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A follow-up study of coronary heart disease (CHD) was carried out among adults in Delhi 3 years after
an initial community-based epidemiological survey of the same population. A total of 575 of the 814
cases of CHD detected clinically and by electrocardiogram (ECG) in the initial survey took part. On re-
examination of the original cohort of 4151 adults who were free of CHD both clinically and by ECG in
the initial survey, 245 new cases of CHD were detected - 73 on a clinical basis (21 with myocardial
infarction and 52 with angina pectoris) and 172 by ECG (13 with myocardial infarction and 159 with
probable CHD based on ST and T changes).

The overall incidence of CHD was 19.7 per 1000 (males, 17.3 per 1000; females, 21.0 per 1000).
The incidence on a clinical basis was 5.9 per 1000 (males, 6.5 per 1000; females, 5.5 per 1000) com-
pared with 13.8 per 1000 by ECG (males, 10.8 per 1000; females, 15.5 per 1000). Although the in-
cidence of myocardial infarction was higher in men (3.6 per 1000) than women (2.2 per 1000), the inci-
dence of angina pectoris was 36.5% higher in women (18.7 per 1000) than in men (13.7 per 1000).
Hypercholesterolaemia and systemic hypertension were the commonest risk factors in the 245 new
cases.

A community-based epidemiological study of coro-
nary heart disease (CHD) was carried out in Delhi
from 1985-87 using a randomized house-to-house
survey. Electrocardiograms (ECGs) were recorded
for the clinically detected CHD cases and for normal
adults selected from every second household (the
control group) (1).

We carried out a follow-up study of this popula-
tion 3 years after the initial investigation. The
patients with CHD as well as normal adults from
every second household were re-evaluated. The
present article reports our findings.

Materials and methods
The same cohort of adults (age range, 25-64 years)
was re-examined, on average, 3 years later. The
follow-up study had the following objectives:

to evaluate the progress of CHD detected in the
initial epidemiological study; and
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to identify new cases of CHD in normal adults
who were free of the condition in the initial
survey and to determine the incidence of CHD
in the study population.
Suitable forms were designed to collect the data

for the follow-up study. Any changes in the occupa-
tion, physical activity, and weight, as well as in the
dietary, smoking and alcohol consumption habits of
the study subjects were recorded. Efforts were made
to obtain 12-lead ECGs from the known CHD
patients, from newly detected cases of CHD, and from
adults without CHD. The cluster sampling method
and the criteria used to diagnose CHD (angina
pectoris and myocardial infarction), hypertension,
and obesity were the same as those employed in the
earlier study (1). The cut-off points taken for the
lipid profiles were the 50th percentiles (combined for
males and females) found in the initial survey of the
normal Delhi urban population, as follows: total
cholesterol (TC), 190 mg/dl (4.91 mmol/l); low
density lipoprotein cholesterol (LDL-C), 108 mg/dl
(2.79 mmol/l); very low density lipoprotein chol-
esterol (VLDL-C), 24 mg/dl (0.62 mmol/l); high
density lipoprotein cholesterol (HDL-C), 53 mg/dl
(1.37 mmol/l); and triglycerides (TG), 120 mg/dl
(3.10 mmol/l).

Results
The sex distribution of the resurveyed subjects is
shown in Table 1. Of the 814 cases of CHD detected
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Table 1: Sex distribution of the resurveyi

No. of
No. of asymptomatic

CHD casesb CHD casesc c

Male
Female
Total

154
124
278

130
167
297

a CHD = coronary heart disease.
b On a clinical basis.
c By electrocardiogram.
d Free of CHD both clinically and by ECG in tt
logical survey.

ed subjectsa Cause of death

The responses of the relatives to questions about the
No. of cause of death of patients were not satisfactory.
ontrolsd Total Also, scrutiny of death certificates was not always
1482 1766 helpful for ascertaining the exact cause of death. The
2669 2960 number of deaths from CHD could not be deter-
4151 4726 mined for the 203 cases who had migrated or were

not available for re-examination. However, 24 of the
36 CHD cases reportedly died of a heart attack. For

...initia ep four individuals the cause of death was a stroke,
which was confirmed by the death certificate in three
instances. In the initial survey these four patients
were hypertensive.

