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Abstract Aims/hypothesis: Although the variable number
tandem repeat (VNTR) minisatellite 5′ to the insulin gene
is among the most studied polymorphisms in diabetes, the
relationships betweenVNTR variation, diabetes-related traits
and predisposition to type 2 diabetes remain unclear. Since
inadequate sample size is likely to have been an obstacle
to reliable inference, we examined the relationship between
VNTR variation and a range of diabetes-related traits in
a cohort of 5,753 Finnish adults. Materials and methods:
VNTR genotypes were derived, by typing at the −23HphI
variant site, for 5,646 individuals from the Northern Finland
Birth Cohort 1966. Associations were sought between these
genotypes and a range of anthropometric (BMI,WHR), phys-
iological (blood pressure) and biochemical (fasting glucose,
insulin, lipids, indices of insulin sensitivity and beta cell
function) measures obtained at clinical examination at 31
years. Results: We found no evidence thatVNTRgenotype
was significantly associated with measures of insulin se-
cretion, insulin sensitivity, glycaemia, adiposity or blood
pressure. Conclusions/interpretation: Despite evidence from
several relatively small studies suggesting that INS-VNTR

genotypes are associated with predisposition to type 2 dia-
betes, reduced beta cell function and measures of adipos-
ity, the present study failed to detect any association with
a range of diabetes-related traits. Taken with other re-
cent studies in large population-based cohorts, these data
suggest that previous studies have, at the very least, over-
estimated the influence of the INS-VNTR on type 2 dia-
betes-related traits. The effects of INS-VNTR variation on
insulin transcription observed in vitro appear not to trans-
late into detectable differences in basal insulin secretion in
humans.
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Introduction

In the search for variants that influence susceptibility to
type 2 diabetes and related physiological traits, few can-
didate genes have stronger biological credentials than the
insulin gene itself. Disordered insulin secretion is one of the
cardinal features of this condition and sequence variants
within the insulin gene coding region are known to cause
one rare form of diabetes [1]. In efforts to identify common
variation that might explain a greater proportion of pheno-
typic variation at the population level, focus has been di-
rected towards the variable number tandem repeat (VNTR)
minisatellite element ~500 bp upstream of the insulin gene
[2]. Sequence and length diversity within this element
modifies insulin transcription in vitro [3, 4], and, in type 1
diabetes, VNTR composition clearly influences disease
susceptibility, most likely through modulation of thymic
insulin expression [5]. Recent studies have emphasised that,
for type 1 diabetes at least, the major (and probably sole)
susceptibility variant in the region is the VNTR itself, the
shorter class III alleles being protective [2, 6].

In contrast, attempts to relate VNTR variation to type 2
diabetes and related traits paint a much less clear picture.
Early case-control studies supported an association be-
tween class III alleles and type 2 diabetes [2], a finding
consistent with in vitro data relating class III alleles to
reduced pancreatic expression of insulin [3, 4]. Further
support for this association has come from studies showing
excess class III transmission from heterozygous fathers to
diabetic offspring [7]; increased risk of glucose intolerance
in elderly men with class III homozygosity [8]; and evi-
dence that individuals with the class III allele have dis-
ordered insulin secretion [9, 10]. However, other (larger)
studies have failed to corroborate these associations [11,
12]. Most recently, Hansen and colleagues found no asso-
ciation with type 2 diabetes in a study of 1,462 cases and
4,931 glucose-tolerant controls [12]. A similar pattern of
confusing and often mutually contradictory findings has
been reported for analyses of the associations between the
VNTR and birthweight [11, 13–16], polycystic ovary syn-
drome [17–20] and obesity [12, 15, 21–24].

Much of the inconsistency of genetic association studies
can be attributed to the consequences of inadequate sample
size [25], and this is likely to have been a contributory factor
in many of the studies listed above. In the present study, we
report analyses of the insulin VNTR and its relationship to
multiple adult metabolic traits in a sample of 5,753 Finns
from a large birth cohort examined at age 31 years.

