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Prevalence, awareness, treatment and control of hypertension
in an elderly community-based sample in Kerala, India

M. C. KALAVATHY, K. R. THANKAPPAN, P. SANKARA SARMA, R. S. VASAN

ABSTRACT
Background. Hypertension isone of the most important causes

of cardiovascular morbidity and mortality in the elderly. With the
increase in the number of elderly in India, hypertension is likely
to emerge as an important public health problem.

Methods. We performed a cross-sectional survey of a random
sample of 357 community-dwelling elderly individuals (191
women, 166 men; mean age 70 years) in Kerala. We measured
blood pressure on all study participants using a standardized
technique to assess the prevalence of hypertension. We com-
pared the variations in prevalence, awareness, treatment and
control of hypertension according to age, sex and place of
residence of the subjects, and examined the socio-demographic
correlates of hypertension using sex-specific multiple logistic
regression.

Results. The overall prevalence of hypertension in our sample
was 51.8% (95% CI: 46.8%-56.8%), which did not vary with
sex but increased with age. Fewer than half of the hypertensive
subjects were aware of their condition or were on treatment, and
only a quarter of the treated hypertensives achieved adequate
control of blood pressure. Rural elderly subjects were especially
less likely to be aware of, and on treatment for hypertension.
Smoking status and rural residence (in men) and marital status (in
women) were important correlates of hypertension.

Conclusions. Our findings emphasize the public health impor-
tance of hypertension in the elderly in Kerala at present, and point
to a likely increase in burden of this problem in India in the near
future. A National Hypertension Programme, targeted to meet
the imminent public health challenge posed by hypertension
seems warranted.
Natl Med J India 2000; 13:9-1 5

INTRODUCTION
Hypertension is one of the most important causes of mortality and
morbidity in the elderly. 1 Studies in developed countries have
reported that between 60% and 80% of the elderly population has
high blood pressure.v" As a consequence of such a high preva-
lence, a substantial proportion of cardiovascular diseases in the
elderly are attributable to hypertension (high population attribut-
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able risk).' Several randomized controlled clinical trials have
firmly established that treatment of hypertension in the elderly
significantly reduces cardiovascular morbidity and mortality.v?
These observations underscore the importance of early identifica-
tion and adequate treatment of hypertension in the elderly. to

Worldwide, the elderly constitute one of the most rapidly
expanding segments of the population.!':" A marked increase in
life expectancy witnessed by developing countries has led to the
projection that in the future, three-quarters of the elderly in the
world will be in these countries." It is conceivable that the
prevalence of hypertension in India will increase with ageing of
the population. Yet there is a paucity of studies assessing the
prevalence of hypertension in this segment of the population.

We investigated the prevalence, awareness, treatment and
adequacy of control of hypertension in a cross-sectional study of
a random sample of community-dwelling elderly subjects in
Kerala, India. We also examined the impact of select socio-
demographic characteristics of the elderly population on the
prevalence, awareness, treatment and control of hypertension.

SUBJECTS AND METHODS
Sampling frame
We used stratified multi-stage random sampling to obtain our
study sample. Initially, we selected an urban area inThiruvanantha-
puram (the capital city of Kerala), a rural area 100 km from the
capital city, and a coastal area 65 km from Thiruvananthapuram
as our three sampling strata. We chose three different sampling
strata because of prior reports that the place of residence (urban v.
rural) influences the prevalence of hypertension. 14.15 We chose a
coastal area because previous investigators have emphasized that
the demographic and socio-econornic characteristics, as well as
the dietary and lifestyle practices of this community differs
substantially from inland urban and rural regions in Kerala state. 16

The Sreekanteswaram ward of Thiruvananthapuram Corpora-
tion, Kerala constituted our urban sampling frame while the
Sooranadu Panchayath, Kollam provided the rural sample. These
areas met the criteria for 'urban' and 'rural' communities as
specified in the Census of India.!' We obtained the coastal sample
from the Mampally parish of Anchuthengu Panchayath.

