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Abstract 
 BACKGROUND: Coronary artery diseases are the most prevalent cause of death in Iran. Despite 
the vast information regarding the risk factors for the incidence and development of such diseases, 
major risk factors for the extent and severity of atherosclerosis in the patients have not yet been 
clearly identified. This study aimed to investigate the determinants of severity and extent of 
coronary artery disease in patients who underwent clinically indicated coronary angiography. 

 METHODS: In this cross-sectional study, coronary angiograms of 325 men and 235 women 
(aged 4-60 years) were analyzed quantitatively. Systolic and diastolic blood pressures, body 
weight, height, fasting blood sugar, serum lipids, and smoking habits of patients were then 
collected in a questionnaire. The relationships between angiographic scores and potential risk 
factors of coronary artery disease such as hypertension, obesity, hyperlipidemia, diabetes, and 
smoking were evaluated using logistic and multiple linear regression analyses. 

 RESULTS: We found significant differences between age and fasting blood glucose in patients 
with positive and negative coronary angiograms (P < 0.05). Diabetic patients had higher scores 
compared to non-diabetics in both genders. The same differences were found in obese men. 
According to regression coefficients, fasting blood sugar in both genders (males = 0.017 and 
females = 0.016), diastolic blood pressure in males (0.044) and body mass index (BMI) (0.005) 
and high density lipoprotein cholesterol (-0.081) in females were significant predictive factors 
for severity and extent of coronary artery involvements. 

 CONCLUSION: Our findings showed that in patients with positive coronary angiogram, fasting 
blood sugar in both genders, high diastolic blood pressure in males, and high density lipoprotein 
cholesterol and BMI in females might be stronger predictors of the extent of coronary artery 
involvements. Prevention of these risk factors may be effective in controlling the progress of 
coronary artery diseases. 
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Introduction 
Coronary artery disease is one of the major causes of 
mortality among women and men. This disease is the 
cause of about one-fifth of the deaths. Factors such 
as age, family history, abnormal blood lipid profile, 
hypertension, diabetes mellitus and smoking have 
been shown to be effective on coronary artery disease 
incidence.1 Although such factors are also thought to 
determine the severity and extent of coronary 
atherosclerosis, the associations are not yet clear.2 
Previous studies have suggested diabetes mellitus to 
play a role not only in the development of coronary 

disease, but also in its outcomes and manifestations.  
In fact, the involvement of three vessels can be seen 
in most diabetic patients. The involvements in these 
patients are broader than non-diabetic patients.3 The 
metabolism of blood lipids in diabetics results in 
increased triglyceride, elevated low-density lipoprotein 
cholesterol (LDL-C) and decreased high-density 
lipoprotein cholesterol (HDL-C) which are other risk 
factors for coronary artery disease. However, these 
factors have not yet been proven to be indicative of 
the extent of involvement.4,5 Another risk factor is 
increased blood pressure whose role in exacerbating 
coronary artery disease has been noted in many 
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studies while some others ruled it out.6,7 Although all 
mentioned factors can result in the development of 
coronary artery disease under natural conditions, it 
the most effective factors in the development of 
atherosclerosis in patients with coronary artery disease 
manifestations have not yet been exactly determined.3-9 
In the present study, we investigated the relationship 
between these risk factors and the severity of 
coronary artery disease in the coronary angiography 
of patients with stable angina. The study was 
conducted in order to specify main risk factors 
indicating more severe involvements of the coronary 
arteries in males and females. 

Materials and Methods 
The present cross-sectional study was conducted on 
patients with stable angina who were candidates for 
coronary angiography. It was performed during six 
months in the educational-therapeutic Chamran 
Hospital (Isfahan, Iran). Considering α = 0.05,  
β = 0.1, the distribution of coronary artery disease 
severity as 3.5, and an index score of 1, the total 
required sample size was calculated as 514. 
Convenient sampling method was used to select 
subjects. For each patient, a questionnaire including 
demographic information such as age, gender, place 
of residence, and education level was completed. 
History of previous diseases such as diabetes, 
hypertension, high blood lipids, and positive family 
history of coronary artery disease were also recorded. 
Patients were then examined by a physician. 
Moreover, height, weight, waist circumference, and 
blood pressure of the subjects were measured and 
recorded. Right arm blood pressure was measured 
twice for each patient in sitting position, in the 
standard mode with an appropriate cuff and after  
15 minutes of rest. Mean of the two measurements 
was included in the study. Standard scales and meter 
tapes were used to measure weight and height while 
patients were wearing light clothing. After 10 to  
12 hours of fasting, a 10-ml blood sample was taken 
from each patient to evaluate fasting blood sugar 
(FBS). Blood glucose was measured after separating 
the serum. The same blood samples were also used to 
spectrophotometrically measure total cholesterol and 
triglyceride levels with an autoanalyzer. HDL-C levels 
were determined after heparin manganese 
precipitation. Patients with FBS > 126 mg/dL or 
those consuming glucose-lowering drugs were 
considered as diabetic.9 Hyperlipidemia was defined 
as having total cholesterol, triglyceride, and LDL-C 
levels higher than 200, 150, and 100 mg/dL, 
respectively and HDL-C levels below 50 mg dL in 

