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Abstract

Ourprevious study demonstrated that plasma concentration of high-sensitivity C-reactive protein {hs-CRP} is a marker of carotid atheroscle-
rosis activity, In this study, we investigated whether plasmalevels of soluble cell adhesion molecules have potential value to predict atherosclero-
sis progression. The study included 192 outpatients 40-82 years of age who were treated for traditional risk factor for cardiovascular disease.
Patients underwent repeated ultrasonographic evaluation for 53 £ L1 months. Severity of atherosclerosis was evaluated by the maximal
intimal-medial thickness (max-IMT), plaque number (PN)-and plaque score {PS, the sum of all plaque thicknesses), Blood samples were
collected for measurement of hs-CRP, scluble intercellular adhesion molecule (STCAM-1) and sP-selectin at the time of baseline examination,
The development of atherosclerosis was estimated by the formula: Avalue/year= (last value — baseline value)mumber of follow-up years,
Multivariate linear regression analysis revealed that sSICAM-1 was associated with AIMT/year and APS/year, which was not the case for
sP-selectin, sSICAM-1 was closely associated with AIMT/year especially in patients with apparent atheromatous plague. Our results sug-
gested that levels of sSICAM-1 might have predictive value of progression of carotid atherosclerosis independently of traditionat risk factors
and hs-CRP.
© 2004 Elsevier Ireland Ltd, All rights reserved.

Keywords: Intercellular adhesion molecule-1; C-reactive protein; Carotid atherosclerosis; P-selecting Doppler ultrasound; Intimal-medial thickness; Plaque
score

1. Introduction

Substantial advances in basic science have proven the fun-
damentalrole ofinflammation and the underlying cellular and
molecular mechanisms that contribute to atherogenesis [1].
In particular, the idea that atherosclerosis is a disorder char-
acterized by low-grade vascular inflamunation has received
considerable attention. As a marker of such inflammation,
high-sensitivity C-reactive protein (hs-CRP) has been a pre-
dictor of future cardiovascular eventsin several cohort studies

* Corresponding author, Tel.; +8]1 6 6879 3634, fax: +81 6 6878 6574,
E-mail address: kitagawas@medone. med.osaka-u.ac.jp (K. Kitagawa),

0021-9150/8 — see front matter © 2004 Elsevier Ireland Ltd. ATl rights reserved.

doi:10.1016/j.atherosclerosis.2004.09.018

[2]. Also, we have shown that the level of hs-CRP is pre-
dictive of carotid atherosclerosis progression, supporting the
value of hs-CRP measurement in patients with cardiovascu-
lar risk factors [3]. Although hs-CRP is believed to be a gen-
eral marker of inflammation, specific factors can contribute
to the development of atherosclerosis. One of such factors is
cell adhesion molecules [4]. Indeed, P-selectin is an adhesion
receptor that mediates the initial rolling [5], where intercellu-
lar adhesion molecule-1 (ICAM-1) plays a critical role in the
monoceyte adherence to endothelial cells [6,7]. In line with
such findings, deficiency of P-selectin or ICAM-1 is pro-
tective against atherosclerosis in apolipoprotein E-deficient
mice [8,9]. Given that serum levels of soluble ICAM-]
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(sICAM-1) and soluble P-selectin (sP-selectin) move in par-
alle] with their membrane level, sICAM-1[10-12], and/or sP-
selectin levels [13,14], in addition to hs-CRP levels [15,16],
could be predictive of atherosclerotic diseases.

The development of B-mode ultrasound technique allows
a noninvasive observation of atherosclerosis in vivo [17,18].
Although there are several cross-sectional studies relating
sICAM-1 and sP-selectin levels to carotid atherosclerosis
[19-23], longitudinal studies are limited. In the present lon-
gitudinal study, we investigated whether measurements of
SICAM-1 and sP-selectin have potential value to predict
atherosclerosis progression, * ' ‘

2. Methods
2.1. Patients

The subjects for this longitudinal study were enrolled
from 216 patients of the Department of Intemal Medicine
and Therapeutics at Osaka University Hospital who had un-
dergone carotid ultrasound examination between September
1996 and March 1998 because of the presence of risk factors
for cardiovascular disease (CVD). The patients gave writ-
ten informed consent to provide blood samples and undergo
follow-up examinations for at Jeast 3 years to evaluate the de-
velopment of carotid atherosclerosis. The protocols were ap-
proved by the Osaka University Review Board. Patients were
excluded from the study if they had experienced a clinical
CVD eventinthe previous year or ifanother disease that could
elevate the hs-CRP, sICAM-1 and sP-selectin concentration
were present, i.e. malignancy, collagen disease, chronic renal
failure, infection or hepatic disease. In the follow-up period,
B patients suffered a new CVD event, and experienced no
follow-up carotid survey. Another é patients suffered from
malignant diseases, and 10 patients were lost to follow-up.
A total of 24 patients experienced no follow-up carotid sur-
vey and were removed from the analyses. No patients were
receiving antioxidant vitamin supplements, estrogen therapy,
or steroid therapy.