Subjects, materials and methods

Subjects The study sample comprised individuals from the
Northern Finnish Birth Cohort 1966 (NFBC 1966). This
study originally identified 96% of all women in the north-
ernmost two provinces of Finland expected to deliver
during 1966 (12,058 live births, all of European Caucasian
origin), and included longitudinal follow-up of the off-
spring [26]. At 31 years, all offspring still living in northern

Finland or the Helsinki area (n=8,463) were recontacted
and invited for clinical examination (response rate 71%)
and DNA sampling (5,753 samples available). At this ex-
amination, standard anthropometric and blood pressure
measures were made and fasting samples taken for assays
of glucose, insulin and lipids. Characteristics of the study
population are given in Table 1. Phenotyping procedures
and biochemical assays are detailed elsewhere [16, 27, 28].
Paired fasting glucose and insulin levels were used to gen-
erate measures of beta cell function and insulin sensitivity
using the homeostatic model assessment (HOMA) of beta
cell function (HOMA%B) and insulin sensitivity (HOMA
%S) [29]. The study was conducted with approval of the
ethics committee of the universities of Oulu and Oxford
and in accordance with the principles of the Declaration of
Helsinki.

Genotyping The −23HphI variant (rs689) was typed as a
surrogate for VNTR class: in Finns, as in other non-African
populations, these are in tight linkage disequilibrium [30].
Genotyping was performed in duplicate, using both a PCR-
RFLP and a mass-spectrometry assay, with discrepant calls
resolved using a four-primer ARMS (amplification–refrac-
tory mutation system)-PCR assay [16]. In addition, TT (i.e.
class III homozygote) genotypes were reconfirmed (with
no discrepancies detected) by ARMS-PCR, direct sequenc-
ing and/or pyrosequencing. A final round of ARMS-PCR,
retyping of 384 samples identified only one genotype dis-
crepancy compared with the assigned genotype. Thus, we
estimate our overall error rate as ∼0.1%. Assay design and
genotyping quality control data are described in greater
detail elsewhere [16].

Statistical analysis The relationship between −23HphI ge-
notype and phenotypes of interest was examined by mul-
tiple linear regression modelling using SAS (version 8.2;
ASA, Cary, NC, USA) and SPSS (version 11.5 for Windows;
SPSS, Chicago, IL, USA) programs. We considered three
genotype models: recessive (TT vs A/−); dominant (AA vs
T/−); and additive (assuming a linear relationship between
number of T alleles and the trait of interest). Variables were
logarithmically transformed where appropriate. For all bio-
chemical measures, we excluded individuals who were not
fasted (n=236): in addition, analyses of glucose, insulin and
HOMA measures excluded those receiving treatment for
diabetes (n=34, of whom 19 were also non-fasting). Anal-
yses were optionally adjusted for confounding and/or other
explanatory or contributory variables, including sex and
BMI, WHR, smoking, alcohol consumption and socioeco-
nomic status (as assessed at age 31). Adjusted analyses
included between 4,863 and 5,365 individuals. Where BMI
or WHR were outcomes, neither was included in the ad-
justments. The full list of variables included in these ad-
justments is as shown in Table 1. Unless otherwise stated,
all significance values reported are those for the fully ad-
justed analyses. Given indications that the phenotypic con-
sequences of INS-VNTR variation may be influenced by
early life events [8, 13, 14], the longitudinal nature of the
cohort allowed us to repeat analyses after stratification by
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postnatal growth realignment [13] and birth order [14]. The
former divided subjects into ‘non-changers’, ‘change-down-
ers’ and ‘change-uppers’ based on comparison of sex- and
gestational age-adjusted SD scores for weight at birth and 1
year (the latter available for 4,788 individuals). The bound-
aries for each stratum were set at a change in SD score of
±0.67 [13]. Stratification by parity considered first-borns
and those from second or subsequent pregnancies.

