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ABSTRACT

Background: The aim of this study was to identify the prevalence and risk factors for hypertension in a rural
community in north-east India. Materials and Methods: A door-to-door survey was conducted amongst all
residents of a village in Uttarakhand province. All residents were interviewed and data were was relating to
the demographics of the individuals, dietary habits, alcohol consumption, tobacco use, psychosocial stress,
past medical history and drug history. Blood pressure (BP) and anthropometric data was recorded and blood
samples taken. Results: We identified 1348 people living in the village. Assessment was carried out on all
those aged 15 years and over (n=968, 71.8%). Hypertension, defined as BP > 140/90 mmHg or cases of known
hypertensive on medication, were present in 30.9% (95% CI 25.6 to 36.0) of males and 27.8% (95% CI 23.4
to 32.2) of females. Standardisation to the World Health Organization (WHO) world population gives an
overall prevalence of 32.3% (95% confidence interval, CI 28.9 to 35.8). Increasing age and higher body mass
index (BMI) were independent predictors of hypertension in both sexes, with psychosocial stress an additional
independent predictor in males. Conclusions: Rates of hypertension in the rural community under study are
similar to those seen in high-income countries and in urban India. With the exception of age, all the risk factors
identified were potentially modifiable.
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INTRODUCTION

India, the world’s largest democracy, is undergoing a rapid
economic growth. This growth has been accompanied by
demographic, lifestyle and cultural changes which have
had a large impact on the health profile of India’s citizens
and placed a significant strain on the country’s healthcare
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system."”l Whilst such changes may be most obvious in
major cities, such as Delhi and Mumbai, they are also likely
to impact those living in the rural areas. Over 70% of India’s
population live in rural areas, yet access to government
healthcare is much poorer than in urban areas, with twice
the number of hospital beds available to urban dwellers
pet head of population.!

In India, cardiovascular diseases (CVDs) are estimated to
be responsible for 1.5 million deaths annually.’ Indeed,
it is estimated that by 2020, CVDs will be the largest
cause of mortality and morbidity in India.”! Hypertension
is a major risk factor for CVDs, including stroke and
myocardial infarction, and its burden is increasing
disproportionately in developing countries as they undergo
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demogtraphic transition.'” Using a cut-off of 140 mmHg
or greater systolic blood pressure (BP), or 90 mmHg or
greater diastolic BP, the age-standardised prevalence of
hypertension worldwide in the year 2000 was estimated
to be 26.6% in men (95% confidence interval, CI 26.0 to
27.2) and 26.1% in women (95% CI 25.5 to 26.6). This was
estimated to rise to 29.0% in men (95% CI 28.6 to 29.4)
and 29.5% in women (95% CI 29.1 to 29.9) by 2025.1"1 It
was estimated that around two-thirds of those with people
with hypertension worldwide were living in developing
countties (639 million) in 2000, and that this would rise to
three-quarters living in developing countries (1.15 billion)
by 2025.

Previous authors have suggested prevalence rates for
hypertension in urban India to be 29-45% in men and
25-38% in women.!"""" Hypertension is thought to be less
common in rural areas, though data is limited and estimates
vary widely depending on the methodology used.l>¥
Previously identified risk factors for hypertension in Indians
include higher body mass index (BMI), abdominal obesity,
greater age, greater alcohol consumption, sedentary lifestyle
and stress.'"'" All of these risk factors, together with
hypertension itself, have been identified as risk factors for
both stroke and myocardial infarction worldwide by the
INTERSTROKE and INTERHEART study teams, and in
this respect India appears to be no different to other parts
of the world.™¥ Nevertheless, as rural India continues to
undergo demographic transition, the contribution of such
risk factors to hypertension in India is likely to change.
Studying these changes may give greater insight into how best
to allocate resources to reduce the burden of hypertension
on India’s heath care system.

The primary aim of this study was to identify the prevalence
of hypertension in a rural Indian population by means of
a doot-to-door survey. A secondary aim was to identify the
risk factors for hypertension.

MATERIALS AND METHODS

Ethical approval for the study was obtained from Research
and Ethics committee of the Himalayan Institute Health
Trust (HIHT) University.

