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Abstract
Aims/hypothesis There is strong evidence that maternal
diabetes while offspring are in utero results in offspring
beta cell dysfunction and diabetes or glucose intolerance.
Offspring born to mothers with a mutation in the
glucokinase gene (GCK) are a good model for studying
exposure to moderate hyperglycaemia, as mutation carriers
have fasting hyperglycaemia throughout life including
during pregnancy. We assessed the long term effects of
exposure to maternal hyperglycaemia in utero on beta cell
function and glucose tolerance in adult offspring.
Materials and methods We studied 86 adult offspring
(mean age 40 years), 49 born to glucokinase mothers
(exposed to hyperglycaemia in utero) and 37 born to
glucokinase fathers (controls). We measured glucose toler-
ance during an OGTT and beta cell function using early
insulin response (EIR); we also measured anthropometric
data including birthweight.
Results Offspring of glucokinase mothers had a higher
birthweight by 450 g (p<0.001), but no evidence of

deterioration in glucose tolerance (2-h glucose 9.1 vs
8.6 mmol/l p=0.50) or reduced beta cell function (log
EIR 1.40 vs 1.26, p=0.11) compared with offspring born to
glucokinase fathers.
Conclusions/interpretation The marked increase in birth-
weight shows that offspring born to affected mothers were
exposed to increased glycaemia in utero. Despite this, there
was no evidence of altered beta cell function or glucose
tolerance. As previous human examples of marked
programming by hyperglycaemia in utero have been in
genetically predisposed offspring, we propose that our
finding reflects the lack of genetic predisposition in the
offspring to progressive beta cell dysfunction.
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Programming

Abbreviation
EIR early insulin response

Introduction

Type 2 diabetes is a complex disease with both environmen-
tal and genetic components. The role of the early intra-
uterine environment is controversial, but there is strong
evidence that exposure to maternal diabetes in utero results
in beta cell dysfunction and hyperglycaemia. Offspring born
to Pima Indian mothers who were diabetic before
pregnancy showed a very high prevalence (45%) of
diabetes before the age of 25 years when compared with
those whose mothers developed diabetes after pregnancy
(9%) [1]. Diabetes in offspring exposed to diabetes in utero
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results predominantly from beta cell dysfunction [2].
Carriers of mutations in the MODY gene hepatocyte
nuclear factor 1 alpha (HNF1A) whose mothers had
diabetes when they were in utero were diagnosed with
diabetes 8 years earlier than those who inherited the
mutation from their father [3]. Beta cell function was
moderately reduced in white offspring born to non-diabetic
mothers who developed type 2 diabetes before 50 years of
age, compared with offspring of affected fathers [4].
Finally, a small study on offspring of type 1 diabetic
parents showed increased glucose intolerance and beta cell
dysfunction in offspring born to affected mothers compared
with offspring of affected fathers [5].

Subjects with heterozygous mutations in the glucokinase
gene (GCK) have life-long, mild fasting hyperglycaemia
(usually 5.5–8 mmol/l) without associated insulin resistance
or dyslipidaemia [6]. Offspring of mothers with glucokinase
mutations are therefore exposed to consistent, moderate
hyperglycaemia in utero, which differs from type 1 or type
2 diabetes in as far as the glucose levels are less variable
and little altered by treatment [6]. Previous studies have
shown a clear increase in birthweight associated with mothers
having a glucokinase mutation [7], supporting the idea that
offspring are exposed to moderate maternal hyperglycaemia in
utero. Offspring of mothers with glucokinase mutations are
therefore a good model for studying the impact of exposure to
gestational hyperglycaemia. We compared beta cell function
and glycaemia in offspring born to mothers with glucokinase
mutations (exposed) with those of offspring whose fathers had
glucokinase mutations (unexposed).

Subjects and methods

Subjects for clinical studies We recruited 83 offspring born
to parents with glucokinase mutations from UK families. All
offspring were over 16 years old and had only one parent
with glucokinase mutation and no history of type 2 diabetes
in first-degree relatives. Pregnant women and persons taking
steroids were excluded. The study protocol was approved by
the local research ethics committees, and the studies were
performed in accordance with the Declaration of Helsinki.
All participants gave written informed consent.

