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he predisposition to type 2 diabetes is 
programmed early in life and geno-
types promoting survival during nutri-
tional adversity could increase the risk 

of type 2 diabetes. The insulin gene and varia-
tion in the insulin gene variable number of tan-
dem repeats (VNTR) polymorphism has been 
suggested to modify birth size and diabetes sus-
ceptibility.  
Materials and Methods: We assessed the associa-
tion between the insulin gene VNTR genotypes, 
early growth and glucose and insulin metabo-
lism in adult life in 488 subjects participating in 
the Helsinki Birth Cohort Study.  
Results: Body size at birth did not differ signifi-
cantly between the INS VNTR genotypes. One 
additional type III allele was associated with a 
13 g decrease (95% CI -55 to 81 g; p=0.7) in birth 
weight. Fasting glucose concentration was high-
est in the carriers of the III/III genotype. The 
cumulative incidence of type 2 diabetes did not 
differ between the genotypes. Interactions be-
tween birth size and insulin VNTR genotype in 
relation to fasting glucose (p for interaction = 
0.08 for birth weight, p=0.05 for birth length) and 
2-hour insulin (p for interaction =0.04) were ob-

served.  
Conclusions: These interactions between body 
size at birth and genotype reflect interactions be-
tween the insulin VNTR gene and the intra-
uterine environment. Our findings are consistent 
with the hypothesis of developmental plasticity, 
where one genotype can give rise to different 
phenotypes dependent on the early environ-
ment. 
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Introduction 
The predisposition to type 2 diabetes is 

programmed early in life and body propor-
tions at birth, during infancy and childhood 
modify the risk for developing the disease in 
later life.1-4 In other words sub-optimal early 
growth is associated with permanent meta-
bolic changes increasing the risk for later 
disease.  

It has been suggested that certain genotypes 
promoting survival during nutritional adver-
sity could also increase the risk of type 2 dia-
betes.5 One candidate “thrifty genotype” is 
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the insulin gene on chromosome 11 p, and 
variation in the insulin gene variable number 
of tandem repeats (VNTR) polymorphism 
has been suggested to modify birth size and 
diabetes susceptibility.5 Insulin is a strong 
candidate gene as it is a major growth factor 
in fetal life and infancy, and is closely linked 
to glucose metabolism. The insulin VNTR 
polymorphism has mostly been studied in re-
lation to its effects on early growth - with 
conflicting results - while there is little in-
formation on possible gene-early growth in-
teractions in relation to type 2 diabetes.5-16 

In the present study we have assessed the 
association between the insulin gene VNTR 
genotypes, early growth and glucose and in-
sulin metabolism in adults. 

 
Materials and Methods  

The original birth cohort consisted of 7086 
men and women, who were born as single-
tons at Helsinki University Central Hospital 
during 1924-1933, and who attended school 
in Helsinki and were still resident in Finland 
in 1971. Their birth records include birth 
weight and length at birth. Their heights and 
weights were measured serially between the 
ages of 7 and 15 years. The birth cohort and 
the clinical study design have been described 
in detail previously.4,17 A total of 674 people 
from the original cohort who were known to 
be living in the greater Helsinki area were in-
vited to attend a clinic. 500 of the men and 
women (74% of those invited) from the 
original study cohort attended a clinical ex-
amination which included a standard 75 g 
oral glucose tolerance test (OGTT) and 488 
subjects who had DNA available were in-
cluded in the present study. 

The mean age at the time of investigation 
was 70±3 years. Plasma glucose and insulin 
concentrations were measured at zero, 30 and 
120 minutes. Blood pressure was measured 
from the right arm after a 10 minute rest by a 
mercury sphygmomanometer. The mean of 
two measurements was used in the calcula-
tions. 

