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Abstract
The objective of the present study is to investigate the relationship between the lesion characteristics of coronary artery and risk factors of coronary heart disease (CHD). A total of
430 patients underwent coronary angiography (CAG) were recruited from January 2008 to
October 2009 and divided into CHD group (n=282) and non-CHD group (control group,
n=148) according to the findings on CAG. The risk factors of CHD including smoking, hypertension, hyperlipemia and diabetes mellitus (DM) were recorded. Multivariable regression analysis was employed for the analysis of correlation between risk factors and lesion
characteristics of coronary artery. The systolic pressure, pulse pressure, hypersensitive C
reaction protein (hs-CRP), plasma fibrinogen and glycosylated hemoglobin (HbA1c) in the
CHD group were markedly higher than those in the control group (P<0.01). Gender, age,
hypertriglyceridemia, DM and elevated plasma fibrinogen are the independent risk factors
of CHD (P<0.05) and also closely related to the extent and score of lesion in CHD patients.
Subjects who are male or smokers, or have DM, hypertriglyceridemia or elevated hs-CRP /
plasma fibrinogen have high risk for CHD.
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Introduction
Patients and Methods
With the development of globalization and changes in
lifestyle, coronary heart disease (CHD) has become the
most common disease threatening human health. The risk
factors of CHD are complex. Traditional risk factors include male sex, advanced age, smoking, family history,
obesity, diabetes mellitus (DM), hyperlipemia and hypertension. Recent studies also reveal cytokines in adipose
tissues, hyperhomocysteinemia and hyperuricemia as risk
factors of cardiovascular diseases [1-3]. Thus, early and
comprehensively interfering risk factors of CHD seems to
be of great importance to reduce the incidence of cardiovascular events.
In the present study, coronary angiography (CAG) was
employed to detect the characteristics of lesion coronary
artery and percutaneous coronary intervention (PCI) was
performed as a therapeutic strategy for CHD patients. The
correlation between risk factors and lesion characteristics
of coronary artery was further analyzed. Our findings may
provide theoretical evidence for the early and comprehensive intervention of CHD.
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Patients
A total of 430 patients who had clinical or suspected diagnosis of CHD were recruited from the Department of
Cardiovascular Diseases of Wuhan General Hospital in
Guangzhou Military Region. CAG was performed in all
patients who were then divided into CHD group (n=282)
and non-CHD group (n=148) according to findings on
CAG. There were 197 males and 85 females with a mean
age of 64.78±10.99 years in the CHD group and 85 males
and 63 females with a mean age of 58.13±12.23 years in
the non-CHD group. For patients with CHD, PCI was
carried out on the basis of disease condition. Patients with
incomplete medical record, concomitant severe infection,
immune dysfunction or severe heart, liver, lung or kidney
diseases were excluded from the present study.
Data collection
Inquiring medical history and physical examination were
performed on admission. Patients were fasted for 12 h and
then venous blood was collected in the morning of the
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second day for laboratory examinations: fasting glucose,
serum cholesterol, triglycerides, high density lipoprotein
cholesterol (HDLC), low-density lipoprotein cholesterol
(LDLC), coagulation function and blood chemical parameters, which were determined by using an automatic
biochemical analyzer.
Diagnostic criteria
1. CHD was diagnosed according to the criteria for CHD
developed by WHO [4]: the diameter of at least one coronary artery or its branches is reduced by ≥50% when
compared with adjacent normal vessels;
2. Hypertension was diagnosed based on the criteria for
hypertension developed by WHO-ISH in 1999: systolic
blood pressure (SBP) ≥140 mmHg and/or diastolic blood
pressure (DBP) ≥ 90 mmHg at rest in at least two detections or presence of a history of hypertension;
3. Hyperlipemia was diagnosed according to the recommended criteria for hyperlipemia developed by the Group
on Prevention and Preatment of Dyslipidemia: TC ≥ 5.72
mmol/L;TG ≥ 1.7 mmol/L; LDL ≥ 3.64 mmol/L; HDL ≤
0.91 mmol/L;
4. DM was diagnosed based on the criteria developed by
ADA [5]: Patients were previously treated with glucose
lowering drugs or fasting serum glucose is ≥7.0 mmol/L
in at least 2 detections;
5. Smoking: Patients have a history of smoking or the
duration of smoking cessation of <10 years is also regarded as a risk factor. The risk factors were recorded in
each patient.
Calculation of pulse pressure
Blood pressure was measured on physical examination
and pulse pressure was calculated as follow: pulse pressure = SBP – DBP.
Analysis of coronary artery lesion
CAG was performed with Judkins method according to
the Guidelines of American College of Cardiology/American Heart Association (ACC/AHA). CAG was
done at several views (left anterior oblique, right anterior
oblique and head-to-toe axial view) aiming to visualize
each coronary artery. CAG was performed by an experienced cardiologist with same criteria. According to findings on CAG, patients with reduction of diameter of
coronary artery by ≥50% were diagnosed as having CHD
and the remaining patients served as controls (non-CHD
patients).
Implantation of drug-eluting stents was done according to
the standard protocol. Balloon dilatation or non-treatment
surgery was performed and the stent was released. The
stent was placed at the lesions and closely adherent to the
vessel wall and completely covered the lesions. At the
same time, anti-coagulation therapy was performed with
combined aspirin, clopidogrel and heparin to minimize
the thrombosis and intimal hyperplasia, which may reBiomed Res- India 2013 Volume 24 Issue 1