Setting and study population

The study site was a rural village located around 20 km
from the city of Dehradun, the state capital of Uttarakhand
province in north-east India, with the Himalayan Mountains
to the north and the river Ganges to the east. There are
approximately 15 villages within the region near Dehradun,
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with easy access from the HIHT University. The study village
was chosen due to the established research links between the
village and the research staff at the HIHT University. The
village is representative of all the villages within the region.
The site is approximately 250 km north-east of India’s
capital, Delhi. Data was collected between 17" March and
15" April 2010. The date for calculating the point prevalence
was 1* of April 2010. All people living in the village on the
prevalence date were included in the study, and we were able
to collect demographic data on all residents, though some
residents refused to undergo full assessment.

Health screening questionnaire

The questionnaire used was based on the WHO STEPwise
approach to chronic disease risk factor surveillance (STEPS)
questionnaire.” It was administered to participants in
Hindi (the local language) by 20 field research teams. Each
data collection team comprised of 2 persons (1 male and
1 female) who were either a final year medical student or
a Bachelor of Science (BSc) nursing student from HIHT
University. Each team was briefed and trained in the
methodology of the questionnaire and a training manual
was developed. To help reduce inter-observer variability,
four supervisors drawn from the medical and nursing faculty
of HIHT University, assisted the teams in data collection.
Furthermore, every 10" questionnaire was checked by the
supervisors. The questionnaire recorded basic demographic
information (age, sex, education etc.) for each member of
the household. Collecting accurate information on patient
age was difficult, since very few people had a birth certificate.
Age was calculated from birth year and confirmed using
memory prompts, such as historical events, where the year
of birth was in doubt. For those aged 15 years and above,
information on tobacco use, alcohol intake, diet, history of
hypertension, history of diabetes, psychosocial stress and
disability was recorded. To asses stress, we employed the
same tool as used in the INTERHEART study.”™ Briefly,
stress was defined as feeling irritable, filled with anxiety, or as
having sleeping difficulties as a result of conditions at work
(question 1) or at home (question 2). We asked participants
to report how often they had felt stress, using the following
response options: 1) never; 2) some periods; 3) several
periods; or 4) permanent stress. An answer of 3) or 4) to
either question was taken as evidence of stress.

Blood pressure

BP was recorded in a sitting position using an A and
D UA-767 BP monitor. One measurement was taken
after five minutes of resting quietly. If this reading did
not indicate hypertension then it was accepted, if it did
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indicate hypertension then a second reading was taken and
this reading was reported for the purpose of the study.
Hypertension was defined as BP 2140 mmHg systolic
or 290 mmHg diastolic BP, or a known hypertensive on
medication. This is in accordance with the Joint National
Committee (JNC) V criteria.?!l A higher cut-off of
BP 2160 mmHg systolic or 100 mmHg diastolic BP was
used to identify those with severe hypertension.

Anthropometric measurements

Weight was measured using a set of Krups weighing
scales and was recorded to the nearest 0.5 kg. Height
was measured in a standing position with shoes removed
by using a wall mounted measuring tape. Hip and waist
measurements were taken using a standard tape measure
and recorded to the nearest 0.1 cm. Overweight was defined
as BMI > 25 kg/m? and abdominal obesity was defined as
waste to hip ratio 20.95 in males and = 0.85 in females.

Blood samples

After the interview, blood samples were taken by a trained
technician, working at HIHT University, from those who
consented. The collected blood samples were transported
back in ice and analysed within 6 hours of collection at the
central laboratory of HIHT University using Beckmann
Coulter Synchone CX9 autoanalyzer for random blood
sugar and cholesterol levels. Dyslipidaemia was defined as
total cholesterol =200 mg/dL?? Diabetes was defined as
random blood sugar greater than 200 mg/dL>!

