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Abstract

Aims/hypothesis. Increased plasma concentrations of
circulating adhesion molecules in patients with Type
IT (non-insulin-dependent) diabetes mellitus could
be associated with the increased cardiovascular risk
in these patients. However, it is controversial whether
increased adhesion molecule plasma concentrations
are primarily related to hyperglycaemia or to hyper-
insulinaemia.

Methods. We evaluated the plasma concentrations of
soluble E-selectin, intracellular adhesion molecule-1
(ICAM-1), and vascular cell adhesion molecule-1
(VCAM-1) at baseline and during euglycaemic hy-
perinsulinaemic clamp in three different groups with-
out additional cardiovascular risk factors: group A
(control group), 28 healthy volunteers with normal
glucose tolerance; group B, 24 subjects with fasting
hyperinsulinaemia, normal fasting glucose but im-
paired glucose tolerance; group C, 32 patients with
Type II diabetes, fasting hyperinsulinaemia and
chronic hyperglycaemia.

Results. Plasma soluble E-selectin, ICAM-1, and
VCAM-1 concentrations were higher (p <0.05) in
patients with Type Il diabetes (group C) compared

with the other groups. The adhesion molecule con-
centrations correlate with the fasting plasma glucose
(r=0.59, p <0.001), the 2-h OGTT plasma glucose
(r=0.70, p <0.01), and the HbA,_ value (r=0.61,
p <0.05). The E-selectin but not the ICAM-1 and
VCAM-1 plasma concentrations correlated with the
fasting insulin concentrations (r =0.62, p < 0.05) or
the whole body glucose uptake (r = 0.59, p < 0.05) in
the clamp. The hyperinsulinaemia during the eugly-
caemic hyperinsulinaemic clamp had no significant
effect on the plasma concentrations of E-selectin,
ICAM-1, and VCAM-1 in all three groups.
Conclusion/interpretation. Our results suggest that in-
creased E-selectin concentrations are related to hy-
perglycaemia, hyperinsulinaemia and insulin resist-
ance, whereas increased ICAM-1 and VCAM-1 plas-
ma concentrations in patients with Type II diabetes
are rather related to hyperglycaemia than to hyperin-
sulinaemia or insulin resistance. [Diabetologia (2002)
45:210-216]
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Patients with Type II (non-insulin-dependent) diabe-
tes mellitus have an increased risk for premature ath-
erosclerosis [1, 2]. Increased concentrations of plas-
ma adhesion molecules (AM) have been detected in
patients with developing atherosclerosis [3] and in
patients with Type I (insulin-dependent) diabetes
mellitus [4, 5] and Type II diabetes [6-9]. Moreover,
increased plasma concentrations of soluble forms of
some of these adhesion molecules have been suggest-
ed as markers of early atherosclerosis [10, 11]. These
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adhesion molecules include intercellular cell adhe-
sion molecules-1 (ICAM-1), vascular cell adhesion
molecules-1 (VCAM-1), and E-selectin, a specific
product of endothelial cells [12]. However, it is still
controversial as to whether the increased plasma con-
centrations of AM are primarily the result of hyper-
glycaemia [7, 8] or the hyperinsulinaemia in the insu-
lin resistant state [3, 14]. Although it was recently
shown that short-term hyperinsulinaemia during a
6 h euglycaemic hyperinsulinaemic clamp did not in-
crease plasma AM concentrations [15], the effect of
chronic hyperinsulinaemia on plasma AM concentra-
tions requires further investigation, because identifi-
cation of the primary factors inducing increased AM
concentrations in patients with diabetes might have
further implications in the primary prevention of car-
diovascular disease in these patients.

