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A B S T R A C T  
Objective: The objective of our study was to assess the association of 
various risk factors with clinically determined and angiographically 
assessed CAD in Pakistani population. 
Materials & Methods: We determined the CAD phenotype both clinically 
and by angiography in 663 subjects. Participants with ≥70% stenosis 
were taken as patients and <30% stenosis/no stenosis as controls. 
Serum was analyzed for lipid profile, Blood sugar fasting and creatinine. 
Differences in mean values for age, body mass index (BMI) and lipid 
levels were analyzed using one-way ANOVA.  Chi-square(흌ퟐ)test was 
performed for sex, smoking and family history of CAD to see the 
difference among three stenosis groups. To assess risk factors for 
coronary stenosis and dyslipidemia, we performed the regression analysis. 
MedCalc 11.6 was used for Receiver operating curve (ROC)analysis 
and to determine the cut off for our significant quantitative variables. 
The subjects were divided into groups for continuous variables after 
choosing Internationally established cut-off values. 
Results: We had 663 subjects (22.3% females, mean age = 54 ± 11 
years) for association of environmental risk with CAD. After angiography, 
there were 506 patients with >70% stenosis and 157 controls with 
<30% stenosis. BMI appeared as a moderate risk factor with Area 
under curve (AUC) of 0.58; p=0.002 with 61% sensitivity and 54% 
specificity. LDL-C is 62% sensitive and 52% specific to predict the 
disease at cut-off 105mg/dL with AUC=0.61; p=0.03. The OR in 
diabetic group (BSF>126mg/d) to develop hypertriglyceridemia was 
1.014(1.006-1.023) with p-value<0.001 Vs. non-diabetics. The age 
group with less than 40 years showed protection against dyslipidemia by 
high HDL levels with OR 0.941(0.900-0.984); p-value=0.008 as 
compared to >40 years age group. BMI was significantly different in 
Normal, high normal and hypertensive patients(p=0.004). 
Conclusion: Men are more prone to develop CAD before the age of 40 
years. High BMI, LDL-C and hypertension are significant risk factors for 
coronary stenosis, Diabetes mellitus and advanced age are substantial 
risks for developing dyslipidemia and BMI appeared as important risk 
factor for hypertension in Pakistani population. 
Key words: Coronary Artery Disease, Risk factors, Dyslipidemia, 
Hypertension, BMI. 
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Introduction 
 

Coronary Artery Disease (CAD) is the leading morbid 
condition worldwide. The environmental risk factors like 
dyslipidemia, diabetes mellitus and hypertension have 
been identified for CAD predisposition in various 
populations. 
South Asians (India, Pakistan, Bangladesh, Sri Lanka, 
Nepal, Bhotan) develop coronary artery disease at a 
younger age as compared to Europeans and other 
populations.1 According to the UK mortality data, the 
difference between Europeans and Asians for disease 
burden is grossly marked as 3-fold.2The disease burden is 
even higher in Pakistan.3 We hypothesize that in addition 
to the genetic and gender predisposition, endothelial 
injury caused by environmental risk factors 
(dyslipidemia, DM, hypertension, cigarette smoking) is 
critical in the process of atherosclerosis in our 
population.4,5 Some of the risk factors are fixed, such as 
age and sex, but the other risk factors are modifiable to a 
various extent.6 Their significance has been validated by 
varying degree of occurrence of risk factors in patients 
and controls. Furthermore, their important role was 
emphasized by the decline in disease incidence after 
controlling these risk factors.4,7 Identification of the 
modifiable risk factors in Pakistanis along with life style 
modification will help in disease prevention and decrease 
the morbidity/mortality. 

