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Abstract

Circulating concentrations of soluble cell adhesive molecules are useful predictors for the risk of development and progression of
atherosclerosis. This study was initiated to investigate the association between soluble intercellular adhesive molecule–1 (sICAM-1) levels
and traditional and emerging cardiovascular risk factors, as well as insulin resistance and metabolic syndrome, in a Taiwanese population. Six
hundred nine unrelated individuals recruited during routine health examinations were enrolled for the analysis. In age- and sex-adjusted
regression models, sICAM-1 levels were negatively associated with high-density lipoprotein cholesterol levels and positively associated with
systolic, mean, and diastolic blood pressure; body mass index; waist circumference; waist-hip ratio; the homeostasis model assessment index;
fasting serum insulin; triglyceride; and C-reactive protein levels. The sICAM-1 levels were also higher in subjects with current smoking (P =
.001), diabetes mellitus (P = .004), insulin resistance (P b .001), and metabolic syndrome (P b .001). The sICAM-1 levels increased in a
stepwise fashion with increasing Framingham risk score quartiles (P = .001) and with increasing number of metabolic syndrome components
(P b .001). In subjects with metabolic syndrome, increased C-reactive protein levels were associated with increased sICAM-1 levels (P =
.003). In stepwise linear regression models, sICAM-1 levels remained associated with current smoking, insulin resistance, and metabolic
syndrome. In conclusion, our data revealed that insulin resistance and metabolic syndrome were associated with sICAM-1 levels in
Taiwanese. These data provide further evidence of the mechanisms of sICAM-1 as a molecular marker for atherosclerosis.
© 2009 Published by Elsevier Inc.
1. Introduction

Atherosclerosis and its sequelae remain the leading cause
of morbidity and mortality in Western countries and in
Taiwan [1,2]. The risk of atherosclerotic cardiovascular
diseases is higher in subjects with conventional and
emerging risk factors as well as in subjects with insulin
resistance and metabolic syndrome. Low-grade inflamma-
tion is one of the emerging risk factors implicated in the
development of atherosclerosis [3]. One early phase of
atherosclerosis involves the recruitment and transendothelial
migration of inflammatory cells from the circulation.
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Several lines of evidence support a crucial role of adhesive
molecules in the development of atherosclerosis and plaque
instability [4-6].

Intercellular adhesion molecule–1 (ICAM-1) is an
adhesive molecule of the immunoglobulin superfamily
that is regulated by proinflammatory cytokines and has
been observed in atherosclerotic plaques. Soluble inter-
cellular adhesion molecule–1 (sICAM-1) represents a
circulating form of ICAM-1 that is constitutively expressed
or is inducible on the cell surface of different cell lines.
Epidemiologic studies have shown that plasma concentra-
tions of sICAM-1 are elevated in patients with unstable
angina and myocardial infarction [7,8]. Recent prospective
studies also indicate that elevated baseline levels of
sICAM-1 are associated with increased risk for future
coronary events in healthy individuals and in patients at
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risk of or with established coronary artery disease [9-13].
Many recent studies have investigated the relations between
soluble adhesion molecule levels and potential variation of
risk factors in healthy populations; however, the results
have been controversial [13-18]. Previous studies have
shown a cumulative impact of multiple risk factors on
sICAM-1 plasma concentration by using established or
major risk factors and Framingham risk scores [14,16,18].
Therefore, the aim of the present study is to identify the
major factors associated with high sICAM-1 levels,
including insulin resistance and metabolic syndrome, in a
Taiwanese population.
2. Subjects and methods

2.1. Study population

The study subjects who had no known history of major
systemic and cardiovascular diseases were recruited during
routine health examinations. Exclusion criteria included a
history of myocardial infarction, stroke, or transient ischemic
attack; cancer; and current renal or liver disease. Two
subjects with very high sICAM-1 levels of more than 1000
ng/mL were excluded from the analysis. Overall, 609 study
subjects (323 men with a mean age of 45.1 ± 10.4 years; 286
women with a mean age of 46.9 ± 10.1 years) were enrolled
in the analysis. The clinical and biometric features of the
Table 1
Baseline characteristics of study subjects

