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Abstract
Aims/hypothesis Early environmental factors and genetic
variants have been reported to be involved in the pathogenesis
of type 2 diabetes. The aim of this study was to investigate
whether there is an interaction between birthweight and
common variants in the TCF7L2, HHEX, PPARG, KCNJ11,
SLC30A8, IGF2BP2, CDKAL1, CDKN2A/2B and JAZF1
genes in the risk of developing type 2 diabetes.
Methods A total of 2,003 participants from the Helsinki
Birth Cohort Study, 311 of whom were diagnosed with type
2 diabetes by an OGTT, were genotyped for the specified
variants. Indices for insulin sensitivity and secretion were
calculated.
Results Low birthweight was associated with type 2 diabetes
(p=0.008) and impaired insulin secretion (p=0.04). Of the
tested variants, the risk variant in HHEX showed a trend

towards a low birthweight (p=0.09) and the risk variant in
the CDKN2A/2B locus was associated with high birthweight
(p=0.01). The TCF7L2 risk allele was associated with in-
creased risk of type 2 diabetes. Pooling across all nine genes,
each risk allele increased the risk of type 2 diabetes by 11%.
Risk variants in the HHEX, CDKN2A/2B and JAZF1 genes
interacted with birthweight, so that the risk of type 2 diabetes
was highest in those with lower birthweight (p≤0.05). The
interaction was also present in the pooled data.
Conclusions/interpretation Low birthweight might affect
the strength of the association of some common variants
(HHEX, CDKN2A/2B and JAZF1) with type 2 diabetes.
These findings need to be replicated in independent cohorts.
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CIR Corrected insulinogenic response
DI Disposition index
HBCS Helsinki Birth Cohort Study
PI/I ratio Proinsulin/insulin ratio
SI Insulin sensitivity index
SNP Single-nucleotide polymorphism

Introduction

Previous studies have shown an association between small
birth size and later type 2 diabetes [1]. Programming, the
phenomenon whereby insults during early development
produce physiological or morphological phenotypes that
adversely affect later health, has been suggested to mediate
this association [2]. Since insulin secretion regulates both
fetal growth and glucose metabolism throughout life, it has
been suggested that a common genetic denominator,
possibly involving impaired insulin secretion, might pre-
dispose to both a small body size at birth and type 2
diabetes later in life.

The aim of this study was to assess whether the risk of
type 2 diabetes might be influenced by an interaction
between birthweight and common variants of genes
recently identified to be associated with diabetes by
genome-wide association studies, i.e. TCF7L2-rs7903146,
HHEX-rs1111875, PPARG-rs1801282, KCNJ11-rs5219,
SLC30A8-rs13266634, IGF2BP2-rs4402960, CDKAL1-
rs7754840, CDKN2A/2B-rs10811661 and JAZF1-rs864745
[3]. We decided to include only the JAZF1 gene from a list
of six novel variants identified in a meta-analysis as only
variants in JAZF1 predicted future type 2 diabetes in a large
prospective cohort [4].

Methods

Helsinki Birth Cohort Study (HBCS) A total of 2,003
participants, 928 men and 1,075 women, aged 56–70 years,
born as singletons from 1934 through to 1944, underwent
an OGTT. Detailed information on the HBCS has been
published previously [5]. Type 2 diabetes was defined
according to WHO criteria (1999). Insulin sensitivity was
estimated by the insulin sensitivity index (SI) [6]; beta cell
function was assessed as an index of the corrected
insulinogenic response (CIR) [7] and disposition index
(DI=CIR×SI) to adjust insulin secretion for SI. Intact
proinsulin concentration was measured at fasting and a
proinsulin/insulin (PI/I) ratio was calculated. The reported
investigations were carried out in accordance with the
principles of the Declaration of Helsinki.

Genotyping Genotyping was performed using PCR–single-
strand conformation polymorphism for PPARG-rs1801282,
competitive allele-specific PCR method (KASPar; KBio-
science, Hoddesdon, UK) for SLC30A8-rs13266634 and a
TaqMan allelic discrimination assay (Applied Biosystems,
Foster City, CA, USA) for the other variants. We obtained a
genotyping success rate of >95% for all variants except
rs4402960 (94%). Risk alleles, defined upon previous
association studies, are given in the Electronic supplemen-
tary material (ESM) Table 1. All genotypes were in Hardy–
Weinberg equilibrium in non-diabetic participants. In
diabetic participants IGF2BP2-rs4402960 deviated from
Hardy–Weinberg equilibrium (p=0.0068): genotyping error
is unlikely because after re-genotyping of 100 samples
(5%), the obtained concordance rate was 100%.

