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bjectives: The aim of the study was to test the hypothesis that circulating markers of inflammation (high-sensitive C-reactive
sCRP) and oxidative modification of lipids (oxidized low-density lipoprotein, oxLDL) were associated with the occurrence of ec
ather than echogenic femoral artery plaques in a cross-sectional population based cohort of 513, 61-year-old men.
ackground: The relationships between circulating oxLDL, hsCRP and the occurrence of echolucent plaques in the femoral arter
reviously been investigated.
ethods: The levels of circulating oxLDL and hsCRP were determined in plasma by ELISA. Plaque occurrence, size and echogen
easured by B-mode ultrasound in the right femoral artery. Assessment of plaque echogenicity was based on the classification (
roposed by Gray-Weale et al.
esults: A higher frequency of echolucent femoral plaques was observed in subjects with the metabolic syndrome and curren

p = 0.01 andp < 0.001, respectively) as well as with increasing levels of oxLDL and hsCRP (p = 0.002 andp = 0.005, respectively). In
ultiple logistic regression analysis oxLDL and current smokers turned out to be independent associated with the presence of

emoral artery plaques.
onclusions: The results of the present study support our hypothesis that circulating oxLDL is a marker of an unstable echoluce
henotype in the femoral artery in man.
2006 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

The composition of an atherosclerotic plaque in the coro-
ary arteries is considered more important than the degree of
tenosis for defining cardiovascular risk[1]. However, there
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are conflicting data regarding the carotid arteries, both s
sis and composition have been suggested as important f
[2,3]. Much less is known about the femoral arteries in r
tion to cardiovascular diseases (CVD). However, it has
speculated that atherosclerosis starts earlier in the fem
artery compared to the carotid artery[4].

Ultrasound plaque appearance or echogenicity can in
ciple be classified into plaques with low-level echoes w
thin often incomplete shell on the luminal surface (ech
cent plaque) and plaque with medium and high level ec
(echogenic plaques)[5,6]. Interestingly, we have previous

021-9150/$ – see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.atherosclerosis.2006.01.016

ATH-9355; No. of Pages



2 V. Sigurdardottir et al. / Atherosclerosis xxx (2006) xxx–xxx

shown that echolucent plaques in the femoral artery pre-
dict CVD, to a large extent coronary heart disease, dur-
ing 6.6 years of follow up in initially clinically healthy
men[7].

We have previously shown that there is a stronger relation
between inflammation (high-sensitive C-reactive protein,
hsCRP) and a quantitative measure of atherosclerosis,
such as plaque size, in the femoral artery compared to
the carotid artery[8]. However, no data are available
regarding inflammation (hsCRP) and echogenicity reflect-
ing the qualitative measure of plaques in the femoral
artery.

Recently, it has been shown that microinflammation, as
assessed by hsCRP, is associated with both progression of
atherosclerosis[9] as well as the metabolic syndrome (MetS)
[10,11]. However, it is at present not known if it is the grade
of atherosclerosis per se or the MetS that contribute most
to the “microinflammatory” state seen in these subjects; or
which association hsCRP and the MetS have with plaque
echogenicity.

Ex vivo studies has shown that echolucent plaques have
increased levels of lipids and oxidized low-density lipopro-
tein (oxLDL) [12–14]. Assays to measure different epi-
topes on oxLDL in the circulation have been developed
and have been shown to be associated with coronary heart
diseases[15,16]. So far, however, the association between
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2.2. Re-examination (present study)

Three years after the screening examination the present
study was performed. In the group of men with known dia-
betes mellitus, increased cardiovascular risk and CVD, 231
of the 237 men at screening were alive. They were invited to
the present study, and 168 participated. In the other group of
391 men at screening, 387 men were alive, and of those 345
participated in the present study.

Hence, a total number of 513 men, 61-year-old with
Swedish ancestry were examined.

The examinations were performed in the morning at two
occasions with an interval of 1 week. The subjects had fasted
overnight and underwent examination with blood test and
ultrasound measurement of the right femoral artery.

All men received both written and oral information before
consenting to participate in the study. The study was approved
by the ethics committee at Sahlgrenska University Hospital.

3. Methods

Information on general health and smoking habits were
obtained by a self-administered questionnaire.

Venous blood samples were drawn after a fasting period of
10–12 h, kept at room temperature in 30 min before the serum
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irculating oxLDL and plaque echogenicity has not b
tudied.