Total

n 609
Age 45.9 ± 10.3
Cholesterol, mg/dL 198.3 ± 36.8
Triglycerides, mg/dL 142.0 ± 117.8
LDL cholesterol, mg/dL 115.8 ± 33.0
HDL cholesterol, mg/dL 55.1 ± 14.1
Systolic BP, mm Hg 115.3 ± 17.6
Diastolic BP, mm Hg 76.0 ± 10.6
Mean BP, mm Hg 89.1 ± 12.0
Fasting plasma glucose, mg/dL 97.2 ± 23.9
Fasting serum insulin, μU/mL 9.37 ± 5.25
HOMA index 2.29 ± 1.59
Diabetes mellitus, % 2.6%
Hypertension, % 19.5%
Obesity, % 39.7%
Smokers, % 19.0%
BMI, kg/m2 24.3 ± 3.5
Waist-hip ratio 0.87 ± 0.06
Waist circumference, cm 85.3 ± 9.6
CRP, mg/L 1.68 ± 6.20
Fibrinogen, mg/dL 265.5 ± 70.0
Homocysteine, μmol/L 10.3 ± 5.3
Lp(a), mg/dL 20.4 ± 20.5
SAA,a μg/mL 6.12 ± 15.42
sICAM-1, ng/mL 238.9 ± 100.4

Triglyceride, CRP, and Lp(a) were logarithmically transformed before statistical an
shown.

a Only 601 individuals.
study population are summarized in Table 1. Hypertension
was defined according to the following criteria: (1) systolic
blood pressure (BP) of at least 140 mm Hg, diastolic BP of at
least 90 mm Hg, or both or (2) receiving long-term
antihypertensive treatments. Diabetes mellitus was defined
as blood glucose levels before a meal of at least 126 mg/dL
or receiving regular antidiabetic medications. Obesity was
defined as a body mass index (BMI) of 25 kg/m2 or more
according to the Asian criteria [19]. A current smoker was
defined as a subject who continued smoking cigarette
regularly. A past smoker was defined as a subject who had
discontinued smoking for more than 1 year. The homeostasis
model assessment (HOMA) index was calculated with the
following formula: fasting serum insulin (microunits per
milliliter) × fasting plasma glucose (millimoles per liter)/
22.5. Insulin resistance was recognized when the HOMA
index reached the upper quartile. Subjects with 3 or more of
the following attributes are typically defined as having the
metabolic syndrome: (1) BP of at least 130/85 mm Hg and/
or taking medication for hypertension, (2) triglycerides of at
least 150 mg/dL, (3) high-density lipoprotein (HDL)
cholesterol less than 40 mg/dL for men and less than
50 mg/dL for women, (4) fasting plasma glucose of at least
110 mg/dL and/or taking medication for diabetes mellitus,
and (5) waist circumference greater than 90 cm for men and
greater than 80 cm for women (modified criteria for Asians
[19]). The Framingham risk score was calculated as
Male Female P value

323 286 b.001
45.1 ± 10.4 46.9 ± 10.1 .031

199.7 ± 37.4 196.7 ± 36.1 .316
169.8 ± 145.5 110.6 ± 61.6 b0001
117.8 ± 34.0 113.5 ± 31.7 .109
49.8 ± 11.7 61.1 ± 14.2 b0001

116.3 ± 16.4 114.1 ± 18.8 .142
78.0 ± 10.4 73.9 ± 10.3 b0001
90.7 ± 11.5 87.3 ± 12.4 b0001
99.7 ± 26.3 94.4 ± 20.4 .006

10.03 ± 6.14 8.61 ± 3.90 .001
2.51 ± 1.84 2.04 ± 1.19 b0001
2.8% 2.4% .499

20.4% 18.5% .313
47.7% 30.8% b0001
32.8% 3.5% b0001
25.0 ± 3.1 23.6 ± 3.7 b0001
0.89 ± 0.05 0.85 ± 0.07 b0001
88.1 ± 7.7 82.1 ± 10.4 b0001
1.92 ± 8.00 1.41 ± 3.11 .162

263.4 ± 71.9 267.9 ± 67.7 .431
11.6 ± 5.0 8.9 ± 5.4 b0001
20.3 ± 21.0 20.6 ± 19.8 .664
7.03 ± 19.47 5.11 ± 8.90 .114

242.2 ± 98.9 235.3 ± 102.1 .399

alysis to adhere to a normality assumption; untransformed data are however



Table 3
The sICAM-1 levels according to the cardiovascular risk factors

sICAM-1 levels (n) P1a P2b

Smoker Noncurrent 232.3 ± 96.7 (493)
Current 267.0 ± 110.8 (116) .001 b.001

Hypertension Without 236.4 ± 101.2 (490)
With 249.4 ± 96.7 (119) .205 .395

Diabetes mellitus Nil 236.9 ± 99.5 (593)
Yes 313.2 ± 106.7 (16) .003 .004

Obesity Nil 234.4 ± 105.7 (367)
Yes 245.8 ± 91.5 (242) .169 .288

Insulin resistance Nil 229.3 ± 92.3 (457)
Yes 267.8 ± 117.2 (152) b.001 b.001

Metabolic syndrome Nil 230.8 ± 98.2 (497)
Yes 274.9 ± 102.3 (112) b.001 b.001

a Not adjusted.
b Multiple linear regression adjusted for age and sex.
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described previously [16]. The study protocol was approved
by the ethics committee of Chang Gung Memorial Hospital,
and informed consent was obtained from all subjects.