Statistical analysis Data are presented as means±SD or
median (interquartile range) for non-normally distributed
variables. Only additive models were considered. Contin-
uous variables were compared by analysis of covariance
and group frequencies by a χ2 test. Multivariate linear
regression analyses were used to test genotype–phenotype
correlations, adjusted for age, sex and BMI. The effect of
the genetic variant on birthweight was assessed by linear
regression adjusting for sex, gestational age, parity, mater-
nal age and BMI at delivery. Consequently for each variant
only participants with complete data were included in the
analysis. Type 2 diabetes risk was assessed by logistic
regression analysis, adjusted for age, sex and BMI. The
interaction between birthweight and genotype was assessed
by creating a product variable. The combined genetic profile
was calculated summing up the number of risk alleles of the
nine variants (theoretically each person could carry a range
of 0–18 risk alleles; ESM Fig. 1). Statistical analyses were
performed by SPSS 15.0. A nominal p value <0.05 was
considered statistically significant.

Results

Characteristics of the study participants are shown in ESM
Table 2. Of the 2,003 participants, 311 (15.6%) had
developed type 2 diabetes and 496 (24.8%) impaired
glucose tolerance. Type 2 diabetes was more frequent in
men than in women (19.5% vs 12.1%, p<0.01) and the risk
increased with increasing BMI (OR per 1 kg/m2 higher
BMI: 1.16 [95% CI 1.13, 1.19], p<0.0001). A low
birthweight, after adjustment for age, sex and BMI
(n=1,996), predicted future risk of type 2 diabetes (OR
per 1 kg lower birthweight: 1.42 [95% CI 1.09, 1.84],
p=0.008), as well as impaired insulin secretion (p=0.04)
and action (p<0.0001) in adult non-diabetic participants.
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Effect of genetic variants on risk of type 2 diabetes Only
the risk T allele of the TCF7L2-rs7903146 was significantly
associated with increased risk of type 2 diabetes (OR 1.47
[95% CI 1.18, 1.82]). Other studied variants were not

independently associated with increased risk of type 2
diabetes. Considering the combined genetic profile, high-
risk genotypes were associated with increased risk of type 2
diabetes compared with low-risk genotypes, each risk allele
increasing the odds by 11% (p=0.007) (ESM Table 1).

Effect of genetic variants on insulin secretion and
sensitivity The risk alleles (T and G) of TCF7L2 and HHEX
were associated with impaired beta cell function (CIR:
p=0.008 and p=0.002; DI: p=0.01 and p=0.002) compared
with non-risk alleles (C and A). Additionally the risk C allele
of CDKAL1-rs7754840 was associated with increased PI/I
ratio (8% per risk allele, p=0.0001) compared with the G
allele (ESM Table 3). None of the risk variants was
associated with reduced insulin sensitivity (data not shown).

Effect of genetic variants on birthweight Only individuals
with complete data on maternal and gestation features were
included. The risk G allele of the HHEX-rs1111875 showed a
trend towards a lower birthweight (−24 [95% CI −52, 4]) g,
p=0.09) compared with the A allele. In contrast, the risk A
allele of CDKN2A/2B-rs10811661 was associated with a
48 g (95% CI 8, 87) increase in birthweight (p=0.01)
compared with the G allele. Carriers of high-risk genotypes
did not show a significant decrease in birthweight compared
with carriers of low-risk genotypes (Table 1).

