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Abstract

Objectives Hypertension is a major public health problem

with prevalence ranging 22–30% in urban India. There are

few data on hypertension epidemiology in rural India. We

conducted a survey to estimate prevalence, awareness,

treatment, control and risk factors for hypertension in a

rural population in south India.

Methods We did cross-sectional survey in 11 villages in

Tamil Nadu. We collected data on behavioral risk factors,

anthropometric and blood pressure measurements. We

defined hypertension according to WHO criteria.

Results Study population included 10,463 subjects aged

25–64 years. Among them, 4,900 (46.8%) were males.

Hypertension was present for 2,247 (21.4%) subjects and

1,682 (74.9%) among hypertensives were newly detected.

Overall 20% were on treatment and 6.6% had blood pres-

sure control. Age C35 years, BMI C 23 kg/m2 and central

obesity were risk factors significantly associated with

hypertension (p \ 0.05). In addition, alcohol consumption,

higher education level were risk factor among males and

family history of hypertension was risk factor among

females (p \ 0.05).

Conclusion Hypertension is an emerging challenge in

rural India. We need health promotion programs and

reorientation of primary health care to improve hyperten-

sion detection and management.
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Introduction

Hypertension globally affects one in four individuals

(Kearney et al. 2005). Hypertension leads to development

of cardiovascular and cerebrovascular disease and accounts

for two-thirds of all strokes and one half of all ischaemic

heart disease (Perkovic et al. 2007). Burden of hypertension

is a challenge not only for high income countries but also

for countries like China and India where the total number of

persons with hypertension are expected to increase more

than 500 million by 2,025 (Perkovic et al. 2007).

Prevalence of hypertension in urban India ranged from

22 to 30% based on studies conducted in subpopulations

(Reddy et al. 2006; Prabhakaran et al. 2005; Mohan et al.

2007; Kaur et al. 2007; Gupta et al. 1995). There are urban

rural differences in prevalence of hypertension with prev-

alence being higher in urban areas (Thankappan et al.

2010; Kumar et al. 2006). A meta-analysis of studies from

rural India done between 1995 and 2002 showed preva-

lence of 15.7% (Indian Council of Medical Research

2004). But prevalence has increased to nearly 20% in more

recent surveys from various rural subpopulations (Agarwal

et al. 2006; Chow et al. 2007; Krishnan et al. 2008;

National Nutrition Monitoring Bureau 2006). Increasing

prevalence of hypertension is consistent with change in

mortality pattern in the recent years with shift towards non-

communicable diseases in better developed states in India

(Indian Council of Medical research 2009).

Tamil Nadu is one of the southern states in India with

population of 62 million and 44% population living in

urban areas (Directorate of Census Operation 2001).
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Diseases of circulatory system accounted for 24.4% of the

deaths in rural Tamil Nadu in 45–59 year age group in a

recent verbal autopsy study (Indian Council of medical

research 2009). Studies from urban Tamil Nadu showed

high burden of non-communicable diseases such as

hypertension and various non-communicable disease risk

factors (Mohan et al. 2007; Kaur et al. 2007). There were

few data on prevalence of hypertension in rural Tamil

Nadu (National Nutrition Monitoring Bureau 2006).

However comprehensive information regarding awareness,

treatment and control rates was required for establishing

baseline for various proposed interventions for hyperten-

sion (Ministry of Health and Family Welfare 2008;

Department of Health and Family Welfare 2008). Our

objective was to estimate prevalence, awareness, treatment,

control and risk factors for hypertension in a rural popu-

lation in a southern state, Tamil Nadu.

Methods

Study design, setting and participants

We conducted a cross-sectional survey in eleven villages in

districts Kancheepuram and Thiruvallur (Tamil Nadu

state). These villages are approximately 50 km west of

Chennai city, fourth largest metropolitan city in India. In

the study villages, all adults aged 25–64 years were con-

sidered eligible for the study.

Sample size

This was a baseline survey to establish surveillance and

study trends in hypertension prevalence, awareness, and

treatment and control trends in the field practice area of our

institution. Therefore, we used WHO recommendation for

surveillance of non-communicable disease risk factors.

