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Abstract
Inflammation contributes to the initiation and progression of coronary atherosclerosis. A highly
sensitive C-reactive protein (hs-CRP) can be used as a predictor of future coronary events in
healthy populations and in patients with angina. However, the relationship between hs-CRP and
coronary lesion characteristics as well as their associations with clinical outcomes in Chinese
patients with coronary artery diseases has not been well described. This study aimed to
investigate the prognostic value of coronary lesion characteristics and hs-CRP in Chinese
patients with coronary artery disease. Coronary lesion characteristics were characterized by
intravascular ultrasound. Serum hs-CRP and pro-matrix metalloproteinase-1 (ProMMP-1)
concentrations were measured by sandwich enzyme-linked immunosorbent assay in 184 patients.
Among these patients, 101 suffered from acute coronary syndrome (ACS) and 83 suffered from
stable angina (SA). These patients were followed up for one year to monitor subsequent major
adverse cardiac events (MACE). Patients with ACS exhibited an increased external elastic
membrane cross-sectional area, plaque burden, lipid pool burden, and remodeling index
compared with the patients with SA (P < 0.05). Rupture and vulnerable plaques were more
frequently observed in patients with ACS than in patients with SA (40.59% vs. 1.20% and
42.57% vs. 3.61%, respectively; P < 0.001). Serum hs-CRP and proMMP-1 concentrations were
higher in patients with ACS (18.17 [6.32, 22.10] mg/L vs. 3.75 [1.86, 4.32] mg/L, P < 0.001 and
1.56 [0.72, 1.82] ng/ml vs. 1.14 [0.75, 1.14] ng/ml, P = 0.012]. Strong associations were found
between hs-CRP, proMMP-1 and plaque type. Univariate analysis found that ACS, Troponin I
and hs-CRP were associated with MACE, while multivariate logistic regression found that only
hs-CRP was independently associated with MACE for one year. An increase in hs-CRP is
correlated with rupture and vulnerable plaques. hs-CRP but not plaque morphology is
associated with poor prognosis in Chinese patients with coronary artery disease.
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Introduction
Inflammation contributes to the initiation and progression
of coronary atherosclerosis; this condition may also
trigger plaque rupture and thrombosis, which are the
common mechanisms of acute coronary syndrome (ACS)
[1-4]. In systemic inflammation, C-reactive protein (CRP)
functions as a non-specific marker; CRP also accumulates
in plaques, impairs endothelial function, and promotes
smooth muscle cell proliferation and migration [5-8]. A
highly sensitive CRP (hs-CRP) is used as a predictor of
future coronary events in healthy populations and in
patients with angina [9-12], which may occur by
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promoting plaque rupture [13]. Plaque characteristics, such
as severe calcification, erosion, and severe stenosis, can be
used to predict death, heart failure, and myocardial infarction
[14-18]. However, no consensus has been reached based on
the opposite results of the prognostic value of hs-CRP in
coronary artery disease (CAD) [19-22], so it needs further
study to gain a common view on Chineses CAD patients,
especially [23]. Therefore, we studied the relationship
between hs-CRP, pro-matrix metalloproteinase-1 (ProMMP1), and graphical characteristics of coronary artery culprit
lesion as well as their associations with major adverse
cardiac events (MACE) of coronary artery diseases in
Chinese patients for one year.
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Subjects and Methods
Patients
A total of 101 patients with ACS and 83 patients with
stable angina (SA) were recruited consecutively from
inpatients that underwent coronary arteriography and
intravascular ultrasound (IVUS). Among the patients with
ACS, 78 (77.23%) suffered from non-ST elevation acute
myocardial infarction (NSTEMI) and 23 (22.77%)
suffered from unstable angina. NSTEMI defined by the
presence of symptoms consistent with cardiac ischemia
within 24 hours of hospital presentation and troponin I
levels above the 99th percentile but not include (a)
persistent ST segment elevation of ≥1 mm in two
contiguous electrocardiographic leads or (b) the presence
of a new or presumably new left bundle branch block.
Unstable angina was classified as new onset angina
within the previous one month before admission,
accelerated pattern of angina, angina at rest, or STsegment depression with normal cardiac biomarkers. SA
was defined as no change in frequency, duration, or
intensity of symptoms and normal cardiac biomarkers. All
SA patients were of classified grade Canadian
Cardiovascular Society III-IV or positive stress
electrokardiogram test. Exclusion criteria included the
following: ST elevation acute myocardial infarction,
previous percutaneous coronary intervention; previous
coronary artery bypass grafting; chronic occlusion;
stenosis of left main artery ≥50%; New York Heart
Association Class ≥ III; rheumatic heart disease; infective
endocarditis; concomitant systemic inflammatory or
autoimmune disease; major operation or external injury
within three months; gastrointestinal hemorrhage within
two weeks; or concomitant cancer or bleeding disease.
This study was conducted in accordance with the
declaration of Helsinki. This study was conducted with
approval from the Ethics Committee of Hangzhou No. 1
Municipal Hospital. Written informed consent was
obtained from all participants.
Assessment of hs-CRP and ProMMP-1
Blood samples were collected from the femoral artery
before coronary angiography was performed and then
stored at -80 °C until assay. Sandwich enzyme-linked
immunosorbent assay was performed to determine the
following: hs-CRP, with a minimum detectable dose of
1.60 ng/mL (DSL-10-42100Us CRP ELISA Kit,
Diagnostic Systems Laboratories, Inc., Webster, USA)
and ProMMP-1, with a minimum detectable dose of 0.02
ng/mL (Quantikine human pro-MMP-1, Research &
Diagnostics Systems, Inc., Minneapolis, Minnesota,
USA).
IVUS imaging and analysis
Coronary angiography was performed using the femoral
approach. After intracoronary administering 0.2 mg of
104

