CORONARY ARTERY DISEASE IN INDIANS — AN EMERGING EPIDEMIC

Urban-rural differences in prevalence of coronary
heart disease and 1ts risk factors
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We surveyed 14,866 subjects (6614 men, 8252

women) between the ages of 25 and 65 years in Delhi
and the.neighbouring rural area to determine the
prevalence of coronary heart disease (CHD) and se-
lect coronary risk factors. A five-fold higher preva-
lence of CHD was observed in the urban survey
sample as compared to the rural population
(31.9/1000 vs 5.9/1000 respectively). Hypertension,
diabetes mellitus and obesity were more prevalent in
the urban population. Paradoxically, low serum
HDL-cholesterol and high serum triglycerides were
more common in the rural sample. These findings
have important implications for CHD prevention.

PUBLIC health planning in most developing countries has
focused mainly on problems related to communicable
diseases, which in the past have been responsible for
high morbidity and mortality. The situation 1s different
in developed countries, e.g. the United States, where
coronary heart disease (CHD) is the leading cause of
death!. However with changing lifestyle in developing
countries like India, particularly in urban areas, chronic
and degenerative diseases (e.g. CHD) are making an
increasingly important contribution to mortality statis-
tics of such countries®.

Over the last three decades, substantial progress has
been made in identifying the risk factors for CHD. Some
of the preventive measures such as cessation of smok-
ing, management of hypertension both by pharmacologi-
cal and non-pharmacological means, control of diabetes
mellitus, reduction in intake of dietary saturated fats and
early diagnosis and management of hypercholestero-
laemia have resulted in a significant decline in CHD
mortality and morbidity in the industrialized world.
Nevertheless, CHD continues to be the leading cause of
death in many dcveloped countrics.

CHD is considered an important public health prob-
lem not only in the developed countries but also in de-
veloping countries like India. The WHO ELxpert
committecs on cardiovascular discases and hyperten-
sion® recommended epidemiological surveys in as many
countries as possible to analyse the coronary risk factors
and to establish prevalence of the discase m different
countries. During the past three decades, a few epide-
miological studies have been conducted in India for
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evaluating the prevalence of CHD. A majority of these
studies have been confined to hospital, select groups of
population, or the sample size was too small, making 1t
difficult to draw any valid conclusions about the preva-
lence of CHD and its risk factors.

Materials and methods

A community-based epidemiological study was con-
ducted in adults (25-64 years) in the urban population
of Delhi and rural areas about 50 km away from Delht
for prevalence of CHD and its risk factors. A cluster
sampling methodology, using random house-to-house
survey, was employed. The methods and the criteria for
diagnosis of CHD have been reported earlier*>. The
epidemiological study was supported by ECG examina-
tion and analysis of fasting blood samples (for lipids)
from clinically-detected CHD cases and asymptomatic
adults free of clinically manifest disease in every 2nd
and 5th household, respectively.

The present communication compares CHD risk fac-
tors in urban and rural populations. The risk factors
studied are family history, socio-economic status, obe-
sity, smoking, physical activity, hypertension, diabetes
mellitus and hyperlipidacmia. In addition to these estab-
lished risk factors, we included in our study dietary
factors, e.g., total and saturated fat intake, dietary cho-
lesterol, sodium intake and alcohol consumption.

The National Cholesterol Education Program Expert
Panel on detection, evaluation and treatment of high
blood cholesterol in USA® has defined ‘desirable’,
‘borderline’, and ‘high’ levels of blood lipids as; lcss
than the 50th percentile, between the 50th-75th per-
centiles and above the 75th percentile values, respec-
tively. For our study the cut off levels of blood liptds
were based on the SO0th percentile values which were
obtained from our study population (Table 1). Hyper-
iension was identilied as a systolic blood pressure (SBP)
of more than 160 mm Hg and/or a diastolic bload pres-
surec (DBP) of more than 90 mun Hg or a history of cur-
rent consumption of antihypertensive drugs. Isolated
systolic hypertension was defined as SBP > 160 mm Hyg
and DBP < 90 mim Heg. Blood pressure was measured in
a sitting position by the medical officers. The average of
two  measurements  obtained at the interval of five
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Table 1. SOth percentile valucs obtaiped from the study population

__-—____'#__“““____—-——“-_—__H__

Blood lipids (mg/dl) Urban Rural
Total cholesterol 190 170
I.DL-cholesterol I10 90
HDL-cholesterol 33 52
Triglycerides 120 138

minutes was used for this analysis. Phase V of Korotkoff
sounds was taken for determination of DBP.