duce the post-operative re-stenosis and occurrence of cardiovascular events [6]. For patients with lesions at the
bifurcation, stenting was done in the main artery but not
in branches. Criteria for the successful treatment: the diameter of lesioned vessels was reduced by <20% following PCI and the distal blood flow was classified as grade
TIMI-3. Acute intra-operative complications were absent
and no adverse cardiovascular events were observed during the hospitalization.
Determination and scoring
Main coronary arteries and their branches with reduction
of diameter by ≥50% were regarded as lesioned arteries,
including 1, 2 and 3 branch lesions. Lesions in both left
anterior descending (LAD) artery and circumflex (LCX)
artery accounted for lesions in left main coronary artery.
Lesions in diagonal branch, obtuse marginal branch and
acute marginal branch accounted for lesions in the main
artery.
The coronary artery was classified as 4 branches: left
main (LM), LAD, LCX and right coronary artery (RCA).
Scoring of each branch was performed at the narrowest
site: ≤49%, score 1; 50%-74%, score 2; 75%-89%, score
3, ≥90%, score 4. The final score was the sum of the score
of each branch.
Statistical analysis
Statistical analysis was performed with SPSS version
13.0. Quantitative data were expressed as mean ± standard deviation (x_±s) and t test was applied for comparisons. Qualitative data were expressed as percentage.
Comparisons of rates or numbers were done with chi
square test. Analysis of variance was employed for comparisons among multiple groups. A value of P<0.05 was
considered statistically significant. Multivariate analysis
was carried out with Logistic regression analysis and
Pearson correlation analysis.

Results
General characteristics of CHD patients and non-CHD
patients
The proportion of males in CHD group was significantly
higher than that in non-CHD group. The SBP and pulse
pressure in CHD group were markedly increased when
compared with non-CHD group (P<0.05). (Table 1)
Biochemical parameters of CHD patients and non-CHD
patients
In CHD group, the levels of hypersensitive C reaction
protein (hs-CRP), plasma fibrinogen, fasting glucose, glycosylated hemoglobin (HbA1c) and triglyceride were
dramatically different from those in non-CHD group
(P<0.05). Differences in hs-CRP, plasma fibrinogen and
HbA1c between two groups were the most evident (Table
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2).
Multivariate Logistic regression analysis of risk factors
of CHD
Gender, age, plasma fibrinogen, hypertriglyceridemia,
Correlation between risk factors of CHD and lesion extent of coronary artery
CHD patients with the following 4 risk factors predominantly had the involvement of left anterior descending
Correlation between clinical characteristics and scores
of lesioned coronary in CHD patients
The history of smoking, elevated plasma fibrinogen, in-

hyperlipidemia and DM were the risk factors of CHD.
Moreover, patients with a history of DM had a higher risk
for CHD when compared with patients with other risk
factors (Table 3).
coronary artery, followed by right coronary artery and
circumflex branch of the left coronary artery (Table 4).

crease of LDLC and risk factors of CHD were related to
the scores of lesioned coronary artery (Table 5)

Table 1. General characteristics of CHD patients and controls
Group
CHD
Non-CHD
t
P

Gender
Male
197
85

Female
85
63
0.007*

SBP
(mmHg)
157.91±28.87
148.68±30.44
3.090
0.002*

DBP
(mmHg)
93.21±17.21
90.82±19.78
1.298
0.195

Pulse pressure
(mmHg)
64.70±21.09
57.86±18.71
3.318
0.001*

smoker
113
48
0.073

Note: P<0.05 vs control group
Table 2. Biochemical parameters of CHD patients and controls
Items

CHD (n=282)

non-CHD (n=148)

t

P

Platelet (109/L)
hs-CRP (0-3 mg/L)
plasma fibrinogen
(2-4.5 g/L)
Fasting glucose
(3.6-6-1mmol/L)
HbA1c (4.2-6.2%)
Total cholesterol
(3.10-5.69 mmol/L)
Triglyceride
(0.41-1.88 mmol/L)
HDLC (1.16-1.82 mmol/L)
LDLC (2.10-3.10 mmol/L)