Since unstable plaques ex vivo previously have b
hown to be rich in inflammatory cells and oxidized L
e hypothesized that circulating markers of inflamma

hsCRP) and oxidative modification of lipids (oxLDL) we
ssociated with the occurrence of echolucent rather
chogenic plaques. In the present study results from fem
rtery are reported; results on carotid atherosclerosis a
et unpublished observations.

. Materials

This cross-sectional study outline has previously b
escribed in detail[17].

.1. Population sample—screening examination

The subjects were obtained from a cohort of rando
elected 58-year-old men (n = 1728), who had replied to
etter and participated in a telephone interview (n = 1188)
n an original study that was aimed to examine whe
nsulin resistance is associated with atherosclerosis[18].
rom this sample of 1188 men, two groups were identi
ne group of 237 men had known diabetes mellitus, hy

ension, hyperlipidemia or CVD. The other group consi
f 391 clinically healthy men, randomly selected from
opulation sample, and with varying degrees of obesity

nsulin resistance.
as separated by centrifugation and thereafter immed
rozen in aliquots at−70◦C.

.1. Laboratory examinations

Lipids and blood glucose were measured by stan
ethods[8]. hsCRP was measured by commercially av
ble ELISA kits (Medix Biomedica, Kauniainen, Finland

oxLDL was measured on plasma which had been s
t −70◦C as previously described[19]. oxLDL was mea
ured by a commercially available sandwich ELISA (M
odia, Uppsala, Sweden) utilizing the same specific mu
onoclonal antibody, mAb-4E6, as in the assay desc
y Holvoet et al.[20]. The between-assay variation (d

erent days) for oxLDL was 7% (r = 0.94, n = 13, with a
light systematic difference in mean values 82.3 U/L
us 74.1 U/L,p < 0.05). Hence, in order to avoid systema
ifference in the present study two internal controls w
epeatedly included on all plates (n = 10). Mean values an
tandard deviations for the two controls were 5.9± 0.4 (range
.4–6.7) and 12.7± 0.7 (range 11.9–12.7). All analyses w
erformed at the Wallenberg Laboratory.

.2. Ultrasound measurement

The visit for the ultrasound examination always took p
n the morning. The examination was performed with
ltrasound scanner (Acuson 128; Acuson, Siemens, M

ain view, CA, USA) with a 7 MHz linear transducer with t
perture of 38 mm[21]. An electrocardiographic signal (le
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II) was simultaneously recorded to synchronize the image
capture of the top of the R wave to minimize variability dur-
ing the cardiac cycle. The laboratory technician performing
the ultrasound examination was blinded as to the clinical sta-
tus of each subject. The right femoral artery were scanned
distal to the inguinal ligament along a section approximately
4 cm proximal and 1 cm distal to the flow divider (the site
where the artery divides into the superficial and profound
femoral arteries) to assess the occurrence of plaques[21]. A
plaque was defined as a distinct area with an IMT >50%
thicker than that of neighbouring sites (visually judged).
A semi-quantitative subjective scale was used to grade the
size of plaques as grade 0, no plaque; grade 1, one or more
small plaques (less than approximately 20 mm2 in the femoral
artery); grade 2, moderate to large plaques (the differentiation
between grades 1 and 2 was made subjectively in most cases,
and quantitative measurements were made by the comput-
erized system only when the correct classification was not
obvious to the observer) and grade 3, plaques giving flow
disturbances[21]. In the present study, 9 subjects of 513 had
missing ultrasound examinations because of unwillingness to
participate. One plaque of grade 3 was found in the femoral
artery. Therefore, plaques of grades 2 and 3 were merged into
1 group of moderate to large plaques. This analysis included
plaques in the near wall as well as the far wall of the ves-
sel. Assessment of plaque size was possible in 187 plaques.
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Two examiners simultaneously did the classification of
plaque echogenicity performed in all subjects. In cases of
discrepancy between the two readers, a third reader was
consulted. Very few subjects were classified as groups 1
and 4 in the present study (n = 8 andn = 1, respectively).
Hence, groups 1 and 2, and 3 and 4 were merged into two
groups defined as predominantly echolucent and predomi-
nantly echogenic. Assessment of plaque echogenicity was
possible in 178 of 187 plaques.

In order to investigate the reproducibility of assessment
of plaque echogenicity in the femoral artery, 50 plaques
were analysed twice by the same examiner. The results
showed a good agreement between the first assessment of
plaque echogenicity and the second one made 6 months later
(r = 0.90)[7].