Sampling methods
We initially obtained the voters' list for the year 1994 both for the
urban and rural areas chosen; the voters' list provides the names
and ages of all individuals aged 18 years or more. We then
enumerated all houses with elderly residents (age >60 years) from
the voters' list. Thus, we prepared two separate lists comprising
422 of 1436 rural households and 410 of 1300 urban households.
Next, we randomly selected 100 of these households with elderly
subjects (every fourth house) from each list for conducting our
survey. In the coastal area, we initially obtained a list of 300
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households under a unit of the parish. A second list was then
prepared which included 200 households with resident elderly
subjects. Fifty of these 200 households (every fourth house) were
randomly selected for the survey. In each of the three sampling
strata, when a selected household was ineligible for the survey
(e.g. the house was locked, or the family had migrated or the
elderly resident had died), the next house in the list was selected.

Survey design
We performed a door-to-door survey of participant households.
The survey team consisted of a physician (MCK) and an assistant.
The survey team enlisted the support and assistance of social
workers (Mahila Swasth Sangh in rural areas) and the local church
priest (in the coastal area) for identifying the individual house-
holds with elderly residents. All elderly individuals in the selected
households participated in the present investigation.

Survey instrument
The physician administered a pre-tested structured questionnaire
that sought information on the demographic characteristics, the
socio-economic status, and the medical history ofthe participant.
Socio-demographic variables such as age, marital status, religion,
education, income of both the individual and his/her family were
recorded for each participant. Socio-economic status (SES) was
assessed using a previously validated method that takes into
consideration the individual's income, family income, material
assets and land holdings." Individuals were categorized as be-
longing to a low, middle or high SES, based on information
obtained at the interview. We did not obtain anthropometric
measurements on any individual because of time and budgetary
constraints.

Measurement of blood pressure
During the course of the interview, the physician obtained two
measurements of blood pressure on each study participant with a
mercury column sphygmomanometer using a standardized tech-
nique." The first measurement was recorded after obtaining
demographic information from the subject while the second mea-
surement was recorded after a brief clinical examination. Both
blood pressure measurements were taken after the subject was
resting for at least 5 minutes in a seated position. Blood pressure
measurements were obtained on the right arm using a cuff of
appropriate size and with the instrument at the level of the heart.
The cuff pressure was inflated 30 mmHg above the level at which
the radial pulse disappeared, then deflated slowly at the rate of
2 mm/second and the readings recorded to the nearest 2 mm. The
first and the fifth Korotkoff sounds were taken as indicati ve of the
systolic and the diastolic blood pressure, respectively. The aver-
age of the two readings of systolic and diastolic blood pressure
was used as the blood pressure of the participant. In cases where
the two readings differed by over 6 mmHg, the physician revisited
the household on another occasion and obtained additional blood
pressure measurements; these new measurements were then aver-
aged.

Definitions of hypertension, awareness, treatment and control
The hypertension status of study participants was assessed by
using standard criteria formulated by the World Health Organiza-
tion (WHO)2o and the US Sixth Joint National Committee on
Detection, Evaluation and Treatment of Hypertension (JNC-
VI).2' Hypertension was defined as either systolic blood pressure
(SBP) ~140 mmHg, and/or diastolic blood pressure (DBP) ~90
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mmHg, and/or treatment with antihypertensive medication.P'"
This definition excludes hypertensives who have reduced their
blood pressure to a normotensive range by non-pharmacological
means, Awareness of hypertension was defined as the subject
reporting a prior diagnosis of hypertension (or high blood pres-
sure) made by a health professional." Treatment of hypertension
was defined as current use of a prescription medication for
lowering elevated blood pressure among hypertensive subjects in
our sample; the only treatment considered was pharmacological. 22
In order to avoid misclassification of normotensive individuals on
cardiovascular medications for indications other than hyperten-
sion (such as for congestive heart failure or angina), a diagnosis
of treated hypertension was made only if the subject had a prior
diagnosis of hypertension and was on antihypertensive agents.
Control of hypertension was defined as pharmacological treat-
ment associated with SBP and DBP less than 140 and 90 mmHg,
respectively.F Control rates were calculated separately for all
hypertensive subjects, and for the subgroup of hypertensives
being treated with antihypertensive medications, since awareness
and treatment are prerequisites for the control of hypertension,

