11Division of Gastroenterology and Hepatology, Medical
University of Vienna, Vienna, Austria, 12Gilead Sciences, Inc., Foster
City, USA, 13Pinnacle Clinical Research, San Antonio, USA, 14Institute
of Cellular Medicine, Newcastle University, Newcastle-upon-Tyne, UK.

Background and aims: Diabetes is a major risk factor for NASH. It is
estimated that greater than 50% of patients with diabetes have NASH and
5-7% have advanced fibrosis/cirrhosis (stage F3-F4). Here, we describe
the baseline characteristics of patients with and without diabetes enrolled
in three randomized, placebo-controlled trials in patients with advanced
fibrosis/cirrhosis due to NASH.
Materials and methods: Patients recruited from over 400 sites in 24
countries underwent liver biopsy and were eligible based on presence
of NASH and advanced fibrosis/cirrhosis. Enrollment was stratified by
diabetes status. Patients were excluded if their screening HbA1c was
>9.5% or serum fructosamine >381 μmol. Doses of diabetes medications
were stable for at least 3 months prior to the diagnostic liver biopsy.
Results: A total of 2,070 patients were enrolled including 1,516 (73%)
with diabetes (70% among F3 and 77% among F4). Median age was 59
years, 61% were female, and 76% were white. As expected, patients with
diabetes had higher values of glucose (131 vs 98 mg/dL), HbA1c (6.9% vs
5.5%), and BMI (33.3 vs 31.8 kg/m2) compared to those without diabetes
(all p<0.05). Patients with and without diabetes had similar median ALT
(47 U/L vs 48 U/L), but those with diabetes had significantly higher me-
dian GGT (73 U/L vs 56 U/L), higher liver stiffness as estimated by
FibroScan® (16.8 vs 14.3 kPa), and greater hepatic collagen content on
liver biopsy (7.1% vs 5.9%, all p<0.001). While metformin was the most
commonly prescribed diabetes medication at baseline (67%), basal insulin
(23%), GLP-1 agonists (17%), SGLT-2 inhibitors (16%), and
thiazolidinediones (2.8%)were also utilized. Over 70%of patients enrolled
in these trials for NASH and advanced fibrosis/cirrhosis have diabetes, the
majority of which are well-controlled based on their HbA1c. The propor-
tion of patients with diabetes is higher in those with cirrhosis. While serum
ALTwas not significantly different between groups, patients with diabetes
had higher values of GGT, liver stiffness, and hepatic collagen content.
Conclusion: Advanced fibrosis/cirrhosis is an important complication of
NASH in patients with diabetes. Compared to patients without diabetes,
those with diabetes have more severe disease based on laboratory and
histologic features, including those whose diabetes is controlled with life-
style or medications.
Clinical Trial Registration Number: NCT03053050, NCT03053063 and
NCT03449446
Disclosure: M. Romero-Gomez: None.
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Liraglutide improves nonalcoholic fatty liver disease by regulation of
sestrin2-mediated activation of AMPK/Nrf2/HO-1 pathway in obese
mice
X. Han1, F. Han2, R. Pan3, N. Hou1, Y. Liu1, X. Sun1;
1Department of Endocrinology, Affiliated Hospital of Weifang Medical
University, Weifang, 2Department of Pathology, Affiliated Hospital of
Weifang Medical University, Weifang, 3School of Pharmacy, Weifang
Medical University, Weifang, China.

Background and aims: Obesity is associated with an increased risk of
nonalcoholic fatty liver disease (NAFLD). Glucagon-like peptide 1
(GLP-1) receptor agonists have been shown to protect against NAFLD
by improving metabolic profiles. Sestrin2 is a new and highly conserved
stress-inducing protein, which is necessary for maintaining metabolic
homeostasis. However, it still does not know whether sestrin2-mediated

energy and redox balance is involved in the protective effects of GLP-1
on obesity-related NAFLD. Therefore, the aim of this study was to deter-
mine whether liraglutide, a GLP-1 receptor agonist, could improve
obesity-related NAFLD by upregulating sestrin2-mediated signaling
pathway in high fat diet (HFD) induced obese mice.
Materials and methods:Male C57BL/6 mice were fed with a regular or
an HFD diet. After 8 weeks of feeding, HFD group was treated with or
without liraglutide (200 ug/kg/d) for another 4 weeks. Liver injury was
evaluated by liver function test, histopathology and oil red o staining.
Sestrin2/AMPK/nuclear factor-erythroid 2-related factor-2 (Nrf2)/heme
oxygenase (HO)-1 pathway were detected by western blot and qPCR.
Results: HFD mice showed significant increased body weight, fat mass,
NEFA, and triglyceride levels and impaired glucose tolerance and insulin
sensitivity (body weight, 38.26 ± 1.76 g vs. 26.58 ± 1.44 g; fat mass, 4.02
± 0.26 g vs. 1.03 ± 0.25 g; NEFA, 224.20 ± 27.65 umol/L vs. 47.04 ± 0.97
umol/L;triglyceride, 89.00 ± 43.19 mg/d vs. 17.78 ± 10.66 mg/dl;AUC glu-
cose, 671.8 ± 35.12 vs. 472 ± 20.52; AUC insulin, 1838 ± 43.35 vs. 1550 ±
28.93;P<0.05,). Liraglutide treatment improved metabolic profiles, hepatic
injury and alleviated hepatic lipid accumulation (NEFA, 107.90 ± 35.23
umol/L vs. 224.20 ± 27.65 umol/L;triglyceride, 30.55 ± 12.46 mg/dl vs.
89.00 ± 43.19 mg/dl; AST, 19.19 ± 0.54 U/L vs. 33.19 ± 13.53 U/L; ALT,
19.16 ± 7.23 U/L vs. 34.21 ± 18.31 U/L; AUC glucose, 581.80 ± 12.50 vs.
671.8 ± 35.12; AUC insulin, 1617 ± 37.11 vs. 1838 ± 43.35 P < 0.05). In
addition, Treatment of HFDmice with liraglutide significantly increased pro-
tein levels of Sestrin2, AMPK phosphorylation, Nrf2 and HO-1. Liraglutide
also increased mRNA levels of SESN2 and Nrf2.
Conclusion: Liraglutide improves obesity-related NAFLD by upregulat-
ing sestrin2/AMPK/Nrf2/HO-1 pathway in obese mice. These results
suggest that the sestrin2-mediated energy and redox balance is involved
in the protective effects of GLP-1 on obesity-related NAFLD.
Supported by: NSFC 81600663, 81870593
Disclosure: X. Han: None.
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Effect of SGLT2 inhibitors on clinical course of non-alcoholic fatty
liver disease in Hong Kong Chinese patients with type 2 diabetes
A.P.S. Kong, H. Lee, A.O.Y. Luk, G.L.H. Wong, E.Y.K. Chow, H.L.Y.
Chan, R.C.W. Ma, J.C.N. Chan, V.W.S. Wong;
The Chinese University of Hong Kong, Hong Kong, Hong Kong.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) is
highly prevalent in patients with type 2 diabetes (T2D). Sodium-glucose
cotransporter type-2 (SGLT2) inhibitors belong to new class of anti-
diabetic agents with good efficacy in improving glucose control and body
weight reduction but its effect on clinical course of NAFLD has been
under-explored. Here, we aimed to examine the effects of SGLT2 inhib-
itors on progression or regression of hepatic steatosis and fibrosis in a
prospective cohort of T2D.
Materials and methods: This study included a prospective cohort of
Chinese T2D patients from the Joint Asia Diabetes Evaluation (JADE)
register. Liver fat and fibrosis were assessed by controlled attenuation
parameter (CAP) and liver stiffness measurement (LSM) by Fibroscan
at baseline (March 2013 to May 2014) and during prospective follow-up.
Cut-offs of 10kPa and 248 dB/m were adopted for LSM and CAP to
distinguish advanced hepatic fibrosis and steatosis respectively.
Results: A total of 611 (56% were men) Chinese T2D were studied at
baseline and after a median follow-up of 3.5 year (interquartile range:3.3-
3.9 years). At baseline, mean age (standard deviation, SD) was 57.7(10.9)
years, disease duration of diabetes was 11.1(8.3) years, BMI was
27.2(4.6) kg/m2 and HbA1c was 7.7(1.9)%. No subject was put on
SGLT2 inhibitors at baseline and 81 was treated with SGLT2 inhibitors
during prospective study. Compared to T2D without treatment of SGLT2
inhibitors, T2D on SGLT2 inhibitors were significantly younger, had
higher BMI, fasting plasma glucose, HbA1c, alanine aminotransferase
and lower plasma creatinine (all p<0.05). There was no difference in
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changes of LSM (LSM progression; 5.8 vs. 4.1%, p=0.482) and CAP
(CAP regression; 3.9% vs. 13.5%, p=0.063) in SGLT2 inhibitors treated
T2D and those without SGLT2 inhibitors.
Conclusion: In this prospective cohort of Chinese T2D, SGLT2 inhibitors
have neutral effects on the progression or regression of hepatic steatosis or
fibrosis as assessed by Fibroscan.
Supported by: Grant from GFR, Research Grant Council(Project Ref
14108916) & Grant from AZ
Disclosure: A.P.S. Kong: Grants; This project is supported by the General
Research Fund of the Research Grant Council, the Hong Kong SAR
Government (Project Ref 14108916) and a Research Grant from Astra
Zeneca.
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Human REPIN1 gene variant: Potential tool to inhibit NAFLD
progression?
C. Berger1, K. Abshagen2, A. Dietrich3, T.E. Schütz4, M. Blüher5,1, N.
Klöting4;
1University of Leipzig, SFB1052, Leipzig, 2University of Rostock,
Rudolf-Zenker-Institut for experimental surgery, Rostock, 3Visceral-,
Transplant-, Thoracic and Vascular surgery, University of Leipzig
Med ica l Cen t e r, Le ipz ig , 4Un ive r s i t y o f Le ipz ig , IFB
AdiposityDiseases, Leipzig, 5Endocrinology and Nephrology,
University of Leipzig Medical Center, Leipzig, Germany.

Background and aims: Replication Initiator 1 (REPIN1) is a polydactyl
zink-finger protein and maps on chromosome 7 in humans within a quanti-
tative trait locus (QTL) for body weight and triglyceride levels in rat. We
found, that a 12 base pair (bp) deletion (del) within the REPIN1 gene is
associated with alterations in glucose and lipidmetabolism. In NAFLD, there
is pathological hepatic accumulation of fat that over time can lead to inflam-
mation and progress to cirrhosis, end-stage liver disease and hepatocellular
carcinoma. The mechanisms underlying the accumulation of liver fat are
complex and gene and environment interactions play a critical role.
Functional consequences of the REPIN1 12 bp variant were confirmed in
HepG2 cells in vitro and in vivo studies indicated evidence that loss of Repin1
in the liver attenuates progression of NAFLD. Moreover, Repin1 deficient
mice exhibited lower tumor incidence accompanied by a lower liver weight/
body weight index. Beneficial effects of Repin1 siRNA treatment confirmed
the potential of Repin1 as a target gene in the therapy of NAFLD. These
results prompted us to search in our human liver cohort for homozygous
carrier of our 12 bp del in REPIN1 gene. In a cross-sectional study we
compared homozygous deletion carrier with wildtype carrier of the 12 bp.
Materials and methods: The expression of REPIN1 mRNA has been
measured in liver biopsies obtained from 62 caucasian individuals (men, n
= 35; women, n = 27) who underwent open abdominal surgery for Roux-en-
Y bypass, sleeve gastrectomy, explorative laparotomy, or elective cholecys-
tectomy. A small liver biopsywas taken during the surgery, immediately snap
frozen in liquid nitrogen, and stored at -80°C until further preparations. All
liver biopsies were collected between 0800 and 1000 h after food withdrawal
overnight. NAS was assessed on liver sections by a certified pathologist,
according to the Brunt scoring system. In our human liver biopsy cohort
we screened for REPIN1 12 bp deletion (del) variant and wildtype subjects.
We calculated the NAFLD and Fibrosis score and analysed hepatic REPIN1
gene expression level, liver volume and liver fat content.
Results: In the cohort we identified 8 homozygous carriers of the 12 bp
del in the REPIN1 gene. We observed a significant lower score of
NAFLD as well as fibrosis in subjects with del compared to wildtype
subjects, suggesting that carriers of the del variant are slightly more
protected to accumulated fat in the liver and develop nonalcoholic fatty
liver disease or fibrosis than those without. Furthermore, we found sig-
nificant lower REPIN1mRNA levels in human livers of del carrier com-
pared with wildtype allele carriers. Interestingly, significant correlations
between hepatic REPIN1mRNA expression levels and liver volumewere
found as well.

Conclusion: Taken together, the current findings indicate that the 12 bp
deletion variant of REPIN1 seems to be associated with a lower risk in the
development of NAFLD. Therefore, REPIN1 might also be an important
genetic factor in determining the phenotypic manifestation and overall
risk for NAFLD and an attractive therapeutic target for the treatment of
NAFLD.
Clinical Trial Registration Number: 363-10-13122010
Supported by: BMBF, SFB1052
Disclosure: C. Berger: None.
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Effect of a novel long-acting GLP-1/GIP/Glucagon triple agonist
(HM15211) in NASH and liver fibrosis animal models
J. Kim, J. Lee, D. Kim, E. Park, Y. Kim, I. Choi;
Hanmi Pharm. Co., Ltd, Seoul, Republic of Korea.

Background and aims: NASH, a severe form of NAFLD, can lead to end
stage liver disease such as cirrhosis. Despite the increasing prevalence of
NASH and its burden for public health, the development of therapeutics have
not been yet resulted in approval of a drug indicated for NASH treatment.
Liver fat accumulation and inflammation are closely associated with NASH
progression, hence improving both aspects may contribute to sustained
NASH resolution and fibrosis improvement. In order to target multiple
NASH related pathways simultaneously, we developed a novel long-acting
GLP-1/GIP/Glucagon triple agonist, HM15211. With a unique activity pro-
file, HM15211 showed a liver preferential tissue distribution, and exerted
efficient hepatic triglyceride (TG) reduction in DIO mice, suggesting
HM15211 might have potential as a novel therapeutic option for NASH. In
the present study, we further evaluated the therapeutic potential of HM15211
in NASH and fibrosis animal models.
Materials and methods: A methionine choline-deficient (MCD) diet
mouse model was established for 6 ~ 12 weeks to induce moderate and
advanced fibrosis as well as NASH. An AMLN-diet mouse model was also
established to further investigate the effects of HM15211. Either liraglutide
(Lira), selonsertib or obeticholic acid (OCA) was included as a comparative
control. MRI/MRS was performed to non-invasively monitor the steatosis.
After 4 ~ 8weeks of drug treatment, the animals were sacrificed, followed by
determination of bloodALT, bilirubin (liver functionmarker), and hepatic TG
(steatosismarker), TBARS (oxidative stressmarker), hydroxyproline (fibrosis
marker). In addition, liver tissue samples were subjected to qPCR and histo-
logical analysis to determine the pro-inflammatory gene expression, the
NAFLD activity score (NAS) and the fibrosis score, respectively.
Additionally, obese and NASH cynomolgus monkeys were treated with
HM15211, and the same biomarkers were investigated accordingly.
Results: In MCD-diet mice, HM15211, but not Lira, treatment almost
completely reversed the hepatic TG accumulation (-82.6 and -20.6% vs.
Veh for HM15211 and Lira). Time series MRI consistently confirmed pro-
gressive steatosis resolution by HM15211, associated with lower hepatic
TBARS (-60.7% vs. Veh) than Lira (+10.2% vs. Veh). Histological analysis
further demonstrated a significant improvement in hepatic inflammation and
NASH as indicated by reduced expression of TNF-α, TGF-β,α-SMA, and a
lower NAS (1.3, 3.4, and 2.7 for HM15211, Lira, and Veh), respectively.
Therapeutic benefit ofHM15211was also obvious inAMLN-dietmicewhen
compared to selonsertib or OCA (NAS = 0.0, 1.2, 0.9, and 2.1 for HM15211,
selonsertib, OCA, and Veh). As to the efficacy in fibrosis, HM15211 treat-
ment reduced hepatic hydroxyproline contents (-26.7% ~ -55.2 vs. Veh) and
fibrosis score (1.0 ~ 2.4 and 1.9 ~ 3.0 for HM15211 and Veh) in MCD-diet
mice regardless of model induction period. Finally, HM15211 treatment for
12 weeks not only efficiently reduced body weight (-14.7% vs. Veh at D77)
and liver fat contents (-18.0% vs. Veh), but also showed considerable im-
provement in NASH and fibrosis deteriorated in Veh group (change of NAS
+ Fibrosis score: 7.7 ◊ 9.0 for Veh; 7.6 ◊ 7.0 for HM15211).
Conclusion: Based on these results, HM15211 may provide efficacy for
the treatment of NASH and fibrosis by targeting liver fat accumulation
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and inflammation. Human efficacy studies are ongoing to assess the clin-
ical relevance of these findings.
Disclosure: J. Kim: None.
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Impact of antidiabetic therapy on the prevalence of NASH and liver
fibrosis in a cohort of 820 patients with type 2 diabetes and liver
biopsy
B. Staels1, V. Ratziu2, S. Francque3, S.A. Harrison4, P. Bedossa5, A.
Roudot6, J. Brozek6, Y. Hajji6, S. Mégnien7, D.W. Hum6, B. Cariou8, P.
Birman6, R. Hanf9, A.J. Sanyal10;
1UMR1011 Inserm, University Lille, Lille, France, 2Pitié-Salpêtrière
Hospital, Paris, France, 3Department of Gastroenterology and Hepatology,
Antwerp University HospitalGENFIT, Antwerp, Belgium, 4Pinnacle
Clinical Research CenterGENFIT, San Antonio, USA, 5Liverpat, Paris,
France, 6GENFIT, Loos, France, 7GENFIT CORP, Cambridge, USA,
8Department of Endocrinology, Director of the Thorax Insititute, INSERM
UMR1087, Nantes, France, 9GENFIT, Lille, France, 10Virginia
Commonwealth University, Richmond, USA.

Background and aims: The presence of type 2 diabetes (T2D) is
associated with an increased prevalence of liver steatosis
(NAFLD) and steatohepatitis (NASH) relative to the general pop-
ulation. The aim of this study was to assess the impact of anti-
diabetic treatment on the prevalence of histologically proven
NASH and liver fibrosis in a large population of patients with
T2D
Materials and methods: 820 of 835 patients with T2D who underwent
liver biopsy for potential inclusion in the phase 3 elafibranor trial RESOLVE-
IT had details of their anti-diabetic treatment and were used in this study. All
liver biopsies were centrally read for diagnosis of NASH and scored for NAS
and liver fibrosis (F-stage) according to NIDDK-CRN systems. For all dia-
betic patients, HbA1c was <9.0%, and no change in anti-diabetic treatments
was allowed within 6 months prior to liver biopsy. Prevalence of progressive
NASH (NAS≥4 with F≥2, i.e. “at-risk” of hepatic outcomes) was assessed in
patients with T2D according to the number of anti-diabetic drugs and thera-
peutic classes.
Results: In the global cohort screened for inclusion in the RESOLVE-
IT trial, 35% (n=835) of patients had T2D. The prevalence of “at-risk“
NASH in diabetic patients was 65% , compared to 45% in non-diabetic
patients. Thus, presence of T2D was a significant risk factor (p<0.001)
for “at-risk” NASH (OR=2.20, 95% CI [1.85;2.62]). In the subpopula-
tion with T2D, 91 % were managed by one or more anti-diabetic drugs
or insulin. The prevalence of at-risk NASH was significantly higher in
these patients compared to non-treated diabetic patients (68% vs 47%,
OR=2.37, 95% CI [1.43;3.94], p<0.001). In patients not taking insulin
(n=635), the prevalence of “at risk” NASH increased with the number
of concomitant anti-diabetic drugs. Prevalence was 62% in patients on a
single drug regimen (OR=1.86, 95% CI [1.09;3.16], p<0.001 vs non-
treated) and 73% in patients taking 2 drugs or more (OR=3.20, 95% CI
[1.82;5.63], p<0.001 vs non-treated). In insulin-treated patients (n=185),
the prevalence was not significantly different from that in patients treat-
ed with other drugs (70% vs 65%,OR=1.28, 95% CI [0.90;1.82]). The
prevalence of at-risk NASH was comparable among patients treated
with metformin (n=660; 68%), sulfonylureas or glinides (n=167;73%),
gliptins (n=139; 79%), GLP1-mimetics (n=101; P=74%) and/or
SGLT2-inhibitors (n=74; P=66%) alone or in combination.
Conclusion: In patients with T2D, the probability of having at-risk
NASH increases with the number of anti-diabetic medications required
to control glycemia, irrespective of the classes of anti-diabetic drugs used.
Throughout medical follow-up, patients with type 2 diabetes should be
regularly assessed for NASH and potential evolution towards cirrhosis.
Clinical Trial Registration Number: NTC02704403
Disclosure: B. Staels: Employment/Consultancy; GENFIT.
1102

Effects of cenicriviroc in adults with NASH on inflammatory cyto-
kines and metabolic parameters
R. Charlton1, N. Alkhouri2, A. Coviello3, E. Martins1, J. Yuan4, M.
Abdelmalek3;
1Allergan plc, South San Francisco, 2Texas Liver Institute, San Antonio,
3Duke University, Durham, 4Allergan plc, Irvine, USA.

Background and aims: Hepatic fat accumulation modulates innate im-
munity causing recruitment of bone marrow derived macrophages and
activation of Kupffer cells. Resulting inflammatory changes are associat-
ed with the development of insulin resistance and nonalcoholic
steatohepatitis (NASH). Monocyte recruitment/infiltration into the liver
is mediated by C-C chemokine receptor 2 (CCR2). In addition, CCR5
promotes obesity-induced insulin resistance/hepatic steatosis in murine
models. Cenicriviroc (CVC) is an oral CCR2/CCR5 antagonist in Phase 3
development for NASH. We evaluated the effects of CVC on inflamma-
tory cytokines and haemoglobin A1c (HbA1c) in NASH subjects.
Materials and methods: Adults with NASH and liver fibrosis were
randomised 1:1 to CVC 150 mg or placebo (Phase 2 CENTAUR study).
Cytokines and metabolic parameters were assessed.
Results: In 289 randomised adults (mean age 54 years, mean BMI 33.9
kg/m2, 52.0% diabetes), C-C chemokine ligand 2 (CCL2) significantly
increased from baseline in CVC vs placebo. For CVC, high-sensitivity C-
reactive protein (hs-CRP), interleukin (IL)-6, IL-8, and IL-1β decreased
from baseline; HbA1c decreased for CVC at all time points, but increased
for placebo at Days 180 and 360 (Table). Changes were consistent over
time and more pronounced in those with advanced liver fibrosis.
Conclusion: CVC was associated with elevation of CCL2 and decreased
hs-CRP/inflammatory cytokines, suggesting strong target engagement
and a therapeutic impact on the inflammatory milieu associated with
insulin resistance that may be reflected in lower HbA1c.
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Clinical Trial Registration Number: NCT02217475
Supported by: Editorial assistance by Complete HealthVizion, sponsored
by Allergan plc.
Disclosure: R. Charlton: Employment/Consultancy; Employee of
Allergan plc.

1103
Effect of inhibition of the protein tyrosine phosphatase 1B in
lipotoxicity in liver progenitor oval cells
I. Barahona1,2, M.P. Valdecantos1,2, P. Rada1,2, A. Astudillo3, J.
Balsinde3, A. Sánchez4, Á.M. Valverde1,2;
1Instituto de Investigaciones Biomédicas Alberto Sols (Centro Mixto
CSIC-UAM), Madrid, 2Centro de Investigación Biomédica en Red de
Diabetes y Enfermedades Metabólicas Asociadas (CIBERdem),
Instituto de Salud Carlos III, Madrid, 3Instituto de Biología y Genética
Molecular (CSIC-UVA), Valladolid, 4Departamento de Bioquímica y
Biología Molecular (UCM), Madrid, Spain.

Background and aims: Oval cells are progenitor cells with an emerging
role in liver regenerative responses by their differentiation capacity to hepa-
tocytes or cholangiocytes. However, the characterization as insulin signaling
targets and their susceptibility to lipotoxicity in the context of obesity-
associated insulin resistance is unknown. Inhibition of protein tyrosine phos-
phatase 1B (PTP1B) is a promising pharmacological strategy against insulin
resistance and obesity. Also, PTP1B deficiency protects against acute and
chronic hepatocyte damage. On that basis, our aim was first to identify
whether oval cells are insulin target cells and the impact of PTP1B deficiency
on insulin signaling and, second, to analyze the susceptibility of oval cells
with or without PTP1B to lipotoxicity in the context of obesity-associated
hepatic insulin resistance and non-alcoholic fatty liver disease (NAFLD).
Materials and methods: Oval cells from PTP1B+/+ and PTP1B -/- mice
were isolated, established in culture and characterized. Insulin signaling
was assessed by Western blot. For lipotoxicity studies, oval cells were
treated with palmitic acid (PA) (400 μM) for different time-periods, after
which endoplasmic reticulum (ER) stress responses and autophagy/
apoptosis markers were analyzed. A lipidomic study was conducted to
characterize the accumulation of lipid species upon PA stimulation in
PTP1B+/+ and PTP1B-/- oval cells.
Results: Oval cells responded to insulin by inducing insulin receptor tyro-
sine phosphorylation, this effect being higher in the absence of PTP1B
(p<0.05). Treatment with PA induced apoptotic cell death in PTP1B+/+ oval
cells (p<0.001) in parallel to a blockade of autophagy flux (p<0.05). This
effect was absent in PTP1B-/- cells that accumulated lipid droplets upon PA
treatment (p<0.001). Cell death in PA-treated oval cells was prevented by
the co-treatment with sulforaphane, a Nrf2 activator, that triggered its nu-
clear translocation and antioxidant gene expression (p<0.001). Moreover,
PTP1B-/- oval cells showed higher basal levels of HO-1 and catalase
(p<0.05), suggesting a constitutive anti-oxidant defense. An early activation
of ER stress-mediated PERK-eIF2α pathway was found in both oval cell
types and, unexpectedly, this response was enhanced in PTP1B-/- cells in
both basal and upon PA treatment (p<0.05). Lipidomics revealed that
PTP1B-/- oval cells accumulated more triglyceride species (total TG, TG
16:0 and TG 16:1n-7) (p<0.01) and cholesterol esters (p<0.001) than the
wild-type in response to PA. By contrast, PTP1B+/+ oval cells showed
higher diacylglycerides (DAG) (p<0.05), more toxic lipid species.
Conclusion: Our results have revealed that liver oval cells are insulin
target cells susceptible to lipotoxicity, an effect mediated at least in part
by the induction of oxidative stress. PTP1B deficiency protects against
lipotoxic cell death by mechanisms including enhancement of anti-
oxidant effects and a major capacity to accumulate TG containing lipid
droplets, suggesting a potential benefit in cellular regenerative therapies
against NAFLD.
Supported by: SAF2015-25267-R (MINECO-FEDER), S2017/BMD-
3684 (MOIR2-CM), CIBERdem (ISCIII)
Disclosure: I. Barahona: None.

PS 094 The interplay of NAFLD and micro- and
macro vascular disease
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Insulin sensitivity, fatty liver and cardiovascular disease after 10
years in youngster with prepubertal type 1 diabetes onset
M. Manco1, A. Petrelli2, M. Mancabitti2, L. Ravà1, A. Mascali2, M.
Massoud1, S. Di Carlo2, N. Di Daniele2, S. Cianfarani1;
1Bambino Gesu Hospital, Rome, 2University Tor Vergata, Rome, Italy.

Background and aims: Despite improvements in glucose, lipids
and blood pressure control, cardiovascular disease (CVD) remains
the most important cause of morbidity and mortality in patients
with Type 1 Diabetes (T1D). Reduced insulin sensitivity seems to
play a pivotal role in the development and progression of T1D
associated CVD. Aim of the present study was to investigate
predictors of estimated insulin sensitivity (eIS) after 10 years from
the T1D onset and association with metabolic profile, ectopic fat
deposition (para/perirenal fat, bright liver_BL), carotid intima me-
dia thickness (cIMT) and pulse wave velocity (PWV) in a cohort
of normal-weight young patients with prepubertal onset of T1D.
After 10 years, CVD risk factors were also compared with those
of age, BMI and sex-matched controls.
Materials and methods: Retrospective evaluation of data (diabetes
onset and follow-up data at year 1, 5 and 10) from medical
records of 53 patients with T1D with onset in prepubertal age.
At the study enrolment (T0), eIS, ectopic fat, BL, cIMT, PWV
and CVD risk factors were evaluated in the 53 cases and 30
controls. Insulin sensitivity was estimated by using the indexes
developed in the populations of the Pittsburgh Epidemiology of
Diabetes Complications Study (eIS-EDC) and of the Coronary
Artery Calcification in Type 1 diabetes study (eIS-CACTI). A
value of eIS-EDC <8.77 mg/dl/min was used as suggestive of
insulin resistance. Ectopic fat, BL, cIMT, PWV were assessed
by ultrasonography. Patients were all treated by insulin intensive
treatment.
Results: Despite being normal-weight and having good glycemic
control over time as assessed by values of HbA1c, at T0 17 cases
(32%) were insulin resistant as defined by an eIS-EDC <8.77.
Insulin resistant cases had significantly higher visceral adiposity
(waist to hip ratio, p<0.0001; perirenal fat thickness, p=0.015),
and higher cIMT (p=0.02) than insulin sensitive cases. BMI-z
score and levels of C-peptide at T1D onset, HbA1c at year 5,
and perirenal fat at T0 all predicted the risk of being insulin
resistant (R2=0.398, p<0.0001). T1D cases were younger
(p=0.03), less sensitive to insulin (p<0.0001 for both eIS scores),
had higher systolic blood pressure (p=0.002); impaired liver func-
tion tests (p<0.0001 for alanine aminotransferase_ALT and γ-
Glutamyltransferase) than controls. No differences were found in
indexes of adiposity, cIMT and PWV. Impressively, we found 21
(39.6%) cases vs. 1 control with BL. Patients with BL+ had
higher but still normal levels of ALT (21 (4) vs. 17(5) UI/l;
p=0.008) but no other significant difference was detected between
BL+ and BL- groups. Predictor of BL in T1D cases was BMI-z
score solo at T1D onset (R2= 0.0728; OR 2.253, 95%CI 1.048
4.8421; p=0.037).
Conclusion: Young patients with prepubertal onset of T1D have an en-
hanced risk of presenting with metabolic abnormalities after a decade of
disease even though they are normal weight and have had good glycemic
control over the 10 years of follow-up. Some patients are more insulin
resistant than others, some others have BL. Higher rate of increased liver
brightness and high normal levels of ALT, increased cIMT and higher
thickness of perineal fat suggest impaired rearrangement of adipose tissue
in people with T1D.
Disclosure: M. Manco: None.
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Risks and influencing factors of arterial plaques and fatty liver of
type 2 diabetes in China
Y. Ding, Q. Fu, M. Sun;
First Affiliated Hospital of Nanjing Medical University, Nanjing, China.

Background and aims: The risk of arterial plaque and fatty liver (FL) in
T2DM is higher than that in healthy people. To investigate the risks and
influencing factors of carotid and lower extremity arterial plaques and FL
of T2DM in China.
Materials and methods: Data were collected in 345 T2DM patients
hospitalized in the Department of Endocrinology, of a medical university
hospital from January, 2017 to May, 2018. The statistical analysis was
performed using SPSS 21.0. Difference of measurement data were com-
pared with ANOVA method.
Results: Patients were divided into four groups according to the presence
or absence of arterial plaques and FL. Only when there were plaques in
both carotid and lower extremity arteries were considered to be arterial
plaques. Four groups were: group A (plaque, no FL, 94 patients), group B
(no plaque, FL, 97 patients), group C (no plaque, no FL, 28 patients), and
group D (plaque, FL, 126 patients). The factors related to plaque forma-
tion were course of disease and age. The course of disease (year) of the 4
groups were 10.50±7.42,5.62±5.28, 6.67±5.76 and 8.96±7.60 respective-
ly. The age (year) were 64.22±9.72, 45.69±11.73, 53.89±9.53 and 63.45
±11.36 respectively. The factors related to FL formation were uric acid
(UA), BMI, triglyceride (TG), HDL-C and albumin. TheUA (mmol/L) of
the four groups were 291.48±80.45, 327.45±78.29, 276.21±79.98 and
312.66±67.62, respectively. The BMI (kg/m2) were 23.41±2.59, 26.28
±4.42, 23.33±2.50, 25.81±2.88, and the TG (mmol/L) were 1.28±1.17,
2.41±2.45, 1.11±0.64 and 1.72±0.94, respectively. The HDL-C (mmol/L)
were 1.17±0.29, 1.04±0.23, 1.26±0.40 and 1.05±0.25, and the albumin
(g/L) were 39.36±3.53, 41.76±4.03, 39.61±4.04 and 41.16±3.69, respec-
tively. There was no significant difference in HbA1c (8.95±2.07(%)),
LDL-C (3.14±0.87(mmol/L)) and total cholesterol (TC) (4.84
±1.20(mmol/L)) among the four groups.
Conclusion: The proportion of patients with T2DM who have both arte-
rial plaques and FL is 4.5 times higher than those without arterial plaque
and FL, and 1.3 times higher than those with only vascular plaque or FL
in China. Patients with older age and longer course of disease are more
likely to form plaques, while those with higher BMI, higher TG, lower
HDL-C, higher albumin and higher UAwere more likely to suffer from
FL. Due to the limitation of cross-sectional study, the influencing factors
that can be included in the analysis are limited. The long-term follow-up
observation study on the factors affecting the formation of arterial plaque
and FL is worth carrying out.
Disclosure: Y. Ding: None.

1106
Nonalcoholic fatty liver disease and sarcopenia are independently
associated with atherosclerotic cardiovascular risks: a nationwide
survey (KNHANES 2008-2011)
Y.-H. Lee1, E. Han2, J. Bae1, I. Lee1, B.-W. Lee1, E. Kang1, C. Ahn1, B.-
S. Cha1, Y. Kim3, S. Kim1;
1Department of Internal Medicine, Yonsei University College of
Medicine, Seoul, 2Department of Internal Medicine, Keimyung
University Dongsan medical center, Daegu, 3Department of Neurology,
Yonsei University College of Medicine, Seoul, Republic of Korea.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) and
sarcopenia have a close association with an increased risk of atheroscle-
rotic cardiovascular disease (ASCVD). This study investigated the influ-
ence of NAFLD and sarcopenia on ASCVD risk in the general
population.
Materials and methods: Data from the 2008-2011 Korean National
Health and Nutrition Examination Surveys database were analyzed

(n=7,191). The sarcopenia index (total appendicular skeletal muscle mass
[kg]/body mass index [kg/m2]) was calculated using dual-energy x-ray
absorptiometry. Sarcopenia was defined as the lowest quintile sarcopenia
index value (cutoffs=0.882 for men and 0.582 for women). NAFLD was
defined as a comprehensive NAFLD score ≥40. Liver fibrosis was
assessed using the NAFLD fibrosis score (NFS). ASCVD risk was eval-
uated using 10-year ASCVD risk score from 2013ACC/AHA guidelines.
High probability of ASCVD was defined as ASCVD risk >10%.
Results: The prevalence rates of NAFLD and sarcopenia were 31.2%
(n=2,241) and 19.5% (n=1,400), respectively. The quartile-stratified
ASCVD risk scores were positively associated with NAFLD and
sarcopenia (all P for trend <0.001), respectively. Subjects with both
NAFLD and sarcopenia had a higher risk for high probability of
ASCVD (odds ratio [OR]=1.83, P=0.014), as compared to control sub-
jects without NAFLD and sarcopenia. Among subjects with NAFLD,
sarcopenia (OR=1.25, P=0.276) and NFS-defined significant liver fibro-
sis (OR=1.64,P=0.067) synergistically raised the risk for high probability
of ASCVD (OR=4.15, P<0.001), as compared to control subjects without
significant liver fibrosis or sarcopenia.
Conclusion: NAFLD and sarcopenia were significantly associated with
an increased risk of ASCVD in the general population, independent of
other metabolic and clinical factors. In addition, NAFLD with significant
liver fibrosis and sarcopenia were synergistically associated with an in-
creased risk of ASCVD in subjects with NAFLD.
Disclosure: Y. Lee: None.

1107
Prevalence of nonalcoholic fatty liver disease in patients with type 2
diabetes and association with micro- and macrovascular
complications
S. Ciardullo1,2, E. Muraca1,2, S. Perra1, G. Manzoni1, A. Oltolini1, F.
Zerbini1, R. Cannistraci1,2, E. Bianconi1,2, A. Gastaldelli3, G. Lattuada1,
G. Perseghin1,2;
1Medicine and Rehabilitation, Policlinico di Monza, Monza, 2Università
degli Studi Milano Bicocca, Monza, 3Institute of Clinical Physiology,
CNR, Pisa, Italy.

Background and aims: Nonalcoholic fatty liver disease (NAFLD) is
emerging as an independent risk factor for the development of chronic
micro- and macrovascular complications of type 2 diabetes (T2DM). In
this study we evaluated the prevalence of liver steatosis and fibrosis in
patients with T2DM using non-invasive scores and explored their asso-
ciation with diabetic complications.
Materials and methods: We analyzed in a cross-sectional fashion the
clinical and metabolic features of a cohort of patients with T2DM who
attended our secondary care diabetes clinic between 2013-2018. Liver
steatosis was detected using the Fatty Liver Index (FLI) and the Hepatic
Steatosis Index (HSI) and liver fibrosis was defined using the NAFLD
fibrosis score (NFS), the fibrosis-4 (FIB-4) index, the AST to platelet ratio
index (APRI), and the AST/ALT ratio. The outcome measures were the
prevalence of microalbuminuria (UACR>30 mg/g), diabetic retinopathy
(DR), chronic kidney disease (CKD: eGFR < 60 mL/min) and cardiovas-
cular disease (CVD).
Results: 2770 patients with T2DMwere included in the analysis (age: 68
± 12 ys; BMI: 30±6 kg/m2; sex: 59%M, 41%F; T2DM duration: 10±9 ys;
HbA1c: 7.4±3.8%). NAFLD was present in 65% of patients based on
FLI>60 and 86% based on HSI>36. The prevalence of advanced liver
fibrosis was 33% based on NFS>0.675, 11% based on AST/ALT>1.4,
7% based on FIB-4>2.67 and <1% based on APRI>1.5. Odds ratios (OR)
for chronic complications were calculated using logistic regression to
adjust for potential confounders. While a higher prevalence of
microalbuminuria was found with intermediate and high (OR = 3.19,
p<0.01) scores of fatty liver (using FLI), higher prevalences of CKD
(OR: 6.25 p<0.01) and CVD (OR: 2.71; p<0.01) were found with inter-
mediate and high scores of advanced fibrosis (using FIB-4, and similar
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findings using AST/ALT ratio and NFS). No significant differences were
found in the prevalence of diabetic retinopathy among steatosis and fi-
brosis scores.
Conclusion: In this large cohort of carefully screened T2DM patients the
prevalence of liver steatosis and advanced fibrosis varied greatly accord-
ing to the specific non-invasive marker that was used. In spite of this
difference, markers of liver steatosis and fibrosis were consistently asso-
ciated with a different pattern of diabetic complications, supporting the
hypothesis of a proportional correlation between the severity of NAFLD
and the severity of kidney and cardiovascular complications.
Disclosure: S. Ciardullo: None.

