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ABSTRACT

Background.     There is a paucity of data on the
relative importance of various traditional     risk factors
for coronary artery disease among rural Indians. We
conducted a prospective case–control study to deter-
mine the risk factors for acute myocardial infarction in
a rural population of central India.

Methods. We recruited 111 consecutive patients admitted
to our hospital with a first episode of acute myocardial infarction
and 222 age- and sex-matched controls. Demographics, anthro-
pometric measures, lipids, blood glucose, smoking and other
lifestyle factors were compared among cases and controls.
Multivariate analyses were used to identify the risk factors
independently associated with acute myocardial infarction.

Results. Elevated fasting blood glucose (odds ratio [OR]
8.9; 95% confidence interval [CI] 4.5, 17.9), abnormal waist–
hip ratio (OR 3.0; 95% CI 1.7, 5.4) and income (OR 4.0 and
5.9 for the high- and middle-income categories, compared to the
lowest category) were independently associated with the first
episode of acute myocardial infarction. Abnormal triglycerides
(OR 1.7; 95% CI 0.9, 3.1) and current smoking (OR 1.9;
95% CI 0.9, 4.0) were risk factors but were not statistically
significant.

Conclusion. Reduction in blood glucose levels and
truncal obesity may be important in controlling the
burden of coronary artery disease in rural Indians.
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INTRODUCTION
India is in epidemiological transition.1,2 In addition to the burden
of endemic infections, the emerging threat of non-communicable
diseases is a matter for concern.1 Studies have shown a rising
prevalence of diabetes3 and hypertension4 in urban communities.
The prevalence of coronary artery disease (CAD) has increased
from 40 per 1000 in 1968 to nearly 110 per 1000 in 2001.5 Death
rates from CAD are expected to overtake those due to infectious
diseases by 2010.2 The epidemiology of non-communicable
diseases in South Asians is characterized by a higher burden
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of CAD and diabetes, earlier occurrence and greater severity of
CAD, excess mortality that is only partly explained by conven-
tional risk factors and a higher prevalence of syndrome X.1,6

Almost 75% of the Indian population lives in rural areas.
Most studies on CAD and non-communicable diseases have
been conducted in urban populations. A few rural studies
suggested that CAD was not a major problem in rural commu-
nities.7–9 A cross-sectional survey in a rural population at
Sevagram in central India (2433 subjects; 1338 men) in 1988
reported the lowest prevalence of CAD in India: 14.8 per 1000.8

Similarly, in a rural population of Thiruvananthapuram district,
Kerala, of the 1253 individuals screened for CAD, 36 per 1000
were detected to have electrocardiographic (ECG) changes
suggestive of CAD.9 However, recent hospital-based admis-
sion data (unpublished) from our institution suggest that CAD
has become more common. About 150 patients with a first
episode of acute myocardial infarction (AMI) and thrice as
many subjects with angina are admitted to our teaching hospital
every year compared to 30 patients in 1980.

Published research from India has largely focused on iden-
tifying risk factors for CAD in urban populations.10–12 Accurate
determination of the risk factors for CAD in rural populations
will enable planning of population-based screening and inter-
vention strategies for the prevention of CAD in rural India. We
aimed to find out the risk factors for AMI in patients admitted to
our hospital.

METHODS
Location
The Mahatma Gandhi Institute of Medical Sciences, Sevagram
is a 648-bedded teaching institution in rural central India with
325 000 patient visits and about 5500 patient admissions to the
medicine wards per year. Nearly 150 patients with AMI are
admitted every year.

Cases
All consecutive patients with AMI admitted to our critical care
unit between December 2001 and April 2003 were included in the
study. AMI was diagnosed if patients fulfilled 2 of 3 criteria:
typical ischaemic chest pain, raised concentrations of creatinine
kinase-MB in the serum, and typical ECG findings including
development of pathological Q waves.13 Patients were excluded if
they had a past history of myocardial infarction or presented more
than 24 hours after the onset of symptoms. Written informed
consent was obtained from all patients eligible for inclusion in the
study.