Materials and Methods 
A total of 663 subjects were enrolled after Informed 
written consent from 2012-2013. The study was 
performed at Atta-ur-Rahman School of Applied 
Biosciences and Lady Reading Hospital Peshawar. The 
Institutional review boards of the National University of 
Sciences & Technology approved the study. The 
inclusion criteria for enrolled subjects were as follows: (i) 
chest pain (ii) clinical myocardial ischemia, and (iii) 
raised cardiac biomarkers, followed by angiographically 
categorized coronary artery stenosis. Any patient 
suffering from valvular heart disease, cardiomyopathy, 
cardiac hypertrophy, myocardititis, endocarditis was 
excluded from the study. Patients were also assessed 
through electrocardiogram (ECG). Subjects with ST 
elevation myocardial infarction, non-ST elevation 
myocardial infarction, T wave inversion or with Q wave 
were taken as patients. However, final inclusion was 
based on angiographic assessment. We determined the 
CAD phenotype by angiography. The angiography was 
performed by cardiologist on all enrolled subjects to 

identify the exact location, the severity of coronary artery 
disease as well as to determine the number of involved 
blood vessels. Participants with ≥70% stenosis were 
taken as patients and <30% stenosis/no stenosis as 
controls. Coronary artery disease patients with ≥70% 
stenosis were further categorized on the basis of one, two 
or three vessel disease to assess the disease extent.  
Collateral flow index (CFI) was calculated during 
angiogram by the following formula. 

퐶퐹퐼 =
푃 − 퐶푉푃
푃 − 퐶푉푃 

CFI=0.118 was taken as insufficient to prevent 
myocardial ischemia during a 1 min coronary balloon 
occlusion. 
Five mL of blood was drawn in plain tube and serum was 
analyzed for high-density lipoprotein cholesterol (HDL-
C), triglyceride (TG), total cholesterol (TC), blood sugar 
fasting (BSF) and creatinine on selectra E. LDL-C was 
calculated using the Friedewald equation in samples with 
TG <400mg/dl. 
Statistical Analysis 
Association of conventional risk factors with coronary 
stenosis: SPPS version 22.0 was used for statistical 
analysis. Differences in mean values for age, body mass 
index (BMI) and lipid levels were analyzed using one-
way ANOVA.  Chi-square (흌ퟐ) test was performed for 
sex, smoking and family history of CAD to see the 
difference among three stenosis groups. To assess risk 
factors for coronary stenosis, we performed the 
regression analysis. MedCalc 11.6 software was used for 
Receiver operating curve (ROC)analysis and to determine 
the cut off for our significant quantitative variables. 
Association of potential risk factors with 
dyslipidemia: We assessed the association of potential 
non-genetic risk factors (Diabetes, smoking, BMI, age 
and gender) with dyslipidemia by comparing lipid levels 
in CAD patients and controls. The association of various 
risk factors with lipid levels was further analyzed by 
stepwise logistic regression analysis after including age 
and gender as covariates. We determined the ORs after 
considering each potential risk factor. The subjects were 
divided into groups for continuous variables after 
choosing Internationally established cut-off values. 
(BSF=126mg/dL, BMI=26). In order to assess the 
potential risk of developing dyslipidemia in old, middle 
age and young age, we divided study subjects into three 
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groups: Group-I>60 years, group-II=40-60 years and 
group-III<40 years.  
Association of potential risk factors with 
hypertension: We evaluated potential non-genetic risk 
factors for their association with hypertension. The 
patients were divided into three groups on the basis of 
blood pressure. The criteria defined for hypertension 
groups is given in Table I. 
Table I: Distribution of subjects on the basis of blood 
pressure 
 Systolic Diastolic 
Normal <130 <85 
High normal 130-140 85-90 
Hypertension >140 >90 

Results  
Demographic characteristics of Subjects: We analyzed 
the data of 663 subjects (22.3% females, mean age = 54 ± 
11 years) for association of environmental risk with 
CAD. After angiography, there were 506 patients with 
>70% stenosis and 157 controls with <30% stenosis. The 
demographic characteristics of patients and controls are 
given in Table II. 