Methods for clinical studies Subjects fasted from 22.00 h the
night before assessment, and avoided excessive exercise and
alcohol for the previous 24 h. Three plasma samples for
insulin and glucose were collected from the fasting subjects
before an OGTT. Additional plasma samples (n=4) were
taken at 30-min intervals following a 75-g oral glucose load.
Body composition was assessed by bioelectrical impedance
(Bodystat 1500; Bodystat, Douglas, Isle of Man, British
Isles). Blood pressure and waist and hip measurements were

taken. Details of birthweight and gestation were obtained
from clinical notes or by maternal recall.

The primary endpoint was early insulin response (EIR)
following OGTT, calculated using the formula (30-min
insulin–mean fasting insulin)/(30-min glucose) [8]. Sec-
ondary endpoints were glucose tolerance during OGTT,
HbA1c, and insulin sensitivity determined by the homeo-
stasis model assessment computer model v2.2 [9].

Sample analysis Serum and plasma were stored at −80°C.
All biochemical analyses were performed in the same UK
laboratories, and insulin was measured by an immunoenzy-
mometric assay (Insulin EASIA; Biosource-Invitrogen,
Boston, MA, USA) calibrated against the International
Reference Preparation 66/304 (http://www.nibsc.ac.uk),
with no detectable cross-reactivity with intact proinsulin
and 32–33 split proinsulin. Plasma glucose was analysed by
glucose oxidase methods and HbA1c by using an in-house
high-performance liquid chromatography method (normal
range 4.0–5.5%).

All study subjects were sequenced for glucokinase muta-
tions. Proband genomic DNA samples were amplified using
published primers for all exons and intron–exon boundaries of
the glucokinase gene, while only the relevant primers for
indexmutations were used for all other familial DNA samples.
PCR products were purified and sequenced using BigDye
Terminator chemistry (Applied Biosystems, Warrington, UK).
Reactions were analysed on a DNA sequencer (ABI Prism
3100; Applied Biosystems) and sequences compared using a
mutation surveyor software (Mutation Surveyor v2.51; Soft-
Genetics, Pennsylvania, PA, USA).

Statistical analysis Offspring born to mothers with glucoki-
nase mutations were compared with offspring born to fathers
with glucokinase mutations. Distribution of sex, glucose
intolerance and diabetic status among the two groups were
compared using chi-squared tests. Data are presented as
means with SEM. Data showing a skewed distribution were
log-transformed. Mean age was compared using the Stu-
dent’s t-test. All other means were compared by analysis of
covariance using age, sex, and mutation status as covariates.
All tests were two-tailed and the significance level was 0.05.

We calculated that to have 80% power to see the same
deterioration in 2-h glucose (1.5 mmol/l) and EIR (31%) as
that seen in the type 1 diabetes offspring study [5], we
would require a total of 18 and 62 subjects respectively.

Results

Of the 83 offspring, 46 were born to mothers with
glucokinase mutations. There were no significant differ-
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ences in baseline characteristics between the two groups of
subjects (Table 1). The mean birthweight (corrected for
gestational age) in offspring born to mothers with glucoki-
nase mutation was increased by 450 g compared with
offspring of affected fathers (p<0.001) (Fig. 1a). No
significant differences in offspring beta cell function, as
measured by EIR, 2-h glucose or insulin sensitivity, was
seen in offspring exposed to maternal hyperglycaemia,
compared with those not exposed (Fig. 1b–d). In cases
compared with controls mean log EIR was 1.40 (95%CI
1.28–1.52) vs 1.26 (95%CI 1.13–1.39), p=0.11, and mean
2-h glucose was 9.1 mmol/l (95%CI 8.1–10.0) vs
8.6 mmol/l (95%CI 7.6–9.6), p=0.50. Adjusting for BMI
did not alter these results.