Body mass index (BMI), i.e. weight in kilograms di-
vided by square of height in meters, was used as an indi-
cator of obesity. The weight was measured by standard
portable weighing machines to the nearest 0.5 kg with
the subject wearing light clothing. The weighing ma-
chines were calibrated every week with a standard
weight and necessary adjustments were made if re-
quired. The 75th percentile value of BMI in our study
population was 25.4. Hence the empiric value of 25 was
used as a cut-off point for obesity. Waist—-hip rano
(WHR) was assessed by measuring the circumferénce of
the waist at the umbilicus and dividing it by the circum-
ference of hip at the maximum point of protrusion fol-
lowing the protocol of recommendations of Lohman et
al.' Based on the 75th percentile value of WHR in the
study population, 0.88 was taken as a cut-off point for
this ratio to determine central obesity.

Diabetes mellitus was diagnosed based on clinical
history supported by documentary evidence of antidia-
betic therapy. For physical activity, the subjects were
divided into three subgroups (light, medium and heavy)
depending on the nature of their activities. Smoking
status was evaluated by a self-report of cigarettes/bidis
smoked or tobacco chewed. Persons who smoked 10
cigarettes/bidis or more, or chewed tobacco at least
twice a day were categorized as smokers. Casual smok-
ers were not included in the study.

A subsample for dietary survey was randomly selected
from the same urban and rural population which was
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Resulfs

In our community-based epidemiological study, the
prevalence rate for CHD on clinical basis was signifi-
cantly higher in the urban population (31.9/1000) than
in the rural area (5.9/1000) (refs 4, 5). A similar trend in
prevalence rate of asymptomatic CHD (diagnosed by
ECG) was observed, 64.8/1000 adults and 21.2/1000
adults in the urban and rural populations, respectively.
Prevalence of selected CHD risk factors in the two
populations is given in Table 2. Prevalence of hyper-
tension, diabetes mellitus, obesity and positive family
history was significantly higher in urban men and
women than in the rural population. Smoking was more
prevalent among both rural men and women.

Mean values + SD of blood lipids by age and sex
are shown in Table 3. In urban men and women, the
prevalence of high levels of total cholesterol and low
density lipoprotein (LDL) cholesterol were higher than
in rural men and women. High density lipoprotein cho-
lesterol (HDL-C) level was lower in rural men and
women in all age groups compared to that in urban men
and women. Except in the age group of 55-64 years,
triglyceride levels were higher in rural men than in ur-
ban men. In rural women triglycerides were higher in the
age groups of 25-34 and 35-54 years than in urban
wOomen.

Percentage  of adults  with  total  choles-
terol > 190 mm/d!l in urban and rural men was 46.0 and
23.0 respectively. The corresponding percentages for
urban and rural women were 50.1 and 23.9. HDL-
cholesterol < 35 md/dl was found in 2.2% urban and
8.0% in rural men compared to 1.6% and 3.5% in urban
and rural women respectively (Table 4).

Asymptomatic individuals with abnormal ECG
patterns, €.2. ‘Q wave’ (Minnesota code 1-1.1 through
1-1.7 or 1-2.1. through 1-2.7) or ‘ST-T° changes

Table 2. Prevalence of selected risk factors for coronary heart dis-
ease in Delhi and rural neighbourhood

Urban Rural

. e : : : Urban vs
COV ni 10} : —_ - — -

? ered by i l':al eplde‘m ological survey fbor prevalancel Rick o Wornen T Wemen rural
of CHD anc:i ypertension. A deta:ﬂed urban ‘and_ rura £1CLOFS (N-5998) (N-7136) (N-616) (N-1116) ‘P valuc
dietary profilc was assessed by using a combination of o _ _

24 hours dietary recall and the weightment methods. The  Hypertension 644 878 25 37 < 0.0001

nutrient intake calculations for each subject were * (10.8) (12.3)  «4.1) (3.3) o0,

determined by reference to the Manual of Nutritive Val- Diabetes o7 V7 > N <0.000

