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Abstract. The aim of this study was to explore the correlation 
of high‑sensitivity C‑reactive protein (hs‑CRP) and carotid 
plaques with the severity of coronary artery disease (CAD). 
A total of 140 patients with angina who underwent coronary 
angiography were selected and divided into a single‑vessel 
disease group (n=11), double‑vessel disease group (n=18), 
multi‑vessel disease group (n=71) and control group (n=40). 
Color Doppler ultrasound was applied to measure the 
intima‑media thickness (IMT) of the common carotid artery 
(CCA) and carotid bifurcation, and to record the location and 
number of carotid plaques. The serum hs‑CRP level was also 
determined. Compared with the control and single‑vessel 
disease groups, the multi‑vessel disease group showed signifi-
cantly higher IMT of the CCA (P<0.05). The serum hs‑CRP 
level was highest in the multi‑vessel disease group (P<0.01). 
The hs‑CRP level and carotid plaque characteristics were 
found to correlate closely with the severity of CAD. Therefore, 
they may be used to improve the prediction of CAD severity 
in elderly patients.

Introduction

Atherosclerosis is a chronic inf lammatory disease  (1) 
involving the cerebral artery, carotid artery, aorta, coronary 
artery, renal artery and arteries of the lower extremities, 
which is most common in the tunica intima and media of 
large and medium‑sized arteries. Inflammation can cause 
unstable plaques to rupture and induce thrombosis, leading 
to subsequent acute ischemic events; an increase in the 
intima‑media thickness (IMT) of an artery is a marker of 
systemic and coronary atherosclerosis (2). Coronary artery 
disease (CAD) also known as atherosclerotic heart disease, is 

characterized by abnormal lipid metabolism, the deposition 
of lipids in the arterial intima and plaque formation, which 
results in arterial stenosis, blood flow obstruction and cardiac 
ischemia (3).

Numerous researchers have discovered that atherosclerotic 
plaque involves not only lipid deposition, but also occult 
chronic inflammation in systemic arteries, as described in a 
previous review (4). Inflammatory cytokines are produced and 
released during coronary stenosis, which, in turn, may further 
promote coronary stenosis. C‑reactive protein (CRP), an 
acute‑phase protein that arises rapidly and reaches high levels 
in plasma in response to infection or tissue injury, plays an 
important role in the occurrence and progress of inflammation; 
hence, it has attracted considerable attention. CRP activates 
the complement system and enhances phagocytosis to remove 
pathogens and damaged, necrotic or apoptotic cells  (5,6). 
Studies have also demonstrated that CRP is an independent 
predictor of carotid IMT (7,8). High‑sensitivity CRP (hs‑CRP) 
is a nonspecific acute‑phase protein that has been recognized 
to be an independent predictor of cardiovascular events (9,10), 
and is thus of particular interest

CAD is a common disease that is a major threat to 
middle‑aged and elderly individuals worldwide. Atherosclerotic 
changes in superficial carotid arteries and their severity gener-
ally reflect systemic atherosclerosis; they are easily detected 
with high‑frequency ultrasound in the early stage of the disease. 
An artery with an elevated IMT is a marker of systemic and 
coronary atherosclerosis  (2). As a significant factor in the 
inflammatory process, hs‑CRP is a very sensitive indicator of 
the development of atherosclerosis, which is useful in the diag-
nosis of CAD and for risk stratification (11). In the present study, 
hs‑CRP levels and carotid plaque characteristics were detected 
and their correlation with the severity of CAD was explored.

Materials and methods

Subjects. A total of 140  elderly patients (≥60  years) in 
accordance with WHO diagnostic standards for angina, 
myocardial infarction or chest pain  (12) were selected 
according to clinical manifestations and coronary angi-
ography from Beijing Chaoyang Hospital (Beijing, China) 
between January 2010 and December 2012. The subjects, 
comprising 89  males and 51  females aged 60‑85  years 
with a mean age of 70.43±5.95 years, were divided into a 
single‑vessel disease group (n=11), double‑vessel disease 
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group (n=18), multi‑vessel disease group (n=71) and control 
group (n=40). The patients in the control group were 23 males 
and 17 females that were without stenosis or did not meet the 
full diagnostic criteria for stenosis. All the subjects were of 
Han origin without any blood relationship. There were no 
statistical differences in age, gender, blood glucose levels, 
lipid levels and smoking history among the groups. Exclusion 
criteria:  Patients complicated by organic heart diseases, 
such as myocarditis and myocardiopathy, liver and kidney 
dysfunction, hematologic diseases, connective tissue disease, 
tumor and infectious diseases. The subjects had no history 
of thromboembolic disease and had not used anticoagulants 
recently. This study was conducted in accordance with the 
Declaration of Helsinki and with approval from the Ethics 
Committee of Capital Medical University. Written informed 
consent was obtained from all participants.