176.24±52.93
4.50±4.87
3.77±1.00

176.36±55.35
2.86±3.90
3.36±0.85

0.022
-3.797
-4.316

0.982
0.000*
0.000*

6.13±1.97

5.58±1.48

-3.272

0.001*

6.42±1.17
4.51±1.09

6.04±0.95
4.41±0.79

-3.542
-1.126

0.000*
0.261

1.63±1.07

1.40±0.73

-2.538

0.012*

1.17±0.30
2.27±0.84

1.26±0.27
2.16±0.58

2.875
-1.661

0.004*
0.097

Note: *P<0.05 vs control group
Table 3. Multivariate Logistic regression analysis of risk factors of CHD
Items
Gender
Age
plasma fibrinogen
hypertriglyceridemia
hyperlipidemia
DM

P

χ2

OR (95.0%CI)

0.043
0.000
0.047
0.036
0.043
0.006

93.788 (P=0.000)

0.556 (0.321-0.963)
1.051 (1.027-1.076)
1.375 (1.020-1.853)
1.354 (0.947-1.935)
0.476 (0.232-0.976)
2.681 (1.330-5.404)

Note: P<0.05 vs control group
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Table 4. Relation of CAD risk-factors and coronary artery disease extent [Cases (%)]
Artery
left main coronary
artery
left anterior descending coronary
artery
circumflex branch
of the left coronary
artery
right coronary artery

History of smoking

Hypertension

Hyperlipidemia

DM

16 (7.37)

28(6.47)

7(10.45)

10(5.62)

78 (35.94)

163(37.64)

23(34.33)

65(36.52)

52 (23.96)

112(25.87)

15(22.39)

49(27.53)

71 (32.72)

130(30.02)

22(32.84)

54(30.34)

Table 5. Correlation between of clinical characteristics and scores of lesioned coronary artery in CHD patients
Items
History of smoking
Plasma fibrinogen
LDLC
Risk factors

B value
0.066
1.197
1.587
1.050

Correlation coefficient (r)
0.148
0.171
0.178
0.121

t
-3.029
-4.316
-1.661
-3.380

P
0.003
0.001
0.039
0.001

Discussion
The etiology of CHD is complex. In recent years, epidemiology, molecular biology, animal experiments and
clinical observations have demonstrated that the pathogenesis of atherosclerosis (AS) has involvement of damage to endothelial cells, oxidative stress, abnormal autoimmunity, chronic inflammation and lipid infiltration [7].
The cumulative effect of multiple risk factors promotes
and aggregates the occurrence of cardiovascular events in
CHD patients.
Apart from hyperlipidemia, smoking is another independent risk factor of CHD. The carbon monoxide (CO) in the
smoke is inhaled and competes with hemoglobin to oxygen, which then reduces the oxygen supply to tissues,
especially the myocardium. This may cause myocardial
hypoxia and/or ischemia, lipid metabolism disorder and
AS, and induce coronary spasm. High serum CO concentration may stimulate sympathetic nervous system leading
to the massive production of transmitters including catecholamine and vasopressin, which may cause overexcitation induced damage to sympathetic nerves. In addition, a large amount of free radicals are produced during
the smoking and may lead to oxidative stress of endothelial cells of coronary artery and compromise the activity
of NO. The smoke can also stimulate the proliferation of
vascular smooth muscle cells. Smoking may increase the
oxidized low-density lipoprotein (ox-LDL) and induce the
elevation of plasma fibrinogen (Fib), which then disrupts
the coagulation function. The platelet aggregation is enhanced and embolus is susceptible to form. Our findings
suggested that the history of smoking was related to the
extent and score of lesioned coronary artery (P<0.01).
Biomed Res- India 2013 Volume 24 Issue 1