Indian Foods®. A detailed di ile of th N O

ues ﬂf ndian Foods”., A detlaile dletﬂry pr(}fl‘e ot the BMI> 250 1222 2310 60 109 < 0.000!
urban and rural study population has been reported ear- 207y (326) (9.7) (9.8)

lier’. Smoking 1755 128 492 324 < 0.000]
(29.3) (1.8) (79.9) (29.0)

. _ Family history 12596 1463 23 19 < 0.0001
Statistical analysis. Data were pooled and computer- ¢ ronary 216 (205 G7 (LT

heart disease

___—-h__—.__—-—-_—_—u'—-—l—l___—-——-———__-—-_

Figures in parentheses indicate percentages. Height and weight

ized. Intergroup comparisons for risk factors were per-
formed using analysis of variance (ANOVA) for

numerical variables. The data were further analysed us-
ing f test and % test.

1G70

measurements in urban population are available for 5898 men and
7081 women.
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“Table 3. Blood lipids by age and sex in urban and rural populations in and around Delhi (mean = S.D.)

Blood lipids (mg/dl)

Total cholesterol

Low density lipoprotein
cholesteroi

High density lipoprotein
cholesterol

Triglycerides

Age (yrs)
25-34
35-44
45-54

55-64

25-34
35-44
45-54

55-64

25-34
35-44
45-54

55-64

25-34
35-44
45-54

55-64

Urban

Men

198 + 39
(2235)
202 £ 39
(158)
210+ 43
(I58)
2t1 46
(140)

[17 + 38
(173)
119 + 37
(135)
121 + 4]
(121)
115 + 42
(110)

53112
(173)
34 £ 13
(1335)
35+ 12
(121)
58 £ 14
(110)

123 + 28
(225)
133 £ 57
(158)
150 £ 57
(158)
[68 £52
(140)

wWomen

194 + 37
(309)
203 + 40
(257)
215 + 47
(282)
217 + 42
(236)

109 + 32
(235)
114 + 37
(193)
120 + 44
(212)
121 + 43
(166)

58 + 12
(235)
57 + 13
(193)
57+ 14
(212)
58 + 15
(166)

108 + 47
(309)
126 51
(257)
154 £ 52
(282)
168 + 53
(236)

Figures in parentheses indicate number of blood samples analysed.
P values — urban vs rural men, urban vs rural women.

*P < 0.01; **P <0.00]1; @ P <0.5; NS, not significant.

Rural

Men Women
175 + 36*% }71 & 20**
(31) (93)
194 £ 35 (NS) 185 £ 31**
(25) (56)
179 & 22% 186 + 3R**
(17) (47)
170 & | 8** 175 + 20**
(27) (63)
97 + 36* 06 + 2| **
(31) (93)
{16+ 40 NS 103 £+ 30@
(25) (56)
96 + 21 @ 104 + 30@
(17) (47)
00 + 18* 94 | 7**
(27) (63)
52+ 12 NS 51 + O**
(31) (93)
50 £ 12 NS 54 + @ NS
(25) (56)
49+ 1] @ 52+£10 @
(17) (47)
50+ 1 1% 51 £ jO*+*
(27) (63)
128 + 29 120+ 22 @
(31) (93)
142 + 26 NS 138 £ 24 NS
(25) (56)
155 + 34 NS 151 £ 29 NS
(17 (47)
152 + 28 151 26 @
(27) (63)

Table 4. Proportion of subjects with abnormal blood lipids in Delhi and rural neighbourhood

Urban
Lipids (mg/dl) Men Women
Total cholesterol > 190 300/681 543/1084
(44.0) (50.1)
LDL-C > 110 264/539 377/806
(49.0) (46.8)
Triglycerides > 120 340/681 369/806
(50.0) (45.8)
HDL-C < 35 12/539 17/1084
(2.2) (1.6)

Figures in parentheses 1indicate percentages.
LDL-C, low density lipoprotein cholesterol.
HDL-C, high density lipoprotein cholesterol.