Coronary angiography. Selective coronary angiography 
was performed using the standard Judkins technique (13) in 
multiple positions. The diagnostic criterion was stenosis ≥50% 
in ≥1 coronary vessel.

Detection of hs‑CRP level. Fasting venous blood was sampled 
from all the patients on the first morning following admission 
and the serum was isolated for further analysis. The hs‑CRP 
level was detected by hs‑CRP microparticle‑enhanced neph-
elometric immunoassay using a kit purchased from Orion 
Diagnostica (Espoo, Finland). The expected value for healthy 
individuals is <3 mg/l.

Carotid ultrasound. Color Doppler ultrasound was performed 
with a probe frequency of 7.5 MHz, using an Aplio 500 ultra-
sound device (Toshiba Corporation, Tokyo, Japan). The patient 
was examined in the supine position with his/her head turned 
contralaterally by 45 .̊ A long axial section of the carotid artery 
was probed to show the common carotid artery (CCA) bifur-
cation and the internal carotid artery. The origin, main part 
and bifurcation of the CCA were examined on both sides to 
investigate the blood vessel morphology and endarterium, and 
to observe any atherosclerosis plaques. IMT is defined as the 
perpendicular distance between the main surface of the intima 
and the interface of the tunica media and adventitia. IMT at 
the carotid bifurcation and 1.5 cm proximal to the bifurcation 
was measured and the maximum value was recorded. An IMT 
>1.0 mm was considered as thickening and IMT ≥1.2 mm was 
labeled as atherosclerotic plaque. Whether the carotid intima 
was smooth, and the location, amount and properties of the 
atherosclerotic plaques were observed.

Carotid plaque scoring. The patients were semi‑quantitatively 
scored on a scale of 0‑4 as follows: Score 0, no plaque; score 1, 
only 1 plaque with a thickness <2 mm; score 2, 2 plaques with 
a thickness <2 mm or only 1 plaque with a thickness >2 mm; 
score 3, 2 plaques at least one of which had a thickness <2 mm; 
score 4, 2 plaques with thickness >2 mm or >50% carotid 
stenosis (14).

Statistical analysis. Data was analyzed with SPSS software 
version 19.0 (SPSS, Inc., Chicago, IL, USA). Measurement 
data are presented as the mean ± standard error of the mean. 

Comparison of IMT and plaque scores between groups was 
conducted by analysis of variance and Student's t‑test. The 
correlation of vascular disease with IMT and plaque score 
employed single factor analysis. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Correlation between serum hs‑CRP level and CAD. The 
serum level of hs‑CRP in the double‑vessel disease group was 
higher than that of the single‑vessel disease group (P<0.05), 
and the highest hs‑CRP level was observed in the multi‑vessel 
disease group (P<0.01). The serum level of hs‑CRP was 
found to increase as the number of vessels involved in CAD 
increased (Table I).

Comparison of CCA‑IMT, carotid bifurcation IMT and 
plaque score. The double‑vessel disease group exhibited 
a higher carotid bifurcation IMT and plaque score than the 
single‑vessel disease and control groups. These variables, 
together with the CCA‑IMT were highest in the multi‑vessel 
disease group (Table II).

Comparison of the proportion of cases with increased 
CCA‑IMT and carotid bifurcation IMT. The proportion of 
cases with increased carotid bifurcation IMT was signifi-
cantly higher in the single‑, double‑ and multi‑vessel disease 
groups than in the control group (P<0.05). Compared with 
the single‑vessel disease group, the multi‑vessel disease group 
showed a distinctly higher proportion of cases of increased 
CCA‑IMT (P<0.05; Table III). The proportion of cases with 
increased CCA‑IMT and carotid bifurcation IMT was found to 
increase as the number of vessels involved in CAD increased.

Discussion

The pathogenesis of coronary atherosclerosis is complex, 
involving endothelial cell injury, lipid infiltration and the 
conversion of macrophages into lipid‑laden foam cells, which 
closely correlates with inflammation (15). The inflammatory 
response is of importance in the occurrence, development and 
progression of CAD. Serum levels of inflammatory markers 
can reflect disease severity and may be used to predict acute 
coronary events (16).

Table I. Correlation between serum hs‑CRP level and CAD.
 
