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2.4. Statistical analysis

A Kolmogorov-Smimov test was performed to test nor-
mality of the data. Triglyceride, insulin, proinsulin and
glucose concentrations and HOMAjR were not normally
distributed, but were after a log transformation. Partial
correlation coefficients between variables were calculated
adjusted for age and sex. Differences in subject charac-
teristics between the Gly and Arg-van&rA were examined
by analysis of covariance with adjustments for age and
sex. To examine the interaction between BMI-group (high
or low) with genotype on the metabolic parameters, addi-
tional adjustments were made for waist-to-hip ratio, BMI,
alcohol consumption, physical activity, and cigarette smok-
ing. The interaction term was omitted from the statistical
model if it did not reach statistical significance. In this
way, the effects of the Gly972Arg polymorphism could be
estimated. Data are expressed as mean ± S.D. or median
with inter-quartile range for skewed variables. A two-tailed
value of P < 0.05 was considered to be statistically sig-
nificant. All analyses were performed using SPSS; PC
release 10.0.

3. Results

Among the population-based sample of 3684 subjects
the prevalence of the heterozygous and homozygous forms
of the Gly972Arg polymorphism were 14.1 and 0.5%. The
allele frequencies were not different between the over-
weight and non-overweight group (0.075 versus 0.076).
The distribution of the genotypes was in Hardy-Weinberg
equilibrium (P = 0.75), both in the low and in the high
BMI-group. Participants of the re-examination for metabolic
risk markers (273 men, 327 women) were between 26 and
71 years old. Mean BMI was 21.9 kg/m2 (S.D. 1.4 kg/m2)
in the low BMI-group and 31.2 kg/m2 (S.D. 3.0 kg/m2) in
the high BMI-group. Due to the deliberate oversampling

of the carriers, this final study population included 362
non-carriers, 228 heterozygous carriers and 10 homozygous
carriers of the Gly972Arg polymorphism.

The overweight group was older and included more men
compared with the low BMI-group (Table 1). Comparisons
were therefore made after adjustment for age and sex. Af-
ter this adjustment, carriers in the high BMI-group had a
significantly lower BMI compared with non-carriers. In the
low BMI-group, however, there was no difference in BMI
between carriers and non-carriers. A similar difference be-
tween carriers and non-carriers according to BMI was ob-
served for waist-to-hip ratio (P < 0.001). For all other
parameters, no significant interaction between the IRS-1
Gly972Arg polymorphism and BMI was observed (P >
0.15).

After adjustments for age, sex, BMI, waist-to-hip ratio,
physical activity, alcohol consumption, and cigarette smok-
ing, insulin concentrations were higher in carriers of the
Arg-variant compared with the non-carriers (Table 2). The
difference between carriers and non-carriers in the high
BMI-group, however, was more pronounced than that in
the low BMI-group (6.90pmol/l or 12% versus 2.21 pmol/1
or 7%; Table 3). Insulin resistance as estimated with the
HOMAjR model was also significantly different between
carriers and non-carriers (P = 0.029, Table 2). Glucose and
proinsulin concentrations did not differ between carriers and
non-carriers of the Gly972Arg polymorphism. Triglyceride
concentrations were significantly lower in the Arg-variant
compared with the G/y-variant (0.13 mmol/1 or 11%, P =
0.001, Table 4). Again, differences were more pronounced
in the high BMI-group (Table 5). Total cholesterol, LDL
cholesterol and HDL cholesterol levels were not significantly
different between both groups.

Correlation coefficients of insulin and HOMArR with
other metabolic parameters are listed in Table 6. Correlations
did not differ between the high and low BMI-group. Triglyc-
eride levels were inversely associated with HDL cholesterol
(r = -0.40, P < 0.001).

