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Context: The fetal insulin hypothesis proposes that common genetic variants that reduce insulin
secretion also reduce birth weight, and an association of low birth weight and the type 2 diabetes
risk alleles at the HHEX-IDE and CDKAL1 loci were recently reported.
Objective: Here, we examined the relationship between type 2 diabetes risk alleles and birth
weight in a diabetic environment presented in children of mothers with type 1 diabetes.
Research Design and Methods: Birth weight and genotyping of single nucleotide polymorphisms
(SNPs) at the CDKAL1, HHEX-IDE, and SLC30A8 loci was obtained and analyzed in 729 singleton
full-term children of mothers with type 1 diabetes born in Germany.
Results: The fetal risk alleles of HHEX-IDE SNP rs5015480 and SNP rs10882102 were associated with
reduced birth weight: 81g (95% confidence interval, 20 –140 g; P ⫽ 0.009) and 85 g (95% confidence
interval, 25–145 g; P ⫽ 0.005) lower birth weight per risk allele, respectively. The association
remained significant after adjusting for maternal pregnancy-glycosylated hemoglobin. Fetal genotypes at the CDKAL1 and SLC30A8 loci were not associated with birth weight in this cohort.
Conclusions: The association of low birth weight and type 2 diabetes risk alleles of the HHEX-IDE
locus is confirmed in children of mothers with type 1 diabetes. (J Clin Endocrinol Metab 94:
4113– 4115, 2009)

T

ype 2 diabetes is associated with polymorphisms at
several genes and with reduced birth weight (1, 2).
Linking these findings, birth weight was recently reported
to be lower in neonates carrying the type 2 diabetes risk
alleles at the HHEX-IDE and CDKAL1 loci (3). The genetic effect on birth weight is suggested to be mediated
via reduced fetal insulin secretion, a notion that is consistent with the fetal insulin hypothesis (4). An interesting model that would corroborate the findings and

hypothesis is one in which the fetus is exposed to increased ␤-cell stimulation. Children of mothers with
type 1 diabetes are exposed to hyperglycemia during
fetal life and, as a consequence, have increased insulin
concentrations and higher birth weight (5, 6). We therefore examined birth weight in relation to the type 2
diabetes risk alleles at the CDKAL1, HHEX-IDE, and
SLC30A8 loci in children born to mothers with type 1
diabetes to determine whether the previously reported

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in U.S.A.
Copyright © 2009 by The Endocrine Society
doi: 10.1210/jc.2009-0970 Received May 6, 2009. Accepted July 9, 2009.
First Published Online July 21, 2009

Abbreviations: CI, Confidence interval; HbA1c, glycosylated hemoglobin; SNP, singlenucleotide polymorphism.

J Clin Endocrinol Metab, October 2009, 94(10):4113– 4115

jcem.endojournals.org

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 23 September 2014. at 02:23 For personal use only. No other uses without permission. . All rights reserved.

4113

4114

Winkler et al.

HHEX-IDE Polymorphism and Birth Weight

J Clin Endocrinol Metab, October 2009, 94(10):4113– 4115

TABLE 1. Birth weight in relation to fetal genotype in children of mothers with type 1 diabetes
Fetal genotype (no. of type 2 diabetes risk alleles)
Locus (SNP)
HHEX-IDE (rs5015480)
n
HHEX-IDE (rs10882102)
n
SLC30A8 (rs3802177)
n
CDKAL1 (rs4712526)
n

0
3689 (3583–3794)
113
3686 (3582–3789)
116
3563 (3423–3702)
66
3641 (3508 –3774)
72

1
3603 (3543–3663)
348
3600 (3540 –3659)
354
3548 (3482–3614)
294
3533 (3470 –3596)
319

2
3525 (3455–3595)
260
3515 (3445–3584)
259
3633 (3573–3693)
358
3632 (3570 –3695)
331

P
0.009
0.005
0.10
0.31

Data are expressed as mean birth weight in grams (95% CI).

gene-birth weight interactions can be replicated in a
cohort exposed to hyperglycemia.