in the initial survey (438 clinically and 376 by ECG),
575 were available for re-examination. A total of 118
of the original patients had migrated from Delhi and
were not traceable, while 36 (17 males and 19
females) had died during the 3-year period between
the surveys. The remaining 85 cases were not avai-
lable for re-evaluation, despite repeated efforts to
contact them. Of the original 814 cases, 224 were of
myocardial infarction (144 on a clinical basis and 80
by ECG), of whom 154 were alive and were contac-
ted, while 20 had died; follow-up of the remaining 50
cases was not possible. Similarly, of the 294 patients
with angina pectoris, 193 could be re-evaluated,
and 10 had died; the remaining 91 patients were
not available for follow-up. Of the 193 patients with
angina pectoris, 18 had developed myocardial infarc-
tion. Of the 296 asymptomatic patients with ST-T
changes in the ECG indicative of CHD, 228 could be
re-evaluated, six had died, and 62 were not available
for follow-up. A total of 11 of the 228 asymptomatic
patients had developed angina pectoris. The cause of
death of two of the six patients who died was myo-
cardial infarction, while for the other four the cause
of death could not be satisfactorily ascertained.

Of the 575 cases of CHD available for re-
evaluation, 154 were myocardial infarction (99
males and 55 females), 193 were angina pectoris
(103 males and 90 females), and 228 (99 males and
129 females) had CHD on the basis of ST-T changes
in their ECGs.

Incidence of coronary heart disease

On re-examination of the cohort of 4151 adults
(1482 males, 2669 females) who were considered to
be free of CHD clinically as well as by ECG in the
initial survey, 245 new cases of CHD were detected
- 73 on a clinical basis (21 myocardial infarctions
and 52 cases of angina pectoris, supported by
documentary evidence of receipt of treatment in a
hospital/nursing home or as an outpatient) and 172
cases diagnosed by ECG (13 myocardial infarctions,
159 probably CHD based on ST-T changes in the
ECG). The overall incidence of CHD was 19.7 per
1000 adults per annum.

The incidence of CHD on a clinical basis was
5.9 per 1000 (males, 6.5 per 1000; females, 5.5 per
1000), compared with 13.8 per 1000 on the ECG evi-
dence (males, 10.8 per 1000; females, 15.5 per
1000). The incidence of CHD, by sex, is shown in
Table 2, while the breakdown of the incidence of
myocardial infarction and of angina pectoris, by age
and sex, is given in Table 3.

The overall incidence of CHD (19.7 per 1000:
males, 17.3 per 1000; females, 21.0 per 1000) is an
underestimate, since on re-examination an ECG was
obtained only for 3378 of the 4151 adults who were
free of CHD in the initial survey; however, since
clinical examinations were carried out on all the
4151 subjects this number was used as the denomina-
tor to work out the incidence.

Table 2: Annual incidence of coronary heart disease (CHD) among the study subjects, by sex

No. of new CHD cases detected: Incidence (per 1000)

Clinically By ECGa Total

29
44

73

48
124

77
168

172 245

Clinically

6.5
5.5

5.9

By ECG Total

10.8
15.5

13.8

17.3
21.0

19.7
a ECGs were recorded for 3378 of the 4151 study subjects.
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Male
Female

Total

No. examined

1482
2669

4151
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Table 3: Annual incidence of myocardial infarction and angina pectorls, by age and sex

Age
No. of cases Incidence (per 1000)

range Myocardial Angina Myocardial Angina
(years) No. examineda infarction pectorisb Total infarction pectoris Total

Men

3
5
7

7
10
18
26

8
13
23
33

16 61 77

4

5
8

15
40
37
58

16
44
42
66

18 150 168

a Adults (26-64 years) who were free of coronary heart disease, both clinically and by ECG, in the initial epidemiological survey.
b Includes asymptomatic cases with ST-T changes in the ECG indicative of coronary heart disease.