When only the non-mutation-carrying offspring were
considered, birthweight was increased by 720 g (p<0.001)
in those born to mutation-carrying mothers (Fig. 1a), but
again with no difference in any of the measures of glucose

tolerance, beta cell dysfunction or other traits (Table 1,
Fig. 1b–d).

Discussion

We have shown that there is no difference in beta cell function
or glucose tolerance between offspring born to mothers with
heterozygous glucokinase mutations and offspring born to
affected fathers. This is despite clear evidence of different
intra-uterine exposure to hyperglycaemia as demonstrated by
the marked increase in birthweight of offspring from mothers
with glucokinase mutations. The glycaemia result is in
keeping with a previous study of offspring from French
glucokinase families, who showed no difference in glucose
tolerance [10]. The size of our study and relative imprecision
of our measurement of beta cell function means that we
cannot exclude a small impact on beta cell function, but the

Table 1 Baseline offspring characteristics according to parent with glucokinase mutation

Offspring characteristics Non-mutation-carrying offspring Mutation-carrying offspring All offspring adjusted for mutation
status

Mother
affected

Father
affected

p
value

Mother
affected

Father
affected

p
value

Mother
affected

Father
affected

p
value

Number 15 14 31 23 46 37
Sex (male:female) 4:11 7:7 0.20 9:22 6:17 0.81 13:33 13:24 0.50
Age (years) 35.8 (4.3) 38.8 (3.7) 0.60 43.3 (2.5) 38.5 (2.6) 0.19 40.8 (2.1) 38.6 (2.1) 0.47
Proportion with IGT 1/13 1/14 0.96 13/31 12/23 0.46 14/44 13/37 0.75
Proportion with diabetes 0/13 1/14 0.33 13/31 6/23 0.23 13/44 7/37 0.27
BMI (kg/m2)a 26.3 (1.4) 27.2 (1.4) 0.67 26.4 (0.9) 25.4 (1.1) 0.47 26.3 (0.8) 26.1 (0.8) 0.87
Waist (m)a 0.89 (0.04) 0.89 (0.04) 0.98 0.90 (0.02) 0.86 (0.03) 0.24 0.89 (0.02) 0.87 (0.02) 0.49
Body fata (%) 29.0 (2.1) 27.6 (2.2) 0.63 29.8 (1.3) 28.1 (1.6) 0.41 29.4 (1.1) 28.0 (1.2) 0.40
HbA1c (%)a 5.34 (0.07) 5.27 (0.07) 0.56 6.54 (0.17) 6.37 (0.19) 0.51 6.16 (0.11) 5.98 (0.12) 0.30
Systolic BPa (mmHg) 119 (5) 122 (5) 0.67 117 (2) 120 (3) 0.56 118 (2) 120 (2) 0.53
Diastolic BPa (mmHg) 71 (2) 73 (2) 0.49 71 (2) 72 (2) 0.66 71 (1) 73 (1) 0.35
Fasting glucose (mmol/l)a 4.98 (0.09) 5.01 (0.10) 0.83 7.39 (0.35) 7.19 (0.41) 0.71 6.60 (0.24) 6.37 (0.26) 0.51
30-min OGTT glucose
(mmol/l)a

7.58 (0.38) 7.65 (0.38) 0.90 11.16 (0.46) 10.18 (0.53) 0.18 10.04 (0.33) 9.22 (0.37) 0.10

60-min OGTT glucose
(mmol/l)a

7.63 (0.51) 6.51 (0.51) 0.14 11.59 (0.73) 10.59 (0.63) 0.31 10.36 (0.46) 9.05 (0.50) 0.06

90-min OGTT glucose
(mmol/l)a

6.16 (0.44) 5.88 (0.44) 0.66 11.22 (0.69) 10.49 (0.80) 0.50 9.62 (0.49) 8.77 (0.54) 0.24

120-min OGTT glucose
(mmol/l)a

5.83 (0.48) 5.65 (0.46) 0.80 10.61 (0.67) 10.16 (0.77) 0.66 9.08 (0.48) 8.60 (0.52) 0.50

