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Abstract

Aims/hypothesis. The class III allele of the variable-
number-of-tandem-repeats polymorphism located 5’
of the insulin gene (INS-VNTR) has been associated
with Type 2 diabetes and altered birthweight. It has
also been suggested, although inconsistently, that the
class 111 allele plays a role in glucose-induced insulin
response among NGT individuals.

Methods. We investigated the impact of the class 11
allele on Type 2 diabetes susceptibility in a case-con-
trol study involving 1462 Type 2 diabetic patients and
4931 NGT subjects. We also examined the potential
impact of the class /II allele in genotype-quantitative
trait studies in three Danish study populations contain-
ing (i) 358 young healthy subjects; (ii) 4444 middle-
aged NGT subjects, 490 subjects with IFG and 678
subjects with IGT; and (iii) 221 NGT subjects, of
whom one parent had Type 2 diabetes.

Results. There was no difference in frequency of the
class I1I allele or in genotype distribution between the
1462 Type 2 diabetic patients and the 4931 NGT sub-
jects. Among the 358 young subjects the class II/II]
carriers had significantly reduced post-IVGTT acute
serum insulin and C-peptide responses (p=0.04 and
0.03 respectively). However, among the 4444 middle-
aged subjects we failed to demonstrate any association
between the class /1] allele and post-OGTT serum in-
sulin and C-peptide levels.

Conclusions/interpretation. The class III allele of the
INS-VNTR does not confer susceptibility to Type 2
diabetes or consistent alterations in glucose-induced
insulin release in the examined populations, which
consisted of Danish Caucasians.
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polymorphism - Insulin release - Type 2 diabetes.
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Introduction

The variable-number-of-tandem-repeats (VNTR) re-
gion located in the proximal promoter, 596 bp from
the translational start site, of the insulin gene (INS)
is composed of tandemly repeated sequences of
14-15 bp and falls into three size classes. The class /
(2663 repeats) and the class 11l (141-209 repeats)
alleles have reported frequencies among Caucasians
of between 0.67-0.72 and 0.28-0.33 respectively,
while the intermediary class 11 (64—140 repeats) allele
is rare among Caucasians [1, 2, 3].

The INS-VNTR influences insulin expression in
vitro [4, 5], and in vivo the class /I] allele is reportedly
associated with decreased levels of insulin mRNA in
the pancreas [6, 7]. In addition, the INS-VNTR affects
IGF-2 transcription in human placenta [8].
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The INS-VNTR may also be implicated in several
human disorders, including polycystic ovary syn-
drome (PCOS) [9] and Type 1 diabetes [1], and sever-
al lines of evidence indicate that it may also confer an
increased susceptibility to Type 2 diabetes.

Firstly, a meta-analysis combining six small case-
control studies published up to 1990 and focusing on
different Caucasian populations showed an association
between the INS-VNTR class [1I/IlI genotype and
Type 2 diabetes. These studies involved a total of 392
Type 2 diabetic patients and 368 non-diabetic sub-
jects. One study was excluded from the combined
analysis, which then included five studies comprising
261 Type 2 diabetic patients and 286 non-diabetic
subjects. The combined analysis showed a relative
risk of contracting Type 2 diabetes of 1.86 (p=0.03)
for the class III/II] carriers [1]. Furthermore, a recent
study involving 155 parent—offspring trios reported an
association between Type 2 diabetes and the INS-
VNTR class Il allele, but only when the class /11
allele was paternally inherited [10]. Secondly, an asso-
ciation between the class /II allele and PCOS, a dis-
ease characterised by hyperinsulinaemia and insulin
resistance, has been described [9]. Thirdly, an associa-
tion between the class /II allele and impaired insulin
secretion among healthy subjects has been reported
[11]. Fourthly, variation of the INS-VNTR has been
associated with increased and decreased birthweight
[12, 13]. And finally, it has been suggested, in a study
of obese children [2], that variation of the INS-VNTR
affects fasting serum insulin levels, while a recent
study reported an effect of the class /I allele on in-
creased BMI and decreased insulin sensitivity in three
Caucasian cohorts comprising a total of 1184 children
and 1099 parents [3].

These findings suggest that the /NS-VNTR may be
implicated in insulin-regulated intrauterine growth
and insulin secretion in adults, and thus could partly
explain the reported association between low birth-
weight and Type 2 diabetes [14].