1108
Meta-analysis regression reveals the usefullness of epicardial fat
thickness as a non-invasive marker of the presence and severity of
non-alcoholic fatty liver disease
K. Gariani;
Division of Endocrinology, Diabetology, Hypertension and Nutrition,
Department of Department of Medical Specialties, Geneva University
Hospitals and Faculty of Medicine, Geneva, Switzerland.

Background and aims: We performed a systematic review and meta-
analysis to assess the association between epicardial fat tickness and the
presence and severity of non-alcoholic fatty liver disease (NAFLD).
Materials and methods: This systematic review was conducted in accor-
dance to the MOOSE guidelines and was based on a registered protocol
(CRD 4201809 5493). We searched MEDLINE from inception through
April, 2018 for studies reporting on the association between epicardial fat
and NAFLD. Effect sizes are reported as standardized mean difference and
weightedmean difference values. To investigate heterogeneity, we performed
sensitivity and meta-regression analyses.
Results: Our final analysis included 13 studies, comprising 2313 patients.
Epicardial fat thickness was evaluated with Trans-Thoracic
Echocardiography (TTE) in 11 studies, one study used MR imaging and
one study used cardiac computed tomography (CT). The presence of
NAFLD was evaluated using transabdominal liver ultrasound in eight stud-
ies, histology in two studies, magnetic resonance spectroscopy in two studies
and MR imaging in one study. Random-effects meta-analysis indicated that
patients with NAFLD had a significantly higher epicardial fat thickness com-
pared with controls patients without NAFLD (standardized mean difference
[SMD]=0.61, 95% CI: 0.47-0.75, P<0.001, I2=71.4%). Furthermore, epicar-
dial fat thicknesswas significantly higher in patientswith severe liver steatosis
versus patients with mild/moderate liver steatosis (SMD=1.22 95%CI: 0.27-
2.17, P<0.001, I2=96%). By meta-regression analysis, we found that individ-
uals with increasingly higher blood level of aspartate aminotransferase
displayed increasingly higher epicardial fat thickness.While the method used
to quantifiy epicaridal fat thickness and liver steatosis did not impact on the
results, geographical location of the included studies represented an important
source of heterogeneity.
Conclusion: The current meta-analysis indicates that epicardial fat thick-
ness may represent a useful surrogate marker to assess the presence and
severity of NAFLD in a non-invasive manner
Disclosure: K. Gariani: None.

1109
Elevated plasma copeptin levels identify non-alcoholic fatty liver dis-
ease in obese individuals with and without type 2 diabetes
I. Barchetta1, S. Enhörning2, F.A. Cimini1, D. Capoccia1, C.
Chiappetta1, C. Di Cristofano1, G. Silecchia1, F. Leonetti1, O.
Melander2, M.G. Cavallo1;
1Sapienza University, Rome, Italy, 2Lund University, Malmö, Sweden.

Background and aims: Vasopressin (VP) is a hormone released in re-
sponse to elevated plasma osmolality or low blood pressure and exerts

major effects on glucose and lipid metabolism by stimulating the hepatic
glycogenolysis, gluconeogenesis and fat production, and modulating the
release of insulin and glucagon from the pancreatic Langerhans’ islets.
Elevated levels of the VP’s stable surrogate marker copeptin are associ-
ated with insulin resistance and higher risk of type 2 diabetes (T2D),
kidney and ocular diabetes’ complications and increased cardiovascular
mortality. Experimental reduction of circulating VP levels is shown to
significantly decrease hepatic fat content in obese rats, independently
from body adiposity. However, the association between copeptin and
non-alcoholic fatty liver disease and steatohepatitis (NAFLD/NASH) in
humans has not been explored yet. The aim of this study was to explore
the relationship between plasma copeptin and the presence of NAFLD/
NASH.
Materials and methods: For this monocentric cross-sectional study, we
recruited sixty obese patients with and without T2D candidate to bariatric
surgery for clinical purposes; intraoperative liver biopsies were performed for
diagnosing NAFLD. Circulating copeptin levels were also assessed in sixty
age-, sex-comparable metabolically healthy individuals without NAFLD at
the liver ultrasonography. Plasma copeptin concentration was measured by
sandwich immunoluminometric assay (ThermoFisher Scientific).
Results: Obese patients with biopsy-proven NAFLD (53%) had signifi-
cantly higher copeptin levels than both obese individuals without NAFLD
and non-obese subjects (ob/NAFLD+: 9.5 ± 4.9; ob/NAFLD-: 6.4 ± 2.6
and non-ob/NAFLD-: 7.4 ± 5.1 pmol/L; p=0.004 and p=0.01 respective-
ly). Plasma copeptin concentration positively correlated with hepatic
macro- and micro-vesicular steatosis (r= 0.36, p= 0.026; r= 0.31, p=
0.05), lobular inflammation (r= 0.37, p= 0.024) and significantly increased
throughout degrees of NASH severity, as expressed as absence, borderline
and overt NASH at the liver biopsy (r= 0.35, p= 0.01). Moreover, circu-
lating copeptin was associated with male sex, increased serum creatinine,
uric acids, waist circumference and prevalence of metabolic syndrome
(MS). Greater circulating copeptin predicted the presence of NASH with
OR=1.73 (95% C.I.= 1.02 - 2.93) after multivariate adjustment for age,
sex, renal function, presence of T2D andMS’ components. Higher plasma
copeptin identify NASH at the liver biopsy with an area under the curve of
0.822 (95% C.I.: 0.71 - 0.93, p< 0.001; ROC curve).
Conclusion: Increased plasma copeptin is independently associated with
the presence and severity of NAFLD and NASH in obese individuals
with and without T2D, pointing to a novel mechanism behind human
fatty liver disease potentially modifiable by pharmacological treatment
and life-style intervention.
Disclosure: I. Barchetta: None.

1110
High prevalence of NAFLD in patients with obesity and type 2
diabetes
E. Repetto1, D. Barb2, M. Stokes3, S. Shankar4, K. Cusi2;
1Astrazeneca, Gaithersburg, 2University of Florida, Gainesville,
3Evidera, Waltham, 4MedImmune, Gaithersburg, USA.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) is
the most common chronic liver disorder and is often associated with
obesity and type 2 diabetes mellitus. The overlap of these three diseases
have not been broadly analyzed. We aimed to estimate the prevalence of
NAFL (non-alcoholic fatty liver) and advanced liver fibrosis/NASH
(non-alcoholic steatohepatitis) in obesity and diabetes populations within
the United States National Health and Nutrition Examination Survey
(NHANES).
Materials andmethods:A total of 5,735 subjects with available medical
examination and laboratory test results from the NHANES 2015-2016
database were eligible for this analysis. Among these, 39% had obesity
(BMI ≥ 30 kg/m2; n=2246) and 15% had diabetes (n=869).We used non-
invasive indices to detect the presence of NAFL and advanced fibrosis.
To quantify NAFL we used the Fatty Liver Index (FLI) and the US Fatty
Liver Index (USFLI) to assess liver fibrosis/NASH we used the NAFLD
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fibrosis score (NFS) and FIB4 index, considering previously validated
cut-offs for each biomarker.
Results: The prevalence of NAFL in the population with normal weight
without diabetes (n=1425) was 2% and 4% by FLI and USFLI respec-
tively. The prevalence of NAFL in the diabetes population was 65% (by
FLI≥ 60) and 62% (by USFLI≥ 30). NAFL was highest in patients with
both diabetes and obesity estimated at 85% by FLI≥ 60 and 79% by
USFLI≥ 30. Advanced fibrosis in subjects with obesity without diabetes
and in subjects with diabetes were 11% and 32% (by NFS > 0.676) and
17% and 40% (by FIB-4 ≥ 1.46) respectively. We further stratified sub-
jects with obesity by BMI categories (≥ 30 to < 35 kg/m2, ≥ 35 to < 40 kg/
m2, and ≥ 40 kg/m2) and those with diabetes by glycated hemoglobin
(HbA1c) in three groups (< 7%, ≥ 7% to < 8.5%, and ≥ 8.5%). The
prevalence of NAFL increased with higher BMI and with worsen glyce-
mic control in those respective population cohorts.
Conclusion:Our results underscore the substantial clinical and economic
burden of NAFLD accompanying the continued rise of obesity and
T2DM. NAFLD prevalence was highest in patients with diabetes and
obesity. More importantly, liver fibrosis was about three-fold higher in
patients with diabetes when compared to obese patients without diabetes.
The use of noninvasive biomarkers could be useful and inexpensive tools
in clinical practice to screen populations at risk for NAFLD and liver
fibrosis related to NASH.
Supported by: AstraZeneca
Disclosure: E. Repetto: Employment/Consultancy; AstraZeneca.

1111
Pooled cohort analysis of non-alcoholic fatty liver disease in patients
with and without type 2 diabetes: time to take action
E. Brown1, V. Sprung1, K. Bowden-Davies2, M. Wilton3, J. Harrold3, S.
Rajeev1, G. Kemp1, L.M. Goff4, A.F. Pfeiffer5, M.O. Weikert6, J.P.
Wilding1, D.J. Cuthbertson1;
1Obesity and Endocrinology Research Group, The University of
Liverpool, Liverpool, UK, 2School of Biomedical Sciences, The
University of Newcastle, Newcastle, UK, 3Institute of Psychology,
Health and Society, The University of Liverpool, Liverpool, UK,
4Faculty of Life Sciences & Medicine, Department of Diabetes, King’s
College London, London, UK, 5Department of Endocrinology, Diabetes
and Nutrition, German Institute of Human Nutrition, Berlin, Germany,
6Centre of Applied Biological & Exercise Sciences, The University of
Coventry, Liverpool, UK.

Background and aims: Type 2 diabetes (T2DM) and features of
metabolic syndrome (MetS) are important risk factors for non-
alcoholic fatty liver disease (NAFLD). The prevalence of
NAFLD steatosis in T2DM is high (estimates 40-70%). Despite
the known significant metabolic, cardiovascular and chronic liver
sequelae associated with NAFLD, recommendations to routinely
screen for hepatic steatosis in high risk individuals (age>50 years,
T2DM, MetS) vary considerably between guidelines. Even with
uncertainties surrounding screening tools, diagnostic tests and
treatment options for NAFLD, it seems entirely reasonable to call
for healthcare professionals to be more proactive in identifying
patients with NAFLD. We set out to determine and characterise
the amount of liver fat in subjects with T2DM and in non-
diabetic subjects with and without features of MetS.
Materials andmethods:Components of the metabolic syndrome, as
defined by the International Diabetes Federation, and liver fat as
measured by 1H-MRS were measured in 584 subjects (313 wom-
en, 271 men) using previously collected data across several stud-
ies. 167 subjects with T2DM (median age 55 years, BMI 36.2 kg/
m2), 116 non-diabetic subjects with MetS (median age 54 years,
BMI 31.9 kg/m2) and 301 non-diabetic subjects without MetS
(median age 47 years, BMI 29 kg/m2).

Results: 79.6% of patients with T2DM had significant hepatic steatosis
(liver fat >5.5%). Liver fat was greatest in subjects with T2DM [median
20.8% (IQR 6.8, 29.8%)] and non-diabetic subjects with metabolic syn-
drome [median 10.1% (IQR 6.8, 29.8%)] compared to non-diabetic sub-
jects without features of metabolic syndrome [median 2% (IQR 1, 5%)].
Participants with hepatic steatosis were more obese, with significantly
greater weight, BMI and waist circumference. 31% of all subjects and
47% of subjects with T2DM had normal alanine aminotransferase (ALT)
despite significant hepatic steatosis.
Conclusion: Current figures given for the prevalence of NAFLD
steatosis are probably underestimating the problem. Liver fat content is
significantly increased in subjects with T2DM and MetS compared to
healthy controls independent of age, gender, and body mass index. We
were unable to comment on the presence of liver fibrosis in this pooled
cohort but acknowledge its importance. NAFLD must be actively sought
in every patient at high risk. The future challenge for the researcher and
the clinician will be to increase awareness of NAFLD in high risk patients
and to develop better non-invasive tools or biomarkers to predict incident
steatosis, fibrosis and end stage liver disease.
Disclosure: E. Brown: None.
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Pyridoxamine prevents increased atherosclerosis by intermittent
methylglyoxal spikes in the aortic arches of ApoE-/-mice
N.M.J. Hanssen1, C. Tikellis2, M.C. Flynn3, R. Pickering2, D.
Dragoljevic3, K. Wouters1, C.D.A. Stehouwer1, M.E. Cooper2, A.J.
Murphy3, M.C. Thomas2, C.G. Schalkwijk1;
1Dept of Internal Medicine, Maastricht University, Maastricht,
Netherlands, 2Dept. of Diabetes, Monash University, Melbourne,
Australia, 3Dept of Leukocyte Biology and Haematopoiesis, Baker
Heart and Diabetes Institute, Melbourne, Australia.

Background and aims: Methylglyoxal (MGO) is a reactive dicarbonyl
compound derived from glucose metabolism and a potential driver of
diabetic cardiovascular disease (CVD). We found that fasting plasma
MGO levels are associated with CVD in type 1 and type 2 diabetes.
However, MGO levels rapidly spike after a meal in diabetes, concomi-
tantly with a rise in plasma glucose levels. We hypothesize that these
MGO spikes directly contribute to CVD, irrespective of fluctuations in
plasma glucose levels, and that the MGO quencher pyridoxamine can
prevent increased atherosclerosis as a result of these MGO spikes.
Materials and methods: We injected normoglycaemic 8-week old male
C57Bl6 ApoE-/- mice with normal saline (NS, n=10) or 25 μg MGO to
induce intermittent MGO spikes once a week in their tail-vein for 10 consec-
utive weeks, without (MGO, n=11) and with 1g/L supplementation of pyri-
doxamine (MGO+P, n=11) in the drinkingwater until sacrifice.Wemeasured
circulating cells with flow cytometry after 5 and 10 weeks. We quantified
aortic arch lesion area after dissection and Sudan-black staining. We quanti-
fied the expression of inflammatory genes in the aorta by qPCR.Groupswere
compared with one way ANOVA and Tukey’s correction.
Results: IntermittentMGO spikes and pyridoxamine did not significantly
alter body weight (NS: 29.8±0.2, MGO: 29.3±0.5, MGO+P: 30.6±0.5g)
or glycated hemoglobin (NS: 4.5±0.1, MGO: 4.2±0.1, MGO+P: 4.1
±0.1%). However, after 5 and 10 weeks of MGO spiking, circulating
neutrophils and pro-atherogenic monocytes of the Ly6Chigh subset in-
creased 2-fold relative to NS (P<0.05). This was completely prevented
by pyridoxamine. Consistently, MGO spiking increased atherosclerotic
burden in the arch 1.8-fold (NS: 0.9±0.1 vs 1.6±0.2%, P<0.05), and this
was also prevented by pyridoxamine (0.8±0.1%). Furthermore, MGO
spikes increased the expression of ICAM (3-fold), RAGE (5-fold),
S100A9 (2-fold) and MCP1 (2-fold) relative to NS. This was attenuated
by pyridoxamine.
Conclusion: MGO spikes increased myeloid cells, inflammatory genes
in the aorta, and lesion area in the aortic arch. These changes by MGO
spikes were prevented by pyridoxamine. This study demonstrates the
potential harm of intermittent rises in MGO stress for the risk of diabetic
CVD and suggest that pyridoxamine or other approaches to reduce MGO
may be promising to prevent excess risk of CVD in diabetes.
Supported by: Dutch Heart Foundation, Dutch Diabetes Research
Foundation, EFSD/Lilly
Disclosure: N.M.J. Hanssen: None.

1113
Glucose-dependent insulinotropic polypeptide ameliorates cardiac
hypertrophy and fibrosis in diabetic db/db mice
M. Hiromura1, Y. Mori1, T. Saito1, H. Kushima1, M. Terasaki1, K.
Kohashi1, M. Koshibu1, K. Sato2, R. Shirai2, M. Ohara1, T. Fukui1, T.
Watanabe2, T. Hirano1;
1Department of Medicine, Division of Diabetes, Metabolism and
Endocrinology, Showa University School of Medicine, Tokyo,
2Laboratory of Cardiovascular Medicine, Tokyo University of
Pharmacy and Life Sciences, Tokyo, Japan.

Background and aims: The morbidity and mortality of heart failure has
been increasing worldwide. Patients with diabetes are at high risk for
heart failure in the absence of coronary artery disease or valvular heart
disease, termed diabetic cardiomyopathy (DCM). DCM is characterized
by cardiac fibrosis and hypertrophy initially leading to diastolic dysfunc-
tion, and subsequently resulting in systolic dysfunction. We previously
reported that glucose-dependent insulinotropic polypeptide (GIP) recep-
tor was expressed in mouse cardiomyocytes, and that GIP suppressed
cardiac fibrosis and hypertrophy through the suppression of TGF-β in
angiotensin II-infused mice. These findings suggest that GIP is effective
in supressing DCM. In this study, we investigated the cardioprotective
effects of GIP in db/db mice, a model for obesity-induced type 2 diabetes.
Materials and methods: Wild-type C57BL6 mice and diabetic db/db
mice were divided into 3 groups: C57BL6 + vehicle (normoglycemic
control [NGC]), db/db + vehicle (vehicle), and db/db + GIP 50
nmol/kg/day (GIP). These agents were continuously delivered by subcu-
taneously implanted osmotic pumps for 8 weeks.
Results: By the end of the experiment, fasting glucose and HbA1c levels
were significantly higher in db/db mice than in the NGC (glucose: 592 ±
74 mg/dL vs. 151 ± 16 mg/dL; HbA1c: 12.2 ± 0.7% vs. 4.6 ± 0.3%). In
db/db mice, GIP did not affect metabolic parameters, including body
weight, blood pressure, heartbeats, and levels of glucose and lipids.
Heart weights were similar between the groups (heart weight / tibial
length: NGC, 7.0 ± 0.2 mg/mm; vehicle, 7.2 ± 0.1 mg/mm; GIP, 7.0 ±
0.2 mg/mm). However, the histological analysis revealed that db/db mice
had greater interstitial fibrosis than the NGC, and GIP attenuated this
change (NGC, 33 ± 5%, vehicle, 60 ± 7%; GIP, 46 ± 4%). Compared
with mice receiving vehicle, GIP reduced the diameter of the interven-
tricular septum and the cardiomyocyte sizes in the papillary muscles,
which were significantly greater in db/db mice than in the NGC (diame-
ter: NGC, 590 ± 42 μm; vehicle, 1012 ± 83 μm; GIP, 739 ± 51 μm; size:
NGC, 100 ± 6%; vehicle, 118 ± 4%; GIP 71.6 ± 14%). Next, we evalu-
ated gene expression related to the process of DCM. In the left ventricle of
db/db mice, GIP decreased expression of TGF-β, which regulates both
interstitial fibrosis and cardiomyocyte enlargement. GIP also decreased
expression of brain natriuretic peptide, a marker of cardiomyocyte differ-
entiation, which is consistent with histological findings. Subsequently, we
assessed gene expression in pericardial adipose tissue, which is involved
in the development of cardiovascular diseases via an imbalance between
beneficial and deleterious adipokines. GIP reduced expression of pro-
inflammatory adipokine such as monocyte chemotactic protein-1 and
increased expression of anti-inflammatory adipokine such as adiponectin.
Conclusion: We demonstrated that GIP suppressed cardiac fibrosis and
hypertrophy in diabetic db/db mice possibly through the suppression of
TGF-β. In addition, the anti-inflammatory effect of GIP in pericardial
adipose tissue may prove cardioprotective. These findings suggest that
GIP may be a therapeutic target to suppress DCM.
Disclosure: M. Hiromura: None.

1114
Glucose-dependent insulinotropic peptide remarkably suppresses
macrophage foam cell formation in mice and humans
H. Yashima1, M. Terasaki1, T. Saito1, Y. Mori1, M. Hiromura1, H.
Kushima1, M. Koshibu1, M. Ohara1, T. Fukui1, Y. Seino2, Y. Yamada3,
T. Hirano1;
1Diabetes, Metabolism and Endocrinology, Showa Universtiy, Tokyo,
2Center for Diabetes, Endocrinology and Metabolism, Kansai Electric
Power Medical Research Institute, Kobe, 3Endocrinology, Diabetes and
Geriatric Medicine, Akita University Graduate School of Medicine,
Akita, Japan.

Background and aims: In addition to an insulinotropic effect, glucose-
dependent insulinotropic peptide (GIP) secreted fromK-cells in the intestines
plays an anti-atherosclerotic role. AlthoughGIP can prevent the accumulation
of monocyte/macrophage foam cells during atherosclerotic plaque formation
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in animals, its precise effects on macrophage foam cell formation remain
unclear. We speculated that GIP actions directly affect macrophage foam cell
formation, which is a key component of atherosclerosis, and investigated the
precise mechanisms of this action.
Materials and methods:Using wild-type (C57/BL6J) and GIP receptor-
knockout (gipr−/−) mice, peritoneal macrophages were isolated from
mice aged 13 weeks after intraperitoneal injection of thioglycolate broth.
Foam cell formation was determined in the presence/absence of 1 nmol/L
(DAla2)GIP by incorporating [3H] oleate into cholesteryl-oleate stimu-
lated with oxidized-low-density lipoprotein (LDL) in macrophages using
thin-layer chromatography or by Dil-oxidized-LDL fluorescence intensi-
ty using immunohistochemistry. Related gene expression levels were
measured using TaqMan-based reverse transcription polymerase chain
reaction (RT-PCR). In human experiments, blood samples were collected
from healthy volunteers for isolation of human peripheral mononuclear
cells.Monocytes purified using anti-CD14 antibody-conjugatedmagnetic
microbeads were incubated with/without 1 nmol/L (DAla2)GIP for 7
days to induce macrophage differentiation; the differentiated macro-
phages were subsequently used for the immunohistochemistry or real-
time RT-PCR.
Results: (DAla2)GIP significantly suppressed foam cell formation by 35%
in peritoneal macrophages obtained from the wild-type mice, but it showed
no effect in gipr−/− mice ex vivo. These results indicate that the suppressive
effect of GIP on foam cell formation was regulated via its receptors on
macrophages. Consistent with this finding, (DAla2)GIP also suppressed the
extent of foam cell formation by 38% in monocyte-derived macrophages
isolated from healthy human blood ex vivo. Gene expression levels of
CD36 were reduced by (DAla2)GIP in macrophages isolated from mice
(30%) and humans (33%). Furthermore, we identified peroxisome
proliferator-activated receptor γ (PPARγ) related molecule that leads to a
downstream transcription regulator of GIP to reduce CD36 levels.
(DAla2)GIP showed remarkable suppression of the gene expression levels
of the molecule, and the inhibition of this molecule suppressed the extent of
macrophage foam cell formation accompanied with the reduction of CD36
mRNA levels.
Conclusion: GIP suppressed foam cell formation viaGIP receptor in mac-
rophages, an effect that was accompaniedwith the reduction ofCD36 levels.
The suppressive effect of GIP on macrophage foam cell formation is con-
served in mice as well as humans, indicating that this effect is conserved
across species. In addition, our identified PPARγ related molecule might
play a role in the regulation of CD36 through GIP actions in macrophages.
Clinical Trial Registration Number: 956: Ethics Committee of the Showa
University School of Medicine
Disclosure: H. Yashima: None.

1115
Pioglitazone suppresses macrophage proliferation in apolipoprotein-
E deficient mice by activating PPARγ
T. Matsumura, S.M. Nishida, S. Nishida, T. Senokuchi, N. Norio Ishii,
Y. Morita, T. Wada, H. Motoshima, T. Kondo, E. Araki;
Department of Metabolic Medicine, Kumamoto University, Kumamoto,
Japan.

Background and aims: Patients with type 2 diabetes mellitus have in-
creased risk of cardiovascular disease (CVDs). Because CVDs are a lead-
ing cause of mortality and morbidity for diabetics, clarifying the protec-
tive effects of anti-diabetic agents against several atherosclerotic diseases
is important. Local macrophage proliferation is linked to enhanced ath-
erosclerosis progression. Although we reported that troglitazone, a
thiazolidinedione (TZD), suppressed oxidized low-density lipoprotein
(Ox-LDL)-induced macrophage proliferation. its mechanisms are un-
clear. We therefore investigated the mechanism(s) of inhibitory effect of
macrophage proliferation by another TZD, pioglitazone.
Materials andmethods:Normal chow (NC) or High-fat diet (HFD)-fed,
apolipoprotein E-deficient (ApoE KO) mice were treated orally with

pioglitazone (10 mg/kg/day). After 8 weeks of treatment, the whole aorta
or frozen sections of the aortic sinus were stained with Oil red O. To
identify macrophage proliferation and apoptosis, we performed
Ki67/Iba-1 double immunohistochemical staining and TUNEL method,
respectively. Mouse peritoneal macrophages were used in in vitro assay.
Macrophage proliferation was estimated by a Cell Counting Kit-8 (CCK-
8) assay. Activity of peroxisome proliferator-activated receptor-γ
(PPARγ) was estimated by Luciferase assay. Macrophage apoptpsis in
in vitro was estimated by DNAladder and ELISA assay.
Results: Pioglitazone did not affect the amount of food intake and lipid
profile. However, pioglitazone treatment increased body weight in HFD-
fed ApoE KO mice. Although pioglitazone treatment did not affect casual
glucose levels, it decreased blood glucose levels in glucose tolerance tests and
insulin tolerance tests in both mouse models. Atherosclerosis progression
was suppressed in aortic sinuses of pioglitazone-treated both mouse models,
and they showed fewer proliferating macrophages in plaques. In vitro assay
revealed that pioglitazone suppressed Ox-LDL-induced macrophage prolif-
eration in a dose-dependent manner. However, PPARγ siRNA ameliorated
the pioglitazone-induced suppression of macrophage proliferation. Low con-
centrations (less than 100 μM) of pioglitazone, which can suppress macro-
phage proliferation, activated PPARγ in macrophages, but did not induce
macrophage apoptosis. Pioglitazone did not induce TUNEL-positive cells in
atherosclerotic plaques in HFD-fed ApoE KO mice.
Conclusion: Treatment with pioglitazone suppresses atherosclerosis pro-
gression in NC-fed or HFD-fedApoEKOmice.Moreover, we have shown
for the first time that pioglitazone suppressed macrophage proliferation
through PPARγ activation. As proliferation of vascular cells, including
macrophages, is considered to be a key event in atherosclerosis develop-
ment and progression, these findings suggest the pioglitazone could help
prevent macrovascular complications in patients with type 2 diabetes.
Disclosure: T. Matsumura: None.

1116
Vildagliptin induces vasorelaxation by activation of SERCA pump
and K+ channels in aortic smooth muscle
J. An, S. Na, W. Park;
Department of Physiology, Kangwon Natinal University School of
Medicine, Chuncheon, Republic of Korea.

Background and aims: This study investigated vildagliptin-induced va-
sodilation and its related mechanisms using phenylephrine induced pre-
contracted rabbit aortic rings.
Materials and methods:Male New Zealand White rabbits were used in
the experiment and its arterial tone was measurement by using myogragh
system. All experimental procedures and protocols were conducted ac-
cording to the guidelines of the Committee for Animal Experiments at our
national university.
Results: Vildagliptin induced vasodilation in a concentration-dependent
manner. Pretreatment with the large-conductance Ca2+-activated K+ channel
blocker paxilline, ATP-sensitive K+ channel blocker glibenclamide and in-
wardly rectifying K+ channel blocker Ba2+ did not affect the vasodilatory
effects of vildagliptin. However, application of the voltage-dependent K+
(Kv) channel inhibitor 4-aminopyridine significantly reduced the vasodilatory
effects of vildagliptin. In addition, application of either of two sarcoplasmic/
endoplasmic reticulum Ca2+-ATPase (SERCA) inhibitors, thapsigargin or
cyclopiazonic acid, effectively inhibited the vasodilatory effects of
vildagliptin. These vasodilatory effectswere not affected by pretreatmentwith
adenylyl cyclase, protein kinase A (PKA), guanylyl cyclase, or protein kinase
G (PKG) inhibitors, or by removal of the endothelium.
Conclusion: We concluded that vildagliptin induced vasodilation via
activation of Kv channels and the SERCA pump. However, other K+

channels, PKA/PKG-related signaling cascades associated with vascular
dilation, and the endothelium were not involved in vildagliptin-induced
vasodilation.
Disclosure: J. An: None.
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A sodium-glucose cotransporter-2 inhibitor suppresses arterial re-
modelling by improving perivascular fat deposition in high-fat-fed
mice
Y. Mori, M. Terasaki, M. Hiromura, H. Kushima, T. Saito, M. Koshibu,
H. Yashima, H. Gima, M. Ohara, T. Fukui, T. Hirano;
Showa University School of Medicine, Tokyo, Japan.

Background and aims: Recent clinical trials imply that sodium-glucose
cotransporter-2 inhibitors (SGLT2Is) may exert vasoprotective effects,
possibly independent of glucose-lowering effects, in individuals with
type 2 diabetes. However, the underlying mechanisms remain largely
unclear. It is implicated that perivascular adipose tissue (PVAT), an ec-
topic fat-covering vessel, is involved in the process of vascular diseases
by secreting various types of adipokines similar to visceral adipose tissue.
In the present study, we investigated whether PVAT is involved in the
vasoprotective effects of SGLT2Is.
Materials and methods: In experiment 1, wild-type mice maintained on
high-fat or low-fat diets were treated with vehicle or luseogliflozin
(0.02% added to diet) for 2 weeks. Subsequently, bilateral femoral arteries
were subjected to injury by guide-wire insertion to induce arterial remod-
elling, and PVAT around the left femoral artery was surgically removed.
In experiment 2, diabetic db/db mice fed with a low-fat diet were treated
with either a vehicle, luseogliflozin, or glargine for 2 weeks. In the
glargine group, doses were titrated to match their plasma glucose levels
to those of the luseogliflozin treatment. The left femoral artery was wire-
injured without PVAT removal, and after 25 days, injured femoral arteries
and PVATwere collected for analysis.
Results: In high-fat-fed mice, luseogliflozin treatment reduced gain in body
mass compared to those treated with vehicle (1.9 ± 0.4 g vs. 3.4 ± 0.3 g).
However, there was no difference in biochemical parameters. In macroscopic
appearance, the right femoral arteries were completely covered with a thick
PVAT, whereas the left femoral arteries were clearly observed by PVAT
removal because they were not covered by PVAT. Histological analysis of
the injured arteries revealed that in vehicle-treated mice the surgical removal
of PVAT led to suppression of neointimal hyperplasia (44% reduction vs.
sham surgery) without inducing unfavourable remodelling, such as medial
thinning or arterial dilation. Additionally, compared to treatment with vehicle,
luseogliflozin treatment suppressed neointimal hyperplasia (40% reduction)
in PVAT-surrounded femoral arteries. Moreover, it decreased adipocyte sizes
and increased adiponectin expression in PVAT. However, in luseogliflozin-
treatedmice, PVATremoval did not affect neointimal hyperplasia. Inmice fed
with low-fat diet, PVATaround the femoral arteries was barely observed, and
neither PVAT removal nor luseogliflozin treatment affected neointimal hyper-
plasia. In diabetic db/db mice, luseogliflozin and insulin treatments demon-
strated similar reductions in HbA1c levels by the end of the experiment
(vehicle, 12.1 ± 0.5%; luseogliflozin, 7.9 ± 0.3%; glargine, 7.4 ± 0.4%).
However, only luseogliflozin treatment suppressed neointimal hyperplasia
(40% reduction), and insulin treatment did not show any suppression.
Conclusion: We demonstrated that PVAT plays a direct role in the pro-
cess of peripheral arterial remodelling in obesemice and that the improve-
ment of excess PVAT, but not hyperglycemia, is involved in the
vasoprotective effects of luseogliflozin.
Supported by: Taisho Toyama Pharmaceutical Co., Ltd.
Disclosure: Y. Mori: Grants; Taisho Toyama Pharmaceutical Co., Ltd.

1118
Empagliflozin, a sodium-glucose cotransporter 2 inhibitor, improved
heart remodelling and endothelial and vascular dysfunction in ZSF1
rats with metabolic syndrome
C. Bruckert1, S.-H. Park1, M.A. Farooq1, S. Gaertner1,2, A.W. Qureshi1,
H.-H. Lee1, D. Benrahla1, B. Pollet3, D. Stephan1,2, P. Ohlmann4, E.
Mayoux5, C. Auger1, O. Morel1,4, V.B. Schini-Kerth1;
1INSERM (French National Institute of Health and Medical Research),
UMR 1260, Regenerative Nanomedicine, Faculté de Pharmacie,

Université de Strasbourg, Strasbourg, France, 2Hôpitaux Universitaires
de Strasbourg, Service des Maladies Vasculaires - Hypertension
Artérielle, Strasbourg, France, 3UMR CNRS 7021 Laboratoire de
Bioimagerie et Pathologies, Strasbourg, France, 4Hôpitaux
Universitaires de Strasbourg, Service de Cardiologie, Strasbourg,
France, 5Boehringer Ingelheim GmbH & Co. KG, Biberach an der
Riss, Germany.

Background and aims: Empagliflozin (EMPA), a selective sodium-
glucose cotransporter (SGLT)2 inhibitor, significantly reduced car-
diovascular mortality and hospitalization for heart failure in pa-
tients with type 2 diabetes at high risk of cardiovascular disease.
The protective effect on the cardiovascular system appears to be
independent of glycemic control. The study aims to determine the
effect of EMPA on both the endothelial and vascular function, and
the heart structure and function in an experimental model of met-
abolic syndrome with heart failure with preserved ejection fraction
(HFpEF) in the obese ZSF1 rat and its’ lean control.
Materials and methods: Rats received either the control diet or the
diet containing EMPA (30 mg/kg/day) for 6 weeks. The vascular
reactivity was assessed in the mesenteric artery using organ cham-
bers, heart function and structural changes by echocardiography,
and protein expression level by Western blot analysis.
Results: In the mesenteric artery of obese ZSF1 rats, acetylcholine
(ACh)-induced endothelium-dependent relaxations were slightly
but significantly reduced and endothelium-dependent contractile
responses (EDCFs) increased compared to lean rats. These effects
were prevented by the cyclooxygenase inhibitor indomethacin, and
by EMPA treatment. An increased expression level of senescence
markers (p16, p21, p53), tissue factor, VCAM-1, SGLT1 and
SGLT2 and a down-regulation of eNOS were observed in the aor-
tic inner curvature compared to the outer one in the lean rats,
which were prevented by EMPA treatment. In the obese rats, no
such effects were observed. The weight of the heart, as well as the
weight of each part of the cardiac tissue, and the left ventricle area
were increased in the obese ZSF1 rats, and significantly reduced
by the EMPA treatment, except for left auricle plus septum weight
that did not reach significance. Left ventricle ejection fraction and
cardiac output were similar in all groups. EMPA treatment also
reduced the increased body weight and weight of lungs, spleen,
liver and perirenal fat in obese ZSF1 rats. EMPA treatment re-
duced hyperglycemia and the increased levels of total cholesterol
and triglycerides in obese ZSF1 rats, and increased blood ketone
levels and urinary glucose excretion in lean and obese ZSF1 rats.
Conclusion: EMPA treatment improved both endothelial function and
cardiac remodeling in the obese ZSF1 rat, and the increased expression
level of pro-senescence and atherothrombotic markers in arterial sites at
risk in the lean ZSF1 rat. These protective cardiovascular effects were
associated with improved hyperglycemia, lipid profile and body weight.
Supported by: Boehringer Ingelheim Pharma GmbH & Co. KG,
Biberach an der Riss, Germany
Disclosure: C. Bruckert: Grants; Unrestricted research grant from
Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach an der Riss,
Germany.

1119
AT-001 significantly reduces cardiac damage in an animal model of
diabetic cardiomyopathy
S. Shendelman1, R. Ramasamy2, R. Perfetti1;
1Applied Therapeutics Inc., New York, 2Biochemistry & Molecular
Pharmacology, NYU Langone Medical Center, New York, USA.

Background and aims: Hyperactive flux through the polyol pathway
(PP) contributes to development of diabetic complications. Aldose reduc-
tase (AR) is the rate-controlling enzyme in the PP that catalyzes NADPH-
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dependent reduction of glucose to sorbitol. During hyperglycemic and
ischemic conditions, increased PP flux causes a rise in intracellular sor-
bitol and consequent changes in cytosolic NAD+/NADH, oxidative
stress, cell death and diabetic complications such as Diabetic
Cardiomyopathy (DbCM). Previous efforts to target this pathway using
AR inhibitors (ARI) have been limited by unfavorable benefit risk pro-
files. AT-001 is a novel oral ARI with optimized specificity and affinity
for AR. We assessed target engagement (Study 001) and cardioprotective
activity in a cardiac ischemia reperfusion (IR) injurymodel (Study 002) in
two rodent type 2 diabetes (DM) models.
Materials and methods: Study 001: following a single streptozotocin
(STZ) injection (100 mg/kg) to induce DM in Sprague-Dawley rats, AT-
001 5 or 10 mg/kg or vehicle (V), n=5 per group, were administered
orally and erythrocyte sorbitol measured over 48h. Study 002 assessed
effects of AR inhibition on acute cardiac ischemia reperfusion (I/R) using
an AR transgenic diabetic mouse model because mice express 50 to 300-
fold lower AR levels than humans. Transgenic mice expressing human
levels of AR (Tg hAR) were treated with STZ (55 mg/kg for 5d at age
6w). TghARMice with DM, defined as blood glucose levels >250mg/dL
confirmed twice for 3w were treated by oral gavage with AT-001 1 mg/
25 g mouse weight (40 mg/kg, n=6) or vehicle (V, n=6) for 3d prior to I/R
injury induced by in vivo ligation and reperfusion of the left anterior
descending (LAD) coronary artery. Control non-DM Tg hAR mice
(non-DM, n=9) were also subjected to I/R injury. Echocardiography
was used to measure cardiac function, including fractional shortening
(FS) prior to LAD ligation and after 48 h recovery. Mice were euthanized
after 48h recovery and infarct area in hearts assessed using 2,3,5-triphe-
nyltetrazolium chloride staining.
Results: Study 001: Prior to treatment sorbitol was elevated in DM vs.
non-DM rats: (Mean±SD) 12.38±0.9 vs. 9.45±1.3 μg/ml. AT-001 at
doses of 5 and 10/mg/kg reduced sorbitol to 11.0±1.9 and 8.1±1 at 7h
and 9.3±1.1 and 7.9±1.7 μg/ml 24h post treatment, respectively;
*P<0.001 for both doses at 7 and 24h vs. baseline. Moreover, AT-001
normalized sorbitol to non-DM levels. Study 002: Mean (±SD) infarct
area, expressed as ratio of infarcted to total left ventricular (LV) area was
significantly lower in AT-001 (35.3±2.7) vs. non-DM (43±2) and V (59.1
±0.8); P<0.05 vs non-DM and V). FS 48 h post reperfusion, a measure of
functional recovery, was greater in AT-001 vs non-DM and V (38.2±2, 24
±3, 21±1.5, respectively; P<0.05 vs. non-DM and V). Mice were not
treated during the 48h reperfusion; thus, AT-001 prevented or attenuated
cardiac injury.
Conclusion: AT-001 normalized sorbitol levels relative to non-DM con-
trols and significantly reduced cardiac damage in a mouse model of
DbCM. These findings confirm biological activity of AT-001, demon-
strate a role of AR inhibitors in significantly reducing or preventing car-
diac damage and support clinical investigation of AT-001 in DbCM.
Disclosure: S. Shendelman: Employment/Consultancy; Applied
Therapeutics Inc. Stock/Shareholding; Applied Therapeutics Inc.