Controls
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We chose two age- and sex-matched controls for each case.
Controls were recruited from patients admitted at the same time to
the surgical wards for minor surgery such as hernia repair,
hydrocele or cataract extraction, or from those visiting the out-
patient department for minor complaints related to the eye, ear,
nose and throat, and for general health examination. Patients were
excluded from the control group if they had clinical evidence of
liver disease (jaundice, ascites, oedema or splenomegaly) or if
they had had angina or an AMI in the past. We obtained a 12-lead
ECG in all controls and excluded those with an abnormal ECG.
Informed consent was obtained from all controls eligible for the
study.

Risk factors
The following information was collected from both cases and
controls: age, sex, family income, education, past history of
diabetes, smoking, blood pressure on admission, levels of fasting
blood glucose and lipids (total cholesterol, high density lipopro-
tein [HDL], low density lipoprotein [LDL] and triglycerides).

Socioeconomic status was categorized on the basis of the stated
monthly family income: Rupees 3000, 3001–6000, 6001–9000,
9001–15 000 and >15 000. Subjects were classified based on
their level of education as ‘illiterate’, ‘some school’ (not com-
pleted high school), ‘completed high school’, degree (Bachelor’s)
and postgraduate degree. Participants were categorized as non-
smokers, current or past smokers, and the type, frequency and
duration of smoking were recorded for current and past smokers.
Waist girth was measured with the subject in the standing position
at a level halfway between the iliac crest and costal margin in the
mid-axillary line. Hip girth was measured with the subject in the
standing position with both feet together at the level of the greater
trochanter. When the greater trochanters were not palpable, the
largest horizontal girth around the buttocks was measured.
Subjects, in hospital garments, were weighed on a scale to the
nearest 0.1 kg. The waist–hip ratio (WHR) and body mass index
(BMI) (weight in kilograms by the square of height in metres)
were calculated for all subjects. We used the WHO cut-offs14 to
classify our subjects into three categories: underweight (<18.5
kg/m2), normal (18.50–24.99 kg/m2) and overweight/obese
(>25 kg/m2).

Overnight fasting blood samples for lipid profile and blood
glucose estimation were withdrawn at 8 a.m. on day 1 (after a
mean [SD] duration of 20.14 [6.41] hours from the onset of
symptoms). Blood glucose was measured using the glucose oxi-
dase peroxidase method. Serum cholesterol was measured by a
CHOD–PAP method, triglycerides by a GPO–PAP method, and
HDL by the phosphotungstic method—all on a discrete analyser.
LDL and very low density lipoprotein (VLDL) values were calcu-
lated by using the Friedewald formula.15 Our laboratory partici-
pates in external quality assurance schemes for serum lipid
determinations (Association of Biochemists of India at the
Christian Medical College, Vellore, India). We used the following
cut-off points for biochemical variables: fasting blood glucose
>126 mg/dl; total cholesterol >200 mg/dl, LDL >130 mg/dl, HDL
<40 mg/dl and triglycerides >150 mg/dl.16 Hypertension was
defined as systolic blood pressure >140 mmHg or a diastolic blood
pressure >90 mmHg.17

Statistical analysis
Data were analysed using STATA software (Version 8, Stata
Corporation, Texas, USA). The initial analysis included a com-
parison of the frequencies of demographic variables and risk

factors among cases and controls. For bivariate analysis, the
data were analysed for an association between the following
risk factors and AMI: income, education, smoking, diabetes,
hypertension, BMI, WHR, fasting blood glucose, cholesterol,
HDL, LDL and triglyceride levels. All these variables except
income and BMI were dichotomized for bivariate analyses.
Income was recoded in 3 categories (high, middle and low) and
indicator variables were used in the model. BMI was recoded
into 3 categories (underweight, normal weight, overweight and
obesity). Age and gender were not analysed because cases and
controls were matched on these variables. Crude (unadjusted)
odds ratios (OR) were computed to assess the strength of
association between risk factors (covariates) and AMI (out-
come). The OR estimates were computed along with 95%
confidence intervals (CI).