We therefore evaluated whether increased plasma
concentrations of ICAM-1, VCAM-1, and E-selectin
are primarily associated with either hyperglycaemia
or hyperinsulinaemia and insulin resistance. To
avoid confounding factors which could affect plasma
AM concentrations, we selected subjects without
clinical evidence of vascular lesions, and without
other cardiovascular risk factors like hyperlipidae-
mia, hypertension or smoking. To evaluate the effect
of chronic hyperinsulinaemia on AM concentrations,
we compared plasma AM concentrations in subjects
with IGT, extreme insulin resistance and fasting hy-
perinsulinaemia, but still normal fasting plasma glu-
cose and HbA, , values, to the concentrations in nor-
mal control subjects. For the evaluation of the ef-
fects of combined chronic hyperglycaemia and hy-
perinsulinaemia, AM plasma concentrations were
measured in patients with newly diagnosed Type 11
diabetes who had evidence for accompanying chron-
ic hyperglycaemia. Moreover, we investigated the
short time effects of hyperinsulinaemia on ICAM-1,
VCAM-1, and E-selectin plasma concentrations
with euglycaemic hyperinsulinaemic clamps in all
study groups. Based on these groups, we tested the
hypothesis that increased plasma concentrations of
soluble adhesion molecules are primarily related to
chronic hyperglycaemia rather than to insulin resist-
ance.

Subjects and methods

Subjects. A total of 84 Caucasian men and women (mean age
39.6 + 5.4 years) were selected from 469 subjects, which were
screened for impaired glucose tolerance by a 75 g OGTT ac-
cording to the American Diabetes Association (ADA) criteria
[16] with the aim of obtaining three different groups matched
for age, sex and BMI.

Group A included subjects with normal glucose tolerance,
defined by fasting plasma glucose of less than 6.0 mmol/l [16]
and 120 min plasma glucose after a 75 g oral glucose load of
less than 7.8 mmol/l, without hyperinsulinaemia and without a

family history of Type II diabetes or diabetes during pregnancy
(n =28, 10 men, 18 women).

Group B included subjects with impaired glucose tolerance,
defined by a fasting plasma glucose of less than 6.0 mmol/l and
a 120 min plasma glucose after 75 g oral glucose load of less
than 11.1 mmol/l [16], fasting hyperinsulinaemia (n =24,
10 men, 14 women).

Group Cincluded patients with newly diagnosed Type 11 di-
abetes, defined by a fasting plasma glucose greater than
6 mmol/l and/or a 120min OGTT glucose greater than
11.1 mmol/l, fasting hyperinsulinaemia (n =32, 15 men, 17
women).

All subjects were chosen according to the following inclu-
sion criteria:

- no history of any metabolic disorder (except from the Type
II diabetic patients in group C):

— glutamic acid decarboxylase (GAD) measured by an RIA
(BRAHMS, Berlin, Germany) and/or islet cell antibody de-
termined by an immunohistochemical method undetectable;

- no dyslipidemia (LDL-cholesterol > 3.9 mmol/l);

— no medical history of hypertension, (i.e. systolic blood pres-
sure (SBP) <160 mmHg and diastolic blood pressure
(DBP) <95 mmHg, using the criteria of the European
Group for the Study of Insulin Resistance ESIR [17]);

— no clinical evidence for either cardiovascular or peripheral
artery disease (no history of an acute myocardial infarction,
no ECG abnormalities, no history of bypass surgery or coro-
nary angioplasty, no clinical symptoms of typical angina,
dyspnoe or claudicatio intermittens);

— no thyroid dysfunction;

— no concomitant medication;

— no regular alcohol or drug consumption and no smoking;
and

— No pregnancy.

Systolic and diastolic blood pressure were not significantly dif-
ferent between the groups. In addition to the absence of any
additional cardiovascular risk factors except Type II diabetes
there was no evidence of diabetic retinopathy or nephropathy
in these patients. The study was approved by the ethics com-
mittee of the University of Leipzig. All subjects gave written
informed consent before taking part in the study.