Fib is one of important coagulation factors. In the presence of thrombin and coagulation factor VIII, Fib can
transform from soluble molecule to insoluble fibrin polymer involving in the coagulation. However, sustained
increase of plasma Fib may cause the imbalance between
coagulation and fibrinolysis, which results in increase of
blood viscosity, enhancement of coagulation of red blood
cells and platelets and changes in hemodynamics and hypercoagulable state. These pathological changes may aggregate the damage to endothelial cells and promote the
occurrence of clinical events related to instability of coronary atherosclerotic plaques. On the other hand, high levels pf plasma Fib and its degradation products may stimulate the proliferation and migration of vascular smooth
muscle cells during the formation of AS [8]. These products can also bind to the lipoproteins in the inner membrane of macrophages, which facilitates the accumulation
of lipid outside the atherosclerotic plaques. Increased
plasma Fib level is also a marker of active inflammation
during formation of AS. Our results revealed increase of
Fib level was also an independent risk factor of CHD,
which was consistent with previous studies. Thus, for
patients with high risk for CHD, coagulation function
should be monitored to guide the clinical anti-coagulation
and thrombolytic therapy and to prevent the occurrence of
CHD related events.
Hypertension, hyperlipidemia and DM are the traditional
risk factors of CHD. Framingham heart study has demonstrated that increase of blood pressure is one of independent risk factors of CHD in both males and females of any
age group, and the level of blood pressure is related to the
continuous and gradual increased incidence of CHD[9].
In the present study, results showed the SBP and pulse
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pressure in the CHD group were markedly higher than
those in control group (P<0.01). This was also confirmed
in Chinese epidemiological studies in which the SBP and
pulse pressure were found to be positively related to the
CHD. With the increase of age, the vascular intima is increasingly thickened and the elasticity of blood vessels is
also compromised. The ability of vessel to dilate is reduced. Thus, the SBP increases, DBP reduces and pulse
pressure elevates. Pulse pressure is an indicator reflecting
the stiffness of major arteries, and has been found to be
independent risk factor in the prediction of cardiac events.
There is evidence showing that the increase of pulse pressure by 5 mmHg may increase the risk for CHD by
18%[10]. In the present study, multivariate analysis was
employed to evaluate the role of hypertension in predicting risk for CHD, but hypertension was not included in
the model. This may be attributed to that the diagnosis
was specialized and the majority of patients had hypertension (P>0.05). However, patients with hypertension had
severe and extensive damage to coronary artery, which
further confirms the close correlation between hypertension and the extent of stenosis of coronary artery in CHD
patients. Thus, to control blood pressure is still one of
important ways in the treatment of CHD.
In clinical trials, statins have been applied in subjects with
high risk for CHD as a measurement for primary and secondary prevention. Results have shown that the CHD related events reduced linearly, which suggests hyperlipidemia is a critical risk factor of CHD and both exhibit
linear correlation. As a result of long-lasting multiple risk
factors of CHD, lipid metabolism is disordered and lipid
deposits in the blood vessel wall leading to AS. This
process may cause damage to endothelial cells, infiltration of inflammatory cells and production of inflammatory cytokines, which further activate the activity and proliferation of inflammatory cells, and promote the production of cytokines and other inflammatory mediators. Under this condition, the synthesis of hs-CRP, a marker of
inflammation, increases, leading to the increased level of
serum hs-CRP. hs-CRP aggregates at the atheromatous
plaques, activates complements, enhances the activity of
phagocytes, induces the expression of Endothelial adhesion molecule mediating the LDL-C uptake and stimulates the expression of tissue factors on monocytes and
immune regulation. These processes may initiate or promote the development of AS. Recent studies show [1112] the minor change in hs-CRP may predict the occurrence of life-threatening cardiovascular events even the
hs-CRP is lower than the upper limit of normal. hs-CRP
will reduce to the baseline level with the improvement of
disease. Thus, hs-CRP not only has diagnostic value but
can be used to monitor the therapeutic efficacy.
DM and impaired glucose tolerance have been identified
as independent risk factors of cardiovascular diseases[13].
CHD is regarded as a complication of major vessels in
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DM patients. The AS in T2DM patients is more extensive
and severe. There is evidence showing that the vascular
complications have been present before the presence of
symptoms of DM, and DM and AS share pathogenic
mechanism (inflammation). DM has been considered as
one of CHD risk equivalents [14]. In the present study,
our findings also noted the incidence of DM in CHD patients was markedly higher than that in control group
(P<0.01). Multivariate regression analysis revealed the
risk of DM patients for CHD was 2.681 folds higher than
that of non-DM patients, which was consistent with previously reported. In China, a survey on heart diseases
showed that about 75% of DM or pre-diabetes patients
could not be diagnosed according to fasting glucose
alone. In the present study, there was dramatic difference
in the fasting glucose between CHD group and non-CHD
group, but univariate and multivariate analyses did not
present fasting glucose as a risk factor. This may be attributed to that fasting glucose may be affected by the diet
and stress. For DM patients, high blood glucose level may
cause damage to endothelial cells, increase the production
of oxygen free radicals, promote the aggregation of platelets and thrombosis, stimulate the aggregation of multiple
inflammatory cells, and increase the expression of growth
factors and elevate the deposition of extracellular matrix,
all of which involve in the re-stenosis after PCI.
Taken together, multiple risk factors are critical for the
prediction and early intervention of CHD and thus, primary and secondary prevention is required for patients
with high risk for CHD. However, the sample size is still
small and studies with larger sample size are required to
screen the risk factors of CHD. The limitation of the study
is that the sample size is relatively small, and the study
group and control group is not mathed well in age and
gender, because they are divided according to the situation whether they underwent coronary angiography.
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