Insulin resistance was estimated based 
upon the HOMA-IR-index calculated as: 
(fasting insulin x fasting glucose)/22.5. Beta-
cell function was estimated using the 
HOMA-IS-index calculated as (20 x fasting 
insulin) / (fasting glucose – 3.5).18 

Plasma glucose was measured by a hexo-
kinase method.19 Plasma insulin concentra-
tions were determined by a two-site immu-
nometric assay.20. Serum cholesterol and 
triglycerides concentrations were measured 
using standard enzymatic methods.21,22 

The diagnosis of diabetes was based upon 
an OGTT as well as use of anti-diabetic 
medication. WHO 1999 criteria for glucose 
regulation were applied.  

Blood samples were drawn for DNA analy-
ses, and for 488 subjects the INS VNTR 
genotype was successfully determined. DNA 
samples were genotyped for the –23 bp A/T 
(SNP rs 689) diallelic polymorphism by the 
restriction enzyme HphI, using PCR. This 
polymorphism is in virtually complete link-
age disequilibrium with the INS VNTR. The 
region of the promoter of the insulin gene 
was amplified with polymerase chain reac-
tion (PCR) with the forward primer 5'-
CGTCAGGTGGGCTCAGGGTT-3' and re-
verse primer 5'-ACAAAGGCTGCGGCTG- 
GGTC-3' (PCR-product size 253). PCR am-
plification was conducted in a 10µL volume 
containing 50 ng genomic DNA, 5 pmol of 
each primer, 10 mmol/L Tris-HCl (pH 8.8), 
50 mmol/l KCl, 1.5 mmol/L MgCl, 0.1% Tri-
ton X -100, 0.125 units of DNA polymerase 
(DynaZyme DNA Polymerase; Finnzymes, 
Finland), 200 µmol/L dNTP. PCR conditions 
were denaturation at 94ºC for 4 min, fol-
lowed by 35 cycles of denaturation at 94ºC
for 30 s, annealing at 65ºC for 60 s, and ex-
tension at 72ºC for 30 s with final extension 
at 72ºC for 4 min. Amplified product (253 
bp) was digested with HphI (New England 
Biolabs, Beverly, MA), the restriction en-
zyme specific for the sequence GGTGA(N)8, 
in a 15µL volume containing 5 µl of PCR 
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product and 3,0 U HphI. The mixture was in-
cubated at 37ºC overnight to yield fragments 
of 104, 40 and 109 for the A/A genotype and 
104 and 149 bp for the T/T genotype. The di-
gested samples were separated on a 9% poly-
acrylamide gel (150V, 60 min). Separated 
DNA fragments were visualized by ethidium 
bromide staining.  

Ethical approval was obtained from the 
Ethical Committee at the National Public 
Health Institute in Helsinki. All study sub-
jects gave written informed consent. 

 
Statistical methods: Data were analysed by 
tabulation of means and multiple linear and 
logistic regression. Levels of significance re-
fer to analyses of continuous variables. 
Plasma glucose and insulin concentrations 
had skewed distributions and were log-
transformed for analysis. We adjusted these 
values for age, sex and current body mass in-
dex. Regressions were done within birth size 
categories and within genotype. In the analy-
ses for glucose and insulin metabolism, those 
26 individuals known to be taking anti-
diabetic drugs were excluded since these 
drugs are known to affect the parameters be-
ing measured. Of the 26 individuals taking 
anti-diabetic drugs 25 had the known INS 
VNTR genotype. 

 
Results 

The INS VNTR genotype distribution was 
I/I 64.3 % (n=314), I/III 29.5 % (n=144) and 
III/III 6.1 % (n=30). The genotypes were in 
Hardy-Weinberg equilibrium. Birth size, 
childhood growth and INS VNTR 

Body size at birth did not differ signifi-
cantly between the INS VNTR genotypes 
(Table 1). One additional type III allele was 
associated with 13 g decrease (95% CI -55 to 
81 g; p=0.7) in birthweight. The lowest mean 
birthweight was seen in the III/III group, 80 g 
lower than the others, but this difference was 
not statistically significant (95% CI -91 to 
252 g; p=0.4). Body weight, height and body 
mass index during school years (7-15 y), did 

not differ between the genotypes of the INS 
VNTR gene polymorphism. Because the as-
sociation between this polymorphism and 
birthweight may be modified by postnatal 
growth, we assessed possible interactions be-
tween the effects of the genotype and weight, 
height and body mass index at 7 years on 
corresponding measurements at birth. No 
such interaction was found. 

