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Abstract

To estimate sex-specific prevalence and associated socio-economic, demographic, and life-
style risk factors of hypertension in India. We used data from the National Family Health Sur-
vey (NFHS-4) of 2015—16. The analysis based on 6,99,686 women (15—49 years) and
1,12,122 men (15-54 years) whose blood pressure (BP) were measured during the survey.
Bivariate distribution was used to show the prevalence of hypertension and, maps were
used to present its spatial patterns. Logistic regression model was used to identify sex-spe-
cific association between risk factors and hypertension. Results show that the overall preva-
lence of hypertension was 16.32% among men and 11.56% among women. We also found
that the prevalence of hypertension across selected socio-economic, demographic and life-
style background characteristics and in a majority of the states was higher among men com-
pared to women. Odds ratios from logistic regression analysis direct sex-related differences
in risk factors. Hypertension increases with an increase in age and the risk is higher among
older women (AOR, 5.58; 95% Cl, 5.16—6.03 for women aged 40—-49 and AOR, 4.24; 95%
Cl, 3.94-4.57 for men aged 50-54) compared to men. Education, types of jobs (specially
technical, administrative and managerial), marital status and non-vegetarian diet were sig-
nificantly associated with hypertension in men. While other than age; non-working, con-
sumption of alcohol, and being a diabetic was found to be major risk factors for this disease
among women. There are sex-related differences in prevalence as well as risk factors of
hypertension in India. In order to prevent early developments of hypertension, awareness
related to changing lifestyles such as a diet rich in fruits, vegetables as well as screening to
control BP should be promoted among youths and adults in India. The study also recom-
mends sex-specific approaches in health infrastructure and policies besides increasing pub-
lic awareness.

Introduction

Hypertension or high blood pressure (hereafter BP) as one of the leading risk factors of global
disease burden has contributed to a considerable number of premature deaths worldwide [1].
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It has become a major public health problem as 1 in 4 men, and 1 in 5 women had hyperten-
sion worldwide in 2015 [2]. Hypertension is a form of the cardiovascular disorder that results
from a wide range of interconnected aetiologies [3]. It is also one of the leading risk factors for
chronic heart disease, ischemic heart disease, and stroke. About 54% stroke and 47% ischemic
heart disease worldwide were attributed to high BP [4]. Furthermore, untreated and uncon-
trolled hypertension leads to structural and functional abnormalities of the cardiovascular sys-
tem and harm other vital organs of the body such as kidney, and brain resulting kidney failure,
blindness, rupture of blood vessels and cognitive impairment [5].

Recent estimates suggest that the prevalence of hypertension is increasing like an epidemic
in many low and middle-income countries (LMICs), while prevalence is static in high-income
countries [6,7]. An estimated 1.13 billion people worldwide had hypertension and two-third of
them living in low and middle-income countries in 2015 [2]. Hypertension and related com-
plications are a major contributor to death and disability in South Asian countries like India,
Bangladesh, Nepal, Bhutan, and Sri Lanka [8]. A study documented that prevalence of hyper-
tension in India had a three-fold increase between 2004-05 and 2011-12 which was more than
WHO’s Southeast Asia’s regional level (25%) [9]. In India, hypertension accounts for 5.1% of
total deaths and as a leading risk factors constitutes 15% of all deaths due to cardiovascular dis-
eases [10].