3.4. Definition of the metabolic syndrome

The definition of the MetS suggested by the working group
National cholesterol education program’s adult treatment
panel III (NCEP), was used[22]. The MetS is defined as at
least three of the following factors: (1) fasting blood glucose
≥5.6 mmol/L (plasma glucose≥6.1 mmol/L), (2) blood pres-
sure >130/85 mmHg or antihypertensive medical treatment,
(3) plasma triglycerides≥1.7 mmol/L, (4) HDL cholesterol
<1.0 mmol/L for men and <1.3 mmol/L for women and (5)
w
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n a re-reading reproducibility study of femoral plaque s
here were a high correlation coefficient (rs = 0.86; n = 45)
8].

.3. Assessment of plaque echogenicity

The assessment of plaque echogenicity was based
ersion of classification proposed by Gray-Weale et al[6]
here plaques are graded from 1 to 4:

1) Dominantly echolucent with a thin echogenic cap.
2) Substantially echolucent with small areas of echoge

ity.
3) Dominantly echogenic lesions with small areas

echolucency (<25%).
4) Uniformly echogenic lesions (equivalent to homo

nous).

Fig. 1. Occurrence of echolucent femoral plaques in
aist >102 cm for men and >88 cm for women.

.5. Statistics

All statistics were analysed by using SPSS for Wind
0.0 (SPSS Inc., Chicago, IL, USA). The characteristic

he subjects are described as numbers, percentage, mea
tandard deviations. Serum triglycerides, hsCRP and ox
ere skewed. For these variables geometric means wer
ulated and log transformation was performed before
tatistical analyses were done.

Pearson Chi-square test was used for comparison of
nal and ordinal variables and Mantel–Haenzsel for te
rends inFigs. 1 and 2. A multiple logistic regression analy
as applied to test the relationship between single depe
ariables and explanatory variables. A bivariate Spea
orrelations analyses was applied to measure how vari

to circulating levels of oxLDL, hsCRP and to the MetS (y/n).
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Fig. 2. Occurrence of echogenic femoral plaques in relation to circulating levels of oxLDL, hsCRP and to the MetS (y/n).

are related. An independent-samplest-test was applied to
compare means for two groups of cases such as current smok-
ers (y/n) and MetS (y/n).

Two-sidedp < 0.05 was considered statistically signifi-
cant.

4. Experimental results

Characteristics for the entire study group (n = 513) are
presented inTable 1. Diabetes occurred in 74 men (14%).
The median value in the total study group of hsCRP was
1.32 mg/L. No significant association between oxLDL and
current smoking was observed. Subjects with the MetS had
higher levels of oxLDL than subjects without the MetS
(p < 0.001).

The mean value of hsCRP in men with no femoral plaques
was 1.24 mg/L, echogenic plaques 1.27 mg/L and echolu-

Table 1
Characteristics

Variable Study subjects (n = 513)

Age (years) 61.6± 0.51
BMI (kg/m2) 27.2± 4.40
Waist (cm) 99.5± 12.4
SBP (mmHg) 131± 19
H
L
S
B
C
h
o
M

P

P

D x)
o nsity
l tive
p yn-
d

cent plaques were 1.67 mg/L, respectively. The mean value
of oxLDL in men with no femoral plaques was 93.2 U/L,
echogenic plaques 100.9 U/L and echolucent plaques were
107.1 U/L, respectively. Significant differences between men
with no femoral plaques and echolucent femoral plaques were
observed for hsCRP (p < 0.001) and oxLDL (p < 0.05). There
was a trend towards higher frequencies of MetS (y/n) and cur-
rent smoking in men with echolucent plaques, as compared
to subjects with echogenic and no plaques (y/n) (p = 0.007
andp < 0.001, respectively). There was no significant differ-
ence between the subjects with no plaques, echogenic and
echolucent plaques in the mean value of LDL cholesterol or
systolic blood pressure.

