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Coronary Heart Disease

Subclinical Atherosclerotic Plaques and
Significant Coronary Artery Stenoses in Stable
Angina Patients Present Equivalent
Inflammatory Activity
Po-Cheng Chang, Ming-Jer Hsieh, Chun-Chi Chen, Cheng-Hung Lee amd I-Chang Hsieh

Background: C-reactive protein (CRP) is an important marker for coronary artery disease (CAD) in patients with
acute coronary syndrome and acute myocardial infarction. Evidence of the relationship of CRP levels to the
presence of CAD and subclinical atherosclerotic plaques in stable angina patients were less consistent.
Methods: This study included 112 consecutive patients who received coronary angiography for stable angina.
Based on coronary angiogram, patients were divided into two groups: with and without significant CAD. Patients
without significant CAD were further subdivided into those with subclinical atherosclerotic plaques and those with
normal coronary arteries. The Gensini scoring system was used to describe the extent of CAD. Blood samples for
high-sensitivity C-reactive protein (hsCRP) measurement were taken for comparison.
Results: Sixty-five (58%) patients had significant CAD. Of forty-seven (42%) patients without significant CAD,
thirty-six (32%) had insignificant atherosclerotic plaques, and eleven (10%) had normal coronary arteries. The
hsCRP levels in CAD patients were higher than those in patients without CAD (p = 0.049), but the difference was
abolished when excluding patients with normal coronary arteries. The hsCRP levels in CAD patients with plaques
were higher than in patients with normal coronary arteries (p = 0.015). No correlation between hsCRP levels and
extent of CAD was noted. In the CAD group, hsCRP levels were significantly higher in patients with hyperlipidemia
(p = 0.011) and lower in patients with statin treatment (p = 0.036). However, hyperlipidemia or statin treatment did
not influence hsCRP levels in patients without CAD. After adjustment using multivariate regression, hyperlipidemia
(p = 0.006) and statin (p = 0.048) were still independent predictors of hsCRP levels.
Conclusion: CRP levels are equivalent between patients with stable CAD and subclinical atherosclerotic plaques.
Hyperlipidemia and statin treatment influence CRP levels in patients with CAD but not in patients without CAD.
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INTRODUCTION
C-reactive protein (CRP) is evolving as an important
marker in cardiovascular disease. As is well known,
baseline CRP is higher in acute coronary syndrome
(ACS) and acute myocardial infarction (AMI) than in
stable angina.1-5 CRP is also associated with short-term
and long-term prognosis in patients with ACS, AMI and
a stable condition after myocardial infarction.4,6-11 Because of its prognostic value in ACS and AMI, the Cen-
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were analyzed. Based on coronary angiogram, patients
were divided into two groups: with and without significant CAD. Patients without significant CAD were further subdivided into those with subclinical atherosclerotic plaques and those with normal coronary arteries.

ter for Disease Control and Prevention and American
Heart Association has recommended CRP as a prognostic marker in ACS patients.12
The role of CRP is unclear in patients at the stages
of subclinical atherosclerosis as well as in patients with
stable coronary artery disease (CAD). In vitro studies
have revealed CRP activity in atherosclerotic plaques at
different stages of atherosclerosis. 13 A study utilizing
computed tomography for coronary artery calcium score
had shown the association between higher CRP level and
a modest increase in the prevalence of subclinical atherosclerosis. However, CRP level is a poor predictor of
atherosclerotic burden.14 Avanzas et al. reported higher
CRP levels in stable angina patients with significant
stenoses than in patients without significant stenosis.15
In contrast, Veselka et al. reported no difference in CRP
levels associated with presence, absence or extent of
CAD in stable angina patients.16
We thus hypothesized that baseline CRP levels would
be higher in stable angina patients with significant stenotic CAD than in patients without significant stenoses.
Because non-stenotic atherosclerotic plaques also produce CRP, we also hypothesize that CRP levels were
equivalent in patients with CAD and those with subclinical atherosclerotic plaques and that the CRP levels
in patients with CAD and plaques were higher than in
patients with normal coronary arteries. This study also
assessed the relationship between CRP level and extent
of CAD.