2.2, Evaluation of carotid atherosclerosis

To evaluate the progression of carotid atherosclerosis,
high-resolution B-mode ultrasonography with the use of
7.5 MHz duplex-type probe (EUB-525; Hitachi, Inc.) was
performed repeatedly over a period of at least 3 years, Base-
line and follow-up ultrasound images were recorded on Super
VHS videotape, and the progression of atherosclerosis was
evalvated, with clinical records blinded. We have measured
the maximal intima-media thickness (max-IMT), plaque
score (PS) and plaque number (PN), as indices of carotid
atherosclerosis. All ultrasound images were obtained with the
patient in supine position with the neck mildly extended and
rotated to the contralateral side, and the measurement of IMT
and PS was performed on the frozen frame, perpendicular to

15 mm
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Fig. 1. Diagrams of carotid bifurcation and plaque score measurement ob-
tained from B-mode ultrasonopraphy. Plaque score was caleulated by sum-
ming al] plaque thickness in millimetres in each scgment on both sides
{a+b+c+contralntera] plaques). Carotid artery was divided into four parts
of 15mm in length each from the flow divider (Si 10 54). CCA, common
carotid arlery; ICA, intemnal carotid ertery; ECA, external carotid artery.

the vascular walls by scanning bilateral common and internat
carotid arteries at the time of examination. IMT was measured
as the greatest IMT in any parts of the far walls in carotid ar-
teries including atheromatous plaques in both sides, and the
unilateral max-IMT value, which was higher than the other
side, was defined as max-IMT. PS and PN were calculated in
accordance with our previous studies [3,18,21]. Based on
our previous study, the upper limit of normal for IMT is
1.0 mm, and the lesions with a focal IMT = 1.1 mm were
defined as atheromatous plaque. PS was calculated by sum-
ming all plaque thickness measureménts in the both carotid
arteries (Fig. 1). The progression of carotid atherosclerosis
was estimated by the following formula for each param-
eter: Avalue/year=(last value —baseline value)/number of
follow-up years. When interobserver reproducibility was as-
sessed for 20 patients, the interrater correlations of max-IMT,
PS and PN were 0.90, 0.81 and 1.00, respectively. Early and
mild stage of carotid atherosclerosis was defined as PS <5
based on our grading system (moderate: 10> PS8 2 5; severe:
PS 2 10, respectively).

2.3, Measurement of circulating inflammatory markers

Blood samples were provided at the time of baseline
carotid ultrasound examination and collected in tubes con-
taining citric acid and EDTA, and were stored at —80 °C after
centrifugation. The stored serum samples were assayed for
SsICAM-1, whereas the stored plasma samples were assayed
for hs-CRP and sP-selectin, Commercially available mon-

. oclonal antibody-based ELISA kits (R&D Systems, Min-

neapolis, MN, U.5.A.) were used for the determination of
SICAM-1 and sP-selectin levels. Levels of hs-CRP were mea-
sured by an automatic imnunonephelometer with a sensitiv-
ity of 0.02 mg/dl (Beliring NA latex CRP; Behring Institute),
Measurements were made in pairs of samples from 20 pa-
tients about 1 year apart.
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2.4. Definition of traditional risk factors for CVD

Hypertension was defined by systolic blood pres-
sure 2 140 mmHg, diastolic blood pressure = 90 mmHg or
the current use of antihypertensive medications. Hyperc-
holesterolemia was defined as a total cholesterol concentra-
tion 2 5.7 mmol/i, or the current use of cholesterol-lowering
agents. Diabetes mellitus was defined as a glycosylated
hemoglobin Alc concentration >5.8% or the current use of
oral hypoglycemic agents. Cigarette pack-years were asked
for each patient, to evaluate the cumulative exposure. Pa-
tients were categorized as having CVD if they had a prior
history of ischemic heart disease, cerebrovascular disease,
aortic aneurysm, or peripheral vascular disease.

2.5. Statistical analysis

All statistical analyses were performed with SPSS/
Windows System, version 9.0] (SPSS Japan Inc.). Because
distribution of hs-CRFP levels was left-skewed, a natural log
transformation was performed to achieve normality, which
was used for subsequent analyses. In accordance with other
studies [3,15,16], hs-CRP concentrations below the detec-
tion level were assigned a log-transformed value of —4.605
{(hs-CRP value of 0.01 mg/dl). Relationships between inflam-
matory markers (hs-CRP, sICAM-1, sP-selectin) and carotid
parameters (max-IMT, PS, PN) were examined by Pearson
correlation analysis. Also, Mann-Whitney U-test wasused to
evaluate the difference between parameters by the presence
or absence of traditional risk factors and statin use. Multiple
Hnear regression analyses were used to assess the contribu-
tions of inflammatory markers to ADMT/year, APS/year or
APN/year. Probability values were two-tailed and were con-
sidered significant when <0.05. For ease of interpretation,
sICAM-1 concentrations were grouped in tertiles, and the
differences in values were examined by ene-way ANOVA
followed by multiple comparisons test with Bonferroni's cor-
rection.