2.2. Assays

Most markers were measured with sandwich enzyme-
linked immunosorbent assay methods developed in-house;
this included C-reactive protein (CRP), serum amyloid A
(SAA), homocysteine, and sICAM-1. All in-house kits were
compared with commercial enzyme-linked immunosorbent
assay kits and showed good to excellent correlation [20,21].
Serum insulin levels were measured using an immunoradio-
metric assay (Bio-source, Nivelles, Belgium). Glucose was
enzymatically determined by using the hexokinase method.
Lipoprotein (a) (Lp[a]) was measured using a turbidimetric
assay on the Hitachi-7600 analyzer (Tokyo, Japan). Total
cholesterol and triglyceride concentrations were measured by
automatic enzymatic colorimetry. High-density lipoprotein
cholesterol levels were measured enzymatically after phos-
photungsten/magnesium precipitation. Low-density lipopro-
tein (LDL) cholesterol was calculated from the Friedewald
formula. Plasma fibrinogen level was determined using the
Clauss method adapted for a Sysmex CA1-1500 instrument
(Kobe, Japan) in the Clinical Hematology Laboratory.

2.3. Laboratory examination

Before starting the study, all subjects underwent an initial
screening assessment that included a medical history, vital
signs, a 12-lead electrocardiogram, measurement of lipid
Table 2
Unadjusted and age- and sex-adjusted correlation coefficients between
sICAM-1 levels and measured cardiovascular risk factors

Risk factor Unadjusted Adjusted for age
and sex

r P value r P value

Age 0.06 .134
Cholesterol, mg/dL 0.047 .249 0.035 .384
Triglycerides, mg/dL 0.158 b.001 0.148 b.001
LDL cholesterol, mg/dL 0.031 .439 0.019 .639
HDL cholesterol, mg/dL −0.125 .002 −0.132 .001
Systolic BP, mm Hg 0.134 .001 0.115 .004
Diastolic BP, mm Hg 0.133 .001 0.115 .005
Mean BP, mm Hg 0.140 .001 0.121 .003
Fasting plasma glucose, mg/dL 0.059 .147 0.040 .328
Fasting serum insulin, μU/mL 0.169 b.001 0.169 b.001
HOMA index 0.176 b.001 0.171 b.001
BMI, kg/m2 0.109 .007 0.097 .017
Waist circumference, cm 0.114 .005 0.097 .017
Waist-hip ratio 0.098 .016 0.077 .057
CRP, mg/L 0.181 b.001 0.173 b.001
Fibrinogen, mg/dL 0.060 .137 0.052 .198
Homocysteine, μmol/L 0.011 .791 −.018 .661
Lp(a), mg/dL −0.035 .391 −0.039 .340
SAA, μg/mL 0.106 .009 0.100 .014

Triglyceride, CRP, and Lp(a) were logarithmically transformed before
statistical analysis to adhere to a normality assumption.
variables, and emerging risk factors. For analysis, 10 mL of
venous blood was taken by venipuncture in the morning
before breakfast after an overnight (8-12 hours) fast. Venous
blood samples were drawn from an antecubital vein with a
21-gauge needle without venous stasis. Serum and plasma
samples were centrifuged at 3000g for 15 minutes at 4°C.
Immediately after centrifugation, the serum/plasma samples
were frozen and stored at −80°C before analysis. All
measurements were performed in a central laboratory.