Results

Genotypes were obtained for 5,646 individuals (98% of the
available sample), 3,859 of whom (68.3%) were homozy-
gous for A (equivalent to VNTR class I), 1,646 (29.2%)
heterozygous and 141 (2.5%) homozygous for T (VNTR
class III). These genotype frequencies did not deviate sig-

nificantly from Hardy–Weinberg equilibrium. As previous-
ly noted [31, 32], the class III allele frequency is lower in
Finns than other European populations.

There was no evidence (at the 5% significance level)
that, after adjustment, VNTR genotype influenced any of
the traits examined under any of the models tested (Table 2).
Specifically, there was no association with measures of in-
sulin secretion (fasting insulin, HOMA%B), of insulin sen-
sitivity (fasting insulin, HOMA%S, fasting lipids), adiposity
(BMI, WHR), glycaemia (fasting glucose) or blood pressure
(systolic, diastolic). Though the analysis of WHR generated
a nominally significant p value on the unadjusted analysis
(p=0.02), any trends were abolished after adjustment for, or
stratification by, sex (males, p=0.72, females, p=0.10).

Analyses of the same traits after stratification based on
early growth trajectory or birth order failed to generate any

Table 1 Characteristics of the study population

Variable Males Females

Number Mean (SD), geometric
mean (SD range)
or percentage

Number Mean (SD), geometric
mean (SD range)
or percentage

Outcome variables (age 31 years)
BMI (kg/m2) 2,772 25.0 (21.8, 28.6) 2,956 23.8 (20.0, 28.3)
WHR 2,749 0.91 (0.06) 2,799 0.81 (0.08)
Diastolic blood pressure (mmHg) 2,766 80.4 (11.4) 2,957 74.6 (10.8)
Systolic blood pressure (mmHg) 2,766 130.3 (12.7) 2,963 119.9 (12.2)
Fasting triglycerides (mmol/l) 2,768 1.2 (0.7, 1.9) 2,972 0.9 (0.6, 1.5)
Fasting total cholesterol (mmol/l) 2,769 5.2 (1.0) 2,972 5.0 (1.0)
Fasting LDL cholesterol (mmol/l) 2,760 3.1 (2.3, 4.1) 2,964 2.7 (2.0, 3.6)
Fasting HDL cholesterol (mmol/l) 2,769 1.4 (1.1, 1.7) 2,972 1.7 (1.3, 2.1)
Fasting insulin (mU/l) 2,727 8.1 (5.5, 12.1) 2,943 7.7 (5.2, 11.4)
Fasting glucose (mmol/l) 2,748 5.2 (4.6, 5.8) 2,953 4.9 (4.3, 5.5)
HOMA%B 2,723 25.3 (18.8, 33.9) 2,936 27.2 (20.6, 35.9)
HOMA%S 2,723 684 (246) 2,936 725 (255)
Stratification variables (early life)
Birth order 2,730 2,904
First born (%) 31.8 31.1
Later born (%) 68.2 68.9
Growth realignment in first year 2,303 2,485
Non-changer (%) 51.3 51.9
Change up (%) 23.1 22.3
Change down (%) 25.6 25.8

Adjustment variables (age 31 years)
Smoking 2,710 2,929
None (%) 53.7 63.6
1–10 cigarettes per day (%) 18.4 24.9
>10 cigarettes per day (%) 27.9 11.5
Socioeconomic status 2,738 2,951
Higher professional (%) 27.7 20.5
Lower professional (%) 17.4 43.2
Manual workers (%) 36.4 15.3
Unemployed/students/unknown (%) 13.8 18.3
Farmers (%) 4.7 2.7
Alcohol consumption (g/day) 2,686 7.7 (2.1, 27.9) 2,885 2.4 (0.6, 9.9)

888



consistent evidence for association (no individual p value
<0.01, data not shown).

Discussion

In this study of over 5,500 Finns examined at age 31, we
found no evidence that variation at the −23HphI site (and
more pertinently, the VNTRwith which it is in tight linkage
disequilibrium) influences metabolic traits related to type 2
diabetes. These data help to resolve some of the remaining
uncertainties about the role of this variant in the develop-
ment of type 2 diabetes and population variation in diabe-
tes-related quantitative metabolic traits.