Clinical data
Clinical records of all patients were reviewed for
clinical history, medications and cardiovascular risk factors including diabetes mellitus, hypertension, hyperlipidemia and cigarette smoking.
Laboratory test
Blood samples for high-sensitivity C-reactive protein (hsCRP) measurement were taken in the morning of
the cardiac catheterization day. Serum hsCRP was assessed by latex agglutination immunoassay with enhanced latex and antihuman-CRP monoclonal antibodies
(Nanopia CRP, Daiichi Pure Medicals Corp., Tokyo, Japan). The lower limit of this test was 0.02 mg/l, and coefficient of variation was less than 5%.
Cardiac catheterization and coronary
angiography
This procedure was performed using Judkin catheter
via right radial artery or right femoral artery. At least
four views of the left coronary artery and two views of
the right coronary artery were taken. The coronary angiograms were reviewed by at least two interventional
cardiologists. Significant stenosis of the coronary artery
was defined as more than 50% reduction in lumen diameter. Non-stenotic atherosclerotic plaque was defined
as uneven coronary lumen with less than 50% reduction
of lumen diameter. All significant and borderline lesions
were measured quantitatively. Coronary arteries were divided into three compartments (left anterior descending
artery, left circumflex artery and right coronary artery) to
define one- to three-vessel diseases. Left main coronary
artery disease was defined as a stenosis of the main trunk
of left coronary artery irrespective of remaining vessels.
The extent of CAD in the patients was estimated using
the Gensini scoring system.17

METHODS
Patient population
This study examined patients who underwent cardiac catheterization and coronary angiography due to
clinically stable angina pectoris between December 2003
and April 2004. The study was approved by the institutional review board at the medical institution of this
team. The following patients were excluded from the
study: patients with AMI, unstable angina, congestive
heart failure, history of percutaneous coronary intervention or coronary bypass graft, active infection, active
malignancy, connective tissue disease, severe renal failure requiring hemodialysis and liver cirrhosis. One
hundred and twelve patients fulfilling the above criteria
Acta Cardiol Sin 2008;24:21-8

Statistical analysis
All continuous variables were tested for normality
using the Shapiro-Wilk test. Differences in continuous
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variables with normal distribution were analyzed by unpaired t-test. Differences in continuous variables without
normal distribution were analyzed by Mann-Whitney
two-sample rank-sum test. The Kruskal-Wallis nonparametric test was used to examine differences in continuous variables without normal distribution among multiple groups. Pearson chi-square test was used to test differences in categorical variables. Linear regression analysis was used to determine correlation between the
hsCRP level and the Gensini score and the cholesterol
level. Multivariate analysis was conducted using binary
logistic regression analysis for discrete variables and linear regression for continuous variables. Statistical analysis was performed using Stata statistical software for
Windows Version 9.0 (StataCorp, College Station, Texas). A probability value < 0.05 was considered statistically significant.

CAD. Of these patients, nineteen, twenty-one and fourteen had one-, two- and three-vessel disease, respectively. The other eleven patients had left-main CAD. Of
forty-seven patients without significant CAD, thirty-six
had insignificant atherosclerotic plaques, and eleven had
normal coronary arteries. Table 1 displays clinical characteristics for all subjects. Except for diabetes, age and
white blood cells, there was no difference between these
groups.
The hsCRP levels in patients with and without significant CAD were 1.89 ± 2.09 and 1.37 ± 1.93 mg/l, respectively (Figure 1A), and the difference reached statistical significance (p = 0.049). The hsCRP levels in patients with normal coronary arteries and subclinical atherosclerotic plaques were 0.60 ± 0.64 and 1.61 ± 2.12
mg/l, respectively. The hsCRP levels between patients
with CAD and those with subclinical atherosclerotic plaques did not statistically differ (Figure 1B, p = 0.251).
The hsCRP levels in patients with CAD were significantly higher than in patients with normal coronary arteries (p = 0.010). The hsCRP levels in patients with
non-stenotic atherosclerotic plaques were higher than in

RESULT
Of the 112 patients, sixty-five (58%) had significant
Table 1. Clinical characteristics