In the present study we have examined variation of
the /NS-VNTR in relation to Type 2 diabetes, insulin
release, size at birth, and a potential parent-of-origin
effect using the following study populations: (i) 1462
Type 2 diabetic patients and 4931 NGT control sub-
jects (case-control study); (ii) a population-based
sample of 358 young healthy subjects; (iii) a popula-
tion-based sample comprising 4444 middle-aged
NGT individuals, 490 individuals with IFG, and
678 individuals with IGT; and (iv) a study popula-
tion of 221 NGT offspring, of whom one parent had
Type 2 diabetes (study of parent-of-origin effect).
Among Caucasians the —23 Hphl SNP is in tight link-
age disequilibrium with the INS-VNTR class / and
class III alleles (99.7% concordance) [1]. Therefore,
we used genotyping of the =23 Hphl SNP as an indi-
rect subtyping of the INS-VNTR class I and class 11
alleles.
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Subjects and methods

Subjects. For the case-control study 1462 Type 2 diabetic pa-
tients were recruited from the outpatient clinics in the greater
Copenhagen area between 1992 and 2001 (1097 patients)
and from the population-based Inter99 study performed at the
Research Centre for Prevention and Health between 1999
and 2001 (365 patients). The patients (61% men, 39% women)
had a mean age of 56.8 years (+SD: 10.5 years), BMI of
29.6 kg/m?2 (+5.3 kg/m2), HbA c of 7.8% (+1.7%) and an aver-
age duration of diabetes of 6.8 years (+6.7 years). Of these pa-
tients 51% were treated with diet alone, 35% with oral hypo-
glycaemic agents (OHA), 11% with insulin and 3% received a
combination of insulin and OHA. Diabetes was diagnosed in
accordance with the World Health Organization (WHO) 1999
criteria. The NGT control subjects comprised 487 persons
recruited through the Danish Central Population Register and
Research Centre for Prevention and Health [15] and 4444 indi-
viduals recruited from the population-based Inter99 study.
These people had the following characteristics: 46% men, 54%
women; age (mean *+ SD): 46.3 years (+8.8 years); BMI:
25.5 kg/m?2 (+4.1 kg/m?2). The Inter99 study has been described
in detail previously [16]. All control subjects were subjected to
a WHO standard OGTT under fasting conditions and only sub-
jects with NGT were included in the control group.

We did genotype-quantitative trait interaction studies in two
Danish study populations. The first consisted of 4444 middle-
aged NGT subjects, 490 subjects with IFG and 678 subjects
with IGT, all of whom were from the Inter99 study and were
examined by a standard 75-g OGTT with measurements of cir-
culating levels of glucose, insulin and C-peptide at 0, 30 and
120 min. The second was a population-based sample of 358
young healthy subjects, who underwent a tolbutamide-modi-
fied IVGTT for measurements of the acute serum insulin and
C-peptide responses as described previously [17]. Data on
birth length and birthweight of the latter group were obtained
from the midwife records stored in the Danish Provincial
Archives for Zealand, Lolland-Falster and Bornholm.

A study of parent-of-origin effect was performed in a popu-
lation of 221 NGT offspring, of whom one parent had Type 2
diabetes. This group was from 62 families recruited from the
Danish Family Resource Bank at the Department of Human
Genetics, University of Copenhagen and from the outpatient
clinic at Steno Diabetes Center [18].

All participants were Danish Caucasians by self-report. In-
formed consent was obtained from all study participants prior
to participation. The studies were approved by the ethics com-
mittee of Copenhagen and were in accordance with the princi-
ples of the Declaration of Helsinki II.

Biochemical assays. Blood samples for measurements of fast-
ing plasma glucose, serum insulin and serum C-peptide were
drawn after a 12-hour overnight fast. All IVGTTs and OGTTs
were performed in the morning in the fasting state. Plasma glu-
cose was analysed by a glucose oxidase method (Granutest,
Merck, Darmstadt, Germany) and serum-specific insulin
(excluding des(31, 32)- and intact proinsulin) was measured
using the AutoDELFIA insulin kit (Perkin Elmer, Wallac,
Turku, Finland). The concentration of serum C-peptide was
determined by a time-resolved fluoroimmunoassay with the
AutoDELFIA C-peptide kit.

Genotyping of the INS-VNTR class I and class Il alleles. The
INS gene is very polymorphic with approximately 20 known
haplotypes among Caucasians [19]. In this study we genotyped
the —23 Hphl SNP, which is an indirect subtyping of the INS-
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VNTR class I and class /II alleles. We have thus only stratified
the participants according to one SNP out of more than 20 known
Caucasoid SNPs in the region spanning the /NS gene [19].

DNA from 487 of the NGT control subjects, the 358 young
healthy subjects and the 221 NGT offspring of whom one
parent had Type 2 diabetes was genotyped using an Hphl re-
striction enzyme digestion of PCR products obtained with the
forward primer 5’-AGCAGGTCTGTTCCAAGG-3’ and the re-
verse primer 5-CTTGGGTGTGTAGAAGAAGC-3’, followed
by agarose electrophoresis of the digested PCR products, as
previously reported [7]. The remaining samples were geno-
typed for the —23 Hphl SNP applying a method based on mass
spectrometry as described [20]. The genotyping success rates
of the RFLP-based method and the mass-spectrometry-based
method were 93% and 98% respectively. To elucidate the
genotyping error rate we examined 88 replicate samples, but
found no mismatches.