3. Results

Baseline characteristics of the study sample are shown in
Table 1. Although prevalence of cardiovascular risk factors
was generally high, they were relatively well controlled. The
follow-up period was 53 & 11 months, and 30% of our study
patients had a CVD history. Levels of mﬂammatory mark-
ers had no significant difference between patients with and
withouta CVD history (sICAM-1: 208.4 versus 199.0 ng/ml;
sP-selectin: 38.2 versus 38.3 ng/ml; hs-CRP; 0.113 versus
0.136 mg/dl, respectively; P=all n.s.). Among 20 patients
who provided paired blood samples, the within-person cor-
relation coefficients for s-ICAM-1, sP-selectin and hs-CRP
were (.858, 0.790 and 0.662, respectively. Baseline IMT and
PS were nol correlated with any inflammatory markers ex-
cept that baseline PS was weakly correlated with sSICAM-

Table 1

Baseline characteristics

N 192

Age (years) 63.0+86

Men (%) sl

Body mass index 23327

Hypertension/medical treatment (34} 73/62
Systolic/diastolic blood pressure (mmHg) 1361881 £ 11

Hypercholesterolemia/medical treatment (%) 47128 .
Total/HDL cholesterol (mmol/T) 5374£0.83/1.43+ 042
Disbetes mellitus/medical treatment (%) 16/6

Fasting blood glucose (mmeol/l) 582152

Hemoglobin Ale (%) 53108
Current smoking (%) - 17
Brinkmann index 241.6 £467.3
History of CVD (%) 30
sICAM-] (ng/m1) 202477
sP-selectin (ng/ml) 38x22
hs-CRP (mp/dl, median) 0.13(0.07
Max, IMT (mm) 1.74 2096
Plaque score (PS) 4.244.86
Plaque number (PN) 2.40+2.54
Follow-up period (months) 527+11.2

Values are mean & S.D. unless otherwise specified.

1 (Table 2). By contrast, both AIMT/year and APS/year
were significantly associated with sSICAM-1 (r=0.299 and
0.250, respectively), which was not the case for sP-selectin
(Table 2).hs-CRP level was mgmﬁcantly associated only w1th
APS/year.

To further examine the associations between carotid
atherosclerotic activity and serum inflammatory markers,
multiple regression analyses were performed (Table 3). When
controlling for age, sex, traditional risk factors and hs-
CRP, sICAM-1 had significant associations with AIMT/year
and APS/year. Association of hs-CRP and APS/year re-
mained significant when controlling for age and sex (model
1}, but such an association was of borderline signifi-
cance when controlling for traditional risk factors (model
2). The associations between AIMT/year and sICAM-1
remained significent when noncurrent smokers (n=159,
p=0.271, P=0.001), patients without statin medication
(n=138, §=0.353, P<0.001) or patients without CVD his-
tory (n=134, 8=0.321, P=0.001) were analyzed separately
on the basis of multivariate regression. For ease of interpre-
tation," AIMT/year and APS/year are shown in Fig. 2 in re-
!anon to sICAM-1 concentration tertiles, Both AIMT/year
and APS/year values in the highest tertile were significantly
hlgher than values in the lowest tertile.

Because the development of new carotid plaques and pro-
gression of atheromatous plaques can show different patterns
of associations with SICAM-1 and hs-CRP levels, we subse-
quently examined the associations in terms of plaque gen-
eration and progression. In 131 patients with early carotid
atherosclerosis as defined by a PS <5.0, APN/year was an-
alyzed to assess the development of new carotid plaques.
Significant comrelation was found between hs-CRP and
APN/year onthe basis of simple regression, whereas sICAM-
I had no correlation with APN/year (Table 4). On the other

— 443 —



158 K. Kondo et al. / Atherosclerosis 179 (2005) 155-160
Table 2
Associations of cardiovascular risk factors with baseline IMT, baseline PS, AIMT/ycar and APS/ycar
Baseline IMT Baseline PS AlMT/year APS/year

sICAM-1 0.088 0.146° 0.299* 0.250™
sP-selectin 0.050 0.140 0.085 0.113
hs-CRP 0.075 0.061 0.101 0.176"
Age 0.246" 0.352" —0.087 0.055
Men/women 1.92 £ LI/1.57+0.69° 501 £ 5.393.45:4.12"  0.073 & 0.196/0.044£0.140 0.594 £ 0.892/0.375x£0.171
Hypertension, yes/no 1.79 £ 0.90/1.62£1.12 465 % 511/3.03£393"  0.049 % 0.149/0.083 £ 0.219 0.524 + 0.862/0.381x0.774
Hypercholesterolemin, yes/no 1,83 + 1.04/1.67£0.97 4.41 £ 4.59/3.89+4.92 0.047 = 0.160/0.065+0.193 0.510 & 0.882/0.413+0.803
Diabetes mellitus, yes/no 2.0 £ 0.94/1.691.01 4.41 X 4.59/).89+£4.92 0,078 £ 0.185/0.053£0.177 0.510 & 0.832/0.413= 0,803
Current smoking, yes/no 2.06 £ 1.43/1.69£0.90° 580 £ 6.33/3.83+438" 0116 4 0.237/0.046+0.164"  0.834 & 1.130/0.3892 0.760"
History of CVD, yes/no 195 £ 1.17/1.67+£0.93 492 + 4.82/3.8344.73 0.072 + 0.2)8/0.050£0.161 0.503 & 0.885/0.441 £0,824
Values represent correlation coefficients or meanx S.D,

* P<0.05.
* p<0.0t.
Table 3 i
Associations of AIMT/year and APS/year with inflaanmatory markers and cardiovaseular risk factors