Bivariate analysis was followed by multivariate analysis. Un-
conditional logistic regression was performed because data were
frequency-matched (not pair-matched). The following steps were
used for model development: variables that were statistically
significant at the p=0.20 level on bivariate analysis were included
in the preliminary model. In addition, other variables that were
considered biologically important were forced into the model even
if they were not statistically significant. The preliminary full
model included all the variables selected using the criteria de-
scribed above. From this full model, variables that did not contri-
bute significantly were dropped one at a time until all those
remaining contributed significantly. At each step, the variable
with the smallest contribution to the model (largest p value) was
dropped. The impact of elimination of each variable on the model
was evaluated using the likelihood ratio test. The backward, step-
wise process was continued until the best fitting, most parsimoni-
ous final model was identified. The fit of the final model was
assessed using the Hosmer–Lemeshow goodness-of-fit test. The
results of the final model are presented as adjusted odds ratios
(OR) with confidence intervals.

RESULTS
We enrolled 111 cases and 222 age- and sex-matched controls.
Table I presents the distribution of the demographic covariates
among cases and controls. As expected, age and gender distribu-
tions were similar. Cases tended to belong to a higher socioeco-
nomic strata, and were more likely to have been educated beyond
high school. Table II presents the distribution of risk factors
among cases and controls. Cases were twice as likely to have had
a history of diabetes compared to controls, and cases tended to
have significantly higher fasting blood glucose levels as compared
to controls (152.1 mg/dl v. 98.2 mg/dl [p<0.001]). The frequency
of smoking was higher among cases than controls (25% v. 14%).
A high WHR was also more prevalent among cases than controls
(59.5% v. 36.9%), but BMI did not differ significantly. Although
cases tended to have lower HDL cholesterol and higher triglycer-
ides than controls, the mean total cholesterol and LDL cholesterol
did not vary significantly.

Bivariate analysis (Table III) showed that patients in the high-
and middle-income categories had higher odds of AMI than
patients in the low-income category. Elevated fasting blood glu-
cose, smoking, abnormal WHR, raised blood pressure, high
triglyceride and low HDL levels on admission were associated
with higher odds of AMI.

Multivariate analyses (Table IV) revealed that an elevated
fasting blood glucose (OR 8.96; 95% CI 4.47, 17.9), elevated
WHR (OR 3.05; 95% CI 1.71, 5.45), elevated triglycerides
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(1.72;95% CI 0.96, 3.08) and current smoking (OR 1.92; 95% CI
0.92, 4.03) were independent predictors for AMI in our study
population. Analyses of the demographic variables revealed
that higher income levels were associated with AMI.

DISCUSSION
Our study showed that high blood glucose levels, raised
triglyceride levels, high WHR, higher income levels and smok-
ing were independently associated with the risk of first AMI in
rural people in central India.

The Framingham Heart Study (FHS) risk factor scoring
system calculates a 10-year estimated risk of CAD using 6 risk
factors—age, LDL, HDL, high blood pressure, diabetes mellitus
and smoking.18 Are these risk factors important in developing
country populations as well? In our study, LDL and blood
pressure were not significantly associated with CAD. Fasting
blood glucose was not only the most powerful predictor of
AMI, its association with AMI was much stronger than that
reported in 3 previous studies.10,11,19 An urban Indian study
found that 18% of cases and 9% of controls had a history of
diabetes.10 In comparison, 44% of our cases had fasting
hyperglycaemia compared to 8% of controls. Further, only 9%
of our cases and half as many controls were aware of their
diabetic status. Our findings accord well with a recent study
which showed that nearly one-third of non-diabetic patients
presenting with ST-elevation myocardial infarction have diabe-

TABLE I. Distribution (%) of demographic variables among
patients with acute myocardial infarction

Demographic variable Cases (n=111) Controls (n=222)

Gender (% men) 79.3 79.3
Mean (SD) age (in years) 57.9 (12.2) 57.2 (12.6)
Age categories
Up to 40 9.0 10.8
41–50 22.5 16.2
51–60 36.9 38.3
>60 31.5 34.7