Statistical analysis. Acute serum insulin and serum C-peptide
responses during a tolbutamide-modified IVGTT were calcu-
lated as the incremental area under the insulin/C-peptide curve
for 0 to 8 min [17, 18]. The insulin sensitivity index (S;) was
measured using Bergman’s minimal model on data obtained
during the IVGTT. The disposition index was calculated as:
acute insulin responseygrr X S;; the insulinogenic index for
insulin or C-peptide was calculated as: (insulin/C-peptide at 30
minutes — fasting insulin/C-peptide)/glucose at 30 minutes; the
incremental AUCs for glucose, insulin and C-peptide from 0 to
120 minutes were calculated using the trapezoidal method.
HOMA insulin resistance (HOMA IR) was calculated as (fast-
ing plasma glucose x fasting serum insulin)/22.5; HOMA insu-
lin secretion (HOMA IS) was calculated as 20 X fasting serum
insulin/(fasting plasma glucose — 3.5). The ponderal index was
calculated as birthweight/(birth length)3.

Differences in allelic frequencies were analysed by a
Fisher’s exact test using the Web-Assotest program (available
at: http://www.ekstroem.com/assotest/assotest.html), and dif-
ferences in genotype distribution among Type 2 diabetic pa-
tients and control subjects were analysed using logistic regres-
sion with adjustments for age and sex. All genotype distribu-
tions were tested for Hardy-Weinberg equilibrium using a like-
lihood ratio test.

Differences in continuous variables were tested using a
general linear model for analysis of variance with adjustments
for age, sex and BMI. All residuals were tested for normal dis-
tribution, and transformation (In- or cube root transformation)
of the variables was made if necessary.

The parent-of-origin effect was studied by comparing sub-
jects carrying one paternally transmitted class /11 allele with
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subjects carrying one maternally transmitted class 11 allele
using a variance component model with genotype, sex, age and
BMI as explanatory variables and familial structure as a ran-
dom factor.

The Statistical Package for Social Science (SPSS) for Win-
dows (version 11.5) or the SAS System for Windows 8.02
were used for statistical analysis. A p value of less than 0.05
was considered significant.

Results

The case-control study showed no significant differ-
ence in allelic frequencies or genotype distribution of
the —23 Hphl polymorphism, among 1462 unrelated
Type 2 diabetic patients (allelic frequency of the ¢
allele [class 1] allele]: 29.1% [95% CI: 27.4-30.7%]),
as compared with the 4931 unrelated glucose-tolerant
subjects (28.3%, 95% CI: 27.5-29.2%) (Table 1). The
genotype distributions were in Hardy-Weinberg equi-
librium. When using a selected subgroup comprising
only 1454 age- and sex-matched NGT subjects from
the total group of 4931 control subjects, there was still
no significant difference in allelic frequency or geno-
type distribution between diabetic patients and control
subjects (748 class I homozygotes, 587 heterozygotes
and 119 class Il homozygotes, allelic frequency:
28.4%, 95% CI: 26.7-30.0% for the 1454 control sub-
jects).

Analyses were also performed stratifying both
groups on sex and BMI below or above the median
value respectively, and cases of diabetes on clinical
diabetes onset before or after the age of 45 years.
However, no significant associations between geno-
type distribution and subsets of Type 2 diabetes were
found (data not shown). To exclude the possibility of
bias in selection of the Type 2 diabetic patients and
control subjects, we made a case-control study com-
prising only the 365 Type 2 diabetic patients and the
4444 NGT control subjects from the population-based
Inter99 study. However, there was no significant dif-
ference in allelic frequency of the class /1] allele or
genotype distribution (Type 2 diabetic patients: 188
class I homozygotes, 142 heterozygotes, 35 class 11/

Table 1. Case-control study of the INS-VNTR (=23 Hphl polymorphism) comprising 1462 Type 2 diabetic patients and 4931 glucose-

tolerant subjects

aa at 1t p-MAF  p-add p-add® p-rec? p-dom?
Class I/ ~ Class I/I1] Class I1I/I11
(%) (%) (%)
Type 2 diabetic patients 738 598 126
MAF: 29.1% (95% CI: 27.4-30.7%)  (50) 41) ©)]
NGT participants 2536 1995 400 0.45 0.74 0.71 0.53 0.75
MAF: 28.3% (95% CI: 27.5-29.2%) (51) 41) (8)

The p values represent tests for differences in genotype distri-
bution or minor allele frequency (MAF) (95% CI); p-MAF:
p value for difference in MAF; p-add, p-rec and p-dom: p val-

ues for differences in genotype distribution using an additive, a
recessive and a dominant model respectively; 2 adjusted for
age and sex
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Table 2. Clinical and biochemical data of 358 young healthy Danish Caucasians stratified according to the INS-VNTR class 7 and

class 111 alleles (—23 Hphl polymorphism)

