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ABSTRACT Several researches along with Framingham heart study have resulted in abundance of epidemiologi-

cal information confirming what astute clinicians have known for many years, that specific factors appear

to be associated with increased risk for the development of coronary heart disease. The objective of this

study is to look into the coronary artery disease risk profiles in hypertensive patients. 98 hypertensive

patients (50 females & 48 males) were investigated for assessing risk factors for coronary artery disease

(CAD). Blood sugar, total cholesterol, serum HDL cholesterol levels and serum lipid profile were esti-

mated. Percentage of 10-year coronary artery disease risk was calculated using coronary disease risk pre-

diction score of Framingham study. CAD risk score > 20% was seen in majority of the patients (74.08%)

and > 40% in 20.4% of the patients. 26.53% had clinical or electrocardiographic evidence of CAD. It was

observed that increasing age, decrease in serum HDL, increasing serum total cholesterol, smoking &

diabetes mellitus were responsible for increased risk for coronary artery disease in hypertensive patients.
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ated with an increased risk for the development of coro-
nary heart disease3,4. These risk factors are classified as
unmodifiable and modifiable depending on whether they
are beyond our ability to alter or not. The major
unmodifiable risk factors are age, gender and genetics.
The high blood pressure, smoking, physical activity, obe-
sity, abnormal lipids and high blood sugar are modifi-
able risk factors.

The natural progression of coronary artery heart
diseases is believed to be strongly correlated with the
presence of the classic risk factors5. In a non-interven-
tion 21-month study of the progression of atherosclero-
sis as assessed by coronary angiography, it was noted that
the presence of elevated plasma cholesterol levels, high
blood pressure and smoking were strongly associated with
non-progression6. However, the correlation is not always
apparent as Kramer et al found no significant relation-

INTRODUCTION
Since 1951, one of the most productive of all epi-

demiologic investigations, the Framingham study1 has
played a major role in establishing the nature of coro-
nary heart disease risk factors and their relative impor-
tance2. Many such studies conducted elsewhere in the
world have resulted in an abundance of epidemiological
information, confirming that specific factors are associ-
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ship between the rates of progression of coronary heart
disease and several of the risk factors in their non-inter-
vention study of 262 patients with coronary heart dis-
eases. With this background, the present study was un-
dertaken to find out the coronary heart disease risk pro-
file in the hypertensive patients and its correlation to
prevalence of CAD and to find out the coronary risk
calculation by using Framingham’s chart and its useful-
ness in clinical practice.

MATERIALS AND METHODS
Randomly selected ninety eight patients with es-

tablished hypertension and who were on treatment at-
tending the out patient department of Medicine in
Kasturba Medical College Hospital, Mangalore, India,
were included in this study. Out of these 98 patients, 50
were females and 48 were males. A thorough clinical

examination of each patient was done by the clinician
and patients were questioned for assessing risk factors
for coronary artery disease. Patient’s history of angina,
dyspnoea and history suggestive of coronary artery dis-
eases were noted. Fasting, post-prandial and random
blood sugar levels were determined in all the patients.
Lipid profile was done after over night fasting to avoid
pseudo-elevation of lipid levels. The other investigations
done were serum total cholesterol, serum HDL choles-
terol level & ECG in Limb lead II. CAD was diagnosed
by history of clinical angina, myocardial infarction or
unstable angina with or without ECG changes.

CAD risk prediction score was calculated separately
in males & females by using Framingham’s charts1. CAD
risk prediction score was calculated in each individual by
giving points to five parameters (age, total cholesterol,
HDL, diabetes and smoking) and adding the points by

Table 1. Distribution of CAD patients as per serum HDL levels:

Serum HDL (mg %)

Hypertensive Patients < 35 35-44 45-49 50-59 ≥≥≥≥≥ 60 Total

CAD 8 5 4 8 1 26

33.3% 23.8% 21.1% 29.6% 14.3% 26.5%

Non CAD 16 16 15 19 6 72

66.7% 76.2% 78.9% 70.4% 85.7% 73.5%

Total 24 21 19 27 7 98

100% 100% 100% 100% 100% 100%

x2 = 9.468 p = 0.0458

Table 2. Distribution of CAD patients as per serum total cholesterol:

Serum Total Cholesterol (mg %)

Hypertensive Patients <160 160-199 200-239 240-279 ≥≥≥≥≥ 280 Total

CAD 0 3 7 7 9 26

0% 14.3% 20.0% 31.8% 47.4% 26.5%

Non CAD 1 18 28 15 10 72

100% 85.7% 80.0% 68.2% 52.6% 73.5%

Total 1 21 35 22 19 98

100% 100% 100% 100% 100% 100%

x2 = 10.245 p = 0.039
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comparing with the Framingham’s chart to assess the
percentage risk of developing CAD in 10 years.