Statistical analysis

Age-standardisation was carried out using the direct
method, with standardisation to the WHO world
standard.?¥ CIs for prevalence and for odds ratios
(ORs) were calculated based on the assumptions of the
binomial distribution. Cls for continuous variables were
calculated from the normal distribution. The risk factor
data were quantitative in nature and collected at a nominal,
ordinal and interval/ratio level. They were analyzed
using standard statistical software, PASW-18 for windows
(Statistical Package for Social Sciences, SPSS, Chicago,
IL, USA). No obvious outliers or influential cases were
identified when data and residuals were examined.
Hypertension was dichotomised into present or absent
to compare associated variables. Mann-Whitney U tests
(continuous variables) and odds ratios (dichotomous
variables) were used to assess statistical significance of
differences between those with hypertension and those
without. Logistic regression analysis was used to identify
independent predictors of hypertension. Stepwise

Journal of Cardiovascular Disease Research Vol. 3/ No 2

methods were used to construct the model and the
robustness of the model was checked by examination
of residuals, Cook’s distances, loading of variables on
individual eigenvalues and collinearity diagnostic tests
(variance inflation factor). A large value for the Wald
statistic generally indicates that the predictor variable is
a significant predictor of outcome and therefore makes
a contribution to the predictive power of the model.
Calculating Exp (B) from 8, allows the relative change in
the odds of the outcome occurring for a unit change in
the predictor to be calculated. Significance was defined as
P<0.05 for specific statistical tests or a 95% CI for an odds
ratio that did not cross the value of 1.0, or 95% Cls for
two comparable continuous variables that did not overlap.
Two-tailed tests were used throughout. Missing values
were treated as being missing completely at random.

RESULTS

Within the study site, we identified 1348 people, living in
236 households. Assessment was carried out on all those
aged 15 years and over (#=968, 71.8%). Demographic data
for those aged 15 years and over are shown in Table 1.
Of those aged 15 years and over, 724 (74.8%) consented
to assessment using the health screening questionnaire,
703 (72.6%) consented to anthropometric measurement,
698 (72.1%) consented to have their BP measured and
319 (33.0%) consented to a blood sample being taken.
Comparing those who had their BP recorded and those who
did not, of the 270 who did not have BP recorded, only 79
(29.3%) were female, whilst of the 698 who did have their
BP recorded, 396 (56.7%) were female. This difference is
significant, OR 3.17 (95% CI 2.34 to 4.29). The mean age
of those who did not have their BP taken was 31.0 years
(95% CI 29.3 to 32.7) and the mean age of those who did
have their BP recorded was 36.8 years (95% CI 35.5 to 38.1).
For all 1348 people in the study site, the median age was
23 years (range 0-90). For those aged 15 years and over, the
median age was 30 (inter-quartile range 21-45).

Prevalence of hypertension

Mean diastolic BP was 78.4 (95% CI 76.9 to 79.9) for males
and 76.6 (95% CI 75.4 to 77.9) females. Mean systolic BP
was 121.1 (95% CI 119.1 to 123.0) for males and 118.0
(95% CI 116.4 to 119.6) for females. Hypertension was
present in 93 of the 302 males who had BP recorded
(30.9%, 95% CI 25.6 to 36.0) and 110 of the 396 females
who had BP recorded (27.8%, 95% CI 23.4 to 32.2). There
was no significant difference in prevalence between males
and females (95% CI for the difference -3.7 to 10.0).
The prevalence increased with age as shown in Tablel.
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Table 1: Demographic and hypertension data by age band (for those aged 15 years and over) as seen in the study

Age Number of Number of Hypertension present*

bands people in males (%) number of cases/ Percentage

(years) population (%) number with BP (95 % Cl)

recorded

0-14 380 (28.2) 185 (48.7) - -

15-24 338 (25.1) 159 (47.0) 38/220 17.3 (12.2 to
22.3)

25-34 197 (14.6) 104 (52.8) 36/143 25.2(18.0to
32.4)

35-44 167 (12.4) 88 (52.7) 39/121 32.2(23.8to
40.7)

45-54 106 (7.9) 57 (53.8) 2475 32.0(21.2to
42.8)

55-64 79 (5.9) 43 (54.4) 30/66 46.2 (33.7 to
58.6)

65-74 56 (4.2) 28 (50.0) 29/51 56.9 (42.8 to
70.9)

75-84 19 (1.4) 9 (47.4) 77 41.2(151to
67.3)

2 85 6 (0.4) 5(83.3) 0/5 0

* Defined as blood pressure (BP) greater than 90 mmHg diastolic or 140 mmHg systolic pressure or a known hypertensive on medication

Hypertension was seen in over half of all 65-75 year olds,
with the rate significantly higher than in the age bands
below 45 years. Only 29 people had been treated with
anti-hypertensive medication in the previous 2 weeks, and
in only 22 of these (75.9%) was BP adequately controlled.
Standardisation to the WHO world population gives an
overall prevalence of 32.3% (95% CI 28.9 to 35.8).

