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Hypertension and determinants of blood
pressure with special reference to socioeconomic
status in a rural south Indian community

Ericus C A M Gilberts, Marinus J C W J Arnold, Diederick E Grobbee

Abstract
Objectives - The objective of the study
was to establish the prevalence of hyper-
tension and to assess determinants of
blood pressure with special reference to
socioeconomic status in a rural south
Indian community.
Design - This was a door to door, cross
sectional survey.
Setting - A rural south Indian com-
munity, KV Kuppam panchayat, North
Arcot District, Tamil Nadu.
Subjects- The area has a total population
of 3500 people. Those aged over 20 years
who were available at the time of
measurement were asked to participate
(mean age 39 5 years). This convenience
sample totalled 1027 (456 men, 571
women). Out of 697 families, 487 were
visited; 15 people refused to participate.
Measurements and main results - The
following potential determinants of
blood pressure were assessed: age, body
weight, pulse rate, salt intake, meat
intake, and socioeconomic class. The
prevalence of hypertension was 12-5%.
Using multiple linear regression
analysis, the most important positive
determinants of high blood pressure
seemed to be age, body weight, and pulse
rate. Salt and meat intake were not sig-
nificantly associated with hypertension.
The prevalence of hypertension in the
highest socioeconomic group (22-5%) was
more than twice that in the lowest socio-
economic group (8-8%). When adjusted
for body weight, the mean (SEM) dif-
ference in systolic blood pressure
between the highest and lowest socio-
economic classes was 5 83 mmHg (1-63).
Conclusion - Hypertension is not yet as
important a health problem in rural
southern India as it is in westernised
societies. Those particularly at risk of
hypertension, however, are the elderly
and overweight people of high socio-
economic class.

(J7 Epidemiol Community Health 1994;48:258-261)

Atherosclerosis is the most important cause of
death in western countries. In general, this
does not apply in developing countries' but
there are indications that the incidence of
cardiovascular morbidity and mortality is
increasing in these countries. Moreover,
migration studies have pointed out a high
susceptibility for atherosclerosis in people of

Indian origin who live overseas.5-" The disease
prevalence in Indian immigrants often exceeds
that of the host country.'2 Since hypertension
is one of the most important established risk
factors for atherosclerosis, information about
high blood pressure and its determinants is
becoming increasingly important for health
services in India. Results from studies on
hypertension in communities in northern
India indicate a prevalence ranging from 0-4%
in rural areas up to 15% in towns.'3-'" There
are, however, no data about the prevalence of
hypertension in south India. Since two studies
have suggested that the prevalence of coronary
heart disease is greater in south than in north
India,8'9 we were interested to investigate hy-
pertension in south India. We studied its pre-
valence and some potentially important and
modifiable determinants of hypertension in a
rural area of south India. Emphasis was placed
on the association between blood pressure and
socioeconomic status.

Methods
The study was carried out in a rural area
known as KV Kuppam panchayat. Mainly
because of agricultural activities, the area is
economically self sufficient. This panchayat
was chosen because sufficient numbers of sub-
jects belonging to different socioeconomic
groups were available. Out of a total popula-
tion of 3500 people, all those over 20 years and
available at the time of measurement were
asked to participate. The study population
therefore comprised 1027 subjects, 456 men
and 571 women. The people were interviewed
in their homes. The whole village was visited,
except for two streets in which mostly modera-
tely rich people lived. Out of 697 families, 487
(71%) were reached in the survey. The
remaining families were either absent or lived
in the two streets that were not included. Not
all members of the families were present at the
time of measurement. Of the people available,
only a few (15) refused to participate.
The blood pressure measurements were per-

formed by two observers (EG and MA). Dur-
ing the whole study the same two sphygmo-
manometers were used. With the subject
seated, the right arm was used to measure
blood pressure and pulse rate. Blood pressure
was determined twice within a five minute
period. Whenever obesity was apparent a large
arm cuff was used. The blood pressure was
read to the nearest 2 mmHg. The mean systo-
lic and diastolic blood pressure was calculated
from the two readings.
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Table I Indications of socioeconomic class used in the present study