*P-value <0.05 

Association of conventional risk factors with coronary 
stenosis: A significant difference was observed between 
patients and controls for age, body mass index (BMI), 
systolic blood pressure (BPS), diastolic blood pressure 
(BPD) and LDL cholesterol (LDL-C). We evaluated the 

gender for disease progression. The disease progression 
with age in males Vs females is shown in the figure 1. 

Figure 1. Disease progression in males Vs. Females 
 
Males were at higher risk of developing disease at 30 
years. In females, rising trend of disease progression was 
seen just after menopause (45-50 years). 
Stepwise logistic regression analysis was performed to 
see the association of conventional risk factors with CAD 
after adjusting for age, gender, and family history as 
covariates. Body mass Index, Blood pressure systolic 
(BPS), Blood pressure diastolic (BPD), and LDL-C 
emerged as significant risk factors for CAD 
(p<0.05)Table III. 

*p-value<0.05 

Table II: Characteristics of  patients and controls (n=663) 
Variable Cases 

n=506 
Controls 
n=157 

P-value 

Age (years) 49.12 ± 13.09 55.46 ± 10.81 0.011* 
BMI (kg/m2) 29.15 ± 4.85 28.24 ± 3.54 0.032* 
BSF (mg/dl) 125.79 ± 49.78 113.77 ± 35.37 0.057 
Creatinine 
(mmol/l) 

0.98 ± 0.25 0.98 ± 0.19 0.852 

BP systolic 
(mmHg) 

132.18 ± 18.33 121.79 ± 19.15 0.000* 

BP diastolic 
(mmHg) 

84.48 ± 10.59 80.19 ± 10.56 0.000* 

TC (mg/dl) 199.60 ± 54.23 187.13 ± 46.08 0.163 
HDL-C (mg/dl) 39.03 ± 8.93 41.25 ± 10.63 0.252 
LDL-C (mg/dl) 127.17 ± 45.24 105.47 ± 36.61 0.032* 
TG (mg/dl) 187.72 ± 57.48 176.61 ± 45.50 0.280 
Gender (M/F)% 79/21 75/25 0.321 
Smoking 
(Y/N)% 

28/72 24/76 0.364 

FH (Y/N)% 38/62 27/73 0.010* 
ECG (Y/N)% 83/17 46/54 0.000* 

Table III: Logistic regression analysis for association of risk 
factors with coronary stenosis 

  
Sig. 

 
Exp (B) 

95% C.I for EXP(B) 

Lower Upper 

BSF 0.052 1.007 1.000 1.013 

BP systolic 0.000* 1.027 1.016 1.039 

BP diastolic 0.000* 1.036 1.017 1.055 

BMI 0.031* 1.051 1.005 1.099 

Total cholesterol 0.164 1.005 0.998 1.012 

TG 0.148 1.006  0.998 1.014 

HDL-C 0.495 0.985 0.943 1.029 

LDL-C 0.034* 1.013 1.002 1.025 

Smoking 
Group(Y/N) 

0.336 1.221 0.813 1.833 

Family 
history(Y/N) 

0.011* 1.662 1.121 2.465 

Gender(M/F) 0.305 1.246 0.818 1.898 



Annals of PIMS                     ISSN:1815-2287 

 

 Ann. Pak. Inst. Med. Sci. 2016                     101 

LDL-C

0 20 40 60 80 100

100

80

60

40

20

0

100-Specificity

S
en

si
tiv

ity

 Sensitivity: 61.4
 Specificity: 51.9
 Criterion : >105.2

Diastolic blood pressure

0 20 40 60 80 100

100

80

60

40

20

0

100-Specificity

S
en

si
tiv

ity  Sensitivity: 62.1
 Specificity: 54.2
 Criterion : >78.1142

BMI

0 20 40 60 80 100

100

80

60

40

20

0

100-Specificity

S
en

si
tiv

ity

 Sensitivity: 61.1
 Specificity: 53.2
 Criterion : >28.06

Systolic blood pressure

0 20 40 60 80 100

100

80

60

40

20

0

100-Specificity
S

en
si

tiv
ity

We further determined the cut-off values of significant 
CAD associated risk factors, in our population. The BMI 
appeared as a moderate risk factor with Area under curve 
(AUC) of 0.58; p=0.002 with 61% sensitivity and 54% 
specificity. Beyond the cut off value 28.1 the subjects are 
at moderate risk of CAD. The positive predictive value at 
28.3 is 1.56 and negative predictive value is 0.71 (Figure 
2).. 