PS 096 Biomarkers of macrovascular disease in
type 2 diabetes

1120
Type 2 diabetes as a predictor of cardiovascular events in peripheral
artery disease versus coronary artery disease
H. Drexel1, A. Vonbank2, C.F. Heinzle3, D. Zanolin-Purin3, A. Mader2,
S. Sternbauer3, L. Sprenger2, M. Schindewolf1, I. Baumgartner1, A.
Leiherer3, A. Muendlein3, C.H. Saely4;
1Division of Angiology, Swiss Cardiovascular Center, University
Hospital Bern, Bern, Switzerland, 2Academic Teaching Hospital
Feldkirch, Feldkirch, Austria, 3Vorarlberg Institute for Vascular
Investigation & Treatment (VIVIT), Feldkirch, Austria, 4Private
University of the Principality of Liechtenstein, Triesen, Liechtenstein.

Background and aims: Patients with established cardiovascular disease
(CVD) are at a very high risk of cardiovascular events, and cardiovascular
risk is considered extremely high in those with the combination of CVD
and diabetes. However, the impact of type 2 diabetes (T2DM) on cardio-
vascular event risk may differ between different manifestations of CVD.
Materials and methods: To address this issue, we prospectively record-
ed cardiovascular events over 10 years in 1472 patients with angiograph-
ically proven stable coronary artery disease (CAD), of whom 454 had
T2DM as well as in 465 patients with sonographically proven peripheral
artery disease (PAD), of whom 204 had T2DM.
Results: Both among CAD and among PAD patients, those with T2DM
were at a significantly higher risk of cardiovascular events than those who
did not have diabetes (56.0% vs. 44.5%; p<0.001 and 68.5% vs. 50.6%;
p<0.001, respectively). Cardiovascular risk was significantly higher in
PAD than in CAD patients, both among those with T2DM (68.0% vs.
56.0%; p=0.003) and among those who did not have diabetes (50.6% vs.
44.5%; p=0.047). In multivariate analyses, T2DM (HR 1.48 [1.13-1.70);
p<0.001) and presence of PAD versus that of CAD (HR 1.93 [1.64-
2.28];p<0.001) were mutually independent predictors of cardiovascular
events. An interaction term T2DM by PAD vs. CAD was non-significant
(p=0.146), indicating that the relative risk increase conferred by T2DM
did not differ significantly between PAD and CAD patients.
Conclusion:We conclude that T2DM increases cardiovascular event risk
among patients with PAD as well as among those with CAD and that
PAD confers a higher risk of cardiovascular events than stable CAD
irrespective of the presence of T2DM.
Disclosure: H. Drexel: None.

1121
The usefulness of cystatin C to detect carotid plaque and arterial
stiffness in patients with type 2 diabetes
A. Khang;
Division of Endocrinology and Metabolism, Department of Internal
Medicine, Pusan National University College of Medicine, Pusan,
Republic of Korea.

Background and aims: Cystatin C, a reliable marker of renal function,
has been reported as a stronger predictor of the risk of cardiovascular
events than the creatinine level. Intima-media thickness(IMT) and
brachial-ankle pulse wave velocity(baPWV) are good indicators of ath-
erosclerosis and arterial stiffness as well as cardiovascular risk. However,
it is unclear whether serum cystatin C is useful to detect atherosclerosis
and arterial stiffness in patients with type 2 diabetes mellitus(T2DM) in
real clinical setting. We evaluated the relationship between cystatin C and
carotid atherosclerosis and arterial stiffness in patients with T2DM.
Materials and methods: We reviewed the records of patients in outpa-
tient clinic of Pusan national university hospital during 2008-2017. A
total of 1291 subjects(men, n=716 (55.%)) aged 40 to 80 years included
who had measurements of cystatin C, carotid IMT and baPWV. The 10-
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year risk of Atherosclerotic cardiovascular disease events(10-year
ASCVD risk) was estimated by calculator (www.cvriskcalculator.com).
Chronic kidney disease defined as a decrease in the estimated glomerular
filtration rate(eGFR) by the modification of diet in renal disease formula
to less than 60 ml/min per 1.73m2 or the presence of albuminuria. To
identify independent correlates of cystatin C, stepwisemultiple regression
analysis was performed.
Results:Mean age was 62.1±9.0 years old, 82.5% had T2DM and 48.3%
had hypertension. Mean cystatin C and eGFR were 0.87±0.35 mg/
L(median 0.80), and 85.8±23.4 ml/min per 1.73m2, respectively. The
mean IMT and baPWV were 0.72±0.19 mm and 1505.1±294.8cm/s. In
diabetic patients, cystatin C correlated with mean IMT, baPWVand 10-
year risk (P<0.001), but in non-diabetic patient, it was not correlated with
mean IMT. In multivariate analysis after adjustment of age, sex, body
mass index(BMI), triglyceride, LDL-cholesterol and blood pressure,
cystatin C showed stepwise increase of odds ratio(OR) for carotid plaque
in diabetic patients that OR in medium tertile and high tertile was 1.64
(1.10-2.43) and 2.41 (1.58-3.67) compared with low tertile of cystatin C.
Otherwise, in non-diabetic subjects, the OR is very high only in high
tertile of cystatin C (OR=27.4 (2.21-339.8). However, the presence of
CKD showed no relationship with carotid plaque after adjustment.
Increasing cystatin C by 1 mg/L increased the baPWV value by 174.0
cm/s in diabetic patients after adjusting the age, sex, BMI, LDL-
cholesterol and blood pressure, but it was not significantly increased in
non-diabetic subjects after adjustment. The higher cystatin C level
showed the higher 10-year risk in both diabetic and non-diabetic subjects.
Conclusion: In conclusion, higher cystatin C levels were associated with
carotid atherosclerosis and arterial stiffness and the estimated 10-year
ASCVD risks to guide management of cardiovascular risk in patients
with T2DM, even after adjustment of eGFR. This finding supports the
hypothesis that cystatin C may be useful to identify T2DM patients with
high cardiovascular risks, to reflect carotid plaque, arterial stiffness and
consequently, atherosclerosis.
Disclosure: A. Khang: None.

1122
Increased plasma concentrations of NT-proBNP are associated with
impaired myocardial flow reserve in patients with type 2 diabetes
and high cardiovascular risk
M. Jürgens1, M. Schou2, P. Hasbak1, A. Kjær1, E. Wolsk2, B. Zerahn2,
N.H. Brandt-Jacobsen1, P. Gæde1, J. Faber2, F. Gustafsson1, C.M.
Kistorp1;
1Rigshospitalet, Copenhagen, 2Herlev & Gentofte Hospital, Herlev,
Denmark.

Background and aims: Plasma concentrations of the cardiac peptide
NT-proBNP are associatedwith a poor cardiovascular outcome in patients
with type 2 diabetes (T2D). Whether this reflects a low myocardial flow
reserve (MFR) is unknown. Therefore, this study evaluated the hypothe-
sis that reduced MFR was associated with increased plasma concentra-
tions of NT-proBNP.
Materials and methods: A total of 49 patients with T2D and high car-
diovascular risk, defined as either history of cardiovascular disease, albu-
minuria or NT-proBNP > 70 pg/ml were prospectively included in the
study. The absolute blood flow of the myocardium was measured quan-
titatively (ml/g/min) by 82Rb positron emission tomography/computed
tomography (PET)/CT and the myocardial flow reserve (MFR), defined
as the ratio between the myocardial blood flow at rest and at maximum
vasodilation/stress was calculated. We used the previously recommended
definition of MFR < 1.5 as cut-off value of impaired flow reserve. The
glomerular filtration rate (GFR) was measured using the 51Cr-EDTA
method. The association between MFR and NT-proBNP was evaluated
in a multivariate linear regression model.
Results: The mean (SD) age was 65 (9) years and the majority (83%)
were male, the glycemic regulation was moderate, with a mean Hba1c of

58 (8) mmol/mol, and with a normal glomerular filtration rate of 75 (23)
ml/min/1.73m2 on average. Patients with impaired MFR, had markedly
higher median (IQR) NT-proBNP; 440 ng/L (190-790) as compared with
patients with normal MFR, NT-proBNP being 194 ng/L (55-171) (P =
0.026) (see figure). In multivariable linear regression analyses, MFR was
independently associated with NT-proBNP levels after adjusting for rel-
evant confounders (age, gender, GFR, and history of myocardial infarc-
tion) (P = 0.0039). There was no association between MFR and BMI or
HbA1c in the present cohort.
Conclusion: We observed that an impaired MFR was associated with
markedly increased plasma concentrations of NT-proBNP. Whether
glucose-lowering drugs like sodium-glucose-co transport inhibitors and
glycagon like peptide 1 analogues improves MFR in patients with T2D
remains to be determined.

Clinical Trial Registration Number: NCT03151343
Supported by: STENO collaborative grant
Disclosure: M. Jürgens: None.

1123
Prediction of major cardiac, cerebrovascular events (MACCE) in
diabetic patients using a multi component neural network model
J. Sarkar1, K. George1, L. Joo2, Y. Chee2, A. Seneviratna2, D. Chew2, R.
Dalan2;
1Holmusk, Singapore, 2Tan Tock Seng Hospital, Singapore, Singapore.

Background and aims: In Singapore and across the world, patients with
type 2 diabetes are prone to higher risk and possibly faster progression of
cardiovascular disease related complications. Through this study, we aim
to study predictors of cardiovascular, cerebrovascular events and mortal-
ity in diabetic patients visiting a tertiary center in Singapore and identify
high risk patients. This study uses machine learning based methods to
build a time-based prediction model of these events.
Materials and methods: The model was trained on 60% of the data set
and tested for validation on the remaining 40%. For this test data set, the
final model predicts the occurrence of MACCE event in each individual
patient with AUC values > 0.7 and Recall (sensitivity) values > 0.65 at the
various time periods.
Results: The model was trained on 60% of the data set and tested for
validation on the remaining 40%. For this test data set, the final model
predicts the occurrence of MACCE event in each individual patient with
AUC values > 0.7 and Recall (sensitivity) values > 0.65 at the various
time periods
Conclusion: This study uses a non-standard architecture of neural net-
work models which leverages biological underpinning of the disease,
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biomarkers and medications. Using this unique model architecture, the
time dependent risk of MACCE was predicted with a AUROC>0.75 in
most cases. This is significantly higher than AUROC reached by standard
risk models. This illustrates the advantage of the neural network model
over statistical methods and traditional machine learning models in iden-
tifying diabetic patients with higher risk of having a MACCE event. The
current study is limited by the size of the cohort and the model will need
to be validated with a bigger cohort of diabetic patients. However, the
study underscores the ability of advanced analytics for development of
predictive tools for medical professionals for better care of diabetic
patients.

Disclosure: J. Sarkar: None.

1124
Microvascular complications as predictor of all-cause mortality, ma-
jor vascular outcomes and ESRD in type 2 diabetes
G. Penno1, M. Garofolo1, E. Gualdani2, R. Giannarelli1, P. Falcetta1, D.
Lucchesi1, F. Campi1, R. Miccoli1, P. Francesconi2, S. Del Prato1;
1Department of Clinical and Experimental Medicine, University of Pisa,
Pisa, 2Epidemiology Unit, Regional Health Agency of Tuscany, Florence,
Italy.

Background and aims: To which extent the presence of 1 or more
diabetic microvascular complication (MC) may affect CVoutcomes and
mortality in type 2 diabetes (T2D) is still a matter of debate. Therefore, we
have determined the association of the cumulative burden of retinopathy,
nephropathy and peripheral neuropathy with all-cause mortality, major
CV outcomes and ESRD in a single-centre, prospective, observational
study involving T2D subjects.
Materials and methods:A total of 986 T2D subjects have been enrolled
and incidence of events recorded over a mean follow-up of 12.9±2.7
years. Vital status was censored on December 31st, 2017 by accessing
the Italian Health Card Database. Incidence of major CV events and
ESRDwere obtained on the same date by interrogating hospital discharge
registries. Hazard Ratios (HRs) were determined by un- and adjusted Cox
regression analysis.
Results: T2D population included 491 (49.8%), 318 (32.3%), 135
(13.7%) and 42 (4.3%) with no, 1, 2 or 3 MC, respectively. Compared
to no-MC (ref.), subjects with 1, 2 and 3 MC showed a stepwise worsen-
ing of CV risk profile. All-cause mortality (total 230; 23.3%) increased
from no-MC (15.3%) to 1 MC (23.3%, HR 1.60; 95% CI 1.16-2.20), 2
MC (41.5%, 3.19; 2.25-4.51) and 3 MC (59.5%, 5.32; 3.38-8.36;
p<0.0001). After adjustments, HRs for mortality were: 1 MC, 1.21
(0.87-1.69); 2 MC, 1.72 (1.15-2.56) and 3 MC, 3.17 (1.89-5.33,
p<0.0001). Irrespective of number of CV risk factors not at target at
baseline (HbA1c ≥7%, LDL ≥100 mg/dl, BP ≥140/90 mmHg), HRs for
mortality increased with MC (p<0.0001, after adjustment for age and
gender). Over 11.3±4.4 year follow-up, at least one major CV event oc-
curred in 276 individuals (28.4%). Incidence increased withMC: no-MC,
20.8%; 1 MC, 31.3% (HR 1.65; 95% CI 1-25-2.18); 2 MC, 42.7% (2.77;
2.00-3.85); 3 MC, 50.0% (3.78; 2.36-6.05, p<0.0001). After adjustments,
HRs for major CV events were: 1 MC, 1.37 (95% CI 1.03-1.82); 2 MC,
1.61 (1.12-2.30) and 3 MC, 2.42 (1.48-3.99, p<0.0001). The impact of
the MC burden on major CVevents after stratification for the number of
CV risk factors not at target at baseline, was similar to that observed for
all-cause mortality rate (p<0.0001, after adjustment for age and gender).
Rate of hospitalization for heart failure (hHF) was 3.3% in no-MC, 11.5%
in 1MC (HR 3.19; 95%CI 1.83-5.56), 17.6% in 2MC (5.68; 3.09-10.45)
and 14.3% (5.00; 2.00-12.54) in 3 MC (p<0.0001). After adjustments,
rate of hHF increased in subjects with 1 MC (2.28; 95% CI 1.30-4.01), 2
MC (3.38; 1.79-6.40) and 3 MC (3.02; 1.19-7.65). Finally, also ESRD

incidence increased through the MC groups: no-MC, 4.9%; 1 MC, 6.7%
(HR 1.44; 95% CI 0.80-2.59); 2 MC, 11.5% (2.76; 1.45-5.27); 3 MC,
26.2% (7.67; 3.75-15.70; p<0.0001). After adjustments, ESRD increased
in subjects with 2 MC (HR 2.34; 95% CI 1.21-4.53) and 3 MC (6.41;
3.19-13.16, p<0.0001). ESRD risk increased with the number of MC
even after stratification for the number of risk factors not at target.
Conclusion: In T2DM subjects, the cumulative burden of MC affects the
risk of all-cause mortality, major CV events, hHF and ESRD. These
findings offer a simple and widely accessible method for improving over-
all risk prediction.
Disclosure: G. Penno: None.

1125
To evaluate the relationship betweenHSCRP and NT-proBNP in 200
type 2 diabetes patients optimised for conventional cardiovascular
and renal risk factors at the end of 2 years
V. Gupta, V. Teli;
VG-ADVANTAGE Diabetes Thyroid and Endocrine Center, Mumbai,
India.

Background and aims: There exists substantial cardiovascular disease
despite optimal risk factor optimisation in patients with type 2 diabetes
mellitus (T2DM). The aim was to evaluate the relationship between NT-
proBNP and hsCRP after risk factor (cardiovascular and renal) optimisa-
tion in 200 T2DM over a period of 2 years.
Materials and methods: Two hundred T2DM regular follow up patients
whowere on standard glucose lowering agents andwhomay be on lipid and
blood pressure lowering agents were followed for a period of 2 years. They
were optimized for conventional CV risk marker and followed up with
respect to BMI, HbA1c, systolic BP, diastolic BP, Lipid profile (TC, HDL,
LDL, TG, non-HDL, cholesterol remanant), HsCRP, serum creatinine and
UACR. At the end of 2 years, NT-pro-BNP was measured to assess its role
as a residual CVriskmarker. T2DMpatients with a history of ischemic heart
disease, revasularisation or any major surgery were excluded. In the present
study, we assessed the relationship between NT-proBNP and HsCRP.
Patients were divided into 4 groups based on their HsCRP value at 2 years.
Data was analysed using SPSS version 20 and represented as Mean +
2(Standard deviation) with 95% confidence interval and pearson co-
relation was used, p value of 0.05 was considered to be significant
Results: Number of patients with HsCRP <1, 1-3, 3.1-10, >10 were 39
(19.5%) (26 were males, 13 females, 81 (40.5%) (40 were males, 41 were
females), 61 (30.5%) (29 were males, 32 females), 19 (9.5%) (8 were
males, 11 were females) respectively. The mean NT-proBNP in patients
with HsCRP value of <1 was 195.07 ± 26.81, HsCRP value of 1-3 was
192.12 ± 26.88, HsCRP value of 3-10 was 135.71 ± 20.54, with hsCRP
value of >10 was 95.71±9.48. There was a negative co-relation between
NTproBNP and those with HsCRP value (r=-0.154, p=0.029).
Conclusion: NTproBNP levels were elevated in patients with low
HsCRP. NT-ProBNPmay represent an independent biomarker of residual
CV risk in those with lowest hsCRP optimized for conventional CVand
renal risk factors in patients with T2DM
Disclosure: V. Gupta: None.

1126
Exploring AGE and sRAGE regulation in response to oral and in-
travenous glucose loads in individuals with recently diagnosed type 2
diabetes
A.K. Fotheringham1,2, J.I. Bagger3, D.J. Borg1,2, D. McCarthy1, T.
Vilsbøll3, F.K. Knop3,4, J.M. Forbes1,2;
1Mater Research-UQ, Brisbane, Australia, 2Faculty of Medicine,
University of Queensland, Brisbane, Australia, 3Clinical and Metabolic
Physiology, Steno Diabetes Center, University of Copenhagen,
Copenhagen, Denmark, 4NNF Center for Basic Metabolic Research,
Copenhagen, Denmark.
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Background and aims: Post-prandial glucose excursions in individ-
uals with type 2 diabetes are postulated to increase risk for chronic
complications of diabetes via the production of Advanced
Glycation End-products (AGEs). Recent studies suggest that
AGEs may be acutely formed in response to post-prandial glucose
excursions. AGEs bind to a number of receptors including the
receptor for AGEs (RAGE). Soluble isoforms of RAGE exist, in-
cluding sRAGE, and are thought to compete with pro-inflamma-
tory, pro-apoptotic membranous forms of RAGE for AGE binding.
Lower circulating sRAGE concentrations are associated with im-
paired glucose tolerance in obesity and Type 2 diabetes. The ob-
jective of this study was to investigate the effects of increasing
glucose loads during oral glucose tolerance tests (OGTT) and
matched isoglycaemic intravenous glucose infusions (IIGI) on cir-
culating AGEs and sRAGE.
Materials and methods: Eight individuals with recently diagnosed
Type 2 diabetes and eight controls matched for age, gender and
BMI were recruited. All participants underwent three OGTTs at
three different D-glucose loads (25g, 75g and 125g) and three
matched IIGIs in random order. Serum AGE carboxymethyllysine
(CML) and serum sRAGE were retrospectively measured by
ELISA in serum samples collected over 240 minutes during these
OGTT and IIGI.
Results: Net CML (AUC0-240) did not significantly differ at any
oral glucose dosage tested in either controls or patients with dia-
betes. Furthermore, CML AUC0-240 did not differ between admin-
istration routes (oral vs intravenous) in individuals with or without
diabetes. In the patients with diabetes, sRAGE AUC0-240 was low-
er during IIGI compared to OGTT at 25g and 125g glucose dos-
ages (P=0.015 and P=0.007 respectively). Consistent with this,
sRAGE curves differed between OGTT and matched IIGI for both
glucose loads, with significant effects of time (P=0.009 (25g),
P<0.0001 (125g)) and administration route (oral or intravenous)
(P=0.05 (25g), P=0.003 (125g)) and an interaction of both ob-
served (2 way repeated measures ANOVA). In addition, sRAGE
AUC0-240 declined with increasing intravenous glucose dosages
(P=0.0002 for trend) across the three IIGI. No dosage effect was
seen across OGTTs. In the control individuals, sRAGE AUC0-240

also decreased during IIGI compared to OGTT at the lowest (25g)
glucose dose, but this was not observed at the higher glucose
dosages. When the control groups OGTT and IIGI curves were
interrogated, only at the 25g dose was an effect of time observed
(P<0.001).
Conclusion: These data suggest that the AGE CML is not produced in
proportion to oral or intravenous glucose loads in metabolically healthy
control individuals, or in the patients with diabetes, despite the patients
experiencing escalating glucose elevations with increasing glucose loads.
However, it appears that a complex relationship exists between oral glu-
cose ingestion and post-prandial sRAGE concentrations, that may be
altered in diabetes. Although AGE concentrations may not change post-
prandially, sRAGE may modify AGE availability in response to glucose
ingestion, which requires further investigation in larger cohorts.
Clinical Trial Registration Number: NCT 00529048
Supported by: Mater Foundation, NHMRC APP1102935, APA
Scholarship, Merk IISP grant (34851)
Disclosure: A.K. Fotheringham: None.

1127
Metabolic imaging of erythrocyte plasma membrane fluidity for a
quantitative biological evaluation of cardiovascular risk score in type
2 diabetes
G. Bianchetti1,2, C. Cefalo2, F. Di Giacinto1,2, M. Daniele1,2, T. Mezza2,
M. De Spirito1,2, A. Giaccari2, G. Maulucci1,2;
1Istituto di Fisica, Università Cattolica del Sacro Cuore, Roma,
2Fondazione Policlinico Universitario A. Gemelli IRCSS, Roma, Italy.

Background and aims: Beyond the average amount of plasma glu-
cose, currently evaluated through the HbA1c, also plasma lipids
levels and oxidative stress are linked to the development of car-
diovascular risk disease (CVD). To account for the influence of
this complex network of factors, here we present a metabolic im-
aging approach to test whether changes in membrane fluidity and
composition of Red Blood Cells (RBC) may be used as an indica-
tor of cardiovascular risk in type 2 diabetes subjects (T2D).
Materials and methods:We studied blood samples from a cohort of
30 patients (16 F/14 M, 54±14 yrs., BMI 27.2±5.7 kg/m2), 19 with
T2D and 11 controls. Among the diabetic subjects, 5 experienced a
main cardiovascular event (T2D+CVD). Whole blood was stained
with a fluidity sensitive probe (Laurdan) and spectrally-resolved
images of erythrocytes were acquired with a confocal microscope.
To assess membrane fluidity, we used the Generalized Polarization
index (GP), ranging from -1 (liquid crystalline, fluid state) to +1
(gel like state). This ratiometric parameter allows to quantify the
shift in spectral emission due to changes in the number and config-
urations of membrane’s micro domains.
Results: Through the analysis of spectrally-resolved changes in
Laurdan’s emission spectra we separately quantified the different
contributions affecting membrane composition, depending on flu-
idity and on membrane lipid content. We evaluated differences in
GP values among controls, T2D patients and T2D+CVD patients.
We observed a clear and interesting stepwise increase of GP of
these patients from controls through T2D to T2D+CVD (0.62
±0.06, 0.64±0.06 and 0.70±0.05, respectively, p<0.05), reflecting
a decrease in RBC membrane fluidity and cholesterol alterations in
membrane content.
Conclusion: These preliminary data suggest that GP could be po-
tent ial ly applied in assessing T2D-associated CVD risk,
complementing HbA1c in the definition of the quality of long-
term management of diabetes. Increasing sample size will allow
us to evaluate this correlation by applying a multivariate logistic
regression model to experimental data, as well as to compare the GP
score with existing CVD risk scores.
Supported by: EFSD/Sanofi Research Grants for Innovative
Measurement of Diabetes Outcomes
Disclosure: G. Bianchetti: None.

1128
Macrophage-derived microvesicles is associated with vulnerable
plaques in the coronary arteries of patients with type 2 diabetes
and non-diabetic controls
K.L. Funck1, J. Botha2,3, R.W. Rasmussen2, A. Askeland2, E.
Laugesen1, T.K. Hansen4, A. Handberg2,3, P.L. Poulsen1;
1Dep. Of Internal Medicine and Endocrinology, Aarhus University
Hospital, Aarhus N, 2Department of Clinical Biochemistry, Aalborg
University Hospital, Aalborg, 3Department of Clinical Medicine, The
Faculty of Medicine, Aalborg University, Aalborg, 4Steno Diabetes
Center Aarhus, Aarhus University Hospital, Aarhus N, Denmark.

Background and aims: Despite improvements, cardiovascular risk
remains exceedingly high in patients with type 2 diabetes.
However, this risk is unevenly distributed within the group of
patients and methods to optimize risk stratification are warranted.
Plasma microvesicles (MV) shed from M1 macrophages involved
in the process of atherosclerosis may yield important information
on vulnerable plaques and coronary plaque burden.
Materials and methods: In this cross-sectional study, data from 45
patients and 61 matched controls were available. Vulnerable
plaques (spotty calcifications, low-attenuation plaques and remod-
elling index) as well as total, calcified, non-calcified, and low-
density non-calcified coronary plaques volumes were assessed by
coronary computed tomography angiography (Siemens, Somatom
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Definition Flash; Forcheim, Germany) and semi-automatic software
(AutoPlaq®, Los Angeles, CA, USA). Platelet-poor plasma was
labelled with lactadherin-FITC, anti-CD11b-BV510, anti-CD38-
PE, and anti-CD36-APC. Macrophage-derived MVs were charac-
terized on an Apogee A60 Micro-PLUS high-resolution flow
cytometer (Apogee Flow Systems, Hemel Hempstead, UK) and de-
fined as phosphatidylserine-exposing (PS+) events ≤1000 nm in
size. A two-part model was used for analysis of the association
between MV’s and coronary plaque characteristics/volumes.
Results: Mean (SD) age of the participants was 63±10 years, and
mean diabetes duration (SD) in the patient group was 7.8±1.4 years.
Fifty-two (49%) were males. Patients and controls had similar
levels of macrophage-derived MVs (both total and subtype concen-
tration by surface marker CD11b, CD36, and CD38, p>0.05).
Patients had a higher number of plaques with spotty calcifications
(p<0.01) and remodeling index>1.1 (p<0.05) than controls.
Moreover, calcified plaque volumes were larger in patients (pa-
tients vs. controls: 11 [0-65] vs. 3 [0-30] mm3 [p=0.03]). In unad-
justed two-part models, a subset of MVs positive for both CD11b,
CD36, and CD38 were inversely associated with vulnerable plaques
(spotty calcifications and positive remodeling). In this subset of
MVs, the association with spotty calcifications remained after ad-
justment for age, sex, body mass index and diabetes (Part 1: OR for
the presence of plaque with spotty calcifications per events/μl =
1.0002 [0.99997-1.0004], p= 0.09; Part 2: β-coefficient [% change
in plaques with spotty calcifications/events/μl] = -0.000004 [-
0.000008 - (-)0.000001], p=0.006; overall test of association
P=0.008). Diabetes status did not modify this association.
Macrophage-derived MVs were not associated with coronary
plaque volumes in neither crude or adjusted models.
Conclusion:We observed a negative association between a subset of
macrophage-derived MV’s with CD11b-, CD36-, and CD38- sur-
face markers and vulnerable atherosclerotic plaques. This finding
was in the opposite direction of what we had expected. Further
studies are needed to clarify the role of macrophage-derived plasma
MVs in coronary atherosclerosis.
Clinical Trial Registration Number: NCT02001532
Supported by: Augustinus Foundation
Disclosure: K.L. Funck: None.
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Type 1 diabetes: the association between 1H-NMR plasma glycopro-
teins and subclinical atherosclerosis
G. Llauradó1,2, R. Fuertes3,4, N. Amigó3,2, A. Cano5, L. Albert5, I.
Mazarico5, S. Fernández-Veledo6,2, J. Vendrell6,2, X. Correig4,2, J.-M.
González-Clemente5,2;
1Department of Endocrinology, Hospital del Mar, IMIM, Barcelona,
2CIBERDEM, ISCIII, Madrid, 3Biosfer Teslab, Reus, 4DEEEA,
Metabolomics Platform, IISPV, URV, Tarragona, 5Parc Taulí Hospital
Universitari, I3PT, UAB, Sabadell, 6Joan XXIII University Hospital,
IISPV, URV, Tarragona, Spain.

Background and aims: Cardiovascular disease (CVD) is the main
cause of death in patients with type 1 diabetes (T1DM). Post-
translational modifications of proteins are important in many bio-
logical processes. Protein glycosylation is one of the most common
reactions involving the enzymatic addition of carbohydrates to the
protein. The role of glycosylation in the protein structural modifi-
cations makes them suitable for being used as early disease bio-
markers. The aim of our study was to determine the presence of
glycosylated proteins and to assess its relationship with arterial
stiffness (AS) in T1DM.
Materials and methods: A total of 84 subjects with T1DM of at
least 10-year duration and no previous clinical CVD (age: 35-65
years; 50% men) and 68 healthy subjects were evaluated for: 1)

clinical and anthropometric data, 2) microvascular complications,
3) advanced glycation end products (AGEs) assessed as skin au-
tofluorescence; 4) AS (aortic pulse wave velocity -aPWV-) and 5)
1H-NMR to characterize the plasma glycoprotein. Using 1H-NMR,
lineshape method was developed to characterize the two peaks
associated with glycoproteins (GlycA and GlycB) and its derived
variables: areas and width of GlycA and GlycB, shape factors of
these two peaks (H/W=Height/Width) and the distance between
them (Distance GlycB-GlycA).
Results: Subjects with T1DM [age 50.1±9.3 years, 36.9% active
smokers, T1DM duration 19.0 years (15.9-27.5), BMI 26.0
±4.2kg/m2 and HbA1c 7.9% (7.1-8.7)] had a significant increase
in the GlycA associated area (6.12(5.62. 6.59) vs. 4.69(4.18-
5.23); p<0.001) and width (18.4 (18.1-18.8) vs. 16.9 (16.5-17.5);
p<0.001) and the GlycB associated area (2.78 (2.54-30.07) vs. 2.23
(2.02-2.39); p<0.001) compared to the control group. They also
presented significantly higher H/W GlycA and GlycB ratios than
the control population (H/W GlycA: 16.5 (14.9-18.1) vs. 15.0
(13.7-16.7); p<0.001 and H/W GlycB: 5.0 (4.6-5.5) vs. 4.0 (3.4-
4.3); p<0.001). These results were maintained after adjusting for
age, gender, classical cardiovascular risk factors and T1DM. In
addition, glycoproteins were positively correlated with AGEs
(r=0.462, p<0.001 for GlycA area; r=0.418, p<0.001 for GlycA
width; r=0.317, p<0.001 for H/W GlycA and r=0.342, p<0.001
for GlycB area; r=0.425, p<0.001 for H/W GlycB) and aPWV
(r=0.550, p<0.001 for GlycA area; r=0.352, p<0.001 for GlycA
width; r=0.453, p<0.001 for H/W GlycA and r=0.423, p<0.001
for GlycB area; r=0.515, p<0.001 for H/W GlycB). In the multivar-
iate analyses, the GlycA associated area (beta=0.202, p<0.001) and
H/W GlycA (beta=0.140, p=0.016) were independently associated
with aPWVafter adjustment for classical cardiovascular risk factors
(age, gender, tobacco, arterial hypertension, dyslipidaemia and
BMI).
Conclusion: Patients with T1DM mellitus without established CVD
have an increase in 1H-NMR plasma glycoproteins as compared to
healthy controls. Additionally, this increase is positively correlated
with AS, which supports a potential role of protein glycosylation in
the development of cardiovascular disease in persons with T1DM.
Supported by: PI15/00567 (ISCIII-ERDF)
Disclosure: G. Llauradó: None.
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Reduced oxidative phosphorylation can be protective against com-
plications in patients with long-standing type 1 diabetes
T. Özgümüs1, H. Falhammar2, T. Nyström2, S.-B. Catrina2, G.
Jörneskog2, L. Groop3, M. Eliasson4, B. Eliasson5, K. Brismar2, P.
Nilsson3, V. Lyssenko1;
1University of Bergen, Bergen, Norway, 2Karolinska Institute,
Stockholm, Sweden, 3Lund University, Malmo, Sweden, 4Umeå
University, Umeå, Sweden, 5University of Gothenburg, Gothenburg,
Sweden.

Background and aims: The PROLONG (PROtective genetic and non-
genetic factors in diabetic complications and LONGevity) study - is a
Scandinavian initiative aiming to investigate genetic and non-genetic fac-
tors associated with protection against diabetic complications in patients
with long-term type 1 diabetes. Recent evidences suggest that increased
energy production through upregulated oxidative phosphorylation
(OXPHOS) in the mitochondria can exhibit detrimental long-term effects
on the cells. The underlying mechanisms involve generation and accu-
mulation of reactive oxidative species, which are toxic to the cell and
shown to cause damage to the DNA.
Materials and methods: In the PROLONG study we investigated dif-
ferential expression of OXPHOS genes and genes involved in the DNA
repair machinery in whole blood of patients who despite having long
diabetes duration of more than 30 years never developed major compli-
cations (n=120) as compared to those rapidly progressing to microvascu-
lar complications (retinopathy and nephropathy) within 25 years of dia-
betes duration (n=36). The RNA extracts were sequenced using TruSeq
Stranded Total RNA kit and NextSeq500. The alignment of the tran-
scripts and differential expression analysis were done with using
Kallisto 0.43.1 and edgeR 3.20.9, respectively.
Results: Both OXPHOS genes (n=60, p=4.5E-22, KEGG) and DNA
repair genes (n=184, p=8.5E-04, UP KEYWORDS) were significantly
upregulated in the blood of patients with complications. The protein
products of the upregulated DNA repair genes play role in diverse cellular
mechanisms, which transcripts including base excision repair genes were
significantly increased (p=0.0012, KEGG). OXPHOS genes are strongly
correlated with the DNA repair genes (ρ≥0.8, p≤0.01) suggesting that
accumulated DNA damage in these patients through excess mitochondri-
al function could result in DNA damage contributing to the development
of microvascular complications.
Conclusion: Present findings suggest that downregulation of OXPHOS
function could be beneficial in terms of protection from developing com-
plications in patients with long-term type 1 diabetes.
Supported by: VR, NNF, SDCC, BFS, UiB
Disclosure: T. Özgümüs: None.

1131
DNA-damage: a common soil for diabetic complications
S. Kopf1,2, M. Hoeffgen1, Z. Kender1,2, J.B. Groener1,2, V. Kumar1, T.
Fleming1,2, P.P. Nawroth1,2;
1Internal Medicine 1, University Hospital Heidelberg, Heidelberg,
2German Center for Diabetes Research (DZD e.V.), Munich-
Neuherberg, Germany.

Background and aims: Fibrosis is the endpoint leading to organ dys-
function in diabetes-associated complications. This study investigated the
hypothesis that AGE-protein induced DNA-damage evokes a series of
reactions leading to fibrosis and finally organ dysfunction.
Materials and methods: In this cross-sectional study 59 healthy controls
and 138 patients with type 2 diabetes were included and evaluated for ne-
phropathy, neuropathy, retinopathy, increased liver-stiffness, fibrosing

interstitial lung disease and cardio vascular disease. Additionally, measure-
ments of gamma-H2Ax (marker for DNA-damage), MGH1 (as an AGE
correlating with complications) and TGF-beta1 (fibrosis marker) were done
in plasma and PBMCs. Additionally, AGE-accumulation was measured by
skin-autofluorescence (skin-AGE´s). Statistical analyseswere performedwith
Spearman rho, Chi2-Test and multivariate regression.
Results: The patients with type 2 diabetes had a 2-fold increase of
gamma-H2Ax in PBMCs as compared to healthy controls (p<0.01). All
complications tested correlated with an increase of gamma-H2Ax.
Elevated mononuclear gamma-H2Ax-levels were associated with a 1.2-
fold increased risk for cardio-vascular diseases; with a 1.3-fold increased
risk for liver fibrosis and with a 1.5 increased risk for diabetic nephrop-
athy and fibrosing interstitial lung disease, while HbA1c showed no sig-
nificant association with complications. Furthermore, increased levels of
gamma-H2Ax correlated positively with increased levels of MGH1
(p<0.05), with accumulation of skin-AGE´s (p<0.01) and TGF-beta1
(p<0.01). There was no significant association with retinopathy.
Conclusion: The positive correlation of mononuclear gamma-H2Ax as
marker for DNA-damage triggered repair with AGE´s, TGF-beta1 and
with all complications (exception of retinopathy) supports the hypothesis,
that decreased DNA-repair and DNA-damage signaling might be an im-
portant contribution to several diabetic complications.
Clinical Trial Registration Number: NCT03022721
Supported by: Deutsche Forschungsgemeinschaft - Collaborative
Research Council (SFB) 1118
Disclosure: S. Kopf: None.

1132
Impaired adaptive hypoxia responses in patients with diabetes
X. Zheng1, A.D. Toro2, S. Eliasson1, C. Xu1, I.R. Botusan1, N.R.
Ekberg1, Y. Li3, C. Ma3, J. Grünler1, V. Alferova1, A. Zhao1, N.
Widen1, A.I. Catrina1, L. Bernardi2, S.-B. Catrina1;
1Karolinska Institute, Stockholm, Sweden, 2University of Pavia, Pavia,
Italy, 3Jilin University, Changchun, China.

Background and aims: The main therapeutic challenge in diabetes is
represented by the devastating complications of the disease. Even though
hyperglycemia is the central defect of the disease, tissue hypoxia is com-
mon in most organ and tissues in diabetes and plays an important role in
diabetes complications. A central pathogenic role has been identified in
the impaired response of Hypoxia-inducible factor-1 (HIF-1) which is a
transcription factor that functions as a master regulator of the adaptive
responses to hypoxia and is inhibited by hyperglycemia in diabetes.
However, it is still unclear how diabetes influences the reaction to hyp-
oxia in patients with diabetes.
Materials and methods: Patients with Type 1 diabetes (n=15) and
healthy matched controls (n=15) were exposed to intermittent
hypoxia (IH) for one hour, consisting of five hypoxic episodes
(13% O2, 6 min) followed by normoxic episodes (20.9% O2, 6
min). The baroreflex sensitivity (BRS) together with other indexes
of cardiac rate variability were recorded and blood samples were
collected before and after IH intervention. Different hypoxia in-
duced molecules were evaluated i.e. plasma stromal derived factor
(SDF-1α) levels, the number of endothelial progenitor cells
(EPC), and radical oxygen species ROS levels using ELISA,
FACS and EPR spectroscopy, respectively. RNA purified from
peripheral blood mononuclear cells (PBMC) was used for RNA
sequencing and miR-210 (a HIF-1 target) expression analysis.
Data are presented as mean ± SD. Statistical significance was
analyzed using student t-test or ANOVA. P<0.05 was considered
significant.
Results: Upon IH exposure, patients with diabetes had significantly
lowered BRS (-3.02 ± 8.21 in patients with diabetes vs. 6.19 ± 8.92 in
control subjects, P<0.05). Higher plasma SDF-1α levels were induced by
IH in healthy controls (1541 ± 562 vs. 1887 ± 450 pg / mL before and
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after IH, P<0.05), but not in patients with diabetes. EPC numbers in
circulation increased to 197 ± 126 % in healthy subjects after IH, but
decreased to 68 ± 35 % in patients with diabetes. Before IH exposure,
patients with diabetes had significantly higher ROS levels in blood than
healthy controls (1.89 ± 0.50 vs. 1.39 ± 0.36 μmol O2

-/min/μg protein,
P<0.05). IH did not change ROS levels in healthy controls, but signifi-
cantly increased ROS levels in patients with diabetes to 2.67 ± 1.11 μmol
O2

-/min/μg protein. Transcriptome profiling of PBMC revealed signifi-
cant changes in gene expression with 274 genes up-regulated and 270
genes down-regulated at 6h after IH exposure in healthy subjects.
However, only 20 genes had significantly differential expression levels
after IH in diabetes patients. Similarly, IH induced 1.4 ± 1.0 fold increase
in miR-210 expression in PBMC from healthy subject, but not in PBMC
from patients with diabetes.
Conclusion: These data showed significantly complex impairment of the
responses to hypoxia in patients with diabetes upon exposure to intermit-
tent hypoxia. The impaired adaptive responses to hypoxia may play a
pivotal pathogenic role for the development of diabetes complications.
Clinical Trial Registration Number: NCT02629406
Supported by: VR, ALF, SRP Diabetes, SLL, STINT, Family Erling-
Persson Foundation
Disclosure: X. Zheng: None.
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Higher levels of daily physical activity are associated with better skin
microvascular function in type 2 diabetes: The Maastricht Study
F.C.T. van der Heide1,2, A.J.H. Houben1,2, B.M. Sörensen1,2, A.A.
Kroon1,2, C.J.H. van der Kallen1,2, R.M.A. Henry1,2, S.J.P. Eussen1,3,
N.C. Schaper1,4, H.C.M. Savelberg5,6, T.T.J. Berendschot7, A.
Koster4,8, M.C.J. van Dongen4,3, J.D. van der Berg4,8, M.T. Schram1,2,
C.D.A. Stehouwer1,2;
1CARIM School for Cardiovascular Diseases, Maastricht University
(UM), Maastricht, 2Dept. of Internal Medicine, Maastricht University
Medical Center+ (MUMC+), Maastricht, 3Dept. of Epidemiology, UM,
Maastricht, 4CAPHRI Care and Public Health Research Institute, UM,
Maastricht, 5Dept. of Human Movement Sciences, UM, Maastricht,
6NUTRIM School for Nutrition and Translational Research in
Metabolism, UM, Maastricht, 7University Eye Clinic Maastricht,
MUMC+, Maastricht, 8Dept. of Social Medicine, UM, Maastricht,
Netherlands.