Simple regression Model ) Model 2 Model 3
r P B P B P B P

AlMT/year

SICAM-1 0.299 <0.001 0.301 <0.001 0.273 <0.001 0.265 0.001

hs-CRP 0.101 0.161 0.095 0.197 0.085 - 0.247 0.041 0.570
APS/year

§ICAM-] 0.250 <0.001 0.230 0.002 0.198 0.010 0.178 0.022

hs-CRP 0.176 0.015 0.154 0.035 0.13% 0.056 0.110 0.133

Model 1, age and sex are additionally controlled for; model 2, traditional cardiovascutar risk factors are additionally controlled for; medel 3, sSICAM-1 and
hs-CRP ere additionally controlled for.

hand, AIMT/year was analyzed to assess the plaque pro-

gression in 105 patients with apparent atheromatous plaque

as defined by a max-IMT 2 1.5. sICAM-1 had a signifi-
cant correlation with AIMT/year both in simple regression
(r=0.379, P <0.001) and multivariate regression (8= 0.355,
P <0.001), whereas its correlation with hs-CRP was not sig-

nificant (Table 4).
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4. Discussion

In the present study, we have demonstrated that sSICAM-1
level is associated with the progression of carotid atheroscle-
rosis as assessed by AIMT/year and APS/year, whereas
such association was not found for sP-selectin. Although

both sICAM-1 and sP-selectin have been suggestedto be a

APS/ycar
Jo
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Fig.2. Annual increase rate of carotid stherosclerosis according to tertiles of sSICAM-1 fevels. Bars mprcécm means, and ctror bars represent S.EM. ATMT/year
and APS/year in the highest tertile of SICAM-1 level were significantly higher than thosz in the lowest tertile {* P< 0.05).
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Table 4
Associations between sSICAM-1/hs-CRP Concentration and paramelers associated with carotid atherosclerosis
Simple regression Multivariate regression
r P B P
APN/year per subgroup early carotid atherosclerosis {(P§<5), n=13)
sICAM-1 0.107 0.222 0.010 0.911
hs-CRP . 0.180 0.039 0.145 0.099
AlMTl/year per subgroup apparent atheromatous plaque (IMT > 1.5), n =105 .
sICAM-1 0.37% <0.001 0.355 <0.001
hs-CRP 0.159 0.105 0.180 0.085

Age, sex and traditional cardiovascular risk factors are confrolled for multivariate regression model

predictive marker for future cardiovascular events [10-14), it
remains unclear whether the level of sSICAM-1 or sP-selectin
directly reflects the cell surface level of these molecules as
a parameter of endothelial activation. In fact, little informa-
tion is available regarding what regulates the production and
catabolism of such molecules in vivo, However, increased
endothelial ICAM-1 expression is reported in symptomatic
carotid occlusion patients [24]. Also, we have suggested that
the levels of sSICAM-1 increased over time in parallel with the
progression of atherosclerosis in apolipoprotein E-deficient
mice, supporting the potential utility of sSICAM-1 as an indi-
catorof atherosclerosis progression [9]. Evenwhen sICAM-1
level was not necessarily associated with endothelial ICAM-
1 expression in patients who underwent carotid endarterec-
tomy [25], endothelial ICAM-1 is shed into the plasma by
proteolytic cleavage, making it likely that SICAM-1 levels
reflect its membrane levels, Tzken together, the association
between sICAM-1 and AIMT/year or APS/year as found in
this study could be interpreted as an epiphenomenon occur-
ring on the activated wa!l cell surface. By contrast, sP-selectin
is derived from both platelet and endothelial cells. Because
recent basic and clinical studies have shown the crucial role
of platelet P-selectin, not sP-selectin, in atherosclerotic le-
sion development [26], the association of platelet P-selectin
level with atherosclerosis progression needs to be clarified
in future.

In the present study, we have demonstrated that sICAM-
1 was associated with carotid atherosclerotic activity inde-
pendently of traditional risk factors and hs-CRP. Although
both sICAM-1 and hs-CRP correlated with atherosclerosis
progression, their contribution may differ in the stages of
atherosclerosis. As shown in our previous study [3], hs-CRP
was associated with appearance of new carotid plaque in pa-
tients with early carctid atherosclerosis. However, it was not
the case with sSICAM-1 level. In contrast, sSICAM-1 level cor-
related with progression of apparent atheromatous plaque,
which was not the case with hs-CRP. Although hs-CRP is a
useful marker for CVD events [2], it remains to be determined
whether hs-CRP is the most reliable marker for low-grade
inflammation involved in atherogenesis, Our results suggest
eachmarkermay have a respective significance and combined
measurements of hs-CRP and sSICAM-1 may have a potential
utility to evaluate the activity of atherosclerosis progression.
Among several cell adhesion molecules, we measured only

sICAM-1 and sP-selectin, but other cell adhesion molecules
such as vascular cell achesion molecule {(VCAM)-1 and BE-
selectin can also serve as markers for atherosclerosis. How-
ever, their implication for atherosclerosis and CVD events
is controversial [10,20,27,28], Also, factors that may influ-
ence the level of sICAM-1 may need to be considered when
we interpret the association between sICAM-1 level and the
progression of carotid atherosclerosis. For example, smok-
ing can increase the level of sSICAM-1 [29]. Additionally,
medication usage could influence the level of SICAM-1. For
instance, it has been demonstrated that statin therapy reduces
the level of hs-CRP in a lipid-independent manner [30]. In
the present study, the associations between sICAM-1 level
and AIMT/year remained significant when subgroup analy-
ses were performed for nonsmokers or for patients without
statin usage, supporting the putative role of ceil adheSlon
molecules in the evolution of atherosclerosis.