nitroglycerin, IVUS examinations (with a 3.2 F, 30 MHz
mechanical transducer, Boston Scientific Galaxy I and II,
USA) were performed immediately. The culprit vessle
examined by IVUS was determined by operators
according to the manisfestion of electrokardiogram, stress
electrokardiogram test and angiography. The 3 vessels
examined only when requested for more evidence. IVUS
images were qualitatively and quantitatively analyzed by
two independent experienced physicians who were
blinded from angiographic and clinical data [24]. The
following parameters were measured: external elastic
membrane cross-sectional area; minimal lumen crosssectional area; plaque area; plaque burden; lipid pool area;
lipid pool burden; and remodeling index.
Remodeling index > 1.05 was classified as positive
remodeling and remodeling index < 0.95 was classified as
negative remodeling. Plaque morphology was classified
into three types: ruptured, vulnerable, and stable plaque.
Ruptured plaque was defined as follows: 1) lesions with
fissure/dissection or 2) lesions without fissure/dissection;
contrast medium injection was performed to demonstrate
the communication between plaque and coronary artery
lumen. Plaque with lipid pool burden >20% was defined
as vulnerable plaque [25, 26].
Patient follow-up period
All of the patients were treated on the basis of standard
medications (aspirin and/or clopidogrel, nitrate,
angiotensin-converting enzyme inhibitor or angiotensin
receptor blocker, β-receptor blocker, and statins). Patients
were followed up for one year and recommended for
subsequent MACE after coronary angiography. Adverse
events were characterized by death, myocardial infarction,
and revascularization.
Statistical analysis
The distribution of continuous data was determined
using the 1-sample Kolmogorov- Smirnov test.
Normally distributed data (presented as mean ±
standard deviation [SD]), and non-parametric data (as
median and inter-quartile range [IQR]) were compared
using the Student's t test and Mann–Whitney U test,
respectively. Categorical variables were expressed as
frequency percentages and by chi-square statistics.
Relationships between hs-CRP, ProMMP-1, and
intravascular ultrasound parameters were analyzed by
Pearson
correlation
tests.
Baseline
patient
characteristics, intravascular ultrasound parameters, hsCRP, and ProMMP-1 were considered for univariate
analysis for MACE first, and then the associated index
was considered for multivariate logistic regression for
MACE. Statistical analysis was performed using SPSS
version 15.0 (SPSS Inc., Chicago, Illinois, USA). P <
0.05 was considered statistically significant.
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Results
Subject characteristics
Our study population consisted of 101 patients with ACS
and 83 patients with SA. The clinical characteristics are
presented in Table 1. Patients with ACS and SA exhibited
similar age, gender, current smoking status, and distri-