Risk factors in new patients

The prevalence of risk factors for the newly identi-
fied CHD cases is shown in Table 4. Hypertension
was an important risk factor (110 out of 245 new

cases (44.8%)); of these individuals 88 were hyper-
tensive in the initial survey, while the remaining 22
had developed hypertension since the initial survey.
A total of 86 (35.1%) of the new cases were obese,
all of whom were so when the initial survey was car-

ried out (Quetelet index > 25). A total of 30 (12.2%)
of the new cases had a history of diabetes that was

documented in the initial survey. There were 50
(20.4%) patients with a family history of CHD. Of
the 245 new patients, 30 (12.2%) smoked more than
10 cigarettes per day. Analysis of blood samples
from 141 of the new patients indicated that the total
cholesterol level was raised in 66 (46.8%), using a

50th percentile cut-off, based on our earlier epi-
demiological study of the blood lipid profiles
of the study population. A total of 174 of the 245
(71.0%) cases took part in light physical activities,
61 (24.9%) took part in moderate physical activi-
ties, while 10 (4.1%) engaged in heavy physical
activities. Of the 4151 adults re-examined, 82
had ECG evidence of left ventricular hypertrophy in
the initial survey; of the latter individuals 18 had
developed CHD on re-evaluation.

Discussion
The high proportion of CHD patients who were not
available for re-evaluation (29.4%, 239/814), the
poor response from relatives to deaths in the family,

the inadequacy of the death certificates in many
instances, as well as the unavailability of ECGs
for 18.6% (773/4151) of the subsample that was free
of CHD in the initial survey are limitations of
our study.

The overall incidence of CHD was 17.3 per
1000 for men and 21 per 1000 for women, which
contrasts with the widely held belief that the condi-
tion is less common in women than men. The preva-
lence of CHD in the initial survey (1) showed similar
trends, and the study on the prevalence of CHD by
Sarvotham & Berry (2) was on the same lines. For
both sexes the incidence of myocardial infarction
increased progressively with age. Despite some simi-
larities in the patterns of occurrence of myocardial
infarction, by sex, its incidence was greater in men

(3.6 per 1000) than women (2.2 per 1000). However,

Table 4: Prevalence of selected risk factors for the 245
new cases of coronary heart disease (CHD) detected

Risk factors

Hypertension
Family history

of CHD
Obesity
Smoking
Serum cholesterol

>190 mg/dib

Total

No. of males No. of females Total

30 (38.9) a 80 (47.6) 110 (44.8)
18 (23.4) 32 (19.1) 50 (20.4)

19 (24.6)
25 (32.5)
26 (48.1)

77

67 (39.9)
5 (2.9)

40 (45.9)

86 (35.1)
30 (12.2)
66 (46.8)

168 245
a Figures in parentheses are percentages.
bBlood analyses were performed for 141 of the 245 cases
(males, 54; females, 87).
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462
375
356
289

1482

25-34
35-44
45-54
55-64

Total

Women

25-34
35-44
45-54
55-64

Total

948
747
565
409

2669

0.7
2.7
4.7
8.1

3.6

0.3
1.8
2.9
6.5

2.2

5.1
8.9

16.8
30.0

13.7

5.3
17.8
21.8
47.3

18.7

5.8
11.6
21.5
38.1

17.3

5.6
19.6
24.7
53.8

21.0
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the prevalence of angina pectoris (36.5%) and of the
asymptomatic ST-T changes that were indicative of
CHD were commoner in women (18.7 per 1000)
than men (13.7 per 1000) (Table 3).

The incidence of myocardial infarction in our
study is lower than that reported by Wilhelmsen et
al. for Gothenburg, where between 1970 and 1985 it
ranged from 5.4 per 1000 to 7.0 per 1000 in men and
from 3.1 per 1000 to 5.1 per 1000 in women (3).
However, the Gothenburg study was hospital-based,
whereas the present study was community-based.

In a 26-year follow-up study of the population
of Framingham, Dobra et al. found that 43% of all
coronary events in men were myocardial infarctions,
whereas 39% manifested as angina pectoris; for
women the corresponding proportions were 30% and
50%, respectively (4). In our present 3-year follow-
up study, the proportions of all coronary events
represented by myocardial infarctions and angina
pectoris were 21% and 79%, for men, and 11% and
89%, for women, respectively, with the highest inci-
dence occurring in the age group 55-64 years for
both sexes. The absolute incidence of CHD morbidi-
ty was also greatest among those aged .55 years in
the Framingham study. The difference between the
incidence of CHD among the oldest age group
(55-64-year-olds) compared with the youngest
(25-64-year-olds) in our study was 6.7-fold for men
and 9.6-fold for women. This contrasts with the
findings of the Framingham study, where the striking
feature of female morbidity was the 40-fold difference
between the incidence of CHD among the oldest age
group compared with the youngest; however, the
Framingham study included individuals aged up to
84 years.