In conclusion, we have shown the association between
sICAM-1 levels and the progression of carotid atheroscle-
rosis independently of traditional risk factors and hs-CRP.
Measurement of sICAM-1 may be of aid when predicting
carotid atherosclerotic activity particularly in patients with
apparent atheromatous plaque.
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Higher Levels of Interleukin-6 Are Associated With Lower
Echogenicity of Carotid Artery Plaques

Hiroshi Yamagami, MD; Kazuo Kitagawa, MD, PhD; Yoji Nagai, MD, PhD; Hidetaka Hougaku, MD, PhD;
Manabu Sakaguchi, MD; Keisuke Kuwabara, MD, PhD; Kimito Kondo, MD; Tohru Masuyama, MD, PhD;
Masayasu Matsumoto, MD, PhD; Masatsugu Hori, MD, PhD

Background and Purpose—Echo-lucent carotid plaques can be fragile and vulnerable to rupture, representing a risk factor
for ischemic stroke. Given the studies showing that elevated levels of circulating inflammatory markers are predictive
of cardiovascular events, we sought to determine whether higher levels of serum interleukin-6 (IL-6) and high-
sensitivity C-reactive protein (hsCRP) are associated with lower echogenicity of carotid plaques.

Methods—The study comprised 246 patients who had carotid atherosclerotic plaques as evidenced by ultrasound. Using
acoustic densitometry, we quantified the echogenicity of the largest plaque in each patient by integrated backscatter
analysis. Serum IL-6 and hsCRP levels were determined in all patients.

Results—Both log-transformed IL-6 and hsCRP concentrations were negatively correlated with carotid plaque echoge-
nicity (r=—0.28, P<0.001, and r=—0.14, P<0.05, respectively). When traditional atherosclerotic risk factors, plaque
thickness, and medication use were controlled for, IL-6 levels were inversely associated with plaque echogenicity
(B=-0.21, P<0.01), whereas such an association was of borderline significance for hsCRP (8=-0.12, P=0.06).

Conclusions—Higher IL-6 levels, in addition to hsCRP levels, appear to be associated with lower echogenicity of carotid
plaques, suggesting a link between inflammation and potential risk of plaques. (Stroke. 2004;35:677-681.)

Key Words: atherosclerosis ® carotid arteries m inflammation m interleukins m ultrasonography

C arotid plague echogenicity, as assessed by B-mode
ultrasound, is associated with its histological content.
Particularly, echo-lucent plaques are thought to be lipid rich
with increased density of macrophages, often containing a
large lipid pool or hemorrhage.!-3 These properties are
consistent with the features of rupture-prone plaques, which
are commonly characterized by a large necrotic/lipid core
with a thin fibrous cap infiltrated by inflammatory cells.
Also, studies have shown that eche-lucent carotid plaques are
associated with the risk for ischemic stroke.3¢ From these
findings, we can assume that echo-lucent carctid plaques are
fragile and susceptible to rupture, representing a risk factor
for stroke.

From studies to date, inflammatory processes are thought
to be involved in the pathogenesis of atherosclerotic plaques
and their thrombolic complications.” In particular, elevated
levels of C-reactive protein (CRP) and interlevukin-6 (IL-6)
have been associated with the risk for cardiovascular disease
(CVD).B-10 Nevertheless, the mechanism that links such
inflammatory markers and CVD risk remains to be deter-
mined. If higher levels of high-sensitivity CRP (hsCRP) and
IL-6 are associated with echo-lucent carotid plaques, they
may help us understand the link between inflammation and
the risk of atherosclerotic plaques.

Integrated backscatter (IBS) analysis is a quantitative
method to evaluate echogenicity of atherosclerolic plaques.
This analysis defines acoustic propagation properties through
the estimation of native radiofrequency signals from the
tissue, allowing objective evalvation of plaque echogenic-
ity.!! Using IBS analysis, we examined the relationships of
serum [L-6 and hsCRP levels with carotid plaque
echogenicily,

Methods
Subjects

The subjects of this investigation were patients at the Department of
Internal Medicine and Therapeutics at Osaka University Hospital
who had undergone standard carotid ultrasound examination be-
tween Qctober 2000 and September 2002. Because of the high
prevalence of CVD and its risk factors, carotid ulirasound examina-
tions were performed to screen for carotid atherosclerosis and
stenosis or, in some cases, t0 assess vertebral artery circulation, Of
note, under the current healthcare system in Japan, carotid ultrasound
examination ¢an be performed not only for patients with carotid
stenosis but also for those with cardiovascular risk factors.
Because we focused on the echogenicity of plagues, the inclusion
criterion for this study was the exislence of carotid plaques
{=1.3 mm in thickness). Patients with smaller plaques were not
included because such plagues could not be clearly separated from
diffusely thickened intima-media complex. When carotid plaques
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were identified, the purpose and procedures for IBS analysis and
inflammatory marker evaluation were explained to patients. After
written informed consent was obtained, patients underwent IBS and
blocd sample testing.