Statistical methods
Blood pressure values for the study sample and for various sub-
groups are presented as mean (±standard deviation). Mean SBP
and DBP were compared between men and women, and among
subjects according to their place of residence by one-way ANOV A,
while a regression-based trend test was used to compare the blood
pressure measurements among different age groups. We com-
pared the prevalence, awareness, treatment and adequacy of
control of hypertension in the different subgroups of interest
using the Chi-square (gender comparisons) and the Chi-square
trend (other comparisons) tests, We also examined the distribu-
tion of blood pressure in the study sample according to WHO
defined grades" (or JNC-VI stages") of hypertension, We com-
puted the prevalence of isolated systolic hypertension (ISH),
defined as an SBP ~140 mmHg with a DBP <90 mmHg,20,21only
for subjects who were not on any antihypertensive medication,

To study the impact of select socio-economic and demo-
graphic factors on the prevalence of hypertension, we performed
multiple logistic regression analyses with hypertension status as
the dichotomous outcome and with age, sex, place of residence,
SES, smoking, marital status and religion as predictor variables.
All statistical analyses were performed using the SPSS for Win-
dows Release 6,1 software, A p value less than 0,05 was used to
define statistical significance.

RESULTS
Study sample characteristics
Of the 359 subjects who were interviewed, 2 individuals declined
blood pressure measurements, The characteristics of the remain-
ing 357 subjects eligible for the present investigation are given in
Table I. There were more women than men in our study sample
(sex ratio=I.15). Nearly half the study participants were below the
age of70 years, while a third were between 70 and 80 years of age.
The majority of the subjects were literate and belonged to the
middle SES and Hindu religion, A quarter of the subjects resided
in a coastal region, a third lived in an urban locality while the rest
dwelt in a rural area, We noted a striking difference in smoking
rates between men (79%) and women (3.7%) in our study sample.

Prevalence of hypertension and mean blood pressure levels
The overall prevalence of hypertension in our sample was 51,8%
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Variable

TABLEI. Characteristics of the study sample

Total sample
(n=357)

Women
(n=191)

Men
(n=166)

Age
<70 years
70-79 years
280 years
Primary education or more
Socio-economic status
Lower
Middle
Upper

Non-smokers"
Urban
Rural
Coastal
Hindu religion
Married]
Mean (SD) age (in years)

48.3
37.4
14.3
61.0

18.6
66.1
15.3
62.0
37.3
39.2
23.5
74.6
58.7

70.1 (6.8)

62.6
27.9
9.5
53.4

17.9
68.9
13.2

96.3
39.3
39.3
23.5
75.7
46.8

68.1 (6.2)

31.9
48.2
19.9

69.9

19.5
62.8
17.7
21.0
34.9
39.2
25.9
73.5
72.3

72.3 (6.8)

All figuresarepercentages * doesnot includeex-smokers t indicates
currentresidencewithspouse;doesnot includewidowed/separatedcategories

(95% CI 46.8%-56.8%; 185 subjects [82 men and 103 women]).
If we used the 'older' criteria for hypertension, i.e. SBP >160
mmHg, and/or DBP >95mmHg,23 and/or use of antihypertensive
medications, the prevalence of hypertension was 38.9% (139
subjects [62 men and 77 women]). Table II displays the mean
blood pressure and prevalence of hypertension according to
gender, age and place of residence of the study subjects. While the
prevalence of hypertension did not vary according to the sex or the
place of residence of the participant, it increased with age. Mean
SBP and DBP did not differ among men and women in our sample.
However, SBP (but not DBP) increased from the seventh to the
ninth decade of life. An increasing gradient of SBP and DBP was
noted from the rural to the urban to the coastal residents. These
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findings were consistent when we restricted our analysis to the
subset of subjects who were not on any medication (since mea-
sured blood pressure is influenced by the intake of antihyperten-
sive agents).

Socio-demographic and clinical correlates of hypertension
status
Although the overall prevalence of hypertension did not differ
according to sex, sex-pooled logistic regression analyses adjust-
ing for potential covariates revealed that female sex was associ-
ated with an increased prevalence of hypertension (adjusted odds
ratio 3.30, 95% CI 1.49-7.34, p<O.OI; data not presented). Fur-
thermore, we have earlier emphasized the marked difference in
smoking rates (one of our predictor variables) between men and
women. Therefore, we performed sex-specific multiple logistic
regression to evaluate the impact of socio-demographic variables
on hypertension status. These results are presented in Table III. In
men, rural residence was associated with a 60% lower odds of
being hypertensive, while being a non-smoker was associated
with an 80% lower odds of having elevated blood pressure. In
women, being married at the time of the survey was associated
with a 54% lower odds of being hypertensive. Other socio-
demographic variables (such as religion, SES, education) did not
influence the hypertension status of men or women in our sample.