According to the recommendations, minimum sample size

was 250 subjects in each 10 year age and sex group

(25–34, 35–44, 45–54, 55–64 years) (Bonita et al. 2001).

We further increased the sample size taking into account

attrition of the cohort over period of time.

Questionnaire for demographic and behavioral risk

factors

We used questionnaire to collect data on demographic and

behavioral risk factors. Questionnaire included socio-

demographic data (age, gender, education, occupation, and

income), personal medical history of hypertension and

family history of hypertension. Tobacco and alcohol ques-

tionnaire included self-reported duration and frequency of

tobacco and alcohol consumption.

Anthropometric and blood pressure measurements

Weight was measured in the upright position to the nearest

0.1 kg using calibrated weighing scale. Height was mea-

sured without shoes to the nearest 0.1 cm using calibrated

stadiometer. Body mass index (BMI) was calculated by

dividing observed weight by height squared (kg/m2). Waist

circumference (WC) was measured to the nearest 0.1 cm at

the narrowest point between lower end of the rib cage and

iliac crest. Blood pressure was measured from the right arm

after the subject had been sitting for at least 5 min using

electronic automatic blood pressure apparatus (Omron

MX3). The average of the two readings taken 5 min apart

was recorded.

Definitions

Socio-economic factors

Education level was defined in the categories namely not

attended school, 5 years of schooling, 8 years of schooling,

12 years of schooling and college level education. Per

capita annual income was computed as total annual income

divided by family size. Occupation was divided in cate-

gories namely home maker, manual labor, artisan, private

sector employee, self employed, government sector

employee, retired and others.

Smoker

Smoker was defined as a person who had smoked at least

100 cigarettes over their lifetime. In addition, current

smoker was defined as a person who continued to smoke at

the time of survey daily or occasionally and ex-smoker was

defined as a person who had quit smoking (Schoenborn

et al. 2003).

Alcohol consumption

Current consumer was defined as a person who has con-

sumed alcohol in the past 12 months. Past consumer was

defined as a person who consumed alcohol previously, but

did not consume alcohol in past 12 months. Alcohol con-

sumption was stratified as less than once a week and at

least once a week among current consumers.

Body mass index (BMI) classification

Subjects were classified using classification recommended

for Asians for BMI. Categories according to the classifi-

cation were\18.5 kg/m2 as below normal, 18.5–22.99 kg/

m2 as normal, 23.0–27.4 kg/m2 as increased risk and

C27.5 kg/m2 as high risk (WHO expert consultation 2004).
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Central obesity was defined as either WC C 90 cm for

men or WC C 80 cm for women (WHO/IASO/IOTF

2000).

Hypertension

Hypertension was defined as systolic blood pressure

(SBP) C140 mmHg or diastolic blood pressure (DBP)

C90 mmHg according to the WHO criteria or history of

previously diagnosed disease. Grades of hypertension were

defined as follows: Grade I: SBP 140–159 or DBP 90–99;

Grade II: SBP 160–179 or DBP 100–109; Grade III:

SBP C 180 or DBP C 110 (Whitworth 2003). Awareness

was defined as history of hypertension based on diagnosis

by doctor or treatment with antihypertensive drugs.

Treatment was defined as intake of antihypertensive drugs

in the month prior to the survey. Control was defined as

blood pressure\140 and\90 mmHg at the time of survey.

Ethical standards

The study was carried out according to the recommended

ethical standards in the country. We obtained free and

informed consent for the study. We referred patients with

newly detected hypertension to the closest primary health

center for further management.

Statistical methods

We evaluated linear trend in various age groups for newly

detected hypertension, awareness, treatment and control by

trend chi square. We analyzed risk factors for newly

detected hypertension separately for males and females.

We did univariate analysis and computed unadjusted odds

ratio. We used logistic regression method and adjusted

each of the risk factors for age in separate models. We

computed adjusted odds ratios with 95% confidence

intervals. All analyses were two tailed and p \ 0.05 was

considered significant. SPSS version 13.0 was used for data

analysis.