Statistical Analysis: Fishers exact test was done to
compare CAD patients among diabetics. The association
between CAD and variables (age, sex, serum HDL, se-
rum total cholesterol, smoking, systolic & diastolic blood
pressure, and Framingham’s risk score) was analyzed by
Chi square test. Unpaired “t” test was done to compare
CAD and non-CAD patients according to age and sex.
A p- value < 0.05 is taken as statistically significant.

RESULTS
Among 48 male patients, 16 patients (33.3%) had

coronary artery disease (p<0.001) whereas among 50
female patients, 10 patients (20%) were found to have
coronary artery disease (CAD) (p<0.05). CAD distribu-
tion among various age groups increased with increasing
age (p< 0.001). Further the average age was significantly
higher (p< 0.05) in CAD patients (61.35 ± 11.11 yrs.)
when compared to non-CAD patients (54.81 ± 12.52

Table 3. Distribution of CAD patients as per systolic blood pressure:

Systolic Blood Pressure (mmHg)

Hypertensive Patients 140-150 150-160 ≥≥≥≥≥ 160 Total

CAD 1 4 21 26
9.1 % 20.0% 31.3% 26.5%

Non CAD 10 16 46 72
90.9% 80.0% 68.7% 73.5%

Total 11 20 67 98
100% 100% 100% 100%

x2= 5.956 p = 0.042

Table 4. Distribution of CAD patients as per diastolic blood pressure:

Systolic Blood Pressure (mmHg)

Hypertensive Patients 90-95 95-100 ≥≥≥≥≥ 100 Total

CAD 2 3 21 26
7.4 % 23.1% 36.2% 26.5%

Non CAD 25 10 37 72
92.6% 76.9% 63.8% 73.5%

Total 27 13 58 98
100% 100% 100% 100%

x2= 7.931 p = 0.09

Table 5. Distribution of male CAD patients among smokers:

Male Hypertensive Patients Smokers Non-Smoker Total

CAD 9 7 16
60.0% 21.2% 33.3%

Non CAD 6 26 32
40.0% 78.8% 66.7%

Total 15 33 48
100% 100% 100%

x2 = 6.982 p = 0.008

Table 6. Distribution of CAD according to Age:

Age
Sex p-value

CAD Non-CAD

Total (98) 61.35 ± 11.01 54.81 ± 12.52 p<0.05
Males (48) 60.68 ± 11.65 53.31 ± 11.64 p<0.05
Females (50) 62.4 ± 10.43 56.0 ± 13.21 p >0.05NS
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Table 7. Distribution of CAD patients among diabetics

Sex Hypertensive Patients Diabetic Non-diabetic Total

Male CAD 15 1 16

68.2 % 3.8% 33.3%

Non CAD 7 25 32

31.8% 96.2% 66.7%

Total 22 26 48

100% 100% 100%

Female CAD 9 1 10

50.0% 3.1% 20.0%

Non CAD 9 31 40

50.0% 96.9% 80.0%

Total 18 32 50

100% 100% 100%

Fishers exact test: Male p< 0.001; Female p<0.001

Table 8. Distribution of CAD patients according to Framingham’s Risk Score.

Sex Framingham’s Risk Score CAD Non-CAD X2 & p-value

Male & Female 0 - 19 1 24 x2=22.11 p<0.001

20-39 12 41

≥ 40 13 7

Male 0 - 19 0 5 x2=15.79 p< 0.001

20-39 3 20

≥ 40 13 7

Female 0 - 19 1 19 x2=4.69 p< 0.05

20-39 9 21

≥ 40 0 0

yrs.). A statistically significant higher age group of CAD
patients was seen in males only (p<0.05).