While several small studies have suggested that class III
individuals have reduced insulin levels [9], altered insulin
pulsatility [10] and an increased risk of type 2 diabetes [2,
7], the findings from larger studies (likely to be less sus-
ceptible to sampling error and to selection and publication
biases) have been less clear. In ∼2,000 subjects from the
Northwick Park Study, Rodriguez and colleagues reported
that class III-bearing haplotypes were associated with di-
verse features of insulin resistance, including elevated blood
pressure, fat mass and triglyceride levels [24]. Class III
homozygosity was also associated with a modest, nomi-
nally significant increase in BMI and insulin resistance in a
study of 1,306 UK individuals [15]. We have been unable
to substantiate these findings, and our findings are more in
line with the only other very large study of this variant,
which in 4,444 middle-aged Danish subjects, failed to de-
tect any association whatsoever with a range of diabetes-
related metabolic traits [12]. The design of the present

study did not allow us to explore the role of INS-VNTR
variation in type 2 diabetes susceptibility per se. It is worth
noting that it has often proved surprisingly difficult to iden-
tify associations with diabetes-related intermediate traits,
even for variants widely recognised to influence suscepti-
bility to type 2 diabetes, such as P12A in PPARG [33, 34]
and E23K in KCNJ11 [35, 36]. However, a recent study in
Danes found no association between INS-VNTR genotype
and type 2 diabetes in a comparison of 1,462 diabetic sub-
jects and 4,931 normal glucose-tolerant controls [12].

There are several possible explanations for these discre-
pant findings. The accuracy and reliability of phenotyping
is always an issue but the present study featured standard-
ised and quality-controlled clinical examination by experi-
enced investigators, and robust biochemical assays performed
in a single laboratory. In addition, duplicate genotyping was
used to minimise technical errors. Hence, neither genotyp-
ing nor phenotyping error is likely to explain our failure to
detect associations seen in the other studies.

Similarly, ethnic differences in regional linkage disequi-
librium patterns are unlikely to be relevant since these are
known to be similar in all non-African groups [30]. While
the lower frequency of class III alleles in the Finnish cohort
compared with other Europeans (17% in the present study
vs ∼30%) may have reduced our power to detect class III
effects (particularly if restricted to class III homozygotes),
this is compensated for by the greater sample size of the
present study, in which absolute numbers of class III homo-
zygotes are comparable with, or exceed, those reported by
Hansen and colleagues [12] and Rodriguez and colleagues
[24]. While it is conceivable that the appreciable ethnic
differences in VNTR class frequency that are apparent even

Table 2 Analyses of adult phenotypes in the Northern Finland Birth Cohort born in 1966 by INS-VNTR genotype

Adult variable Total n III/III
individuals
n (%)

I/Ia I/IIIa III/IIIa p-valueb p-valuec p-valued p-valuee

BMI (kg/m2) 5,454 140 (2.6) 24.3 (20.7, 28.4) 24.5 (20.9, 28.7) 24.6 (21.0, 28.8) 0.39 0.40 0.15 0.19
WHR 5,450 138 (2.5) 0.86 (0.09) 0.86 (0.08) 0.88 (0.11) 0.02 0.10 0.81 0.78
Diastolic BP (mmHg) 5,617 141 (2.5) 77.3 (11.4) 77.8 (11.5) 77.4 (11.4) 0.99 0.91 0.71 0.65
Systolic BP (mmHg) 5,623 141 (2.5) 124.7 (13.4) 125.7 (13.9) 125.6 (13.0) 0.59 0.90 0.36 0.29
Triglyceride (mmol/l) 5,398 136 (2.5) 1.0 (0.6, 1.7) 1.0 (0.6, 1.7) 1.1 (0.6, 1.9) 0.30 0.82 0.85 0.89
LDL cholesterol
(mmol/l)

5,384 135 (2.5) 2.9 (2.1, 3.9) 2.9 (2.1, 3.9) 3.0 (2.3, 3.9) 0.08 0.51 0.53 0.35

HDL cholesterol
(mmol/l)