Oral glucose tolerance test. The OGTT was done less than
1 week before the euglycaemic hyperinsulinaemic clamps and
the measurements of the AM according to the criteria of the
ADA [16]. Three days before the OGTT the patients docu-
mented a high carbohydrate diet. The OGTT was done after
an overnight fast with a 75 g standardised glucose solution
(Glucodex solution 75 g, Merieux, North York, Canada). Ve-
nous blood samples were taken at 0, 60, 90, and 120 min for
measurements of plasma glucose, insulin and C-peptide con-
centrations.

Euglycaemic-hyperinsulinaemic-glucose-clamp. Insulin sensi-
tivity was assessed with the euglycaemic, hyperinsulinaemic
clamp method [18]. Subjects with a whole body glucose uptake
of less than 40 umol - kg - min! were defined as insulin resis-
tant and subjects with a whole body glucose uptake greater
than 50 umol - kg - min"! were defined as insulin sensitive ac-
cording to criteria described previously [19]. There were no
subjects with a whole body glucose uptake between 40 and
50 umol - kg - min"l. After an overnight fast and resting for
30 min in a supine position, intravenous catheters were insert-
ed into antecubital veins in both arms of the participants. One
was used for the infusion of insulin and glucose, the other was
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Table 1. Clinical and biochemical characteristics (means + SEM) of the probands

Group A Group B Group C
Age (years) 38.7+6.1 42.6 +3.5 445+52
Body mass index (kg/m?) 28.7+23 31.7+18 29.5+25
Systolic BP (mmHg) 129 +7 132+9 135+ 8
Diastolic BP (mmHg) 78+3 84+3 82 +4
Fasting plasma glucose (mmol/l) 492+02 536 +0.5 6.72 + 0.6%,°
2-h OGTT plasma glucose (mmol/l) 6.24 £ 0.3 9.61 £ 0.6 12.87 +1.13,°
HbA, . (%) 51+0.1 55+022 65+02%"
Fasting insulin (pmol/l) 76.6 +11.3 154.2 £ 13.6 181.1 £ 26.12,°
2-h OGTT insulin (pmol/l) 119.0 £9.1 342.6 +21.7* 525.7 + 453, °
Insulin during clamp (pmol/l) 1314 + 218 1578 + 365 1632 + 195
Whole body glucose uptake (imol/kg per min) 58.1+47 33553 243 + 4.1
LDL cholesterol (mmol/l) 2.59 +0.33 2.72 +0.25 3.11 +0.41
NEFA (mmol/l) 0.37 £ 0.07 0.58 £0.12 0.77 £ 0.122
ICAM-1 (ng/ml) 222+19 260 + 31 331+35
VCAM-1 (ng/ml) 408 + 46 403 + 56 574 + 65
E-selectin (ng/ml) 43+9 56+ 11 74 £ 10
Significant differences between the groups are indicated: ®p < 0.05 group C vs group B

2 p < 0.05 vs healthy control subjects (group A)

used for the frequent sampling. After a priming dose of 1.2
nmol/m? insulin the infusion with insulin (actrapid 100 U/ml,
Novo Nordisk, Bagsvaerd, Denmark) was started with a con-
stant infusion rate of 0.28 nmol/m? body surface per min and
continued for 120 min. After 3 min the variable of 20 % glu-
cose infusion rate was added and adjusted during the clamp to
maintain the blood glucose at 5.0 mmol/l. Bedside blood glu-
cose measurements were carried out every 5 min using the glu-
cose dehydrogenase technique with haemocue B (haemocue,
Angelholm, Sweden). Additional blood samples were taken
after 60 min and during the steady state for the measurement
of glucose, insulin, C-peptide, ICAM-1, VCAM-1, and E-se-
lectin.