women and less than 40 mg/dL in men.10 In addition, 
subjects were identified as hypertensive if their mean 
blood pressure was higher than 140/90 mm Hg or 
they were using medications to treat high blood 
pressure.11 Patients who smoked cigarettes daily were 
considered as smokers.12 Overweight and obesity were 
described as having body mass index (BMI) over  
25 kg/m2 and 30 kg/m2, respectively.13 A history of 
heart disease in the first degree relatives among men 
younger than 55 years old and in women younger 
than 65 years of age was considered as a positive 
family history.14 

Chest pain or equivalent symptoms (shortness of 
breath, fatigue, and syncope) with the specified 
amount of activity usually between 2 and 10 minutes 
which improved with resting and trinitroglycerin 
(TNG) consumption was defined as stable angina.14 

In the next phase, all patients underwent standard 
angiography using Seldinger's method in Chamran 
Hospital. Angiographic video films were investigated 
by three cardiologists. The extent of atherosclerosis 
involvement was scored between zero and 21. In 
order to calculate the score for each patient, first, the 
number of major atherosclerotic coronary arteries was 
scored as 0-3. Then, for each atherosclerotic artery, 
proximal, medial, and distal segments with stenosis 
were scored between 0-3 resulting in a total range of 
0-9. Finally, the extent of atherosclerotic stenosis was 
categorized as less than 50%, 50-75%, and more than 
75% and scored between 0-3 for each coronary artery 
(total score: 0-9). By adding the three scores, an 
overall score of 0-21 was recorded for each patient. 

Data was entered into data entry forms using EPI 
software. To perform bivariate analyses, t-test and chi-
square test were used to compare quantitative and 
qualitative variables, respectively. In order to conduct 
multivariate analyses and adjust the risk factors 
associated with angiographic results based on age and 
gender, the overall angiographic response 
(positive/negative) was entered in the model as a 
dependent variable. Other variables such as cigarette 
smoking (yes/no), systolic and diastolic blood 
pressures (mm Hg), total cholesterol (mg/dL), HDL-C 
(mg/dL), triglyceride (mg/dL), LDL-C (mg/dL), BMI 
(kg/m2), waist circumference (cm), age (years) and 
gender were also included. These variables were 
investigated by logistic regression analysis. In order to 
investigate the main purpose of the study, involvement 
scores in patients with positive angiographic results in 
quantitative scale were entered into in the generalized 
linear model (GLM) as dependent variables, while 
gender and smoking status were considered as fixed 
factors and other variables with quantitative scale as 
covariates. Based on the obtained results, multiple 
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linear regression analysis was performed. The study 
data was analyzed by using SPSS13 (SPSS Inc., Chicago, 
IL) at a significance level of P < 0.05. 

 Results 
Out of 560 patients who underwent coronary 
angiography, 352 cases (58%) were male. 
Angiographic results were positive in 80.6% of men 
and 68.9% of women (P = 0.002). Table 1 presents 
the levels of total cholesterol, HDL-C, triglyceride, 
FBS, systolic and diastolic blood pressure, age, BMI, 
and waist circumference in individuals with or 
without coronary artery disease (with positive and 
negative angioplasty, respectively) stratified based on 

gender. In both genders, there were significant 
differences regarding age and FBS levels between 
patients with positive and negative angiography 
results. A significant difference in systolic blood 
pressure between the two groups was observed only 
in men. On the other hand, women of the two groups 
were significantly different in terms of triglyceride and 
HDL-C levels.  