Risk factors for hypertension

The crude prevalence of dyslipidaemia, diabetes, abdominal
obesity and overweight are given in Table 2. Data on
tobacco use, alcohol consumption, diet and stress are also
presented. Compared to males, females had significantly
higher odds of abdominal obesity (OR 3.72, 95% CI 2.64
to 5.24) and overweight (OR 2.25, 95% CI 1.42 to 3.55),
but not dyslipidaecmia or diabetes, compared to males. In
males having hypertension was significantly associated with
having had several periods of stress or permanent stress at
work or at home (OR 2.56, 95% CI 1.32 to 4.96) and having
consumed alcohol in the last 30 days (OR 1.95,95% CI 1.14
to 3.33). Diet and smoking were not significantly associated
with having hypertension. For males having hypertension
was significantly associated (Mann-Whitney U test) with
greater age (U = 7243.0, z = -3.483, P<0.001), greater BMI
(U =7398.0, z = -3.206, P=0.001), but not greater waist
to hip ratio (U = 9404.0, z = -0.038, P=0.970), cholesterol
levels (U = 2075.0, z = -0.266, P=0.790) or random blood
sugar level (U = 1880.0, z = -1.159, P=0.246). In females,
having hypertension was not associated with stress, random
blood sugar level (U = 3433.5, z = -0.404, P=0.680), diet,
smoking or alcohol consumption, but was significantly
associated with greater age (U = 10513.5, z = -5.117,
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P<0.001), greater BMI (U = 9635.0, z = -5.832, P<0.001),
greater waist to hip ratio (U = 12738.0, z = -2.888,
P =0.004) and cholesterol levels (U = 2827.5, z = -2.268,
P =0.023). By logistic regression, BMI, age and stress were
independent predictors of hypertension in males, and BMI
and age were independent predictors of hypertension in

females [Table 3].
Health screening

Of the 185 people with hypertension for whom data was
available, 95 (51.4%) had their BP measured previously, but
only 46 (24.9%) had it measured in the last 12 months. Only
50 people (27.0%) with hypertension had been previously
told they had hypertension or raised BP. Furthermore, of
12 people with random blood sugar above 200 mg/dl,
only 2 (16.7%) had been previously told they had diabetes.

DISCUSSION

Our results reveal the prevalence of hypertension in rural
India to be similar to that seen in urban India and other world
regions.'”! Although rates of hypertension in males were
higher than in females, the difference was not significant.
Recent reports of the prevalence of hypertension in urban
India have suggested rates of 29.3-45.1% in men and 25.2-
38.2% in women, with steady increases seen over the past
20 years.!""" Lower prevalence rates have been reported in
rural areas, though with a steady increase in rates seen since
the 1960s.°"% In 1994 Gupta ez al. reported rates of 21.6%
in 1982 men, and 15.7% in 1166 women aged 20 years and
over, in rural western India, though much lower rates have
also been reported.'"'"™ The prevalence rates reported
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Table 2: Cardiovascular disease risk factors by gender in those aged 15 years and over as seen in the study

Males

Females

Smoking
Current smoker

Smokes daily

Alcohol
Drank alcohol in last 30 days

Diet
Vegetarian

Number of days per week
fruit eaten

Number of days per week
green vegetables eaten

Hypertension
Ever had BP measured

Ever been told had raised
BP or hypertension

Been told had raised BP in
the last 12 months

BP greater than 90 mmHg
diastolic or 140 mmHg
systolic or known
hypertensive

BP greater than 100 mmHg
diastolic or 160 mmHg
systolic

Diabetes

Ever had blood sugars
measured

Ever been told had raised
blood sugars

Stress

Have experienced several
periods of or permanent
stress at home or at work

Biochemical analysis
Glucose (mg/dl)
Cholesterol (mg/dl)
Diabetes

Dyslipidaemia

Anthropometric
measurements

Waist to hip ratio
BMI
Abdominal obesity

Overweight

75 yes (24.0%), 238 no, 180
missing values

67 yes (21.5%), 244 no, 182
missing values

94 yes (32.4%), 196 no, 203
missing values

74 yes (23.3%), 244 no, 175
missing values

4 never, 154 occasionally, 109
one to three days, 52 four to

seven days, 174 missing values

34 occasionally, 126 one to
three days, 156 four to seven
days, 177 missing values