 

Glucose, insulin and lipid metabolism in 
adult life: Fasting plasma glucose concentra-
tion was highest in the carriers of the III/III 
genotype. One additional type III allele was 
associated with 3.2% increase in fasting glu-
cose (95% CI 0.5 to 6.0%;p=0.02) (Table 1). 
Neither 30 nor 120 minutes glucose values 
differed between the genotypes. No differ-
ences were observed in insulin concentra-
tions between the genotypes. The cumulative 
incidence of type 2 diabetes did not differ be-
tween the genotypes of the INS VNTR gene; 
the cumulative incidence being 21 % in the 
I/I group, 17 % in the I/III group and 23 % in 
the III/III group. Total cholesterol, HDL-
cholesterol, LDL-cholesterol and triglyceride 
concentrations as well as systolic and dia-
stolic blood pressure did not differ between 
the genotypes. 

 

Interactions between birth size and INS 
VNTR genotype: We assessed whether there 
were interactions between birth size and the 
INS VNTR genotype in relation to glucose 
and insulin metabolism in adult life (Table 
2). In Table 2, people with the III allele have 
been combined to form one group. There was 
an interaction between birth size and geno-
type in relation to fasting glucose (p for in-
teraction = 0.08 for birth weight, p=0.05 for 
birth length) but no interaction was seen in 
relation 2-hour glucose or fasting insulin 
concentrations. A birth weight genotype in-
teraction was observed in relation to 2-hour 
insulin (p for interaction =0.04). Plasma insu-
lin concentrations fell with increasing birth 
weight among men and women with the III 
allele. Those with the III allele and the high-
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est birth weight (> 3500 g) had the lowest 2 
hour insulin concentration. No genotype birth 
size interactions were observed in relation to 
type 2 diabetes. 

Glucose and insulin levels in newly diag-
nosed untreated type 2 diabetics according to 
INS VNTR genotype 

We assessed glucose and insulin response 
during the OGTT in those 73 subjects whose 
OGTT fulfilled type 2 diabetes criteria but 

who received no medication for the disorder 
(Table 3). Because of the smaller number of 
subjects, hetero- and homozygous carriers of 
type III allele are grouped together in this 
analysis. Among type III allele carriers fast-
ing (p=0.003) and 30 min (p=0.01) glucose 
levels were significantly higher and HOMA-
IS lower (p=0.02) compared with the carriers 
of the I/I genotype.  

 

Table 1. Body size at birth, during childhood and in adult life and clinical metabolic characteristics in 
adult life (70 years). Subjects with drug treated diabetes were excluded from the analyses for glucose 
and insulin metabolism.  

 

I/I I/III III/III P value 

(N=296) (N=137) (N=30) (for trend) 