aa at 1t )4
Class I/1 Class I/111 Class I1I/111
Number (men/women) 179 (89/90) 152 (72/80) 27 (15/12)
Age (years) 25.1 (3.5) 25.4 (3.6) 25.2(3.2)
BMI (kg/m2) 23.9 (4.1) 23.0 (3.3) 23.3(2.9) 0.79
Birthweight (g) 3349 (536) 3371 (595) 3405 (472) 0.71
Birth length (cm) 51.5(2.5) 51.5(@3.1) 51.5Q2.1) 0.87
Ponderal index (kg/m3) 24.3 (2.1) 24.6 (2.4) 24.9 (1.9) 0.29
Fasting p-glucose (mmol/l) 5.0(0.5) 5.0 (0.5) 5.0 (0.5) 0.90
Fasting s-insulin (pmol/1) 39 (23) 36 (22) 35(17) 0.94
Fasting s-C-peptide (pmol/l) 483 (172) 464 (146) 454 (124) 0.66
Acute s-insulin response (0—-8 min) (min X pmol/l) 2257 (1415) 2296 (1797) 1612 (948) 0.04
Acute s-C-peptide response (0—8 min) (min X pmol/l) 7178 (3124) 7080 (3571) 5671 (2425) 0.03
Insulin sensitivity index (10-3x(minxpmol/)1-1) 14.8 (9.7) 15.6 (8.9) 17.2 (8.8) 0.15
Disposition index 27507.9 (16381) 30182.9 (17970) 25389.4 (15731) 0.32

Data are means (SD) unless otherwise stated; p values were ob-
tained using a general linear model (SPSS) with age and BMI
as covariates, and sex and genotype as fixed factors on vari-

Table 3. Clinical and biochemical characteristics of 4444 NGT

ables or transformed variables. BMI and age were excluded
from the model when analysing birth data. p-glucose, plasma
glucose; s-C-peptide, serum C-peptide; s-insulin, serum insulin

(=23 Hphl polymorphism) and analysed applying an additive,

Danish Caucasian participants from the Inter99 cohort strati-
fied according to the INS-VNTR class I and class III alleles

a recessive and a dominant model

aa at tt D, D, D,
Class I/1 Class /111 Class 11I/111 additive recessive dominant
model model model

Number (men/women) 2305 (1083/1222) 1782 (828/954) 357 (152/205)
Age (years) 45.3(7.9) 45.1(7.9) 45.0 (7.7) 0.67 0.65 0.39
BMI (kg/m?2) 25.5(4.1) 25.5(4.0) 25.4 (3.8) 0.91 0.84 0.67
Waist to hip ratio 0.84 (0.08) 0.84 (0.08) 0.84 (0.08) 0.46 0.32 0.31
HbA ¢ (%) 5.76 (0.38) 5.77 (0.39) 5.75 (0.40) 0.63 0.89 0.39
Fasting p-glucose (mmol/l) 5.30 (0.41) 5.32(0.39) 5.30 (0.44) 0.24 0.62 0.09
Fasting s-insulin (pmol/1) 37.4 (23.1) 37.6 (23.7) 37.5(21.8) 0.88 0.63 0.75
Fasting s-C-peptide (pmol/l) 539 (207) 544 (225) 528 (188) 0.62 0.46 0.67
AUC p-glucose (min X mmol/l) 182 (101) 179 (100) 187 (104) 0.24 0.13 0.80
AUC s-insulin (min X pmol/l) 20903 (13 688) 21 113 (12 887) 21 027 (12 597) 0.51 0.87 0.25
AUC s-C-peptide (min X pmol/l) 154 608 (52 841) 155288 (52701) 154 561 (51 894) 091 0.94 0.70
HOMA IR (mmol/l X pmol/l) 8.90 (5.66) 8.94 (5.74) 8.88 (5.26) 0.81 0.61 0.60
HOMA IS 422 (440) 427 (282) 418 (371) 0.87 0.81 0.71
Insulinogenic index;yg 30.6 (20.0) 31.2 (19.6) 30.0 (17.6) 0.46 0.49 0.45
Insulinogenic indeXpgp 180.0 (74.2) 181.3 (77.0) 175.7 (65.1) 0.58 0.32 0.99

Data are means (SD), unless otherwise stated. p values were
obtained using a general linear model (SPSS) with age and
BMI as covariates, and sex and genotype as fixed factors on
variables or transformed variables. AUC, incremental area

homozygotes, allelic frequency: 29.0%, 95% CI:
25.7-32.3%; NGT control subjects: 2305 class [
homozygotes, 1782 heterozygotes, 357 class IIl ho-
mozygotes, allelic frequency: 28.1%, 95% CI: 27.1-
29.0%).

In genotype-quantitative trait studies among the 358
young healthy subjects, we observed that the class
11/ carriers had a 20 to 30% decrease in acute serum
insulin and C-peptide responses as estimated from an
IVGTT when compared to wild-type and heterozygous
carriers (recessive model) (p=0.04 and 0.03 respective-

under the curve (0—120 min) during the OGTT; HOMA IR,
HOMA insulin resistance; HOMA IS, HOMA insulin secre-
tion; p-glucose, plasma glucose; s-C-peptide, serum C-peptide;
s-insulin, serum insulin

ly) (Table 2). No significant differences in birthweight
or length, ponderal index or BMI were found between
carriers and non-carriers of the class /11 allele.