The 10-year incidence (1973-83) of myocardial
infarction in the Framingham study among those
aged 55-64 years was 120 per 1000 for men and 45
per 1000 for women, while the incidence of angina
pectoris was lower for women (78 per 1000) than for
men (117 per 1000) (5). In our study, the annual
incidence of angina pectoris among 55-64-year-olds
was much higher for women (53.8 per 1000) than for
men (38.1 per 1000). We are unable to comment on
the trend of CHD in our study population since this
was the first community-based epidemiological study
of the condition in India.

Our findings indicate that the incidence of
symptomatic CHD was higher in men (males, 6.1 per
1000; females, 5.5 per 1000), whereas the incidence
of asymptomatic CHD diagnosed by ECG was
much higher in women (males, 10.8 per 1000;
females, 15.5 per 1000). We used Minnesota codes
4-1-1, 4-1-2, 5-1, and 5-2 to diagnose CHD, and it
is unlikely that we overdiagnosed the condition
since each patient was also examined clinically. How-

ever, some patients could have had hypertrophic
cardiomyopathy, which may not have been ex-
cluded by our study design. Even so, it is very un-
likely that there was a bias toward female subjects.
Asymptomatic CHD was much more frequent in
females and this may be related to their lower level of
vigorous physical activity. The study indicated that
for every overt case of CHD, there were 2 to 3 cases
of silent CHD.

The number of patients who died from CHD
could not be ascertained accurately since the respon-
se to questions on causes of death was not reliable,
while a relatively large number of individuals had
migrated from the area or were not traceable. Hence,
patients who died from CHD in the 3-year period
after the initial survey could not be included in the
calculation of the incidence of CHD, which may
therefore have been underestimated. It is unlikely
that we missed a significant number of CHD
events, except among those who died or could not
be re-evaluated.

There is increasing awareness and interest in
asymptomatic CHD. Angiographic and post-mortem
studies indicate that severe CHD often occurs
without symptoms. In the Framingham study more
than 25% of patients with CHD were identified from
diagnostic evidence from routine periodic ECGs (6).
In our study the ECG evaluation of 5621 asympto-
matic adults from altemate households, who formed
the controls during the initial epidemiological study
(1), produced 376 abnormal ECG traces that were con-
sistent with a diagnosis of CHD (prevalence, 66.9
per 1000). In the follow-up study, 297 of these
individuals (myocardial infarctions, 69; ST-T
changes, 228) were re-evaluated. A total of 14 had
begun to exhibit clinical symptoms, while six had
died (the cause of death was cardiovascular for at
least two of them).

ECG evidence of left ventricular hypertrophy
(LVH) is an important risk factor for CHD. A multi-
variate analysis of the data on CHD in the Framing-
ham study confirmed that ECG evidence for LVH
was one of the risk factors (6). In the present study,
out of the 4151 adults who were re-examined, 82 had
ECG evidence of LVH at the time of the initial sur-
vey. A total of 18 (22%) of these 82 individuals had
CHD on re-evaluation, which is consistent with the
findings of the Framingham study (7).

In the subjects diagnosed by ECG, the incidence
of CHD among hypertensive men and women was
higher than that among normotensives. Among the
hypertensives the incidence of CHD was 37.5 per
1000 for women and 23.1 per 1000 for men. For the
normotensives, the incidence was 9.3 per 1000 and
6.8 per 1000 for women and men, respectively. The
mean levels of total cholesterol, LDL, VLDL, and

WHO Bulletin OMS. Vol 71 199370



Coronary heart disease in Delhi

triglycerides were higher for those who developed
CHD than for their cohorts who remained free of
CHD over the 3-year period. Comparison of the
blood lipid levels in subjects who developed CHD
and those who did not indicated that the overlapping
was such that lipid levels in themselves were not a
good indicator of risk for CHD. It should be pointed
out that the use of 50th percentile values for abnor-
mal lipid profiles is based on guidelines used by the
U.S. National Cholesterol Education Program Expert
Panel on the Detection, Evaluation and Treatment of
High Blood Cholesterol in Adults (8).