Figure 2. ROC Curve between BMI and coronary stenosis 
determined by angiography 
 
LDL-C is 62% sensitive and 52% specific to predict the 
disease at cut-off 105mg/dL with AUC=0.61; p=0.03. 
The positive likelihood to develop disease is 1.29 and 
negative likelihood is 0.71.(Figure 3) 

Figure 3. ROC curve analysis between LDL-C and coronary 
stenosis determined by angiography 

The systolic blood pressure at cut off =120 and 
AUC=0.65; p=0.0001 is 64% sensitive and 60% specific 
to predict the disease. The relative risk to develop this 
disease beyond this cut off is 1.49 and not developing the 
disease is only 0.46 .(Figure 4). 

 
Figure 4. ROC curve analysis between Systolic blood 
pressure and coronary stenosis determined by angiography 
 
The diastolic Blood pressure, at cut off= 78 mmHg and 
AUC = 0.62; p=0.0001 is 64% sensitive and 54% specific 
to predict the disease. The positive likelihood is 1.26 and 
negative likelihood is 0.71 (Figure 5).  

Figure 5. ROC curve analysis between diastolic blood 
pressure and coronary stenosis determined by angiography 
 
Association of potential risk factors with 
Dyslipidemia: Among all potential risk factors, Diabetes 
mellitus was found as a significant risk factor for high 
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TC, LDL-C and triglyceride after comparing the means in 
cases and controls Figure 6 and Figure 7.  

 
Figure 6. Lipid profile in different age groups 

TC (m
g/dL)

TG (m
g/dL)

HDL (m
g/dL)

LDL (m
g/dL)
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p=0.018

p=0.626

Figure 7. Lipid profile in diabetics Vs non-diabetics. 

 

 
 

The growing age also appeared as significant risk factor 
for low HDL-C (p=0.045). The distribution of cholesterol 
levels remained statistically same between smokers and 
non-smokers. High BMI did not arise a risk factor for 
hypercholesterolemia in our study population (Table IV). 
The OR in diabetic group (BSF>126mg/dL) to develop 
hypertriglyceridemia was 1.014(1.006-1.023) with p-
value=0.000 Vs. non-diabetics. The age group with less 
than 40 years showed protection against dyslipidemia by 
high HDL levels with OR 0.941(0.900-0.984); p-
value=0.008 as compared to >40 years age group (Table 
IV). 
Association of potential risk factors with 
Hypertension: There was significant difference for blood 
pressure between patients and controls in high blood 
pressure group (82.6% Vs 23.2%; p<0.001). We found 
only BMI as significant risk factor for hypertension in 
Pakistani population. BMI was significantly different in 
Normal, high normal and hypertensive patients (Table V). 

Discussion 
The environmental risk factors play an important role in 
the CAD pathogenesis. Diabetes mellitus, Hypertension, 
smoking, BMI have been significantly associated with 
Coronary artery disease in many populations.8,9 Our 
results also found DM, LDL-C, BMI and hypertension as 
contributing risk factors towards the CAD. This is 
supporting the data showing environmental risk factors as 
an important stakeholder in developing CAD among 
South Asians. The diet full of saturated fatty acids,  

 