4.1. Risk factors associated with echolucent femoral
artery plaques

A higher frequency of echolucent femoral plaques was
observed with increasing levels of oxLDL and hsCRP
(p = 0.002 andp = 0.005, respectively;Fig. 1) but not with
increasing levels of LDL cholesterol or systolic blood pres-
sure (p = 0.11 andp = 0.59, respectively). Subjects with the
MetS and current smokers had a significantly higher fre-
quency of echolucent plaques, as compared to subjects
without the MetS and non-smokers (p = 0.01 andp < 0.001,
r
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DL cholesterol (mmol/L) 1.25± 0.35
DL cholesterol (mmol/L) 3.74± 0.94
erum triglycerides (mmol/L) 1.39 (0.42–8.91)
lood glucose (mmol/L) 5.4± 1.9
urrent smoking,n (%) 88 (17)
sCRP (mg/L) 1.39 (0.08–27.9)
xLDL (U/L) 98 (23–222)
etS,n (%) 149 (29)

laque occurrence in the femoral artery
No, n (%) 305 (60)
Small,n (%) 27 (5)
Moderate/large,n (%) 160 (31)

laque morphology in the femoral artery
Echogenic 51 (10)
Echolucent 127 (25)

ata are presented as the mean value± S.D., geometric mean (min–ma
r number (%) of patients. SBP, systolic blood pressure; HDL, high-de

ipoprotein; LDL, low-density lipoprotein; hsCRP, high-sensitive C-reac
rotein; oxLDL, oxidized low-density lipoprotein; MetS, metabolic s
rome.
espectively;Fig. 1).

.2. Risk factors associated with echogenic femoral
rtery plaques

No significant association was observed between c
ating levels of oxLDL, hsCRP (Fig. 2) or LDL cholestero
n relation to occurrence of echogenic femoral plaques.
hermore, no significant association was observed bet
chogenic plaques, the MetS (Fig. 2), current smoking o
ystolic blood pressure.

.3. Multiple logistic regression analysis

In a multiple logistic regression analysis the depen
ariable was the presence of echolucent femoral a
laques and the covariates were tertiles of oxLDL, ter
f hsCRP, the MetS (y/n) and current smokers (y/n). Ter
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of oxLDL and current smokers (y/n) turned out to be inde-
pendent associated with echolucent femoral artery plaques
(OR = 1.48 (95% CI 1.13–1.93),p = 0.004; OR = 2.57 (95%
CI 1.50–4.39),p = 0.0006).

4.4. Risk factors associated with hsCRP levels

In a univariate analysis, oxLDL and systolic blood pres-
sure were significantly associated with hsCRP (r = 0.10,
p < 0.05; r = 0.20, p < 0.001, respectively). In addition, the
frequency of the hsCRP values above median were higher in
subjects with the MetS and in current smokers, as compared
to subjects without the MetS and non-smokers (p < 0.001 and
p < 0.05, respectively).

In a multiple logistic regression model with the hsCRP
(above/below median) as a dependent variable and tertiles
of oxLDL, current smokers (y/n), MetS (y/n) and echolu-
cent femoral plaques (y/n) as covariates, only the MetS was
independently associated with hsCRP levels above median
(OR = 3.4 (95% CI 2.2–5.3),p < 0.001). To further elucidate
which component in the MetS predicted higher hsCRP levels,
we included tertiles of oxLDL, current smokers (y/n), echolu-
cent femoral plaque (y/n), tertiles of systolic blood pressure
and tertiles of WHR in the model. Doing that only high WHR,
as a measure of obesity, turned out to be independently asso-
ciated with hsCRP levels above median (OR = 2.7 (95% CI
2
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to be independent predictors of risk of cardiovascular events
[27]. In addition, we have previously shown that the risk of
having a CV event was to a large extent confined to those men
with an echolucent plaque in the femoral artery at baseline
[28].

5.2. Echolucent plaque formation in relation to oxLDL

The role of modified LDL in atherogenesis has widely
been studied[29]. The most extensively studied of these
is LDL oxidation [30,31]. We have previously shown that
high levels of circulating oxLDL is a predictor of pro-
gressive subclinical atherosclerosis in healthy middle-aged
men[32].

Holvoet et al. demonstrated in animal models that the oxi-
dation of LDL cholesterol indeed occurs in the arterial wall
and not in the blood[33,34]. In an ex vivo study it was showed
that plaque oxLDL was nearly 70 times higher than plasma
oxLDL and it was found that high plasma oxLDL and plaque
levels of oxLDL were correlated with the vulnerability to
rupture of atherosclerotic lesions[35].