bution of culprit vessels. These patients also suffered from
adverse diseases, including hypertension, hyperlipidemia,
and diabetes. The culprit lesion or vessel was determined
according to the manifestation of electrokardiogram,
angiography and IVUS results, stents were implanted
according the operator`s choice. In both groups, stents
were implanted in approximately 90% of the patients.

Table 1. Clinical characteristics of ACS and SA groups
Parameters

ACS Group (n = 101)

SA Group (n = 83)

Age (years)
68.28 ± 7.46
67.65 ± 7.15
Male, n (%)
74 (73.27%)
58 (69.88%)
Hypertension, n (%)
40 (39.60%)
27 (32.53%)
Diabetes, n (%)
19 (18.81%)
14 (16.87%)
Current Smoker, n (%)
32 (31.68%)
24 (28.92%)
Triglyceride (mmol/L)
150.71 ± 60.57
157.04 ± 50.57
Total cholesterol (mmol/L)
171.44 ± 40.38
170.65 ± 39.64
low-density lipoprotein (mmol/L)
86.93 ± 27.53
93.23 ± 27.87
high-density lipoprotein (mmol/L)
47.30 ± 13.32
50.71 ± 15.37
Urate (mmol/L)
262.21 ± 77.55
259.31 ± 75.91
Troponin I, n (%)
Negative
23 (22.77%)
83 (100%)
Mild elevation
56 (55.45%)
0 (0%)
Significant elevation
22 (21.78%)
0 (0%)
Culprit vessel, n (%)
Left anterior descending artery
40 (39.60%)
25 (36.14%)
Left circumflex artery
32 (31.68%)
28 (33.73%)
Right artery
29 (28.72%)
25 (30.20%)
Stent patients, n (%)
93 (92.08%)
74 (89.16%)
Data are mean ± SD. ACS (acute coronary syndrome); SA (stable angina).

P-value
0.6627
0.625
0.358
0.847
0.748
0.441
0.895
0.126
0.108
0.800
<0.0001

0.890

0.611

Table 2. IVUS Parameters, hs-CRP and MACE in ACS and SA groups
Parameters

ACS Group (n = 101)

SA Group (n = 83)