Previous studies have identified socio-economic status, family history, geographic heteroge-
neity, dietary pattern, behavioral factors, obesity, and age as some of the major risk factors
associated with hypertension [11-16]. However, studies on hypertension are limited in India
due to lack of regular data availability, and few previous studies are done on a small scale based
on small sample size or along with other non-communicable diseases [6,9,17-20]. A recent
study has provided estimates on the prevalence of hypertension up to district level [21]. So far
in our knowledge, no research has tried to investigate sex-specific risk factors of hypertension
and how their effects differ for men and women in India. The present study expects that differ-
ences in biological as well as modifiable behavioral factors may affect prevalence and incidence
of hypertension across sex in India. Identifying sex differences in the susceptibility and devel-
opment of diseases and specific risk factors are of increasing public health importance [22].
Sex differences have been reported for hypertension in several studies conducted both in high
and low-middle income countries [23,24]. Differences in biological as well as modifiable
behaviors were found to affect vulnerability, prevalence and incidence of hypertension which
in long term lead to cardiovascular diseases (CVDs). A recent study among Korean adults
showed that sex-specific differences in prevalence and control of prevalence calls for sex-spe-
cific approaches of effective BP management [25]. Moreover, SDGs also target reduction of
one-third premature mortality from non-communicable diseases through prevention and
treatment by 2030. Therefore, this study aims to evaluate the prevalence as well as provide evi-
dences related to major risk factors of hypertension by sex to help formulate effective public
health interventions against the development of hypertension at an early age in India.

Materials and methods
Data source

We used the country’s one of the important demographic and health database, the latest round
of National Family Health Survey 2015-16 (NFHS-4). This multi-round large scale survey was
conducted under the leadership of the Ministry of Health and Family Welfare (MoHFW) and
coordinated by the International Institute of Population Sciences (IIPS), Mumbai. It provides
essential information on household population and housing characteristics, basic demographic
and socio-economic characteristics of respondents, fertility, family planning, infant and child
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mortality, maternal and child health, nutrition and anemia, morbidity and health care, HIV/
AIDs including other adult health issues, women empowerment, and domestic violence at the
all India, state, and the district levels. However, the NFHS-4 was first in the NFHS series to
provide reliable information on emerging health-related issues like blood glucose levels and
hypertension in the general population.

Study design and sample size

With a stratified two-stage sample design, the NFHS-4 was administered across Primary Sam-
pling Units (PSU) in rural areas and Census Enumeration Blocks (CEB) in urban areas. The
background characteristics of eligible survey participants were collected using two different
structured questionnaires e.g. men and women separately. While, crucial information on BP
measurement including information on anemia, HIV prevalence, blood glucose, height, and
weight were collected using the Biomarker questionnaire’ for women aged 15-49 years

(N =6,99,686) and men aged 15-54 years (N = 1,12,122). The survey protocol including the
content of all survey questionnaires was approved by the IIPS Institutional Review Board and
the ICF Institutional Review Board, and reviewed by the U.S. Centers for Disease Control and
Prevention (CDC). Further details of the sampling design used for the survey can be found in
the national report of NFHS-4 [26].

Outcome variable

The measurements of BP for each respondent were taken three times with an interval of five
minutes using the OMRON BP monitor by a skilled health investigator. Though, the BP level
was calculated taking the average of the last two measurements. A person whose average sys-
tolic blood pressure (SBP) was greater than or equal to 140 mmHg or average diastolic blood
pressure (DBP) was greater than or equal to 90 mmHg or a person who is currently taking pre-
scribed medicine to lower his/her elevated BP was considered to be hypertensive. For analysis,
we constructed a dichotomous hypertension variable where samples with hypertension
(defined earlier) given code 1 and non-hypertensive as 0.

Predictor variables

We considered demographic, socio-economic, and lifestyle characteristics as covariates in
order to identify the important risk factors associated with hypertension among men and
women. Age was categorized as 15-24, 25-39, 40-49 for women and 15-24, 25-39, 40-54 for
men, respectively. Other demographic and socio-economic information includes place of resi-
dence (rural or urban), education level (illiterate, primary, secondary or higher), marital status
(never married or married), religion (Hindus, Muslims or others), caste (SC, ST, OBC or oth-
ers), wealth quintile (poorest, poorer, middle, richer or richest), and state of residence. The
lifestyle factors were frequency of drinking alcohol (yes or no), consumption of non-vegetarian
food (yes or no), and types of occupation (not working, professionals, clerical, sales, service,
agriculture, or production workers). We also used information on suffering from diabetes (yes
or no) to investigate the association of co-morbidity and risk of hypertension by sex.