In the group of 4444 middle-aged NGT subjects we
found no differences in post-OGTT insulin and C-pep-
tide levels among carriers and non-carriers of the class
1I] allele (Table 3). Estimates of insulin release (insu-
linogenic index for serum insulin and C-peptide) or
measurements of BMI were not influenced by geno-
type either. We also analysed BMI and estimates of
insulin release in 490 IFG subjects and 678 IGT sub-
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Table 4. The 490 participants with IFG from the Inter99 cohort, stratified according to the INS-VNTR class 7 and class III alleles
(=23 Hphl polymorphism) and analysed using an additive, a recessive, and a dominant model

aa at tt D, D, D,
Class I/1 Class /111 Class 11I/111 additive recessive dominant
model model model

Number (men/women) 243 (183/60) 207 (146/61) 40 (31/9)
Age (years) 49.1 (6.5) 48.8 (7.2) 49.1(6.9) 0.85 0.83 0.66
BMI (kg/m?) 27.7 (4.0) 28.1(5.1) 27.5(5.3) 0.55 0.69 0.39
Waist to hip ratio 0.90 (0.08) 0.90 (0.08) 0.90 (0.08) 0.80 0.50 0.89
HbA ¢ (%) 6.00 (0.39) 5.95 (0.39) 5.99 (0.38) 0.41 0.85 0.23
Fasting p-glucose (mmol/1) 6.34 (0.22) 6.33 (0.21) 6.35 (0.23) 0.72 0.72 0.56
Fasting s-insulin (pmol/l) 50.0 (26.9) 50.9 (30.5) 48.2 (23.1) 0.86 0.99 0.59
Fasting s-C-peptide (pmol/l) 737 (313) 722 (297) 674 (260) 0.32 0.37 0.16
AUC p-glucose (min X mmol/l) 228 (97) 218 (97) 205 (102) 0.30 0.32 0.15
AUC s-insulin (min X pmol/l) 23801 (14929) 23622 (15428) 21047 (14179) 0.59 0.42 0.40
AUC s-C-peptide (min X pmol/l) 163443 (58130) 162789 (52369) 149655 (43379) 0.62 0.33 0.72
HOMA IR (mmol/l X pmol/l) 14.1 (7.7) 14.3 (8.5) 13.6 (6.6) 0.78 0.94 0.52
HOMA IS 352 (185) 360 (221) 339 (163) 0.86 0.97 0.59
Insulinogenic index;yg 26.7 (18.5) 26.5 (18.3) 24.2 (17.2) 0.87 0.63 0.73
Insulinogenic indeXpgp 140.5 (66.1) 141.4 (60.8) 132.2 (50.6) 0.88 0.62 0.97

Data are means (SD), unless otherwise stated. p values were
obtained using a general linear model (SPSS) with age and
BMI as covariates, and sex and genotype as fixed factors on
variables or transformed variables. AUC, incremental area

under the curve (0—120 min) during the OGTT; HOMA IR,
HOMA insulin resistance; HOMA IS, HOMA insulin secre-
tion; p-glucose, plasma glucose; s-C-peptide, serum C-peptide;
s-insulin, serum insulin

Table S. The 678 participants with IGT from the Inter99 cohort, stratified according to the INS-VNTR class I and class /1] alleles
(=23 Hphl polymorphism) and analysed using an additive, a recessive, and a dominant model

aa at 1t P, D, P,
Class I/1 Class I/111 Class 11I/111 additive recessive dominant
model model model

Number (men/women) 374 (182/192) 258 (132/126) 46 (20/26)
Age (years) 48.5 (7.7) 48.2 (7.8) 48.5(7.5) 0.85 0.87 0.64
BMI (kg/m?) 28.0 (5.2) 28.3(5.1) 28.2(5.4) 0.84 0.87 0.56
Waist to hip ratio 0.88 (0.09) 0.89 (0.09) 0.89 (0.09) 0.37 0.16 0.61
HbA c (%) 5.89 (0.44) 5.90 (0.45) 5.91 (0.46) 0.90 0.78 0.66
Fasting p-glucose (mmol/l) 5.72 (0.54) 5.75 (0.54) 5.84 (0.52) 0.22 0.11 0.26
Fasting s-insulin (pmol/l) 53.2 (34.2) 52.0 (33.4) 49.0 (20.0) 0.54 0.73 0.27
Fasting s-C-peptide (pmol/l) 731 (333) 738 (316) 783 (298) 0.28 0.11 0.58
AUC p-glucose (min X mmol/l) 385 (92) 385 (92) 370 (81) 0.57 0.29 0.77
AUC s-insulin (min X pmol/l) 33 789 (25 664) 33081 (23 425) 31970 (21 187)  0.92 0.73 0.77
AUC s-C-peptide (min X pmol/l) 201 157 (70491) 204 696 (70 825) 203 595 (66 434)  0.84 0.79 0.44
HOMA IR (mmol/l X pmol/l) 14.3 (9.8) 14.3 (9.8) 13.4 (5.8) 0.82 0.93 0.53
HOMA IS 506 (329) 512 (368) 446 (209) 0.44 0.30 0.31
Insulinogenic indexyg 27.0 (20.5) 26.5(19.1) 22.2 (16.3) 0.18 0.07 0.39
Insulinogenic indeXcpgp 136.1 (57.6) 139.3 (62.0) 125.7 (59.2) 0.34 0.19 0.82