P value

2

Reference EEM CSA (mm )
15.31 ± 6.61
15.24 ± 5.15
0.936
Lesion EEM CSA (mm2)
15.60 ± 7.02
13.32 ± 3.63
0.005
Lesion ML CSA (mm2)
3.47 ± 2.70
3.98 ± 1.72
0.134
Lesion Plaque burden (%)
77.08 ± 9.18
69.92 ± 10.48
<0.001
Lipid pool burden (%)
36.37 ± 17.34
23.00 ± 14.82
<0.001
Remodeling index
1.05 ± 0.30
0.92 ± 0.22
<0.001
Positive remodeling (%)
46.53
21.69
< 0.001
Thrombosis (%)
29.70
3.61
< 0.001
Ruptured plaque (%)
40.59
1.20
<0.001
Vulnerable plaque (%)
42.57
3.61
<0.001
Stable plaque (%)
16.84
95.19
<0.001
hs-CRP (mg/L) median [IQR]
18.17 [6.32, 22.10]
3.75 [1.86, 4.32]
<0.001
ProMMP-1(ng/ml) median [IQR]
1.56 [0.72, 1.82]
1.14 [0.75, 1.14]
0.012
MACE (n)
0.002
Death
6
1
Myocardial infarction
4
1
Revascularization
13
3
Data are mean ± SD. IVUS (intravascular ultrasound); hs-CRP (high sensitive c-reactive protein); MACE (major
adverse cardiac events); ACS (acute coronary syndrome); SA (stable angina). EEM CSA (external elastic membrane
cross-sectional area); ML CSA (minimal lumen cross-sectional area); ProMMP-1 (Pro-matrix metalloproteinase-1).
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IVUS Findings
The IVUS parameters are shown in Table 2. Rupture
plaques were observed more frequently in the ACS
group than in the SA group (40.59% vs. 1.20%; P <
0.001). Similar results were found in vulnerable plaque
(42.57% vs. 3.61%; P < 0.001); by comparison, stable
plaques were observed more frequently in the SA group
(16.84% vs. 95.19%; P < 0.001). The external elastic
membrane cross-sectional area [15.60 ± 7.02 mm2 vs.
13.32 ± 3.63 mm2; P = 0.005] and lipid pool burden
[36.37 ± 17.34% vs. 23.00 ± 14.82%, P < 0.001] were
increased in the ACS group compared with the SA
group. Positive remodeling (46.53% vs. 21.69%; P <
0.001) and thrombus (29.70% vs. 3.61%; P < 0.001)
were more frequently observed in the ACS group than
in the SA group.

Relationship between hs-CRP and IVUS parameters
The results of hs-CRP and proMMP-1 are shown in Table
2. hs-CRP concentration in the ACS group was five times
higher than that in the SA group (18.17 [6.32, 22.10]
mg/L vs. 3.75 [1.86, 4.32] mg/L; P < 0.001). Similar
results were found in ProMMP-1 (1.56 [0.72, 1.82] ng/mL
vs. 1.14 [0.75, 1.14] ng/mL; P = 0.012). Correlation
analysis results showed that hs-CRP was strongly
associated with plaque type (r = 0.509, P < 0.001). hsCRP was also correlated with the external elastic
membrane cross-sectional area, lipid pool plaque, and
plaque burden (r = 0.227, P = 0.002; r = 0.236, P = 0.001;
and r = 0.217, P = 0.003, respectively). No significant
association was observed between ProMMP-1 and
intravascular ultrasound parameters except plaque type (r
= 0.255, P < 0.001). (Table 3).

Table 3. Relationship between hs-CRP, ProMMP-1 and IVUS parameters
Parameters

EEM CSA

ML CSA

Lipid pool
Plaque
Remodeling
Plaque type
burden
burden
index
hs-CRP (r)
0.227
-0.055
0.236
0.217
0.047
0.509
P-value
0.002
0.460
0.001
0.003
0.530
<0.001
ProMMP-1 (r)
0.022
-0.001
0.057
0.084
0.011
0.255
P-value
0.764
0.994
0.443
0.257
0.886
<0.001
Data are mean ± SD. hs-CRP (high sensitive c-reactive protein); ProMMP-1 (pro-matrix metalloproteinase-1; IVUS,
intravascular ultrasound); EEM CSA (external elastic membrane cross-sectional area); ML CSA (minimal lumen crosssectional area).
Patient outcomes
Major adverse cardiac events (MACE) were observed in 28
patients (15.22%), including 7 death cases, 5 myocardial
infarction cases and 16 revascularization cases (Table 2).
Patients with ACS revealed higher frequencies of MACE
compared with the patients with SA (22.77% vs. 6.02%, P =
0.002). All of the patients suffering from MACE were
treated on the basis of standard medication (aspirin and/or
clopidogrel, nitrate, angiotensin-converting enzyme inhibitor

or angiotensin receptor blocker, β-receptor blocker, and
statins). This standard medication was similar to that
administered in patients without MACE. Patients’
characteristics, IVUS parameters, hs-CRP, and proMMP-1
were used in the univariate analysis for MACE and found
that ACS, Troponin I and hs-CRP were associated with
MACE (Table 4), while multivariate logistic regression
found that only hs-CRP was independently associated with
MACE for one year (Table 5).