Income (in rupees per month)
<3000 5.4 27.0
3001–6000 30.6 49.6
6001–9000 52.3 18.5
9001–15 000 11.7 3.2
>15 000 0 2.0
Income category (in rupees per month)
Low (<6000) 36.0 76.6
Middle (6000–9000) 52.3 18.5
High (>9000) 11.7 5.0
Occupation
Farmer 35.5 52.5
Daily wages 1.0 11.8
Service 33.6 11.8
Business 5.4 3.2
Unemployed 24.6 20.8
Education
Illiterate 9.9 9.5
Some school 33.3 56.3
High school completed 38.7 22.1
Graduation 15.3 9.5
Postgraduation 2.7 2.7
Educational category
High school/graduation/ 56.8 43.2
postgraduation v.
illiterate/some school

TABLE II. Distribution of risk factors among patients with acute
myocardial infarction

Risk factor Cases (n=111) Controls (n=222)

Smoking
Yes 25.2 14.0
No 74.8 86.0
Known diabetes
Yes 9.0 5.4
No 91.0 94.6
Hypertension at admission
Yes 33.3 24.8
No 66.7 75.2
Body mass index (BMI)
Mean (SD) 23.1 (3.7) 22.5 (3.3)
Median (range) 22.5 (13.3–33.6) 21.8 (14.4–34.9)
BMI category
Normal (18.5–24.99) 63.9 72.5
Underweight (<18.5) 10.8 9.0
Overweight/obese (>25) 25.2 18.5
Waist–hip ratio (WHR)
Mean (SD) 0.93 (0.063) 0.90 (0.079)
Median (range) 0.93 (0.68–1.22) 0.88 (0.75–1.29)
Abnormal WHR (>0.92 in men; >0.85 in women)
Yes 59.5 36.9
No 40.5 63.1
Fasting blood glucose (FBG in mg/dl)
Mean (SD) 152.1 (88.4) 98.2 (36.0)
Median (range) 121 (69–512) 93 (48–346)
Abnormal FBG (>126 mg/dl)
Yes 44.1 8.6
No 55.9 91.4
Total cholesterol (in mg/dl)
Mean (SD) 192.8 (39.8) 187.5 (47.1)
Median (range) 188 (88–300) 185.5 (83–340)
Abnormal total cholesterol (>200 mg/dl)
Yes 36.9 37.8
No 63.1 62.2
Low density lipoprotein (LDL in mg/dl)
Mean (SD) 112.4 (39.7) 108.7 (41.3)
Median (range) 111.2 (24.4–245.3) 106.8 (24.8–233.4)
Abnormal LDL (>130 mg/dl)
Yes 29.7 28.8
No 70.3 71.2
High density lipoprotein (HDL in mg/dl)
Mean (SD) 40.9 (15.6) 46.3 (13.2)
Median (range) 41 (9–90) 46.5 (12–105)
Abnormal HDL (<40 mg/dl)
Yes 48.7 34.7
No 51.3 65.3
Triglycerides (mg/dl)
Mean (SD) 196.9 (89.1) 162.4 (93.6)
Median (range) 178 (34–498) 149 (41–655)
Abnormal triglycerides (>150 mg/dl)
Yes 62.2 49.1
No 37.8 50.0

tes on formal testing.20

Rural Indians, especially the poor among them, are less likely
to be informed about diabetes and its control, or be screened for it,
for financial, logistic and cultural reasons. Two-thirds of our
patients had never had their blood glucose estimated or blood
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pressure taken before they were enrolled in the study. This may
explain why despite the high prevalence of hyperglycaemia in our
cases, a history of diabetes was weakly associated with AMI, as
compared to the association reported in previous studies.10,11,19,21

Hypertension, an important risk factor for CAD, was not associ-
ated with CAD in our study.

Our patients had AMI and hyperglycaemia even when their
BMI was well within the accepted range for western populations.