Assays and calculations. Body mass index was calculated as
weight divided by squared height. Waist and hip circumferenc-
es were measured. Basal, fasting blood samples were taken af-
ter an overnight fast and after a 30 min rest in the supine posi-
tion to determine serum lipids, NEFA, leptin, ICAM-1,
VCAM-1, E-selectin and standard laboratory parameters.
Plasma insulin was measured in a two-site chemiluminescent
enzyme immunometric assay for the IMMULITE automated
analyser (Diagnostic Products, Los Angeles, Calif., USA).
Plasma C-peptide was measured in a solid phase, chemilumi-
nescent enzyme immunoassay using the IMMULITE automat-
ed analyser (Diagnostic Products). For the quantification of se-
rum NEFA an in vitro enzymatic colorimetric method was
used (NEFA C, ACS-ACOD method, Wako Chemikals,
Neuss, Germany). Leptin was measured as described [20].

Serum concentrations of ICAM-1, VCAM-1, and E-selec-
tin were measured by the use of monoclonal antibody-based
ELISA assays (R and D Systems, Abingdon, UK). All samples
were tested in duplicate. Both interassay and intraassay coeffi-
cients of variation were less than 5 %.

Statistical analysis. Data are shown as means + SEM unless
otherwise stated. The calculation of insulin sensitivity in the
steady state during the second hour of the euglycaemic clamp
was carried out as described [18]. All calculations and statistics
were done with SPSS for Windows (SPSS, Chicago, I1l., USA).
The differences between the groups were tested by one way
ANOVA. If the p value was less than 0.05 the groups were
compared by the appropriate test (students ¢ test for unpaired
samples or chi square test). A p-value of less than 0.05 was re-

garded as significant. Multivariate regression analyses were
done and correlations between variables were tested with
Spearman’s correlation test. A correlation coefficient (r) of p
less than 0.05 was accepted as significant. To minimise type I
and type II errors, we calculated a statistical power greater
than 80 % with a given significant p value of less than 0.05 for
the comparisons between the groups and between basal and
steady state of the euglycaemic hyperinsulinaemic clamp. The
statistical power was between 60 and 80% depending on the
study group for the correlation analyses.

Results

Subjects. The clinical and biochemical characteristics
of the participants are summarized in Table 1. Sub-
jects in the control group (group A) had normal fast-
ing C-peptide (0.88 +0.04 nmol/l) concentrations
and were insulin sensitive, as assessed by the eugly-
caemic hyperinsulinaemic clamp. The subjects in
group B had increased fasting glucose but impaired
glucose tolerance, elevated fasting C-peptide con-
centrations (1.68 + 0.2 nmol/l) and still normal
HbA, . values, representing a good glycaemic long-
term control. However, these subjects were extreme-
ly insulin resistant (Table 1). There was no signifi-
cant difference in the extent of insulin resistance as-
sessed during the clamp between group B and group
C (Table 1). Group C is further characterized by
high fasting C-peptide (1.86 + 0.6 nmol/l) concentra-
tions, increased HbA, . values as a correlate of long-
term hyperglycaemia. No significant differences
(p < 0.05) in concentrations of leptin, total cholester-
ol, HDL and LDL cholesterol, and triglycerides
were found between the three groups. Subjects with
IGT (group B) and patients with Type II diabetes
(group C) had significantly higher plasma concentra-
tions of NEFA than the control subjects (group A)
(Table 1).
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Fig.1. Plasma soluble ICAM-1 (A), VCAM-1 (B), E-selectin
(C) (means = SEM) concentrations at baseline (lll) and in the
steady state of an euglycaemic hyperinsulinaemic clamp (§§)
in healthy control subjects (group A, n = 28), patients with im-
paired glucose tolerance, fasting hyperinsulinaemia, normal
fasting glucose and normal HbA, . (group B, n = 24), patients
with diabetes mellitus Type 11, long-term hyperglycaemia (in-
creased HbA,.), and hyperinsulinaemia (group C, n =32).
Brackets indicate differences between the groups at baseline
(p < 0.05). There were no significant differences in the soluble
adhesion molecule concentrations between baseline and the
steady state of the clamp in any group. The calculated statisti-
cal power for these group comparisons was > 80 %

Group C

ICAM-1, VCAM-1, E-selectin plasma concentrations.
Patients with Type II diabetes (group C) had signifi-
cantly higher ICAM-1, VCAM-1, E-selectin plasma
concentrations than the control group (group A) and
Group B (Fig.1). In addition, plasma E-selectin con-
centrations were significantly higher in group B than
in group A (p <0.05, Fig.1). The plasma adhesion

molecule concentrations at baseline are shown in Ta-
ble 1.