In conclusion, it should be emphasized that the
magnitude of the problem of CHD in women has
been underestimated. Although CHD morbidity and
mortality were higher in men than women, the health
advantage for females was apparent rather than real.
Our findings indicate that although the incidence of
myocardial infarction was twice as high in men as in
women, the incidence of angina pectoris in women
was the same as that in men. Also, the incidence of
asymptomatic CHD was higher in women than in
men, especially among those women who were
hypertensive.

Resume
Cardiopathie isch6mique b Delhi: etude de
suivi
Nous avons proc6d6 a une 6tude de suivi a Delhi
3 ans apres qu'une 6tude 6pid6miologique de la
cardiopathie isch6mique, bas6e sur 1'ensemble de
la communaut6, ait ete effectu6e a partir
d'enquetes randomisees dans les foyers. Lors du
suivi, on a r66xamin6 les sujets atteints de cardio-
pathie isch6mique et les adultes normaux, ag6s
de 25 a 64 ans dans un foyer sur deux. Sur les
814 sujets atteints de cardiopathie ischemique
lors de l'enquete initiale, 575 ont pu 6tre r6exami-
n6s, alors que 36 6taient d6c6d6s. Sur ces 575
sujets, 154 avaient eu un infarctus du myocarde,
193 une angine de poitrine, tandis que pour 228
d'entre eux le diagnostic de cardiopathie isch6-
mique 6tait fonde sur des anomalies de l'intervalle
ST et de l'onde T sur 1'6lectrocardiogramme
(EGC) (codes Minnesota 4-1-1, 4-1-2, 5-1 et 5-2).
Sur les 36 personnes d6c6d6es, 20 appartenaient
au groupe ayant eu un infarctus du myocarde, 10
a celui des sujets ayant eu une angine de poitrine
et 6 a celui des personnes atteintes de cardiopa-
thie ischemique (visible a l'ECG). D'apres les don-
nees recueillies aupres des familles des per-
sonnes decedees, pour 24 d'entre elles la cause
du deces avait ete une crise cardiaque et pour 4
autres un accident c6r6brovasculaire. La cause

des 8 autres deces ne semblait pas bien d6ter-
min6e.

Lors du r6examen de la cohorte de 4151 per-
sonnes (1482 hommes, 2669 femmes) n'ayant
montr6 aucun signe de cardiopathie isch6mique
lors de 1'enquete initiale, on a observ6 245 nou-
veaux cas, dont 73 avaient fait un infarctus du
myocarde, ou 6taient atteints d'angine de poitrine.
Le diagnostic de cardiopathie ischemique chez les
172 cas restants s'est fond6 sur les r6sultats de
l'ECG, analys6s selon les codes du Minnesota
pr6cis6s plus haut. L'incidence gen6rale de la car-
diopathie isch6mique s'est av6r6e etre de 19,7
pour 1000: 17,3 pour 1000 chez les hommes et
21,0 pour 1000 chez les femmes. Cependant, ces
incidences ont pu etre sous-estimees puisque l'on
n'a pu obtenir un 6lectrocardiogramme que chez
3378 sujets sur 4151.

L'6valuation des facteurs de risque chez les
245 nouveaux cas a montr6 que: 46,8% d'entre
eux 6taient atteints d'hypercholest6rol6mie (cho-
lest6rol serique sup6rieur a 190 mg/dl); 44,8%
etaient hypertendus; 35,1% 6taient obeses; 12,2%
6taient des fumeurs; 12,2% 6taient diab6tiques;
20,4% avaient des ant6c6dents familiaux de car-
diopathie isch6mique. Nos resultats indiquent que
l'importance de la cardiopathie isch6mique avait
ete sous-estimee chez les femmes, qui se sont
aver6es avoir la meme prevalence de I'angine de
poitrine et des modifications asymptomatiques de
l'ECG plus nombreuses que les hommes.
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