
Clustering of risk factors for cardiovascular disease
(hypertension, obesity, dyslipidaemia), resistance to
insulin-stimulated glucose uptake, and cardiovascular
disease is known as the insulin resistance syndrome
[1]. The insulin resistance syndrome occurs in non-in-
sulin-dependent diabetic patients but also in non-dia-
betic people with normal glucose tolerance. In glu-
cose-clamp studies in non-obese subjects with normal
oral glucose tolerance, resistance to insulin-stimulat-
ed glucose uptake was found in approximately 25%
of these subjects [2]. These subjects secrete high
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Abstract

Aims/hypothesis. The insulin resistance syndrome is
related to arterial stiffness in diabetic subjects.
Whether the insulin resistance syndrome is also relat-
ed to arterial stiffness in non-diabetic subjects is less
clear. We studied the association between variables
of the insulin resistance syndrome in relation to arte-
rial distensibility in healthy middle-aged non-diabetic
women.
Methods. This study was done in 180 non-diabetic
women, aged 43±55, selected from the general popu-
lation. Arterial distensibility was assessed in the ca-
rotid artery. The associations were evaluated using
linear regression analyses.
Results. Strong associations were found between ar-
terial distensibility and the variables of the insulin re-
sistance syndrome: body mass index, waist-to-hip ra-
tio, high-density-lipoprotein-cholesterol, triglycer-
ides, glucose, insulin, apolipoprotein A1, plasmino-
gen activator inhibitor-1-antigen and tissue-type plas-
minogen activator-antigen. After additional adjust-
ment for mean arterial pressure, common carotid ar-
terial distensibility remained associated with body

mass index: b-coefficient (95% confidence interval)
per kg/m2: ±0.24 (±0.42; ±0.06); waist-to-hip ratio:
±26.62 (±40.59; ±12.65) per m/m; triglycerides:
±1.42(±2.77; ±0.08) per mmol/l; plasminogen activator
inhibitor±1-antigen: ±0.01 (±0.02; ±0.00) per ng/ml
and borderline significant associated with high-densi-
ty-lipoprotein-cholesterol: 1.93 (±0.01; 3.87; p = 0.07)
per mmol/l. Clustering of variables of the insulin re-
sistance syndrome was strongly related to decreased
arterial distensibility which remained after adjust-
ment for mean arterial pressure. No association was
found between arterial distensibility and variables
that are not part of the insulin resistance syndrome:
total cholesterol, LDL-cholesterol and apolipopro-
tein B.
Conclusion/interpretation. The results of this study
show that variables of the insulin resistance syndrome
are associated with decreased arterial distensibility of
the common carotid artery in healthy non-diabetic
subjects. [Diabetologia (2000) 43: 665±672]
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amounts of insulin to maintain normal glucose con-
centration despite their insulin resistance, leading to
hyperinsulinaemia.

Hyperglycaemic conditions lead to increased arte-
rial stiffness by increased collagen cross-linking due
to non-enzymatic glycation [3±5]. One study showed
that insulin resistance is associated with decreased ar-
terial distensibility in Type II (non-insulin-depen-
dent) diabetic subjects [6] but little is known about
the effect of insulin resistance on arterial distensibili-
ty in healthy non-diabetic subjects. As decreased ar-
terial distensibility is associated with increased car-
diovascular risk [7, 8], it is of importance to know
whether insulin resistance is associated with de-
creased arterial distensibility in healthy subjects.

The Atherosclerosis Risk in Communities (ARIC)
study examined the association between fasting glu-
cose and insulin concentrations with arterial stiffness
in a large population-based setting and found these
variables to be associated with increased arterial stiff-
ness indexes. This study however, did not include all
variables of the insulin resistance syndrome [9]. One
study described an association of insulin resistance
assessed by the euglycaemic hyperinsulinaemic
clamp with decreased arterial compliance and disten-
sibility in healthy young subjects, which was more
pronounced in women than in men [10]. This study
was done in a relatively small group of 17 men and
17 women. The objective of our study was to examine
the association between arterial distensibility and all
variables of the insulin resistance complex in
180 healthy non-diabetic women. Variables of the in-
sulin resistance complex included BMI, waist-to-hip
ratio, HDL-cholesterol, triglycerides, apolipoprotein
A1, PAI-1-antigen and tPA-antigen. Additionally,
we examined whether clustering of the variables of
the insulin resistance syndrome within one subject is
related to arterial distensibility.