In the analysis of the entire study cohort there
were significant correlations (p < 0.05) between the
plasma ICAM-1, VCAM-1, or E-selectin concentra-
tions and the fasting plasma glucose, the 2-h OGTT
plasma glucose, and the HbA,_  values (Table 2).
These positive correlations between parameters of
the glycaemic status and AM concentrations could
be confirmed in all three study groups (Table 2). Plas-
ma NEFA concentration correlates significantly with
ICAM-1 (r=0.7, p<0.01), VCAM-1 (r=0.72,
p < 0.001) and E-selectin (r = 0.69, p < 0.001) concen-
trations in the entire study cohort.

There was also a correlation between plasma E-se-
lectin concentrations and fasting, 2-h OGTT insulin
concentrations and the extent of insulin resistance
(Table 2) in the entire population. To control for the
effect of chronic hyperinsulinaemia and the extent of
insulin resistance without chronic hyperglycaemia,
group B was compared to the control group (group
A) ICAM-1 and VCAM-1 concentrations were indis-
tinguishable between these groups. Despite signifi-
cant higher fasting and 2-h OGTT insulin concentra-
tions and a significantly lower whole body glucose up-
take in the euglycaemic hyperinsulinaemic clamp in
group B compared with group A (p < 0.05). Although
there was a pattern suggesting a trend in increasing
concentrations of ICAM-1 across glucose tolerance
categories and insulin resistance from normal (group
A) to impaired (group B) to diabetic (group C) this
trend was not significant (p < 0.05) despite the suffi-
cient statistical power ( > 80%).

No correlation could be found between the
ICAM-1 and VCAM-1 plasma AM concentrations
and fasting or 2h-OGTT insulin concentrations or
the extent of insulin resistance in the entire study
population (Table 2). Moreover, we were not able to
detect correlations (p <0.05) between E-selectin,
ICAM-1 and VCAM-1 concentrations and fasting
and 2-h OGTT insulin concentrations and the whole
body glucose uptake in any group. However, the sta-
tistical power for the detection of a significant corre-
lation of these parameters in the different groups
was not sufficient. To reach a statistical power greater
than 80 %, more than 1500 subjects would have been
needed. The acute hyperinsulinaemia during the eu-
glycaemic hyperinsulinaemic clamp had no signifi-
cant effect on the plasma ICAM-1, VCAM-1, or E-
selectin concentrations in any group (Fig.1).

A multiple regression analysis was done to evalu-
ate the potential influence of cardiovascular risk fac-
tors (age, sex, BMI, LDL-cholesterol > 3.9 mmol/l,
systolic and diastolic blood pressure > 160/
95 mmHg, smoking) and glucose and insulin concen-
trations, whole body glucose uptake, HbA,, values
and the NEFA concentration on the plasma AM con-
centrations. This analysis confirmed that fasting and
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Table 2. Correlations between parameters of the glycaemic status, and insulin resistance in the entire study cohort and the plasma
concentration of the soluble adhesion molecules

Parameter

ICAM-1

VCAM-1

E-selectin

Fasting glucose

r=0.62 (p < 0.001)