Results

The survey was conducted in eleven villages from March

2005 to 2007. We enumerated these villages and covered

5,919 households with the total population of 25,513.

Among them, 11,504 (45%) were in 25–64 years of age. Of

these, data are available for 10,463 (91%) subjects. The

reasons for exclusion were absence after three visits [960

(92.2%)], lack of availability of data on blood pressure [37

(3.6%)], pregnancy [18 (1.7%)], refusal [16 (1.5%)] and

physically handicapped [10 (1.0%)].

Among the 5,919 households included in the survey,

1,863 (31.5%) households lived in Kutcha (house made

with mud) house. Family size was less than five for 3,350

(56.6%) households. We collected data for 10,463 subjects

of which 4,900 (46.8%) were males. The age distribution

showed 3,746 (35.8%) were 25–34 years, 3,180 (30.4%)

were 35–44 years and the rest were above 45 years. 614

(12.5%) males and 1,845 (33.2%) females had never

attended school. Only 288 (5.9%) males and 90 (1.6%)

females had college level education. Marital status of

males showed 4,446 (90.7%) were married and 56 (1.1%)

were widowed. On the other hand, 4,460 (80.2%) females

were married and 974 (17.5%) were widowed. The median

per capita annual income was 160 $ (Interquartile range:

113–237 $). Prevalence of behavioral risk factors and

overweight in the study population has been reported

elsewhere (Kaur et al. 2011).

Hypertension was present for 2,247 (21.5%) subjects

nearly equal among males [1,062 (21.7%)] and females

[1,185 (21.3%)]. Among those with hypertension, 1,682

(74.9%) were newly detected. Proportion of subjects with

newly detected hypertension was significantly higher

among males as compared to females (80.5 vs. 69.8%,

p \ 0.01). Proportion of newly detected hypertension

decreased with age and awareness about the hypertension

status increased with age for both males and females

(p \ 0.05). Overall only 20% of the patients were on

treatment. Treatment rates were higher among females as

compared to males (24.9 vs. 15.3%, p \ 0.05). There was

increase in treatment rates among males and females with

age (p \ 0.05). Overall control rate was 6.6% and control

among those aware was 26.4% and among those on treat-

ment was 32.6%. Control rates were low among both males

and females in all age groups (Table 1).

We analyzed distribution of newly detected patients with

hypertension in various grades/categories of hypertension.

Using WHO classification for grades of hypertension, 1,194

(71%), 342 (20.3%) and 146 (8.7%) had grade I, II and III

hypertension respectively. Grade I hypertension was higher

in 25–44 year age group and grade II, III hypertension was

higher in 45–64 year age group. Distribution of grades of

hypertension was similar in males and females. Overall, 481

(28.6%) had isolated systolic hypertension and 524 (31%)

had isolated diastolic hypertension. Proportion of patients

with isolated systolic hypertension increased with age and

the reverse trend was observed for isolated diastolic

hypertension with age (Table 2).

We analyzed risk factors for hypertension after

excluding patients who were already aware of hypertension

status. The reason for exclusion was the fact that drug

treatment or life-style modification might change the risk

factors in favorable direction. We included 4,693 (95.7%)

males and 5,205 (93.6%) females in the analysis.
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Age C35 years, retired or government employee, being

widower, alcohol consumption, BMI C 23 kg/m2 and cen-

tral obesity were significantly associated with hypertension

in the univariate analysis among males. We identified age as

confounder in the stratified analysis. We adjusted each of the

risk factors for age in separate models. All risk factors

except being widower and retired remained significant after

adjusting for age. In addition, education above primary level

was also significant. There was increase in odds ratio (OR)

with increase in frequency of alcohol intake (Table 3).

Age C35 years, being widow, lack of school education,

family history of hypertension, smokeless tobacco use,

BMI C 23 kg/m2 and central obesity were significantly

associated with hypertension in the univariate analysis

among females. We identified age as confounder in the

stratified analysis. Smokeless tobacco use, being widow

and lack of school education were not significant after

adjusting for age and all other risk factors were significant

(Table 4).