Subjects and methods

Study group. Our study group comprised women aged
43±55 years selected from the general population and who par-
ticipated in a study on the cardiovascular effects of natural
menopause. Women were selected from 6845 respondents to
a mailed questionnaire about menopause which was sent to
all women aged 40 to 60 years living in the town of Zoeter-
meer, The Netherlands (response rate 54 %). Exclusion crite-
ria were diabetes mellitus, prevalent clinical cardiovascular
disease, and use of antihypertensive or cholesterol-lowering
drugs. Women reporting use of female hormones (hormone re-
placement therapy or oral contraceptives) within 6 months pri-
or to the clinical examination were also excluded, as were
women currently smoking five or more cigarettes per day. Eli-
gible for the study were women with an early or late meno-
pause. Of these subjects, 186 pre- and postmenopausal women,
aged 43±55 years, were randomly selected. The study was ap-
proved by the medical ethics committee of the Erasmus Uni-
versity Medical School. All women gave informed consent.

Clinical and biochemical variables. During an examination at
the research centre, a medical history was taken by a physician.
Height, weight, and waist and hip circumference were mea-
sured with indoor clothes without shoes. BMI (weight in kg di-
vided by height in m2) and waist-to-hip ratio were computed.
Alcohol drinking habits and a history of cigarette smoking
were obtained by a standardised questionnaire. Blood pressure
was assessed with a Dinamap automatic blood pressure record-
er (Critikon, Tampa, Fla., USA). After 5 min rest in the supine
position, blood pressure was read four times at the right upper
arm, and the mean was used in the analyses. Hypertension was
defined as a systolic blood pressure of 160 mmHg or higher or
a diastolic blood pressure of 95 mmHg or higher or both. Pulse
pressure (DP) was defined as systolic blood pressure minus
diastolic blood pressure. Mean arterial pressure (MAP) was
calculated by the following formula: diastolic blood pres-
sure + 1/3 times the pulse pressure.

Venous blood samples were drawn from each subject after
a 12-h fast. The samples were stored at ±80 °C, and subsequent-
ly serum variables were determined using a Kone Specific An-
alyzer (Kone Instruments, Espoo, Finland). Total cholesterol
was measured with an automated enzymatic method [11], us-
ing the CHOD-PAP High Performance reagent kit from Boeh-
ringer Mannheim (Germany). We measured HDL-cholesterol
by the phosphotungstate method according to Burstein [12]
with a minor modification as described by Grove [13]. The
overall coefficients of variation for total cholesterol and
HDL-cholesterol were 2.9 % and 3.7 %, respectively. We com-
puted LDL-cholesterol with the Friedewald formula [14]. Tri-
glycerides were determined using a reagent kit from Boeh-
ringer Mannheim (Germany) after enzymatic hydrolysis of
the triglycerides with subsequent determination of liberated
glycerol by colorimetry. No correction was made for serum
free glycerol. The overall coefficient of variation of this meth-
od did not exceed 3.2 %. Apolipoprotein A1 and B were mea-
sured by an automated turbidimetric immuno-assay using the
reagent kits of Orion Diagnostics (Espoo, Finland). Glucose
was enzymatically determined by the hexokinase method (In-
struchemie, Hilversum, The Netherlands). Serum insulin was
determined by metric assay (Biosource Diagnostics, Fleuris,
Belgium). This assay has no cross-reactivity with either pro-in-
sulin or C-peptide. Plasminogeeen activator inhibitor-1 (PAI-
1)-antigen and tissue-type plasminogen activator (tPA)-anti-
gen were determined by ELISA (Innotest PAI-1, Innogenetics
NV, Zwijngaarde, Belgium and Imulyse, Biopool, Umea, Swe-
den, respectively). Fasting insulin concentrations were used as
a measure of insulin resistance [15].