Group A r=0.55 (p <0.05)
Group B r=0.68 (p < 0.05)
Group C r=0.61 (p <0.05)
2h-OGTT glucose r=0.72 (p < 0.05)
Group A r=0.59 (p <0.05)
Group B r=0.77 (p < 0.05)
Group C r=0.73 (p < 0.05)
HbA, . value r=0.61 (p <0.05)
Group A r=0.52 (p < 0.05)
Group B r=0.61 (p <0.05)
Group C r=0.71 (p < 0.05)

r=0.56 (p < 0.01)
r=0.50 (p < 0.05)
r=0.61 (p < 0.05)
r=0.62 (p < 0.05)

r=0.68 (p < 0.01)
r=0.62 (p < 0.05)
r=0.70 (p < 0.05)
r=0.73 (p < 0.05)

r=0.63 (p < 0.05)
r=0.55 (p < 0.05)
r=0.61 (p < 0.05)
r=0.75 (p < 0.05)

r=0.59 (p < 0.01)
r=0.51 (p < 0.05)
r=0.63 (p < 0.05)
r=0.63 (p < 0.05)

r=0.66 (p < 0.001)
r=0.58 (p < 0.05)
r=0.68 (p < 0.05)
r=0.69 (p < 0.05)

r=0.6 (p < 0.05)
r=0.5 (p < 0.05)
r=0.64 (p < 0.03)
r=0.74 (p < 0.05)

Fasting insulin concentrations r=0.42 (p > 0.05)
r=031 (p > 0.05)

r=029 (p > 0.05)

2-h OGTT insulin concentrations
Whole body glucose uptake

r=0.39 (p > 0.05)
r=031 (p > 0.05)
r=033 (p > 0.05)

r=0.62 (p < 0.05)
r=0.65 (p < 0.05)
r=0.59 (p < 0.05)

2-h OGTT plasma glucose, the HbA, ; values and the
NEFA concentration are related to increased AM
concentrations (p < 0.05). Hyperinsulinaemia and de-
creased whole body glucose uptake are independent
risk factors for increased E-selectin concentrations
but not for increased ICAM-1 and VCAM-1 concen-
trations.

Discussion

High glucose concentrations in patients with diabetes
contribute to increased plasma concentrations of sol-
uble adhesion molecules and could therefore explain
in part the increased risk of patients with diabetes
mellitus for the development of premature athero-
sclerosis [1, 2, 7]. There are contradictory reports re-
garding the effects of hyperglycaemia [5, 7, 8] or hy-
perinsulinaemia [13-15] on soluble adhesion mole-
cule concentrations. We therefore investigated if in-
creased ICAM-1, VCAM-1, or E-selectin concentra-
tions are primarily associated with hyperglycaemia
or hyperinsulinaemia. Soluble AM concentrations
were investigated in patients with hyperinsulinaemia
but without chronic hyperglycaemia (group B), pa-
tients with combined chronic hyperinsulinaemia and
hyperglycaemia (group C) and the control subjects
(group A). Although we did not measure the time be-
tween the onset of Type II diabetes and our diagnosis
of Type II diabetes at the time of OGTT in group C,
we can assume that these patients had chronic hyper-
glycaemia, since their HbA, . values were higher com-
pared with the IGT group (group B). Other risk fac-
tors for atherosclerosis, which increase soluble AM
concentrations, like hypertension [21], hyperlipidae-
mia [22], or preexisting cardiovascular disease [10]
which could have modified the results of previous
studies [23] were not present in our study groups.

However, though none of the patients had clinical ev-
idence for cardiovascular disease we cannot exclude
that some of the IGT and diabetic patients had sub-
clinical cardiovascular disease [2]. Therefore, we con-
firmed by multiple regression analysis that hyperten-
sion, increased LDL-cholesterol concentrations,
smoking, BMI, age and sex were not related to altera-
tions in the plasma AM concentrations in our study
cohort.