During the study period, IBS examinations were performed.on 332
patients. However, patients with the following criteria were ex-
cluded: (1) calcified plaques with acoustic shadow (n=43) or
occluded carotid artery (n=8) because it was technically impossible
to determine their echogenicity reliably; (2) carotid endarterectomy
(n=6); and (3) acute inflammatory diseases (n=3), vasculitis/
collagen diseases (n=>5), malignant neoplasm (n=12), or recent (<
3 menths) CVD evemts (n=7) because levels of inflammatory
markers could be modified in such patients.

After exclusion of patients with any of the above criteria, the study
sample comprised 246 patients (mean*SD age, 65.7+7.8 years),
including 80 patients with a history of stroke/transient ischemic
attack (TLA) (25 atherothrombotic infarctions, 26 lacunar infarctions,
5 cardioembolic infarctions, 4 cerebral hemorrhages, 9 other or
unclassified strokes, and 11 TIAs based on our criterial?). In
stroke/TIA patients, the average interval between the events and
IBS/blood testing was 60 months. Although the prevalence of
atherosclerotic risk factors was relatively high in the study sample,
they were generally well controlled by medication (Table 1}.

Carotid Ultrasonography

All ulirasound examinations and subsequent analyses were per-
formed with a Phillips SONOS 5500 equipped with a 7.5-MHz
linear-array transducer,

Initially, the common and internal carotid arteries were scanned
cross-sectionally and longitudinatly by B-mode and color Doppler
methods, through which the largest plaque was identified for
evaluation of plaque echogenicity. Also, plaque thickness was

TABLE 1. Patient Characteristics

Age, v 65.7+7.8

Men, % 65

Body mass index, kg/m? 23.3x25

Hypertension/medical treatment/ACEl or ARB use, % 79/68/30
Systolic blood pressure, mm Hg 13616
Diastolic blood pressure, mm Hg 7811

Diabetes meltitus/medical freatment, % 2213
Fasting blood glucose, mmol/L (mg/dL) 5.8x1.5(104=27)

Hyperlipidemia/medical treatment/statin use, % 76/40/33
Total cholesterol, mmol/L (mg/dL) 57+0.8211x31)

Triglycerides, mmol/L {mg/dL)
HDL cholesterol, mmol/L {mg/dL)

1.6£0.8(138+72)
1.5%0.4 (86£16)

Smokers, % 23
Histary of CVD, % 46
Stroke/transient ischemic attack, % 28/4
lschemic heart disease, % 19
ASO, % 4
Aspirin use, % 23
Inflammatory markers
hsCRP, mg/dL 0.15x0.23 {007y
IL-6, pg/mL 2.75>22.60 (207
Ultrasound parameters
IBS index ‘ ' 4317
Plaque thickness, mm 248+1.03

ACEl indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin Il
type 1 receptor biscker; and ASQ, arteriosclerosis obliterans.
*Median.

Figure 1. IBS analysis of carotid plaques. Through acoustic
densitometry, 1BS values are obtained from the plague (pl), ves-
sel lumen (Im}, and adventitia {ad) at same depth, where 1IBS
index is defined as (pl—Im)Aad—Im)x100.

measured on the longitudinal B-mode or color Doppler images
perpendicular to the vascular wall.

Subsequently, with the use of acoustic densitometry, longitudinal
IBS images of the largest plaque were recorded onto optical disks
and used for the echogenicity evaluation. The acoustic densitometry
system is capable of providing 2-dimensional IBS images in which
the gray level is displayed proportionally to the integrated backscat-
tered power. The IBS value is internally calibrated in decibels,
having a dynamic range of 0 to 64 dB in the SONOS 5500 system,!!
For all patients, IBS images were acquired with the same lime gain
compensation setting and gain control values. IBS values were
obtained from outline of the plaque (pl), vessel lumen (lm), and
adventitia (ad) at the same depth of the plaque (Figure 1). Because
reproducibility of carotid plaque echogenicity was better when 2
reference structures (vessel lumen and adventitia) were used than
when 1 reference was used,'? we defined IBS index as (pl—Imy
{ad=1m)X 100. Accordingly, a lower IBS index corresponds o lower
echogenicity. In case of echo-lucent plagues, color Doppler images
were used to help identify the blood-plaque boundaries.

All examinations were done by 1 scnographer (H.Y.) who was
blinded to patients’ clinical details. Before this study, we examined
the reproducibility of the IBS index for 43 randomly selected plaques
without severe calcification; IBS analyses were performed twice by
the same examiner (H.Y.) and subsequently by 2 examiners (H.Y,

TABLE 2. Associations of IBS Index With Atherosclerotic Risk
Factors and Plaque Thickness

ror Mean=5D P
Age, ¥ 0.07 0.31
Sex, men/women 46x18/53x15 0.002
Body mass Index, kg/m? —0.05 043
Hypertenslon, YN 49+18/47+16 0.51
Diabetes meliitus, Y/N 45+ 16/49+18 Q.09
Total cholesterol, mg/dL 0.01 0.89
Triglycerides, mg/dL =01 0.08
HDL cholesterol, mg/dl. 0.18 0.003
HLP medication, YN B0x18/47=17 0.22
Smoking, Y/N 48:18/48217 0.96
History of CVD, YN 47£19/49216 o3
Plaque thickness, mm =037 <0.0(1

HLP indicates hyperlipidemia,
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and M.S). Intrachserver and interobserver coefficients of variation
for IBS index measurements were 8.9% and 9.2%, respectively.