Arterial distensibility. Arterial distensibility was assessed by
measuring the distensibility of the common carotid artery and
expressed as the distensibility coefficient (DC). The vessel
wall motion of the right common carotid artery was measured
by means of a Duplex scanner with an operating frequency of
7.5 MHz (Ultramark IV, ATL, Bothell, Wash., USA) connect-
ed to a vessel wall movement detector system. The details of
this technique have been described elsewhere [16, 17]. Briefly,
this system enables the transcutaneous assessment of displace-
ment of the arterial walls during the cardiac cycle and, hence,
the time-dependent changes in arterial diameter relative to its
diastolic diameter at the start of the cardiac cycle. Subjects
were instructed to refrain from smoking and from having cof-
fee, tea, alcohol or pain medication on the day of measurement
and from drinking alcohol on the day before. Subjects were
placed in a supine position with the head tilted slightly to the
contralateral side for the measurements in the common carotid
artery. A region at 1.5 cm proximal to the origin of the bulb of
the carotid artery was identified using B-mode ultrasonogra-
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phy. Based on the B-mode recording an M-line perpendicular
to the artery was selected and the received radio frequency sig-
nals were recorded over five cardiac cycles and digitally stored.
The displacement of the arterial walls was obtained by process-
ing the radio frequency signals originating from two selected
sample volumes positioned over the anterior and posterior
walls. The successive values of the end-diastolic diameter (D),
the absolute stroke change in diameter during systole (DD),
and the relative stroke change in diameter ((DD)/D) were
computed from the recording during five cardiac cycles. Blood
pressure was measured with a Dinamap automatic blood pres-
sure recorder and read four times at the right upper arm during
the measurement session. The mean was taken as the subject's
reading. The cross-sectional arterial wall distensibility coeffi-
cient was calculated according to the following equation [18]:
DC = (2DD/D)/DP (10±3kPa±1)

With this system a wall displacement of a few micrometers
can be resolved [16] and diameter (D), DD, DD/D, DC can be
assessed reliably [17]. The arterial wall properties determined
in this way are defined as the relative changes in arterial
cross-sectional area, expressed in terms of diameter, for a given
change in pressure. They reflect a combination of passive elas-
tic properties and active components induced by smooth mus-
cle cells. All measurements were done by a single examiner.
A reproducibility study was carried out in which 15 partici-
pants underwent a second examination within 1 month from
the initial examination. The coefficients of variation for disten-
sion and the lumen diameter were 8.5 % and 1.2 %, respective-
ly. In our study, measurements were restricted to the right side
to save time. In previous studies no differences could be de-
tected between arterial wall properties of the right and left
common carotid artery (unpublished data).

Statistical analysis. Data on distensibility of the common carot-
id artery were missing for six subjects of the study group of 186
subjects; therefore the analyses were based on 180 subjects.
The clinical and biochemical features of the population are
presented as mean ± standard deviation, as median (interquar-
tile range) for variables with a skewed distribution, or as per-
centages. Pearson's correlation coefficients or Spearman's cor-
relation coefficients in case of variables with a skewed distribu-
tion were calculated for the clinical and biochemical variables
with MAP. The associations of arterial distensibility with the
clinical and biochemical variables were studied using multiple
linear regression analyses of the DC on each variable separate-
ly, adjusted for age and menopausal status (model A), for age,
menopausal status and MAP (model B) and for age, meno-
pausal status, MAP and insulin (model C). Model B was addi-
tionally extended with MAP-squared. For variables which
were still associated with arterial distensibility of the common
carotid artery in model B, we calculated mean values per ter-
tile of the DC adjusted for age, menopausal status and MAP
by one way analyses of covariance. A test for trend was done
using multiple linear regression analysis with the tertiles of
the DC as ordinal variable. To examine whether the strong as-
sociations of body composition variables with distensibility
were mediated by arterial diameter, we additionally carried
out analyses with (2DD/DP) instead of the DC as dependent
variable in relation to BMI and waist-to-hip ratio, adjusted
for age, MAP and D.

Finally, we evaluated whether clustering of variables of the
insulin resistance syndrome was associated with decreased ar-
terial distensibility. For this purpose, we created a compound
score referred to as a clustering score. It was calculated as the
sum of Z-scores of the variables of the insulin resistance syn-
drome (BMI, waist-to-hip ratio, HDL-cholesterol, triglycer-
ides, glucose, insulin, apolipoprotein A1, PAI-1-antigen and

tPA-antigen). A Z-score indicates the position of an individual
value of a variable in the total distribution of the variable in
the population and is calculated as follows: (individual value ±
mean value)/standard deviation. The association between this
variable and arterial distensibility was studied using linear re-
gression adjusted for age and MAP. All analyses were done us-
ing the BMDP statistical package.