119 yes (37.5%), 198 no, 176
missing values

33 yes (10.5%), 282 no, 178
missing values

35 yes (11.2%), 277 no, 181
missing values

93 yes (30.9%), 209 no, 191
missing values

22 yes (7.3%), 280 no, 191
missing values

50 yes (15.9%), 265 no, 178
missing values

4 yes (1.3%), 311 no, 182
missing values

43 yes (13.6%), 272 no, 178
missing values

(n=138)

Mean: 97.0, Std dev: 42.438
Mean: 142.3, Std dev: 48.301
5 yes (3.6%), 133 no, 355
missing values

10 yes (7.2%), 128 no, 355
missing values

(n=307)

Mean: 0.89, Std dev: 0.091
Mean: 20.3, Std dev: 4.052

60 yes (19.7%), 245 no, 188
missing values

29 yes (9.4%), 278 no, 186
missing values

28 yes (7.0%), 374 no, 73
missing values
24 yes (6.0%), 373 no, 78
missing values

4 yes (1.2%), 341 no, 130
missing values

170 yes (42.0%), 235 no, 70
missing values

5 never, 189 occasionally, 142
one to three days, 69 four to
seven days, 70 missing values

22 occasionally, 134 one to
three days, 234 four to seven
days, 81 missing values

196 yes (48.4%), 208 no, 70
missing values

62 yes (15.4%), 341 no, 72
missing values

67 yes (16.7%), 335 no, 73
missing values

110 yes (27.8%), 286 no, 79
missing values

30 yes (7.6%), 366 no, 79
missing values

79 yes (19.6%), 325 no, 71
missing values

12 yes (3.0%), 392 no, 71
missing values

71 yes (17.8%), 328 no, 76
missing values

(n=181)

Mean: 94.7, Std dev: 38.960
Mean: 142.8, Std dev: 36.582
7 yes (3.9%), 174 no, 294
missing values

15 yes (8.3%), 166 no, 294
missing values

(n=400)

Mean: 0.85, Std dev: 0.096
Mean: 21.2, Std dev: 4.972

188 yes (46.8.0%), 214 no, 73
missing values

76 yes (19.0%), 324 no, 75
missing values

BP: Blood pressure; BMI: Body mass index

here are also similar to rates seen in other low- and middle-
income countries, with rates in adults of 29% in rural, and
27% in urban Ghana,®! and 25% in urban Cameroon/!
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Reports of the prevalence of hypertension in high-income
countries vary widely, with 17% prevalence reported in
Greece, 20% in the United States, 38% in Japan and 40% in
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Table 3: Regression model as seen in the study

B SE Wald df Significance Exp (B) 95% CI for Exp (B)
Lower Upper
Males
BMI 0.089 0.032 7.790 1 0.005* 1.093 1.027 1.163
Stress -0.911 0.347 6.895 1 0.009* 0.402 0.204 0.794
Age (years) 0.019 0.007 7.753 1 0.005* 1.020 1.006 1.034
Constant -2.612 0.791 10.906 1 0.001* 0.073
Females
BMI 0.110 0.026 18.469 <0.001* 1.116 1.061 1.173
Age (years) 0.033 0.007 20.156 1 <0.001* 1.033 1.019 1.048
Constant -4.585 0.630 52.911 1 <0.001 0.010

B: Model coefficient for the variable; SE: Standard error; BMI: Body mass index; Wald: The value of the Wald test statistic for the variable; df: Degrees of freedom, sig:
Significance of the variable as an independent predictor,; CI: Confidence inerval, *: *(Level of Significance P <0.05)

Spain in those aged 20 years and older."”” Hypertension rates
in Europe appear to be the highest of any world region with
44% of people aged 35 years and over being hypertensive,
compared to only 28% in North America.””