Measurement of Serum Inflammatory Markers
After IBS examinations, blood was drawn with minimatly traumatic
venipuncture for measurement of serum inflammatory markers.
Then, blood was centrifuged at 3000 rpm at 4°C for 15 minutes, and
aliquots were stored at —70°C. Serum IL-6 was measured by
enzyme-linked immunosorbent assay (High Sensitivity Quantikine
kit, R&D System). The detectable limit for IL-6 was 0.10 pg/mL.
Circulating levels of hsCRP were measured by latex turbidimetric
immunocassay with a sensitivity of 0,01 mg/dL (Shionogi Biomedical
Laboratory Ing).

Evaluation of Atherosclerotic Risk Factors

Supine blood pressure was evaluated before the IBS examination.
Levels of fasting blood glucose, serum total cholesterol, high-density
lipoprotein (HDL) cholesterol, and triglycerides were determined
from the blood sample taken for inflammatory marker evaluation.
Information on patients® medical histories and medication use was
obtained from the clinical records with the IBS data masked.
Hypertension was defined by casual blood pressure =140/90 mm Hg
or current use of antihypertensive agents. Diabetes mellitus was
defined by fasting blood glucose =7.0 mmol/L or use of glucose-
lowering agents. Hyperlipidemia was defined by fasting serum total
cholesterol >5.7 mmol/L, triglycerides >1.7 mmol/L, or use of
cholesterol-lowering agents. Smoking status was categorically eval-
sated from self-reports, with a smoker defined as cumrently smoking
=10 cigareties per day for >1 year.

Statistical Analyses

All analyses were performed with SPSS 9.0J (SPSS Japan Inc).
Because distributions of hsCRP and IL-6 levels appeared to be left
skewed, they were normalized by log transformation. Thereafter,
relationships between IBS index and continuous variables were
examined by Pearson’s comrelation analysis. For categorical vari-
ables, differences in IBS index were examined by unpaired ¢ test.
Subsequently, multiple linear regression analyses were performed to
examine associations between IBS index and inflammatory markers
by controlling for traditional atherosclerotic risk factors, plaque
thickness, and medication use. Additionally, IBS index was com-
pared across the [L-6 tertiles by the general linear model, followed
by Bonferroni’s post hoc test. Probability values were 2-tailed, and
values of P<0.05 were considered significant.

Results

The associations of IBS index with atherosclerotic risk
Factors, lipid measures, and plaque thickness are shown in
Table 2. As a measure of plaque echogenicity, IBS index was
positively correlated with HDL cholestercl and negatively
associated with plaque thickness. Also, IBS index was lower
in men than in women and had a trend for negative correlation
with triglycerides. Additionally, although IBS index was
similar by history of CVD, it was lower in patients with than
in those without ischemic stroke/TIA (44.9*17.6 versus
49.6*17.0, P=0.046).

Table 3 shows the associations between IBS index and
log-transformed concentration of IL-6 or hsCRP. By univar-
iate analysis, IBS index was found to be negatively correlated
with [L-6. When traditional atherosclerotic risk factors and
CVD history were controlled for, IBS index remained nega-
tively associated with IL-6. Moreover, the association was
only slightly attenuated when plaque thickness and medica-
tion use were also controlled for. In addition to IL-6, IBS
index had a negative weak association with hsCRP. However,
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TABLE 3. Associations of [BS Index With Inflammatory Markers

IL-6* hsCRP*
ror B P ror 8 P
Univariate -0.28 <0.001 =014 0.03
Multivariatet -0.29 <0.001 ~-0.1 0.09
Multivariatet -0.21 0.002 -0.12 0.06
Multivariate§ -0.21 0.003 -0.12 0.06

"hsCAP and IL-6 were analyzed as tog-transformed valugs.

tWhen contrclling for age, sex, body mass index, hypertension, diabetes
mellitus, smoking status, history of CVD, total cholesterol, triglycerides, HDL
cholesterol, and hyperlipidemia medication,

$When additlonally controlling for plaque thickness,

§When additionally controlling for use of statin, aspirin, and angiotensin-
converting enzyme inhibitors/angiotensin i type | receptor blockers.

the association was only of borderline significance when
traditional atherosclerotic risk factors, as well as plaque
thickness and medication use, were controlled for.

Given the association between IBS index and IL-6, the
magnitude of the IBS index was compared across the tertiles
of IL-6 (Figure 2 and Table 4). IBS index was lower in
patients in the highest tertile than in those in the middle or
lowest tertile. Moreover, the differences persisted after ad-
justment for traditional atherosclerotic risk factors, plaque
thickness, medication use, and log-transformed hsCRP.

Discussion

In the present study, we have found that elevated serum IL-6
levels are associated with lower echogenicity of carotid
plaques as quantified by IBS analysis. Also, plaque echoge-
nicity was lower in patients with higher IL-6 levels than in
those with lower levels after adjustment for other putative
factors, including hsCRP. To the best of our knowledge, this
is the first study to demonstrate associations between IL-6
levels and echogenicity of carotid plaques.