Only 5% of our cases and 3% of our controls had BMI >30 kg/
m2. Interestingly, half the cases (and one-third of controls) had
normal BMI but high WHR. This finding concurs with an Indian
study,22 which showed that only 8.2% of patients with
angiographically proven CAD had a BMI >27 kg/m2 but con-
trasts with western studies which have shown a strong asso-
ciation of BMI with hyperglycaemia and dyslipidaemia.19, 23

Several studies have shown that central obesity is a more
reliable indicator of cardiovascular risk than BMI in rural ar-
eas.10, 11 This might be so because Indians differ from Cauca-
sians and Afro-Americans in their body composition: they lack
generalized obesity (BMI >30 kg/m2),24 tend to have a higher
intra-abdominal fat mass and excess truncal subcutaneous fat.
Opinions are divided on which type of fat distribution—subcu-
taneous or intra-abdominal—contributes more to the metabolic
derangements and insulin resistance associated with abdomi-
nal obesity.25 Researchers have suggested that the cut-off
points for generalized obesity and abdominal obesity, based on
the data of Caucasian populations, may not be applicable to
Asian Indians.26,27

Tobacco smoking is an important modifiable risk factor for
AMI.28,29 A recent study from southern India estimates that 700 000
deaths per year in India are a result of smoking. Also, smokers live
about 20 years less than an average Indian.30 In rural areas most
people smoke bidis (0.2–0.3 g tobacco rolled in the leaf of another
plant, temburni) and not conventional cigarettes. Bidis deliver
more carbon monoxide, tar and nicotine than conventional Indian
cigarettes do and are more harmful to health. Indeed, in our study
only 6 subjects (4 cases and 2 controls) smoked cigarettes com-
pared to 24 cases (21%) and 29 controls (13%) who smoked bidis.
Our results confirm the findings of a previous urban Indian study
which showed that smoking was independently associated with a
four-fold risk for AMI, with a clear dose effect.10

Lipid abnormalities are well known to increase the risk of
CAD. Studies in Asian communities in the UK31,32 have suggested
that central obesity, type 2 diabetes mellitus, lower HDL cho-
lesterol and higher triglyceride concentrations are important
risk factors for CAD in this racial group. Although a prevalence
study in India33 has shown a strong association of total choles-
terol and LDL levels with CAD, our findings agree with those
of Pais et al., who reported high triglycerides and low HDL
cholesterol with normal LDL cholesterol in their cases.10 Low
levels of HDL cholesterol have been shown to be a powerful risk
factor for CAD.18 The association of serum triglyceride concen-
tration with the risk of CAD31 is not as strong, and is subject to
confounding by serum LDL and HDL cholesterol, diabetes and
other factors. In our study the logistic regression analysis
showed that after adjusting for other risk factors, raised triglyc-
eride levels were independently associated with a higher risk for
AMI. AMI may lower HDL cholesterol and raise triglycerides
and can thus increase the difference in the concentration of
these lipid fractions between cases and controls.10 However, we
collected blood for estimating lipid levels within 24 hours of
AMI, much before AMI alters lipid levels.

In 1988, the estimated prevalence of CAD was only 14.8 per
1000 in our rural community.8 Lifestyle changes following im-
proved economic conditions are associated with an increased risk
of chronic diseases. An increase in longevity also contributes to a
shift toward CAD and other chronic diseases. We believe that
changes in lifestyle and the urbanization of villages over the past
two decades might have led to a higher prevalence of hyper-
glycaemia, dyslipidaemia and CAD in our population. Most

TABLE IV. Risk factors for acute myocardial infarction: Final model
from multivariate logistic regression analysis*

Risk factor Adjusted odds ratio 95% CI p value

Income category
High v. low 4.08 1.36, 12.21 0.012
Middle v. low 5.95 3.16, 11.18 <0.001
Educational category
High school/graduation/ 1.55 0.85, 2.82 0. 14
postgraduation v.
illiterate/some school

Smoking
Yes v. no 1.92 0.92, 4.03 0.08
Abnormal waist–hip ratio
Yes v. no 3.05 1.71, 5.45 <0.001
Abnormal fasting blood glucose
Yes v. no 8.96 4.47, 17.9 <0.001
Abnormal triglycerides
Yes v. no 1.72 0.96, 3.08 0.06

*Hosmer–Lemeshow goodness-of-fit p=0.59 (no evidence of lack of fit)

TABLE III. Risk factors for acute myocardial infarction: Bivariate
odds ratios and 95% confidence interval (CI)