No CAD (n = 47)
Variable
Male
Diabetes (%)
Hypertension (%)
Hyperlipidemia (%)
Smoking (%)
Age (yrs)
Temperature (°C)
Triglyceride (mg/dl)
Total cholesterol (mg/dl)
LDL (mg/dl)
HDL (mg/dl)
WBC (/mm3)
LVEF, %
Medication
Aspirin (%)
Beta blocker (%)
Statin (%)
ACEi or ARB(%)

CAD (n = 65)

p value

26 (72%)
05 (14%)
21 (58%)
16 (44%)
09 (25%)
062 ± 12
36.4 ± 0.4
153 ± 81
186 ± 41
113 ± 34
42 ± 9
06644 ± 1262
068 ± 14

45 (69%)
29 (45%)
44 (68%)
34 (52%)
15 (23%)
064 ± 10
36.4 ± 0.4
0178 ± 134
177 ± 41
101 ± 34
41 ± 9
06640 ± 1403
067 ± 10

0.938
0.007
0.305
0.281
0.895
0.039
0.935
0.177
0.400
0.128
0.441
0.016
0.393

30 (83%)
26 (72%)
05 (14%)
11 (31%)

54 (83%)
54 (83%)
22 (34%)
21 (32%)

0.802
0.227
0.075
0.940

Normal (n = 11)

Plaques (n = 36)

8 (73%)
3 (27%)
5 (45%)
3 (27%)
2 (18%)
56 ± 9
36.3 ± 0.7
107 ± 32
171 ± 38
101 ± 25
048 ± 18
05409 ± 1031
70 ± 6
10 (91%)0
7 (64%)
2 (18%)
3 (27%)

ACEi: angiotensinogen-converting enzyme inhibitor; ARB: angiotensin II-receptor blocker; CAD: coronary artery disease;
HDL: high-density lipoprotein; LDL: low-density lipoprotein; LVEF: left ventricular ejection fraction; NS: no significance;
WBC: white blood cells.
Data is presented as mean ± standard deviation or number of patients (percentage).
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patients with normal coronary arteries, but the difference
did not attain statistical significance (p = 0.056). The

hsCRP levels in patients with CAD combined with atherosclerotic plaques were significantly higher than in patients with normal coronary arteries (1.79 ± 2.09 versus
0.60 ± 0.64 mg/l, Figure 1C, p = 0.015). The CRP levels
did not statistically differ in patients with one-, two-,
three- or left main disease: 1.31 ± 1.42, 2.61 ± 2.49, 1.76
± 2.39 and 1.65 ± 1.60, respectively (Figure 2, p =
0.205).
In patients with significant CAD, the hsCRP levels
in patients with hyperlipidemia were significantly higher
than in patients without hyperlipidemia (2.56 ± 2.47 versus 1.15 ± 1.24 mg/l, Figure 3A, p = 0.011). In patients
without significant CAD, hsCRP levels did not differ between patients with and without hyperlipidemia (1.38 ±
2.14 versus 1.37 ± 1.61 mg/l, Figure 3A, p = 0.879). In
patients with significant CAD, hsCRP levels in patients
with statin treatment were significantly lower than in patients without statin treatment (1.15 ± 1.10 versus 2.27 ±
2.37 mg/l, Figure 3B, p = 0.036). However, hsCRP levels did not differ between non-CAD patients with or
without statin treatment (1.44 ± 2.04 versus 1.00 ± 1.09
mg/l, Figure 3B, p = 0.540). Except hyperlipidemia,
other clinical characteristics or medications did not
influence hsCRP levels (Table 2).
In patient with and without significant CAD, the
mean Gensini scores were 36.8 ± 21.9 and 4.21 ± 4.72,
respectively. There was no significant correlation between the hsCRP level and the Gensini score (Figure 4A,
r = 0.082, p = 0.391), but there was a weakly significant
correlation between the hsCRP level and the cholesterol
level (Figure 4B, r = 0.281, p = 0.003). After adjustment
using multivariate regression, hyperlipidemia (p = 0.006)

Figure 1. A. The high-sensitivity C-reactive protein (hsCRP) levels in
patients with and without coronary artery diseases (CAD). B. The
hsCRP levels in patients with normal coronary arteries (no visible
atherosclerotic plaques), coronary plaques and significant CAD. C. The
hsCRP levels in patients with normal coronary arteries and patients
with significant CAD and coronary plaques.
Acta Cardiol Sin 2008;24:21-8

Figure 2. The high-sensitivity C-reactive protein (hsCRP) levels in
patients with different extents of coronary artery disease (CAD).
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Figure 4. A. Linear correlation between the high-sensitivity C-reactive
protein (hsCRP) level and Gensini score. B. Linear correlation between
the hsCRP level and cholesterol level.