Group	 Cases	 Hs‑CRP (mg/l)
 
Control	 40	 1.64±0.98
Single‑vessel disease	 11	 2.57±1.18
Double‑vessel disease	 18	 5.22±3.48a

Multi‑vessel disease	 71	 7.46±3.63b

 
Hs‑CRP levels are presented as mean ± standard error of the mean. 
aP<0.05 vs. single-vessel disease group. bP<0.01 vs. single-vessel 
disease and double-vessel disease groups. Hs‑CRP, high‑sensitivity 
C‑reactive protein; CAD, coronary artery disease.
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In the present study, it was found that the serum hs‑CRP 
level was associated with CAD severity, as higher serum 
levels of hs‑CRP were observed in patients with double‑ and 
multi‑vessel disease. Previous research (17) has shown that 
hs‑CRP promotes plaque formation and that the CRP level 
in peripheral blood parallels the inflammation severity in 
plaques. Chambless et al  (18) have demonstrated that the 
incidence of carotid atherosclerosis and plaques increases 
with increasing CRP level, which positively correlates 
with plaque score and carotid IMT. CRP may serve as a 
pathogenic factor in the occurrence and development of 
atherosclerosis (19). The serum level of hs‑CRP increases 
as the severity and extent of CAD increases, indicating that 
hs‑CRP is associated with CAD occurrence and progress, 
and thus can serve as a predictor of CAD severity and 
cardiovascular events.

Atherosclerosis is a systemic disease that mainly affects 
large‑ and medium‑sized arteries and simultaneously affects 
carotid and coronary arteries. The severity of a carotid 
plaque can reflect the severity of CAD to a certain extent. 
A large number of studies have shown that carotid IMT is 
an independent risk factor for coronary stenosis, carotid 
atherosclerosis occurs in parallel with coronary atheroscle-
rosis and CAD severity significantly increases with elevated 
IMT (2,3,17,18).

In the present study, higher CCA‑IMT and a greater 
number of cases of carotid bifurcation IMT were observed 
in patients with CAD than in controls, particularly in the 
multi‑vessel disease group, which is consistent with previous 
findings  (20). This suggests that early carotid ultrasound 
examination in patients with risk factors may be used to 
facilitate the diagnosis of CAD severity. In the process of 
atherosclerosis, the endarterium is involved initially and 

elevated IMT is a marker of early atherosclerosis (21). The 
higher the IMT in patients with CAD the higher the incidence 
of adverse cardiac events. ELSA research has demonstrated 
that IMT measurements in asymptomatic middle‑aged or 
elderly patients can provide extra information to facilitate 
the risk stratification of CAD in addition to conventional risk 
factors (22).

Carotid IMT has been recognized as an alternative 
marker of atherosclerosis for the evaluation of the severity 
of systemic atherosclerosis and directly correlates with 
the risk of vascular disease. Elevated carotid IMT may be 
part of arterial remodeling in early atherosclerosis, while 
carotid plaques may represent late atherosclerosis induced by 
inflammation, oxidation, endothelial dysfunction and smooth 
muscle cell proliferation; thus, plaques are superior to IMT 
in reflecting the impact of human internal factors (22). The 
present study demonstrated that CCA and carotid bifurcation 
IMT closely correlate with CAD severity. Therefore, carotid 
IMT and plaque score can be used for the clinical diagnosis 
of CAD.

A rapid increase in the number of elderly individuals has 
occurred as the population ages. CAD is prevalent in elderly 
people; however, some elderly patients refuse to undergo 
coronary angiography to determine CAD severity because of 
age, social and family factors. Measurements of hs‑CRP levels 
and carotid ultrasound examinations are practical, valuable, 
painless, noninvasive, quantitative, safe, simple, reproducible 
and easy to perform, which promotes their application in 
clinical and scientific research. If subclinical atherosclerosis, 
that is, elevated IMT, is observed, aggressive treatment and the 
identification of patients without CAD should be performed to 
determine what further drug therapy is required and to reduce 
cardiovascular events.

Table II. Comparison of CCA‑IMT, carotid bifurcation IMT and plaque score among groups.
 
Group	 Cases	 CCA‑IMT	 Carotid bifurcation IMT	 Plaque score
 
Control	 40	 0.83±0.15	 1.03±0.22	 2.12±1.91
Single‑vessel disease	 11	 0.97±0.26	 1.12±0.14	 2.98±2.02
Double‑vessel disease	 18	 1.02±0.17	 1.23±0.35b	 3.62±2.24b

Multi‑vessel disease	 71	 1.26±0.21a	 1.42±0.40b	 4.28±2.30b

 
Values are presented as mean ± standard error of the mean. aP<0.05, bP<0.01 vs. control group. CCA, common carotid artery; IMT, intima‑media 
thickness.

Table III. Proportion of cases with increased CCA‑IMT and carotid bifurcation IMT.
 
Group	 No. of cases	 Increased CCA‑IMT (%)	 Increased carotid bifurcation IMT (%)

Control	 40	 7.5	 45.0
Single‑vessel disease	 11	 18.2	 72.7a

Double‑vessel disease	 18	 22.2	 83.3a

Multi‑vessel disease	 71	 45.1a,b	 87.3a

 
aP<0.05 vs. control group; bP<0.05 vs. single‑vessel disease group. CCA, common carotid artery; IMT, intima‑media thickness.
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