Discussion

We observed high prevalence of hypertension along with

low awareness, treatment and control rates in a rural pop-

ulation in South India. This study indicated hypertension is

an emerging public health problem in rural population in a

better developed state Tamil Nadu. This information can be

used as baseline for two chronic disease programs that have

been recently initiated in the state (Ministry of Health and

Family welfare 2008; Department of Health and Family

Welfare 2008).

High prevalence and low awareness of hypertension in

our study was comparable to recent studies done in rural

population in Tamil Nadu as well as in other states such as

Maharashtra (18.5%) and Andhra Pradesh (20%) (Agarwal

et al. 2006; Chow et al. 2007; Krishnan et al. 2008;

National Nutrition Monitoring Bureau 2006; Hypertension

Study Group 2001). Our findings were also consistent with

Table 1 Proportion of patients newly detected with hypertension,

awareness of hypertension, treatment and control among all patients

with hypertension in a rural population in Tamil Nadu, India,

2005–2007 (N = 2,247)

N Newly

detected*

Awareness� Treatment� Control§

n % n % n % n %

Age (years)

25–34 355 308 86.8 47 13.2 26 7.3 12 3.4

35–44 593 459 77.4 134 22.6 104 17.5 53 8.9

45–54 670 488 72.8 182 27.2 148 22.1 42 6.3

55–64 629 427 67.9 202 32.1 179 28.5 42 6.7

Overall 2,247 1,682 74.9 565 25.1 457 20.3 149 6.6

Males

25–34 214 197 92.1 17 7.9 12 5.6 5 2.3

35–44 308 248 80.5 60 19.5 44 14.3 23 7.5

45–54 318 247 77.7 71 22.3 54 17.0 16 5.0

55–64 222 163 73.4 59 26.6 52 23.4 21 9.5

Overall 1,062 855 80.5 207 19.5 162 15.3 65 6.1

Females

25–34 141 111 78.7 30 21.3 14 9.9 7 5.0

35–44 285 211 74.0 74 26 60 21.1 30 10.5

45–54 352 241 68.5 111 31.5 94 26.7 26 7.4

55–64 407 264 64.9 143 35.1 127 31.2 21 5.2

Overall 1,185 827 69.8 358 30.2 295 24.9 84 7.1

* P value (trend chi square) \0.01 overall and separately for males

and females
� P value (trend chi square) \0.01 overall and separately for males

and females
� P value (trend chi square) \0.01 overall and for females
§ P value (trend chi square) \0.01 overall and for females

Table 2 Proportion of newly detected patients with hypertension in various blood pressure categories in a rural population in Tamil Nadu, India,

2005–2007 (N = 1,682)

N Grades of hypertension Isolated systolic

hypertension

Isolated diastolic

hypertension

Both systolic and diastolic

hypertension
Grade I Grade II Grade III

n % n % n % n % n % n %

Sex

Male 855 616 72.0 173 20.2 66 7.7 204 23.9 287 33.5 364 42.6

Female 827 578 69.9 169 20.4 80 9.7 277 33.5 237 28.6 313 37.8

Age group (years)

25–34 308 250 81.2 49 15.9 9 2.9 45 14.6 168 54.5 95 30.8

35–44 459 353 76.9 76 16.5 30 6.5 61 13.3 207 45.1 191 41.6

45–54 488 325 66.6 123 25.2 40 8.2 150 30.7 112 22.9 226 46.3

55–64 427 266 62.3 94 22.0 67 15.7 225 52.7 37 8.6 165 38.6

Overall 1,682 1,194 71.0 342 20.3 146 8.7 481 28.6 524 31.1 677 40.2
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studies conducted in rural populations in other developing

countries (Mohamed et al. 2000; Dong et al. 2008; Richard

et al. 2000). One of the key findings was very low

awareness in certain sub groups such as males and younger

age group. This could be due to low perception of disease

risk among young individuals and therefore lack of peri-

odic blood pressure measurement. Another reason could be

poor utilization of existing facilities by males and young

working females. Outpatient services in the primary care

centers are mostly offered before noon in this setting

reducing the accessibility for these groups. Access to

community-oriented primary care is associated with

increased likelihood of detection, treatment and control in

other settings (O’Connor et al. 1990). Chronic disease

programs in the state need to evolve innovative strategies

to improve detection, treatment and follow up in the pop-

ulation with special focus on these groups.