Table 1
Subject characteristics according to BMI-group and Gly972Arg polymorphism

High BMI-group"

Men (%)
Age (years)
Smoking (% yes)
Alcohol (% yes)
Physical activity (%, >2

days a week)
BMI (kg/m2)
Waist-to-hip ratio

Wildtype
(n = 180)

59.4C

56.4 ± 7.06
17.2
72.8
60.3

31.6 ± 3.04
0.96 ± 0.08

Arg-variant
(n = 124)

52.4
54.6 ± 9.94
16.1
74.2
56.3

30.5 ± 2.78
0.91 ± 0.09

Adjusted
/•-value1"

0.145
0.062
0.831
0.711
0.984

<0.001
<0.001

Low BMI-group

Wildtype
(n = 182)

38.5
49.3 ± 10.3
41.8
70.9
65.9

21.9 ± 1.37
0.81 dfc 0.07

Arg-variant
(n=114)

27.2
49.7 ± 10.6
38.6
71.9
72.7

21.8 ± 1.48
0.80 ± 0.07

Adjusted
/"-value

0.040
0.645
0.528
0.748
0.370

0.742
0.223

a Subjects in the high BMI-group had a BMI between 26 and 40 kg/m2, subjects in the low BMI-group had a BMI between 18 and 24 kg/m2 (see
Section 2).

b P-values are adjusted for age and sex.
c Values are means ± S.O. or percentages.
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polymorphism. Recently, human pancreatic islets from
972Arg carriers were found to have reduced insulin content,
altered insulin release, and a greater number of immature
secretory granules [21]. However, results of clinical stud-
ies so far are mixed [22,23]. We measured proinsulin as
an indicator of a defect in insulin secretion [24]. Although
proinsulin levels were strongly associated with insulin lev-
els and HOMAiR in our population, they were not different
between carriers and non-carriers of the Arg-variant.

Although fasting insulin and HOMAiR were inversely
associated with HDL cholesterol in our population and
reduced HDL cholesterol levels are a feature of insulin resis-
tance [18], we observed no clear difference in HDL choles-
terol between carriers and non-carriers. Insulin resistance
is in general not uniformly associated with total cholesterol
levels [25]. Indeed, HOMAiR and fasting insulin were not
associated with total cholesterol levels in our population. In
addition, total cholesterol concentrations were not different
between carriers and non-carriers of the 972Arg-variant.
This is in agreement with several other studies [5,7], al-
though also higher [6] or lower [9] cholesterol levels have
been reported in studies with smaller number of carriers.
LDL particle size may change as a consequence of insulin
resistance [26], but has not yet been studied in relation to
the 972Arg-variant, nor has apolipoprotein B.

BMI was 1.2 kg/m2 lower in our carriers than in non-
carriers within the overweight group, and also their waist-
to-hip ratio was reduced. These differences were not
observed in the low BMI-group. A lower BMI and
waist-to-hip ratio were also seen in healthy normal glucose
tolerant 972Arg carriers from Germany [27]. Others ob-
served a positive association between the IRS-1 972 A variant
and body weight [28]. Similarly, in type 2 diabetic patients
an increased BMI in carriers was seen [17]. However, their
control subjects over 40 years of age with the 972Arg-variant
had in contrast a lower BMI compared with non-carriers.

The lower BMI in our overweight carriers might have been
the result from the exclusion of diabetic subjects, as over-
weight carriers are more prone to develop type 2 diabetes.
On the other hand, IRS-1 protein expression is markedly
increased during maturation of human pre-adipocytes and
IRS-1 is also relevant in IGF-1 signalling [2]. Our find-
ings suggest therefore that studies on the impact of the
972Arg-variant on these processes are useful as well.

Finally, the prevalence of the Gly972Arg polymorphism
among the population-based sample of our cohort was
14.6%. It should be noted that regional variance in The
Netherlands has been reported (11-18%), but this was based
on small sample sizes only and may be a chance finding
[29]. Our proportion of carriers fell well within the range of
the two previous observations and agrees with results of two
other population-based studies in The Netherlands (15.3
and 14.1%) (R.M. van Dam, personal communication).

This large population-based study of healthy individuals
shows that presence of the IRS-1 Gly972Arg polymorphism
is associated with increased insulin concentrations and in-

sulin resistance and decreased triglyceride concentrations.
These associations are more pronounced among overweight
subjects, but the combined effect may be smaller than sug-
gested previously.
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