Results

The clinical and biochemical characteristics of the
study group are listed in Table 1. Table 2 shows the
correlation between MAP and different clinical and
biochemical variables. All clinical and biochemical
variables were highly associated with MAP.

The association between clinical and biochemical
variables of the insulin resistance complex and arteri-
al distensibility, adjusted for age and menopausal sta-
tus (model A) and after additional adjustment for
MAP (model B) are shown in Table 3. In model A,
associations were found of BMI, waist-to-hip ratio,
HDL-cholesterol, triglycerides, glucose, insulin, apo-
lipoprotein A1, PAI-1-antigen, and tPA-antigen with
arterial distensibility of the common carotid artery.
As expected, BMI, waist-to-hip ratio, triglycerides,
glucose, insulin, PAI-1-antigen and tPA-antigen
were negatively, and HDL-cholesterol and apolipo-
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Table 1. Baseline characteristics of 180 women aged 43 to
55 years from the Zoetermeer study population

Variable Subjects
n = 180

Age (years) 50.9 ± 2.3
BMI (kg/m2) 24.9 ± 4.0
Waist-to-hip ratio 0.77 ± 0.05
Smoking status (%)

Currenta 6.5
Past 40.3

Systolic blood pressure (mmHg) 121 ± 14
Diastolic blood pressure (mm Hg) 68 ± 10
Pulse pressure (mm Hg) 52 ± 10
Hypertension (%) 2.2
Total cholesterol (mmol/l) 6.2 ± 1.0
HDL-cholesterol (mmol/l) 1.6 ± 0.4
LDL-cholesterol (mmol/l) 4.1 ± 0.9
Triglycerides (mmol/l)b 1.0 (0.8±1.3)
Glucose (mmol/l) 5.5 ± 0.6
Insulin (pmol/l)b 44 (32±59)
Apolipoprotein A1 (mg/dl) 154 ± 32
Apolipoprotein B (mg/ml) 102 ± 26
PAI-1-antigen (ng/ml)b 53 (34±85)
tPA-antigen (ng/ml) 6.3 ± 2.4
Diameter (mm) 6.7 ± 0.6
Distensibility (mm) 0.38 ± 0.10
Distensibility coefficient (10�3kPa�1) 16.7 ± 5.0

Data are given as mean ± standard deviation, as median (inter-
quartile range) for variables with skewed distributiona or as
percentages
b Subjects who smoked 5 or more cigarettes a day were exclud-
ed from the study population



protein A1 positively, associated with arterial disten-
sibility. We did not find associations of the variables
that are not part of the insulin resistance syndrome
(total cholesterol, LDL-cholesterol and apolipopro-
tein B) with common carotid artery distensibility. Af-
ter additional adjustment for MAP (model B), BMI,
waist-to-hip ratio, triglycerides and PAI-1-antigen re-
mained significantly associated with decreased com-
mon carotid artery distensibility (p = 0.01 for BMI,
p < 0.001 for waist-to-hip ratio, p = 0.04 for triglycer-
ides and p = 0.05 for PAI-1-antigen). High density li-
poprotein cholesterol remained borderline signifi-
cantly associated (p = 0.07) with decreased common
carotid artery distensibility. The clustering score had
a strong negative association with common carotid
artery distensibility, which remained after additional
adjustment for MAP. Adding MAP-squared to model
B did not alter the results (data not shown). The per-

centage-explained variance of the distensibility coef-
ficient by the various variables of the insulin resis-
tance complex in model B ranged from 10.8% (apoli-
poprotein B) to 18.7% (waist-to-hip ratio). Figure 1
shows mean values of those parameters of the insulin
resistance complex which were still (borderline) asso-
ciated to decreased arterial distensibility after addi-
tional adjustment for MAP (model B) per tertile of
arterial distensibility of the common carotid artery
adjusted for age, menopausal status and MAP. As ex-
pected, the highest values BMI, waist-to-hip ratio, tri-
glycerides, and PAI-1-antigen and the lowest value of
HDL cholesterol were found in the lowest tertile of
the DC. In all cases except for PAI-1-antigen, the
test for trend was significant (p = 0.003 for BMI and
waist-to-hip ratio, 0.009 for HDL-cholesterol, and
0.038 for triglycerides). In model C, with further ad-
justment for insulin, no attenuation of the associa-
tions of BMI and waist-to-hip ratio with common ca-
rotid arterial distensibility was found [b-coefficient
(95 % confidence interval) per kg/m2 increase for
BMI: ±0.24 (±0.44; ±0.04) and per unit increase for
waist-to-hip ratio: ±25.6 (±40.0; ±11.3)]. The associa-
tions of triglycerides and PAI-1-antigen with common
carotid artery distensibility was lost after additional
adjustment for insulin [b-coefficient (95% confi-
dence interval) per mmol/l increase for triglycerides:
±1.31 (±2.80; 0.17), per ng/ml increase for PAI-1-anti-
gen: ±0.01 (±0.02; 0.002)].