Background and aims:Low levels of physical activity and high levels of
sedentary time are associated with macrovascular diseases and act in part
through inducing large-artery endothelial dysfunction, which occursmore
frequently in individuals with type 2 diabetes (T2D). As modifiable life-
style factors may provide early preventive strategies for endothelial dys-
function, we studied whether low levels of physical activity and high
levels of sedentary time associate with skin and retinal microvascular
endothelial function.
Materials and methods: In The Maastricht Study, a population-based
cohort study enriched with T2D (n=1298, 47.3% women, aged
60.2+8.1years, 29.5% T2D), we determined microvascular function as
heat-induced skin hyperemia (laser-Doppler flowmetry-assessed heating
response after 25 minutes) and flicker light-induced retinal arteriolar %-
dilation (assessed by Dynamic Vessel Analyzer). Physical activity and
sedentary time were assessed by an accelerometer (ActivPal) worn 24
h/day for 8 consecutive days. Multivariable linear regression was used
to examine associations of total and higher-intensity (step frequency >110
steps/min) physical activity and total sedentary time with skin and retinal
microvascular function adjusted for major cardiovascular risk factors. In
addition, we investigated whether associations were stronger in T2D.
Results: Associations of total and higher-intensity physical activity with
skin hyperemia were stronger in individuals with as compared to those
without T2D (Pinteraction<0.10). In individuals with T2D, total and higher-
intensity physical activity were independently associated with greater

heat-induced skin hyperemia (regression coefficients per hour increase
were 10 perfusion units (PU) (95%CI: 1; 18, P=0.026) and 36 PU (14;
58, P=0.002) respectively). Total and higher-intensity physical activity
and total sedentary time were not associated with heat-induced skin hy-
peremia in individuals without T2D, or with retinal arteriolar %-dilation.
Conclusion: Higher levels of total and higher-intensity physical activity
were associated with greater skin microvascular vasodilation in individ-
uals with, but not in those without T2D. These findings suggest that
increasing habitual daily physical activity may provide a means to im-
prove endothelial dysfunction in T2D, with as ultimate goal to reduce the
risk of development of microvascular diseases.
Supported by: DF, OF, ERDF, PoL, SDW, PSID, CVC, CARIM, CAPHRI,
NUTRIM, SA, HFL, JCBV, NNF
Disclosure: F.C.T. van der Heide: None.

1134
IGFBP2 disrupts colonic stem cell growth and facilitates the onset of
diabetic enteropathy
A. Abdelsalam1,2, A. Seelam1, C. Loretelli1, F. D'Addio1, S. DiMaggio1,
E. Ippolito1, A. Maestroni1, V. Usuelli1,3, M. Ben Nasr1,3, E. Assi1, T.
Letizia1, G. Zuccotti1,4, P. Fiorina1,5;
1Department of Clinical and Biomedical Sciences L. Sacco, Pediatric
Clinical Research Center Invernizzi, University of Milan, Milan, Italy,
2Department of Biochemistry and Biotechnology, Heliopolis University,
Cairo, Egypt, 3Nephrology, Boston Children's Hospital, Harvard Medical
school, Boston, USA, 4Pediatrics, Children’s Hospital Buzzi ASST
Fatebenefratelli Sacco, Milan, Italy, 5Endocrinology, Fatebenefratelli
Hospital, ASST Fatebenefratelli Sacco, Milan, Italy.

Background and aims: The existence of a hormonal control for stem cells
and in particular for colonic stem cells (CoSCs) in individuals with long-
standing type 1 diabetes (T1D) and intestinal disturbances, namely diabetic
enteropathy (DE) has been recently established.We previously showed that
IGFBP3/TMEM219 axis is dysfunctional in DE, but whether it is the sole
factor involved remains to be elucidated. Here we report that Insulin-like
growth factor binding protein 2 (IGFBP2), that binds free insulin-like
growth factor 1 (IGF-I), is one of the top increased low-abundance proteins
in long-standing T1D at proteomic analysis and targeted immunoassay. The
aim of this study is to investigate whether IGFBP2 modulate the homeo-
stasis of CoSCs in patients with T1D and DE in a hormone-like fashion.
Materials and methods: Serum from patients with T1D and healthy
subjects was analyzed byMALDI-TOFmass spectrometry. The function-
ality of colonic crypts was evaluated by mini-gut tests, while their tran-
scriptome and proteome were explored by transcriptomic analysis and
targeted assays of ELISA, immunofluorescence, western blot and flow
cytometry.
Results: IGFBP2 levels correlate with intestinal symptoms of DE accord-
ing to GSRS score. We explored the effect of IGFBP2 on CoSCs in vitro
and found that IGFBP2 administration remarkably reduced CoSCs self-
renewal properties in cultured healthy mini-guts. Finally, the transcriptomic
analysis revealed alteredmachinery of cell metabolism in IGFBP2-exposed
mini-guts. This effect was accompanied by a parallel decrease in CoSC
markers (EphB2, LGR5, Aldh). A reduction in CoSC markers mRNA
and protein levels (as evaluated with immunofluorescence, western blot,
and FACS) and a failure to generatemini-guts in vitrowere likewise evident
in T1D individuals as compared to healthy subjects. We are currently test-
ing the different known IGFBP2 receptors as potential molecular regulators
of IGFBP2-mediated CoSC homeostasis, as well as a number of unknown
putative ligands that will be identified by a combined immunoprecipitation/
proteomic approach. Interestingly, we observed a near-normalization of
IGFBP2 serum levels after the achievement of normoglycemia through
simultaneous kidney-pancreas transplantation at 8 years of follow-up, with
a significant improvement in DE signs and symptoms.
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Conclusion: These findings demonstrate that IGFBP2 is a novel
enterostaminine which acts as a regulating hormone on CoSC homeosta-
sis and which is dysfunctional in T1D and DE.
Disclosure: A. Abdelsalam: None.
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Long-chain inorganic polyphosphates inhibit interferon type I path-
way activity in LPS-stimulated human leukocytes
A. Pirttiniemi1,2, K. Adeshara1,2, N. Istomin3, E. Einarsdottir1,4, A.
Kumar1,2, M. Mannerla1,2, C. Forsblom1,2, S. Hörkkö3, P.-H. Groop1,2,
M. Lehto1;
1Folkhälsan Research Center, Helsinki, Finland, 2Abdominal Center
Nephrology, University of Helsinki and Helsinki University Hospital,
Helsinki, Finland, 3Department of Biosciences and Nutrition, Nordlab
Oulu, University Hospital and University of Oulu, Oulu, Finland,
4Karolinska Institute, Stockholm, Sweden.

Background and aims: Elevated serum levels of bacterial endo-
toxins or lipopolysaccharides (LPS) have been associated with
several metabolic diseases, chronic inflammation, and progression
of diabetic nephropathy. Recently the evolutionarily conserved
polyphosphate (PolyP) molecules have been found to protect
mice from LPS-induced lethality. Variable chain lengths of this
molecule have been linked with many biological functions in-
cluding regulation of cellular energy metabolism, bone formation,
coagulation, and systemic inflammation. The aim of our study in
the FinnDiane study group was to investigate the impact of
PolyP-molecules on LPS-mediated inflammatory responses in pri-
mary human leukocytes.
Materials and methods: We used Ficoll-centrifugation to extract hu-
man peripheral blood mononuclear cells (PBMC) and monocytes
(Finnish Red Cross Blood Service), which were used for cytokine-
assays, western blot and phosphorylation arrays as well as transcrip-
tional analysis using RNAseq and real-time qPCR. The human mono-
cytic THP1-Dual reporter cell-line, expressing secreted markers for
the NF-kB and interferon (IFN) pathways, was used to study LPS-
mediated signaling. THP1-Dual and primary cells were treated with
1-100 ng/ml of E. coli LPS and 5-320μM PolyP with different chain-
lengths (P14, P100, P700) for 4 and 24 hours.
Results: In vitro administration of PolyP to THP1-Dual cells decreased
IFN-pathway activity in a chain-length and dose-dependent manner.
Maximal 10-fold decrease at basal conditions and 16-fold in LPS-
stimulated cells was achieved with long-chain length P700. In the
THP1-Dual model PolyP with various chain lengths (P14, P100, P700)
had no significant effect on NF-kB-pathway activity at basal or LPS-
stimulated conditions. Based on the quantitative RNA analyses of
PBMCs and monocytes, the expression of type I IFN-stimulated genes
(ISGs; Ifit1, Ifit2, Ifit3, Isg15, Mx1 and Oas1) were significantly down-
regulated by the long-chain PolyP. P700-treatment of monocytes also
caused a significant decrease in LPS-dependent phosphorylation of
STAT1. Interestingly, P700 alone did not affect cytokine production in
PBMCs or monocytes but was able to amplify LPS-stimulated secretion
of IL-1a, IL-1b, IL-4, IL-10, and IFN-gamma.
Conclusion: Long-chain polyphosphates have a remarkable capac-
ity to down-regulate the expression of ISGs with little or no effect
on the LPS-stimulated NF-KB pathway. Moreover, P700 treatment
reduced phosphorylation of an essential IFN-pathway mediator
STAT1 and affected cytokine secretion patterns in isolated human
leukocytes. These findings indicate that polyphosphates have po-
tent immunomodulatory effects especially on the type I interferon
regulated pathways that play a vital role in viral and bacterial
mediated infections. Moreover, there is reason to hypothesize that
PolyP may have protective properties in conditions such as sepsis,
diabetes and other metabolic diseases, in which LPS is known to
increase systemic inflammation and promote tissue damage.

Supported by: AKA 275614/299200, NNF OC0013659, S&A Gyllenberg
Found.
Disclosure: A. Pirttiniemi: Employment/Consultancy; University of
Helsinki DSHealth KLTO salaried position. Grants; Folkhälsan
Research Foundation, HUCH Research Funds, W&E Stockmann
Foundation.
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Does diabetes increase the risk of venous thromboembolism?
W. Hinton1, B. Nemeth1, S. de Lusignan1,2, L. Roberts3, R. Arya3, B.
Field1, M.D. Feher1, N. Munro1, M.B. Whyte1;
1Department of Clinical and Experimental Medicine, University of
Surrey, Guildford, 2Royal College of General Practitioners (RCGP)
Research and Surveillance Centre (RSC), London, 3Department of
Haematology, King’s College NHS Foundation Trust, London, UK.

Background and aims: The link between diabetes and venous thrombo-
embolism (VTE) is unclear. Some studies have suggested that diabetes
increases risk, whilst others have demonstrated that there is no association.
Insulin resistance may directly increase risk. Many of these studies did not
differentiate type 1 (T1DM) and type 2 diabetes (T2DM) as independent
factors. We investigated whether diabetes is an independent risk factor for
VTE, and whether the associations differ for T1DM and T2DM.
Materials andmethods:A cross-sectional analysis was performed using
a primary care database, the Royal College of General Practitioners
(RCGP) Research and Surveillance Centre (RSC); a nationally represen-
tative sample of approximately 300 practices throughout England. The
risk of VTE was compared in people with and without diabetes, and
separately in those with T1DM or T2DM compared to no diabetes. The
presence of diabetes was defined as known on or before the 31st
December 2008. We identified presence of VTE using Read diagnosis
codes. Follow-up started from the 1st January 2009 until the 31st

December 2018. Hazard ratios (HRs) and 95% confidence intervals
(CIs) were calculated for the association between diabetes and VTE using
Cox regression. The model was adjusted to include covariates of: age,
gender, body mass index, and smoking status. Patients with missing data
were excluded from the analyses.
Results: 1,773,147 people were registered with a practice in the RCGP
RSC network at the start of follow-up. Of these, 105,398 (5.9%) were
identified with diabetes, and 31,163 (1.8%) people accrued codes consis-
tent with VTE. In the unadjusted analysis, diabetes increased risk of VTE
(HR 2.10, 95% CI 2.03-2.18). After adjusting for confounders there was
no increased risk (HR 0.98, 95% CI 0.94-1.02). Similarly, no increased
risk for VTE was found for T1DM and T2DM, HR 1.14 (95% CI 0.94-
1.38) and HR 0.98 (95% CI 0.94-1.02) respectively (Table 1).
Conclusion: There was no association between diabetes and risk of VTE.
Age and sex predominantly confounded the association. T1DM and
T2DM were also not independently associated with VTE risk.

Disclosure: W. Hinton: None.
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Male hypogonadism and CAG repeat number: 14 year prospective
outcome in up to 550 men with type 2 diabetes: CAG number mod-
ulates testosterone effects
R.P. Narayanan1, G. Yadegarfar2, S.G. Anderson2, H. Fachim3, K.
Siddals2, N. Malipatil3, M. Livingston4, G. Cortes5, R. Jones6, G.
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Background and aims: Hypogonadism has been associated with poorer
glycaemic outcomes and increased cardiovascular morbidity/mortality in
T2DM. Increasing CAG repeat number within exon 1 of the androgen
receptor gene is associated with increased testosterone receptor
resistance/insulin resistance. We here investigated the link between
CAG repeat number and outcomes in T2DM men.
Materials and methods: We determined in a long-term 14-year follow-up
cohort of 550 T2DM men in Salford UK, the association between baseline
androgen status/metabolic trajectory over time and howCAG repeat number in
the coding region of the testosterone receptor gene modulates this association.
Baseline testosterone/SHBG were determined by tandem mass spectrometry
and CAG repeats on 100 men by PCR followed by Sequenom sequencing.
Results:Mean total morning (0900-11.00) testosteronewas 13.7±5.8 nmol/L.
154 (28.0%) of men had a low total testosterone (defined as total testosterone
<10nmol/L). Lower total testosterone /dihydrotestosteronewas associated with
higher Body Mass Index (BMI)(kg/m2) at 14 year follow-up: regression coef-
ficient -0.30 (95% CI -0.445 - -0.157), p=0.0001 (total testosterone data). For
the 100 individuals undergoing CAG repeat analysis, a higher CAG repeat
number in exon 1 of the androgen receptor gene was associated with higher
follow-up BMI in 2016 such that each unit increase in CAG repeat associated
with an increment of 0.2 inBMI 2016; and also higherHbA1c 2016 (Figure 1)
- each unit increase in CAG repeat associated with an increment of 0.12% in
HbA1C.Therewas a relationbetweenCAGrepeat number& total testosterone
at baseline with the highest (n>23) vs lowest quartile of CAG repeats (n<20)
associated with a 1.5nmol/L higher baseline testosterone level. At an average
14 year follow-up55.8%of hypogonadalmen had died vs 36.1%of eugonadal
men (p=0.001). There was a ‘u’ shaped relation between number of CAG
repeats and mortality such that 21-23CAG repeats was associated with an up
to 58% lower mortality rate than <20CAG repeats and >23CAG.
Conclusion: A higher number of CAG repeats at the testosterone recep-
tor gene is associated with a higher future BMI &HbA1c and with higher
baseline testosterone. There was a ‘u’ shaped relation between CAG
repeat number and mortality rate. CAG repeat number may become part
of assessment of androgen status in men in the future.

Supported by: SRFT
Disclosure: R.P. Narayanan: None.

1138
Clinical profile and risk factors of new onset diabetes after transplan-
tation (NODAT): a single centre experience
R. Rajasekharan Nair, V.R.S. Nair, S. Sreedharan, Z. Paul, A. Mathew,
G. Kurian;
Amrita Institute of Medical Sciences, Kochi, India.

Background and aims: New-onset diabetes after transplantation
(NODAT) is an important complication after a renal transplant.
NODAT is one of the major factors leading to dysfunction of the
renal graft and patient death and is a risk factor for cardiovascular
diseases in these patients. Here we studied the clinical profile and
risk factors of NODAT in a tertiary hospital.
Materials and methods: A retrospective study of patients who
underwent renal transplantation during 2005 to 2016 at a tertiary
care hospital. Patients with Diabetes Mellitus were excluded from
the study. Clinical data including BMI, native kidney disease, type
of renal transplant, pretransplant FBS, time of detection of
NODAT were collected and analyzed.
Results: Data of 430 patients, who underwent renal transplantation
in AIMS during 2005 -2017 were analyzed. Among them 312
(75%) were males. NODAT was detected in 70 patients (16%).
NODAT was seen in 17 % of males and 14 % of females
(Pvalue-0.313). Mean BMI in NODAT patients was 22.3 and
20.5 in others (P value-<0.001). Mean age in NODAT patients
was 37 and 31 in others (P value <0.001). Mean Pretransplant
FBS was 87.3 in NODAT patients and 86.18 in others (Pvalue-
0.463). In live donor group (n-397) 16 % developed NODAT and
in deceased donor patients (n-33) 12 % developed NODAT. In
Cyclosporin group (n-198) 16% developed NODAT and in
Tacrolimus group (n-158) 15 % developed NODAT. Mean dura-
tion of onset of NODAT was 2 ± 8 months. In multiple logistic
regression analysis BMI and age were found to have independent
relation with onset of NODAT. Fifteen percent of patients needed
insulin for control of NODAT. The one year graft survival of pa-
tients with NODAT was similar to our institutes average graft GFR
(glomerular filtration rate).
Conclusion: In this study of 430 renal transplant recipients BMI
and age were found to have independent relation with onset of
NODAT. Pretransplant FBS, sex, type of transplant, type of CNI
were found to have no significance in onset of NODAT. All pa-
tients with NODAT achieved the HbA1c targets with titration of
immunosuppression (Reduction of calcineurin inhibitors and ste-
roids) and a few patients required insulin. NODAT does not have a
impact short term graft survival (one year). Further followup is
required to analyse long term graft outcomes and cardiovascular
complications.

Disclosure: R. Rajasekharan Nair: None.
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Experiences with microvascular complications in cystic fibrosis-
related diabetes from a large cohort in the United Kingdom
S. Chaudhry1, P. Kempegowda2,3, H. Sunsoa4, P. Amrelia1, J.S.
Chandan5, S.N. Atta1, Y.S. Teh1, R. Rashid4, J.L. Whitehouse4, E.F.
Nash4, A. Syed1;
1Diabetes and Endocrinology, University Hospitals Birmingham NHS
Foundation Trust, Birmingham, 2Institute of Metabolism and Systems
Research, University of Birmingham, Birmingham, 3Health Education
West Midlands, Birmingham, 4West Midlands Adult Cystic Fibrosis
Centre, University Hospitals Birmingham NHS Foundation Trust,
Birmingham, 5Institute of Applied Health Research, Birmingham, UK.

Background and aims: We studied the prevalence of microvascular
complications, biochemical changes and their risk factors associated with
Cystic Fibrosis-related diabetes (CFRD).
Materials and methods: This retrospective study was conducted at
West Midlands Adult CF centre, part of University Hospitals
Birmingham NHS Foundation Trust, Birmingham, UK. Data re-
garding age, gender, albuminuria, neuropathy, retinopathy and bio-
chemical results were collected for all patients attending the centre
that had been diagnosed with CFRD and had annual review from 1
January 2018 to 31 December 2018. Descriptive statistics were
analysed using STATA v15.1, and regression models were built
to assess possible risk factors for microvascular complications.
Results: A total of 189 patients with CFRD are currently cared for
at our centre. 107/189 (56.9%) patients were male and median age
(IQR) was 33 (27-39) years. The median length of time since
diabetes diagnosis was 8 (5-14) years. 151/189 (79.9%) had their
annual review in 2018. 13/180 (7.2%) had biochemically impaired
renal function (eGFR <60 ml/min/1.73m2). Interestingly, 36/141
(25.5%) patients had albuminuria (urine microalbumin: creatinine
ratio >2.5mg/g). 77/138(55.8%) were registered on the UK nation-
al retinopathy annual screening programme and 14.8% (9/61) had
background retinopathy (UK NHS diabetic eye screening grade-
R1MO). One patient had pre-proliferative retinopathy (grade
R2M1) which was associated with suboptimal glycaemic control
(HbA1C 107 mmol/mol). None of our patients in our cohort had
diabetic ulcers; however 13/126 (10.,3%) had absent pulses in her
feet indicating possible underlying vasculopathy. Risk factors for
microvascular complications were optimally controlled in the ma-
jority of patients: BMI (22.4 (20.6-25.7) kg/m2; blood pressure
(systolic 123 (112-131) mmHg, diastolic 78 (70-84) mmHg);
HbA1C (46 (40-61) mmol/mol and lipid control (total cholesterol
3.6 (3-4.2) mmol/L, triglycerides 1.1 (0.8-1.6) mmol/L, high den-
sity lipoprotein (HDL) 1.2 (1.0-1.5) mmol/L, non-HDL 2.3 (1.9-
2.9) mmol/L). Following multivariable regression, there are no
significant associated factors between the development of either
nephropathy, retinopathy or foot disease with age, gender, blood
pressure, body mass index, glycaemic control or duration of dia-
betes in this cohort. It is likely that this type of model is under-
powered with the number of outcomes we have, indicating that a
larger cohort is required.
Conclusion: Despite optimal control of relevant risk factors, a sig-
nificant proportion of CFRD patients had diabetic microvascular
complications. The higher prevalence of albuminuria may be in-
fluenced by previous use of aminoglycosides or suboptimal
glycaemic control in the past. The latter may also explain retinop-
athy to a certain degree. In either case, this study demonstrates
need for regular specialist follow-up to facilitate early identifica-
tion of such complications and a long term prospective cohort to
understand underlying mechanisms.
Disclosure: S. Chaudhry: None.

PS 098 Endothelial dysfunction: causes and
consequences
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Distinct prevalence of endothelial markers (CD133, CD34, CD31,
vWF) in skin of patients with type 2 diabetes complicated by
Charcot neuroarthropathy
A. Adamska, S. Pilacinski, D. Zozulinska-Ziolkiewicz, A. Gandecka, J.
Soska, A. Konwerska, A. Malinska, M. Nowicki, A. Araszkiewicz;
Poznan University of Medical Sciences, Poznan, Poland.

Background and aims: Charcot neuroarthropathy (Charcot foot) is
a severe chronic complication of diabetes of still uncertain path-
ogenesis, that involves both neuropathy and changes in microcir-
culation. Defective vascular reactivity and increased blood flow in
conditions of autonomic neuropathy are associated with bone re-
sorption. Measurement of skin microvessel density allows a quan-
titative insight into microvascular circulation. The aim of this
study was to assess density and maturity of blood vessels in skin
biopsy specimen obtained from patients with type 2 diabetes
(T2DM) complicated by Charcot neuroarthropathy (CN) and with-
out this complication.
Materials and methods: We included 39 T2DM patients (28 men)
with Charcot neuroarthropathy (CN-DM), median (IQR) age
60(57-63), diabetes duration 13(8-19) years. The control group
included 37 (28 men) individuals with T2DM without Charcot
neuroarthropathy (DM), median age 61(57-64), diabetes duration
14(10-20) years. The skin biopsy was performed on the distal part
of the lower limb (10 cm above the lateral malleolus) using a
sterile, disposable 3 mm biopsy punch with plunger (Disposable
Biopsy Punches, Integra™ Miltex®). In the immunohistochemical
(IHC) analyses we used CD133, CD34, CD31 and von Willebrand
factor (vWF) as markers of maturity, as well as morphological
and functional endothelial integrity. Microvessel density (MVD)
defined as the mean number of blood vessels present in 1 mm2

of tissue, was calculated using the “hot spots technique”. This
procedure was applied separately for CD133, CD34, CD31, and
vWF. Data were analyzed using Statistica v. 13 software.
Results: CN-DM patients as compared to DM subjects had lower
HbA1c level [7.57(6.6-7.9) vs 8.9(7.8-9.8) %,p<0.001], lower
eGFR [ 78 . 8 ( 6 3 . 4 - 9 1 . 3 ) v s 9 2 . 6 ( 7 5 . 7 - 1 0 0 . 8 )m l /m i n /
1.73m2,p=0.002], higher CRP concentration [5.17(2.89-11.6) vs
2.16(0.79-4.73)mg/l,p<0.001]. The median MVD determined by
CD34 blood vessels per 1mm2 dermal biopsies was in CN-DM
group 146(108-171) and in DM group 158(133-183)p=0.144, de-
fined by CD133 92(67-104) vs 90(79-104)p=0.663 respectively,
by vWF 58(38-67) vs 54(42-75)p=0.646 and by CD31 42(17-58)
vs 31(10-56)p=0.404. The values given above were calculated for
both layers of the dermis (papillary and reticular dermis). In mul-
tivariate logistic regression analysis presence of Charcot
neuroarthropathy was associated with lower indices: CD34/CD31
[OR : 0 . 8 4 , 9 5%C I : 0 . 7 2 - 0 . 9 8 , p = 0 . 0 2 5 ] , CD1 3 3 / CD31
[OR :0 . 75 , 95%CI : 0 . 57 - 0 . 98 , p=0 . 033 ] and vWF /CD31
[OR:0.61,95%CI:0.37-0.98,p=0.041]. The multivariate model ad-
justed for also age, sex, diabetes duration, smoking status, and
presence of diabetic kidney disease.
Conclusion: Lower CD133/CD31 and CD34/CD31 ratio that are recog-
nized as general vascular renewal index in relation to Charcot
neuroartropathy might suggest the angiogenic impairment involved in
the pathogenesis of that specific diabetic complication. Lower vWF/
CD31 could suggest disturbed transition to mature blood vessels
(vWF+). Potential association of these characteristics of microcirculation
and degenerative changes in Charcot neuroarthropthy requires further
investigation.
Supported by: Scientific Grant of Diabetes Poland
Disclosure: A. Adamska: Grants; Scientific Grant of Diabetes Poland.
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Alterations of endothelial function during the first 5 years after dia-
betes diagnosis
H. Sell1,2, L. Löffler1, K. Bodis1, O.-P. Zaharia1, S. Antoniou1, M.-C.
Simon1, D. Markgraf1, K. Strassburger3, K. Müssig1,2, V. Burkart1, J.
Szendrödi1,4, M. Roden1,4;
1Institute for Clinical Diabetology, German Diabetes Center, Düsseldorf,
2German Center for Diabetes Research (DZD), München-Neuherberg,
3Institute for Biometrics and Epidemiology, German Diabetes Center,
Düsseldorf, 4Division of Endocrinology and Diabetology, Medical
Faculty of Heinrich-Heine University, Düsseldorf, Germany.

Background and aims: Patients with diabetes mellitus frequently exhibit
endothelial dysfunction, which occurs early in the development of car-
diovascular disease. We examined endothelial function and its determi-
nants in type 1 (T1D) and type 2 diabetes (T2D) during the early course of
disease.
Materials and methods: Participants of the prospective German Diabetes
Study with T1D or T2D with known diabetes duration of less than one year
and two age- and body mass index (BMI)-matched glucose-tolerant control
groups underwent measurements of flow-mediated dilation (FMD),
nitroglycerin-mediated dilation (NMD) and intima-media thickness (IMT)
in the brachial artery. Whole-body insulin sensitivity was assessed by
euglycemic hyperinsulinemic clamp tests. A subset of patients was
reevaluated after 5 years.
Results: At baseline, both T1D and T2D patients showed higher IMT
already compared to the respective matched controls (0.36±0.06 mm vs 0.29
±0.09 mm and 0.42±0.06 mm vs 0.35±0.09 mm, respectively, both p<0.001).
IMT positively correlated with age, BMI, systolic blood pressure, LDL-choles-
terol, triglycerides, high-sensitive C-reactive protein and interleukin-6, and neg-
atively with M-value, HDL-cholesterol, circulating adiponectin and NMD in
diabetes patients. FMD was not statistically different between T1D and T2D
patients and the respective matched controls, but lower in T2D than in T1D
patients (5.6±4.0 % vs 6.6±4.5 %, p<0.05). FMD positively correlated with
circulating adiponectin and NMD, but negatively with age, waist-to-hip ratio
and systolic blood pressure. After 5 years, IMT improved in both T1D (from
0.35±0.05 mm to from 0.31±0.07 mm, p<0.01) and T2D patients (from 0.43
±0.07 mm to from 0.41±0.08 mm, p<0.05). Interestingly, IMT decreased in
T2D patients on antihypertensive treatment (from 0.44±0.06 mm to 0.41±0.08
mm, p<0.01) but not in those without medication (from 0.39±0.06 mm to 0.39
±0.07 mm). FMD declined during follow-up in all diabetes patients with a
stronger effect in T1D compared to T2D (-3.9±8.0 % vs -2.0±5.9 %,
p<0.05). Of note, a higher baseline HbA1c predicted lower FMD at follow-up.
Conclusion: IMT, but not FMD is impaired in patients with recent onset
diabetes. FMD deteriorates during follow-up most likely due to worsen-
ing glycemic control. Conversely, IMT can improve maybe associated to
antihypertensive treatment.
Clinical Trial Registration Number: NCT01055093
Disclosure: H. Sell: None.

1142
The role of acute incretin therapy on endothelium-dependent and
endothelium-independent postprandial vasodilation in humans with
prediabetes
V. Hamidi1, K. Riggs2, L. Zhu3, K. Bermudez Saint Andre4, C. Westby5,
S. Coverdale3, A. Dursteler6, H. Wang3, H. Taegtmeyer3, A.D.
Gutierrez3;
1University of California, San Diego, 2University of Texas Southwestern,
Dallas, 3University of Texas Health Science Center, Houston, 4Methodist
Hospital, Houston, 5Advarrva, Seatlle, 6University of California Los
Angeles-Olive View, Los Angeles, USA.

Background and aims: The dysregulation of vascular endothelial func-
tion, seen in prediabetes, accelerates the process of atherogenesis. Some
studies in humans with type 2 diabetes mellitus suggest that incretin

therapies diminish postprandial endothelial dysfunction. We investigated
the effect of incretin therapy in altering postprandial endothelial function
in humans with prediabetes.
Materials and methods: Fifteen humans with prediabetes, 51 ± 2 years of
age, with bodymass index of 32.7 ± 0.4 kg/m2 and HbA1c of 5.96 ± 0.06%
(mean ± SEM), participated in a randomized, crossover, double-blinded trial
comparing exenatide, saxagliptin, and placebo. Resting and peak forearm
blood flow (FBF) were measured via strain gauge venous occlusion plethys-
mography at baseline and every three hours during a six-hour interval after
administration of study medication and ingestion of a high fat meal. Venous
blood samples were collected at baseline and every two hours during the
same six-hour time interval. These procedures were repeated for the remain-
ing study arms, following a 10-day drug washout.
Results: A significant decrease in resting FBF was observed three hours
postprandially in the exenatide group compared to placebo (p<0.05). In con-
trast, no significant differences were demonstrated in postprandial peak FBF
between the three study groups. Nitrotyrosine and 8-iso-PGF2a levels did not
alter with incretin therapy compared to the placebo. Postprandial plasma free
fatty acid (FFA) concentrations significantly declined in all three groups. FFA
concentrationswere significantly higher in exenatide compared to saxagliptin
and placebo at two and four hours (p<0.05 exenatide vs. saxagliptin, p<0.05
exenatide vs. placebo). Postprandial plasma triglyceride levels increased sig-
nificantly in all three groups. At four hours, the increase was more pro-
nounced in placebo (p<0.05 exenatide vs. placebo, p<0.05 exenatide vs.
saxagliptin). Insulin levels were significantly higher in placebo and
saxagliptin compared to exenatide at two and four hours (p<0.05 exenatide
vs. placebo, p<0.05 exenatide vs. saxagliptin) but did not differ between the
three groups after six hours. Glucose concentrations increased at two hours
after placebo and saxagliptin but decreased at two after exenatide (p<0.05
exenatide vs. placebo, p<0.05 exenatide vs. saxaglpitin).
Conclusion: Acute exenatide therapy significant reduced postprandial
resting FBF compared to placebo, indicating a decline in endothelium-
independent vasodilation. There were no significant differences in post-
prandial peak FBF between the three groups. Combined with a lack of
significant change in postprandial plasma nitrotyrosine and 8-iso-PGF2a,
this is suggests that acute incretin therapy did not affect endotherlium-
dependent vasodilation. Exenatide and saxagliptin reduced postprandial
triglycerides. Postprandial FFAs were higher in exenatide and postpran-
dial insulin levels were lower in exenatide. Future studies are required to
further examine the mechanisms by which incretin therapies alter post-
prandial vasodilation in humans with prediabetes.
Supported by: NIH/NCATS
Disclosure: V. Hamidi: None.

1143
Coronary artery disease patient microparticles up-regulate sodium-
glucose cotransporters 1 and 2 expression to promote atherosclerotic
responses in endothelial cells
S.-H. Park1, E. Belcastro1, H. Hasan1, C. Bruckert1, B. Marchandot2, M.
Kibler2, F. Toti1, C. Auger1, L. Jesel1,2, P. Ohlmann2, O. Morel1,2, V.B.
Schini-Kerth1;
1INSERM (French National Institute of Health and Medical Research),
UMR 1260, Regenerative Nanomedicine, Faculté de Pharmacie,
Université de Strasbourg, Strasbourg, 2Hôpitaux Universitaires de
Strasbourg, Service de Cardiologie, Strasbourg, France.

Background and aims: Circulating microparticles (MPs) from patients
with coronary artery diseases (CAD)have been shown to promote endothelial
senescence and dysfunction involving the pro-oxidant local angiotensin sys-
tem. Sodium-glucose cotransporters (SGLTs)2 inhibitors decreased the risk of
cardiovascular disease in patients with type 2 diabetes and this effect appears
to be independent of glycemic control. Moreover, high glucose and H2O2has
been shown to cause a redox-sensitive upregulation of SGLT1 and 2 in
coronary artery endothelial cells (ECs). Therefore, this study examined
whether CAD MPs and angiotensin II (Ang II, a potent NADPH oxidase-
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dependent inducer of oxidative stress) stimulate SGLT1 and 2 expression in
ECs, and assessed their role in the induction of endothelial dysfunction.
Materials and methods: ECs were isolated from porcine coronary arter-
ies. The protein expression level was assessed by Western blot analysis
and immunocytochemical staining, oxidative stress using
dihydroethidium staining, and senescence by senescence-associated be-
ta-galactosidase activity (SA-beta-gal activity). Circulating CAD MPs
were collected from blood samples of patients (50-83 years) with
established cardiovascular disease.
Results: ECs expressed low levels of SGLT1 and SGLT2 proteins.
Exposure of ECs to CAD MPs (10 nM PhtdSer eq) increased the
SGLT1 and SGLT2 protein levels in 3/5 patients. Exposure of ECs to
Ang II caused a time- and concentration-dependent increase in the protein
levels of SGLT1 and SGLT2, with a significant increase observed at
concentrations as low as 10 nM. An increased SGLT1 and SGLT2 im-
munofluorescence signal was also observed in response to Ang II and
H2O2. Ang II increased the level of oxidative stress, SA-beta-gal activity,
senescence markers (p53, p21 and p16), VCAM-1, MCP-1, tissue factor
(TF) and the local angiotensin system (ACE, AT1R), and down-regulated
that of eNOS. CAD MPs decreased eNOS level in 4/5 patients and in-
creased VCAM-1 level in 5/5 patients. The CAD MPs- and the Ang II-
induced expression of SGLT 1 and 2, VCAM-1 and down-regulation of
eNOS were prevented by the NADPH oxidase inhibitor VAS-2870, the
AT1R antagonist losartan, and by the dual SGLT1/2 inhibitor LX-4211
and the selective SGLT2 inhibitor, empagliflozin.
Conclusion: The present findings indicate that CAD MPs and Ang II up-
regulate the expression of SGLT1 and SGLT2 protein levels in ECs, and that
they promote endothelial dysfunction. They further suggest that inhibition of
SGLT1 and/or SGLT2 might be an attractive strategy to protect the arterial
wall and, hence, the development of cardiovascular diseases.
Supported by: Boehringer Ingelheim Pharma GmbH & Co. KG,
Biberach an der Riss, Germany
Disclosure: S. Park:Grants; Unrestricted research grant fromBoehringer
Ingelheim Pharma GmbH & Co. KG, Biberach an der Riss, Germany.

1144
Mst1 deletion reduces hyperglycaemia-mediated endothelial apopto-
sis via attenuating mitochondrial fission
R. Qin, L. Guo;
Department of Endocrinology, Beijing Hospital, National Center of
Gerontology, Beijing, China.

Background and aims: Diabetes is a leading cause of microvascular
complications. Recent studies have proposed that hyperglycemia-
induced endothelial cell dysfunction is modulated by mitochondrial stress
via poorly understood mechanism. Therefore, the aim of our study is to
explore the upstream mediator of mitochondrial stress in hyperglycemia-
treated endothelial cells with a focus on macrophage-stimulating 1 (Mst1)
and mitochondrial fission.
Materials and methods: The human umbilical vein endothelial cells
(HUVECs) were cultured with high-glucose medium. siRNA against
Mst1 was transfected into endothelial cell to knockdown Mst1 expres-
sion. Cell viability and cell death were determined by MTT assay or
TUNEL assay respectively. Western blotting was performed to detect
the alterations of Mst1, Cle-caspase3, PARP, Drp1, Mff protein levels.
Cellular ATP production was measured using an Enhanced ATP Assay
kit. JC-1 probe was used to detect mitochondrial membrane
potential(ΔΨm). Immunofluorescence staining was used to detect the
distribution of cytochrome c (Cyt-c) and the mitochondrial morphology.
Results: Our results demonstrated that hyperglycemia treatment reduced
cell viability and increased apoptosis ratio in HUVECs, and this alteration
seemed to be associated with Mst1 upregulation. Inhibition of Mst1 via
transfection of Mst1 siRNA could sustain cell viability and reduced cell
apoptosis. At the molecular levels, HUVECs death was accompanied
with an increasing level of Cle-caspase3 and PARP. Genetic ablation of

Mst1 could reverse the above changes.Moreover, hyperglycemia reduced
ATP production and this effect was reversed by Mst1 deletion. At the
same time, the mitochondrial membrane potentialwas repressed by hy-
perglycemia stress. However, Mst1 deletion stabilized mitochondrial
membrane potential in the presence of hyperglycemic stress.
Hyperglycemia also promoted the cyt-c from cytoplasm into nucleus,
indicative of the activation of mitochondrial apoptosis induced by hyper-
glycemia. However, Mst1 deletion repressed hyperglycemia-mediated
cyt-c release. Furthermore, hyperglycemia promoted mitochondrial fis-
sion as indicated by the increasing of Drp1 and Mff. Interestingly, loss of
Mst1 sustainedmitochondrial morphology and reduced the levels of Drp1
and Mff in the setting of hyperglycemia stress.
Conclusion: The present study identifies Mst1 as a primary key mediator
for hyperglycemia-induced mitochondrial damage and endothelial cell
apootosis. Increased Mst1 impairs mitochondrial function and activates
endothelial cell death via opening mitochondrial apoptosis pathway.
Disclosure: R. Qin: None.