The source of oxLDL in plasma could be the direct release
of oxLDL from ruptured or permeable plaques, ischemic
injury to damaged cell membranes or a turnover of oxLDL in
newly formed or progressing lesions in the arterial tree. This
is in line with our results indicating that high levels of circu-
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.1–3.5),p < 0.001).

. Discussion

The main results of the present study support our hyp
sis that occurrence of echolucent but not echogenic fem
laques was associated with increasing plasma leve
xLDL and hsCRP. Subjects with the MetS and cur
mokers also had higher frequency of echolucent pla
s compared to subjects without the MetS and non-smo

n a multiple logistic regression analysis oxLDL and c
ent smokers turned out to be independently associated
cholucent femoral plaques after taking into account L
holesterol, blood pressure, hsCRP and occurrence o
etS. There was no association between echogenic p
orphology and the previously mentioned variables.

.1. Plaque histology and echogenicity in relation to CV
vents

The value of plaque morphology, assessed by B-m
ltrasound predicting cardiovascular events is now wi
ccepted[23–25]. In a histopathological study by Schul
ltedorneburget et al. plaque specimens were examine
ompared with B-mode ultrasound where echolucent t
f plaques rarely showed fibrosis but showed a high pro

ion of lipids and/or recent haemorrhage[26]. In a clinical
rospective study, Griffin et al. showed that total plaque
en and presence of echolucent femoral plaques were
ating oxLDL in plasma is independently associated with
cholucent plaque phenotype that has previously been s

o be more vulnerable to rupture.
Interestingly, oxLDL seems to be the common deno

ator for the occurrence of echolucent plaques both in
emoral and the carotid artery (results on carotid athero
osis are as yet unpublished observations). In a recent r
tatins significantly lowered the levels of circulating oxL
ndependent of their lipid-lowering effects[36] suggesting
xLDL even to be an important biomarker in monitoring
ffects of medication in atherosclerosis.

.3. The role of inflammation (hsCRP) in atherogenesis

In multivariate analyses, only the MetS was independe
ssociated with hsCRP levels above median, even after t

nto account echolucent femoral plaques. Hence, to fu
lucidate which component in the MetS was associated
sCRP levels above median, we included blood pressur
HR, as a measure of obesity in the model. In this case
HR was significantly associated with hsCRP levels ab
edian.
It has consistently been shown that hsCRP is a well e

ished biomarker of CV risk[37–39]. Furthermore, it ha
ecently been shown that CRP lowering by statins decr
vent rate in patients with acute coronary syndrome, inde
ently of the LDL lowering effect[40]. In addition to that
eduction of hsCRP has been shown to be associated

lower progression rate of atherosclerosis in the coro
rteries, as assessed by intravascular ultrasound[9]. How-



6 V. Sigurdardottir et al. / Atherosclerosis xxx (2006) xxx–xxx

ever, the results of the present study showed that the most
important factor for determining hsCRP was the MetS and
not atherosclerosis per se. Especially WHR, as a measure
of central obesity, turned out to be an independent predictor
of hsCRP. In the same model the occurrence of echolucent
plaques was not associated with high hsCRP levels. These
results suggest that high hsCRP levels, at least in a population-
representative sample on middle-aged Swedish men, mainly
are driven by obesity than by the presence of echolucent
atherosclerotic plaques in the vascular wall. It is well known
that adipose tissue produces a wide range of cytokines and
factors that to a large extent contribute to the microinflam-
mation seen in patients with diabetes and the MetS[41,42].
Our results corroborate these findings.

The limitation of the present study is that it is cross-
sectional and only included 61-year-old Caucasian men. It
should also be noted that in this cohort of men the numbers of
subjects with echogenic plaque was much lower as compared
to the number of subjects with echolucent plaques. Therefore,
the risk for type II errors regarding the non-significant results
between risk factors and echogenic plaques should be con-
sidered.

In conclusion, the main results of the present study are
that echolucent but not echogenic femoral plaques were
associated with oxLDL, hsCRP, MetS and current smoking.
oxLDL and current smoking were independently associated
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redictor for high levels of hsCRP was found to be with
etS, especially WHR as a measure of obesity.
The results of the present study support our hypoth

hat circulating oxLDL is a marker of an unstable pla
henotype in vivo in man. However, to elucidate caus
rospective as well as further mechanistic studies are c
eeded. Larger population studies are needed as well to
ate if the occurrence of echolucent plaques combined
levated levels of oxLDL might be a useful tool to id

ify individuals at high risk for developing cardiovascu
iseases.
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