It has been suggested by other researchers that urban rural
differences may be, in part, due to diet and the stress of
urban living. In our study in both males and females, age
and high BMI were significant predictors of hypertension;
which suggests that the main modifiable risk factor is
overweight. Interestingly, stress was an independent predictor
of hypertension in males. Although psychosocial stress has
been implicated as a risk factor for hypertension in urban
populations it has not been thought to be a major predictor of
hypertension in those living rurally. Females were significantly
more likely to be overweight and have abdominal obesity
than males, although this did not translate into a higher
prevalence of hypertension. It seems likely that, in females,
factors relating to obesity may be the main modifiable risk
factor for hypertension, whilst in males” alcohol consumption
and stress are also important risk factors.

There are a number of limitations of this study. Those who
did not have their BP recorded were significantly younger and
significantly more likely to be male. Although this may have
resulted in some bias, we obtained a BP reading in 72.1%
of those aged 15 years and over and the effect is likely to be
relatively small. Our method of establishing BP was to only
take a second measurementif the first measurement indicated
hypertension. We acknowledge that this method is not the
generally accepted method of taking three measurements at
five minute intervals and then taking an average of the last
two measurements. When we piloted our methods, we found
that many participants were reluctant to undergo medical
examination and testing, When asked to provide more than
one BP reading many patients were reluctant to comply
and, furthermore, were reluctant to continue with further
screening and assessment. For this reason it was decided to
use the method employed. Nevertheless, we feel that by taking
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a second measurement in any one who was deemed to have
hypertension on the first reading, any bias that this is likely to
have caused will be small. Similarly, a large number of people
were unwilling to consent to a blood sample being taken. We
found that many people were unwilling to give blood samples,
unless there was deemed to be a direct health benefit in doing
so. In the present survey, we did our best to increase the
number of participants willing to consent to blood samples
being taken by enlisting the help of village elders and village
heads. We also held pre-survey brief meetings with villagers
to help reassure them. Although the limited data set may
impact on the ability to generalize the results of the random
blood sugar and cholesterol tests, we feel that this limitation
would have been found in many Indian communities, both
rural and urban. We are unable to report on the influence of
physical exercise on hypertension rates, although the higher
levels of obesity seen in females may be a useful proxy for
physical exercise and indicate higher levels of physical activity
in males. Finally, we accept that data relating to tobacco
and alcohol consumption may be unteliable. In particular,
traditionally alcohol consumption is often frowned upon in
many rural and urban communities in India, and alcohol is
rarely consumed in public. Such social stigma may have led to
significant under-reporting. We have treated all missing values
as being missing completely at random. Whilst we recognise
that it may have been possible to use methods of imputation,
we feel that this would have skewed our data unnecessarily
and the most pragmatic approach was to present the raw
data as collected.

The key findings from our study are presented in Table 4.
Future work should focus on comparing this data to other
populations in India, such as those living in urban settings.
Long-term follow-up of this cohort is required and would
provide important longitudinal data. In summary, the
prevalence of hypertension in our rural study site appears
to be similar to rates seen in high-income countries, sub-
Saharan Africa and in urban India. Over one quarter of
females, and almost a third of males, aged 15 years and over
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Table 4: Summary table
What is known about topic What this study adds

India’s economy is expanding  The prevalence of hypertension

rapidly. With this expansion in our rural study site appears to

has come a rapid cultural and  be similar to rates seen in high

lifestyle change for many of income countries and in urban

its citizens. This may have a India.

major impact on health. Over one quarter of females, and

Rates of hypertension are almost a third of males, aged

thought to be increasing 15 years and over had

in India as it undergoes hypertension.

demographic transition, With the exception of age,

although data are limited, the significant predictors of

especially in rural areas. hypertension we identified
(overweight, stress, high
cholesterol and alcohol
consumption) are all potentially
modifiable with relatively
inexpensive treatments and
preventive programmes.

had hypertension. With the exception of age, the significant
predictors of hypertension we identified are all potentially
modifiable with relatively inexpensive treatments and
preventive programmes. The Indian healthcare system is
estimated to have one of the highest burden of disease
compared to any other country in the world." As India
continues to undergo economic growth and demographic
transition, this burden is likely to increase. Identifying and
controlling hypertension may be one of the most important
and least expensive ways in which India can help to control
its disease burden in the coming decades.
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