2.4. Statistical analysis

Spearman correlation coefficients were calculated to
determine the association between sICAM-1 levels and
measured cardiovascular risk factors. The χ2 test or χ2 test
for trend examined statistical differences in the distribution
of categorical data. The clinical characteristics of the
continuous variables were expressed as mean ± SD and
were tested by 2-sample t test or analysis of variance.
Stepwise linear regression analysis was used to determine
independent predictors of sICAM-1 levels. Because the
distribution of triglyceride, CRP, and Lp(a) levels was
skewed to the right, these values were logarithmically
transformed before statistical analysis to adhere to a
normality assumption. A P value less than .05 using a
2-sided test was considered statistically significant.
3. Results

3.1. Subject characteristics

A summary of demographic features, clinical and lipid
profiles, and emerging cardiovascular risk factors for the
study participants stratified by sex is provided in Table 1. No
statistically significant differences in total cholesterol con-
centrations, LDL cholesterol levels, systolic BP, fibrinogen
levels, Lp(a) levels, CRP levels, SAA levels, and sICAM-1
levels were observed between the sexes. Furthermore, the
analysis showed that many variables were statistically
significantly different between men and women. Compared



Fig. 1. Age- and sex-adjusted concentration of sICAM-1 according to the
number of metabolic syndrome components and Framingham risk score
quartiles for subjects without prevalent cardiovascular disease. The
relationships between the number of metabolic syndrome components and
sICAM-1 levels and between the risk score and sICAM-1 levels were
significant by test-for-trends analysis (P b .001 and P = .001, respectively).
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with women, significantly higher percentages of men were
current smokers (P b .001) and obese (P b .001). Diastolic
BP (P b .001), mean BP (P b .001), fasting plasma glucose
(P = .006), fasting serum insulin (P = .001), HOMA index
(P b .001), triglyceride levels (P b .001), BMI (P b .001),
waist circumferences (P b .001), waist-hip ratio (P b .001),
and homocysteine levels (P b .001) were statistically
significantly higher in men than in women. In contrast,
age (P = .031) and HDL cholesterol levels (P b .001) were
lower in the men.

3.2. sICAM-1 and cardiovascular risk factors

Unadjusted and age- and sex-adjusted correlation coeffi-
cients between sICAM-1 levels and measured cardiovascular
risk factors are shown in Table 2. There were significant
positive associations of sICAM-1 levels with triglyceride
levels, systolic BP, diastolic BP, mean BP, BMI, waist
circumference, waist-hip ratio, fasting serum insulin, SAA
levels, high-sensitivity CRP levels, and the HOMA index.
There was a significant negative association between
sICAM-1 levels and HDL cholesterol levels. Adjustment
for age and sex did not substantially alter these correlations.

Table 3 shows the association between sICAM-1 levels
and the presence or absence of several cardiovascular risk
factors. After age and sex adjustment, serum concentrations
of sICAM-1 were significantly higher in current smokers
(P = .001). Significantly higher sICAM-1 levels were also
noted in subjects with diabetes mellitus (P = .004), insulin
resistance (P b .001), and metabolic syndrome (P b .001).
The sICAM-1 levels increased in a stepwise fashion with
increasing number of metabolic syndrome components (P b
.001) as well as with increasing Framingham risk score
quartiles (P = .001) (Fig. 1). In subjects with metabolic
syndrome, sICAM-1 levels also increased with increasing
CRP levels (age- and sex-adjusted Spearman rank coeffi-
cient, ρ = 0.283; P = .003).

In stepwise linear regression analysis in a model including
age, sex, BMI, waist circumference, smoking, systolic and
diastolic BP, serum triglyceride, HDL cholesterol, CRP,
fibrinogen, homocysteine, Lp(a), SAA levels, insulin
resistance, metabolic syndrome, and taking antihypertensive
drugs, lipid-lowering drugs, or antidiabetic agents, current
smoking (P = .007), insulin resistance (P = .004), and
metabolic syndrome (P = .008) were significantly associated
with elevated levels of sICAM-1.
4. Discussion

In this study, we demonstrated that elevated sICAM-1
levels were independently associated with insulin resistance,
a marker of metabolic syndrome. We also showed that
elevated sICAM-1 levels were associated with components
of metabolic syndrome in age- and sex-adjusted models.
Furthermore, sICAM-1 levels increased in a stepwise fashion
with increasing components of metabolic syndrome; in
subjects with metabolic syndrome, sICAM-1 levels
increased with increasing CRP level. Thus, the present
investigation provides further evidence of the association
between elevated sICAM-1 levels, inflammation, and
metabolic syndrome.