We next carried out analyses with (2DD/DP) index
as dependent variable in relation to BMI and waist-
to-hip ratio. Waist-to-hip ratio was strongly associat-
ed to the (2DD/DP) index, adjusted for age, MAP
and D: b-coefficient (95% confidence interval) for
waist-to-hip ratio: ±10.3 (±17.28; ±3.30), whereas
BMI was not associated with the (2DD/DP) index: b-
coefficient (95 % confidence interval) per kg/m2:
±0.06 (±0.15; 0.03).
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Table 2. Correlation of clinical and biochemical variables with
mean arterial pressure in 180 women aged 43 to 55 years from
the Zoetermeer study population

r p -value

BMI (kg/m2) 0.19 < 0.001
Waist-to-hip ratio 0.19 < 0.001
Total cholesterol (mmol/l) 0.18 0.01
HDL-cholesterol (mmol/l) ±0.17 0.02
LDL-cholesterol (mmol/l) 0.17 0.02
Triglycerides (mmol/l)a 0.32 < 0.001
Glucose (mmol/l) 0.31 < 0.001
Insulin (pmol/l)a 0.25 0.001
Apolipoprotein A1 (mg/dl) ±0.15 0.04
Apolipoprotein B (mg/ml) 0.23 0.001
PAI-1-antigen (ng/ml)a 0.22 0.003
tPA-antigen (ng/ml) 0.26 < 0.001

Results are presented as Pearson's correlation-coefficients or
as Spearman's correlation coefficients for variables with a
skewed distributiona and p -values

Table 3. Association of clinical and biochemical variables with the distensibility coefficient of the common carotid artery in
180 women aged 43 to 55 years from the Zoetermeer study population

Model A Model B

b -coefficient 95% C. I. b -coefficient 95% C.I.

BMI (kg/m2) ±0.34 ±0.52 to ±0.16 ±0.24 ±0.42 to ±0.06
Waist-to-hip ratio ±32.8 ±46.6 to ±19.1 ±26.6 ±40.6 to ±12.6
Total cholesterol (mmol/l) ±0.01 ±0.77 to 0.80 0.27 ±0.48 to 1.03
HDL-cholesterol (mmol/l) 2.63 0.66 to 4.61 1.93 ±0.01 to 3.87
LDL-cholesterol (mmol/l) ±0.03 ±0.87 to 0.81 0.22 ±0.60 to 1.03
Triglycerides (mmol/l) ±2.23 ±3.51 to ±0.95 ±1.42 ±2.77 to ±0.08
Glucose (mmol/l) ±1.37 ±2.70 to ±0.04 ±0.57 ±1.92 to 0.78
Insulin (pmol/l) ±0.02 ±0.05 to 0.00 ±0.01 ±0.04 to 0.01
Apolipoprotein A1 (mg/dl) 0.03 0.002 to 0.05 0.02 ±0.01 to 0.04
Apolipoprotein B (mg/ml) ±0.02 ±0.05 to 0.009 ±0.01 ±0.04 to 0.02
PAI-1-antigen (ng/ml) ±0.02 ±0.03 to ±0.006 ±0.01 ±0.02 to ±0.00
tPA-antigen (ng/ml) ±0.33 ±0.63 to ±0.03 ±0.18 ±0.48 to 0.11
Clustering score ±0.27 ±0.38 to ±0.15 ±0.20 ±0.32 to ±0.07

Results are presented as b -coefficients (increase in carotid dis-
tensibility in 10�3kPa�1 per unit increase of the parameter) and
95 % C. I. (confidence interval). Model A is adjusted for age

and menopausal status. Model B is adjusted for age, menopau-
sal status and mean arterial pressure



Discussion

The results of our study indicate that in healthy non-
diabetic middle-aged women variables of the insulin
resistance syndrome are strongly associated with re-
duced distensibility of the common carotid artery.
Furthermore, common carotid artery distensibility
had a strong inverse association with clustering of
variables of the insulin resistance syndrome in one
subject. Variables which are not part of the insulin re-
sistance syndrome (total cholesterol, LDL-cholester-
ol and apolipoprotein B) were not related to arterial
distensibility.