1145
Effects of the GLP-1 (9-36) metabolite on coronary and peripheral
vascular function in obese adults
M. Nilsson1, K. Bové2, E. Suhrs2, T. Hermann2, J. Rungby1,3, S.
Madsbad4, B. Hartmann5, J.J. Holst5, E. Prescott2, M. Zander1;
1Department of Endocrinology, Bispebjerg University Hospital,
Copenhagen, 2Department of Cardiology, Bispebjerg University
Hospital, Copenhagen, 3Department of Endocrinology, Aarhus
University Hospital, Aarhus, 4Department of Endocrinology, Hvidovre
Hospital, Copenhagen, 5Department of Biomedical Sciences and NNF
Center for Basic Metabolic Research, University of Copenhagen,
Copenhagen, Denmark.

Background and aims: Glucagon-like peptide-1 (GLP-1) has demon-
strated beneficial cardiovascular effects, but the hormone is rapidly de-
graded to the metabolite GLP-1 (9-36). While GLP-1 (9-36) traditionally
has been perceived as an inactive, degradation product, research indicates
that the metabolite also has beneficial effects on the cardiovascular sys-
tem. In this study, we aimed to examine weather infusion of GLP-1 (9-36)
would improve coronary microvascular function and/or peripheral endo-
thelial function in obese adults.
Materials and methods: In this double-blinded, randomised cross-over
study, ten obese adults (5male/5 female) participated; mean age, 56.9 ± 9.6
years; mean BMI, 31.0 ± 3.0 kg/m2. The participants underwent a treadmill
exercise test with echocardiography, to exclude coronary macrovascular
disease, prior to inclusion. Effects of GLP-1 (9-36) metabolite infusion (1.5
pmol/kg/min) were compared with a saline infusion on separate days.
Coronary microvascular function was assessed by coronary flow velocity
reserve (CFVR) and measured before and after 2 hours of infusion.
Peripheral endothelial function was assessed by flow mediated dilation
(FMD) and measured before and after 1 hour of infusion.
Results: GLP-1 (9-36) infusion resulted in mean plasma concentration of
144 pmol/l (p<0.001 compared to saline). Plasma glucose stayed within
normal range throughout both infusions. CFVR was 3.5 ± 0.9 during GLP-
1 (9-36) infusion and 3.5 ± 1.0 during saline infusion, with no differences
when adjusting for baseline values (ΔCFVR 0.16 ± 0.69 during intervention
day vs. ΔCFVR 0.12 ± 0.77 during saline day, p=0.67). FMD was 10.3 ±
3.0% during GLP-1 (9-36) infusion and 8.4 ± 1.9% during saline infusion.
When adjusting for baseline values, we found a significant improvement in
FMDduringGLP-1 (9-36) infusion (ΔFMD2.0 ± 2.5 vs.ΔFMD -1.8 ± 2.0,
p<0.001).
Conclusion: We found no acute effect of GLP-1 (9-36) infusion, on
coronary flow velocity reserve, in overweight adults. However, an im-
provement in peripheral endothelial function was seen during GLP-1 (9-
36) infusion.
Clinical Trial Registration Number: NCT02333591
Disclosure: M. Nilsson: None.
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Short-term physical inactivity, with increased sedentary behaviour,
causes a decline in endothelial function
K.A. Bowden Davies1,2, J.A. Norman2, A. Thompson2, K.L. Mitchell2,
J.C.G. Halford2, J.A. Harrold2, J.P.H. Wilding2, G.J. Kemp2, D.J.
Cuthbertson2, V.S. Sprung2,3;
1Newcastle University, Newcastle upon Tyne, 2University of Liverpool,
Liverpool, 3Liverpool John Moores University, Liverpool, UK.

Background and aims: Low physical activity levels and high sed-
entary behaviour confer an increased risk of morbidities including
obesity, insulin resistance, type 2 diabetes and cardiovascular dis-
ease (CVD). This study examined the effects of a short-term re-
duction in physical activity on metabolic profiles, body composi-
tion and cardiovascular (endothelial) function.
Materials and methods: Twenty-two habitually active (>10,000
steps/day) participants (14 female, 8 male; age 32±3 years; BMI
24.3±0.5 kg/m2) were recruited and assessed at baseline, following
14 days of step reduction and 14 days after resuming habitual activ-

ity. Cardiorespiratory fitness (V̇: O2 peak), body composition
(dual-energy x-ray absorptiometry/magnetic resonance
spectroscopy) and cardiovascular function (flow mediated
dilation; FMD) were determined at each time point and
physical activity (SenseWear armband) was monitored
throughout. Statistical analysis was performed using
one-way within subjects ANOVA, data are presented as
mean (95% CI).
Results: Participants successfully decreased their step count from
baseline by 9814 steps/day (8746, 10882; P<0.001), increasing
sedentary time by 146 min/day (79, 212; P<0.001). FMD de-
creased by 1.7% (0.2, 3.2; P=0.026) following 14 days of step-
reduction, which returned to comparable baseline levels 14 days
following resumption of habitual behaviour, 0.8% (-1.4, 3.1;
P=0.451). In parallel, total body fat, waist circumference, hepatic
fat, insulin sensitivity and cardiorespiratory fitness were all ad-
versely effected by 14 days step-reduction (P<0.05), but returned
to comparable baseline levels following resumption of habitual
activity.
Conclusion: In young non-obese adults, short-term physical inac-
tivity and increased sedentary behaviour, attenuating cardiorespi-
ratory fitness and increasing waist circumference, hepatic fat de-
position and insulin resistance, led to a significant decline in en-
dothelial function, a surrogate marker for incident CVD. Public
health messages need to emphasise the harmful effect of even
short-term physical inactivity, and that habitual activity appears
to offset these negative consequences.
Supported by: DUK and CIMA
Disclosure: K.A. Bowden Davies: None.

1147
Metabolic health, rather than obesity status, contributes to endothe-
lial dysfunction: a comparison of obesity/metabolic health related
phenotypes
V.S. Sprung1,2, K.A. Bowden Davies2,3, J.A. Norman2, K.L. Mitchell2,
J.P.H. Wilding2, G.J. Kemp2, D.J. Cuthbertson2;
1Liverpool John Moores University, Liverpool, 2University of Liverpool,
Liverpool, 3Newcastle University, Newcastle upon Tyne, UK.

Background and aims: Obesity and the metabolic syndrome (MetS) are
both associated with increased risk of type 2 diabetes and cardiovascular
disease (CVD). Although contentious, some epidemiological data sug-
gest that metabolic health status is a better predictor of CVD risk than
BMI. The aim of the current study is to explore the relative contributions

of obesity and metabolic health status on endothelial function, a surrogate
risk factor for incident CVD.

Materials and methods: Forty-four participants were phenotyped ac-
cording to BMI (>30 or <30kg/m2) as non-obese vs. obese and as
metabolicallyhealthy vs. unhealthy, according to number of components
of the International Diabetes Federation criteria of MetS. Groups were:
non-obese unhealthy (MetS+, n=10, age 48±9y, 80% male) vs. healthy
(MetS-, n=10, age 43±14y, 90% male) and obese unhealthy (MetS+,
n=12, age 46±11y, 50% male) vs. healthy (MetS-, n=12, age 45±9y,
58% male). Endothelial function (flow mediated dilation, FMD), levels
of habitual physical activity (SenseWear armband), dietary intake, hepatic

fat (1H-MRS) and cardio-respiratory fitness (V̇: O2 peak) were deter-
mined. Variables were analysed using a one factor between-
groups analysis of variance (ANOVA); mean (95% CI) differ-
ences between groups are presented.
Results: Metabolically unhealthy (MetS+) individuals, whether non-
obese or obese, had a lower FMD than those who were metabolically
healthy (MetS-). For non-obese (MetS+ vs. MetS-) individuals mean
difference was 4.1% [(1.0, 7.3); P=0.004] and obese (MetS+ vs.MetS-)

individuals had a mean difference of 6.2% [(3.1, 9.2); P<0.001]. V̇: O2

peak was greatest in healthy non-obese, lowest in unhealthy
obese (P<0.001), but similar in unhealthy non-obese and
healthy obese. For non-obese (MetS+ vs. MetS-) individuals
mean difference in hepatic fat was 3.1% (-1.5, 7.7) and obese
(MetS+ vs.MetS-) 1.8% (-3.1, 6.6) however differences were
non-significant (P=0.099).
Conclusion: n a cohort ofcarefully phenotypedindividuals with com-
parable physical activity and dietary intake, endothelial dysfunction
is more closely related to poor metabolic health status, rather than to
obesity (as defined by BMI).
Supported by: DUK and CIMA
Disclosure: V.S. Sprung: None.
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PS 099 Lessons from animal models of
complications

1148
Circulating levels and tissue expressions of cartilage intermediate
layer protein 2 are elevated in coronary heart disease and associated
with atherogenesis
J. Chen1, L. Li1, G. Yang2;
1Key Laboratory of Diagnostic Medicine (Ministry of Education),
College of Laboratory Medicine, Chongqing Medical University,
Chongqing, 2Department of Endocrinology, The Second Affiliated
Hospital, Chongqing Medical University, Chongqing, China.

Background and aims: Cartilage intermediate layer protein 2 contain
RS16996148, a new single nucleotide polymorphism (SNP).
RS16996148 SNP has been identified as a gene block associated with
coronary heart disease (CHD) in recent Genome-Wide Association
Studies. To date, there is no evidence regarding the association of
CILP2 and atherogenesis in humans. This study aimed to identify the
protein type of CILP2 and examine its association with atherogenesis
through in-vitro and in-vivo experiments.
Materials and methods: The expression of CILP2 levels between apoE-
deficient mice (a well-characterized animal model of atherosclerosis) and
C57BL/6J mice were examined. Then, the overexpressed plasmid was
constructed and transfected into HEK293T cells to determine the protein
type of CILP2. Simultaneously, a total of 272 subjects, including 167
patients with newly diagnosed CHD and 105 age-matched healthy con-
trols, were recruited for the population-based study. Difference of circulat-
ing CILP2 levels (determined with ELISA) was compared between the
two groups, and its relationship with anthropometric and biochemical pa-
rameters, including waist-to-hip ratio (WHR), TC, HDL-C, LDL-C, TG,
FFA, the Gensini score, HbA1c, homeostasis model assessment of insulin
resistance (HOMA- IR) and insulin secretion (HOMA-β) was also inves-
tigated. Indicators related to atherosclerosis and insulin resistance were
screened using linear stepwise regression. Lastly, the role of CILP2 in lipid
metabolism of atherogenesis was explored by treating oxidative modified
LDL for THP-1 cells. The potential molecular of CILP2 regulating athero-
genesis was explored by gain-and loss-of-function mutations. Then, a res-
cue assay was also employed for further mechanism study.
Results: The level of CILP2 was significantly higher in aorta samples of
apoE-KO mice than in C57BL/6J control mice (P <0.01). In-vitro results
showed that CILP2 was detected in both conditioned mediums and ly-
sates of HEK-293T cells transfected with the overexpressed vector.
CILP2 was also confirmed as a secreted protein in humans. The popula-
tion study showed significantly higher circulating CILP2 levels in pa-
tients with CHD compared with the controls (224±35.3 vs. 125±16.5, P
<0.01). Circulating CILP2 correlated positively with WHR, TC, LDL-C,
HOMA-IR, and the Gensini scores in regression analyses (all P< 0.001).
The results of mechanism study showed that CILP2 enhanced lipid accu-
mulation in oxidative modified LDL-stimulated THP-1-induced macro-
phages, possibly through the upregulation of SR-A, LOX-1 and CD 36
levels. The CILP2-mediated enhancement of SR-A, LOX-1 and CD36
expression appears to involve NF-κB and /or PPAR-γ activation.
Conclusion: The findings suggest that CILP2 may serve as a risk molec-
ular link between lipid metabolism and atherogenesis.
Clinical Trial Registration Number: ChiCTR-OPC-14005324
Supported by: National Natural Science Foundation of China 81873658
Disclosure: J. Chen: None.

1149
Blockade of renin angiotensin system ameliorates the cardiac ar-
rhythmias and sympathetic neural remodelling in hearts of type 2
diabetes rat model
A. Hussein1, Y. Yehya1, K. Ezam1, M. Sarhan1, E. Ibraheim2, A.
Elsayed3, E. Eid4;

1Medical Physiology Department, Faculty of Medicine, Mansoura
University, Mansoura, 2Pathology Department, Faculty of Medicine,
Mansoura University, Mansoura, 3MERC, Faculty of Medicine,
Mansoura Universi ty, Mansoura, 4Internal Medicine and
Endocrinolopgy, Delta University, Gamasa, Egypt.

Background and aims: The present study was designed to investi-
gate the effects of renin angiotensin system (RAS) blockade on
cardiac arrhythmias and sympathetic nerve remodelling in heart
tissues of type 2 diabetic hearts in rats.
Materials and methods: Thirty-two Sprague Dawley male rats were
randomly allocated into 4 equal groups; a) normal control group:
normal rats, b) DM group; type 2 diabetic rats received oral saline
2ml daily for 4 weeks after induction of DM, c) DM+ ACEi: as
DM group but treated with enalapril (10 mg/kg, orally for 4 weeks
after type DM induction) and d) DM+ ARBs: as DM group but
rats treated with losartan (30 mg/kg, orally for 4 weeks after type 2
DM induction)
Results: The results demonstrated significant elevation in Q-T in-
terval, blood sugar, HOMA index, TC, TGs, LDL, serum CK-MB,
myocardial damage, myocardial MDA, myocardial norepinephrine
and TH density with significant reduction in serum HDL, serum
insulin and myocardial GSH and CAT in type 2 diabetic rats. On
the other hand, blockade of RAS at either the level of ACE by
enalapril or at the level of angiotensin (Ag) receptors caused sig-
nificant improvement in ECG parameters (Q-T), cardiac enzymes
(CK-MB), cardiac morphology, myocardial oxidative stress (low
MDA, high CAT and GSH) and myocardial TH density.
Conclusion: RAS have a role in the cardiac sympathetic nerve
sprouting and cardiac arrhythmias induced by type 2 DM and its
blockade might has a cardioprotective effects via attenuation of
sympathetic nerve fibres remodelling, myocardial norepinephrine
contents and oxidative stress.
Disclosure: A. Hussein: None.

1150
Absence of TBC1D4/AS160 impairs cardiac substrate metabolism
and increases ischaemia/reperfusion-induced myocardial damage
C. Binsch1,2, D. Barbosa1,2, K. Jeruschke1,2, J. Weiß1,2, M. Hubert1, G.
Hansen1, S.M. Hodge1, M. Kolasa1, S. Gorressen3, J.W. Fischer3, M.
Lienhard4, R. Herwig4, A. Chadt1,2, H. Al-Hasani1,2;
1German Diabetes Center, Düsseldorf, 2German Center for Diabetes
Research, Munich-Neuherberg, 3Heinrich-Heine-University, Düsseldorf,
4Max-Planck-Institute for Molecular Genetics, Berlin, Germany.

Background and aims: Type 2 Diabetes mellitus (T2DM) repre-
sents a significant risk factor for the development and the course
of cardiac complications. In T2DM, cardiac metabolic flexibility,
i.e. the switch between carbohydrates and lipids as energy source,
is disturbed. The signaling protein TBC1D4/AS160 is a crucial
regulator of glucose and fatty acid utilization for energy produc-
tion in skeletal muscle and adipose tissue. The aim was to inves-
tigate the function of TBC1D4 in cardiac substrate metabolism and
adaption to myocardial infarction.
Materials and methods: Tbc1d4-deficient (D4KO) and wild type (WT)
C57BL/6J mice at 36 weeks of age were subjected to cardiac ischemia via
occlusion of the left anterior descending (LAD) coronary artery and sub-
sequent reperfusion (I/R). Consequently, cardiac function was monitored
and cardiac tissue was analyzed using histological and biochemical ap-
proaches, e.g. transcriptome (NGS-RNASeq) and pathway (IPA) analy-
ses. Statistical analyses were performed using student’s t-test, one-way
ANOVA and two-way ANOVA.
Results: D4KO mice showed a marked reduction of insulin-stimulated
glucose uptake in the heart (4.35±0.78 vs. 1.84±0.55 (nmol/mg/20min),
p<0.05), accompanied by reduced glucose transporter GLUT4 abundance
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(101.48±9.65 vs. 41.50±9.15 (a.u.); p<0.05). While basal heart function
was not affected, three weeks after I/R, D4KO animals exhibited impaired
heart function (end-systolic volume basal: 32.61±3.32 vs. 33.80±4.17
(μl), p>0.05; after 3 weeks: 46.75±8.50 vs. 74.21±9.88 (μl), p<0.05) as
well as substantially increased infarction area (10.94±1.59 vs. 16.56±0.42
(%), p<0.05), co-occurring with decreased left ventricular wall thickness
(1.22±0.04 vs. 0.79±0.07 (mm), p<0.05) and increased left ventricular
lumen (23.50±6.01 vs. 52.26±2.07 (mm2), p<0.05) compared to control
animals. The unfolded protein response (UPR) was elevated three weeks
after reperfusion (Atf4 expression: 1.00±0.04 vs 1.32±0.03 (a.u.), p<0.05;
eIF2α phosphorylation: 0.85±0.05 vs. 1.01±0.03 (a.u.), p<0.05). Cardiac
transcriptome and pathway analyses attributed a role of TBC1D4 in
mitochondria-related pathways and extracellular signaling pathways
post-I/R.
Conclusion: TBC1D4 regulates cardiac glucose uptake and cardiac met-
abolic flexibility. Our results indicate a functional role of TBC1D4 in
adaption to myocardial infarction on the level of UPR and cardiac
remodeling.
Supported by: DFG SFB 1116
Disclosure: C. Binsch: None.

1151
Glucose overload induces metabolic alterations in cardiomyoblasts
Y. Mattern, B. Stratmann, D. Tschoepe;
Diabeteszentrum, Herz- und Diabeteszentrum NRW, Ruhr-Universität
Bochum, Bad Oeynhausen, Germany.

Background and aims: Oversupply of nutrients with concurrent loss of
metabolic flexibility is a hallmark of diabetic cardiomyopathy. Even if
excess substrate is offered the myocardium suffers energy depletion as
metabolic fluxes are diminished. Effects of high glucose supply on met-
abolic alterations, especially in fatty acid related metabolism, are still
under investigation.
Materials and methods: Rat cardiomyoblasts stably overexpressing
GLUT4 (H9C2-GLUT4) were cultured under normal (20mM glucose)
and hyperglycaemic conditions (30mM glucose). Expression profile of
several proteins was compared to non-transfected H9C2 cells (H9C2)
using QRT-PCR and Western blotting. Values are given as proportion
of arbitrary units (AU) after correction for RPL32, ß2M, and ß-actin for
QRT-PCR or ß-actin for western blotting in relation to 20mM for each
model.
Results: GLUT4 overexpression in H9C2 cells yielded in 6.6fold in-
crease in glucose uptake under hyperglycaemic conditions compared to
normal glucose concentrations (p<0.001 vs. 20mM) and resulted in
1.22fold increase in intracellular glycation, detected as ArgPyrimidine-
modification (p<0.01 vs. 20mM). Glucose uptake was less pronounced in
H9C2 cells (1.3fold increase in glucose uptake, p<0.001 vs. 20mM).
GLUT4 protein levels were unchanged following switch to
hyperglycaemic conditions in both models. Increased mRNA levels of
BNP were detected in both H9C2 (6.7fold, p<0.001 vs. 20mM) and
H9C2GLUT4 cells (10.6fold, p<0.001 vs. 20mM). Different reactions
on hyperglycaemic stimulus were detected in expression of sterol re-
sponse element binding protein 1c (SREBP1c, involved in fatty acid syn-
thesis): 2.1fold increase in H9C2GLUT4, p<0.001 vs. 20mM, decrease to
0.8fold in H9C2, p<0.01 vs. 20mM. Monocarboxylase transporter 1
expression is altered following glucose uptake: 1.4fold increase in
H9C2GLUT4, p<0.05 vs. 20mM, decrease to 0.8fold in H9C2, p=ns
vs. 20mM. GAPDH mRNA but not protein levels were negatively regu-
lated following exaggerated glucose influx (decrease to 0.88fold in
H9C2GLUT4, p<0.05 vs. 20mM, 1.1fold increase in H9C2, p=ns vs.
20mM). On protein level, fatty acid translocase CD36 was increased
1.2fold in H9C2GLUT4 (p<0.05 vs. 20mM), and decreased to 0.8fold
in H9C2 (p=ns vs. 20mM). IRS-1 expression was not altered, but phos-
phorylation status was significantly different in both models. Whereas in
H9C2GLUT4 phosphorylation of S302 controlling IRS1 tyrosine

phosphorylation by the insulin receptor was increased by 1.9fold
(p<0.05 vs. 20mM) it was decreased in H9C2 to 0.8fold (p<0.01 vs.
20mM), the downstream signal-relevant Y612 phosphorylation was non-
significantly changed in H9C2GLUT4, but significantly decreased in
H9C2 to 0.6fold (p<0.01) pointing to a different regulation of IRS1 ac-
tivity in both models.
Conclusion: Chronic glucose overload in cardiomyoblasts induced by
GLUT4 overexpression and hyperglycaemia resulted in a sustained met-
abolic switch to fatty acid metabolism further contributing to metabolic
inflexibility and aggravating glucose-derived heart failure phenotype.
Disclosure: Y. Mattern: None.

1152
Impaired myocardial chaperone-mediated mitochondrial copper
transport in diabetic rats
S. Zhang1,2, H. Liu1, G.V. Amarsingh1, C.C.H. Cheung1, U. Narayanan1,
L. Zhang1, G.J.S. Cooper1,3;
1School of Biological Sciences, University of Auckland, Auckland, New
Zealand, 2The Maurice Wilkins Centre for Molecular Biodiscovery,
University of Auckland, Auckland, New Zealand, 3Centre for
Advanced Discovery and Experimental Therapeutics (CADET), The
University of Manchester (MAHSC), Manchester, UK.

Background and aims: Sustained hyperglycemia in diabetic pa-
tients develops cardiomyopathy and heart failure (HF) for which
cardiac mitochondrial dysfunction is the key feature. This study
aimed to investigate how defective chaperone-mediated copper
transport may affect cardiac mitochondrial copper regulation and
function, and to evaluate the effects of Cu(II)-chelation by
Triethylenetetramine (TETA) on reversibility of mitochondrial ac-
tivity in diabetic rat heart.
Materials and methods:We studied cardiac function by ex-vivo per-
fusion of isolated rat heart and left-ventricular (LV) tissue from
groups of non-diabetic-control, untreated- streptozotocin-diabetic,
and TETA-treated diabetic rats. We measured the activities of mi-
tochondrial enzymes cytochrome c oxidase (mt-Cco) and Cu/Zn
superoxide dismutase (mt-Sod1); expression of copper-chaperones
Cox17, Cox11, Sco1, Sco2, and Ccs; and regulation of mitochon-
drial biogenesis in rats with diabetes-induced HF.
Results:Diabetes impaired LV-diastolic function and lowered LV-copper
levels associated with reduction in myocardial expression of mitochon-
drial copper chaperones Cox17, Cox11, Sco1 and Ccs which could result
in defective copper delivery/utilization and assembly of mitochondrial
resided cytochrome c oxidase (mt-Cco) and Cu/Zn superoxide dismutase
(mt-Sod1), and subsequently decreased activities of these enzymes. The
improvement in cardiac function by TETA treatment was accompanied
by amelioration of expression of these copper chaperones: leading to
increased copper supply to mitochondria, and activation of mt-Cco and
mt-Sod1 activities. Cu(II)-chelation treatment also restores decreased-
expression of the key mitochondrial metabolic regulator Peroxisome-
Proliferator-Activated Receptor gamma co-activator-1α (Pgc-1α) in dia-
betic heart, whereas by contrast, it has no effects on increased mitochon-
drial biogenesis which is consistent with the compensatory responses for
decreased mitochondrial activity in diabetes.
Conclusion: We have identified impaired regulation of mitochon-
drial copper-chaperone-mediated pathways as an essential actor in
diabetes-evoked impairment of cardiac function. We also demon-
strated a novel beneficial effect of TETA on HF that involved
copper-chelator-mediated restoration of mitochondrial copper ho-
meostasis and anti-oxidant defenses, as well as improvement of
mitochondrial metabolism, which may represent a promising ther-
apy for diabetic HF.
Supported by: This study was funded by the programme grants from
MBIE and HRC New Zealand
Disclosure: S. Zhang: None.
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Cocoa diet prevents aortic stiffening and remodelling in type 2 dia-
betic rats via SIRT-1/NOX-4 mechanisms
M.A. Martin1,2, D. Alvarez-Cilleros1, M.E. López-Oliva3, D. Morales-
Cano4,5, B. Barreira4,5, F. Pérez-Vizcaíno4,5, L. Goya1, S. Ramos1;
1Instituto de Ciencia y Technologia de Alimentos y Nutrición (CSIC),
Madrid, 2CIBER de Diabetes y Enfermedades Metabólicas Asociadas,
Madrid, 3Departamento de Fisiología. Facultad de Farmacia (UCM),
Madrid, 4Departamento de Farmacología. Facultad de Medicina
(UCM),Madrid, 5CIBER de Enfermedades Respiratorias, Madrid, Spain.

Background and aims: Diabetic macrovascular complications are associ-
ated with functional and structural changes in the vascular wall, resulting in
early arterial stiffness and remodelling. Given the crucial role of reactive
oxygen species (ROS) in this process, considerable efforts have been made
to discover therapies to reduce oxidative stress in the vascular tissue.
Accordingly, dietary flavanols from cocoa have been largely related as anti-
oxidant and cardioprotective natural compounds.However, up to date,wheth-
er these compounds have a direct effect on arterial function in a situation of
high cardiovascular risk such as diabetes remain unclear. Therefore, the aim
of the present study was to investigate the potential protective effect of a
cocoa-rich diet on functional and structural vascular damage induced by
diabetes and to explore the underlying mechanisms.
Materials and methods: Male Zucker Diabetic Fatty rats were fed on
standard (ZDF-C) or 10% cocoa-rich diet (ZDF-Co) from week 10 to 20
of life. Hemodynamic parameters were measured by cannulation of the
carotid artery. Collagen and elastin deposition in arterial tissues was de-
termined by immunohistochemistry. ROS, reduced glutathione (GSH)
and carbonyl groups in arteries were evaluated by fluorimetric methods.
Activities of the antioxidant enzymes in arteries were assayed by spec-
trophotometric methods. Levels of proteins related to oxidative stress
(NOX-4, MAPKs, SIRT-1, p-Nrf2,), were evaluated in arterial tissues
by immunohistochemistry or Western Blot.
Results: Diabetes increased blood pressure and enhanced aortic stiffness
in ZDF-C rats as demonstrated by the increased pulse pressure and aug-
mented aortic medial thickness with loss and disruption of elastic fibres.
However, cocoa intake strongly reduced all these adverse effects by
preventing aortic oxidative stress. At the molecular level, cocoa diet
prevented SIRT-1 depletion contributing to the down-regulation of
NOX-4 and reduction of ROS generation in the arteries of diabetic ani-
mals. Likewise, the decreased levels of active Nrf2 and their associated
antioxidant defences were also prevented by cocoa, collaborating in
avoiding oxidative stress and vascular injury in diabetic rats.
Conclusion: The present work demonstrates that a cocoa rich-diet
prevents diabetes-induced aortic stiffening and remodelling by
avoiding aortic oxidative stress through SIRT-1/NOX-4-mediated
mechanisms. These novel findings reveal the beneficial effect of
cocoa intake in improving vascular structural changes and remod-
elling induced by diabetic milieu in ZDF rats and support the
potential use of cocoa to protect or delay the progression of vas-
cular complications in diabetes.
Supported by: AGL2015-67087-R and SAF2016-77222-R; MINECO/
FEDER, UE
Disclosure: M.A. Martin: None.

1154
Overexpression of HSL restores PPARα-regulated gene expression
and inhibits lipotoxic cardiomyopathy in ATGL-deficient mice
M. Yamada1, J. Suzuki1, M. Hirose2, T. Nakaya1, M. Ichikawa1, S.
Sato1, M. Imagawa1, Y. Zenimaru1, F.B. Kraemer3, T. Konoshita1, T.
Ishizuka1;
1Third Department of Internal Medicine, University of Fukui, Fukui,
Japan, 2Department of Pharmacology, Iwate medical School, Iwate,
Japan, 3Division of Endocrinology, Gerontology and Metabolism,
Stanford University School of Medicine, Stanford, USA.

Background and aims: Obesity and diabetes are often associated with
lipotoxic cardiomyopathy, which is characterized by accumulation of
intracellular triacylglycerol (TAG) droplets (steatosis). Adipose triglycer-
ide lipase (ATGL) catalyzes the first step of TAG hydrolysis, and its
deficiency results in extreme cardiac steatosis in mice and humans.
Although hormone-sensitive lipase (HSL) functions as a diacylglycerol
(DAG) lipase in the heart, we hypothesized that activated HSL might
cover the defect in ATGL deficiency.
Materials and methods: To test the hypothesis, transgenic mice
with cardiac-specific HSL-overexpression (cHSL) were created
and crossed with ATGL-knockout (KO) mice. By crossing the
ATGL-KO and cHSL lines, we generated homozygous ATGL-
KO (AKO) mice, AKO mice with cardiac HSL-overexpression
(AKO/cHSL), and wildtype (Wt) mice. The mRNA expression
of PPARα-regulated genes and the genes related to inflammation,
fibrosis and cardiac stress were analyzed by RT-qPCR.
Histological investigation was performed by transmission electron
microscopy and light microscopy with Masson’s trichrome stain-
ing. Cardiac function was assessed by ultrasonography.
Results: Cardiac TAG content of AKO mice was 160-fold greater than
that of Wt mice. However, the cardiac TAG content of AKO/cHSL mice
was as low as that of Wt hearts. AKO hearts showed reduced mRNA
expression of PPARα and its target genes for fatty acid oxidation (Cpt1b,
Acadm, Acadl, Acox2 and Ucp3), whereas the expression of these genes
in AKO/cHSL hearts was comparable to that inWt hearts. The expression
of the genes for inflammation (Tnf, Il1, Il6), fibrosis (Col1a1), and cardiac
stress (Nppa, Nppb) were increased in AKO hearts, although the expres-
sion of these genes in AKO/cHSL hearts was similar to that in Wt hearts.
Electron microscopy showed accumulation of huge lipid droplets, dam-
aged mitochondria, and disrupted intercalated discs in AKO
cardiomyocytes. In contrast, AKO/cHSL cardiomyocytes showed no
such morphological characteristics. AKO hearts had severe interstitial
fibrosis and impaired systolic function, however, AKO/cHSL hearts
showed normal systolic function and trivial fibrosis. Notably, AKO mice
died before 14 weeks of age, whereas AKO/cHSL mice lived longer than
24 weeks.
Conclusion: Cardiac overexpression of HSL inhibited lipotoxic cardio-
myopathy via normalization of PPARα-regulated gene expression and
prevented premature death in AKO mice. Activation of HSL could be a
potent strategy for the regulation of lipotoxic cardiomyopathies that occur
in metabolic disorders.
Disclosure: M. Yamada: None.

1155
Prep1 regulates angiogenesis through a PGC-1α-mediated
mechanism
I. Cimmino1, G. Perruolo1, F. Prisco2, O. Paciello2, V. D'Esposito1, R.
Spinelli1, G. Ferraro1, C.Miele1, F. Beguinot1, P. Formisano1, F. Oriente1;
1Department of Translational Medicine, University of Naples “Federico
II”- IEOS/CNR&URT, Napoli, 2Department of VeterinaryMedicine and
Animal Production, University of Naples “Federico II”, Napoli, Italy.

Background and aims: Angiogenesis is determined by new blood
vessel formation from pre-existingvessels in response to different
physiological stimuli. Persistent and uncontrolled angiogenesis
may cause several diseases such as retinopathies, while inadequate
angiogenesis can lead to coronary artery disease. Vascular forma-
tion is regulated by different transcription factors anda balance
between these molecules is necessary for a correct control of
angiogenesis. Prep1 is a homeodomain transcription factor which
plays a primary role in organogenesis and metabolism. Prep1, by
interacting with its cofactors such as Pbx1 or p160, impairs me-
tabolism in muscle and white adipose tissue. Experiments per-
formed in Prep1 hypomorphic heterozygous (Prep1i/+) mice, ex-
pressing low levels of the protein, respectively, indicate that these
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animals are protected by streptozotocin-induced diabetes and show
a better peripheral glucose and lipid metabolism due to a reduced
cooperation between Prep1 and its cofactors. Moreover, Prep1
deficiency causes a higher prenatal mortality which has been, in
part, related to the embryonic alterations in angiogenesis and cap-
illary formation. In this study, we aimed to understand a possible
role of Prep1 on angiogenesis.
Materials and methods: Mouse aortic endothelial cells (MAEC)
were cultured at 37°C in DMEM supplemented with 10% fetal bo-
vine serum and transfected with Prep1 cDNA. Proteins and mRNA
levels were analyzed by Western blot and Real-Time RT-PCR, re-
spectively. In "vitro" angiogenesis was evaluated by performing
wound healing and endothelial tube formation assays, while immu-
nohistochemical analysis was performed on uterine samples from 6-
months old female WT and Prep1i/+ mice.
Results: In this study, we show that overexpression of Prep1 in
MAEC cells stimulates the enzymatic degradation of the basal
membrane, mediated by matrix metalloproteinases (MMP) such
as MMP-9 and MMP-2. Endothelial cell motility, proliferation
and formation of new vessels are also stimulated by Prep1.
These ef fec t s a re para l le led by an increase of severa l
proangiogenic factors and by a decrease of the antiangiogenic
gene Notch1. Prep1-mediated angiogenesis involves the activation
of p160/PGC-1α pathway. Indeed, Prep1 overexpression increases
its binding with p160 and induces a 4-fold increase of p160 and
70% reduction of PGC-1α compared to control cells. Incubation of
MAEC cells with a synthetic Prep1(54-72) peptide, reverts the
proangiogenic effects mediated by Prep1. In addition, Prep1 het-
erozygous mice, show an attenuated placental angiogenesis,
which, in part, explains the increased miscarriages previously
reported.
Conclusion: All these observations indicate that the transcriptional
factor Prep1 regulate angiogenesis through a mechanism involving
the p160-mediated downregulation of PGC1-α. As the anti- or
pro-angiogenesis therapies have a limited efficacy and, sometimes,
may cause side effects, the discovery of new potential target mol-
ecules, such as Prep1, for the treatment of angiogenesis-dependent
diseases may be relevant to the improvement of human health.
Disclosure: I. Cimmino: None.

1156
Lactate accelerates diabetic vascular calcification through NR4A1
activation
Y. Zhu;
Southeast University, Nanjing, China.

Background and aims:Vascular calcification (VC) is a major cause
of morbidity and mortality in patients with diabetes mellitus (DM).
Previous research suggests that lactate is responsible for calcifica-
tion of vascular smooth muscle cell (VSMC). The potential link
between lactate and VC, however, has not been examined.
Materials and methods: Male Wistar rats received a high fat diet for 8
weeks followed by a single dose of streptozotocin to induce DM.
Calcification was induced with Vitamin D3 and nicotine (VDN). Then
the rats received lactate for another 4 weeks. In vitro, VSMCs were
cultured with DMEM containing 10 mM ß -glycerophosphate (ß-GP)
and 10 mM lactate.
Results: The DM+VDN+lactate group showed a significant in-
crease in aortic calcium content, levels of aorta runt-related tran-
scription factor 2(RUNX2), bone morphogenetic protein 2(BMP-
2), and nuclear receptor subfamily 4 group A member 1(NR4A1).
In vitro, NR4A1 knockdown decreased calcium content, protein
levels of RUNX2 and BMP-2.
Conclusion: These results suggest that lactate enhance vascular calcifi-
cation partly through NR4A1 activation.

Supported by: National Nature Science Foundation of China (No.
81770451)
Disclosure: Y. Zhu: None.

1157
Fractalkine/CX3CR1 contributes to STZ-induced mechanical
allodynia in the spinal cord of mice
L. Xu1, C.-M. Ni1, H.-P. Sun1, X. Xu1, H. Cao2, Y.-Q. Zhang2;
1Department of Endocrinology, Nanjing Medical University Affiliated
Wuxi People’s Hospital, Wuxi, 2Institutes of Brain Science and State
Key Laboratory of Medical Neurobiology, Fudan University, Shanghai,
China.

Background and aims: Painful diabetic neuropathy (PDN) was a
devastating complication of diabetes mellitus (DM). Mechanical
allodynia, one of the positive sensory symptoms of PDN, was
caused by innocuous stimuli and brought out physical handicaps.
Unfortunately, there is no effective therapy for mechanical
allodynia by far. The underlying mechanisms were poorly under-
stood. Chemokines played a critical physiopathological role in
neuropathic pain while little is known about its effects on STZ-
induced peripheral neuropathy. Fractalkine (FKN), known as
CX3CL1, was the only member of CX3C chemokine subfamily
and produced by neurons and astrocytes. Its coupled receptor,
CX3CR1, mostly presented on the surface of microglial cells with-
in the dorsal spinal cord. Soluble FKN activated the proliferation
and migration of microglial cells surrounding the injured position
with the combination of CX3CR1. It guaranteed the interaction
between different cells, especially in the generation of neuropathic
pain. In this study, we explored whether FKN in the spinal cord
was correlated with the occurrence and maintenance of mechanical
allodynia in STZ-induced type 1 diabetic neuropathy.
Materials and methods: A type 1 diabetic mice model was induced
by intraperitoneal injections of streptozotocin(STZ), including
C57 mice and CX3CR1 knockout (KO) mice. Mechanical
allodynia was assessed by paw withdrawal thresholds (PWTs)
and thermal hyperalgesia was measured by hot plate latencies.
Mechanical allodynia was also tested at different time courses
before and after the administration of the antibody of CX3CR1.
Both western blot and immunohistochemistry(IHC) technique
were applied to analyze the protein expression levels and location
of FKN/CX3CR1.
Results: Three consecutive days injections of STZ induced a typ-
ical diabetic morbid symptoms 1 week later. The fasting blood
glucose and weight was observed. The PWTs were tested weekly
in groups from 1-10 weeks and diabetic mice developed allodynia
7 days later, stably lasted for next 8 weeks and reversed in the 10th

Diabetologia (201 ) 6 (Suppl 1):S1–S6 02 09S556



week (Two-way ANOVA). STZ-induced mice expressed increased
FKN and CX3CR1 in dorsal horn of lumbar spinal cord during the
period of mechanical allodynia (One-way ANOVA). Single dose
intrathecal injection of RA-CX3CR1 released in pain after 5 hours
and went down to 24 hours while 3 consecutive days of adminis-
tration behaved higher PWTs in the next 3 days (Two-way
ANOVA). The development of mechanical allodynia in CX3CR1
KO diabetic mice was delayed, alleviated and shortened compared
with C57 diabetic mice. Furthermore, we also found paw with-
drawal latency prolonged in response to hot plate test in
CX3CR1 KO diabetic mice from week 1 to week8 (Two-way
ANOVA). Additionally, double ICH labeling analysis demonstrat-
ed that CX3CR1-positive cells were mostly co-localized with Iba1
(a microglia marker), and we didn’t find that with astrocytic mark-
er GFAPor neuronal marker NeuN. FKN predominantly co-
expressed with NeuN and partly with GFAP.
Conclusion: Our results demonstrated that inhibition of FKN/
CX3CR1 in the spinal cord of diabetic mice significantly attenuated
mechanical allodynia induced by STZ. FKN/CX3CR1 axis played
an important role in the initial and development of mechanical
allodynia and might be a cellular target for treating PDN in the
future.
Supported by: the Science and Technology Development Fund of Wuxi
(CSE31N1614)
Disclosure: L. Xu: Other; the Science and Technology Development
Fund of Wuxi (CSE31N1614).
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Impaired insulin-induced myocardial microvascular recruitment is
restored by exercise and Iloprost in type 2 diabetes
E.M. van Poelgeest1, A.L. Emanuel2, N.C. de Clercq3, A.-F. Koopen3,
Y.M. Smulders2, M. Nieuwdorp3, E.H. Serne2, E.C. Eringa1;
1Physiology, Amsterdam UMC, location VUMC, Amsterdam, 2Internal
Medicine, AmsterdamUMC, location VUMC, Amsterdam, 3Internal and
Vascular Medicine, Amsterdam UMC, location AMC, Amsterdam,
Netherlands.