Data are means (SD), unless otherwise stated. p values were
obtained using a general linear model (SPSS) with age and
BMI as covariates, and sex and genotype as fixed factors on
variables or transformed variables. AUC, incremental area

jects separately. However there was no difference be-
tween the different genotype groups (Tables 4 and 5
respectively). A combined analysis comprising all
5612 non-diabetic (NGT, IFG and IGT) subjects from
the Inter99 study population also failed to show any
phenotypic differences related to genotypes (data not
shown). Unfortunately, information on size at birth of
the subjects from the Inter99 study was not available.

under the curve (0-120 min) during the OGTT; HOMA IR,
HOMA insulin resistance; HOMA IS, HOMA insulin secre-
tion; p-glucose, plasma glucose; s-C-peptide, serum C-peptide;
s-insulin, serum insulin

A potential parent-of-origin effect of the class /11
allele was studied among NGT offspring, of whom
one parent had Type 2 diabetes. Of 221 NGT off-
spring, 103 were class I/l carriers and therefore in-
formative with respect to determination of parental
transmission of the class III allele. Of these, 32 off-
spring were found to have inherited a class /II allele
from their father and 31 to have inherited it from their
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Table 6. Clinical and biochemical data of 103 heterozygous carriers of the INS-VNTR class I/class II] alleles (=23 Hphl polymor-
phism) among NGT offspring of Caucasian Type 2 diabetic patients classified according to parental transmission of the class /11 allele

Class /111 Paternal Maternal p value

Number (men/women) 103 (49/54) 32 (15/17) 31 (19/12)

Age (year) 38.2 (8.5) 38.9 (10.1) 36.2 (5.8)

BMI (kg/m?) 26.0 (4.5) 26.5 (4.8) 25.7 (4.2)

Birthweight (g) 3560 (479) 3609 (464) 3519 (489) 0.53
Birth length (cm) 52.3 (2.0) 52.7 (1.7) 51.9 (2.3) 0.20
Ponderal index (kg/m3) 249 (2.4) 24.6 (2.2) 25.0(2.2) 0.44
Fasting p-glucose (mmol/l) 5.1 (0.5) 5.1(0.4) 5.2(0.5) 0.99
Fasting s-insulin (pmol/1) 41 (28) 38 (27) 42 (24) 0.96
Fasting s-C-peptide (pmol/l) 500 (172) 500 (202) 496 (168) 0.51
Acute s-insulin response (0—8 min)(min X pmol/l) 2399 (1890) 2698 (1810) 2387 (1468) 0.87
Acute s-C-peptide response (0—8 min)(min X pmol/l) 7052 (4273) 7374 (3827) 6522 (2984) 0.51

Data are means (SD) unless otherwise stated. p values were
obtained by comparisons between subjects carrying one pater-
nally transmitted class /I allele (paternal) and subjects with
one maternally transmitted class /I allele (maternal). Analyses
were done using a variance component model with genotype,

mother (total: n=63). No significant differences, either
in size at birth or estimates of insulin release, were de-
tected between class I/III offspring with a paternally
transmitted class /11 allele when compared to offspring
with a maternally transmitted class /1] allele (Table 6).

Discussion

In contrast to the previously reported meta-analysis
showing an association between the class /II/IIl geno-
type of the INS-VNTR and Type 2 diabetes, we found
no difference in frequency of the class /II allele or in
genotype distribution between Type 2 diabetic patients
and NGT control subjects. The reason for the disparity
is unknown, but the previously reported association
could be a statistical type I error, since the results are
based on a combined analysis of five small case-control
studies (59 to 159 participants in each study, one study
excluded from the combined analysis) [1]. In fact, the
positive association is derived solely from a single
study showing a strong association [21], whereas the
remaining studies do not show significant associations
between the class III/III genotype of the INS-VNTR
and Type 2 diabetes. Furthermore, other studies have
also examined a potential association between Type 2
diabetes and the class /I allele, and even though one
did report an association between Type 2 diabetes and
paternally inherited class III alleles [10], these studies
reported a lack of overall association between the INS-
VNTR class 11 allele and Type 2 diabetes [10, 13].

The genotype distribution among the Type 2 dia-
betic patients in the six studies from the meta-analysis
was very different. The reason for this discrepancy is
unclear, but it might be explained by ethnic differ-
ences. The genotype distribution among the Type 2
diabetic patients reported in the meta-analysis was

sex, age and BMI as explanatory variables and family as a ran-
dom factor. BMI and age were excluded from the model when
analysing birth data. p-glucose, plasma glucose; s-C-peptide,
serum C-peptide; s-insulin, serum insulin

also different from the genotype distribution observed
in the present study (Fisher’s exact test: p=0.05) [1].
As the present study includes a large number of indi-
viduals of ethnically homogenous origin, the estimat-
ed genotype distributions, both among Type 2 diabetic
patients, and among NGT subjects, can be expected to
reflect distribution of the class I and class /1] alleles in
Danish Caucasians with considerable precision. Other
studies with participants of Northern European origin
have reported a genotype distribution similar to the
one reported in the present study [2, 3].