Some methodological issues need to be discussed
before we can interpret our findings. Firstly, by calcu-
lating the distensibility coefficient, distension of the
common carotid artery is adjusted for pulse pressure
measured in the brachial artery. We thereby assume
that pulse pressure measured in the brachial artery is
representative of pulse pressure in carotid arteries.
In dogs, it has been shown that pulse pressure in the
brachial artery is linearly related to blood pressure in
the carotid artery over a wide range of blood pres-
sures [19]. It is known, however, that the arterial pres-
sure waves undergo transformation in the arterial tree
and therefore the pulse pressure is higher in the bra-
chial artery than in more central vessels like the carot-
id artery [20]. On the other hand, non-invasive cuff-
based measurement of blood pressure underestimates
pulse pressure [21]. Several groups showed the validi-
ty of the use of brachial pressures [22±24]. Secondly,
in analyses with arterial distensibility, a measure very
dependent on blood pressure, adequate correction

for blood pressure is of the utmost importance. The
distensibility coefficient is calculated by dividing the
relative distension by the pulse pressure. Despite this
correction, the distensibility coefficient has a strong
negative association with MAP. A higher MAP in the
artery stretches the elastin and collagen fibres in the
arterial wall, making the artery less distensible. Blood
pressure is one of the major determinants of arterial
stiffness and also part of the insulin resistance syn-
drome. Therefore, we repeated the analyses after ad-
ditional adjustment for MAP. This attenuated the as-
sociations, which in part could be due to over-correc-
tion because arterial stiffness is not only a conse-
quence of high blood pressure but will by itself also
result in a higher blood pressure. After adjustment
for MAP, the variables BMI, waist-to-hip ratio, tri-
glycerides and PAI-1 antigen remained associated
and HDL-cholesterol borderline-associated with de-
creased arterial distensibility. Clustering of the vari-
ables of the insulin resistance syndrome remained
strongly associated with a considerable decrease of
common carotid artery distensibility after additional
adjustment for MAP. On the other hand, adjustment
for MAP in a linear model might not be adequate as
the relation between arterial distension and MAP
flattens off at higher blood pressures, making the
overall relation non-linear. This could result in residu-
al confounding. Although, in the normal pressure
range, as in this study, the flattening-off barely occurs
in elastic arteries as the common carotid artery, we
additionally adjusted the models for MAP-squared.
This term was not associated with arterial distensibili-
ty in any of the models and did not alter the results.
Table 2 shows that MAP is related not only to the
variables of the insulin resistance syndrome but also
has a strong relation with total cholesterol, LDL cho-
lesterol and apolipoprotein B. The absence of an as-
sociation between these biochemical variables and ar-
terial distensibility (Table 3) makes it unlikely that
the observed associations can be explained solely by
residual confounding by blood pressures.
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Fig. 1. Estimated marginal means (95 % confidence intervals)
of various variables of the insulin resistance complex per ter-
tile of distensibility coefficient, adjusted age, menopausal sta-
tus and mean arterial blood pressure. 1st tertile 2nd tertile

3rd tertile p values indicates p for trend



Our study is part of a study designed to evaluate
the effect of natural menopause. This study includes
both premenopausal and postmenopausal women.
As hormonal status is known to affect variables of
the insulin resistance complex [25] and hormonal sta-
tus might also have an effect on arterial distensibility
[26] hormonal status could act as a confounder in the
association under study. We therefore adjusted all
the models for menopausal status.