Background and aims: Postprandial myocardial perfusion is im-
paired in type 2 diabetes mellitus patients (DM2). Exercise and pros-
tacyclin restore insulin-induced microvascular recruitment (IMVR)
in T2D, but effects on myocardial perfusion have not been studied.
We therefore tested if insulin reduces myocardial perfusion in T2D
and if exercise or a prostacyclin analog restore this impairment.
Materials and methods: 16 DM2 patients (age 56.3±7.3 years, BMI
34.2±3.1 kg/m2 and HbA1c 53.5±13.4 mmol/mol) underwent three
hyperinsulinemic-euglycemic clamps; two at baseline (with and without
simultaneous iloprost infusion in random order), and one after a 12-week
exercise protocol (twice per week aerobic and strength). Before and dur-
ing the clamp we measured myocardial microvascular blood volume
(MBV) by contrast-enhanced ultrasound ultrasonography. IMVR in the
heart was defined as the percentage change inMBVbefore and during the
clamp. Non-invasive hemodynamic measurements were done using
Nexfin.
Results: In T2D patients, insulin reduced myocardial MBV from 11.3
±2.4 to 3.5±0.6% of tissue volume (p=0.03). IMVR in DM2 patients was
recovered by both exercise (-59.2±9.4% to 19.2±22.8, p=0.04) and
Iloprost infusion (-59.2±9.4% to 19.1±31.4%, p=0.04). Exercise, but
not Iloprost, increased the glucose infusion rate (AUC, from 56.5±40.5
to 72.0±41.0 ml/kg/min, p=0.02). Iloprost increased insulin-induced
change in left ventricular contractility (dp/dtmax, 5.1±7.3% to 24.6
±6.7%, p=0.01) and exercise tended to increase dp/dtmax (5.1±7.3% to
23.8±7.5%, p=0.09) compared with insulin alone.
Conclusion: Insulin reduces myocardial blood volume in DM2.
Both exercise and Iloprost infusion restore IMVR, showing a
potential new therapeutic target in the prevention of ischemia
and heart failure in DM2.

Supported by: ICaR-VU project grant
Disclosure: E.M. van Poelgeest: None.
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Rivaroxaban compared to low dose aspirin in type 2 diabetic patients
with high cardiovascular risk: effects on platelet activation and vas-
cular biomarkers
F. Pistrosch1, J. Matschke1, J. Sradnick1, E. Henkel2, I. Weigmann1, A.L.
Birkenfeld1, M. Hanefeld1;
1Medizinische Klinik 3, University Hospital "Carl Gustav Carus",
Dresden, 2GWT Zentrum Metabolisch Vaskuläre Medizin, Dresden,
Germany.

Background and aims: Studies with the direct factor Xa inhibitor
Rivaroxaban in combination with low dose aspirin demonstrated a sig-
nificant reduction of major cardiovascular events compared to aspirin
alone in patients with proven cardiovascular disease. We asked the ques-
tion whether a treatment with Rivaroxaban could influence platelet acti-
vation and serum level of established vascular biomarkers.
Materials and methods: We conducted a multi-centre prospective ran-
domized open label study in type 2 diabetic patients with high cardiovas-
cular risk and subclinical inflammation to compare the effects of
Rivaroxaban 5 mg b.i.d. vs. aspirin 100 mg q.d. on phosphorylation of
vasodilator stimulated phosphoprotein (VASP) in platelets, the produc-
tion of platelet derived micro particles (PMP) - both measured by flow
cytometry and the effects of isolated PMP on HUVEC proliferation
in vitro. Furthermore we assessed several vascular biomarkers by ELISA.
Results: 179 patients (mean age 64.4 ± 7.1 yr, mean diabetes duration 9.2
± 5.2 yr) were included into the ITT analysis. Compared to baseline, we
did not find a change in VASP phosphorylation of platelets - neither with
Rivaroxaban nor with ASS treatment. Number of PMP increased signif-
icantly with both Rivaroxan (365255 ± 372129 mL-1 vs. 237387 ±
157068 mL-1, p=0.005) and aspirin (266024 ± 212723 mL-1 vs. 201678
± 162699 mL-1, p=0.021) without a significant difference between
groups. PMP of aspirin treated patients significantly reduced HUVEC
proliferation (p<0.001 vs. baseline) whereas PMP of Rivaroxaban treated
patients had no significant effect on HUVEC proliferation (p<0.001 vs.
aspirin). Rivaroxaban treatment significantly reduced P-selectin plasma
level however; we did not find a treatment effect on plasma levels of E-
selectin, VCAM-1, ICAM-1, CD40L, nitrotyrosin, IL-6,MCP-1,MMP-9
or GDF-15.
Conclusion: Our data suggest that both Rivaroxaban and low dose aspi-
rin affect platelet activation. This additional effect of the anti Xa inhibitor
may partly explain the favourable cardiovascular outcome of a combina-
tion therapy. Both treatments did not significantly change plasma levels of
a set of vascular biomarkers.
Clinical Trial Registration Number: NCT02164578
Supported by: Bayer Vital GmbH supported the study by an unrestricted
research grant
Disclosure: F. Pistrosch: Grants; Bayer Vital GmbH.

1160
Differential vascular effects of aspirin in patients with type 2 diabetes
without cardiovascular disease and matched controls without
diabetes
L. Vernstrøm, E. Laugesen, E.L. Grove, J.M. Baier, S. Gullaksen, A.-M.
Hvas, P.L. Poulsen, K.L. Funck;
Aarhus University Hospital, Aarhus, Denmark.

Background and aims: Aspirin may have positive effects on the vascu-
lature, but whether the effect of aspirin is different in patients with type 2
diabetes is currently unknown.We aimed to investigate whether the effect
of aspirin on endothelium-dependent vasodilation and arterial stiffness in
patients with type 2 diabetes without known cardiovascular disease is
different from that seen in a matched control group without diabetes.
Specifically, our aims were to investigate the effect of low-dose aspirin
on endothelium-dependent vasodilation and arterial stiffness after the first
ingested tablet and again after 1 week of treatment in both groups. Finally,

we wanted to investigate the vascular effects of aspirin during a 24-hour
dosing interval.
Materials and methods: In an open-label parallel group intervention
study, we included 21 patients with type 2 diabetes and 21 age and sex-
matched controls. Endothelium-dependent vasodilation was assessed as
the logarithmic reactive hyperemia index (lnRHI) measured by peripheral
arterial tonometry (EndoPAT®), and arterial stiffness was assessed as
pulse wave velocity (PWV) measured by applanation tonometry
(SphygmoCor®). Measurements were performed prior to aspirin intake
(baseline) and 1 h after administration of 75 mg of aspirin. Participants
were then treated for 6 days with once-daily aspirin, and measurements
were repeated 24 h and 1 h after aspirin intake.
Results: Figure 1 shows lnRHI results. Baseline lnRHI did not differ
between groups. The control group had an immediate increase in lnRHI
after the first aspirin tablet, whereas this was not observed in patients with
diabetes. The change was statistically significant different between the
groups (p<0.05). After one week of treatment, both groups demonstrated
an increase in lnRHI compared with baseline (p<0.01). In patients with
diabetes, lnRHI was significantly lower 24h after aspirin administration
compared to 1h after administration (p<0.05). This difference was not
observed in controls (p=0.84, difference between groups; (p=0.12)).
Aspirin did not change PWV except after 1 week of treatment from 1
hour to 24 hours, where an increase in PWV was observed. The effect of
aspirin on PWV did not differ between groups.
Conclusion: Aspirin had reduced immediate effect on endothelium-
dependent vasodilation in patients with type 2 diabetes compared with a
matched control groupwithout diabetes. Both groups had improved endothe-
lial function after one week of treatment. Further, our study indicates that the
effect of low-dose aspirin on endothelial function may be declining during a
24-hour dosing interval in patients with type 2 diabetes. The effect of aspirin
on arterial stiffness did not differ between groups. These findings may repre-
sent an early sign of endothelial dysfunction in patients with type 2 diabetes
who may benefit from twice-daily dosing of aspirin.

Clinical Trial Registration Number: 2016-000515-32
Supported by: Independent Research Fund Denmark, Aase og Ejnar
Danielsen Fond
Disclosure: L. Vernstrøm: Grants; The Danish Council for Independent
Research, Aase og Ejnar Danielsen Fond.

1161
The dual GIP/GLP-1 receptor agonist tirzepatide improves lipopro-
tein biomarkers associated with insulin resistance and cardiovascu-
lar risk in patients with type 2 diabetes
J.M. Wilson, A. Nikooienejad, L.M. Bowsman, J.M. Schroeder, D.M.
Hamlin, D.A. Robins, J.S. Riesmeyer, A. Haupt, K.L. Duffin, G. Ruotolo;
Eli Lilly and Company, Indianapolis, USA.
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Background and aims: In a recent Phase 2 trial, tirzepatide (TZP) dose-
dependently reduced HbA1c, body weight and serum triglycerides (TG)
at 26 weeks in moderately obese T2D patients. To better understand the
marked decrease in serum TG following TZP treatment, we measured
several additional lipoprotein-related biomarkers.
Materials and methods: Patients with T2D were randomly assigned
(1:1:1:1:1:1) to receive either once-weekly s.c. TZP (1, 5, 10, or 15
mg), a GLP-1 RA dulaglutide (1.5 mg), or placebo for 26 weeks. We
measured apolipoproteins (apo) B (Roche Diagnostics, Indianapolis, IN)
and apoC-III (Kamiya Biomedical Company, Seattle, WA) by
immunoturbidimetry at baseline and 4, 12 and 26 weeks, and lipoprotein
particle concentration and average lipoprotein particle size by NMR spec-
troscopy (LabCorp, Burlington, NC) at baseline and 26 weeks in stored
plasma EDTA samples. Results were analysed in a modified intent-to-
treat population using a mixed effect model for repeated measures for
apoB, apoC-III, and log-transformed TG. ANCOVA was used for log-
transformed NMR data.
Results:At 26 weeks, TZP dose-dependently decreased apoB and apoC-
III levels compared to baseline and placebo (Table). HDL-C levels did not
change with TZP. The number of total TG-rich lipoprotein (TRL) and
LDL particles significantly decreased with TZP 15 mg compared to base-
line and placebo. This was mostly due to the decreased number of large
TRL and small LDL particles observed with TZP 15 mg doses compared
to baseline and placebo (Table). As a result, the average particle size
decreased for TRL and increased for LDL, and the NMR lipoprotein-
based insulin resistance score LPIR significantly decreased following
treatment with TZP 10 and 15 mg. On the other hand, treatment with
dulaglutide did not affect the number of total lipoprotein particles (TRL
and LDL) or lipoprotein subclasses (large TRL and small LDL), whereas
decreased apoB and apoC-III levels compared to baseline and placebo.
However, as was observed for serum TG, TZP 10 and 15 mg decreased
apoC-III levels significantly more than dulaglutide. For TZP, serum TG
and apoB decreased in both patients with TG <150 mg/dL (1.7 mmol/L)
and TG >150 mg/dL (1.7 mmol/L), even though the effect size was
significantly greater in the latter. Intercept free regression analysis showed
that 47% and 29% of TG reduction could be explained by concomitant
weight loss with 10 and 15 mg, respectively.
Conclusion: Tirzepatide dose-dependently decreased apoB, apoC-III and
number of large TRL and small LDL particles, suggesting net improve-
ment in insulin sensitivity and atherogenic lipoprotein profile. The clini-
cal relevance of these lipoprotein changes need to be further assessed in
clinical outcome studies.

Clinical Trial Registration Number: NCT03131687
Supported by: Eli Lilly and Company
Disclosure: J.M. Wilson: Employment/Consultancy; Eli Lilly and
Company. Stock/Shareholding; Eli Lilly and Company.

1162
Effect of liraglutide vs empagliflozin treatment on cardiovascular
biomarkers in type 2 diabetic patients
M.P.A. Baldassarre, S. Coluzzi, C. Tinari, F. Febo, P. Lanuti, E.
Ercolino, G. Formoso, A. Consoli;
Department ofMedicine and Aging Sciences, Aging Research Center and
Translational Medicine CeSI-MeT, "G. d'Annunzio" University, Chieti,
Italy.

Background and aims: Endothelium and platelet derived microvesicles
(MVs) are circulating cellular markers of endothelial dysfunction, the first
step of vascular disease. By evaluating MVs, one might gain insight into
the mechanisms underlying the cardiovascular protective effects of GLP-
1 receptor agonists and gliflozins. Aim of the study was to observe the
effects on circulating MVs levels, a direct indicator of vascular damage,
of liraglutide or empagliflozin, as compared to gliclazide, in type 2 dia-
betic patients.
Materials and methods: Fourtyfive type 2 diabetic subjects, HbA1c
>7% with no cardiovascular complications, were randomized to
liraglutide (15), empagliflozin (15), or gliclazide (15) as add on to met-
formin therapy. MVs count and evaluation of HbA1c, microalbuminuria,
cholesterol, uric acid, weight, ankle/brachial index were performed before
and after a 12 week-treatment period. Levels of MVs derived from endo-
thelium and platelets were evaluated in freshly drawn whole blood by
flow cytometry, using a single platform count. Differences in MVs levels
before and after treatment as well as differences in metabolic parameters
were analyzed by Wilcoxon/Kruskal-Wallis test. The comparison among
the 3 different groups was analyzed by Kruskal-Wallis test; differences
between 2 groups were analyzed by Mann-Whitney test. Statistical sig-
nificance was accepted for p<0.05. Correlations between MVs variation
and the anthropometric/metabolic parameters assessed were analyzed by
Spearman’s rank correlation.
Results: Levels of total, endothelial and platelet MVs were significantly
reduced only after treatment with liraglutide (65%, 85%, 63% respective-
ly, p<0.05). No changes were observed with empagliflozin or gliclazide.
No relationship between MVs change and metabolic control improve-
ment was observed.
Conclusion: Liraglutide treatment significantly reduces circulating levels
of specific biomarkers of endothelial dysfunction. In contrast,
empagliflozin does not seem to have any effect on these markers. This
supports the hypothesis that the 2 molecules might exert cardiovascular
protection by different mechanisms of action: a vascular direct effect in
the case of liraglutide and a predominantly hemodynamic action in the
case of empagliflozin.
Clinical Trial Registration Number: 2013-004947-22
Disclosure: M.P.A. Baldassarre: None.

1163
Effects of a 3-month treatment with liraglutide and empagliflozin
combination on myocardial work and vascular function indices in
type 2 diabetic patients
V. Lambadiari1, D. Birba1, J. Thymis2, A. Kalogeris2, K. Balampanis1,
N. Karamichalakis2, K. Kountouri1, G. Pavlidis1, K. Katogiannis2, F.
Kousathana1, G. Dimitriadis1, I. Ikonomidis2;
12nd Dpt of Internal Medicine, Diabetes Center, Research Unit, Athens
University Medical School, Attikon Hospital, Haidari, Athens, 22nd Dpt
of Cardiology, Athens University Medical School, Attikon Hospital,
Haidari, Athens, Greece.

Background and aims: Glucagon-like peptide-1 analogues (GLP-1A)
and sodium-glucose co-transporter-2 inhibitors (SGLT2i) have proven
cardiovascular benefit in patients with type-2 diabetes mellitus (T2DM)
in large cardiovascular outcomes studies. We studied the effects of treat-
ment with liraglutide, empagliflozin and their combination on vascular
and cardiac function indices.
Materials and methods: 120 patients with type 2 diabetes were random-
ized to receive standard treatment with insulin+/-metformin and DDP4i,
(n=30), liraglutide (n=30), empagliflozin (n=30) or their combination
(GLP-1R+SGLT-2) for 3 months (n=30). We measured at baseline and
after treatment: a) carotid-femoral pulse wave velocity (PWV), central
systolic blood pressure (cSBP) b) the perfusion boundary region (PBR-
micrometers) of the sublingual arterial microvessels, as a marker of en-
dothelial glycocalyx thickness. c) global LV longitundinal strain (GLS),
peak LV untwisting velocity and global myocardial work index (GWI)
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derived by pressure-myocardial strain loops using speckle tracking imag-
ing and PWV to GLS ratio, as a marker of ventricular-arterial coupling
Results: All treatment groups had similar vascular and cardiac markers
,glucose levels and HbA1 at baseline (p>0.05). After treatment, all pa-
tients had improved GLS, PWV and increased LV twisting-untwisting
velocities (p<0.05). Patients under GLP-1R, SGLT-2 and their combina-
tion achieved a significant reduction of PBR, PWV, central SBP and a
greater increase of GWI (30%, 25% and 50% respectively) and LV
untwisting velocities (p<0.05) than those under insulin did (15% reduc-
tion of GWI), despite a similar reduction of HbA1 (p<0.05). The combi-
nation of GLP-1A and SGLT-2 showed a greater improvement of the
measured markers than each treatment alone (table, p<0.05). After treat-
ment, the reduction of PBR (indicating improvement of glycocalyx thick-
ness) was related with the changes in central SBP (r=0.40) and PWV
(r=0.35) (p<0.05).
Conclusion:A three-month treatment with liraglutide, empagliflozin and
their combination showed a greater improvement of vascular markers,
ventricular-arterial coupling and effective cardiac work compared to in-
sulin treatment in type 2 diabetes.

Clinical Trial Registration Number: NCT03878706
Disclosure: V. Lambadiari: None.

1164
Liraglutide and semaglutide improve cardiovascular and renal out-
comes across most BMI categories in type 2 diabetes: results of the
LEADER and SUSTAIN 6 trials
S. Verma1, S.C. Bain2, D.L. Bhatt3, L.A. Leiter1, C.D. Mazer1, D.K.
McGuire4, R. Pratley5, B. Zinman6, S. Lindberg7, S. Rasmussen7, H.
Vrazic7, J.B. Buse8;
1St. Michael's Hospital and University of Toronto, Toronto, Canada,
2Institute of Life Science, Swansea University, Swansea, UK, 3Brigham
and Women’s Hospital Heart and Vascular Center & Harvard Medical
School, Boston, USA, 4University of Texas Southwestern Medical
Center, Dallas, USA, 5AdventHealth Translational Research Institute
for Metabolism and Diabetes, Orlando, USA, 6Lunenfeld–Tanenbaum
Research Institute, Mt. Sinai Hospital, University of Toronto, Toronto,
Canada, 7Novo Nordisk A/S, Søborg, Denmark, 8University of North
Carolina School of Medicine, Chapel Hill, USA.

Background and aims: Whether cardiorenal benefits of liraglutide and
semaglutide are consistent across BMI categories is unknown. We per-
formed post hoc analyses on LEADER and SUSTAIN 6 data to evaluate
cardiorenal efficacy by BMI groups in patients with type 2 diabetes (T2D)
and high cardiovascular (CV) risk.
Materials and methods: LEADER and SUSTAIN 6 were randomised
CVoutcome trials of liraglutide and semaglutide vs placebo in 9340 and
3297 patients, respectively, with T2D and high CV risk. The primary
outcome was a composite of CV death, nonfatal myocardial infarction
or nonfatal stroke (major adverse CV events, MACE), with secondary
outcomes including nephropathy measures (new or persistent
macroalbuminuria, serum creatinine doubling, end-stage kidney disease

or death from kidney disease). We evaluated the effect of liraglutide and
semaglutide on these cardiorenal outcomes, stratified by baseline BMI
groups. HRs for treatment vs placebo were calculated using a Cox pro-
portional hazards model with treatment and eligibility risk group as fac-
tors, adjusted for baseline characteristics related to cardiorenal risk within
BMI groups.
Results: In LEADER, 9%, 29%, 32% and 30% of patients had a baseline
BMI of <25 kg/m2, ≥25-<30 kg/m2, ≥30-<35 kg/m2 and ≥35 kg/m2, re-
spectively; for SUSTAIN 6, this was 8%, 28%, 33% and 31%. Baseline
characteristics were mostly balanced within BMI groups. Both liraglutide
and semaglutide improved MACE and nephropathy outcomes across most
BMI groups vs placebo (Figure). Additionally, more weight loss was ob-
served with liraglutide (<25 kg/m2: −0.85 kg; ≥25-<30 kg/m2: −1.93 kg;
≥30-<35 kg/m2: −2.06 kg; ≥35 kg/m2: −3.25 kg; p-interaction: <0.001) and
semaglutide (<25 kg/m2: −3.34 kg; ≥25-<30 kg/m2: −3.09 kg; ≥30-<35 kg/
m2: −3.65 kg; ≥35 kg/m2: −3.99 kg; p-interaction: 0.09) vs placebo.
Conclusion: In LEADER and SUSTAIN 6, liraglutide and semaglutide
improved CVand renal outcomes with no apparent systematic differences
across BMI groups.

Clinical Trial Registration Number: NCT01179048; NCT01720446
Supported by: Novo Nordisk
Disclosure: S. Verma: Honorarium; Research grants and/or speaking
honoraria from Boehringer Ingelheim/Eli Lilly, AstraZeneca, Janssen,
Merck, Novartis, Novo Nordisk, Sanofi, Valeant and Amgen.

1165
Short-term effect of empagliflozin on endothelial function in patients
with type 2 diabetes and cardiovascular diseases: a placebo-
controlled randomised trial (EMBLEM)
A. Tanaka1, M. Shimabukuro2, N. Machii2, H. Teragawa3, Y. Okada4,
K.R. Shima5, T. Takamura5, I. Taguchi6, I. Hisauchi6, Y. Sato7, S. Ueda8,
Y. Higashi9, K. Node1, The EMBLEM Investigators;
1Saga University, Saga, 2FukushimaMedical University, Fukushima, 3JR
Hiroshima Hospital, Hiroshima, 4University of Occupational and
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Environmental Health, Kitakyusyu, 5Kanazawa University Graduate
School of Medical Sciences, Kanazawa, 6Dokkyo Medical University
Saitama Medical Center, Koshigaya, 7Keio University School of
Medicine, Tokyo, 8University of the Ryukyus, Nishihara, Japan,
9Hiroshima University, Hiroshima, Japan.

Background and aims: Recent large trials on sodium glucose
cotransporter 2 (SGLT2) inhibitors showed that these agents im-
proved cardiovascular outcomes in patients with type 2 diabetes
mellitus (T2DM) who had a high risk of cardiovascular events.
However, the underlying mechanisms of these clinical benefits
and effects on endothelial function in that population remain un-
certain. The aim of this study was to investigate whether
empagliflozin treatment can improve endothelial function in pa-
tients with T2DM and cardiovascular disease (CVD).
Materials and methods: The study was a prospective, multicenter,
placebo-controlled, double-blind, randomized design, undertaken
in 16 Japanese centers. Adults with T2DM and established CVD
were randomized (1:1) to receive either empagliflozin 10 mg daily
or placebo for 24 weeks. The effect of treatment on endothelial
function was assessed by changes from baseline to 24 weeks in the
primary efficacy endpoint, the reactive hyperemia-peripheral arte-
rial tonometry-derived index (RHI).
Results: 117 patients (mean age 64.9±10.4 years, mean body mass
index 26.4±5.3 kg/m2, mean diabetes duration 13.2±10.9 years,
and mean HbA1c 7.2±0.8%) were randomized into the two treat-
ment groups. Absolute changes in RHI from baseline to 24 weeks
did not differ between the two groups (-0.006 ± 0.478
empagliflozin group vs -0.025 ± 0.454 placebo group; group dif-
ference 0.019, 95% CI -0.168 to 0.206, p=0.840). An analysis of
covariance model adjusted by allocation factors also demonstrated
no significant group difference in changes in RHI (adjusted mean
difference -0.020, 95%CI -0.199 to 0.158, p=0.821). Reductions
from baseline to 24 weeks in body mass index (group difference in
change from baseline to 24 weeks -0.58 kg/m2, 95%CI -0.93 to -
0.23, p=0.002), HbA1c (-0.32%, 95%CI -0.56 to -0.07, p=0.011),
and uric acid (-0.77 mg/dL, 95%CI -1.16 to -0.39, p<0.001) and
increase in hemoglobin (0.46 g/dL, 95%CI 0.12 to 0.80, p=0.009)
were significantly greater in the empagliflozin group than in the
placebo group.
Conclusion: This placebo-controlled randomized trial is the first to
show that 24 weeks of empagliflozin treatment had no significant
effect on endothelial function in patients with T2DM and manifest
CVD. The empagliflozin-induced improvement in cardiovascular
outcomes observed in the previous study may be mediated via
mechanisms other than amelioration of endothelial function, at
least in the short term intervention by empagliflozin.
Clinical Trial Registration Number: UMIN000024502
Supported by: Nippon Boehringer Ingelheim and Eli Lilly and Company
Disclosure: A. Tanaka: Honorarium; Astellas, AstraZeneca, Boehringer
Ingelheim, Daiichi Sankyo, Merck, Mitsubishi Tanabe, Novo Nordisk,
Taisho Toyama, and Takeda.
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Sotagliflozin reduces markers of arterial stiffness in type 1 diabetes:
pooled analysis from in Tandem1 and in Tandem2 clinical trials
H. Wachslicht Rodbard1, A. Giaccari2, M. Davies3, S. Sawhney3, S.
Wang4, S.K. Garg5, B. Cariou6;
1Endocrine and Metabolic Consultants, Rockville, USA, 2Center for
Endocrine and Metabolic Diseases, Fondazione Policlinico
Universitario A. Gemelli IRCSS, Università Cattolica del Sacro Cuore,
Rome, Italy, 3Lexicon Pharmaceuticals, Inc., The Woodlands, USA,
4Sanofi US, Inc., Bridgewater, USA, 5University of Colorado Denver,
Aurora,USA, 6l'institut du thorax, INSERM, CNRS, UNIV Nantes,
CHU Nantes, Nantes, France.

Background and aims: Cardiovascular (CV) disease is a major
cause of mortality in type 1 diabetes (T1D). Elevated blood pres-
sure (BP), including both systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP), and increased arterial stiffness are
linked to CV events. While sodium-glucose cotransporter 2
(SGLT2) inhibitors have shown positive outcomes pertaining to
BP and markers of arterial stiffness and vascular resistance in
adults with type 2 diabetes, such effects have not been reported
previously in T1D.
Materials and methods: When added as an adjunct to insulin ther-
apy, sotagliflozin (SOTA), a dual SGLT1 and SGLT2 inhibitor, has
previously demonstrated significant SBP reduction vs. placebo in
adults with T1D. In this post hoc analysis, several indirect markers
of arterial stiffness including pulse pressure (PP), mean arterial
pressure (MAP), and double product (DP), were calculated using
observed SBP, DBP, or pulse rate at Week 24 using pooled data
(n=1,575) from the inTandem1 and 2 studies.
Results: Baseline characteristics were similar among groups.
Significant placebo-adjusted reductions were observed at Week
24 for SOTA 200 mg and 400 mg in SBP, DBP, MAP, and DP,
and in PP for SOTA 400 mg (Table). The reductions in BP were
not associated with increases in pulse rate.
Conclusion: Treatment with SOTA in adults with T1D resulted in
significant reduction in BP and several indirect markers of arterial
stiffness and vascular resistance. These data were presented at the
American Diabetes Association's 78th Scientific Sessions, June 7-
11, 2019, San Francisco, California, USA.

Clinical Trial Registration Number: NCT02384941; NCT02421510
Supported by: Lexicon Pharmaceuticals, Inc./Sanofi
Disclosure: H. Wachslicht Rodbard: Employment/Consultancy;
Amylin Pharmaceuticals Inc., AstraZeneca Pharmaceuticals LP, Biodel
Inc., Bayer Health Care LLC, Merck, Novo Nordisk A/S, Roche
Pharmaceuticals, Sanofi, Takeda Pharmaceuticals U.S.A. Inc. Grants;
AstraZeneca Pharmaceuticals LP, Biodel Inc., Boehringer Ingelheim
Pharmaceuticals Inc., Hamni, Janssen Pharmaceuticals, Eli Lilly and
Company, Merck, Novartis Pharmaceuticals Corporation, Novo
Nordisk A/S, Roche Pharmaceuticals, Sanofi. Lecture/other fees;
AstraZeneca Pharmaceuticals LP, BMS, Boehringer Ingelheim
Pharmaceuticals Inc., Janssen, Eli Lilly and Company, Merck, Novo
Nordisk A/S, Sanofi, Takeda Pharmaceuticals U.S.A. Inc.
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National registry of diabetes: prevalence of malignant neoplasms in
patients with type 2 diabetes: a pilot study
M. Tuhackova1, P. Krollova1, M. Kvapil1, K. Benesova2,3, J.
Jarkovsky2,3, L. Dusek2,3;
1Department of Internal medicine 2nd Faculty of Medicine, Ch. U. in
Prague and Motol University Hospital, Prague, 2Institute of Health
Information and Statistics of the Czech Republic, Prague, 3Institute of
Biostatistics and Analyses of the Faculty of Medicine, Masaryk
University, Brno, Czech Republic.

Background and aims: The increased risk of malignant neoplasms
(MN) in patients with diabetes mellitus (DM) has been repeatedly
described. Data about MN prevalence in the Czech Republic has not
been reported, before. The aim of the pilot study of the The
National Diabethology information system (NDIS) is to state the
coincidence of MN and DM in patients in the Czech Republic.
Materials and methods:Anonymised data from the NDIS were used
from years 2010-2017. Information from the public health insur-
ance system was used to extract data about both outpatient and
inpatient care, underwent procedures and pharmacological treat-
ment. Identification according to the International Classification
of Diseases and Related Health Problems (ICD; ICD E10-E15 or
other DM related disorders) was used. Moreover, patients were
classified according to the anti-diabetic medication used (ATC;
ATC 10). Data about diabetes specific treatment or other treatment
used were also included. More than 1mil. patients (1 001 301) with
DM were identified in the 2017. Malignancies were classified ac-
cording to ICD (C00-C97, without C44).
Results: Among DM patients malignant neoplasms were identified
in 15,5% of them. Most frequent were MN of breast, colon, anus
and anal canal and prostate. The incidence of MN is increasing with
age of the patient (except for MN of testis - incidence is decreasing,
and Hodgkin lymphoma - incidence is not changing with the age of
the patient). The proportion of women treated for MN of breast
(C50) is increasing in time (from 3.3% to 3.9%). The increase is
due to the fact, that more women older than 60 years are diagnosed
with DM2. For MN of the colon, anus and the anal canal the per-
centage of patients does not change in time, for certain age catego-
ries is even decreasing. A proportion of males with MN of prostate
(C61) is increasing in time (2.9% to 3.8%). Again, this is caused by
increase in DM2 treated patients in older age group. In younger
patients (under 60) the proportion does not change. For MN of
kidney (C64) a relatively small increase in incidence was observed
(0.8% to 0.9%). For MN of uterus (C54, C55) the percentage of
treated women is slightly decreasing in time. The most significant
decrease has been observed for age group 60-69 years old. The
proportion of patients with MN of pancreas (C25) is not changing.
Conclusion:The prevalence ofMN inDM2patients is increasing in the time
monitored (2010-2017) forMNof breast, prostate and kidney. The proportion
of DM patients treated for MN of pancreas does not change in time.
Disclosure: M. Tuhackova: None.

1168
Occurrence of advanced adenoma as a precancerous colorectal lesion
is significantly higher in people with prediabetes and type 2 diabetes:
a multicentre prospective study
J. Jirkovska1, O. Ngo2, T. Grega1, G. Veprekova1, S. Solar1, O. Majek2,
M. Zavoral1, S. Suchanek1;
1Department of Internal Medicine, First Faculty of Medicine, Charles
University and Military University Hospital, Prague, 2Institute of biosta-
tistics and analyses, Masaryk University, Brno, Czech Republic.

Background and aims: The incidence and prevalence of both colo-
rectal cancer (CRC) and metabolic syndrome (MS) is rising. The
association of diabetes with an increased risk of gastrointestinal
tumors is known. Less evidence is available of the relationship
between MS and CRC precancerous lesions (adenomas, advanced
adenomas). Screening is of crucial importance in early detection of
curable stages of CRC. Aim was to study the occurrence of precan-
cerous lesions/CRC in individuals at metabolic risk.
Materials and methods: A pilot multicenter prospective study was
conducted by 8 endoscopy units, 32 general practicioners and 24
diabetologists in 2012-2015. In total, 2362 asymptomatic individ-
uals (45-75 years of age with no prior history of CRC and no type 1
diabetes) were recruited to undergo screening colonoscopy or im-
munochemical faecal occult blood test positive colonoscopy. For
purpose of this study, 1491 subjects were evaluated, 514 in target
at metabolic risk group (prediabetes/type 2 diabetes with/without
increased cardiovascular risk defined as Systematic COronary Risk
Evaluation SCORE ≥ 10%) and 977 in control group (no glucose
impairment and SCORE < 10 %). The target group was divided into
4 subgroups: S1 (type 2 diabetes with SCORE ≥ 10%, N = 194), S2
(type 2 diabetes with SCORE <10%, N = 204), S3 (prediabetes with
SCORE ≥ 10%, N = 63), S4 (prediabetes with SCORE <10%, N =
53). All data were submitted to on-line database. The adjusted com-
parison was performed by logistic regression with Likelihood ration
test including age, sex and colonoscopy adjustment.
Results: A significant difference in occurrence of an advanced adenoma
among the subgroups was observed (p = 0.049). The highest occurrence
of advanced adenomas was found in S3 (27.0 %), followed by S1 (13.9
%), S4 (13.2 %), S2 (8.8 %) and controls (8.1 %). The difference in
occurrence of all adenomas and histologically verified CRC among sub-
groups was not significant (p = 0.309 and p = 0.915, respectively). Most
adenomas were found in S3 (57.1 %), the lowest occurrence was in
control group (34.5 %). The occurrence of CRC was highest in S1 (2.6
%) and lowest in controls (1.1 %).
Conclusion: In people with prediabetes/type 2 diabetes, a trend of higher
occurrence of all observed colorectal pathologies is observed in compar-
ison with non risk subjects, and even the association of prediabetes/type 2
diabetes with the occurrence of advanced adenomas is significant. Results
could help to identify at risk individuals profiting from personalized CRC
screening program modification. Education of diabetics on lifestyle
changes is constantly up-to-date both in reaching targets of glycemic
control and minimizing the risk factors for CRC.
Supported by: 16-29614A, MO1012, ProgresQ28/LF1
Disclosure: J. Jirkovska: Grants; 16-29614A, MO1012, ProgresQ28/
LF1.

1169
Association of serum glucose levels with disease free survival in soft
tissue sarcoma patients
F. Aziz1, A. Stelzl2, J.M. Riedl2, M.A. Smolle3, T. Stojakovic4, F. Posch5,
A. Terbuch2, M. Pichler2, A. Leithner2, H. Stöger2, B. Liegl-Atzwanger6,
M. Stotz2, A. Gerger7, J. Szkandera2, H. Sourij8;
1Division of Endocrinology and Diabetology, Department of Internal
Medicine, Medical University of Graz; Center for Biomarer Research in
Medicine (CBmed), Graz, 2Division of Oncology, Department of Internal
Medicine, Medical University of Graz, Graz, 3Department of
Orthopaedics and Trauma, Medical University of Graz, Graz, 4Clinical
Institute of Medical and Chemical Laboratory Diagnostics, University
Hospital, Graz, 5Division of Oncology, Department of Internal
Medicine, Medical University of Graz; Center for Biomarer Research in
Medicine (CBmed), Graz, 6Institute of Pathology, Medical University of
Graz, Graz, 7Research Unit Genetic Epidemiology and Pharmacogenetics,
Division of Clinical Oncology, Medical University of Graz, Graz, 8Division
of Endocrinology and Diabetology, Department of Internal Medicine,
Medical University of Graz, Graz, Austria.
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Background and aims: Accumulating evidence implicates diabetes in
adverse cancer outcomes. However, the indepdendent effect of hypergly-
cemia on cancer outcomes in soft tissue sarcoma (STS) is unknown. This
study investigated the association of glucose levels with disease-free sur-
vival (DFS) and overall survival (OS) in non-diabetic STS patients after
curative resection.
Materials and methods: A retrospective analysis of 294 non-diabetic
patients with localized STS was performed. THe OS (from the date of
surgery until the date of death), DFS (from the date of surgery until the
date of recurrence), and early post-surgery glycemia (mean of first two
glucose values available for each patient) levels were calculated.
Univariate and multivariable Cox proportional-hazard regression analysis
was performed to assess the association of mean glucose level with DFS
and OS.
Results:Themedian follow-up times for DFS andOSwere 4 and 5 years,
respectively. Five-year DFS was 71%, 10- year DFS was 61%, 5-year OS
was 71%, and 10-year OS was 58%. In univariate Cox regression analy-
sis, each 10mg/dL increase in post-surgery blood glucose was associated
with a 9% increase in the risk of disease progression (Hazard ratio: 1.09,
95% Confidence Interval [CI]: 1.01-1.18; p=0.016). The corresponding
hazard ratio for OS was 1.04 (95%CI: 0.97-1.11; p=0.236). After
adjusting for age, sex, tumor size, tumor grade, tumor location, tumor
depth, resection margins, adjuvant radiotherapy, and chemotherapy, the
corresponding hazard ratios of glycaemia with DFS and OS were 1.12
(95%CI: 1.01-1.23; p=0.022) and 1.04 (95%CI: 0.96-1.13; p=0.337),
respectively.
Conclusion:Mean glucose is significantly associated with worse DFS in
STS patients. These findings suggest serum glucose levels as a potential
future biomarker for adverse outcome in STS.
Disclosure: F. Aziz: None.
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Impact of metabolic syndrome on the incidence of thyroid cancer
E. Kim1, J. Han1, S. Moon1, K. Han2, H.-S. Kwon1;
1Incheon St. Mary’s Hospital, College of Medicine, The Catholic
University of Korea, Incheon, 2The Catholic University of Korea,
Seoul, Republic of Korea.