(Minnesota code 4-1-1, 4-1-2, 5-1 and 5-2) are more
prone to clinically manifest CHD. Such an abnormal ECG
is therefore considered a risk factor for CHD. In asympto-
matic urban aduits, 1.7% men and 1.2% women showed ‘Q
wave’ compared to 0.3% men and 0.4% women in rural
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Rural
P-value Men Women P-value
< 0.001 23/100 62/259 < 0.001
(23.0) (23.9)
< 0.001 29/100 T0/259 < 0,001
(29.0) (27.0)
< (.00] 75/100 1747259 < 0.00]
(75.0) (67.2)
< (0.001 8/100 97259 < (.05
(8.0) (3.5)

population. The same trend was observed for electrocar-
diographic ‘ST-T' changes in urban and rural asympto-
matic adult population (Table 5). However, women
showed higher prevalence of electrocardiographic ‘ST-
T’ changes than men in both the populations.
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Tahle §. Abnormal ECG as a risk factor for coronary heart disease
tn asymptomatic adults

Q wave ST-T changes
Sex Urban Rural Urban Rural
Males 45/2589 1/319* 101/2589 1/319%*
(1.7) (0.3) (3.9) (0.3}
Females 35/3032 3/728*  195/3032 1 7/728**
{1.1) (0.4) (6.4) (2.3)
Total 80/562) 471047* 296/562] [8/1047**
(1.4) (0.4) (5.3) (1.7)
Figures in parentheses indicate percentages.
*P < 0.05.
**P < 0.0l

Dietary risk factors for CHD are tabulated (Table 6).
Average total caloric intake was higher in rural men and
women than in the urban population. There were no ap-
preciable differences in total dictary fat intake in the
two populations, but saturated fat intake was higher in
both rural men and women than the urban subjects. For
this study, we calculated the percentage of subjects who
consumed more than 15% calories as saturated fat and
added this as another modifiable risk factor. The 15%
cut-off point was selected as an indicator of high satu-
rated fat intake. Surprisingly, 28.7% rural men and
27.7% women consumed more than 15% calories as
saturated fats compared to urban men (8.2%) and
women (8.5%). This may be due to a greater consump-
tion of whole milk and milk products by the rural sub-
jects in the area where the dietary survey was conducted.

Dietary cholesterol intake showed marginal differ-
ences in the two populations. The sodium intake was
greater in both sexes in the urban population than rural
population, which may be due to excessive intake of
‘ready-to-eat’ foods by the urban subjects. Such ‘fast
foods® are usually rich in sodium. The average daily
alcohol consumption by urban men was 12.7 m! com-
pared to 2.4 m] by rural men. The average daily alcohol
consumption by urban women was 0.04 ml while none
of the rural women consumed alcohol. The dietary sur-
vey lays bare the coronary paradox.

Discussion

The prevalence of CHD risk factors, e.g. hypertension,
obesity, diabetes, family history and abnormal ECG (Q
wave and ST-T changes) was significantly higher in ur-
ban than rural population. Smoking on the other hand,
was more common among the rural men and women.
Rural men and women work in agricultural fields and
their work involves heavy physical activity. Most of the
urban men and women have sedentary habits. Prevalence
of hypertension, obesity and diabetes mellitus was
higher tn both sexes in the urban population than in rural

1972
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areas. These differences in risk factors may be explained
partly by the differences in lifestyles.

Gupta and Malhotra'’ conducted an epidemiological
survey of CHD in almost simtlar ethnic groups. Preva-
lence of CHD was found to be almost two-and-a-half
times more common in both sexes in urban than in the rural
areas. A lesser degree of physical activity, a body weight on
the higher side of normal and a higher prevalence of hyper-
tension and diabetes mellitus in the urban population are

. some of the important risk factors responsible for such

differences. We do not know of any other comparative
cpidemiological study for prevalence of CHD and its
risk factors 1n urban and rural areas in our country.

Urban-rural differences were found in blood lipids,
particularly the high-risk total cholesterol and LDL-
cholesterol. Urban men and women have these blood
liptds more than the ‘desirable’ levels. Low HDL-
cholesterol is a risk factor for CHD and is usually asso-
ciated with increased triglyceride level''. A higher
prevalence of low HDL-cholesterol (<35 mg/dl) and
clevated triglyceride level (> 120 mg/dl} was found in
the rural than urban population. This is contrary to the
findings of Hannia Campos et al.'* who reported higher
prevalence of low HDL-cholesterol (< 35 mg/dl) in
urban than rural areas of Puriscol, Costa Rica and Cen-
tral America. These differences may be due to different
dietary patterns and living styles in the two countries.