By performing a power calculation we demonstrated
that in order to reproduce the difference in allelic fre-
quency reported in the only study from the meta-analy-
sis to show a positive association and to do this with a
power of 95% and a significance level of 0.05, 192 in-
dividuals were required in each group. The present
case-control study far exceeds this number of subjects.

Previous studies of genetic risk factors for the de-
velopment of Type 2 diabetes with complex polygenic
inheritance have shown that the effect of a single ge-
netic variant, measured as relative risk, is likely to be
in the range of 1.25 to 1.5 [22, 23, 24, 25]. In the pres-
ent case-control study we have a high statistical power
(>95%) to detect a relative risk of 1.25, and thus it
seems unlikely that variation of the INS-VNTR as
estimated by genotyping the —23 Hphl SNP represents
a major risk factor in the pathogenesis of Type 2 dia-
betes among Danish Caucasians.

The discrepancy between studies could also be re-
lated to the complex influence of the parent-of-origin
effects on the INS-VNTR. The IGF-2 gene, which is
located in the vicinity of the human INS gene, is im-
printed and paternally expressed [26]. However, it is
uncertain whether the human /NS-VNTR region is im-
printed. The murine insulin gene, Ins2, is paternally
expressed in the yolk sac [27], and there is also
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evidence that this may be the case in the yolk sack of
human embryos [28]. These results could suggest that
the expression of the human INS gene is restricted to
the paternal allele.

An effect of parent-of-origin of the INS-VNTR has
been suggested in relation to Type 1 diabetes, in
which a preferential transmission of the class [ allele
from heterozygous class I/I1I fathers to their diabetic
offspring has been reported [1]. Another study showed
an excess of paternal transmission of the class I allele
to obese children [29]. Concerning Type 2 diabetes, it
was reported from a study examining 155 parent-off-
spring trios that the association between Type 2 diabe-
tes and the INS-VNTR is mediated exclusively
through the paternally transmitted class /17 allele [10].
However, the impact of imprinting on the INS-VNTR
in relation to Type 2 diabetes has not yet been clari-
fied, as a study of Pima Indians, also using parent-
offspring trios, failed to demonstrate a clear parent-
of-origin effect on risk of Type 2 diabetes [13].

In the present study we did not have DNA from the
parents of the case-control study, but we did examine
for a potential parent-of-origin effect of the class /11
allele on pre-diabetic phenotypes among glucose-
tolerant offspring of a Type 2 diabetic parent. We were
also unable to provide evidence for a parent-of-origin
effect on the examined diabetes-related phenotypes.
However, our study comprises only a limited number
of subjects with information on parental transmission
of the class III allele, and we only analysed pre-
diabetic phenotypes. Thus, we cannot exclude a po-
tential parent-of-origin effect on phenotypes related to
Type 2 diabetes and on Type 2 diabetes susceptibility.

Additionally, it should be emphasised that genotyp-
ing the class / and class /1] alleles of the INS-VNTR is
a rather broad classification of the very polymorphic
region spanning the INS gene [19]. It has been report-
ed that the association between the class / allele and
Type 1 diabetes is restricted to certain subclasses of
the class I allele [7]. Thus, the INS-VNTR class 11/
might contain subclasses of tentative functional alleles
that confer susceptibility towards Type 2 diabetes.
Clearly, further studies are needed to elucidate this.

Conflicting data on the relationship between the
INS-VNTR and glucose-induced insulin release have
also been reported. Several studies found no associa-
tion between variation of the /NS-VNTR and insulin
secretion [30, 31, 32, 33]. In one study, insulin secre-
tion was assessed during an IVGTT in 28 glucose-
tolerant subjects (14 class I/l and 14 class I1I/III carri-
ers). Significant differences in oscillation activity be-
tween the two groups were detected [33]. However, no
significant differences in total insulin release or first-
phase insulin response were found, and the authors
therefore concluded that the /NS-VNTR does not play
a major role in the control of insulin secretion. How-
ever, by examining 29 class I/I, 29 class I/Ill and 6
class I1I/III carriers, a gene-dose-dependent effect of
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class Il on 2-hour serum C-peptide levels during an
OGTT was shown by Cocozza et al. [11]. This gene-
dosage effect was also observed in a subpopulation
examined with a hyperglycaemic clamp [11].