Distribution of blood pressure according to WHO grades
(lNC- VI stages)
Table IV presents the distribution of blood pressure among study
participants according to the classification recommended by the
WHO.20 Only two individuals in our elderly sample had optimal
blood pressure. Thirty per cent of the subjects had normal blood
pressure, while 17% had high normal blood pressure. Among the
hypertensive subjects, nearly half had mild hypertension (grade
I), while a quarter had moderate hypertension (grade II). Severe
hypertension was uncommon (11.8% of hypertensives). Among
hypertensive subjects who were not on treatment, 18.9% had

TABLEII. Blood pressure measures [mean (SD)] and prevalence of hypertension according to age, gender and place of residence

Gender Age Place of residence

Men Women p value* <70 70-79 280 P value+ Rural Urban Coastal p value*

Total sample
SBP 137 (23) 137 (21) 0.98 134 (18) 140 (25) 142 (23) 0.007 132 (22) 137 (19) 146 (23) <0.00]
DBP 87 (8) 88 (8) 0.69 87 (8) 87 (9) 88 (6) 0.43 86 (9) 88 (8) 89 (7) 0.006
HTN(%) 49.7 53.9 0.49t 47.7 51.9 65.4 0.036§ 45 59 52 0.07§
Subjects not on antihypertensive medication
SBP 134 (22) 134 (20) 0.79 ]32 (18) ]34 (22) 143 (23) 0.0]6 130 (20) 134 (19) 142 (22) <0.00]
DBP 86 (8) 87 (8) 0.39 86 (8) 85 (9) 89 (6) 0.36 85 (8) 87 (8) 88 (7) 0.02

SBP systolicbloodpressure DBP diastolicbloodpressure HTN hypertension * one-wayANOYA
t trendtestbasedon slopeof regressionequation . * Chi-square § Chi-squaretrendtest

TABLEIII. Impact of select socio-demographic variables on hypertension status in the study sample: Results of sex-specific multiple
logistic regression analysis

Men* Women]

Variable Beta (SE) Odds ratio (OR) 95% CI for p value Variable Beta (SE) Odds ratio (OR) 95% CI for p value
for hypertension OR for hypertension OR

Non-smoker -1.56 (0.50) 0.21 0.08,0.57 0.002 Married -0.77 (0.31) 0.46 0.25,0.86 0.013
Rural residence -0.91 (0.41) 0.40 0.18,0.92 0.027

* variablesconsideredin themodelandnotstatisticallysignificantincludeage,socio-economicstatus,religion,maritalstatus
t variablesconsideredin themodelandnot statisticallysignificantincludeage,socio-economicstatus,religion,smokingstatus,placeof residence
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Group

TABLEIV. Distribution of blood pressure in study sample by World Health OrganizationlJNC VI categorization of blood pressure

Normotensive (%)
(SBP <130 and DBP <85)

Hypertensives (%)
(SBP ~140 or DBP ~90 or on antihypertensive medication)

High normal
blood pressure (%)
(SBP 130-139 or

DBP 85-89)Total Optimal Normal
(SBP <120 (SBP 120-129

and DBP <80 and DBP 80-84)

Controlled* Stage 1
(SBP 140-159
or DBP 90-99)

Stage 2 Stages 3 and 4
(SBP 160-179 (SBP ~180

or DBP 100-109 or DBP ~110)

Total (n=357) 110 (30.8) 2 (0.6) 108 (30.3) 62 (17.4) 21 (5.9) 91 (25.5) 51 (14.3) 22 (6.2)

By gender
Women (n=191) 58 (30.4) 58 (30.4) 30 (15.7) 12 (6.3) 53 (27.7) 28 (14.7) 10 (5.2)
Men (n=166) 52 (31.3) 2 (1.2) 50 (30.1) '2 (19.3) 9 (5.4) 38 (22.9) 23 (13.9) 12 (7.2)