We observed a large proportion of those who were

aware of their hypertension status took treatment, but only

one-third of those on treatment achieved control. Poor

control was possibly be due to the combination of patient

factors such as poor compliance, inability to visit the

facility regularly for follow up and physician factors such

as inadequate training in treating hypertension leading to

inadequate dose titration. There are existing models of

chronic disease management in rural settings where control

of hypertension has been achieved using combination of

interventions at the village level (Mani 2006; Coleman

et al. 1998). These models can be scaled up for improving

the hypertension control rates.

Alcohol emerged as an important risk factor for hyper-

tension among males consistent with observations made in

other cross-sectional studies (MacMohan 1987; Marmot

et al. 1994). This risk factor may assume more importance

in rural Indian context where there is rising trend of alcohol

use among males in several states including Tamil Nadu

(Isaac 1998). Lower educational level and poor socio-

economic strata can further increase the vulnerability to

Table 3 Risk factors associated with newly detected hypertension

among males in a rural population in Tamil Nadu, India, 2005–2007

(n = 4,693)

Proportion

with

hypertension

(%)

Unadjusted

odds ratio

Age

adjusted

odds

ratio

95%

Confidence

intervals

LL UL

Age (years)

\35 11.2 1.00

35–44 17.3 1.66

45–54 25.4 2.70

55–64 31.1 3.59

Marital status

Married/

unmarried/

separated

18 1.00

Widower 41.2 3.20 1.88 1.05 3.35

Education

Not attended

school

17.9 1

5 years of

schooling

18.3 1.03 1.16 0.89 1.51

8 years of

schooling

18.1 1.01 1.45 1.11 1.92

12 years of

schooling and

above

18.4 1.03 1.79 1.39 2.33

Occupation

Manual labor 17 1.00

Artisan 17.7 1.05 1.43 0.96 2.14

Private employee 29.5 2.04 1.86 1.32 2.62

Self employed 16.5 0.96 1.48 1.21 1.81

Other

employment

20.3 1.24 1.47 1.15 1.87

Govt. employee 20.3 1.24 1.52 1.02 2.27

Retired 39 3.11 1.56 0.90 2.70

Family history hypertension

No 18 1.00

Yes 19.8 1.12 1.35 1.07 1.70

Smoking

Non-smoker 16.9 1.00

Passive smoker 19.1 1.16 0.82 0.62 1.08

Current smoker 19.9 1.22 0.91 0.77 1.07

Alcohol consumption

Non-consumer 14.7 1.00

B once a week 15.8 1.10 1.18 0.98 1.44

At least once a

week

25.4 1.98 1.96 1.63 2.35

Body mass index (kg/m2)

\23.0 13.2 1.00

23.00–27.49 26.9 2.43 2.95 2.48 3.50

C27.50 39 4.21 5.14 3.89 6.80

Table 3 continued

Proportion

with

hypertension

(%)

Unadjusted

odds ratio

Age

adjusted

odds

ratio

95%

Confidence

intervals

LL UL

Central obesity (cm)

Waist

circumference

\90.0

14.7 1.00

Waist

circumference

C90.0

36.1 3.29 3.34 2.80 3.98
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alcohol related harm (Blas and Kurup 2010). Public health

policy interventions for alcohol are difficult to implement

due to dependency of the governments on revenue from

alcohol in many developing countries including India. This

is also true for Tamil Nadu where government is the sole

distributor of alcohol and had significant revenue from

alcohol for the past few years (Tamil Nadu State Marketing

Corporation Ltd. 2010). Under these circumstances, com-

munity mobilization and enhancing access to rehabilitation

services are some of the other possible interventions that

may be initiated in our setting. Hypertension screening

programs need to focus on this high risk group to increase

treatment and control rates and in addition, regular coun-

seling may be required to reduce or stop the alcohol use. In

addition to alcohol, higher education was also risk factor

among males. Higher education is a proxy for better socio-

economic status that may lead to changes in the diet and

physical activity levels leading to higher risk of various

non-communicable diseases such as hypertension. We need

further research to understand the role of these factors in

context of hypertension in this population.