Patients with combined chronic hyperglycaemia
and hyperinsulinaemia (group C) had higher plasma
AM concentrations than the patients with hyperinsu-
linaemia but without chronic hyperglycaemia (group
B) suggesting that chronic hyperglycaemia is the pri-
mary cause for increased AM concentrations in dia-
betic patients. As further evidence for the primary re-
lation between glucose concentrations and plasma
AM concentrations, we found a correlation between
ICAM-1, VCAM-1, and E-selectin plasma concen-
trations and parameters of glycaemic control: fasting
and 2-h OGTT plasma glucose and HbA,  value (Ta-
ble 2) independently from the glycaemic status in all
groups. Our results are in accordance with hypergly-
caemic clamp studies in healthy subjects which show
that hyperglycaemia causes an increase in plasma
AM concentrations [7]. Moreover, an association of
E-selectin concentrations with HbA, ; values in pati-
ents with Type I diabetes [4, 5] and with Type II dia-
betes [8] has been found. However, other recent stud-
ies could not detect a relation between AM concen-
trations and glycaemic control [9, 24]. These conflict-
ing results could be explained by differences in the
degree of glycaemic control between these different
study cohorts [4, 24]. The influence of the glycaemic
control on plasma AM concentrations is further sug-
gested by results showing that the association be-
tween HbA,, and E-selectin disappeared after im-
provement of glycaemic control [8].
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The role of hyperinsulinaemia in the modulation
of circulating AM concentrations as a primary cause
of increased AM concentrations in patients with
Type II diabetes is controversial. A correlation was
found between increased 2-h OGTT insulin concen-
trations and increased ICAM-1 plasma concentra-
tions in essential hypertensive patients with IGT and
hyperlipidaemia [14]. We did not find an association
between increased fasting or 2-h OGTT insulin con-
centrations and increased ICAM-1 and VCAM-1
concentrations in any group. The absence of the con-
founding factors on AM concentrations, hyperten-
sion and hyperlipidaemia, in our study cohort which
is in contrast with the subjects from another study
[14] could explain these contradictory results.

Chronic hyperinsulinaemia was only associated
with increased E-selectin concentrations but not
with increased ICAM-1 or VCAM-1 plasma concen-
trations. This suggests that plasma concentrations of
different adhesion molecules are differentially asso-
ciated with long-term hyperinsulinaemia or that the
observed relation between hyperinsulinaemia and
E-selectin concentrations represents a secondary
phenomenon. We obtained further evidence that hy-
perinsulinaemia is not likely to be the primary cause
for increased AM concentrations from euglycaemic
hyperinsulinaemic clamp studies. Hyperinsulinaemia
during the euglycaemic hyperinsulinaemic clamp did
not cause increased plasma AM concentrations in
any group. In accordance with our result, another
study [15] showed that plasma concentrations of ad-
hesion molecules were not affected by 30-fold in-
creased insulin concentrations during a 6-h eugly-
caemic hyperinsulinaemic clamp [15]. However, in
this study only healthy subjects without chronic hy-
perinsulinaemia were investigated and even the 6-h
euglycaemic hyperinsulinaemic clamps might not re-
flect the effects of long-term hyperinsulinaemia or
the cardiovascular susceptibility of patients at an
early stage of the development of diabetes (group
B).

A study [13] showed that the concentrations of sol-
uble ICAM-1, VCAM-1, and E-selectin correlate
with the degree of insulin resistance calculated from
a modified insulin suppression test [25] in healthy vol-
unteers. We did not find a correlation between the ex-
tent of insulin resistance, determined by the eugly-
caemic hyperinsulinaemic clamp and the concentra-
tion of plasma ICAM-1 or VCAM-1 in any group.
However, there was a correlation between whole
body glucose uptake and E-selectin concentrations.
This result further suggests that different groups of
AM, such as the selectin family (E-selectin) and the
immunoglobulin  supergene family (ICAM-1,
VCAM-1) are differentially associated with hyperin-
sulinaemia and insulin resistance.

In conclusion, our data suggest that increased
ICAM-1 and VCAM-1 plasma concentrations are

primarily related to chronic hyperglycaemia rather
than to hyperinsulinaemia. E-selectin plasma concen-
trations but not ICAM-1 and VCAM-1 concentra-
tions, are also related to hyperinsulinaemia and the
degree of insulin resistance, suggesting that different
groups of AM are differentially associated to insulin
concentrations and insulin resistance.
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