Dy place of residence.
Urban (n=133) 34 (25 ..{i) 34 (25.6) 21 (15.8) 13 (9.8) 39 (29.3) 20 (15.0) 6 (4.5)
Rural (n=140) 56 (40.0) 2 (1.4) 54 (38.6) 21 (15.0) 7 (5.0) 32 (22.9) 16 (11.4) 8 (5.7)
Coastal (n=84) 20 (23.8) 20 (23.8) 20 (23.8) 1 (1.2) 20 (23.8) 15 (17.9) 8 (9.5)

* subjects on antihypertensive agents and BP <140/90 mmHg

TABLEV. Percentage of persons with hypertension who were aware, treated and controlled, and
percentage of treated persons with hypertension who were controlled

Group Hypertensives (n= 185) Treated hypertensives (n=79)

Aware Treated Controlled Controlled Uncontrolled and severe HTN

Total (n=185) 83 (44.9) 79 (42.7) 21 (11.4) 21179 (26.6) 9179 (11.4)

By gender
Women (n=I03) 46 (44.7) 44 (42.7) 12 (11.7) 12/44 (27.3) 4/44 (9.1)
Men (n=82) 37 (45.1) 35 (42.7) 9 (11.0) 9/35 (25.7) 5/35 (14.3)

p value* 0.93 0.93 0.93 0.92 0.50

By place of residence
Urban (n=78) 42 (53.8) 41 (52.6) 13 (16.7) 13/41 (31.7) 3/41 (7.3)
Coastal (n=44) 19 (43.2) 18 (40.9) 1 ( 2.3) 1118 (5.6) 3/18 (16.7)
Rural (n=63) 22 (34.9) 20 (31.7) 7 (11.1) 7/20 (35.0) 3/20 (15.0)

p value] 0.024 0.013 0.25 0.90 0.32

By age groups
<70 years (n=82) 37 (45.1) 34 (41.5) 9 (11) 9/34 (26.5) 0/34 (0.0)
70-79 years (n=69) 34 (49.3) 35 (50.7) 7 (10.1) 7/35 (20.0) 8/35 (22.9)
~80 years (n=34) 12 (35.3) 10 (29.4) 5 (14.7) 5/10 (50.0) 1110 (10.0)

p value+ 0.50 0.49 0.65 0.38 0.66t

Figures in parentheses are percentages * Chi-square test t Chi-square test for trend * Fisher's exact test
HTN hypertension

isolated systolic hypertension; this figure is likely to be an
underestimate because some subjects on treatment may have been
treated for ISH. The distribution of blood pressure according to
WHO grading did not differ among men and women (p=0.82, Chi-
square test). However, subjects residing in the coastal area had a
higher prevalence of high normal blood pressure and severe
hypertension (p=0.023, Chi-square trend test).

Awareness, treatment and control of hypertension
Data on the awareness, treatment and control of hypertension
among hypertensives in our study sample are displayed in Table
V. Fewer than half the hypertensive subjects were aware of their
condition. A majority of those who were aware of their elevated
blood pressure were also on treatment. However, only one-tenth
of the hypertensive subjects satisfied current JNC- VI recommen-
dations for adequate blood pressure control." Even when we
limited our analyses to treated hypertensives, only one-quarter of
the subjects had adequately controlled blood pressure readings.
Nearly one-tenth of these subjects had readings suggestive of
severe hypertension. Awareness, treatment and control of hyper-
tension did not differ between men and women or vary with age.

However, elderly subjects residing in a rural area were less likely
to be aware of and be on treatment, compared to their coastal or
urban counterparts.

Digit preference in blood pressure readings
We examined our blood pressure measurements for zero-ending
values. We noted that 46.5% of SBP readings and 37.5% ofDBP
readings ended in zero, thereby documenting a substantial digit
preference of the physician examiner. Recognizing the potential
impact of these findings on categorization of subjects as hyperten-
sive," we performed secondary analyses with hypertension de-
fined as SBP >140 mmHg, and/or DBP >90 mmHg, and/or
antihypertensive medications. In these analyses, 171 of 357
subjects (47.9%; 77 men, 94 women) were categorized as hyper-
tensive. These findings suggest that digit preference did not
markedly influence the prevalence of hypertension in our study.