Background and aims: Current evidence suggests that obesity and poor
metabolic health increase cancer risk. This study was aimed to investigate
whether thyroid carcinoma risk is higher in individuals with metabolic
syndrome (MetS) or obesity phenotypes.
Materials and methods: Adults who participated in health screening
between 2009 and 2014 and whose data were stored in the Korean
National Health Insurance Database were studied. Obesity was classified
into metabolically healthy and unhealthy categories, according to the
presence of MetS. Cox proportional hazard models were used to estimate
the risk of thyroid carcinoma.
Results: During a median 5.6 years of follow-up, 158,788 new cases of
thyroid carcinoma were identified. In multivariate models adjusted for
age, smoking, drinking, exercise, and income status, the risk of thyroid
carcinoma increased with increasing body mass index and the presence of
components of MetS. MetS was associated with a 1.30-fold higher risk of
thyroid carcinoma in men and a 1.12-fold higher risk in women.
Compared with metabolically healthy non-obese individuals, metaboli-
cally unhealthy non-obese individuals of both sexes had a higher risk of
thyroid carcinoma. However, poor metabolic health was associated with a
risk of thyroid carcinoma that was greater than that due to obesity alone
only in men.
Conclusion: Components of MetS, especially obesity, and MetS were
significantly associated with a higher risk of thyroid carcinoma.
Moreover, metabolically unhealthy people were at higher risk of thyroid
carcinoma despite a normal body mass index. Thus, management of
metabolic disorders may provide the additional benefit of aiding thyroid
carcinoma prevention.

Supported by: NRF 2018R1D1A1B07049079
Disclosure: E. Kim: None.
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Does obesity-related cancer risk differ between gliclazide and other
sulphonylureas?
J. Du1, N. Kleefstra2,3, H. van Hateren2,4, D. Schrijnders2, J.A. Johnson5,
G.H. de Bock1, G.W.D. Landman2,6;
1Department of Epidemiology, University of Groningen, Groningen,
Netherlands, 2Langerhans Medical Research Group, Zwolle,
Netherlands, 3High and Intensive Care, GGZ Drenthe Mental Health
Institute, Assen, Netherlands, 4Department of General Practice,
Floralaan-Meeuwenplein, Hardenberg, Netherlands, 5Department of
Epidemiology, University of Alberta, Edmonton, Canada, 6Department
of Internal Medicine, Gelre Hospital, Apeldoorn, Netherlands.

Background and aims: The increased cancer risk in patients with
type 2 diabetes mostly concerns obesity-related cancers. Compared
to other sulphonylureas (SUs), evidence suggests that gliclazide has
the lowest hypoglycemia risk and might be associated with lower
risk of cardiovascular diseases and also obesity-related cancers. We
aimed to determine whether gliclazide, accounting for cumulative
duration of usage, was associated with a different obesity-related
cancer risk compared to other SUs.
Materials and methods: The Zwolle Outpatient Diabetes project
Integrating Available Care database was used, linked with the
Dutch National Cancer Registration and the Dutch Population
Register for obesity-related cancer (the most recent definition) and
mortality information, respectively. A prospective cohort study was
conducted among 71,648 type 2 diabetes patients between 1998 and
2016, with the first SU usage as baseline. All SU users (n=30,434)
except those treated with insulin (n=1,284), with a history of cancer
(n=2,863), or with no clinical information (n=80) were included. Cox
regression analyses were used to estimate adjusted hazard ratios
using gliclazide as a reference, with and without cumulative duration
of SU usage entering the model as a time-dependent variable, respec-
tively. All the analyses used age as time-scale and corrected for base-
line covariates: metformin usage, diabetes duration, new SU user or
not, HbA1c, BMI, creatinine, active smoking, and cohort entry year.
Results: Of all the included patients (n=26,207), 45.5% were new SU
users. At baseline, they had a mean age of 66 years, a median diabetes
duration of 6 years and a median metformin usage of 1 year. The median
follow-up duration was 7 years. During 167,692 person-years of follow-
up, 611 males (Incidence rate: 721.5 per 105 person-years) and 575 fe-
males (Incidence rate: 701.7 per 105 person-years) were diagnosed with
obesity-related cancer. Incidence rates and relative risk of obesity-related
cancers are presented in the table.
Conclusion: In this Dutch primary care cohort of type 2 diabetes
patients, the obesity-related cancer risk did not differ between
gliclazide and other SUs, when accounting for cumulative dura-
tion of SU use. The width of the confidence intervals does not
exclude a potential relevant difference.
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Clinical Trial Registration Number: NTR6166 (www.trialregister.nl)
Supported by: We thank the NWO for supporting this study.
Disclosure: J. Du: Grants; Nederlandse Organisatie voor
Wetenschappelijk Onderzoek.
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Insulin hypersecretion promotes pancreatic cancer development via
increased fibrosis
A.M.Y. Zhang, J. Magrill, T.J.J. de Winter, X. Hu, S. Skovso, D.F.
Schaeffer, J.L. Kopp, J.D. Johnson;
University of British Columbia, Vancouver, Canada.

Background and aims: Epidemiological studies have shown that
hyperinsulinemia is independently associated with pancreatic ductal ade-
nocarcinoma (PDAC). However, the cause and effect relationship be-
tween hyperinsulinemia and PDAC has not been directly determined. A
recent work from our group demonstrated in a mouse model of pancreatic
cancer development (Ptf1aCreER;LSL-KrasG12D) that Ins1+/-;Ins2-/- mice
with ~50% reduced fasting insulin, but normal fasting glucose, had a
~50% reduction in pancreatic intraepithelial neoplasia (PanIN) pre-
cancerous lesions compared with Ins1+/+;Ins2-/- control mice. However,
the pathological mechanisms by which hyperinsulinemia drives PanIN
formation in our mice model had not been identified.
Materials and methods: To determine if hyperinsulinemia has direct
mitogenic effects on pancreatic exocrine cells in vivo, we counted the
percentage of each cell type that was positive for the proliferation marker
Ki67. We also examined whether insulin modulated fibrosis, which had
been suggested to support pancreatic cancer cells survival and growth by
quantifying the percent of Sirius Red+ area. Moreover, to examine cell-
type-specific transcriptome changes affected by hyperinsulinemia, we
performed single-cell RNA sequencing.
Results: By counting the percent of Ki67+ cells, there were no significant
differences in proliferation rate in any of the cell types between
Ptf1aCreER;LSL-KrasG12D;Ins1+/-;Ins2-/- mice and Ptf1aCreER;LSL-
KrasG12D;Ins1+/+;Ins2-/- mice although the variation was very high between
mice within the groups. However, we found that our experimental
Ptf1aCreER;LSL-KrasG12D;Ins1+/-;Ins2-/- mice (n=9) had ~50% reduction in
collagen deposition than control Ptf1aCreER;LSL-KrasG12D;Ins1+/+;Ins2-/-

mice (n=13) (p=0.0077).
Conclusion:Our data suggest hyperinsulinemia is a causal factor linking
obesity to PDAC and hyperinsulinemia promotes PanIN development in
part by contributing to the fibrogenesis associated with PanIN. Lifestyle
interventions or therapeutics with mild insulin suppressing actions may
be useful in the prevention of some cancers.
Supported by: Cancer Research Society Grant, CCSRI Innovation Grant
Disclosure: A.M.Y. Zhang: None.
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Association of serum branched-chain amino acids with cancer risk:
the Hong Kong Diabetes Register (HKDR)
L.-L. Lim1,2, H.-M. Lee1, E. Lau1,3, A. Luk1,4, E. Chow1,4, R. Ma1,4, J.
Chan1,4, A. Kong1,4;
1Department of Medicine and Therapeutics, The Chinese University of
HongKong, Shatin, HongKong, 2Department ofMedicine, University of
Malaya, Kuala Lumpur, Malaysia, 3Asia Diabetes Foundation, Shatin,
Hong Kong, 4Hong Kong Institute of Diabetes and Obesity, The
Chinese University of Hong Kong, Shatin, Hong Kong.

Background and aims: Hyperglycemia and obesity are major risk factors
for many types of cancer. Branched-chain amino acids (BCAAs including
leucine, isoleucine and valine) supplements are commonly used in cancer
cachexia. However, recent data suggest that BCAAs may contribute to
tumorigenesis. We examined the association between serum BCAAs and
cancer risk in a prospective Chinese cohort with type 2 diabetes.

Materials and methods: Between 1995 and 2007, all patients with
diabetes had structured assessment (eye/feet examination and
blood/urine tests) with enrolment into the HKDR after written
consents. We measured fasting serum BCAAs in 2607 patients
who were cancer-free at baseline, had available stored serum sam-
ples and with the onset of cancer after one year of enrolment. The
primary outcome was the first occurrence of any cancer with data
censored on 30 June 2017. We performed Cox proportional haz-
ards models with serum ln-transformed BCAAs as the predictor
variable, adjusting for age, sex, duration of diabetes, cardiometa-
bolic risk factors (HbA1c, systolic blood pressure, LDL-cholester-
ol, triglyceride and body mass index), smoking status, alcohol
habit and the usage of renin-angiotensin system inhibitors, insulin,
lipid- and oral glucose-lowering drugs.
Results: After a mean±SD follow-up of 13.4±4.2 years, 289
(11.1%) patients developed cancer, mainly from the digestive tract
(n=138 including 54 colorectal, 35 liver and 14 pancreatic), gen-
itourinary tract (n=47), lung (n=45) and breast (n=21). The median
(interquartile range) serum BCAAs at baseline was not statistically
different between patients with and without incident cancer (612.3
[528.5-716.3] vs. 603.7 [522.7-706.3] μmol/L; P=0.48). In multi-
variable Cox models, the risk of all-site cancer was not signifi-
cantly increased in the entire cohort (per 1-SD increase in ln-
transformed BCAAs: HR 0.95, 95% CI 0.84-1.08). In subgroup
analysis, the corresponding HR for genitourinary cancer was
1.31 (1.04-1.64; P=0.022). By contrast, the associations were not
significant for digestive tract (0.97, 0.81-1.16), colorectal (0.93,
0.70-1.23), liver (1.30, 0.97-1.74), pancreatic (0.81, 0.43-1.52),
lung (0.77, 0.51-1.16) and breast (0.76, 0.45-1.26) cancer. There
were no significant BCAA-sex interactions in all analyses.
Conclusion: The cancer types and the differential mechanisms of
tumorigenesis can influence the circulating BCAAs levels with
mixed directions of risk associations. Consistent with in-vivo and
ex-vivo studies, high serum BCAAs were independently associated
with an excess risk of genitourinary cancer in Chinese men and
women with type 2 diabetes. This is likely due to overexpression
of BCAT1 and/or amino acids transporters within tumour tissue,
which activates cell signalling pathways with tumour cell growth.
Supported by: HKSEMR; HKASO
Disclosure: L. Lim: Grants; HKSEMR, HKASO.
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Differential metabolic rewiring is driven by distinct oncogenic
alterations
V. Costa, C. Perfetto, S. Cataldi;
Institute of Genetics and Biophysics "Adriano Buzzati-Traverso", CNR,
Naples, Italy.

Background and aims:Glucose is the main energy source of cancer
cells and the alteration of glucose metabolism is a tumor hallmark.
Oncogenes drive metabolic rewiring of tumor cells. Indeed, BRAF
mutations in thyroid and colon carcinomas associate with in-
creased expression of glycolytic genes and oncogenic KRAS re-
shapes the metabolic demand of cancer cells increasing glycolysis
and glutamine metabolism. However, different mutations can acti-
vate distinct pathways. Thus, we sought to explore the effects of
distinct somatic alterations on metabolic genes using thyroid can-
cer as model, since our works revealed that mutually exclusive
oncogenes' alteration in this tumor associate with different tran-
scriptional signature. Then, we aimed to verify whether glucose-
rich environment, hallmark of type 2 diabetes, differently affects
cell survival/proliferation and drug sensitivity based on the pres-
ence of distinct mutations.
Materials and methods: Exome-seq data, retrieved from the Cancer
Genome Atlas web portal, were used to stratify tumor samples
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according to the presence of specific somatic alterations.
Afterwards, RNA-Seq data for a subset of tumors (with known
genetic etiology) were analyzed in order to detect subtype-
specific patterns of metabolic genes. Normal and tumor cell lines
with BRAF mutation or RET rearrangements were used for valida-
tion purposes.
Results: More than 30% of "metabolic" or "metabolism-related"
genes were differentially expressed between tumor subgroups
(BRAF-like, n=327; RAS-like, n=71; FDR <0.01). GLUT1 and
GLUT3 expression was higher in BRAF-like tumors whereas
RAS-like ones over-expressed GLUT4, the inducible form of the
transporter. High glycolytic flux is also sustained by the up-
regulation of hexokinases (especially HK2) in BRAF-like tumors.
On a global scale, tumors with BRAF and RET alterations had a
gene signature compatible with i) pronounced increase in glycol-
ysis, ii) increased lactate production/excretion and iii) reduced
oxidative phosphorylation when compared to tumors carrying
HRAS mutations. In vitro assays revealed increased expression of
glycolysis-related genes mediated - at least in part - by MAPK
induction and B-raf. Cell survival/proliferation and drug sensitiv-
ity of tumor cells in presence of growing amounts of glucose, or
upon complete glucose starvation, are still under evaluation.
Additionally, our computational analysis identified the transcrip-
tion factors HIF1A and ARNTL as candidates of this metabolic
rewiring, due to over-expression in BRAF-like tumors and the en-
richment of their binding motifs in the promoters of differentially
expressed metabolic genes. The relation between circadian and
hypoxic pathways and the presence of a signature associated with
increased anaerobic glycolysis prompted us to check clock genes
expression in tumor samples. Preliminary data reveal a connection
between clock and metabolic genes, despite other targeted studies
are needed.
Conclusion: These findings suggest to further explore whether - in
presence of high glucose conditions as in type 2 diabetes - tumor
cells carrying distinct driver mutations can undergo differential
rewiring of metabolism, in turn affecting their capacity to prolif-
erate and survive, even upon chemotherapy.
Supported by: POR SATIN
Disclosure: V. Costa: None.
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Metformin suppressed DPP-4 inhibitor-induced breast cancer EMT
and lung metastasis via suppression of mTOR signalling
E. Kawakita, F. Yang, A. Kumagai, K. Kanasaki, D. Koya;
Diabetology and Endocrinology, Kanazawa Medical University,
Ishikawa, Japan.

Background and aims: Patients with diabetes, especially type 2
diabetes mellitus (T2DM), are at significantly higher risk for sev-
eral cancers such as breast cancer, hepatocellular cancer and pan-
creatic cancer, etc. Unfortunately, the biological significance of
anti-diabetic drugs in diabetic patients complicated with cancer is
unclear and it remains as one of the important topics of diabetic
research. We have recently reported that DPP4-inhibition acceler-
ated breast cancer proliferation and metastasis by inducing
epithelial-mesenchymal transition (EMT) through CXCL12/
CXCR4-mediated mTOR activation. Besides being widely used
as first-line therapy for T2DM, metformin is recognized as anti-
cancer agent. Possible mechanism by which metformin impacts on
cancer biology is associated with the activation of AMPK; thus
inhibiting mTOR-signaling pathway. Here we investigated wheth-
er metformin mitigated undesirable effects of DPP-4 inhibitor on
breast cancer.
Materials and methods: Mouse and human breast cancer cell lines
were used for in vitro study. For in vivo study, allograft 4T1 breast

cancer model was established in female BALB/c mice. At the
point that the primary tumor had reached approximately 300
mm3, tumor-bearing mice were treated with DPP-4 inhibitor;
KR62436 (KR) and/or metformin for 7 days. We also analyzed
the effects of metformin treatment in female BALB/c mice
transplanted shRNA-mediated DPP-4 knockdown 4T1 cells.
Results: In mouse and human metastatic breast cancer cell lines,
we confirmed that metformin suppressed the KR-induced EMT via
suppression of mTOR pathway associated with AMPK activation.
As we have previously reported, KR treatment significantly in-
creased 4T1 breast cancer metastasis into the lung; co-treatment
with metformin suppressed such KR-induced lung metastasis.
Similarly, metformin inhibited the breast cancer growth and me-
tastasis in mice allografted DPP-4 knockdown 4T1 cells.
Metformin treatment did not reduce the levels of CXCL12 in-
c r e a s e d b y KR i n b o t h p l a sma a n d p r im a r y t umo r.
Immunohistochemistry analysis of primary tumor indicated that
KR increased the expression of CXCR4, phosphorylated mTOR
and S6-kinase, receptor and downstream factors of CXCL12; met-
formin significantly suppressed all of these KR-induced
molecules.
Conclusion: Our findings support the possibility of metformin
serving as anti-cancer agent by cancelling the unexpected effects
of DPP-4 inhibitor for patients with certain types of cancer.
Disclosure: E. Kawakita: None.

1176
Metformin is taken up in tumor tissue in breast cancer patients
in vivo: a 11C-metformin PET/CT study
E.I.O. Sundelin1, N. al-Suliman2, P. Vahl3, M. Vendelbo4,5, O.L. Munk4,
S. Jakobsen4, S.B. Pedersen6,7, J. Frøkiær4, L.C. Gormsen4, N. Jessen6,5;
1Department of Clinical Medicine, Aarhus University Hospital, Arhus N,
2Department of Surgery, Aarhus University Hospital, Arhus N,
3Department of Pathology, Aarhus University Hospital, Arhus N,
4Department of Nuclear Medicin & PET Center, Aarhus University
Hospital, Arhus N, 5Department of Biomedicine, Aarhus University,
Aarhus C, 6Steno Diabetes Center Aarhus, Aarhus University Hospital,
Arhus N, 7Department of Endocrinology and Internal Medicine, Aarhus
University Hospital, Aarhus N, Denmark.

Background and aims: It is well recognized, that hyperinsulinemia,
insulin resistance and diabetes increase the overall risk of cancer
development and cancer-related mortality. Epidemiological studies
and randomized clinical trials suggest that the antidiabetic drug,
metformin, may have anti-neoplastic effects. The mechanism that
mediate these beneficial effects have been suggested to involve
direct action on cancer cells. However, a direct effect of metformin
on cancer cells require uptake of metformin in tumor tissue. The
present study was designed to investigate metformin distribution
in vivo in breast and liver tissue in breast cancer patients. It is well
recognized, that hyperinsulinemia, insulin resistance and diabetes
increase the overall risk of cancer development and cancer-related
mortality. Epidemiological studies and randomized clinical trials
suggest that the antidiabetic drug, metformin, may have anti-
neoplastic effects. The mechanism that mediate these beneficial
effects have been suggested to involve direct action on cancer
cells. However, a direct effect of metformin on cancer cells require
uptake of metformin in tumor tissue. The present study was de-
signed to investigate metformin distribution in vivo in breast and
liver tissue in breast cancer patients.
Materials and methods: Seven patients recently diagnosed with ductal
carcinoma were recruited. PET/CT tissue distribution of metformin was
determined in vivo for 90 minutes after injection of a carbon-11-labeled
metformin tracer. After surgery, tumor tissue was investigated for gene
expression levels of metformin transporter proteins.
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Results: Tumor tissue displayed a distinct uptake of metformin
compared to normal breast tissue AUC0-90min (75.4 ±5.5 vs 42.3
±6.3) g/ml*min (p=0.01). Maximal concentration in tumor was at
1 min where it reached approximately 30 % of the activity in the
liver. Gene expression profiles of transporters involved in metfor-
min pharmacokinetic showed MATE1 to be highest expressed
followed by PMAT.
Conclusion: This study confirm that metformin is transported into
tumor tissue in women with breast cancer patients. This finding
support that metformin may have direct anti-neoplastic effects on
tumor cells in breast cancer patients. However, distribution of
metformin in tumor tissue is markedly lower than in liver, an
established metformin target tissue.

Clinical Trial Registration Number: NCT02882581
Supported by: DKFF, NNF
Disclosure: E.I.O. Sundelin: None.

PS 102 Associations and predictors of mortality

1177
Arterial pulse wave reflections predict all-cause mortality in type 1
diabetes
A. Tynjälä1,2, C. Forsblom1,2, V. Harjutsalo1,3, P.-H. Groop1,2, D.
Gordin1,2, the FinnDiane Study Group;
1Folkhälsan Research Center, Helsinki, 2Abdominal Center, Nephrology,
University of Helsinki and Helsinki University Hospital, Helsinki,
3Chronic Disease Prevention Unit, National Institute for Health and
Welfare, Helsinki, Finland.

Background and aims: Arterial stiffening is part of ageing and a known
risk factor for cardiovascular disease (CVD). In individuals with type 1
diabetes (T1D), however, this process occurs up to 20 years earlier com-
pared to healthy individuals. Applanation tonometry enables pulse wave
analysis (PWA) from which a central pressure wave form can be gener-
ated using a validated transfer function. Augmentation index (AIx), the
quota of augmentation and central pulse pressure, indicates the augment-
ing effect caused by the reflected arterial pulse wave. It is used as an
estimate of arterial tone and stiffness in the resistance arteries, most ap-
plicable in younger (< 50 years) individuals. The aim was to investigate
whether AIx predicts all-cause mortality in T1D.
Materials and methods: As part of the Finnish Diabetic Nephropathy
(FinnDiane) Study, 910 individuals with T1D and PWA data from 2001-
2015 were included in this prospective observational study. At baseline,
134 individuals had chronic kidney disease (CKD; eGFR < 60 mL/min/
1.73 m2) and 100 individuals had suffered a CVD event. The pulse wave
was recorded from the radial artery of the right arm with a high-fidelity
micromanometer using applanation tonometer (SphygmoCor, Atcor
Medical, Sydney, Australia). The software calculated central
values for AIx, systolic (CSBP) and diastolic blood pressure
(CDBP), pulse pressure (CPP), mean arterial pressure (CMAP)
and end-systolic pressure (CESP), as well as subendocardial via-
bility ratio (SEVR, an estimate of coronary perfusion). CVD
events were obtained from the Hospital Discharge Register and
survival data from the Finnish National Death Registry.
Results: 67 individuals died during a follow-up of 8.2 (± 4.0) years, 36 of
them of CVD. In univariable analyses, AIx (28±12 vs 19±18; p<0.001),
CSBP (138±29 vs 119±23; p<0.001), CMAP (98±12 vs 92±11;
p<0.001), CPP (61±36 vs 41±18; p<0.001) and CESP (115±19 vs 105
±19; p<0.001) were higher and SEVR (116±36 vs 142±42; p<0.001)
lower at baseline in the individuals who died compared to those alive.
Those who died were also older, more often men, had higher HbA1c and
triglycerides, lower BMI and eGFR, and had more often suffered a CVD
event (data not shown). After adjusting for these associated risk factors,
AIx remained associated with death in a multivariable Cox regression
analysis (HR 1.042 [1.007-1.078], p=0.017). The same observation was
made in a separate analysis of individuals with CKD (HR 1.082 [1.018-
1.149], p=0.011). The results were more pronounced in women (HR
1.089 [1.028-1.154], p=0.004) compared to men (HR 1.044 [1.002-
1.089], p=0.041) and in individuals older than 50 years (HR 1.065
[1.016-1.117], p=0.009) compared to those under 50 years (HR 1.050
[1.001-1.102], p=0.047). Furthermore, death was related to CSBP
(p=0.026), MAP (p=0.018) and SEVR (p=0.022), when added separately
to the full model (data not shown).
Conclusion: AIx, as a marker of arterial pulse wave reflection, predicted
all-cause mortality among individuals with T1D, most markedly in wom-
en and in individuals older than 50 years. The results were independent of
well-known risk factors, including eGFR, and persisted in individuals
with CKD. These findings suggest that PWA may be a useful tool to
identify high-risk individuals with T1D.
Supported by: Academy of Finland, E&W Stockmann F, Folkhälsan
Research F, FLS
Disclosure: A. Tynjälä: None.
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Combined and additive effect of diabetic retinopathy and diabetic
kidney disease on mortality in patients with type 2 diabetes: a real-
world longitudinal study
T. Takao1, K. Takahashi1, K. Kimura1, M. Suka2, H. Yanagisawa2, M.
Kasuga1;
1Diabetes and Metabolism, Adult Diseases Asahi Life Foundation,
Tokyo, 2Jikei University School of Medicine, Tokyo, Japan.

Background and aims: Diabetic retinopathy (DR) and diabetic kidney
disease (DKD) are predictors of cardiovascular disease and mortality.
However, the interaction of DR and DKD on mortality remains unclear.
Therefore, we evaluated the relationship between DR and/or DKD and mor-
tality from all causes, cancer, and non-cancer in patients with type 2 diabetes.
Materials and methods: This retrospective cohort study included 1899
patients with type 2 diabetes who first visited our clinic between 1995 and
1999 and were followed up for at least 1 year. Patients were subsequently
followed for survival through 2017 and were provided with question-
naires. At baseline, DR was diagnosed by ophthalmologists with a sub-
specialty in diabetes. DR treated with photocoagulation for progressive
DR before the first visit or within 1 year after the first visit was defined as
vision-threatening DR (VTDR). DKD was defined as urine protein ≥1+
or eGFR <60 ml/min/1.73 m2. Advanced DKD (AdDKD) was defined as
urine protein ≥2+ or eGFR <45 ml/min/1.73 m2.
Results: Themean age of patients was 55.5 years, 80%weremale, and 41%
were smokers. The mean duration of diabetes was 6.2 years and the mean
HbA1c level was 8.1%. DR was diagnosed in 373 patients, DKD in 394,
VTDR in 124, and adDKD in 136 at baseline. During a median follow-up of
18.6 years, 265 patients died. The cause of death was cancer in 92 patients,
non-cancer in 159 patients, and cardiovascular disease in 77 patients.
Unknown cause of death was in 15 patients. The overall follow-up rate
was 66.8%. Multivariate Cox regression analysis showed that DR and
DKD simultaneously predicted all-cause mortality (HR [95%CI]; 1.7 [1.3-
2.3] and 1.6 [1.2-2.1], respectively) and non-cancer mortality (1.9 [1.3-2.8]
and 2.2 [1.5-3.0], respectively), but not cancermortality (1.4 [0.8-2.3] and 0.7
[0.4-1.3], respectively). Similarly, VTDR and adDKD simultaneously pre-
dicted all-cause and non-cancer mortality, but not cancer mortality. Patients
were classified into four groups according to the presence or absence of DR
and DKD or presence or absence of VTDR and adDKD. Table shows HRs
for all-cause and non-cancer mortality were highest in the DR(+)DKD(+)
group and significantly higher in the DR(-)DKD(+) group and the DR(+
)DKD(-) group than in the DR(-)DKD(-) group. Similarly, HRs for all-
cause and non-cancer mortality were highest in the VTDR(+)adDKD(+)
group and significantly higher in the VTDR(-)adDKD(+) group and the
DVTR(+)adDKD(-) group than in the VTDR(-)adDKD(-) group. HRs were
increased according to the severity of DR and DKD.
Conclusion: Presence of DR and DKD simultaneously represented a
combined additive risk for all-cause and non-cancer mortality, but not
cancer mortality, in real-world patients with type 2 diabetes. The com-
bined additive effect of DR and DKDmay also have increased according
to the severity of these microvascular complications.

Disclosure: T. Takao: None.

1179
Mitochondrial peptide MOTS-c plasma levels in patients with type 2
diabetes are associated with resistance to clopidogrel and increased
mortality
E. Maratou1, V. Lambadiari2, I. Ikonomidis3, K. Katogiannis3, E.
Kyriakou4, M. Taichert4, A. Tsantes4, G. Katsimaglis5, M. Tsoumani6,
I. Andreadou6, C. Varlamos3, A. Papadopoulou1, F. Kousathana2, P.
Moutsatsou1, G. Dimitriadis2;
1Laboratory of Clinical Biochemistry,"Attikon" University Hospital,
Medical School, National and Kapodistrian University, Athens, 22nd
Department of Internal Medicine, "Attikon" University Hospital,
Medical School, National and Kapodistrian University, Athens, 32nd
Cardiology Department, "Attikon" University Hospital, Medical
School, National and Kapodistrian University, Athens, 4Laboratory of
Haematology & Blood Bank Unit, "Attikon" University Hospital,
School of Medicine, National and Kapodistrian University, Athens, 51st
Cardiology Department, Naval Hospital of Athens, Athens, 6Department
of Pharmaceutical Chemistry, National and Kapodistrian University of
Athens, School of Pharmacy, Athens, Greece.

Background and aims: Mitochondrial Open reading frame of the
Twelve S rRNA type-c peptide (MOTS-c) is a myokine exclusively
expressed by mtDNA. MOTS-c has been detected in various tissues
and in blood. The study of MOTS-c revealed its signaling action in
metabolism. Specifically, MOTS-c elevates AICAR levels and activates
AMPKα and Akt in a dose response way. Additionally, it improves the
insulin sensitivity of skeletal muscle. The purpose of this study is to cast
light on potent mechanisms responsible for cardiovascular events. We
investigated whether circulating levels b-amyloid and MOTS-c are relat-
ed with resistance to clopidogrel and cardiovascular mortality in diabetic
patients with cardiovascular disease (CAD).
Materials and methods: In 122 patients with T2D and CAD (mean age
67.2 years) treated with clopidogrel and aspirin, we measured: i. maximum
platelet adhesion to ADP by Light Transmission Aggregometry (LTA) as a
marker of resistance to clopidogrel, Plasma levels of ii. Malondialdehyde
(MDA) as oxidative stress marker, iii. MOTS-and iv. b amyloid.
Results: At baseline, increasing HbA1c levels and a MOTS-c concentra-
tion<167 ng/ml were related with resistance to clopidogrel as defined by
maximum adhesion to ADP at LTA>67% (p<0.001). After a two-years fol-
low up, 15 patients died. Of those, 11 patients showed resistance to
clopidogrel, as detected by LTA. By multivariate analysis, maximum adhe-
sion to ADP at LTA>67% [odds ratio: 10.65 95%CI: 2.62-43.3, p=0.001],
increasing b-amyloid levels [odds ratio: 1.02 95%CI: 1.004 - 1.036, p=0.013],
Ejection Fraction [odds ratio: 0.003 95%CI: 0.000 - 0.352, p=0.017] and
MOTS-c concentration<167 ng/ml [odds ratio: 6.485, 95%CI: 2.089-
20.132] were independent predictors of mortality at 2y f/u after adjusting
for age, sex, risk factors andmedication. AlthoughMDAwas also a predictor
of mortality [odds ratio: 1.381 95%CI:1.065-1.790, p=0.015], it did not retain
its significance [p=0.854] after multivariate analysis.
Conclusion: Resistance to clopidogrel was associated with high values of
HbA1c (p<0.001) and MOTS-c concentration<167 ng/ml (p<0.05)i n dia-
betics with CAD. Resistance to clopidogrel and markers of diabetic disease
severity are associated with increased mortality at 2-years of follow- up.
Supported by: This study was partially financed by Hellenic Diabetes
Association.
Disclosure: E. Maratou: None.

1180
Effect of oral hypoglycaemic agent adherence on cardiovascular dis-
ease and mortality in patients with newly diagnosed type 2 diabetes
J. Choi1, S. Nam1, D.-H. Lee2, J. Kim3, H. Jeon2, T. Oh2;
1Internal Medicine, Chungbuk National University Hospital, Cheongju,
2Internal Medicine, Chungbuk National University College of Medicine
and Chungbuk National University Hospital, Cheongju, 3St. Mary’s
Hospital, Cheongju, Republic of Korea.
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Background and aims: Diabetes mellitus (DM) is chronic and progres-
sive disorder, therefore appropriate glycemic control is important to pre-
vent diabetic complications. Medication adherence is one of major factors
to maintain appropriate glycemic control. Therefore, we evaluated the
association between long-term medication adherence and cardiovascular
disease and mortality in Korean patients with newly diagnosed type 2
DM.
Materials and methods: Our study used data from a 3% sample cohort
that was randomly extracted from enrollees of Korean National Health
Insurance (n=1,105,833). Study subjects were aged ≥20 years, were new-
ly diagnosed with type 2 DM, and started oral hypoglycemic agents in
2004 to 2015. The medication adherence was evaluated from the propor-
tion of days covered (PDC). Subjects were divided into good (PDC
≥80%) and poor (PDC <80%) adherence groups. Time-dependent Cox-
proportional hazards models were used.
Results: During 11 year observation period, a total of 15,440 patients
(mean age 52.6±11.5 years, 60.6% men) were included in the analysis.
After adjusting for sex, age, hypertension, dyslipidemia, Charlson comor-
bidity index score, income level, residence, and insurance type, the ad-
justed hazard ratio (aHR) for cardiac event of the poor PDC group was
1.80 (95% confidence interval (CI), 1.65-1.96) as compared to the good
PDC group (P <0.0001). The poor adherence was also significantly as-
sociated with increasing incidence of stroke (aHR 1.63. 95% CI, 1.47-
1.82). However, the aHR for all-cause mortality of the poor PDC group
showed slightly increased (aHR 1.29. 95% CI, 0.51-3.23) compared to
the good PDC group, but did not reach statistical significance.
Conclusion: The present study demonstrated that poor medication adher-
ence was independently associated with increased cardiovascular disease
in patients with newly diagnosed type 2 DM. Interventions are needed to
increase medication adherence to improve health outcomes.
Disclosure: J. Choi: None.

1181
Visit-to-visit variability of HbA1c and systolic BP as risk markers for
cardiovascular events, end stage renal disease, renal function decline
and mortality in type 1 diabetes
V. Rotbain Curovic1, S. Theilade1, S.A. Winther1,2, N. Tofte1, L.
Tarnow3, A. Jorsal4, H.-H. Parving5, F. Persson1, T.W. Hansen1, P.
Rossing1,6;
1Steno Diabetes Center Copenhagen, Gentofte, 2Novo Nordisk A/S,
Copenhagen, 3Steno Diabetes Center Sjælland, Holbæk, 4Department
of Cardiology, Aarhus, 5Department of Endocrinology, Copenhagen,
6University of Copenhagen, Copenhagen, Denmark.

Background and aims: In the treatment of type 1 diabetes (T1D) clini-
cians generally strive towards attainment of stable clinical and biochem-
ical measures for easier optimization and regulation of T1D treatment.
However, the impact of visit-to-visit variability (VVV) of the most com-
monly used clinical measures, namely Hba1c and systolic BP (SBP), in
relation to the risk of diabetic complications has neither been explained
nor explored in detail. Therefore, we have investigated VVV in Hba1c
and SBP in relation to the development of cardiovascular events (CVE),
end-stage renal disease (ESRD), decline in kidney function and mortality
in T1D.
Materials and methods: 1062 individuals with T1D and varying grades
of albuminuria were included in the present prospective study. VVV was
defined as the SD of the residuals in individual linear regression models
that were calculated using all measures of HbA1c (from 2004) and SBP
(from 1998) until 2016. Data regarding CVE and mortality was gathered
through danish national registries. eGFR measurements were traced
through laboratory records from standard ambulatory care. Endpoints
were classified as: CVE (cardiovascular death, non-fatal myocardial in-
farction, non-fatal stroke and coronary or peripheral arterial interven-
tions), end stage renal disease (ESRD) eGFR-decline of ≥30% and mor-
tality. Results were adjusted for the following risk factors baseline: sex,

age, total cholesterol, HbA1c, SBP, BMI, smoking status, urinary albumin
excretion rate (UAER), eGFR, as well as the intercept and slope of the
respective linear models. HR were calculated using Cox proportional
models and estimates are presented per doubling of VVV with 95% CI.
Results: Median follow-up ranged from 6.2-9.4 years for HbA1c and
11.8-18.3 years for SBP. Subjects had a mean (SD) age of 47 (13) years,
a diabetes duration of 27 (13) years at study inclusion, HbA1c of 68 (13)
mmol/mol and SBP of 137 (20) mmHg. Depending on availability of
data, between 699-1062 subjects were included in the respective models.
Adjusted HR (95% CI, p) for HbA1c VVV were CVE: 1.32 (1.00-1.73,
p=0.050), ESRD: 3.49 (2.13-5.73, p<0.001), eGFR decline: 1.86 (1.38-
2.51, p<0.001) and mortality: 1.99 (1.53-2.60, p<0.001). Adjusted HR
(95% CI, p) for SBP VVVwere CVE: 5.20 (3.40-7.97, p<0.001), ESRD:
4.87 (2.23-10.63, p<0.001), eGFR-decline: 2.91 (1.98-4.27, p<0.001)
and mortality: 3.88 (2.39-6.31, p<0.001).
Conclusion: This study demonstrates a strong association between long
term VVV in HbA1c and SBP and development of CVE, ESRD, decline
in kidney function and mortality in T1D. As such studies addressing
stabilization of VVVare warranted.

Disclosure: V. Rotbain Curovic: None.

1182
hsTroponin and NT-proBNP in type 1 diabetes: association with all-
cause and cardiovascular disease (CVD) mortality
T. Costacou, T.J. Orchard;
University of Pittsburgh, Pittsburgh Pennsylvania, USA.

Background and aims: High-sensitivity troponin T (hsTnT), a marker of
CVD, andN-Terminal proB-TypeNatriuretic Peptide (NT-proBNP), amark-
er of heart failure, have not been widely studied in type 1 diabetes. We
previously showed that these two markers predict CVD. Our aim here was
to assess their ability to independently predict all-cause and CVD mortality.
Materials and methods: Data were from the Pittsburgh Epidemiology of
Diabetes Complications (EDC) cohort with childhood-onset T1D (n=562,
mean age 29 and duration 21 years). Vital status was assessed as of August
31, 2014. The underlying cause of death was determined and classified by a
Mortality Classification Committee using standardized procedures. hsTnT
and NT-proBNP were assessed with electrochemiluminescence
immunoassays.
Results: Median hsTnT was 5.0 ng/L (IQR: 2.0, 10.0) and median NT-
proBNP was 22.0 pg/mL (7.0, 61.0). During a median follow-up of 21
years, there were 134 deaths, 63 of which were CVD related. In Cox
proportional hazards models allowing for diabetes duration, gender,
BMI, smoking status, HbA1c, hypertension status, HDL and non-HDL
cholesterol, white blood cell count, estimated glomerular filtration rate
and albumin excretion rate, both log hsTnT (HR=1.27, 95% CI: 1.02-
1.58) and log NT-proBNP (HR=1.13, 95%CI: 1.001-1.28) independently
predicted all-cause mortality. However, the prediction of all-cause mor-
tality was not improved with the addition of these two markers to models
already including traditional risk factors (Uno’s concordance statistic
p=0.50). Furthermore, log hsTnT was a slightly weaker predictor of
CVD mortality (HR=1.16, 95% CI: 0.83-1.62) compared with log NT-
proBNP (HR=1.21, 95% CI: 1.01-1.45) after multivariable adjustments.
Similar to findings for all-cause mortality, the addition of these two
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markers to models already including traditional risk factors also did not
enhance the prediction of CVD mortality (p=0.43).
Conclusion: In conclusion, although hsTnT and NT-proBNP indepen-
dently predicted both all-cause and CVD mortality, they did not increase
the area under the curve only either outcome in this type 1 diabetes cohort.
Supported by: NIH/NIDDK
Disclosure: T. Costacou: None.

1183
The ceramide-based coronary event risk test predicts cardiovascularmor-
tality in cardiovascular disease patients with and without type 2 diabetes
A. Leiherer1, A. Muendlein1, C.H. Saely2, R. Laaksonen3, M. Laaperi3,
A. Vonbank4, A. Mader4, S. Sternbauer1, L. Sprenger4, I. Baumgartner5,
P. Fraunberger6, H. Drexel5;
1Vorarlberg Institute for Vascular Investigation & Treatment (VIVIT),
Feldkirch, Austria, 2Private University of the Principality of Liechtenstein,
Triesen, Liechtenstein, 3Zora Biosciences, Espoo, Finland, 4Academic
Teaching Hospital Feldkirch, Feldkirch, Austria, 5Division of Angiology,
Swiss Cardiovascular Center, University Hospital Bern, Bern, Switzerland,
6Medical Central Laboratories, Feldkirch, Austria.