We observed risk of hypertension with central obesity

and above lower BMI cut off of 23 kg/m2. Positive asso-

ciation between BMI and blood pressure has been

documented in Caucasians and Asian population (Stamler

et al. 1978). Studies from Singapore showed Asians have

multiple cardiovascular risk factors including hypertension

at low BMI (Deurenberg-Yap et al. 1999). Consistency of

our findings with observations from other Asian popula-

tions strengthens the evidence for lower cut offs for BMI

even for rural populations. Community based weight

reduction programs need to be developed to address this

Table 4 Risk factors associated

with newly detected

hypertension among females in

a rural population in Tamil

Nadu, India, 2005–2007

(n = 5,205)

Proportion with

hypertension (%)

Unadjusted

odds ratio

Age adjusted

odds ratio

95% confidence

intervals

LL UL

Age (years)

\35 5.7 1.00

35–44 13.1 2.48

45–54 23.8 5.13

55–64 41.1 11.49

Marital status

Married/unmarried/separated 13.1 1.00

Widow 30 2.85 1.18 0.97 1.43

Education

Not attended school 20.9 1

5 years of schooling 13.9 0.61 0.98 0.82 1.2

8 years of schooling 14 0.62 1.38 1.08 1.8

12 years of schooling and above 11.8 0.51 1.37 1.05 1.8

Occupation

Home maker 17.3 1.00

Manual labour 14.3 0.80 0.73 0.60 0.88

Other occupational categories 13.7 0.76 0.90 0.72 1.12

Family history hypertension

No 15.5 1.00

Yes 18.8 1.26 1.58 1.24 2.02

Smokeless tobacco use

No 14.6 1.00

Yes 23.5 1.80 0.92 0.75 1.13

Body mass index (kg/m2)

\23.0 11.9 1.00

23.00–27.49 21.6 2.05 2.32 1.94 2.78

C27.50 26 2.60 3.25 2.57 4.11

Central obesity (cm)

Waist circumference \80.0 12.8 1.00

Waist circumference C80.0 26.9 2.51 2.51 2.12 2.98
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problem. There are few examples of such programs in rural

settings (Parker et al. 2010). Overweight may culturally be

considered as a sign of wealth and prosperity in rural set-

tings making the interventions less acceptable to the

people. We need to develop qualitative research studies to

understand attitudes, perceptions of obesity and prefer-

ences for weight loss interventions for designing culturally

appropriate programs.

The strength of our study was that study was conducted

in a large sample of rural population with high response

rate. However, limitation of our study was purposive

sample of rural population 40–50 km from city that may

not be representative of general rural population.

Hypertension is an emerging public health challenge in

rural India. Low awareness and poor control will translate

into high cardiovascular disease morbidity and mortality

in the rural population if appropriate interventions are

not initiated. We need comprehensive health promotion

programs to encourage life-style modification and reori-

entation of primary health care system to improve

availability and accessibility to hypertension screening and

treatment.

Acknowledgments We thank the field investigators who collected

the data and Mr Elangovan and his team for data management.

National Institute of Epidemiology-Indian Council of Medical

research, India funded the study.

Conflict of interest The authors declare there is no conflict of

interest.