Populations which consume low fat and high-
carbohydrate diets have low HDL cholesterol and high
triglycerides levels'>™°. In our study, rural-urban differ-
ences are marginal in the intake of total fat. Intake of
saturated fat and carbohydrates as well as blood levels
of triglycerides are significantly higher in rural than in
the urban areas. These observations indicate that though
low HDL-cholesterol levels may not enhance CHD risk,
low HDL-cholesterol levels represent a marker for in-
creased levels of other atherogenic lipoproteins, particu-
larly LDL-cholesterol'®. Alternatively the important
determinant of atherosclerosis 1s the ratio of LDL-HDL-
cholesterol. Low HDL-cholesterol levels are not a CHD
risk factor in the presence of low LDL-cholesterol levels
as observed in rural areas in our study.

There i1s an increasing awareness and interest in
asymptomatic CHD. Postmortem angiographic studies
indicate that severe CHD often occurs without symp-
toms. In the Framingham study, more than 25% of the
patients with CHD were identified on the basis of rou-
tine periodic electrocardiographs'’. ECG evaluation of
5021 asymptomatic persons, who formed the controls
during the initial phase of the epidemiological study®,
revealed 376 abnormal ECG tracings that were consis-
tent with a diagnosis of CHD. In the 3 year follow-up
study of CHD, 297 of these individuals were revalu-
ated'®. Among them, 14 persons developed clinically mani-
fest CHD. ECG evidence of left ventricular hypertrophy
(LVH) 1s another important risk factor for CHD. In our
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Table 6. Dietary risk factors for coronary heart disease in urban and rural populations in and around Delhi

Urban Rural

Dietary factors Men (N—400) Women (N-506)  Total (N-906) Men (N-87) Women (N-188) Total (N-275)
Total calories (K/cal) 1924 £ 524 1604 % 456 1745 £ 512 2249 + 636 1754 + 533 1910 £ 612
Total fats (g) 61.4+28.0 504+%23.2 55.3+26.0 63.1 £37.5 48.1 £ 25.6 52.9 £ 30.7
SFA (g) 167+ 13.0 13.6+10.8 150119 349 +26.0 26.3 £ 13.7 29.0+ 199
Cholesterol (mg) 95+ 120 68 £ 93 80 + 107 102 + 90 71 £ 52 81 + 68
PUFA linolenicacid (N-3)(g) 1.8+1.3 1.4+ 1.3 1.5+1.3 0.9 +0.7 0.7+ 0.5 0.8+0.6
Linoleic acid (N-6) (g) 7.3+£5.5 6.0+4.4 6.7x5.0 55+22 43+19 4.7 £ 2.0
Sodium (mg) 2101 £ 1225 1799 £ 1002 1932+ 1116 1569 + 919 1309 + 972 1391 £ 962
SFA, saturated fatty acids.
PUFA, polyunsaturated fatty acids.
fOllOW-llp studym! out of the 4151 adults who were reexam- . Evans, J. R, Lashman, Hall, K. and Warford, J., N. Engl. J. Med.,
ined, 82 individuals had ECG evidence of LVH at the time 181, 303111721127, | |
of the initial survey. A total of 18 (22%) of these 82 indi- - Levy, R. 1. and Feinleib, M., Hearr Disease, A Textbook of Cardio-

] ] _ : _ vascular Medicine (ed. Brawnwald, E.), W.B. Saunders Co., Phila-
vtlduals h-ad CHD on reevaluation. Thls observatllgm IS COn- delphia, 1984, vol. 2, pp. 1205-1234.
sistent with the findings of the Framingham study . 3. WHO Expert Committee on cardiovascular diseases and hyperten-

It 1s important to consider the role of air pollution in the sion (Geneva 1958), 1959, TRS No. 168.
pathogenesis of CHD in the urban population group. Ac- 4. Chadha, S. L. et al., Ind{an J. Med. Res., 1990, 98, 424-430.
. . . : 5. Chadha, S. L. et al., Indian J. Commun. Med., 1989, 14, 141-147.

cording to available information, 1280 tonnes of pollutants . .