Several cardiovascular risk factors have been consistently
associated with elevated sICAM-1 levels. Cigarette smoking
has been associated with increased concentrations of
sICAM-1 levels in a number of studies [14,16,18]. It has
been shown that cigarette smoking can induce leukocyte-
endothelial adhesion, microvascular and macrovascular
entrapment of leukocytes, and leukocytes aggregation in
human subjects and in animal models [22,23]. This is
consistent with the present observation of a substantially
higher concentration of sICAM-1 in current smokers.
Inflammatory markers, including tumor necrotic factor–α,
interleukin-6, and fibrinogen, have been shown to be
determinants of adhesive molecular concentrations [13,14].
C-reactive protein has also been shown to be a positive
determinant of sICAM-1 concentration [13,18,24]. Recent in
vitro studies using human vascular endothelial cells demon-
strated that CRP increased ICAM-1 expression in a dose-
dependent manner, possibly through the complement as an
intermediate [25]. Our data also showed that CRP plays an
important role in determining sICAM-1 levels, supporting
the association between sICAM-1 levels and inflammatory
markers in the Taiwanese.

In contrast, there were controversial results regarding the
association between hypertension or dyslipidemia and
sICAM-1 levels. In the present study, using age- and sex-
adjusted models, triglyceride levels were positively asso-
ciated with sICAM-1 levels, whereas HDL cholesterol levels
were negatively associated with them. This observation is in
line with the concept (derived from experimental studies)
that lipid metabolism modulates the expression of adhesive
molecules [26]. This concept is supported by epidemiologic
studies that showed association of sICAM-1 levels and lipid
variables [16,18], although results have not been always
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consistent in multivariate analysis [7,14]. The present data
showed significant trends of high sICAM-1 levels with high
BP in age- and sex-adjusted models, but not in multivariate
analysis. Using multivariate analysis, Rohde et al [14]
showed an independent association between systolic BP and
sICAM-1 levels, whereas this was not replicated in other
studies [16,23].

Plasma concentration of inflammatory mediators, such as
tumor necrotic factor–α and interleukin-6, is increased in the
insulin-resistant states of obesity and type 2 diabetes
mellitus, raising questions about the mechanisms underlying
inflammation in these 2 conditions [27,28]. Dandona et al
[27] suggested that glucose and macronutrient intake causes
oxidative stress and inflammatory changes that may interfere
with insulin action by suppressing insulin signal transduc-
tion, resulting in insulin resistance. Previous epidemiologic
studies have shown that elevated sICAM-1 levels are integral
parts of insulin resistance in nondiabetic elderly persons but
not in type 2 diabetes mellitus patients [15,29,30]. Circulat-
ing sICAM-1 concentrations were suggested to share
common genetic modulation with traits related to obesity,
insulin resistance, and HDL3 cholesterol levels [17,31]. Our
data revealed an independent association between sICAM-1
levels and insulin resistance and metabolic syndrome in a
relatively young Taiwanese population. These results
suggested that measurement of the inflammatory status,
including sICAM-1 levels, may be a useful additional
clinical indicator of insulin resistance and metabolic
syndrome.

Combination of multiple risk factors seems to be a more
powerful tool in predicting the risk of future cardiovascular
events. Previous studies have shown a cumulative impact of
multiple risk factors on sICAM-1 plasma concentration by
using major risk factors and Framingham risk scores
[14,16,18]. Metabolic syndrome is a constellation of multi-
ple risk factors; growing evidence has shown an increased
cardiovascular risk in individuals with metabolic syndrome.
The National Cholesterol Education Program Adult Treat-
ment Panel III included “prothrombotic and proinflamma-
tory states” as components of the metabolic syndrome,
although these are not part of the clinical definition.
Measurements of CRP also added clinically important
prognostic information to the metabolic syndrome in a
prospective study [32]. In the present investigation, sICAM-
1 levels increased in a stepwise fashion with an increased
number of components of metabolic syndrome, as well as
with increased Framingham risk score quartiles. In subjects
with metabolic syndrome, sICAM-1 levels also increased
with increasing CRP levels. To the best of our knowledge,
this is the first report showing an independent association
between elevated sICAM-1 levels and metabolic syndrome
with or without additional risk factors. However, the
limitation of this study is its cross-sectional design because
it provided no information about the effect of the sICAM-1
levels on the progression of insulin resistance/metabolic
syndrome or clinical outcome.
In conclusion, using a combination of traditional and
emerging risk factors with Framingham risk scores and with
components of the metabolic syndrome, we showed that
sICAM levels increase with an increasing risk of coronary
artery disease. This finding supports the concept that this
marker may be useful in predicting those at risk of future
cardiovascular events. These data also provide further
evidence of the mechanisms of sICAM-1 as a molecular
marker for atherosclerosis. Further prospective studies will be
necessary to clarify whether sICAM-1 level is an independent
predictor of future atherosclerotic cardiovascular events.
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