Rich Moderately rich Poor

Land .9 acres .2 and <9 acres <2 acres
Livestock > 2 cows 1 or 2 cows No cows
Roof Terraced Tiled Thatched
Occupation Large landowner Official Agricultural labourer

Store owner Schooled labourer Unschooled factory
Trader Self-employed person worker

with limited income Mason
Employees 1 or more None None
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Figure I Mean systolic and diastolic blood pressures with 95% confidence intervals in
relation to gender and age group.

WHO criteria were used to determine hy-
pertension - that is a systolic blood pressure
> 160 mmHg or diastolic blood pressure
> 95 mmHg, or both.20
The following determinants of hypertension

were assessed: age, body weight, pulse rate,
salt intake, meat intake, and socioeconomic
status. Body weight was recorded with the
subject standing on a weighing scale without
support and with minimal clothing. Body
height was not recorded; however, several
studies have shown that body weight and body
mass index are independent determinants of
blood pressure.2122 Since these rural people

prepare all their food themselves from the
basic ingredients, the intake of salt could be
estimated from that added during cooking.
The natural salt content of food was not taken
into account. Information on the amount of
salt bought by each household in a month was
sought (via a translator). This was subse-
quently divided according to the number of
members in that household. The frequency of
meat intake in a week was also determined and
was used to estimate animal fat and protein
consumption. The socioeconomic status was
ascertained according to land and livestock
ownership and the type of roof. Information
was also obtained on occupation and number
of employees in the household (table 1).
The statistical analysis was carried out by

means of the SPSS/PC + package. Means and
regression coefficients of the potential deter-
minants of blood pressure were calculated for
the different sexes and socioeconomic classes.
In addition, the interaction effect between
socioeconomic class and body weight was
tested in covariance analyses. Social class was
coded as two dummy variables (dropping the
lower class category) and body weight was
included as a cross product. The prevalence of
hypertension in this study was compared with
studies in western societies.

Results
Descriptive statistics for the study population
by age decade are shown in table 2. The overall
prevalence of hypertension found in KV Kup-
pam panchayat was 12 5%. The prevalence of
hypertension and the mean blood pressure
were greater in men than in women until the
5th decade - the pattern was then reversed in
the subsequent age groups (fig 1).
Crude regression coefficients showed a sig-

nificant association of age, body weight, pulse
rate, and socioeconomic class with both sys-
tolic and diastolic pressure. No significant
association between gender, salt, and meat
intake and blood pressure was observed (table
3).
Table 3 also shows that age, body weight,

and pulse rate remained independently associ-
ated with both systolic and diastolic blood
pressure after adjustment for differences in
other variables. Socioeconomic status was still
associated with systolic blood pressure while
gender had only a weak association with dias-
tolic blood pressure after adjustment.

Table 2 General characteristics of the population. Values are mean (95% confidence interval)
Age decade Total Male Female Systolic BP Diastolic BP Hypertension Body weight Pulse rate
(y) no no no (mmnHg)g (nmnHg, (%) (kg) (beatsitnin)
20-29 349 159 190 119 3 77-7 3-7% 49 5 82 4

(118-0,120-5) (76 7,78 7) (48-5,50 7) (81 0,83 8)30-39 227 89 138 1209 81-1 799% 52-7 83 3
(119 7,122-6) (80 0,82 3) (51 3,54 4) (81-7,84 8)40-49 172 89 83 123 9 82-8 1744% 53-6 83-3
(121 4,1264) (81-1,845) (5117,55 5) (822,85 5)50-59 134 54 80 128-4 82-4 17-2% 51-7 83-0
(124 6,132-1) (80 3,84-4) (49 6,53 7) (81 0,85 0)60-69 93 37 56 1380 82 5 269% 498 83 5
(133-0,143-0) (80 0,85-0) (47 2,52-5) (81 0,86 0)70+ 51 27 24 149-3 80 9 37-3%0 48 4 87 3
(141 4,157 2) (76-6,85-1) (44-4,52-4) (83-4,91 3)