The insulin resistance syndrome is associated with
arterial stiffness in non-insulin-dependent diabetic
patients [6]. There are few reports concerning the as-
sociation of insulin resistance syndrome with arterial
stiffness in normal non-diabetic people. Results from
a population-based study suggest that insulin concen-
trations affect arterial stiffness independently of their
effects on atherosclerosis [9]. Some studies examined
serum lipids, lipoprotein concentrations and serum
glucose and insulin as determinants of arterial stiff-
ness in various populations. These studies, however,
report conflicting results. Some studies found no as-
sociation between lipids and arterial distensibility
[27±29]. Some studies found no association between
apolipoprotein A1 and apolipoprotein B with arterial
stiffness after adjustment for blood pressure [29, 30].
Several studies did find an association between serum
lipids and arterial distensibility, sometimes this asso-
ciation was positive whereas most studies found a
negative association [30±34]. Serum glucose or insu-
lin or both have been found to be negatively associat-
ed with arterial distensibility in several studies [9,
29±31, 33] but some of these studies did not adequate-
ly adjust for blood pressure. One study found no cor-
relation between area under the glucose tolerance
curve and arterial distensibility after adjustment for
age and blood pressure [34]. There are several possi-
ble explanations for conflicting results in these previ-
ous studies. Firstly, most of these studies were done
in small groups of subjects. Secondly, the different
studies were done on heterogeneous study popula-
tions, ranging from healthy cohorts to hypertensive,
hypercholesterolaemic or diabetic patients. Thirdly,
there is a large variation in measures of arterial dis-
tensibility. It is still not clear whether locally mea-
sured arterial distensibility represents the same arte-
rial wall characteristics as pulse wave velocity which
determines arterial stiffness measured over a large
part of the arterial tree. Furthermore, some studies
presented results that were not adjusted for age or
blood pressure. Finally, contradictory findings with
respect to the direction of the association between ar-
terial distensibility and serum lipids can be due to dif-
ferences in age of the study populations. There is
compelling evidence that early nonsclerotic athero-
matous changes of the arterial wall in relatively
young subjects (age < 50 years) decrease rather than
increase arterial stiffness [35±37]. One study con-
cerned the association of insulin resistance with arte-

rial stiffness in healthy subjects and found this associ-
ation to be more pronounced in women than in men
[10]. This association was independent of MAP, lipid
concentrations and body composition.

The association of insulin with arterial distensibili-
ty was lost after adjustment for MAP. This is in con-
trast with another study [10] in which an association
was found of insulin resistance, assessed by the eugly-
caemic, hyperinsulinaemic clamp, with arterial dis-
tensibility independent of MAP. We used fasting insu-
lin as a marker of insulin resistance although it is
known that fasting insulin is a reasonable albeit im-
perfect marker of insulin resistance in subjects with
normal glucose tolerance [15].

Although BMI and waist-to-hip ratio are strongly
related to insulin [38], the association of BMI and
waist-to-hip ratio with arterial distensibility remained
after further adjustment for insulin (model C). The
associations of HDL-cholesterol, triglycerides and
PAI-1-antigen with arterial distensibility did not re-
main after additional adjustment for insulin. Some
authors suggested that obesity could lead to an in-
creased arterial diameter and therefore carried out
analyses in which they used the (DD/DP) index as a
dependent variable [10]. They found no association
of this index with variables of body composition and
concluded that only arterial diameter, and not arterial
distensibility, is related to variables of body composi-
tion. In our study, in agreement with the other study,
BMI also was not associated with the (2DD/DP) in-
dex, independent of arterial diameter. Waist-to-hip
ratio, however, had a strong inverse association with
the (2DD/DP) index, independent of age, MAP and
arterial diameter.

Hyperglycaemic conditions can lead to increased
arterial stiffness by increased collagen cross-linking
due to non-enzymatic glycation [3±5]. This could be
the mechanism underlying our observation of an as-
sociation between the insulin resistance syndrome
and decreased arterial distensibility. Arterial stiffness
plays a part in the aetiology of isolated systolic hyper-
tension and increased cardiac load [39] and has been
found to be associated with increased cardiovascular
risk [7, 8]. Therefore, knowledge of potential modify-
ing determinants of arterial stiffness is possibly im-
portant in the prevention of cardiovascular disease.
Recent evidence suggests that there is therapeutic
potential to treat arterial stiffness induced by hyper-
glycaemia by breakers of advanced glycation end
products [40].

In summary, the results of our study show that
variables of the insulin resistance syndrome are asso-
ciated with decreased arterial distensibility in healthy
women.
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