References

Agarwal VK, Basannar DR, Sing RP, Dutt M, Abraham D, Mustafa

MS (2006) Coronary risk factors in a rural community. Indian J

Public Health 50:19–23

Blas E, Kurup AS (eds) (2010) Equity, social determinants and public

health programs. World Health Organization, Geneva

Bonita R, Courten M, Dwyer T, Jamrozik K, Winkelmann R (2001)

Surveillance of risk factors for non communicable disease: the

WHO STEP wise approach. Summary. World Health Organiza-

tion, Geneva

Chow C, Cardona M, Raju PK, Iyengar S, Sukumar A, Raju R et al

(2007) Cardiovascular risk factors among 354 adults in rural

India—the Andhra Pradesh Rural Health Initiative. Int J Cardiol

116:180–185

Coleman R, Gill G, Wilkinson D (1998) Non-communicable disease

management in resource-poor settings: a primary care model

from rural South Africa. Bull World Health Organ 76:633–640

Department of Health and Family welfare. Govt. of Tamil Nadu

(2008) Tamil Nadu Health Systems project. http://www.tnhsp.

org. Accessed 26 May 2010

Deurenberg-Yap M, Yian TB, Kai CS, Deurenberg P, van Staveren

WA (1999) Manifestation of cardiovascular risk factors at low

levels of body mass index and waist-to-hip ratio in Singaporean

Chinese. Asia Pacific J Clin Nutr 8:177–183

Directorate of Census Operation (2001) Tamil Nadu Census 2001.

http://census2001.tn.nic.in. Accessed 25 May, 2010

Dong G, Sun Z, Zheng L, Li J, Zhang X, Xu C et al (2008) Factors

associated with Hypertension awareness, treatment and control

in rural China. J Hum Hypertens 22:366–369

Gupta R, Gupta S, Gupta VP, Prakash H (1995) Prevalence and

determinants of hypertension in the urban population of Jaipur in

western India. J Hypertens 13:1193–1200

Hypertension Study Group (2001) Prevalence, awareness, treatment

and control of hypertension among the elderly in Bangladesh and

India: a multicentre study. Bull World Health Organ 79:490–500

Indian Council of Medical Research (2004) Assessment of burden of

non-communicable diseases. Indian Council of Medical

research, New Delhi

Indian Council of Medical Research (2009) Study on causes of death

by Verbal autopsy in India. Indian Council of Medical Research,

New Delhi

Isaac M (1998) India. In: Grant M (ed) Alcohol and emerging

markets. Patterns, problems and responses. International center

for alcohol politics, Series on alcohol in society. Taylor and

Francis, Ann Arbor, pp 145–176

Kaur P, Rao TV, Sankarasubbaiyan S, Narayanan AM, Ezhil R, Sudha

R et al (2007) Prevalence and distribution of cardiovascular risk

factors in an urban industrial population in South India: a cross

sectional study. J Assoc Physicians India 55:771–776

Kaur P, Rao SR, Radhakrishnan E, Ramachandran R, Venkatachalam

R, Gupte MD (2011) High prevalence of tobacco use, alcohol

use and overweight in a rural population in Tamil Nadu, India.

J Postgrad Med 57:9–15

Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J

(2005) Global burden of hypertension: analysis of worldwide

data. Lancet 365:217–223

Krishnan A, Shah B, Lal V, Shukla DK, Paul E, Kapoor SK (2008)