Table 2 shows the frequency of disorders like high 
cholesterol, low HDL-C, high serum triglyceride 
levels, diabetes and hypertension in the two groups of 
patients with positive and negative results of coronary 
angiography. While men only significantly differed in 
diabetes, women were different in terms of  

 
Table 1. Comparison the mean values of risk factors stratified based on gender in patients with positive and negative 
angiography results 

Angiography 
result 

Male  Female  Total 

n = 352  n = 235  n = 587 

Positive  Negative  

P 

Positive  Negative  

P 
 

n = 262 n = 63 n = 162 n = 73 

 Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Total-C 196.47 ± 40.14  196.43 ± 34.32 0.994 217.79 ± 3.67 206.6 ± 38.39 0.057 203.84 ± 41.34 

HDL-C 38.29 ± 9.16 38.94 ± 9.05 0.613 42.33 ± 9.65 47.05 9.62 0.001 40.67 ± 9.80 

TG 166.27 ± 85.46 172.52 ± 85.59 0.606 189.39 ± 98.44 160.01 ± 80.83 0.018 172.87 ± 89.32 

FBS 124.48 ± 52.69 108.95 ± 31.37 0.003 136.28 ± 60.23 118.68 ± 41.61 0.011 125.41 ± 52.40 

SBP 124.69 ± 16.47 119.56 ± 18.29 0.031 126.92 ± 19.37 121.82 ± 20.63 0.068 133.18 ± 27.55 

DBP 70.39 ± 12.04 68.17 ± 12.38 0.105 69.92 ± 14.77 70.13 ± 11.95 0.916 69.57  21.82 

Age 58.99 ± 9.61 54.95 ± 9.69 0.003 60.38 ± 8.14 55.36 ± 8.28 0.000 58.47 ± 9.32 

WC 94.71 ± 12.08 92.87 ± 13.02 0.288 97.40 ± 11.37 96.71 ± 12.47 0.681 95.55 ± 12.10 

BMI 25.67 ± 3.83 26.34 ± 4.03 0.219 28.43 ± 4.29 28.04 ± 5.06 0.538 26.86 ± 4.34 
CAD: Coronary artery disease; Total-C: Total cholesterol; HDL-C: High density lipoprotein cholesterol; TG: Triglyceride;  
FBS: Fasting blood sugar; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; WC: Waist circumference;  
BMI: Body mass index 

 
Table 2. Comparing the prevalence of risk factors between patients with positive and negative angiography results stratified 
based on gender 

Angiography result 
Male Female 

Total 
Positive  Negative  P Positive  Negative  P 

Hypercholesterolemia 43.5 46.0 0.778 65.4 55.6 0.187 51.6 

Low HDL-C 64.5 61.9 0.770 77.8 64.4 0.038 68.0 

Hypertriglyceridemia 48.2 56.5 0.260 58.1 39.7 0.011 50.9 

Diabetes 33.7 9.5 0.000 42.2 31.5 0.119 33.2 

Hypertension 60.7 47.4 0.067 78.3 64.3 0.026 65.0 

High WC 56.0 45.2 0.156 95.0 97.5 0.371 70.7 

High BMI 12.7 20.6 0.111 29.9 27.8 0.877 20.6 
HDL-C: High density lipoprotein cholesterol; WC: Waist circumference; BMI: Body mass index  
Values are expressed as percentages.  
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hypertriglyceridemia, hypertension, and low HDL-C.  
Table 3 compares angiographic scores of patients 

with positive angiographic results between genders, 
and patients with or without any of the risk factors 
(rows of the table). In addition, the angiographic 
scores in each group of men and women were 
compared between subjects with and without risk 
factors (columns of the table). Except for smoking, in 
which men and women were not significantly 
different due to the very low number of female 
smokers, significant differences were observed 
between women and men in terms of angiographic 
scores, i.e. men scored much higher. Angiographic 
scores were also significantly different between obese 
and non-obese men as well as diabetic and non-
diabetic men. The only detected difference among 
women was higher angiographic scores of diabetics 
compared to non-diabetics.  

Age (odds ratio (OR): 1.067; 1.038-1.096), 
smoking (OR: 4.152; 2.179-7.909), systolic blood 
pressure (OR: 1.009; 1-1.018), HDL-C levels  
(OR: 0.97; 0.948-0.993), and FBS level (OR: 1.007; 
1.002-1.012) were significantly entered into the logistic 
regression analysis model.  