In the group of young healthy subjects we demon-
strated that class I1I/III carriers, compared with class
I/l and class I/III carriers, had significantly reduced
acute serum insulin responses during an IVGTT.
However, the class I1I/III carriers were also more in-
sulin-sensitive, and analysis of the disposition index,
which is an estimate of insulin secretion adjusted for
insulin sensitivity, showed no significant decrease. A
recent report demonstrated higher insulin secretion
during an IVGTT among infants with the class I1I/Il]
genotype. However, the class [II/Ill carriers were
more insulin-resistant, and increased insulin secretion
might thus be a compensatory mechanism to insulin
resistance [34]. The difference in beta cell response to
an intravenous glucose load could also be due to the
difference in age in the various study populations. The
data might indicate that the insulin release associated
with the class /1] allele declines more rapidly with age
than that associated with the class [ allele. Prospective
data are needed to address this question.

With regard to BMI or decreased insulin sensitivity,
we did not detect any significant effect of the class /1]
allele on increased BMI or on decreased insulin sensi-
tivity (estimated using the HOMA model), unlike a re-
cently published study [3]. In our sample of young
healthy subjects we measured the insulin sensitivity
index (S;) using an IVGTT in combination with an in-
travenous tolbutamide injection (the Minimal Model
approach), and in fact we found a trend towards in-
creased insulin sensitivity among the class I1I/II] car-
riers. Among the 4444 middle-aged NGT subjects,
490 IFG subjects and 678 IGT subjects we observed
(using the HOMA IR estimate) no difference in insu-
lin sensitivity among carriers and non-carriers of the
class Il allele (when analysing both separately and
in combination). In a combined analysis of three
Caucasian study groups comprising a total of 1184
children and 1099 parents, Mitchell et al. reported that
class III/l1I carriers had decreased insulin sensitivity
(estimated using the HOMA model). However, a sig-
nificant effect of the class //I allele on insulin sensitiv-
ity was seen in only one of the examined study groups
and in the combined analysis, and thus, as the authors
conclude, this could be a chance finding from numer-
ous statistical tests made in the study. In a study of
obese children it was shown that the class I allele was
associated with increased fasting insulin levels, indi-
cating increased insulin sensitivity among carriers of
the class 11 allele [2]. Moreover, the INS-VNTR gen-
otype was shown to have a strong influence on the
correlation between insulin levels and BMI, indicating
that a potential association between fasting insulin
levels and the INS-VNTR depends on the degree of
obesity.
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Among the 4444 middle-aged NGT subjects, we
were unable to detect any significant effect of the INS-
VNTR class III allele on BMI or insulin release dur-
ing an OGTT. The data from this group and the group
of young healthy subjects are not directly comparable,
as the effect of the class /Il allele among the young
subjects was found after an intravenous glucose load,
whereas the potential effect in middle-aged subjects
was examined using an oral glucose load. It is possi-
ble, however, that the conflicting results from the
group of young healthy subjects and the group of
middle-aged NGT subjects is related to the difference
in age. In a study of obese children, an association be-
tween the paternally inherited class I allele and child-
hood obesity has been reported [29], and these results
indicate that the effect of variation of the INS-VNTR
could be dependent on age, and thus be more pro-
nounced in young individuals.

We also analysed separately the potential influence
of the class III allele in subjects with IFG and IGT.
We did this to examine whether the effect of the class
111 allele was more pronounced in subjects at high risk
of developing Type 2 diabetes [35, 36, 37]. However,
among these “pre-diabetic” subjects, no significant
effect of the class /Il allele on estimates of insulin
release, BMI or insulin sensitivity was found.

The study of the 4444 NGT individuals may be the
largest genotype-quantitative trait study so far made
and is thus reasonably powered to evaluate the effect
of the INS-VNTR on estimates of insulin release.
Based upon the present findings, it seems unlikely that
the class /I allele estimated by genotyping the —23
Hphl SNP has any consistent effect on insulin release
during an OGTT among Danish Caucasians.

Finally, we did not observe any obvious association
between the INS-VNTR class I/l allele and birth
length, birthweight or ponderal index in young healthy
subjects. Interestingly, the studies previously reporting
associations between the class /I allele and altered
birthweight presented conflicting results. One study
reported an association with increased birthweight
(~250 g) when considering non-changers (subjects
with a small change in weight standard deviation
score from birth to one year of age) [12], whereas
another study demonstrated an association with a de-
creased birthweight (~140 g) [13]. Moreover, a recent
study also reported a lack of association between the
class III allele and size at birth [3]. We were not able
to distinguish between changers and non-changers,
due to lack of early postnatal growth data. As birth
data were not available, the relation between the class
111 allele and birthweight was not examined among the
4444 NGT subjects.

In conclusion, in the group of young healthy sub-
jects carriers of the INS-VNTR class I1I/III had signif-
icantly decreased acute serum insulin and C-peptide
responses during an IVGTT when compared with
class I/ and heterozygous carriers, indicating that

S. K. Hansen et al.:

variation of the /NS-VNTR may have an impact on
serum insulin and C-peptide responses in young indi-
viduals. However, no impact of the class /I allele on
serum insulin and C-peptide responses to an oral glu-
cose load could be demonstrated in large-scale studies
of middle-aged subjects. The INS-VNTR class 111
allele was not associated with Type 2 diabetes in a
large case-control study.
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