Table IV: Lipid levels among various risk factor groups 
PARAMETERS TC TG HDL LDL 
Diabetics         (>126mg/dL)                             205.13±61.00 209.84±70.90 37.33±8.05 135.21±55.10 
Non-diabetics (<126mg/dL)  195.25±48.94 175.98±49.62 38.58±8.44 123.63±41.49 
 p-value 0.018* 0.001* 0.626 0.004* 
BMI (>26) 197.42±52.51 183.39±56.65 38.83±9.02 126.21±45.15 
BMI (<26) 195.37±53.05 184.19±52.84 39.54±9.46 119.35±41.62 
p-value 0.386 0.883 0.505 0.931 
Age (<76 years) 194.89±53.30 172.87±55.64 36.31±8.040 131.54±48.25 
Age (40-60 years) 198.14±52.72 189.14±55.71 39.23±48.20 121.35±42.83 
Age (<40 years) 196.27±50.91 181.21±51.95 43.94±13.74 126.10±43.19 
p-value 0.895 0.126 0.008* 0.437 
Smokers 198.51±52.49 183.82±55.10 38.70±9.40 126.67±45.22 
Non-smokers 193.25±52.84 183.09±57.09 39.79±8.±34 118.88±41.66 
p-value 0.058 0.909 0.385 0.267 
Male 194.95±50.60 181.47±53.82 39.54±9.63 122.69±43.37 
Female 205±58.48 190.67±61.22 37.10±6.66 130.78±47.34 
p-value 0.1 0.579 0.168 0.394 
*p-value <0.05 
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glucose and sedentary life style has predisposed 
individuals to this morbid condition.10’11 After adjusting 
for age, gender and family history, these risk factors had  
been appeared as independent risk factors for CAD. 
However, Smoking failed to show any association with 
CAD in our population.12 The smoking was not a 
measurable variable and people hesitate to disclose their 
personal habits. Hiding of true information may be the 
reason of lack of association in our study sample.  
There are discordant results on male gender 
predisposition towards CAD.13,14 According to this study, 
female is a protective gender against the CAD before 
menopause. This was very well established in this study 
(F). There is a rapid disease progression among females 
after the age of 40 years. It is considered that the estrogen 
protects the females from the process of atherosclerosis. 
Sooner this protective shield is removed after  
menopause, they also become prone towards the disease 
in the presence of all other risk factors (Feldman, 2016). 
We do not see any difference for the risk of disease 
between males and females after the age of 40 years. 
These results are supporting the conclusion of previous 
study conducted in Karachi by Jafar et al.3 
In this study we observed elevated LDL-C and TG in 
direct correlation with raised glucose levels but no 
decline in HDL-C. Modification of this risk factor is very 
critical to reduce the risk of coronary artery 
disease.15,16,17 Vessel wall injury is the first step involved 
in the local atherosclerotic plaque formation. 
Glycosylation of basement membrane, sheer stress injury 
due to hypertension, Free radical injury due to smoking 
and finally the entrapment of small oxidized LDL 
particles in the intiamal layer through damaged wall, each 
imparting its role in the process of atherosclerosis.18 
Blood glucose itself directly glycosylates the wall but it 
was also interesting to note the direct significant 
association of high blood glucose levels with TC, LDL-C 
and TGs which shows its indirect implication in CAD 
pathogenesis by causing hypercholesterolemia. Insulin  

resistance in diabetes mellitus exacerbates the process of 
atherogenesis.19 
Hypertension is one of the leading risk factors for CAD 
which was also observed in our population. Endothelial  
injury due to increased blood flow in the narrow lumen is 
the basic phenomenon.20 No Environmental risk factor 
seemed to contribute to hypertension except the BMI in 
our study. It also showed an association with the family 
history. The 7th  report of the joint National Committee 
also concluded that Family history and BMI were 
significant risk factors for hypertension.21 This is clearly 
reflecting that the hypertension is priory determined by 
genetic factors later on influenced by environmental risk 
factors.  

Conclusion 
BMI, Blood glucose, Hypertension and LDL-C appeared 
to be significant risk factors for coronary artery disease in 
Pakistani population. There is increased risk of coronary 
artery disease among males before the age of 40 years 
than females. 
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