5,399 136 (2.5) 1.5 (1.2, 2.0) 1.5 (1.2, 1.9) 1.5 (1.2, 1.9) 0.40 0.27 0.65 0.89

Total cholesterol
(mmol/l)

5,399 136 (2.5) 5.1 (1.0) 5.1 (1.0) 5.2 (0.9) 0.27 0.58 0.48 0.32

Insulin (mU/l) 5,339 136 (2.5) 7.8 (5.3, 11.3) 7.8 (5.4, 11.2) 7.9 (5.4, 11.7) 0.56 0.92 0.82 0.77
Glucose (mmol/l) 5,369 136 (2.5) 5.0 (4.5, 5.6) 5.0 (4.5, 5.5) 5.0 (4.6, 5.5) 0.40 0.93 0.84 0.79
HOMA%B 5,328 136 (2.6) 26.2 (20.1, 34.2) 26.3 (20.1, 34.3) 26.1 (20.2, 33.9) 0.88 0.99 0.77 0.74
HOMA%S 5,328 136 (2.6) 714 (249) 706 (244) 702 (258) 0.65 0.74 0.67 0.55
aData shown are mean (SD) or geometric mean (SD range)
bUnadjusted recessive model
cAdjusted recessive model (III/III homozygotes versus all other genotypes)
dAdjusted codominant model (linear relationship for genotypes)
eAdjusted dominant model (I/I homozygotes versus all other genotypes)
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in non-African populations [30] may have rendered studies
of this locus susceptible to the consequences of latent
population stratification [37], available data comparing
case-control and family-based association analyses do not
support this concern [2, 7].

In addition, it is important to point out that in the present
study we did not, in the absence of parental DNA, have the
opportunity to test for parent-of-origin effects. Significant
parent-of-origin effects have previously been detected at
the INS-VNTR in relation to PCOS [38], type 1 diabetes
[2], type 2 diabetes [7] and childhood obesity [22], and are
consistent with known imprinting in this region [39]. While
the size of the present study provides reasonable power to
detect biologically relevant association effects even if these
are restricted to alleles transmitted from one parent alone,
the variable capacity to test for such effects may have con-
tributed to some of the inconsistency in the literature.

An important related question is whether variants at the
IGF2-INS-TH locus other than the insulin gene VNTR are
involved in the modulation of metabolic risk. The evidence
from type 1 diabetes points ever more strongly to the VNTR
as the underlying susceptibility variant [6], but this does not
necessarily imply that the same holds in type 2 diabetes.
Indeed, the Southampton group have suggested in several
studies (albeit on a single cohort) that variants within the
IGF2 gene may also contribute to variation in adiposity and
other insulin-resistance traits [21, 40]. However, their most
recent study on this cohort, featuring an extensive haplo-
typic analysis of the IGF2-INS-TH region [24], suggests
that much of the evidence for IGF2 association resides on
class III-bearing haplotypes, once again focusing attention
on the VNTR. Further large-scale studies of the full IGF2-
INS-TH region will be necessary to gain a robust estimate
of the specific consequences of variation within the IGF2
gene, but the present study, along with the study by Hansen
and colleagues [12], certainly casts serious doubt on the im-
portance of the VNTR as a determinant of adult metabolic
function.

In this respect, the present findings coincide with data
from other recent large-scale studies that have failed to
substantiate the role of the VNTR as a source of human
phenotypic variation. Recently, in the same Finnish cohort,
we could detect no association between VNTR genotype
and birthweight and other early growth variables [16], in
contrast to earlier positive studies in UK and Pima samples
(though these had reported effects in the opposite direction
to each other) [11, 13]. Similarly, as described above, the
only large case-control study for type 2 diabetes has failed
to corroborate earlier positive findings [12].

In a recent meta-analysis, small sample size was shown
to be a significant risk factor for the generation of asso-
ciation results that could not be replicated on subsequent
examination [25]. These recent findings from large-scale
studies of the INS-VNTR minisatellite seem likely to pro-
vide additional examples of the potential dangers of inade-
quate sample size in complex trait association studies.
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