Fasting log insulina 1.99 (0.05) 1.98 (0.05) 0.97 1.94 (0.03) 1.86 (0.04) 0.12 1.96 (0.03) 1.90 (0.03) 0.20
30-min OGTT log insulina 2.63 (0.08) 2.57 (0.08) 0.58 2.48 (0.05) 2.35 (0.05) 0.07 2.53 (0.04) 2.42 (0.04) 0.05
60-min OGTT log insulina 2.64 (0.09) 2.58 (0.09) 0.67 2.50 (0.05) 2.34 (0.06) 0.05 2.55 (0.04) 2.42 (0.05) 0.05
90-min OGTT log insulina 2.59 (0.08) 2.54 (0.08) 0.70 2.48 (0.05) 2.32 (0.06) 0.04 2.53 (0.04) 2.40 (0.05) 0.04
120-min OGTT log insulina 2.43 (0.08) 2.42 (0.09) 0.95 2.45 (0.05) 2.28 (0.05) 0.02 2.45 (0.04) 2.32 (0.04) 0.04

Unless otherwise stated, data are shown as adjusted mean (SE). p values were obtained by comparing means by t-test (age), chi-square (sex
distribution, proportion with diabetes or IGT), or analysis of covariance using covariates age and sex. Means for all offspring were additionally
corrected for glucokinase mutation carrier status.
Diabetes was defined as 2-h OGTT venous plasma >11.1 mmol/l; IGT was defined as 2-h OGTT venous plasma >7.8 mmol/l and ≤11.1 mmol/l.
BP blood pressure
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95% confidence limits of our results also exclude the
possibility of a reduction of beta cell function above 23%
and a change in 2-h glucose above 21% (1.8 mmol/l).

Our results contrast with the clear impact of in utero
exposure to maternal type 2 diabetes in Pima Indians [1, 2],
and with results in subjects with hepatic nuclear factor
1alpha mutations [3]. In both of these examples, the
offspring probably experienced a similar degree of hyper-
glycaemia in utero to our offspring of glucokinase mothers.
We propose that the difference in outcome reflects the
possibility that these offspring were genetically predisposed

to beta cell dysfunction, unlike the offspring in our study. In
our previous study of white offspring born on average
20 years prior to parental type 2 diabetes, even very modest
exposure to hyperglycaemia in utero reduced beta cell
function in these genetically susceptible offspring [4].

Reduced beta cell function and worse glycaemia in
offspring of type 1 diabetic mothers compared with
offspring of affected fathers is the only example of an
impact of hyperglycaemia exposure in utero in subjects
who were not genetically predisposed to progressive beta
cell dysfunction [5]. This result is interesting, as birth-
weight did not differ significantly between offspring who
had maternal hyperglycaemia exposure in utero and those
who did not, perhaps the result of excellent treatment of
maternal hyperglycaemia during pregnancy. Our glucoki-
nase offspring were older (mean age 40 vs 23 years) and
had greater BMI (27 vs 23 kg/m2) than the offspring born
to parents with type 1 diabetes, but still did not show the
increased prevalence of IGT seen in that study [5].

It is unclear why programming results should be seen in
offspring of type 1 diabetic mothers, but not in offspring of
glucokinase mothers, despite birthweight evidence suggest-
ing greater maternal hyperglycaemia exposure and a larger
sample size in the glucokinase subjects. It is possible that
the larger glucose excursions seen in type 1 diabetes,
perhaps in the first trimester, are more detrimental to fetal
beta cell development than the more sustained but milder
hyperglycaemic exposure in glucokinase subjects. Replica-
tion of the result in the offspring of type 1 diabetic parents
in a larger cohort would support this possible explanation.

In conclusion, we did not show a reduction in beta cell
function or deterioration in glucose tolerance in offspring
exposed to moderate hyperglycaemia in utero as a result of
maternal glucokinase mutations. As previous examples of
marked programming in humans by hyperglycaemia in
utero have been in genetically predisposed offspring, we
propose that our finding reflects lack of genetic predispo-
sition in the offspring to progressive beta cell dysfunction.