Figure 3. A. The high-sensitivity C-reactive protein (hsCRP) levels in
CAD and non-CAD patients with/without hyperlipidemia. B. The CRP
levels in CAD and non-CAD patients with/without statin treatment.

Table 2. The hsCRP levels in patients with and without clinical entities
With
Variables
Female gender
Smoking
Diabetes
Hypertension
Hyperlipidemia
Medication
Aspirin
Clopidogrel
Beta-blocker
ACEi or ARB
Statin

Without
p value

hsCRP (mg/l)

n

hsCRP (mg/l)

n

1.65 ± 2.08
1.72 ± 1.89
1.50 ± 1.89
1.77 ± 2.13
2.13 ± 2.26

33
26
37
70
53

1.72 ± 1.92
1.65 ± 2.08
1.76 ± 2.10
1.51 ± 1.86
1.26 ± 1.71

79
86
75
42
59

0.866
0.489
0.373
0.766
0.049

1.62 ± 1.93
1.88 ± 2.76
1.56 ± 1.83
1.95 ± 2.38
1.13 ± 1.08

94
31
87
35
29

1.93 ± 2.53
1.59 ± 1.93
2.07 ± 2.61
1.55 ± 1.84
1.87 ± 2.24

18
81
25
77
83

0.481
0.366
0.344
0.589
0.123

ACEi: angiotensinogen-converting enzyme inhibitor; ARB: angiotensin II-receptor blocker; hsCRP: high-sensitivity C-reactive
protein; n: patient number.
Data is presented as mean ± standard deviation.
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and statin (p = 0.048) were still independent predictors
of hsCRP levels (Table 3).

Table 3. Multivariate predictors of hsCRP levels

Female gender
Smoking
Diabetes
Hypertension
Hyperlipidemia
Aspirin
Clopidogrel
Beta-blocker
ACEi or ARB
Statin

DISCUSSION
This study revealed significant differences in CRP
levels between stable angina patients with and without
significant CAD. Excluding patients with normal coronary arteries, CRP levels in patients with significant
CAD were not different from those in patients with coronary plaques. This finding is consistent with the hypothesis that, in addition to significant coronary artery stenosis, subclinical atherosclerotic plaques also produce CRP.
Patients with CAD had significantly higher CRP levels
than patients with normal coronary arteries (p = 0.010).
Patients with subclinical atherosclerotic plaques had
slightly higher CRP levels than patients with normal
coronary arteries, but the difference was not statistically significant (p = 0.056). This statistical result was
probably due to the low patient number (only eleven patients had normal coronary arteries). Restated, patients
with coronary non-stenotic plaques had CRP levels equivalent to patients with significant coronary artery stenoses. These findings confirm and further elucidate previous reports indicating that CRP is higher in patients with
significant CAD than in patients without CAD.15 That
suggests that CRP is a marker of atherosclerosis in both
coronary artery stenoses and subclinical atherosclerosis.
Veselka et al. reported that the CRP levels were unrelated to presence and extent of CAD.16 That report revealed no difference in the CRP levels between patients
with and without CAD but did not mention whether
atherosclerotic plaques were observed in the non-CAD
group.16 Some patients in the normal group probably had
subclinical atherosclerotic plaques, which may increase
CRP levels and influence clinical results when comparing patients with and without CAD. Pathologic and clinical studies of subclinical atherosclerosis indicate that elevated CRP levels are associated with the presence of
atherosclerotic plaques. 13,14 Immunoreactivity of CRP
can be detected in early fibrotic plaques and unstable
plaques but is less consistent in stable plaques.13 A recent study demonstrated coronary artery calcium scores
determined by computed tomography angiography used
as a surrogate for subclinical atherosclerosis were assoActa Cardiol Sin 2008;24:21-8