Birth weight (g)  3350±495 3366±408 3254±442 0.70  

Birth length (cm) 49.9±1.8 50.0±1.7 49.5±1.9 0.93 

BMI at 7 years (kg/m2) 15.4±1.2 15.3±1.2 15.4±1.2 0.91 

Adult BMI (kg/m2) 27.6±4.4 27.7±4.4 27.9±4.1 0.71 

fP-glucose (mM/L) * 5.5±1.2 5.7±1.2 5.9±1.3 0.02 

P-glucose 30' (mM/L) * 9.4±1.2 9.4±1.2 9.7±1.3 0.61 

P-glucose 120' (mM/L) * 8.1±1.4 7.5±1.4 8.4±1.5 0.37 

FS-insulin (pmol/L)* 68±1.7 67±1.8 74±1.5 0.71 

S-insulin 30' (pmol/L) * 453±1.8 472±1.8 475±1.9 0.48 

S-insulin 120' (pmol/L) * 515±1.9 452±2.0 476±2.1 0.12  

HOMA-IR index * 16.7+1.8 17.0+1.9 19.4+1.6 0.31 

HOMA-IS* 684+1.9 643+1.9 654+2.0 0.40 

Cholesterol (mmol/L) 6.0+1.1 6.1+1.2 6.0+1.0 0.50 

LDL-cholesterol (mmol/L) 3.8+0.9 3.9+1.0 3.7+1.0 0.76 

HDL-cholesterol (mmol/L)* 1.4+1.3 1.4+1.3 1.4.+1.4 0.79 

Trigycerides (mmol/L) * 1.28+1.5 1.31+1.5  1.47+1.7 0.12 

Systolic BP (mmHg) 159+21 160+21 159+23 0.81 

Diastolic BP (mmHg) 88+10 90+10 88+10 0.19 

Diabetes prevalence (%) 21 % 17 % 23 % 0.84 

* Means and standard deviations are geometric (following log transformation); Birth and childhood character-
istics adjusted for gender; BMI adjusted for age and gender; all other variables adjusted for age, gender and 
adult BMI  
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Table 2. Fasting glucose (upper) and 120 minutes insulin concentrations (lower) in relation to birth 
weight and INS VNTR genotype. Numbers in brackets indicate number of subject per cell. 
 

Birth weight (g) < 3000 - 3500 > 3500 P value 

Genotype      

Fasting glucose (mmol/L)      

I/I 5.6 (65) 5.6 (150) 5.4 (99) 0.18 

I/III and III/III 5.7 (30) 5.7 (85) 5.8 (59) 0.61 

p-value 0.60 0.34 0.08 

 

p-value for interaction    0.08 

120 min insulin (pmol/mL)     

I/I 530 (65) 526 (150) 488 (99) 0.37 

I/III and III/III 567 (30) 460 (85) 400 (59) 0.005 

p-value 0.65 0.17 0.09  

p-value for interaction    0.039 

Table 3. Glucose and insulin levels in newly diagnosed type 2 diabetic subjects according to the INS 
VNTR genotype 
 

I/I  I/III and III/III  P value 

(48)  (N=25)  

fP-glucose (mmol/L)* 6.4±1.3  7.6±1.3 0.003 

P-glucose 30' (mmol/L)* 11.1±1.2  12.6±1.2 0.01 

P-glucose 120' (mmol/L)* 12.7±1.3  14.2±1.4 0.30 

FS-insulin (pmol/L)* 79±1.8  84±1.7 0.99 

S-insulin 30' (pmol/L)* 369±1.8  357±2.0 0.73 

S-insulin 120' (pmol/L)* 647±2.2  594±2.4 0.51 

HOMA-IR index* 22.4+1.9  28.4+1.8 0.21 

HOMA-IS* 588+1.9  430+2.0 0.02 

* Means and standard deviations are geometric (following log transformation) 

 

Discussion 
In the present study, no significant associa-

tions between INS VNTR genotype, birth 
size and childhood body size were observed. 

The III/III genotype was associated with 
higher fasting glucose levels. A significant 
birth size genotype interaction in relation to 
insulin secretion was observed; carriers of the 
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III allele with the highest birth weight 
showed the lowest insulin values at 120 min-
utes after an oral glucose tolerance test. 

The insulin gene variable number of tan-
dem repeats locus has two main alleles in 
Caucasians, i.e. class I and class III, and is of 
great interest since it has been shown to in-
fluence transcription/expression of the insulin 
gene.5,23 Interestingly class I alleles have 
been associated with smaller body size at 
birth, increased postnatal weight gain and in-
creased insulin secretion in obese children.5-7 
In other words, variations in the insulin gene 
VNTR have been suggested to modify birth 
size and diabetes susceptibility. The insulin 
VNTR gene has mostly been studied in rela-
tion to early growth, with conflicting results, 
while there is little information on possible 
gene-early environmental interaction in rela-
tion to glucose metabolism in later life.5-16 