Background and aims: The recently introduced Coronary Event Risk
Test (CERT) is a validated cardiovascular risk predictor that uses circulating
ceramide concentrations to allocate patients into one of four risk categories.
Materials and methods: We here aimed at investigating the power of
CERT to predict cardiovascular mortality in 1087 patients with
established cardiovascular disease (CVD) including 360 patients with
type 2 diabetes (T2DM). At baseline, the prevalence of T2DM increased
through CERT categories (29.1, 31.1, 37.4, and 53.4%, respectively, p-
trend<0.001). Prospectively, we recorded 130 cardiovascular deaths during
a mean follow-up time of 8.1±3.2 years.
Results: Overall, cardiovascular mortality increased with increasing
CERT categories (figure) and was higher in T2DM patients than in those
who did not have diabetes (17.7 vs. 9.4%; p<0.001). In Cox regression
models, CERT categories predicted cardiovascular mortality in patients
with T2DM (unadjusted HR 1.60 [1.28-2.01]; p<0.001; HR adjusted for
age, gender, BMI, smoking, LDL cholesterol, HDL cholesterol, hyper-
tension, and statin use 1.65 [1.27-2.15]; p<0.001) and in those without
diabetes (unadjusted HR 1.43 [1.10-1.85]; p=0.008 and adjusted HR 1.41
[1.07-1.85]; p=0.015).
Conclusion:We conclude that CERT predicts cardiovascular mortality in
CVD patients with T2DM as well as in those without diabetes.

Disclosure: A. Leiherer: None.

1184
A retrospective study of mortality in adults with schizophrenia and
diabetes
D. Morrison1, C.A.R. Sainbury2, R. Frize1, R. Wilson3, G.C. Jones3;
1University of Glasgow, Glasgow, 2NHS Greater Glasgow & Clyde,
Glasgow, 3Gartnavel General Hospital, NHS Greater Glasgow & Clyde,
Glasgow, UK.

Background and aims: An increased prevalence of diabetes is found in
major psychosis. Individuals with both diagnoses are at risk of poorer
outcomes. The aim of this study was to describe the association between
total and cardiovascular mortality in people with a diagnosis of schizo-
phrenia and diabetes, compared to diabetes alone.
Materials and methods: Data was linked from the Glasgow Psychosis
Clinical Information System (PsyCIS) with a Scottish national diabetes data-
base (SCI-Diabetes), and national death certification data. The Scottish Index
of Multiple Deprivation (SIMD) 2016 quintile for each patient was obtained
using their residential postcode. A diagnosis of schizophrenia was defined
using International Classification ofDiseases, Tenth Revision (ICD-10) codes
F20 (schizophrenia) and F25 (schizoaffective disorder). Those with schizo-
phrenia and diabetes (cases) were matched by age (+/- 1 year), gender and
deprivation quintile to those with diabetes but not present on the PsyCIS
database (controls). Follow up from 01/01/2002 to 16/08/2018. Standard
descriptive statistics and survival analysis undertaken, adjusted for age.
Results: 702 individuals in each cohort. 64%male. Mean age at index 41
years. 414/702 (59%) were in the most deprived quintile. Mean body
mass index (BMI) at diagnosis, or in preceding 12 months, was available
for 450/702 controls, and 446/702 cases. Mean (SD) BMI was 33.53
(6.75) for controls and 33.23 (6.58), no statistical difference. At study
end 63/702 of controls were dead, 133/702 of cases. Hazard ratio 2.34
(95% CI 1.76 to 3.21, p value <0.001) (Figure 1). Cardiovascular diag-
nosis was noted in death certification in 34/702 controls and 51/702 cases.
Hazard ratio 1.72 (95% CI 1.11 to 2.65, p value <0.05).
Conclusion: Excess mortality has been demonstrated in individuals with
serious mental illness, and the underlying excess risk of diabetes is thought
to contribute to this, along with increased deprivation associated with this
cohort. This study demonstrates significant excess all cause mortality and
cardiovascular death over and above that expected with diabetes, despite
our cohorts beingmatched for deprivation. Lower thresholds for individuals
with diabetes and schizophrenia for starting cardiovascular preventionmed-
icationsmay be indicated. Using routinely collected data has limitations, for
example missing data can be substantial.

Supported by: BMA Medical Research Foundation
Disclosure: D. Morrison: Grants; BMA Medical Research Foundation.
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Skin autofluorescence predicts incident CVD andmortality in people
without type 2 diabetes
H.E. Boersma1, A.J. Smit2, R. Graaff1, M.M. van der Klauw1, B.H.R.
Wolffenbuttel1;
1Endocrinology, University of Groningen, University Med Ctr
Groningen, Groningen, 2Internal Medicine, University of Groningen,
University Med Ctr Groningen, Groningen, Netherlands.

Background and aims: Noninvasively-measured skin autofluorescence
(SAF) is a marker of tissue levels of advanced glycation endproducts
(AGE), reflecting glycaemic and oxidative stress levels over prolonged
periods. In the general healthy population elevated SAF predicts the devel-
opment of T2D, cardiovascular disease (CVD) and mortality. We assessed
whether elevated SAF is associated with a worse profile of CV risk factors.
Materials and methods: For this cross-sectional analysis, we included
46658 subjects 40-70 years of age from the Lifelines population-based
study, who had SAF measurement available and were without T2D and
CVD. Skin autofluorescence (SAF) was measured non-invasively with
the AGE Reader (DiagnOptics Technologies BV, Groningen,
Netherlands; software version 2.3).
Results:Mean (±SD) age was 49 (±11) years, while mean SAF was 2.04
(±0.44) arbitrary units (AU). For SAF cut-off values we used quartiles
and the specificity of SAF to predict hypertension. Higher levels of SAF,
either assessed as total score or as the Z-score, were associated with
higher levels of systolic blood pressure, LDL-cholesterol, fasting blood
glucose andHbA1c. Also, higher SAF levels coincidedwith higher use of
blood-pressure and cholesterol-lowering therapy, as well as higher per-
centage of untreated participants with elevated SBP>140 mmHg and
LDL-cholesterol>3.5mmol/l. There also was a gradual increase of fasting
blood glucose and HbA1c with increasing SAF levels.
Conclusion: Measuring skin autofluorescence can assist in predicting
prevalent CV risk factors and the need for CV risk factor intervention.

Disclosure: H.E. Boersma: None.
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High risk of cardiovascular episodes and low adherence to risk fac-
tors guidelines in a population with diabetes
R. Ribeiro1, P. Matos1, S. Santo1, F. Palma2, A.-M. Pereira1, A. Pereira1,
M.-G. Ruano3, J.-M. Boavida1, J.-F. Raposo1;
1Education and Research Centre - APDP/ERC, APDP - Diabetes
Portugal, Lisbon, 2Evolute, Lisbon, 3Universidade do Algarve, Faro,
Portugal.

Background and aims: Although recent guidelines cover therapeu-
tic goals, effective lipid management of patients with type 1 and
type 2 diabetes to reduce cardiovascular disease (CVD) risk is still
largely unattained. In the present study, we explored the electronic
health records (EHR) at a specialized diabetes outpatient clinic to
assess, in a real world database, the prevalence of poor lipid man-
agement in people with diabetes, the associated characteristics of
this population, and the patterns of medication prescription.
Materials and methods: The present work is an observational ret-
rospective study. The primary objective is to determine the preva-
lence of LDL-cholesterol above the guideline-recommended levels
in type 1 and type 2 diabetes patients, while the secondary objec-
tive is to describe parameters related to clinical management of
diabetes patients with dyslipidemia, including patient demo-
graphics and characteristics, use of lipid modifying therapies,
and outcomes over time. Data collection was done by query of a
dedicated EHR platform, from 2008 to 2018. Goal achievement
was considered in relation to ESC/EASD Diabetes Guidelines.
The range of collected parameters included were: age, sex, dura-
tion of diabetes, microvascular diabetes complications, CVD ma-
jor risk factors, Framingham risk score, specific previous cardiac
events or target organ damage. Relation to target objectives for
lipid, blood pressure and glycemic control were also collected.
Medication for lipid, blood pressure and glycemic control were
explored, specifically statins, fibrates, ezetimibe, ACEI/ARB and
other antihypertensives, antiplatelet agents, and oral antidiabetics.
The clinical records of a subset of patients was reviewed manually,
to assess data quality.
Results: There were 16.279 patients with type 1 and type 2 dia-
betes included (45% female, 78% type 2). 9% of type 1 and 66%
of type 2 patients were over 65 years of age. The observed attain-
ment of LDL guidelines goal were particularly low across types of
diabetes, gender or age (from 1.6 to 16.4%), as well as for total
cholesterol (from 38.5 to 69.0%), and triglycerides (from 44.3 to
81.5%). HDL goals (from 45.6 to 91.9%) were more often attained
by type 1 diabetes patients. A subset of 1.769 type 2 diabetes
patients had clinical records reviewed manually, to assure data
quality. Most patients were at a very high-risk of cardiovascular
disease, albeit having lipid-lowering medication, mainly statins.
Of these, there were 371 CVD episodes already registered, with
a distribution by gender that hints to a higher prevalence in men.
Also, 67 patients (3.8%) died within the timeframe of observation.
Conclusion: Analyzed people with diabetes showed that this population
has currently a very high risk of cardiovascular events, with lipid man-
agement goals being largely unattained, even when lipid lowering med-
ication is present. Our results underline the need to identify and address
real-world barriers for better lipid management and CVD prevention,
which may include both aspects of awareness of adherence to guidelines
and prescription habits, and education and doctor-patient communication.
This study suggests that people with diabetes require more attention re-
garding CVD risk factors, and an intensified strategy to manage CVD risk
according to European guidelines.
Supported by: AMGEN
Disclosure: R. Ribeiro: None.
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Are Europeans living with type 2 diabetes aware of CVD and its risk
factors? Findings from the IDF Taking Diabetes to Heart survey
M. Prystupiuk1, I. Petersohn2, P. Salpea2, P. Saeedi2, S. Karuranga2, L.
Hammond2, L. Piemonte2, B. Malanda2;
1Bogomolets National Medical University, Kiev, Ukraine, 2International
Diabetes Federation, Brussels, Belgium.

Background and aims:Cardiovascular diseases (CVD) are the lead-
ing cause of death in people with diabetes. However, many people
affected lack sufficient knowledge about their causes, symptoms,
prevention and management. In 2017, the International Diabetes
Federation (IDF) launched a multi-country survey to assess and
better understand CVD risk awareness and knowledge among peo-
ple with type 2 diabetes (T2D). The global and regional findings
were published in December 2018.
Materials and methods: A questionnaire consisting of 17 ques-
tions on demographics, CVD risk knowledge, CVD risk aware-
ness, education on CVD and CVD information sources was devel-
oped and translated into 32 languages. The survey was conducted,
primarily online, from September 2017 to May 2018. Pearson’s
chi-square test and Fisher’s exact test were used to assess the
association between categorical variables. The extended Mantel-
Haenszel test was used to determine the association between cat-
egorical variables, adjusted for potential confounders.
Results:Globally, 12,695 people living with T2D in 133 countries
responded to the survey. 5,509 respondents (43.4%) were from
the IDF European region. Most of the respondents from Europe
were over the age of 60 (58.1%) and almost half (45.4%) reported
that they were living with T2D for more than nine years. Heart
attack and heart failure were the most recognized CVD events, by
82% and 64% of respondents, respectively. The majority (84%)
identified high blood pressure as one of the CVD risk factors,
while uncontrolled blood sugar ranked only fifth among the op-
tions provided, selected by 73% of respondents. Less than 1 in 10
respondents (6%) felt they were not at risk of developing CVD,
while 43% rated their risk as medium or high. Heart attack had
been experienced by 14% of the respondents, followed by heart
failure (9%) and stroke (6%). About half of the respondents
(49%) indicated that T2D will not increase their risk of CVD
events, as long as they are on medication. Interestingly, although
81% of the participants relied on their health care provider (HCP)
for information on CVD, one in four had never discussed, or
could not recall their last discussion about CVD with their HCP.
Yet, more than half of the respondents (56.6%) reported to be
satisfied with the quality of information provided by their HCP.
Less preferred sources of information on CVD were newspapers
(11.1%), social media (7.4%), daily magazines (6.6%) and adver-
tisements (1.9%). About two-thirds of the respondents (64.6%)
reported that they needed more information about diabetes self-
management. Furthermore, the majority (65.1%) reported that they
needed general information about CVD events, including signs
and symptoms. Sixty-four percent indicated that they required
information on CVD prevention, particularly diet and exercise.
Conclusion:A considerable number of people living with T2D in the IDF
European region have limited or no awareness of CVD and its risk factors.
HCPs were identified as the main and most reliable source of information
regarding CVD. In view of these findings, national health promotion activ-
ities and public health policies targeting people with T2D should include
more information on the importance of modifiable risk factors for CVD,
and HCPs should be supported through capacity building and training to
promote CVD awareness and knowledge among people with T2D.
Supported by: Taking Diabetes to Heart is an IDF initiative supported by
Novo Nordisk
Disclosure: M. Prystupiuk: Grants; Taking Diabetes to Heart is an initia-
tive of the International Diabetes Federation supported by Novo Nordisk.

1188
Impact of ACC/AHA guidelines for coronary artery disease in
asymptomatic type 2 diabetic patients at low risk of cardiovascular
disease
D. Moriconi, L. Nesti, A. Mengozzi, D. Tricò, A. Natali, S. Taddei, M.
Nannipieri;
Department of Clinical and Experimental Medicine, Pisa, Italy.

Background and aims: It is well known that diabetic patients have the a
2-3 times greater risk of developing ischemic heart disease than general
population, for this reason they are equated with the patients with mani-
fest ischemic heart disease. However, ergometric test in the asymptomatic
diabetic patients is not routinely recommended in the ESC or ACC/AHA
guidelines, finding utility only in the presence of a "well-founded" sus-
pect of ischemic heart disease. The aim of our study is to evaluate the
prevalence of ischemic heart disease in type 2 diabetes (T2D) subjects
with high and low risk for coronary artery disease (CAD).
Materials andmethods:One hundred-forty asymptomatic T2D patients,
who performed regular physical activity, with normal resting electrocar-
diography, were recruited between 2015 and 2018 for the study. Each
subject was requested to perform aexercise electrocardiography (ECG-
stress), other than routine clinical and hematochemical evaluations. Then,
on the basis of the UKPDS Engine equation, patients were stratified as
low and high risk of CAD. If ECG-stress was suspected for CAD, sub-
jects underwent to further cardiovascular evaluations according to the
cardiologist opinion.
Results: Twenty of 140 patients (pts) had ECG-stress test sugges-
tive of CAD, with high Duke treadmill Score, therefore they
underwent to myocardial scintigraphy with dypiridamole and in
the case of positivity to coronarography. Four patients resulted as
false positives at the following coronarography while 16 pts
(11.4%) underwent coronary artery bypass graft surgery (25%) or
percutaneous coronary intervention (75%) (CAD+ group).
Subjects with normal ECG-stress test were considered as CAD
negative (CAD-). The CAD- and CAD+ groups were similar for
age, BMI, diabetes duration, HbA1c, blood pressure levels and
lipid profile. The prevalence of male was higher in CAD + com-
pared to CAD- (92% vs 75%, p= 0.05), as well as the presence of
albuminuria (56% vs 25%, p= 0.009). Moreover, a lower eGFR
(72.4±18.8 vs 83.7±17.9, ml/min/1.73, p= 0.02) and higher levels
of uric acid (5.4±1.4 vs 6.2±1.2, mg/dl, p= 0.05) were found in
CAD+ group compared to CAD-. The prevalence of CAD+ in T2D
asymptomatic subjects was similar when patients were splitted up
according UKDPS score into low and high CAD risk, as well
(44% vs 59% CAD+ vs CAD-, respectively, p= ns). In logistic
regression, the presence of albuminuria (p= 0.01) was the only
predictors of coronary artery disease.
Conclusion: Although the current guidelines suggest that ECG-stress
should be reserved for patients at high risk of ischemic heart disease, in
our study there are no significant differences in the prevalence of CAD
between low and high risk T2D patients. For this reason, more extensive
studies could to be useful in order to better stratify the cardiovascular risk
in asymptomatic diabetic patients.
Disclosure: D. Moriconi: None.

1189
Long-term cardiovascular outcome after intensive versus standard
screening of diabetic complications: a real-word observational study
M. Morieri1, E. Longato2, M. Mazzuccato1, B. Di Camillo2, A.
Cocchiglia3, L. Gubian4, G. Sparacino2, A. Avogaro1, S. Vigili de
Kreutzenberg1, G. Fadini1;
1Department of Medicine, University of Padova, Padova, 2Department of
Information Engineering, University of Padova, Padova, 3Arsenàl, IT
Consortium, Veneto Region, Padova, 4Azienda Zero, Veneto Region,
Padova, Italy.
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Background and aims:Complication screening is recommended for
patients with type 2 diabetes (T2D). However, screening intensity
and schedules vary considerably according to the healthcare set-
ting and resource availability. Aim of this study was to evaluate
whether intensive versus standard complication screening results
in long-term improvement in cardiovascular outcomes.
Materials and methods: In this retrospective observational study, we
included 364 T2D patients referred for intensive screening at a spe-
cialist clinic between 2007 and 2015. Intensive screening was pro-
vided in a one-day session and included evaluation of risk factors,
digital retinography, neuropathy autonomic tests and MNSI, eGFR
and albumin excretion rate, foot care, electrocardiogram, echocardio-
gram, and carotid ultrasound. By means of propensity scores, these
patients were matched 1:2 with T2D patients attending the same
clinic in the same period, who underwent routine screening for
micro- and macroangiopathy at different visits during the same year
(total n=4929). We collected clinical data from structured electronic
medical records linked with hospital discharge codes and causes of
death. The primary outcome was the 4p-MACE, defined as cardio-
vascular mortality, or non-fatal myocardial infarction, stroke, or heart
failure. Cox proportional regression models were used to compare
outcomes occurrence in the two groups, adjusted for residual imbal-
ances between groups.
Results: 358 patients from the intensive screening group were
matched with 682 patients in the standard screening group. All
clinical characteristics were well balanced between the two
groups, except the baseline prevalence of microangiopathy, that
was higher in the intensive group (55% vs 47%; p = 0.01). Mean
follow-up was 6.1±2.9 years. After adjusting for baseline micro-
angiopathy, incidence of 4p-MACE was significantly lower in the
intensive vs the standard screening group (27.7 vs 36.7 /1000 per-
son years; HR 0.69; 95%CI 0.51-0.93;p=0.01). All components of
the primary endpoint had nominally lower rates in the intensive vs
standard screening group (Fig. 1), which was particularly signifi-
cant for heart failure (6.7 and 17.1 /1000 person years; HR 0.37;
95%CI 0.19-0.71, p=0.003).
Conclusion: Among T2D patients attending a specialist outpatient
clinic, intensive one-day screening of micro- and macroangiopathy
is followed by better long-term cardiovascular outcome, compared
to standard staggered screening. While further analyses are needed
to validate this finding and identify effectors of improved out-
comes, these results may reflect the benefits of comprehensive
management of diabetes and patient engagement in intensive
screening and care.

Disclosure: M. Morieri: None.

1190
Visit-to-visit HbA1c variability is associated with cardiovascular dis-
eases and microvascular complications in patients with newly diag-
nosed type 2 diabetes
S. Li1,2, I. Nemeth2, L. Donnelly2, K. Zhou2,3, E.R. Pearson2;
1Department of Endocrinology and Metabolism, West China Hospital,
Sichuan University, Chengdu, China, 2Division of Population Health
and Genomics, University of Dundee, Dundee, UK, 3School of Life
Science, University of Chinese Academy of Science, Beijing, China.

Background and aims: Some patients have highly variable HbA1c,
and others have stable HbA1c from the visit to visit. It is unclear
whether this variability in HbA1c alters the prognosis of patients,
independently of their average HbA1c from diagnosis. We aimed to
investigate the association between visit-to-visit HbA1c variability and
cardiovascular events and microvascular complications in patients with
newly diagnosed type 2 diabetes.
Materials and methods: We retrospectively recruited patients from
Tayside and Fife in the Scottish Care Information-Diabetes
Collaboration (SCI-DC), who were observable from diagnosis and
had at least five HbA1c measurements before the outcomes. We used
the previously reported HbA1c variability score (HVS) calculated as
the percentage of the number of changes in HbA1c over 0.5% among
all HbA1c measurement within an individual. Ten outcomes were
studied including the major adverse cardiovascular events (MACE),
all-cause mortality, cardiovascular death, coronary artery disease
(CAD), ischemic stroke, heart failure, diabetic retinopathy (DR), dia-
betic peripheral neuropathy (DPN), diabetic foot ulcer (DFU) and the
new onset of chronic kidney disease (CKD). Multivariate Cox
proportional-hazards models adjusting for baseline characteristics were
used to assess the association of HVS with outcomes. Analysis of
anonymized data within the Dundee Health Informatics Centre has
been approved by the East of Scotland Research Ethics Service, the
Caldicott Guardian, and this specific project was approved by NHS
Tayside R&D.
Results:We included 13,111 to 19,883 patients in the analyses of each
outcome. As shown in the figure, the patients with HVS higher than
60% was associated with elevated risks of all outcomes compared with
the lowest quintile (0~20%) as the reference (hazard ratio and 95%
confidence interval [HVS 80~100 vs. HVS 0~20]: 2.38 [1.61 to 3.53]
for MACE; 2.4 [1.72 to 3.33] for all-cause mortality; 2.4 [1.13 to
5.11] for cardiovascular death; 2.63 [1.81 to 3.84] for CAD; 2.04
[1.12 to 3.73] for ischemic stroke; 3.23 [1.76 to 5.93] for heart failure;
7.4 [3.84 to 14.27] for DR; 3.07 [2.23 to 4.22] for DPN; 5.24 [2.61 to
10.49] for DFU; 3.36 [2.37 to 4.76] for CKD). Adjusting for baseline
characteristics and by the annual HbA1c area under curve (AUC)
confirmed the results.
Conclusion: Higher HbA1c variability is associated with increased
risks of all-cause mortality, cardiovascular events and microvascular
complication of diabetes independently of accumulated exposure of
high HbA1c.
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Scholars of SCU
Disclosure: S. Li: None.
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Prediction of macrovascular events andmortality in people with type
2 diabetes using dynamic modelling of systolic blood pressure: the
Hoorn Diabetes Care System cohort
G. Nijpels1, J. Yauw1, T. Feenstra2, C. Baan3, J. Beulens1, P. Elders1, R.
Herings4, K. Moons5, R. Slieker1, L. Peelen5, A. van der Heijden1;
1VUMC University Medical Center, Amsterdam, 2UMCG, Grongingen,
3University of Tilburg, Tilburg, 4Pharmo, Utrecht, 5UMCU, Utrecht,
Netherlands.

Background and aims: Current prediction models for cardiovascular
disease (CVD) and mortality in type 2 diabetes are often static models,
only using a person’s risk profile at a single time point. Multiple studies
have shown that the change in systolic blood pressure (SBP) over time is
an important risk factor for CVD and mortality. We aimed to investigate
what measures of SBP dynamics best predict CVD and mortality in
people with type 2 diabetes.
Materials and methods:We included 5,990 people with type 2 diabetes
from the Hoorn Diabetes Care System cohort with annual follow-up. We
used eleven different measures to express dynamics of SBP. These mea-
sures were compared using separate Cox models for each SBP dynamics
measure, adjusting for sex, age, HbA1c, BMI, triglycerides and total
cholesterol. All SBPmeasures were standardized by subtracting the mean
value by the standard deviation. Outcomes considered were the hazard
ratio (HR) of each SBP dynamics measure and the predictive perfor-
mance (calibration and discrimination) of the fitted models. Outcomes
were obtained for different time points of prediction and different time
horizons.
Results: Of the 5,990 people included in the analysis, 476 people died
during a mean follow-up of 7.3 years. In a fully adjusted model, HRs of
the SBP dynamics measures ranged from 0.93 (95% CI 0.85 - 1.02) to
1.69 (95% CI 1.24 - 2.31). With standardized SBP measures, current and
average SBP as well as the area under the SBP curve showed strongest
associations with CVD. Standard deviation, overall slope, and SBP range
yielded the highest HRs for all-cause mortality. Differences in predictive
performance across the models were minor (∆c-statistics ≤ 0.04).

Conclusion: Different measures to express dynamics in SBP values
yielded different effect estimates. While differences in predictive perfor-
mance between the models were low, greater SBP variability, expressed
in one way or the other, was consistently associated with an increased risk
of all-cause mortality.
Supported by: Dutch Diabetes Research Foundation
Disclosure: G. Nijpels: None.
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The Steno T1 Risk Engine is more useful to identify type 1 diabetes
patients with advanced carotid atherosclerosis than classical risk
factors
C. Viñals1, A.J. Amor1,2, A. Pané1, V. Perea3, L. Boswell1, I. Vinagre1,
M. Giménez1,4, J. Blanco1, E. Esmatjes1,4, I. Conget1,4, E. Ortega1,2;
1Endocrinology and Nutrition Department, Hospital Clínic de
Barcelona, Barcelona, 2Centro de Investigación Biomédica en
Red Fisiopatología de la Obesidad y Nutrición (CIBEROBN),
Instituto de Salud Carlos III (ISCIII), Madrid, 3Endocrinology
and Nutrition, Hospital Universitari Mútua de Terrassa, Terrassa,
4CIBERDEM (CIBER in Diabetes and Associated Metabolic
Disorders), Instituto de Salud Carlos III (ISCIII), Madrid, Spain.

Background and aims: Although cardiovascular disease (CVD) is
the leading cause of death in type 1 diabetes (T1D), classical
cardiovascular risk (CVR) factors often fail to identify patients
at risk. We aimed to assess the relationship between CVR score
“Steno T1 Risk Engine (Steno-Risk)” and preclinical atheroscle-
rosis in T1D, and its usefulness to identify patients with advanced
carotid atherosclerosis.
Materials and methods: T1D patients without CVD from a tertiary
hospital were selected. Inclusion criteria were: ≥40 years, diabetic
nephropathy, or diabetes duration ≥10 years with at least one
additional CVR factor. Intima-media thickness (IMT) and plaque
presence (IMT ≥1.5 mm) were assessed by standardized B-mode
ultrasonography. The Steno-Risk was used to estimate 10-years
CVR (<10% low; 10-20% moderate; ≥20% high risk). This score
includes: age, gender, diabetes duration, HbA1c, systolic blood
pressure, LDLc, albuminuria, glomerular filtration rate, smoking
habit and regular exercise (≥3.5h/week). Logistic regression
models adjusted for variables already taken into account to guide
cardioprotective treatment in T1D in CVD prevention guidelines
(≥40 years-old, duration of T1D ≥20 years, hypertension, active
smoking habit, diabetic nephropathy and diabetic retinopathy)
were constructed to assess the independent relationship between
high Steno-risk (≥20%) and preclinical atherosclerosis.
Results: We included 259 patients (50.2% men, age 48.4±10.1
years, duration of diabetes 26.7±9.1 years). Prevalence of carotid
plaque and ≥2 plaques was 37.1% and 21.2%, respectively; with
no sex differences. Patients’ characteristics according to CVR are
shown in the table. Preclinical atherosclerosis increased as Steno-
Risk increased (p<0.001 for all the comparisons, Table). In logis-
tic regression analysis, both ≥40 years-old and Steno-Risk ≥20%
were similarly associated with the presence of plaque (OR 3.76
[1.37-10.3] and 3.22 [1.68-6.17]; respectively), but only high
Steno-Risk remained independently associated with the presence
of multiple plaques (≥2 plaques; OR 2.82 [1.37-5.82]; p=0.005).
Conclusion: Steno-Risk seems to better identify T1D patients with ad-
vanced preclinical atherosclerosis than classical CVR factors. Further
studies are needed to ascertain its role to tailor cardioprotective treatment
in this high-risk population.
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Weekly physical activity patterns are associated with aortic stiffness
(estimated by carotid-femoral pulse wave velocity): the Maastricht
study
E.J. Vandercappellen1,2, R.M. Henry3,4, K.D. Reesink5, N.C.
Schaper3,4, H.H.C. Savelberg6,7, S.J.P. Eussen8,9, M.C.J. van
Dongen8,10, P.C. Dagnelie8,10, M.T. Schram3,4, M.M.J. van
Greevenbroek3,4, A. Wesselius11,7, C.J.H. van der Kallen3,4, S.
Köhler12, C.D.A. Stehouwer3,4, A. Koster13,10;
1Internal Medicine, Maastricht University Medical Centre (MUMC+),
Maastricht, 2Carim/Caphri, Maastricht University (UM), Maastricht,
3Internal Medicine, MUMC+, Maastricht, 4Carim, UM, Maastricht,
5Biomedical Engineering, UM, Maastricht, 6Human Movement
Science, UM, Maastricht, 7Nutrim, UM, Maastricht, 8Epidemiology,
UM, Maastricht, 9Carim/caphri, UM, Maastricht, 10Caphri, UM,
Maastricht, 11Complex Genetics and Epidemiology, UM, Maastricht,
12School for Mental Health and Neuroscience, UM, Maastricht,
13Social Medicine, UM, Maastricht, Netherlands.

Background and aims: Aortic stiffness (estimated by carotid-femoral
pulse wave velocity (cfPWV)) is a cardiovascular disease (CVD) risk
factor. Physical activity (PA) is important in the prevention of CVD and
is inversely associated with cfPWV. PA guidelines recommend ≥ 150
minutes of moderate to vigorous PA (MVPA) per week to diminish
CVD risk. However, it is not clear how PA pattern over a week is asso-
ciated with cfPWV. Therefore, we examined the association between PA
pattern and cfPWV.
Materials and methods: We used cross-sectional data from The
Maastricht Study (n=1699; mean age: 60±8 years; 51% men; normal
glucose metabolism (NGM) and prediabetes 1242; type 2 diabetes
(T2D) 457). Participants wore an activPAL3® 24h/day for 8 days
and were classified according to the amount of MVPA/week in
minutes: inactive (<75min MVPA/week), insufficiently active (75-
150 min MVPA/week), weekend warrior (>150 min MVPA/week in
≤2 sessions) and regularly active (>150 min MVPA/week in ≥ 3
sessions). Linear regression (unstandardized B [95%CI]) was per-
formed and adjusted for age, sex, level of education, mean arterial
pressure, heart rate, CVD history, mobility limitation, triglycerides,
total cholesterol-to-HDL cholesterol, lipid-modifying medication,
anti-hypertensive medication, smoking, alcohol consumption and

BMI. Interaction terms were introduced to evaluate whether the
results differed according to glucose metabolism status (GMS:
NGM and prediabetes vs. T2D).
Results: After full adjustment, PA patterns were significantly as-
sociated with lower levels of cfPWV (total population (reference:
inactive): insufficiently active: -0.35[-0.57;-0.13]; weekend war-
rior: -0.40[-0.66;-0.14] and regularly active: -0.48[-0.73;-0.23].
The associations were stronger in individuals with T2D
(Pinteraction<0.10). In stratified analyses (reference: inactive), PA
patterns were associated with cfPWV in NGM and prediabetes
(insufficiently active: -0.11[-0.36;0.14]; weekend warrior: -0.23[-
0.50;-0.05] and regularly active: -0.30 [-0.56;-0.04]) and more
strongly in T2D (insufficiently active: -0.65[-1.12;-0.17], weekend
warrior: -0.59[-1.26;-0.09] and regularly active: -0.92[-1.59;-
0.25]).
Conclusion: Participating in MVPA was associated with lower aortic
stiffness. The association was strongest in those displaying the greatest
amount of MVPA spread evenly over the week and differed according to
GMS. Engaging MVPA may be an important strategy to reduce CVD,
particularly in T2D.
Supported by: ERDF, PoL, SDW, PSID, CVC, CARIM, CAPHRI,
NUTRIM, SA, HFL, JCBV, NNF, SAN
Disclosure: E.J. Vandercappellen: None.
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Pacific-specific CETP genetic variant associates with increased HDL
and low LDL in Polynesian populations
J. Moors1, M. Leask1, N. Dalbeth2, L. Stamp3, J.H. Hindmarsh4, T.
Merriman1;
1Department of Biochemistry, University of Otago, Dunedin,
2Department of Medicine, University of Auckland, Auckland,
3Department of Medicine, University of Otago, Christchurch, 4Ngati
Porou Hauoura, Te Puia Springs, New Zealand.

Background and aims: Cholesterylester transfer protein (CETP), a
hydrophobic glycoprotein, plays an important role in lipoprotein
metabolism by mediating the transfer of cholesterol esters from
high-density-lipoproteins towards very low-density-lipoproteins in
exchange for triglycerides. Several genetic variants within CETP
reduce CETP synthesis or CETP activity. Genetic variants associ-
ated with decreased CETP mass and activity are associated with
high HDL-cholesterol (HDL-C) levels, low LDL-cholesterol
(LDL-C) levels, and decreased cardiovascular risk. Given the
prevalence, severity and burden of cardiometabolic conditions in
Māori and Pacific (Polynesian) populations, genetic variants spe-
cific to Polynesian people within genes previously associated with
metabolic disease could have large effects in these population
groups. This study investigated the association of a Pacific-
specific missense variant (16_57004947, p.(Pro160Leu)) in the
CETP gene in a Polynesian population (Māori and Pacific).
Materials and methods: 3022 adults of Polynesian ancestry were re-
cruited and genotyped for CETP variant 16_57004947 by Taqman®.
The data were subset into Eastern (n = 1954), Western (n = 933) and
Mixed Polynesian (n = 135) and island nation (Cook Island Māori =
229, NZ Māori = 1635, Tongan = 217, Samoan = 463) sample sets.
Association analyses were carried out in R-Studio (v. 1.1.456) and were
adjusted for potential confounders.
Results: The minor allele (T) frequency was 3% in the Polynesian
wide data set, 3% in Eastern Polynesians, 4% in Western
Polynesians and 4% in Mixed Polynesians. Association analyses
demonstrated significant association of the T-allele with increased
HDL-C (β = 0.25 mmolL-1, P = 3.11x10-23) Polynesian-wide.
Likewise, a significant increase in HDL-C, attributed to one copy
of the minor allele-T, was evident in Western Polynesian (β =
0.19 mmolL-1, P = 4.34x10-6), Eastern Polynesian (β = 0.32
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mmolL-1, P = 2.16x10-18), and Mixed Polynesian (β = 0.26
mmolL-1, P = 0.01). A significant decrease in LDL-C was evident
only in Eastern Polynesian (β = -0.22 mmolL-1, P = 0.03).
Analyses for association of the T-allele in different island nations
produced a significant increase in HDL-C in Cook Islands (β =
0.40 mmolL-1, P = 1.30x10-4), NZ Māori (β = 0.31 mmolL-1, P
= 1.05x10-14), Tongans (β = 0.26 mmolL-1, P = 0.001), and
Samoans (β = 0.20 mmolL-1, P = 0.001). A decrease in LDL-C
was seen only in NZ Māori (β = -0.26 mmolL-1, P = 0.02).
Conclusion: This is the first study to investigate the effect of a
genetic variant within CETP in a Polynesian population. The
16_57004947 T allele associates with increased HDL-C, and de-
creased LDL-C within Polynesian populations. Associations with
HDL-cholesterol levels have been reported for other CETP vari-
ants in European populations, and with pharmacologic response to
CETP inhibitors. The findings from this study suggest that the
CETP genetic variant influences lipid and lipoprotein particle me-
tabolism in Polynesian populations in a manner consistent with
lower CETP activity. Further genetic and functional analyses in-
cluding measuring CETP activity are required to illuminate and
illustrate the true underlying influence of CETP in people of
Polynesian descent.
Supported by: HRC of NZ
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Atrial fibrillation detected by home monitoring in patients with dia-
betes: cardiovascular disease and prevention of stroke in an outpa-
tient cohort
A. Christiansen1, J. Koefoed Tingsgaard1, D. Andersen2, H. Søholm3,
M. Taskiran4, T. G. Bock5, M. Malby Schoos6;
1Department of Medicine, University Hospital of Zealand, Køge,
2Department of Medicine, Herlev and Gentofte Hospital, Copenhagen,
3Department of Cardiology, University Hospital of Zealand, Køge,
4Department of Cardiology, Hvidovre Hospital, Hvidovre, 5Department
of Medicine, Holbæk Hospital, Holbæk, 6Department of Cardiology,
CopenhagenUniversity Hospital, Rigshospitalet, Copenhagen, Denmark.

Background and aims: Patients with silent and undiagnosed parox-
ysmal atrial fibrillation (PAF) have increased risk of ischemic
stroke. Patients with diabetes have an elevated risk of atrial fibril-
lation. Our aim was to investigate the prevalence of silent PAF in
patients with diabetes and to identify the possible risk factors
associated with AF. We sought to evaluate two diagnostic

methods of PAF detection, by comparing the standard ECG,
which is the current routine diagnostic work-up for cardiac ar-
rhythmias in the setting of out-patient diabetes clinics, to non-
invasive external loop recorder (ELR).
Materials and methods: This prospective observational study was
performed in an outpatient clinic at a university hospital. We
included 217 patients with type 1 or type 2 diabetes and at least
one additional risk factor from the CHA2DS2VASc score being
either previous stroke, transient ischemic attack, previous throm-
boembolism, age >= 65, female gender, hypertension, vascular
disease or congestive heart failure. Hip-waist-ratio, blood pressure
and resting electrocardiogram (ECG) were recorded. Patients were
home-monitored with an event-triggered loop ECG recorder
(ELR). Primary outcome was the prevalence of PAF/or flutter
recorded by a seven-day ELR in comparison to the standard rest-
ing ECG. Seventeen patients were excluded due to premature
removal of the device.
Results: In the final cohort of 200 patients, 117 (58.5%) were
male, with a mean age of 66 (SD +/- 0.7) years and a mean
length of diabetes of 22.5 (SD +/- 13.9) years, 118 patients
(59%) had type 2 diabetes. The large majority of patients had
hypertension [n=172 (86%)] and dyslipidemia, [n=160 (80%)].
Seven day home monitoring detected silent PAF in 20 of 200
patients (10%) and paroxysmal atrial flutter in 1 patient. The
standard 12-lead ECG detected no episodes of AF. The
Prevalence of PAF/flutter was 10.5% using the seven-day ELR
vs. 0.0 % in the standard ECG (p<0.001). Higher age, male gen-
der, elevated microproteinuria and elevated systolic blood pressure
were associated with PAF in univariate analysis, but only age [OR
1.1 (95% CI: 1.0-1.2) (p=0.029)] and male gender [(OR 5.3 (95%
CI =1.4-19.7) (p=0.017)] remained associated in multivariable lo-
gistic regression analyses. All patients with PAF/flutter were can-
didates of anticoagulation therapy with a CHA2DS2VASc-score
≥2 or more (4.1, SD +/-1.6) and were referred to the department
of cardiology for initiation of anticoagulation therapy and further
clinical evaluation.
Conclusion: Undiagnosed PAF is common in a risk-enhanced
cohort of patients with diabetes. In outpatient diabetes clinics,
routine non-invasive long time monitoring by event-triggered
ECG loop recorder (ELR) enhances detection of PAF and iden-
tifies candidates for early anticoagulation treatment with the pos-
sible effect of stroke prevention in patients with diabetes. Routine
diagnostic investigation of PAF in high-risk patients from outpa-
tient diabetes clinics should be considered.
Disclosure: A. Christiansen: None.
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