DISCUSSION
A natural concomitant of ageing of the population in India is
likely to be an increase in the burden of hypertension and related
cardiovascular diseases.f-" Among all Indian states, Kerala has
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the largest proportion of elderly subjects (8.8% of the population
in the 1991 Census).'? The epidemiological transition accom-
panying this demographic change in Kerala has been associated
with an increasing prevalence of chronic degenerative diseases. 27.28
A study of the prevalence of hypertension in the elderly in Kerala
today is likely to provide a 'window' into the potential burden of
hypertension in the elderly in India in the future.

Prevalence and grades of hypertension
We found that about 50% of elderly subjects in our community-
based sample had elevated blood pressure levels. Similar findings
were reported on a smaller sample of elderly subjects in Jaipur."
We observed an age-related increase in the prevalence ofhyperten-
sion across the seventh to the ninth decade of life. Our prevalence
figures approximate age-specific prevalence for corresponding
age groups in the US NHANES III Survey- and the Egyptian
National Hypertension Project" but are lower than the rates
reported in some other surveys of elderly individuals in Europe"
and South America."

While the proportion of subjects with high normal blood
pressure and mild hypertension are similar to that in other studies,
a striking finding in our sample was that only 2 individuals (0.6%)
had optimal blood pressure levels (in contrast to 10%-14% in
NHANES III).2 Besides inherent differences between popula-
tions, differences in sampling and survey methods may contribute
to these geographic variations in prevalence.

Correlates of hypertension
In our multi variable regression analyses, smoking status and
residence in a rural area emerged as important correlates of
hypertension in men. However, marital status was the principal
correlate of high blood pressure in women. Unlike prior reports
from other parts of India.P-" SES did not influence blood pressure
in either men or women. This may be related to the low variability
of SES in our sample with the majority of subjects belonging to
the middle SES.

The sex-related differences in correlates of hypertension noted
above merit additional comment. Smoking and residence in an
urban area have been associated with a higher prevalence of
hypertension in several prior investigations in India and
abroad.28.33.35.36The lack of impact of smoking on prevalence of
hypertension in women is likely to be related to the rarity of this
habit among women, in part due to cultural influences. The place
of residence did not influence the prevalence of hypertension in
women, perhaps because a majority of women in our study were
housewives and had similar lifestyles.

We speculate that urban-rural differences in lifestyle and
dietary practices, job-related stresses, physical activity and other
factors" may be more pronounced among men in our study.

The association of marital status and hypertension in women
but not in men may be related in part to the higher proportion of
women in our sample who were living without their spouses.
Additionally, women in Kerala are frequently economically
dependent on men; the impact of being single is, therefore, more
likely to be pronounced in elderly women.v-v'Ihecardioprotective
effects of social support provided by the institution of marriage
have also been reported by other investigators" and may be a
contributory factor in our sample as well.

Awareness, treatment and control of hypertension: Impact of
age, gender and place of residence
We found a striking lack of awareness of elevated blood pressure
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among hypertensive participants in our study; only 45% of hyper-
tensives were aware of their condition, and a slightly lower pro-
portion (42%) were being treated. It is noteworthy that only one-
quarter of treated hypertensives were adequately controlled. While
these figures are substantially lower than corresponding figures
(for awareness, treatment and control) from some developed
countries, 22.41.42they are comparable to data from other developing
nations.30•32,43

Interpretation of data on awareness, treatment and control of
hypertension is complex in developing countries because it re-
flects an intricate interplay between availability, accessibility and
affordability of physician services and pharmacological medica-
tions. Education and SES of patients, awareness of guidelines
among practitioners and individual physician thresholds for treat-
ment of high blood pressure also have an effect on the treatment
and control of hypertension, Of these multiple factors, it is worth
noting that availability of and accessibility to medical care are of
less significance in Kerala; the state is well known for its ready
access to health care and a majority of individuals in the state
report yearly physician visits.F:" Our findings of a low awareness
of hypertension possibly indicate that currently inadequate atten-
tion is paid to measuring blood pressure and treating hypertension
in elderly subjects by physicians in the region surveyed,

Contrary to most reports from surveys conducted in the devel-
oped countries.i-" we did not find any gender-related differences
in hypertension awareness, treatment or control in our study.
Perhaps this finding is attributable to the high level of education
in Kerala state; a high level of health consciousness is a natural
corollary of education" and would minimize potential gender-
related differences. However, we did note a conspicuous rural-
urban gradient in hypertension awareness and treatment.
Although we did not examine potential factors that could explain
these differences in the present study, additional research is
warranted to examine the role of potential contributory factors
(such as urban-rural differences in cultural beliefs, lifestyles,
educational and socio-economic status, utilization of health care,
use of alternative systems of medicine, etc.)."