Subjects and Methods
Children of mothers with type 1 diabetes were recruited in Germany between 1989 and 2004 in the context of two prospective
birth cohort studies, BABYDIAB and BABYDIET (7, 8). A total
of 729 children (377 female) were available for genotyping. Birth
weight and gestational age were obtained from hospital
records. Subjects included in the study were singleton birth
and were born at a gestational age of 37 wk or later. For 557
children, maternal glycosylated hemoglobin (HbA1c) during
the last trimenon of pregnancy was recorded. Written informed consent was obtained from all families participating in
the study. The study was approved by the ethics committee
(Bayerische Landesärztekammer Nr. 95357, and Ethikkommission der Medizinischen Fakultät der Ludwig-MaximilianUniversität Nr. 329/00).
The genotyping of the CDKAL1 single nucleotide polymorphism (SNP) rs4712526, HHEX-IDE SNP rs10882102,
HHEX-IDE SNP rs5015480, and SLC30A8 SNP rs3802177
was performed with the MassARRAY system using the iPLEX
chemistry (Sequenom, San Diego, CA). The allele-dependent
primer extension products were loaded onto one 384-element
chip using a nanoliter pipetting system (SpectroCHIP, SpectroPOINT Spotter; Sequenom), and the samples were analyzed by
matrix-assisted laser desorption-ionization time-of-flight mass
spectrometry (Bruker Daltonik, Leipzig, Germany). The resulting mass spectra were analyzed for peak identification via the
SpectroTYPER RT 3.4 software (Sequenom). To control for reproducibility, 16.3% of samples were genotyped in duplicate
with a discordance rate less than 0.5%. The HHEX-IDE SNP
rs10882102 and HHEX-IDE SNP rs5015480 are in strong linkage. All SNPs were tested for deviation from Hardy-Weinberg
equilibrium by means of 2 or Fisher’s exact test.
The association between birth weight and fetal genotype for
each SNP was examined using linear regression, with genotypes
coded as 0, 1, or 2 risk alleles, and with sex and gestational age
as covariates. The distribution of birth weight was near normal,
and data were not transformed for analysis. The statistical analysis was performed using the Statistical Package for Social Science (SPSS 16.0; SPSS, Chicago, IL).

Results
The type 2 diabetes risk alleles of HHEX-IDE SNPs
rs5015480 and rs10882102 were associated with reduced
birth weight in children born to mothers with type 1 diabetes (Table 1). Per risk allele, the birth weight was lower
by 81 g 关95% confidence interval (CI), 20 –140 g兴 for SNP
rs5015480 and by 85 g (95% CI, 25–145 g) for SNP
rs10882102 (P ⫽ 0.009 and P ⫽ 0.005, respectively, adjusted for gestational age and gender). The association remained significant after adjusting for maternal pregnancyHbA1c in the subset of children (n ⫽ 557) where maternal
HbA1c was available. Fetal genotypes at the CDKAL1 and
SLC30A8 loci were not associated with birth weight in our
cohort.

Discussion
Our results strongly support the findings of Freathy et al.
(3) that fetal inheritance of alleles of certain genes conferring increased risk for type 2 diabetes is associated with
reduced birth weight. Novel and potentially interesting in
our study is that the association between HHEX-IDE
SNPs rs5015480 and rs10882102 and birth weight is also
present in children exposed to increased and often varied
glycemia during fetal growth, and who also have a genetic
predisposition to type 1 diabetes. The effect in this cohort
appears strong with more than 80-g differences observed
between infants carrying zero or at least one risk allele.
Thus, the data provide further evidence that the type 2
genetic susceptibility conferred by the HHEX-IDE gene is
related to insulin secretion capacity and that the association of low birth weight with type 2 diabetes is secondary
to gene-insulin secretion interactions. We did not confirm
the association with CDKAL1. This may be due to limited
effects on insulin secretion in response to hyperglycemia or
simply due to limited power given the smaller cohort size
compared with the report in the general population. We
also did not observe synergistic effects between the
HHEX-IDE and CDKAL1 genotypes on birth weight
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(data not shown). As observed in the general population,
there was no association between the SLC30A8 SNP alleles
and birth weight. We suggest that fetal hyperglycemia could
be a useful model to identify gene effects on insulin secretion,
and we conclude that the relationship between HHEX-IDE
and birth weight could be reproduced in this model.

jcem.endojournals.org

2.