95% CI

T

p value

-0.892-0.919
-0.657-1.246
-1.427-0.261
-1.013-0.751
-0.336-1.923
-1.360-0.867
-0.545-1.224
-1.075-0.937
-0.214-1.663
--1.785--0.008

-0.03
-0.61
-1.37
-0.30
-2.82
-0.44
-0.76
-0.14
-1.53
-2.00

0.977
0.541
0.173
0.768
0.006
0.662
0.448
0.892
0.129
0.048

ACEi: angiotensinogen-converting enzyme inhibitor;
ARB: angiotensin II-receptor blocker; hsCRP: high-sensitivity
C-reactive protein; CI: confidence interval; T: statistic of each
variable in the equation.

ciated with CRP levels, and subjects with higher CRP
levels had increased prevalence of subclinical atherosclerosis.14 These findings may explain the similarity in
CRP levels between patients with and without significant
CAD in the Veselka report. In this study, CRP levels significantly differed between patients with and without
significant CAD, but the difference was abolished when
excluding patients with normal coronary arteries. The
CRP levels in patients with CAD and plaques were higher than those in patients with normal coronary arteries,
which confirmed the association between increased CRP
production and subclinical atherosclerosis.
The CRP levels did not differ between patients with
one-, two-, three-vessel or left main CAD, and there was
no significant correlation between the CRP level and the
Gensini score, suggesting that CRP levels do not directly
correlate with extent of CAD. Norja et al. reported that
atherosclerosis may involve coronary arteries at any
stage.13 A stable atherosclerotic plaque may produce less
CRP than a plaque at the earlier stage, and a severely
calcified stenotic plaque may produce less CRP than an
active non-stenotic plaque. Thus, patients with multivessel CAD may have subclinical atherosclerosis and
CRP levels similar to those of patients with one-vessel
CAD. This condition may explain the lack of significant
difference in extent of CAD.
Defining active atherosclerotic plaques that are prone
to coronary events is difficult, and severity of coronary
artery stenoses cannot accurately predict future coronary
events. Little et al. reported that most AMI events de26
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velop at the non-stenotic coronary vessels.18 In that report, 66% of patients presented with AMI, and their infarct-related arteries had less than a 50% stenosis on the
previous angiogram.18 Only 8% of all AMI events occur
in a lesion more than 70% stenotic. Atherosclerotic plaques without significant stenoses are more likely to
cause AMI. The CRP level had been shown to be a predictor among patients with stable angina and those in
stable condition after AMI.9 However, clinical predictors
for plaque rupture and coronary events remain unclear.
Whether CRP level is a reliable predictor of subclinical
atherosclerosis and future events in stable angina patients requires further investigation.
In this study, higher CRP levels were observed in
patients with hyperlipidemia, and lower CRP levels were
seen in patients with statin treatment in the CAD group.
These findings are consistent with prior findings that
statin therapy is associated with reduced CRP level,
independently of effects on low-density lipoprotein
(LDL).19,20 Nissen et al. noted an association between
greater reduction in CRP levels and slower rate of progression on intravascular ultrasonography. Further, the
largest reductions in CRP levels were observed in patients with regression of atheromas. 21 The CRP level
only weakly correlated with LDL (r = 0.13), and CRP
level was an important indicator of atherosclerotic progression.21 These findings indicated that reduction of inflammatory activity with statin treatment is associated
with stabilization or regression of atherosclerosis. In this
study, the CRP levels did not statistically differ between
non-CAD patients with and without hyperlipidemia or
statin treatment, probably due to the small population of
non-CAD patients.

flammatory activity of CAD.
After excluding patients with ACS, AMI, infection
and inflammatory disease, the patient population in this
study was rather small, especially the subgroup of patients with normal coronary arteries. A larger patient
population may be required to determine statistical significance of some parameters’ influence in CRP levels.

CONCLUSION
This study demonstrated that the CRP levels in
stable-angina patients with CAD were higher than
those in patients without CAD. Patients with nonstenotic plaques and those with CAD had equivalent
CRP levels. The CRP levels were higher in patients
with CAD and subclinical atherosclerotic plaques than
in patients with normal coronary arteries. In patients
with significant CAD, hyperlipidemia associated with
higher CRP levels, and statin therapy associated with
lower CRP levels.
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