_ _ _ ' _ 6. Report of the National Cholesterol Education Program Expert Panel
are being emitted by vehicles every day in Delhi. It seems on detection, evaluation and treatment of high blood cholesterol in
reasonable to speculate that at least a part of striking differ- adults. Arch. Int. Med., 1988, 148, 36-69.
ences in prevalence of CHD in urban Delhi from its rural 7. Lohman, T. G., Roche, A. F. and Martorech, R., Anthropometric
environs (about 50 km outside city) may be attributable to Stfmdarc‘hmtm{: f?eferenc‘e Manual, The Human Kinetic Books,

' Hution. The toxic compounds involved tn air pollu- Champaign, [llinois, 1988,
a_“ PO _' ' P c P 8. Gopalan, C., Rama Shastri, B. V. and Balasubramanian, S. C., Nu-
tion, e.g. oxides of nitrogen, sulphur dioxide and suspended tritive Value of Indian Foods, National Institute of Nutrition, Indian
particles are powerful pro-oxidants which enhance the oxi- Council of Medical Research, 1989, pp. 20, 47, 94.

dation of lipoproteins. Oxidized lipoproteins, particularly 9. Chadha, S. L., Gopinath, N., Katyal, I. and Shekhawat, S,

LDL-C, are powerful inducers of atherosclerosis. Indian J. Med. Res., 1990, 98, 424-430. |
10. Gupta, S. P. and Malhotra, K. C., J. Assoc. Phys. Indiu, 1975, 23.

- 20,21 '
Other studies have confirmed that risk factors such as 1. Garcia-Palmieri, M. R., Sorlie, P., Tilloston, J., Costas, R., Cordero,

obesity, hypertcnsion, diabetes mellitus, increased intake of B. and Rodriguez, M., Am. J. Clin. Nutr., 1980, 33, 1818-1827.

energy-rich foods and saturated fats, relatively sedentary  12. Hannia Campos et al., Circulation, 1992, 85, 648-658.

Occupation, increased sfress, and hlgh blood ]eve]s of LDL_ 13. Howard, B. \t", D&V*iS, M. P., Pettitt, D. J., Knowler, W. C. and Ben-

cholesterol are more prevalent in urban than in rural areas. nett, P. H., Circulation, 1983, 68, 714-724

Our findi ) t that the av dail t 14. Connon, W. E., Cerqueira, M. T.. Connor, R. W.. Wallace,
ur Incings arc simildr cxcept thdl the average datly satu- R. B., Malinow, R. M. and Casdorph, R. H., Am. J. Clin. Nurr,

rated fat intake was found to be higher in rural than in the 1978, 31, 1131-1142.

urban area. The trends are disturbing because 1t is estimated  15. Knuiman, J. T, West, C. E., Katan, M. B. and Hautvast,
that more than 40% population in developing countries like J. G. A. ). Arteriosclerosis, 1987, 7, 612-619.

- : .o : - 16. Reardon, M. F., Nestel, P. J., Craig, H. and Harper, R. W., Circula-
India will be living in urban areas by 2000 AD with CHD ion. 1985. 71. 881888,

risks similar to the industrialized/developed countries®. We |5 it et W B.eral. Ann. Int. Med., 1970, 72, 813-822.

do not have reliable mortality data in our country. It is pre- 18. Chadha et al.. Bull. WHO. 1993, 71. 67-72.

sumed that mortality rates for CHD will definitely increase,  19. Jeanne, T. et al.. J. Chronic Dis., 1967, 20, 511-524.

particularly in urban areas with constantly increasing 20. Lessa, I, Almedia, F. A., Alves, J. F., Souza, M. E., Silva, M. F. and

. : \ Carichio, R., Bull. Pan Am. Hith. Org_, 1982, 16, 138-147.
prevalence of risk factors. An increase in the prevalence of 21. Campos, H., Willett, W. C.. Peterson. R, M. Siles. X.. Bailey, §. M.

CHD risk faﬂg’rs is associated with an increased risk of Wilson, P. W. F., Posncr, B. M., Ordovas, J. M. and Schaefer, E. J.,
CHD mortality". Arteriosclerosis, 1991, 11, 1089-1099,
One conclusion from the present study is that prevalence 22. Health for All by the Year 2000, Strategies. Pan Am. Hlth. Org,,

of CHD and its urban—rural differences cannot be related to Washington, DC, 1980 official document No. 173,
any particular risk factor. It is necessary, therefore, to look
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prevalence. The deleterious pro-oxidant burden tmposed by

air pollutants may be an important contributory factor for
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