All ages 1027 456 571 124-8 80 5 12 5% 51-1 83-2
(123 6,125 9) (78-9,81 2) (50-5,51-9) (82-5,84-0)

-Male systolic BP
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Table 3 Crude and adjusted linear multiple regression coefficients of potential determinants. Values are mean (95'00
confidence intervals)

Systolic blood pressure (mnmn Hg) Diastolic blood pressure (mmin Hg)

Crude regression Adjusted regression Crude regression Adjusted regression
coefficient coefficient coefficient coefficient

Age (y) 0 47 (0 40,0 54) 0 46 (0 40,0 52) 0-10 (0 06,0 14) 0 10 (0 06,0 14)
Body weight (kg) 0 41 (0 32,0 50) 0-36 (0 27,0 45) 0.32 (0 27,0 37) 0 35 (0 30,0 40)
Pulse rate (beats min) 0 27 (0-18,0 36) 0 25 (0-17,0 33) 0.12 (0 07,0 17) 0 11 (0 06,0 16)
Socioeconomic status 4 71 (3-24,6 18) 2 15 (0-74,3 56) 2 46 (0 60,3-32) -

Salt - 3 49 (- 11 82,4 84) - - 0.075 (- 4-94,4-79) -
Meat - 1 22(- 228,- 0 16) - 0 13 (-048,0 74) -

Sex - 0-35 (-262,1 92) - - 0 56 (- 189,0.77) 1-59 (0 29,2-89)

Table 4 Mean (95'/O confidence interval) of blood pressure and potential determinants by socioeconomic class and sex

Rich Moderate/v rich Poor p zalue

(n =213, (n=407, (n= 407,
hkpertensiOn 225% hypertension 10 8) hypertension 8-8%o

Men:
Systolic blood pressure (mm Hg) 132 4 (128-4,136 4) 124-6 (122-0,127 2) 1210 (118 2,123 7) p<0001
Diastolic blood pressure (mm Hg) 84 5 (82 5,86 5) 81 2 (79 6,82 8) 78 3 (76 2,80-0) p<O0001
Age (y) 40 3 (37 0,43 6) 40 2 (38 0,42 4) 39 2 (36 9,41-5) p < 0554
Body weight (kg) 62 8 (60 3,65 2) 56 9 (55 2,58 5) 49 3 (48 0,50 6) p < 0001
Pulse rate (beats min) 81 7 (79-2,84-2) 80 1 (78 4,81-8) 81 6 (79 7,83 5) p<0 959
Salt intake (kg mth) 0-37 (0 27,0 66) 0 39 (0 37,0-41) 0-36 (0-32,0 63) p<0T776
Meat intake (frequency wk) 0 43 (0 30,0 56) 0 91 (0 74,1 09) 0 87 (0 67,1 06) p<0008

Women:
Systolic blood pressure (mm Hg) 131 7 (128 0,135 5) 123 9 (121 6,126 1) 122 0 (119 6,124 2) p<0001
Diastolic blood pressure (mm Hg) 82 8 (80 7,84 4) 80 7 (79 4,81 9) 78 7 (77 4,79 9) p < 0001
Age (y) 41 3 (38 3,44-3) 37 0 (36 0,39 7) 39 6 (37 5,41 6) p < 0576
Body weight (kg) 54 7 (52 4,57 0) 49 3 (47 9,50 6) 43 5 (42-5,44-5) p<O0001
Pulse rate (beats min) 86 6 (84 5,88 6) 84 3 (82 5,86 0) 84.9 (83 5,86-4) p < 0441
Salt intake (kg mth) 0-38 (0 35,0 41) 0 38 (0 37,0 40) 0-38 (0 37,0 40) p < 0989
Meat intake (frequency wk) 0 45 (0 33,0 57) 0 90 (0 77,1 04) 0 76 (0 61,0 91) p<0061