Interaction between genetic risk variants and birthweight in
the prediction of type 2 diabetes risk Risk variants at the
HHEX, CDKN2A/2B and JAZF1 loci interacted with birth-
weight to predict future type 2 diabetes (p=0.04, 0.03 and

Table 1 Effect of genetic variants on birthweight

Chr Gene SNP Genotypea (n) Birthweight
increase (g) per
risk allele
(95% CI)b

10 TCF7L2 rs7903146 CC; CT; TT
(1,028; 525; 67)

2 (−33, 36)

10 HHEX rs1111875 AA; AG; GG
(352; 807; 452)

−24 (−52, 4)

3 PPARG rs1801282 GG; CG; CC
(59; 445; 1,156)

−14 (−50, 22)

11 KCNJ11 rs5219 CC; CT; TT
(465; 744; 380)

−9 (−36, 18)

8 SLC30A8 rs13266634 TT; CT; CC
(719; 809; 207)

−7 (−36, 22)

3 IGF2BP2 rs4402960 CC; AC; AA
(814; 592; 153)

23 (−7, 53)

6 CDKAL1 rs7754840 GG; CG; CC
(687; 712; 179)

−9 (−39, 21)

9 CDKN2A/2B rs10811661 GG; AG; AA
(34; 386; 1,158)

48 (8, 88)

7 JAZF1 rs864745 GG; AG; AA
(406; 829; 390)

4 (−23, 32)

– Combined
risk

– Per each risk allele −1 (−12, 10)

aOrdered by increasing risk of type 2 diabetes
bLinear regression, adjusted for gestational age, sex, maternal age,
maternal BMI and parity

Chr, chromosome

Fig. 1 Effect size of the inter-
action between birthweight and
genotype

Diabetologia (2009) 52:825–829 827



0.02, respectively): their effect on the risk of type 2 diabetes
was more pronounced in individuals with a low birthweight
(Fig. 1). Furthermore, individuals with the lowest birth-
weight and the most high-risk genotypes had the greatest
risk of type 2 diabetes (p for interaction=0.03).

Discussion

The HBCS allows exploration of the effects of the
intrauterine environment on glucose tolerance >60 years
later. It provides an ideal scenario to assess whether the
common variants in the susceptibility genes influence the
established association between a smaller body size at birth
and risk of type 2 diabetes. We focused upon the first
variants reported to be associated with type 2 diabetes.
Among variants reported in a recent meta-analysis, all of
them with a small effect size, we genotyped only the variant
that was previously shown to predict type 2 diabetes in a
large prospective cohort (JAZF1).

The key finding in this study was that a lower birth-
weight amplifies the risk conferred by the pooled variants
in nine type 2 diabetes susceptibility genes. On the
contrary, a higher birthweight seemed to counterbalance
the risk conferred by the genetic background. Importantly,
these risk estimates were corrected for and independently of
adult BMI, which is known to interact with genotype in
prediction of future type 2 diabetes [8].

The TCF7L2-rs7903146 single-nucleotide polymor-
phism (SNP) did not influence birthweight but was a strong
independent predictor of type 2 diabetes. A recent meta-
analysis indicated that there is an association between
maternal risk genotype of this variant and birthweight,
suggesting that the higher birthweight was determined
through maternal alterations in glucose metabolism. The
association between the fetal risk allele and birthweight was
mainly due to the correlation with maternal genotype [9].
Unfortunately, in elderly participants from the HBCS we
cannot trace the maternal genotype, nor do we have
information on glucose metabolism during pregnancy.

In our study, only variants of HHEX and CDKN2A/2B
seemed to influence birthweight, but in opposite directions.
The reduced birthweight in carriers of the risk genotypes of
HHEX, whose insulin secretion was reduced in adult life,
points to the possibility that an early impairment of beta cell
development and function would retard fetal growth in
these participants, since insulin is a well-recognised
anabolic factor during fetal life. This is extrapolated from
insulin secretion in adult life, as we have no data on insulin
secretion at earlier stages. Similarly, we were not able to
test whether the higher birthweight observed in participants
carrying the risk allele of CDKN2A/2B-rs10811661 might

be mediated through maternal glycaemia. We could not
replicate the association of this variant with an increased
risk of future type 2 diabetes, but of the tested new type 2
diabetes loci, the risk conferred by the chromosome 9 locus
seems to be the least reproducible [4].

We confirmed the association of common variants in
TCF7L2 and HHEX with low insulin secretion and of
CDKAL1 with impaired proinsulin conversion [10].

A feature of the study is that there were only 311 cases of
type 2 diabetes. This determines the precision with which it
is possible to estimate the size of interaction effects, as
shown by the width of the CIs in Fig. 1. However, this study
has included more cases than have the majority of other
such birth cohort studies.

In conclusion, common variants in susceptibility genes
might interact with the intrauterine environment to increase
the risk of future type 2 diabetes. These findings need to be
replicated in independent cohorts.
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