The distribution of number of CAD patients de-
creased with the increasing serum HDL levels. Among
the patients with HDL cholesterol less than 35 mg%,
nearly 33% were CAD patients, whereas in the range of
HDL more than 60 mg% only 14.3% had CAD (p< 0.05).

The distribution of CAD patients increased pro-
portionately with increasing serum cholesterol. There
were only 14% cases with total cholesterol range of 160 -
199 mg%, whereas there were 47% CAD cases with se-
rum total cholesterol more than 280 mg% (p< 0.05).

The distribution of CAD patients increased among

smokers. There were more CAD patients in smokers
group (60%) compared to non-smokers (21%) (p<0.001).
Among patients who had increased systolic blood pres-
sure, there was more incidence of CAD. Among patients
having more than 160 mm Hg of systolic blood pres-
sure, there were 31% of the CAD patients (p<0.05). Simi-
larly, there was an increase in the number of CAD pa-
tients with increase in diastolic blood pressure (p<0.01).

There were more CAD patients among the diabetic
group compared to non-diabetic group (p<0.001) i.e.
in males (68.2%; p<0.001), females (50%; p<0.001). The
results of Framingham’s CAD risk score showed maxi-
mum number of CAD patients; 13/20 (p <0.001) were
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seen when the score was more than 40, where 65% of
the patients had CAD. As the score decreased the inci-
dence of CAD patients also decreased (20 - 39 score
showed 12/53 (22.6%) and less than 20 score showed
only 1/25 (4%) in CAD patients. On the basis of gen-
der, the prediction score showed higher prevalence of
CAD patients in males (16/48; p<0.001) when com-
pared to females (10/50; p<0.05). Further analysis of
the prediction score showed higher prevalence of CAD
patients with higher risk score in males (> 40 score showed
13/20) (65%). Whereas in females the more incidence
of CAD patients (9/30) (30%) occur in the risk score
between 20 -39. There were no patients in risk score
group of 40 and above among females.

DISCUSSION
The results of our study showed high clustering of

various risk factors for coronary artery disease among
the studied hypertensive population. 76% had high cho-
lesterol, 43% had HDL < 458,9, high systolic pressure
was seen in 57%, all had high diastolic pressure10,11, 41%
were diabetics and 66% were more than 50 years of age.
Because of the high clustering of risk factors, high preva-
lence of CAD of 27% was seen in this study population.
Framingham’s risk score identified 65% prevalence of
CAD, when CAD risk score was > 40%. Nearly 25% of
CAD had the risk score of 20 - 30%. All these patients
were aged patients attending hypertension clinic. Aggres-
sive risk reduction by modifying modifiable risk factors
like, lowering cholesterol, improving HDL by lipid low-
ering agents, controlling blood pressure adequately12, and
counseling on giving up smoking may help a long way in
risk reduction. Use of risk score chart for patient educa-
tion and demonstration of risk reduction with modifica-
tion of modifiable risk factors may motivate and reduce
the burden of CAD in hypertensive subjects13,14. Despite
drug therapy, only 26% had well controlled systolic pres-
sure and none had diastolic blood pressure control.
Multiple anti-hypertensive agents for lowering blood
pressure and achieving target blood pressure control is
warranted. A special hypertensive clinic is essential for
achieving target blood pressure control and modifying
CAD risk factors. The only limitation of this study is the
lack of CAD screening with stress test, which may in-
crease the detection of CAD among hypertensive patients.

CONCLUSION
Thus, from the present study it could be concluded

that the factors responsible for increased risk for coro-
nary artery disease were age, serum cholesterol, smok-
ing, diabetes and hypertension. Males are at a higher risk
of developing CAD than females. The results also indi-
cate that early detection and better control of modifiable
risk factors will help to limit the occurrence of CAD16.
We observed higher percentage of CAD patients due
to above mentioned risk factors compared to other
studies12,18, because all our patients were already
hypertensives. Framingham’s risk score showed high
prevalence of CAD of 65% when risk score was > 40%
and 25% of coronary artery disease prevalence when risk
score was > 20-30%. Hence, Framingham’s risk score
chart may be of use in patient’s education for reduction
of risk by modifying risk factors.
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