The prevalence of hypertension was signi-
ficantly (p<0001) higher in rich people
(22-5%) than poor (8-8%). As is shown in table
4, the mean systolic and diastolic blood pres-
sures differed considerably between these
groups. Table 4 also indicates that body
weight was to be the only measured determin-
ant of blood pressure significantly different
between the socioeconomic groups. Correction
for body weight resulted in a reduction of the
difference in systolic blood pressure between
the highest and lowest socioeconomic groups
to 5 83 (1 63) mmHg.

Additional analysis, including an indicator
for vegetarians and non-vegetarians, did not
show a significant difference in systolic or
diastolic blood pressure.

Discussion
Compared
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Figure 2 Prevalence rates of hypertension in relation to age group in the present
study and in studies performed in the USA2' and The Netherlands.2t

north India, the prevalence of hypertension in
this south Indian community is considerably
higher. The prevalence of hypertension found
in this study was 12 5%, and that reported
from northern rural communities is about
4%.13i517 Even in many urbanised areas, the
prevalence of hypertension seems to be lower
in north India.'316
Compared with similar and age standardised

studies in western countries, the prevalence of
hypertension found in this study population is
considerably lower. This accounts for urban as
well as for rural areas.21-2' This difference can
be partly explained by the relatively larger
number of elderly people in the total adult
population of the western countries. When we
look at the prevalence of hypertension in dif-
ferent age groups in white Americans and
suburban Dutch people and compare these
data with ours, it is evident that the prevalence
of hypertension is about the same in the
younger age groups. However, in western
societies elderly people are more likely to have
hypertension (fig 2).2329 This may be due to

less health care and higher mortality from non-

cardiovascular diseases in India which means
survival of the fittest, thus eliminating poten-
tial hypertensive subjects among the elderly.
When medical attention improves and life
expectancy rises in India, hypertension will
probably become a more prominent problem.
Our study, as well as many others, shows a

difference in the increase in blood pressure
with age between men and women. 13 17 21 23 29 30(33
One explanation for the steeper curve in blood
pressure with advancing age in women may be
the gain in body weight or other changes after
the menopause.33

In this study, hypertension was observed
more than twice as often in rich than in poor
people. The risk of developing atherosclerosis
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in the first group is, therefore, considerably
raised. With the further improvement in the
Indian economy, the percentage of people in
the high socioeconomic group will inevitably
rise, which may lead to a higher prevalence of
hypertension in the Indian population. An
important feature in preventing this trend can
be a reduction of body weight and prevention
of obesity in the higher socioeconomic classes.
Several studies have clearly shown a positive
effect of weight reduction on the blood pres-
sure level.3'440 As this study has indicated, the
blood pressure differences between high and
low socioeconomic class were considerably
reduced after statistical adjustment for body
weight. Unfortunately, being obese is still a
deeply rooted status symbol in these rural
areas and it might be a challenge for the local
health services to try to change this attitude.

It has been determined that there are popu-
lations in which salt intake correlates well with
hypertension, for example American blacks.4'
It may be important to obtain information on
this in these Indian population groups.
Further studies may assess whether a reduc-
tion in salt intake results in a fall in the
prevalence of hypertension in south Indian
populations.
From this study we conclude that the pre-

valence of hypertension in this south Indian
community increases with age, body weight,
heart rate, and socioeconomic status. On the
whole it is not yet as important a health prob-
lem as it is in western societies. The prevalence
of hypertension is, however, likely to increase
when improvement in medical care increases
life expectancy and economic changes improve
the socioeconomic standing. With respect to
the latter, obesity and increases in body weight
appear to be important mediators of an in-
crease in blood pressure levels.

We wish to thank Dr Rajaratnan Abel for his advice and
support and the people of KV Kuppam for their cooperation
and hospitality.
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