Table 4: Univariate analysis for MACE
Chi-Square
P value
Hs-CRP
19.155
<0.001
Troponin I
5.331
0.022
ACS
10.355
0.002
MACE (major adverse cardiac events); hs-CRP (high sensitive c-reactive protein); ACS (acute coronary syndrome).
Table 5: Multivariate logistic regression for MACE
95% C.I. for EXP (B)
Lower (95% CI)
Upper (95% CI)
Hs-CRP
0.034
0.014
6.443
0.011
.966
1.008
1.059
Troponin I
0.248
0.389
0.407
0.523
1.282
0.598
2.749
ACS
1.207
0.645
3.498
0.061
3.342
0.944
11.835
MACE (major adverse cardiac events); hs-CRP (high sensitive c-reactive protein); ACS (acute coronary syndrome).
B
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Discussion
This study found that rupture and vulnerable plaques were
more frequently observed in patients with ACS than in
patients with SA. Serum hs-CRP and proMMP-1 were
higher in patients with ACS than in patients with SA.
Strong associations were found between hs-CRP,
proMMP-1, and plaque type. hs-CRP but not plaque
morphology was independently associated with MACE
for one year.
Some studies found that hs-CRP could predict coronary
events in coronary artery disease and even in healthy
populations [9-12], however the controversy about the
prognostic value of hs-CRP still remains [19-22], and
because of different inclusion criteria of different studies,
none of the conclusions was credited as universal. Most
previous studies focused on the plaque characteristic and
troponin concentration [14-18, 27, 28], whether there’s
any predictive value of inflammatory markers as well as
plaque indexes of IVUS independent on troponin remains
unclear. In this study, the relationship between hs-CRP
and IVUS findings with MACE was determined and has
given an affirmative answer, which was based on Chinese
CAD patients.
Though no further benefit was obtained in SA in
COURAGE trial by stenting plus ideal medication
therapy compared with ideal medication therapy alone, it
is definitely clear that it would be of benefit in patients
with extensive ischemia and of high risk. All the SA
patients enrolled in the study were of classified grade
Canadian Cardiovascular Society III-IV or positive stress
electrokardiogram test, so most have stent implantation.
The disruption of vulnerable plaques is a common
pathophysiology leading to ACS [29, 30]. Our study
found that rupture and vulnerable plaques were more
frequently found in patients with ACS than in patients
with SA. This result is similar to that in a previous study
[31]. Patients with ACS also showed an increased
remodeling index, plaque area, lipid pool, and thrombus
compared with patients with SA.
Recent advances showed that atherosclerosis might be a
chronic inflammatory process; a pivotal role of
inflammation is evident from initiation through
progression and complication of atherosclerosis. CRP is
considered as a major acute phase reactant in humans; this
protein is mainly synthesized and secreted by hepatocytes.
A 1000-fold increase in plasma CRP level occurs rapidly
in response to inflammatory stimuli. Epidemiological
studies have shown that hs-CRP plasma level is a strong,
independent predictor of the risk of future cardiovascular
disease events even in healthy individuals. hs-CRP level
is also associated with thin-capped atheromas and rupture
plaque [32-34]. CRP is one of the substances present in
Biomed Res- India 2015 Volume 26 Issue 1