The obtained model from GLM analysis by 

considering involvement scores of patients with 
positive angiography as the quantitative dependent 
variable, gender and smoking as fixed factors and 
other variables with quantitative scale as covariates 
was reported as significant (P < 0.001; df = 12;  
f = 6.71). The model's r-squared and adjusted r-
squared were equal to 0.188 and 0.160, respectively. 
Diastolic blood pressure (P = 0.002; df = 1; f = 9.71), 
FBS level (P < 0.001; df = 1; f = 18.34), BMI  
(P = 0.004; df = 1; f = 8.55), HDL-C level  
(P = 0.005; df = 1; f = 7.91), and gender (P = 0.016; 
df = 1; f = 5.87) were significantly entered into the 
model. However, systolic blood pressure (P = 0.711; 
df = 1; f = 0.138), age (P = 0.152; df = 1; f = 2.07), 
waist circumference (P = 0.518; df = 1; f = 0.418), 
blood triglyceride levels (P = 0.721; df = 1; f = 0.128), 
LDL-C level (P = 0.138; df = 1; f = 2.21), and 
smoking status (P = 0.092; df = 1; f = 2.855) were 
not included. Accordingly, samples of patients with 
positive angiography results were divided into two 
gender-based groups. For each gender, the factors 
that were significantly entered into the GLM model 
were separately examined in the multifactorial linear 
regression model (Table 4). 

 
Table 3. Comparison of mean angiographic scores in patients with positive angiography between the two genders 

 
Female Male Total 

Mean ± SD N. Mean ± SD N. *P-value t Mean ± SD N. 

Total 10.90 4.92 266 8.78 4.63 170 < 0.001 4.48 10.08 4.91 436 
Obese people 13.21 4.02 33 9.78 4.64 51 0.001 3.58 11.13 4.69 84 

Non-obese people 10.59 4.96 230 8.36 4.59 119 < 0.001 4.07 9.83 4.95 349 
P (t)** 0.001 (- 3.39)  0.067 (- 1.84)    0.030 ( - 2.1)  

People with high 
blood pressure 

10.93 4.74 149 9.12 4.72 132 0.002 3.19 10.08 4.81 281 

People without high 
blood pressure 

11.10 5.15 97 7.71 4.26 35 < 0.001 4.65 10.20 5.14 132 

P (t)** 0.799 (0.25)  0.110 (- 1.60)    0.824 (0.22)  

Hypercholesterolemia 11.50 4.78 115 9.07 4.89 109 < 0.001 3.76 10.32 4.97 224 
Lack of 

hypercholesterolemia 
10.40 4.96 150 8.08 4.09 56 0.002 3.10 9.77 4.84 206 

P (t)** 0.070 (- 1.82)  0.199 (- 1.29)    0.247 (- 1.15)  

Diabetes 12.13 4.97 88 9.69 4.74 71 0.002 3.14 11.04 5.00 159 
Absence of diabetes 10.31 4.79 176 8.18 4.52 96 < 0.001 3.51 9.56 4.80 272 

P (t)** 0.004 (- 2.87)  0.039 (- 2.08)    0.002 (- 3.04)  

Smokers 11.43 4.45 118 9.71 6.21 7 0.969 0.33 11.33 4.55 125 
Non-smokers 10.42 5.31 135 8.63 4.64 150 0.003 3.03 9.84 5.04 285 

P (t)** 0.106 (- 1.64)  0.557 (- 0.59)    < 0.001 (- 3.52)  
* compared between the two genders 
** compared between the two groups of risk factors
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Table 4. Regression coefficients of effective factors involved in angiography score stratified based on gender 

 B 95% CI for B 
Standardized 
coefficients 

t P 

Male 
FBS 0.017 0.005, 0.28 0.181 2.905 0.004 
DBP 0.044 0.15, 0.73 0.191 3.033 0.003 

HDL-C -0.061 -0.13, 0.007 -0.114 -1.764 0.079 
BMI 0.146 -0.15, 0.307 0.115 1.789 0.075 

Constant 4.308 -1.902, 10.519 - 1.367 0.173 
Female 

FBS 0.016 0.005, 0.28 0.210 2.767 0.006 
DBP 0.005 -0.025, 0.035 0.024 0.307 0.759 

HDL-C - 0.081 -0.155, -0.008 -0.167 -2.185 0.030 
BMI 0.223 0.055, 0.390 0.202 2.630 0.009 

Constant 3.502 -2.305, 9.308 - 1.191 0.235 
FBS: Fasting blood sugar; DBP: Diastolic blood pressure; HDL-C: High density lipoprotein cholesterol; BMI: 
Body mass index 
 

Discussion 
Based on the findings of this study, FBS levels were 
significantly different between patients with stable 
angina and atherosclerotic coronary arteries 
confirmed by coronary angiography and those with 
negative angiography results among both genders. 
This difference remained slight but significant even 
after eliminating diabetic women. On the other hand, 
the prevalence of diabetes only differed between the 
two groups of male patients. In addition, the 
significant age differences in both groups emphasized 
the importance of the results obtained from 
multivariate analyses after matching for age. However, 
the general significant differences in angiographic 
scores between men and women, makes the 
interpretation of gender-based differences between 
groups with and without risk factors difficult.  