Strengths and limitations
The use of a community-based sample of modest size is one of the
strengths of our investigation. We believe that our study sample
is reasonably representative of elderly subjects in Kerala with
regard to the demographic characteristics. The sex ratio of our
sample closely approximates that for Kerala state (1.16, 1991
Census)!' and the proportion of urban subjects is similar; 26% of
Kerala is urbanized according to the 1991 Census, with an
increasing trend over the present decade. 17The use of household
visits is also likely to reduce any potential 'white coat' phenom-
ena in determining blood pressure status."

Despite these strengths, it is important to acknowledge our
limitations. A major shortcoming of the present investigation is
the use of blood pressure measurements obtained on a single
occasion to characterize hypertension status of the study popula-
tion. The effect of regression to the mean of blood pressure when
measurements are made on more than one occasion is well
known.v-" Single-visit measurements, even when averaged, may
overestimate the prevalence of hypertension by 17%.47Unfortu-
nately, limited resources and budgetary constraints precluded
a second visit to obtain additional measurements (except for
subjects in whom the two initial readings differed by more than
6 mmHg). It is also possible that prevalence of hypertension may
be overestimated in the elderly because of the phenomenon of
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pseudohypertension." We did not use the Osler manoeuvre" in
the present study to exclude pseudohypertension because of
concerns regarding the validity of the manoeuvre." We have
commented above on the digit preference in our data and its
impact on prevalence of hypertension.

Our multivariable analyses are particularly limited because we
did not obtain information on several predictor variables that can
affect blood pressure; we did not record the height and weight of
the subjects, their level of physical activity, dietary salt consump-
tion and alcohol intake. Last, but not the least, extrapolation of
results from Kerala to other parts of India (which are in different
stages of demographic and epidemiological transition) may be
inappropriate.

Public health implications
Hypertension is a major risk factor for heart disease and stroke.
Recent data from Eastern Asia demonstrate a stronger association
of hypertension with risk of stroke in this part of the world com-
pared to the West." These findings provide strong support for
attempts to detect and treat hypertension in India.

Combining our prevalence findings with population data on
elderly subjects," we projectthat there may be 1.6 million elderly
people in Kerala and 37 million elderly people in India with
hypertension by the year 2001. These staggering figures under-
score the importance of alerting the public health community to
the impending burden of hypertension in the elderly in the near
future, with its accompanying clinical and economic consequen-
ces. In tandem with a population-based strategy to reduce blood
pressure, itis important to implement individual-based programmes
that permit identification and treatment of hypertension in gen-
eral, and in the elderly in particular. 52 Perhaps a restructuring and
reorientation of primary health centres and primary health care
(which currently focus on communicable diseases) to non-com-
municable diseases may be a vital step in this direction. It is
important to note that a recent investigation emphasized the
success of community health workers in ensuring treatment and
adequate control of hypertensive subjects." Our data identify
rural elderly subjects as a priority target for blood pressure screen-
ing and education programmes.

We recommend formulation of a National Hypertension
Programme that investigates environmental factors associated
with hypertension, encourages physicians and other health care
professionals to routinely obtain blood pressure measurements
and builds an infrastructure for research and education in high
blood pressure. Such a programme could adapt international
guidelines keeping in mind local priorities, and cultural, econo-
mic and social realities. It should evaluate benefits, feasibility and
cost-effectiveness of drug treatment, and would be able to target
local practitioners more effectively. Such a comprehensive
national programme has been successfully implemented in Egypt
recently."

Conclusions
In our population-based study of elderly subjects in Kerala state,
we observed that over 50% of individuals over the age of 60 years
had elevated blood pressure. We noted a striking lack of aware-
ness of the condition among the subjects and a suboptimal rate of
control among those treated. These findings emphasize the public
health importance of hypertension in the elderly in Kerala, and the
likely increase in magnitude of this problem in India in the near
future.
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