Risk factor Crude odds ratio 95% CI p value

Income category
High v. low 5.02 2.09, 12.03 <0.001
Middle v. low 6.01 3.54, 10.19 <0.001
Educational category
High school/graduation/ 2.52 1.53, 4.13 <0.001
postgraduation v.
illiterate/some school
Smoking
Yes v. no 2.07 1.12, 3.82 0.01
Known diabetes
Yes v. no 1.73 0.65, 4.53 0.21

Hypertension at admission
Yes v. no 1.52 0.89, 2.56 <0.09
Body mass index
Underweight v. normal 1.36 0.63, 2.90 0.43
Overweight/obese v. normal 1.55 0.88, 2.69 0.12
Abnormal waist–hip ratio
Yes v. no 2.50 1.52, 4.10 <0.001
Abnormal fasting blood glucose
Yes v. no 8.44 4.46, 16.3 <0.001
Abnormal total cholesterol
Yes v. no 0.96 0.58, 1.58 0.87
Abnormal low density lipoprotein
Yes v. no 1.04 0.61, 1.76 0.86
Abnormal high density lipoprotein
Yes v. no 1.78 1.09, 2.91 0.01

Abnormal triglycerides
Yes v. no 1.70 1.04, 2.79 0.02
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studies on CAD in Indians have focused on the higher so-
cioeconomic class or on affluent Asian expatriates.10,21,33 Our
findings that high- and middle-income groups had a significant
risk (OR 4 and 6) of having an AMI match those of two previous
studies in north India33 but differ from a south Indian urban
study10 which found that lower socioeconomic status was
significantly associated with AMI.

Our study has certain strengths. Both cases and controls were
drawn from the same catchment area (study base) representing a
fairly homogeneous population with minimal migration. The
hospital-based design was optimal for our study, because cases
and controls were similarly sensitized towards recalling exposure
information. To reduce the effect of confounding, we chose age-
and sex-matched controls and performed multivariate analyses to
adjust for other potential confounders. We avoided misclassification
of disease status, a common source of error,34 by identifying our
cases according to established criteria. We increased the effi-
ciency of our design by recruiting two controls per case.

Our study has certain limitations. First, our sample of AMI
may not be representative of all patients with the disease because
those who were undiagnosed, misdiagnosed, had non-ST-eleva-
tion AMI, reported late to the hospital or died soon after arrival (or
who did not report to the hospital at all) were less likely to be
included. Second, we measured glucose and lipid levels only once
at the time of admission. Third, CAD may be related to non-
traditional risk factors such as C-reactive protein, fibrinogen,
lipoprotein (a) and homocysteine. However, the current evidence
is insufficient to conclusively support the additive value of these
specific risk factors over conventional risk factors.35 Finally,
extrapolation of our findings to different populations, ethnic
groups and urban populations in India may be inappropriate.

In conclusion, our results suggest that fasting hyperglycaemia,
central obesity, higher socioeconomic status, increased levels of
triglycerides and current smoking are major risk factors for a first
episode of AMI in our population. According to the World Health
Report 2000, community-based and national campaigns that
target major modifiable risk factors may reduce deaths and
disability from CAD by nearly half.36 To achieve these objec-
tives, several political, cultural, social, religious and economic
issues need to be addressed.37 Clinical care of chronic diseases
such as diabetes and CAD is expensive and prolonged, and use
up scarce family and societal resources. For example, in India
diabetes costs the patient Rs 4724 each year, with the overall
cost increasing to Rs 21 408 when indirect costs such as
ambulatory care, hospitalization, man-days lost, and loss of
personal and family income are accounted for.38 Clearly, the
economic burden posed by diabetes and CAD can be stagger-
ing. The challenge is to develop appropriate strategies to
prevent CAD and promote healthy lifestyles in rural commu-
nities. If the growing epidemic of CAD is to be reversed,
clinicians, healthcare organizations, policy-makers and com-
munities must work together to translate evidence into action.
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Obituaries
Many doctors in India practise medicine in difficult areas under trying
circumstances and resist the attraction of better prospects in western coun-
tries and in the Middle East. They die without their contributions to our
country being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently
deceased colleague by a friend, student or relative. The account in about 500
to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph should
accompany the obituary.

—Editor