For evaluation of carotid plaque echogenicity, we have
defined the IBS index, which is derived from the 1BS value of
plaques in reference to vessel lumen and adventitia (Figure
1). Namely, a lower IBS index implies lower echogenicity of
plaques. Studies using B-mode methods have shown associ-
ations between echo-lucent carotid plaques and lower HDL
cholesterol, advanced stenoses, male sex, and increased levels
of triglyceride-rich lipoprotein.2'4i5 In the present study,
lower IBS index was associated with lower HDL cholesterol

6 r

0r

IBS index

40 I

30
Lowest  Middle  Highest

Tertiles of IL-6
Figure 2, IBS index stratified by IL-6 tertiles. Error bars are

SEM. 1BS index in highest tertile was lower than that in middle
or lowest tertile. *P<0.05.
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TABLE 4. IBS Index Stratified by IL-6 Tertiles

IL-6 Tertile
Lowest Middle ' Highest
{<1.67 pg/mL) {1.67-2.66 pg/mL) {>2.66 po/mL} ANOVA P
Observed IBS index 529+1.8 505+1.8 41,1£1.88| <0.001
Adjusted 183 index* 53.5+24 51322 41.4x2.38] <0.001
Adjusted IBS indext 51.9x25 50.6+2.3 42.2+2.48( <0.001
Adjusted IBS indext 51.4+26 50.4+2.3 424+248) 0.002

ANOVA indicates analysis of variance. Values shown are mean=SEM.

*IBS index after adjustments for age, sex, body mass index, hypertension, diabetes mellitus,
smoking status, history of CVD, total cholesterol, triglycerides, and HOL cholesteral.

1IBS index after additional adjustments for plague thickness and use of stain, aspirin, and
angiotensin-converting enzyme inhibitors/angiotensin I} type | receptor blockers.

$IBS index after additional adjustments for log-transformed hs-CRP,
§P<0.05 vs lowest tertile; |P<0.05 vs middla tertile.

and greater plaque thickness (Table 2). Also, the IBS index
wias Iower in men and had a trend toward negative correlation
with triglycerides. Thus, carotid plaque echogenicity as as-
sessed by IBS analysis appears to have associations with
atherosclerotic risk factors and plaque size similar to those
found by B-mode methods. Particularly, IBS index was lower
in patients with than in those without ischemic stroke/TIA,
which is consistent with the risk of echo-lucent plaques for
ischemic cerebrovascular diseases.®

In addition to commonly known atherosclerotic risk fac-
tors, circulating inflammatory markers such as hsCRP and
IL-6 represent novel predictors of CVD.®¢ In the present
study, IBS index was negatively associated with IL-6, and the
association remained significant when traditional atheroscle-
rotic risk factors, plaque thickness, and medication use were
controlled for (Table 3). These findings suggest an associa-
tion between lower echogenicity of carotid plaques and
enhanced levels of inflammation. In contrast, despite a
negative weak association between IBS index and hsCRP, the
association was only of borderline significance when other
factors were controlled for. This finding is not surprising
because circulating levels of IL-6 and hsCRP do not always
move in parallel. Additionally, the finding is slightly different
from that of Gronholdt et al,'é who reported the lack of
association between hsCRP and carotid plaque echogenicity
as assessed by B-mode method. We are unaware of other
studies linking hsCRP and plaque echogenicity; further stud-
‘ies are required to disclose their linkages.

To further demonstrate the associations between carotid
plaque echogenicity and IL-6, IBS index was compared
across the tertiles of IL-6 levels. IBS index was found to be
lower in patients belonging to the highest tertile than in those
belonging to the middle or lowest tertile (Figure 2 and Table
4). Moreover, the differences persisted after adjustment for
traditional atherosclerotic risk factors, plaque thickness, med-
icatton use, and hsCRP, On the basis of these results, IL-6
appears to have an association with plaque echogenicity that
is independent of hsCRP.

Rus et al'? have shown 200-fold-higher levels of IL-6 in
atherosclerotic arterial walls than in blood. Also, increased
expression of IL-6 was found in atherosclerotic plaques,
predominantly colocalized with macrophages.'® Thus, in-

creased IL-6 production from inflammatory cells in plagues
could contribute to higher IL-6 as found in this study.
However, whether it is derived from carotid echo-lucent
plagues or from diffuse systemic atherosclerosis cannot be
determined by the data presented. Additionally, IL-6 could
facilitate the formation of unstable plaques through the
stimulation of mononuclear cells,!® proinflammatory cyto-
kines,2® and matrix metalloproteinases,2!22 Thus,. the link
between higher IL-6 and lower IBS index may offer a clue to
the understanding of the risk of atherosclerctic plaques.

This study has some limitations. First, because this study is
cross-sectionally designed, we cannot determine the causal
relationships between higher IL-6 levels and lower plaque
echogenicity. Second, patient selection bias can exist because
we excluded a relatively large portion of the original patients
(86 of 332), predominantly because of the technological
limitations of ultrasound. Third, although associations be-
tween IBS index and inflammatory markers were virtually
unmodified by medication use (Table 3 and 4), IL-6 and
hsCRP levels have been shown to be modified by statins,
aspirin, angiotensin-converting enzyme inhibitors, and angio-
tensin II type ! receptor blockade.23-26 Future studies are
needed to examine the effect of such medicatiens on carotid
plaque echogenicity. Larger prospective studies, probably
using other methods combined with ultrasound, are necessary
to establish the associations between IL-6, hsCRP, and
carotid plaque echogenicity.

In conclusion, we have demonstrated an association be-
tween higher IL-6 levels and lower echogenicity of carotid
plaques. The finding can broaden our undarstanding of the
link between inflammation and the risk of atherosclerotic
plaques,
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