Acknowledgments
We thank A. Knopff and Marina Zwilling for data collection and
expert technical assistance.
Address all correspondence and requests for reprints to: Prof.
Dr. Anette-G. Ziegler, Forschergruppe Diabetes der Technische
Universität München, Koelner Platz 1, 80804 Munich, Germany. E-mail: anziegler@lrz.uni-muenchen.de.
This work was supported by grants from the Juvenile Diabetes Research Foundation (JDRF no. 1-2006-665), the German
Research Foundation (Deutsche Forschungsgemeinschaft ZI
310/14-1 and 14-2), the German National Genome Research
Network, and the Helmholtz Center Munich, German Research
Center for Environmental Health. This work was also supported
by the Kompetenznetz Diabetes mellitus (Competence Network
for Diabetes mellitus), funded by the Federal Ministry of Education and Research (FKZ 01GI0805-07).
Disclosure Summary: The authors have nothing to disclose.

References
1. Zeggini E, Scott LJ, Saxena R, Voight BF, Marchini JL, Hu T, de
Bakker PI, Abecasis GR, Almgren P, Andersen G, Ardlie K, Boström

3.

4.

5.

6.

7.

8.

4115

KB, Bergman RN, Bonnycastle LL, Borch-Johnsen K, Burtt NP, Chen
H, Chines PS, Daly MJ, Deodhar P, Ding CJ, Doney AS, Duren WL,
Elliott KS, Erdos MR, Frayling TM, Freathy RM, Gianniny L, Grallert
H, Grarup N, Groves CJ, Guiducci C, Hansen T, Herder C, Hitman GA,
Hughes TE, et al. 2008 Meta-analysis of genome-wide association data
and large-scale replication identifies additional susceptibility loci for type
2 diabetes. Nat Genet 40:638 – 645
Barker DJ, Hales CN, Fall CH, Osmond C, Phipps K, Clark PM 1993
Type 2 (non-insulin-dependent) diabetes mellitus, hypertension and
hyperlipidaemia (syndrome X): relation to reduced fetal growth. Diabetologia 36:62– 67
Freathy RM, Bennett AJ, Ring SM, Shields B, Groves CJ, Timpson
NJ, Weedon MN, Zeggini E, Lindgren CM, Lango H, Perry JR, Pouta
A, Ruokonen A, Hyppönen E, Power C, Elliott P, Strachan DP, Järvelin
MR, Smith GD, McCarthy MI, Frayling TM, Hattersley AT 2009 Type
2 diabetes risk alleles are associated with reduced size at birth. Diabetes
58:1428 –1433
Hattersley AT, Tooke JE 1999 The fetal insulin hypothesis: an alternative explanation of the association of low birthweight with diabetes
and vascular disease. Lancet 353:1789 –1792
Lindsay RS, Hamilton BA, Calder AA, Johnstone FD, Walker JD,
Scottish Mulitcentre Study of Diabetes in Pregnancy 2004 The relation of insulin, leptin and IGF-1 to birthweight in offspring of women
with type 1 diabetes. Clin Endocrinol (Oxf) 61:353–359
Hummel M, Marienfeld S, Huppmann M, Knopff A, Voigt M,
Bonifacio E, Ziegler AG 2007 Fetal growth is increased by maternal type 1 diabetes and HLA DR4-related gene interactions.
Diabetologia 50:850 – 858
Ziegler AG, Hummel M, Schenker M, Bonifacio E 1999 Autoantibody appearance and risk for development of childhood diabetes in
offspring of parents with type 1 diabetes: the 2-year analysis of the
German BABYDIAB Study. Diabetes 48:460 – 468
Schmid S, Buuck D, Knopff A, Bonifacio E, Ziegler AG 2004 BABYDIET,
a feasibility study to prevent the appearance of islet autoantibodies in
relatives of patients with type 1 diabetes by delaying exposure to gluten.
Diabetologia 47:1130 –1131

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 23 September 2014. at 02:23 For personal use only. No other uses without permission. . All rights reserved.