In this study, significant relationships were 
observed between angiographic scores of patients 
with positive angiographic results and risk factors 
such as gender, obesity, and diabetes. Moreover, the 
association between FBS and angiographic scores 
remained significant among both genders even after 
adjustments for age. In addition, relationships were 
detected between angiographic scores and BMI and 
blood HDH-C levels among women. On the other 
hand, FBS and diastolic blood pressure were 
significantly correlated with and angiographic scores 
among men.  

This study could only reveal an association 
between diastolic blood pressure and increased 
angiographic scores in men. Although Chang et al. 
found a similar relationship between patients' blood 
pressure (measured by pulse pressure) and the severity 
of coronary artery disease, they could not establish 
such relation with diastolic blood pressure.15 
Jankowski et al. reported higher systolic blood 

pressure among patients with three atherosclerotic 
vessels involvement than those with one involved 
vessel. Nevertheless, this increase in blood pressure 
was not proved as an independent risk factor in the 
extent of coronary artery stenosis.7 Another study in 
the same region confirmed the relationship between 
systolic blood pressure and the extent of coronary 
artery involvement.16 Hence, the effect of diastolic 
blood pressure on the extent and severity of coronary 
artery involvement in men was a remarkable finding.  

The difference seen between the two genders in 
terms of angiographic score was also reported by 
another study in which the extent of coronary artery 
involvements were higher among men.7 Such a 
difference existed between all groups of patients 
having one risk factor with others.  

Based on our results, diabetics and non-diabetics 
of both genders were also significantly different in 
terms of angiographic scores, i.e. having diabetes 
increased the severity and extent of atherosclerotic 
involvements even after adjustment for age in 
multivariate analysis. Another study also suggested the 
extent and severity of atherosclerotic involvements in 
diabetes type 1 patients to be significantly higher than 
the normal population.17 Similarly, Fallow and Singh 
indicated the severity of coronary artery involvements 
to be more and the prognosis to be worse in diabetics 
compared to non-diabetics.18 On the contrary, some 
other studies could not confirm a relationship 
between diabetes duration and severity and the extent 
of coronary atherosclerotic involvement.19 In the 
present study, in addition to the relationship of 
increased FBS level with positive angiographic result, 
a relationship was also observed between FBS and 
increased severity of coronary artery involvement in 
both genders of patients with coronary stenosis 
(positive result of coronary angiography).  
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Our results regarding the association between 
obesity and severity and extent of coronary artery 
involvements were consistent with the Framingham 
study in which obesity was introduced as an 
independent risk factor for the incidence of 
cardiovascular disease in both genders.20 However, we 
only found the severity and extent of coronary artery 
involvements in obese men to be more than thin or 
normal-weight men. Multivariate analysis of risk 
factors with coronary artery stenosis score revealed 
increased BMI to be also associated with increased 
coronary artery involvement in women. In accordance 
with our findings, Al Suwaidi et al. emphasized 
obesity as an independent factor in coronary 
endothelial dysfunction in patients with coronary 
artery disease.21  

Elevated triglyceride levels and reduced HDL-C 
levels have been reported in several studies to be 
associated with the intensity and extent of coronary 
artery involvements.5,22,23 Based on our results, serum 
HDL-C level was linked with the intensity and extent 
of coronary artery involvement in women (i.e. low 
HDL-C levels were significantly associated with 
angiographic score in the females). In addition, a one-
unit increase in HDL-C level caused a 3%-reduction 
in the risk of coronary artery disease.  

Another important finding of this study was the 
effect of smoking on the incidence of coronary artery 
disease and the severity and extent of involvements. 
Smoking increased the coronary stenosis risk by 4-
folds. Moreover, the severity scores of coronary artery 
involvements in smokers were significantly higher. 
However, this difference in the two genders was not 
significant.  

The findings of this study showed diabetes, 
obesity, high diastolic blood pressure, and low serum 
HDL-C levels to have the most significant 
correlations with the extent of coronary artery 
stenosis. Therefore, preventing and controlling these 
risk factors through lifestyle modification and drug 
therapy, in necessary cases, are of high importance. 
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