atherosclerotic plaque, particularly in the vascular intima,
where CRP is co-localized with monocytes, monocytederived macrophages, and lipoproteins; this colocalization allows a direct contribution to the
atherosclerotic process [35, 36]. CRP may also contribute
to the development of atherosclerosis via complement
activation; as a result, several processes, such as cell
adhesion and recruitment, thrombosis, regulatory
cytokines, and vascular cell apoptosis, are promoted. Our
study found that hs-CPR in ACS was five times higher
than that in SA. hs-CRP was positively related to the
external elastic membrane cross-sectional area, lipid pool
plaque, and plaque vulnerability; this result is consistent
with that in other studies.
Studies have shown the following characteristics of
vulnerable plaque [25, 26]: 1) lipid pool area > 1 mm2,
lipid pool burden > 20%; 2) fibrous caps < 0.7 mm; and 3)
strong inflammation reaction at the plaque cap. The
thickness and collagen content of the fibrous cap are
important to ensure the stability of a plaque. Plaque
rupture occurs most frequently at a point where fibrous
cap is the thinnest and most heavily infiltrated by
macrophage foam cells. Matrix metalloproteinase (MMP)
system is critical to determine the thickness of the fibrous
cap and collagen of plaque; MMPs can also degrade
virtually all of the components of the extracellular matrix
[37, 38]. These substances are secreted in a latent
zymogen form requiring extracellular activation. Several
studies have identified MMPs in human coronary plaques.
For instance, Brawn et al. [39] found that the
macrophages and smooth muscle cells of plaque express
an increased MMP-9 concentration in ACS; MMP
concentrations in atherosclerotic plaque is higher than
those in the normal artery wall. MMPs are also expressed
in all parts of plaque, particularly in the lipid pool and
rupture-prone part [40, 41]. MMP concentration and
activity are increased in vulnerable plaques. Studies have
also found that MMPs in plaque can be activated without
any reactivators and degrade collagen IV and gelatinum.
Inflammation factors influencing ACS can also promote
the secretion of MMPs. This study found that Pro-MMP-1
was higher in the ACS group than in the SA group. ProMMP-1 was positively associated with plaque
vulnerability. This result indicated that the imbalance of
the MMP system might promote plaque rupture.
Several factors influence the prognosis of coronary
heart disease. The results of ultivariate analysis for
MACE revealed that ACS, hs-CRP, and troponin I were
associated with MACE, while multivariate logistic
regression revealed that only hs-CRP could be used as
a predictor of MACE. This result could be attributed to
coronary artery atherosclerosis as the mechanism of
chronic inflammation; hence, inflammation may occur
not only in one artery or one part of the artery but in all
coronary arteries. Considering that IVUS was
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conducted only in one artery, we did not find any
rupture or vulnerable plaque, but this result did not
indicate the absence of such plaques in other coronary
arteries. Although the culprit lesion was treated with
stents in the study, other vulnerable or rupture plaques
may remain untreated with stents. In vivo or in vitro
factors, such as increased blood pressure, artery spasm,
and anxiety, may promote the rupture of vulnerable
plaques and lead to acute cardiac events. Several
vulnerable and rupture plaques may form in one or
several vessels [34]. Although IVUS is considered as a
strong examination tool used to detect vulnerable and
rupture plaque, this technique is not as powerful as
other detection methods. Previous studies have found
that troponin concentration, reflecting the degree of the
death and damage of myocardial cell, has prognostic
value in coronary heart disease [14-18], which was not
observed in our study and might limited to study size.
Hence, studies should be conducted in which a higher
number of patients should be enrolled. Plaque
morphology in all coronary arteries should be
examined by optical coherence tomography to evaluate
the prognostic value of plaque further. This study also
indicated that a stronger drug therapy is necessary to
treat lesions in addition to the culprit lesion treated
with stent to avoid MACE. Indexes, such as hs-CRP
indicated that inflammation in all of the coronary
arteries and not local plaque morphology exhibited a
prognostic value.
In conclusion, our results indicated that the increase in hsCRP concentration is correlated with rupture and
vulnerable plaques. Furthermore, hs-CRP and not plaque
morphology is associated with poor prognosis of coronary
artery disease in Chinese patients.
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