Previously in the ALSPAC cohort the INS 
VNTR genotype was found to be associated 
with size at birth.10 However, another UK 
study of 1184 infants did not observe any 
significant associations between birth weight 
and INS VNTR genotypes.14 Contrary to the 
findings in the ALSPAC cohort in a study of 
418 PIMA Indian children the III/III geno-
type was associated with a small body size at 
birth but no association with type 2 diabetes 
was found.10 More recent findings from the 
Northern Finland Birth Cohort study were 
unable to find any significant associations be-
tween the INS VNTR genotypes and body 
size at birth in 5646 subjects.11 

The allele frequency in the present study is 
in accordance with previously published 
findings, although the I/I genotype frequency 
is slightly higher compared to some pub-
lished findings.5,23 Those with the III/III 
genotype had a birth weight ~100 g lower 
compared with the other genotypes. In men 
from Hertfordshire, UK, who were of similar 
age to the subjects in the present study, no 
significant association between birth weight 
and the INS VNTR genotype was found.24 
The underlying reasons for the discrepancy 
between previous studies remain unknown 

although study-design and sample size issues 
could be of importance. The vast majority of 
published studies have been unable to report 
any significant associations between birth 
weight and INS VNTR genotype, mainly 
consistent with findings from the Helsinki 
Birth Cohort Study. 

The III allele and III/III genotype have pre-
viously been associated with insulin resistance 
and other features of the metabolic syndrome, 
type 2 diabetes and obesity.5-7,9,23,25 Fasting in-
sulin levels have been found to be higher in 
infants with the III/III genotype compared 
with those with the I/I genotype. Likewise 
both insulin sensitivity and insulin secretion 
have been proposed to be associated with the 
INS VNTR genotype during infancy.9 Con-
trary to these reports young subjects, homo-
zygous for class I VNTR alleles, have been 
reported to secrete more insulin than those 
with other genotypes and to be more prone to 
the development of juvenile obesity.6 In girls 
with precocious pubarche the I/I and I/III 
genotypes had a phenotype characterised by 
insulin resistance.7 In the present study, no 
associations between the genotypes and fast-
ing insulin and estimates of insulin sensitiv-
ity were observed. 

In subgroup analysis of men from the Hert-
fordshire study the III/III genotype was asso-
ciated with a higher risk for impaired glucose 
regulation.24 In the same cohort the III/III 
genotype was weakly associated with 2 hour 
insulin concentrations during the oral glucose 
tolerance test. These findings resemble those 
in the present study, where the carriers of the 
III/III genotype had higher fasting glucose 
levels and a decreased insulin response to an 
oral glucose load. Studies published in this 
field are quite discordant. A large Finnish 
birth cohort study recently published, failed 
to find any significant associations between 
INS VNTR allele and anthropometric and 
biological measures obtained in early adult-
hood. The differences compared with our 
findings may be due to later age at study in 
the present study. Furthermore it could be 
that some of the interactions identified will 
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become evident only in the presence of dis-
turbances in glucose metabolism accompany-
ing later age.  

In order to focus upon potential gene-
environmental interactions in relation to de-
fects in glucose regulation we assessed insu-
lin and glucose levels in 73 subjects with 
type 2 diabetes diagnosed by OGTT but who 
received no medication. In this subgroup, in-
dividuals with the III allele had higher fasting 
and 30 minutes glucose concentrations while 
their HOMA-IS was lower. Thus the III allele 
of the INS VNTR polymorphism seems to be 
associated with impairment in insulin secre-
tion at least in elderly subjects with increased 
insulin demands. Based upon analysis done 
in the whole study group the impact of the III 
allele was most prominent among those with 
the highest birth weight. 

We have previously reported associations 
between the PPAR-γ2 gene and body size at 

birth with regard to insulin sensitivity and 
type 2 diabetes.4,26,27 We have now shown 
corresponding interactions between birth size 
and the insulin VNTR gene on insulin and 
glucose metabolism in later life. This interac-
tion between birth size and genotype reflects 
an interaction between the gene and the intra-
uterine environment. It is consistent with the 
hypothesis of developmental plasticity, 
where one genotype can give rise to different 
phenotypes dependent on the environment 
during development.  
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