Prevalence of risk factors for non-communicable disease in a

rural area of Faridabad district of Haryana. Indian J Public

Health 52:117–124

Kumar R, Singh MC, Ahlawat SK, JThakur JS, Srivastava A, Sharma

MK et al (2006) Urbanization and coronary heart disease: a

study of Urban–Rural differences in Northern India. Indian Heart

J 58:126–130

MacMohan S (1987) Alcohol consumption and hypertension. Hyper-

tension 9:111–121

Mani MK (2006) Nephrologists sans frontières: preventing chronic

kidney disease on a shoestring. Kidney Int 70:821–823

Marmot MG, Elloitt P, Shipley MJ, Dyers AR, Ueshima H, Beevers

DG et al (1994) Alcohol and blood pressure: the INTERSALT

study. BMJ 308:1263–1267

Ministry of health and Family welfare. Govt. of India (2008) National

program for prevention and control of Diabetes, Cardiovascular

disease and stroke. http://mohfw.nic.in/NPDCS.htm. Accessed

26 May 2010

Mohamed MR, Shafek M, El Damaty S, Seoudi S (2000) Hyperten-

sion control indicators among rural population in Egypt. J Egypt

Public Health Assoc 75:391–401

Mohan V, Deepa M, Farooq S, Datta M, Deepa R (2007) Prevalence,

awareness and control of hypertension in Chennai—The Chennai

Urban Rural Epidemiology Study (CURES-52). J Assoc Physi-

cians India 55:326–332

National Nutrition Monitoring Bureau (2006) Diet and nutritional

status of population and prevalence of Hypertension among

adults in rural areas. Technical report no 24. National Institute of

Nutrition (Indian Council of Medical Research), Hyderabad

O’Connor PJ, Wagner EH, Strogatz DS (1990) Hypertension control

in a rural community. An assessment of community-oriented

primary care. J Fam Pract 30:420–424

Parker VG, Coles C, Logan BN, Davis L (2010) The LIFE project: a

community-based weight loss intervention program for rural

African American women. Fam Community Health 33:133–143

Hypertension in rural India 93

123

http://www.tnhsp.org
http://www.tnhsp.org
http://census2001.tn.nic.in
http://mohfw.nic.in/NPDCS.htm


Perkovic V, Huxley R, Wu Y, Prabhakaran D, MacMahon S (2007)

The burden of blood pressure-related disease: a neglected

priority for global health. Hypertension 50:991–997

Prabhakaran D, Shah P, Chaturvedi V, Ramakrishnan L, Manhapra A,

Reddy KS (2005) Cardiovascular risk factor prevalence among

men in a large industry of northern India. Natl Med J India

18:59–65

Reddy KS, Prabhakaran D, Chaturvedi V, Jeemon P, Thankappan KR,

Ramakrishnan L et al (2006) Methods for establishing a

surveillance system for cardiovascular diseases in Indian indus-

trial populations. Bull World Health Organ 84:461–469

Richard E, Nigel U, Ferdinand M, David W, Seif R, John K et al

(2000) Hypertension prevalence and care in an urban and rural

area of Tanzania. J Hypertens 18:145–152

Schoenborn CA, Vickerie JL, Barnes PM (2003) Cigarette smoking

behavior of adults: United States, 1997–98. Advance data from

vital and health statistics; no 331. National Center for Health

Statistics, Hyattsville

Stamler R, Stamler J, Riedlinger WF, Algera G, Poberts RH (1978)

Weight and blood pressure. Findings in hypertension screening

of 1 million Americans. JAMA 240:1607–1610

Tamil Nadu State Marketing Corporation Ltd. (2010) Turnover.

http://tasmac.tn.gov.in/Turnover.htm. Accessed 18 May 2010

Thankappan KR, Shah B, Mathur P, Sarma PS, Srinivas G, Mini GK

et al (2010) Risk factor profile for chronic non-communicable

diseases: results of a community-based study in Kerala, India.

Indian J Med Res 13:53–63

Whitworth JA, World Health Organization, International Society of

Hypertension Writing Group (2003) World Health Organization

(WHO)/International Society of Hypertension (ISH) statement

on management of Hypertension. J Hypertens 21:1983–1992

WHO expert consultation (2004) Appropriate body-mass index for

Asian populations and its implications for policy and interven-

tions strategies. Lancet 363:157–163

WHO/IASO/IOTF (2000) The Asia–Pacific prospective. Redefining

obesity and its treatment. Health Communications, Sydney

94 P. Kaur et al.

123

http://tasmac.tn.gov.in/Turnover.htm

	Prevalence, awareness, treatment, control and risk factors for hypertension in a rural population in South India
	Abstract
	Objectives
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Study design, setting and participants
	Sample size
	Questionnaire for demographic and behavioral risk factors
	Anthropometric and blood pressure measurements
	Definitions
	Socio-economic factors
	Smoker
	Alcohol consumption
	Body mass index (BMI) classification
	Hypertension

	Ethical standards
	Statistical methods

	Results
	Discussion
	Acknowledgments
	References