Acknowledgements This study was funded by Diabetes UK. We
acknowledge the molecular genetic team at the Royal Devon & Exeter
NHS Trust, particularly A. Parrish for the molecular genetic analysis.
We would also like to acknowledge all the patients and their referring
clinicians.

Duality of interest The authors declare no duality of interest.

References

1. Pettitt D, Aleck K, Baird H, Carraher M, Bennett P, Knowler W
(1988) Congenital susceptibility to NIDDM: role of intrauterine
environment. Diabetes 37:622–628

2. Gautier J-F, Wilson C, Weyer C et al (2001) Low acute insulin
secretory responses in adult offspring of people with early onset
type 2 diabetes. Diabetes 50:1828–1833

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

Non-mutation carriers Mutation carriers All offspring adjusted for 
mutation status

Non-mutation carriers Mutation carriers All offspring adjusted for 
mutation status

Non-mutation carriers Mutation carriers All offspring adjusted for 
mutation status

Non-mutation carriers Mutation carriers All offspring adjusted for 
mutation status

B
irt

hw
ei

gh
t

p<0.001 p=0.035 p<0.001

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

Lo
g 

ea
rly

 in
su

lin
 r

es
po

ns
e p=0.39 p=0.11

0

2

4

6

8

10

12

P
la

sm
a 

gl
uc

os
e 

(m
m

ol
/l) p=0.80 p=0.66 p=0.50

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

Lo
g 

H
O

M
A

s

p=0.94 p=0.15 p=0.19

p=0.27

a

b

c

d

Fig. 1 Outcome in adult offspring by affection status of parent. a
Offspring birthweight, b offspring early insulin response, c offspring
2-h glucose post OGTT, d offspring insulin sensitivity using
homeostatic model assessment (HOMA). Dark bars, offspring born to
mothers with glucokinase mutation; light bars, offspring born to
fathers with glucokinase mutation. Vertical bars, standard error of
mean. All mean values are adjusted for age and sex (except
birthweight, which was corrected for gestational age and sex)

Diabetologia (2007) 50:620–624 623



3. Stride A, Shepherd M, Frayling T, Bulman M, Ellard S, Hattersley
A (2002) Intrauterine hyperglycemia is associated with an earlier
diagnosis of diabetes in HNF-1a gene mutation carriers. Diabetes
Care 25:2287–2291

4. Singh R, Pearson E, Avery PJ et al (2006) Reduced beta cell
function in offspring of mothers with young-onset type 2 diabetes.
Diabetologia 49:1876–1880

5. Sobngwi E, Boudou P, Mauvais-Jarvis F et al (2003) Effect of a
diabetic environment in utero on predisposition to type 2 diabetes.
Lancet 361:1861–1865

6. Stride A, Hattersley AT (2002) Different genes, different diabetes:
lessons from maturity-onset diabetes of the young. Ann Med
34:207–216

7. Hattersley AT, Beards F, Ballantyne E, Appleton M, Harvey R,
Ellard S (1998) Mutations in the glucokinase gene of the fetus
result in reduced birth weight. Nat Genet 19:268–270

8. Wareham N, Phillips D, Byrne C, Hales C (1995) The 30 minute
insulin incremental response in an oral glucose tolerance test as a
measure of insulin secretion. Diabet Med 12:931

9. Levy JC, Matthews DR, Hermans MP (1998) Correct homeostasis
model assessment (HOMA) evaluation uses the computer pro-
gram. Diabetes Care 21:2191–2192

10. Velho G, Hattersley AT, Froguel P (2000) Maternal diabetes alters
birth weight in glucokinase-deficient (MODY2) kindred but has
no influence on adult weight, height, insulin secretion or insulin
sensitivity. Diabetologia 43:1060–1063

624 Diabetologia (2007) 50:620–624


	The long-term impact on offspring of exposure to hyperglycaemia in utero due to maternal glucokinase gene mutations
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Subjects and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