Statistical analyses

The prevalence of hypertension (in percentage) among women and men was presented by
selected background characteristics. In order to identify individual-level key demographic,
socio-economic, and lifestyle factors of hypertension we used multivariate binary logistic
regression models. The concept of multifactorial disease like high BP considered to best
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conceptualized and measured at the individual level [27]. The regression was conducted sepa-
rately for females and males to investigate whether these risk factors with the prevalence of
hypertension differ by sex or not. We applied three models wherein model 1, we controlled for
age, place, and state of residence; in model 2, we controlled all demographic and other socio-
economic variables, and lastly, in model 3 odds ratios were estimated after adjusting for demo-
graphic, socioeconomic as well as lifestyle factors. The estimates from model 1 and model 2
were similar to the pattern observed in model 3 and therefore, it was decided to show the
results of model 3 only. The statistical significance was checked with a 2-tailed P-value of 0.05
and appropriate sampling weights were used for the analyses. All analysis has been performed
using Stata, version 13.1 (StataCorp, College Station, TX). Further, we mapped the state-wise
prevalence of hypertension separately for females and males using geographic information sys-
tem (GIS).

Results

Table 1 shows that overall the prevalence of hypertension among women and men were
11.56% and 16.32%, respectively. Results suggest that the prevalence of hypertension was
higher with increasing age. It shows that older adults (40-54 years) had the highest prevalence
(24.19% for women and 28.39% for men) and it was nearly double compared to younger age-
groups (25-39 years). We found that the prevalence of hypertension was higher among urban
residents (12.29% for women and 17.82% for men) compared to their rural counterparts. On
one hand, illiterate women were more hypertensive 15.06% and the prevalence was low among
higher education level. On the other hand, the prevalence of hypertension was very high
among men across all education levels (ranges from 15.07% to 18.83%). Compared to Hindus
or Muslims, prevalence of hypertension remained higher for other religious groups (14.00%
for women and 19.91% for men). Similarly, other caste groups showed a high prevalence of
hypertension (12.55% for women and 17.52% for men) irrespective of sex. Moreover, the prev-
alence of hypertension risen steadily from poor wealth quintile to the richest wealth quintile
(12.87% for women and 19.30% for men) and married people were more hypertensive
(13.43% for women and 21.23% for men) than non-married ones. The prevalence by lifestyle
characteristics show that adults drinking alcohol almost every day (20.16% for women and
29.26% for men), consuming non-vegetarian diet (12.23% for women and 17.20% for men)
and being a diabetic (30.70% for women and 37.17% for men) had higher prevalence of hyper-
tension. However, the prevalence of hypertension by type of occupation found to be high
among females engaged in the service sector 13.43% and professional males 23.16% compared
to their counterparts. The state-wise prevalence of average BP showed north, north-eastern
and southern states had a higher prevalence of hypertension compared to other states of India
and prevalence was also higher for males in the majority of states. The highest prevalence of
hypertension among men was found in Punjab 25.97%, and for women in Sikkim 18.86%.
Meanwhile, Delhi reported the lowest prevalence of hypertensive adults, but women 7.18%
were more hypertensive compared to men 5.22%. The state-wise prevalence of hypertension
for men and women are presented with two separate maps (Figs 1 and 2).

In order to investigate which of the demographic, socioeconomic, and lifestyle characteris-
tics were major risk factors of hypertension in India, a logistic regression model was per-
formed. Table 2 shows adjusted odds ratios (AORs) from the regression models for men and
women. Results showed that at older ages women had higher odds of hypertension than men
(Women: AOR, 5.58; 95% CI: 5.16-6.30; P<0.001; Men: AOR, 4.24; 95% CI, 3.94-4.57;
P<0.001). However, higher education was associated with a lower prevalence of hypertension
among women (AOR, 0.79; 95% CI, 0.72-0.86; P<0.001) whereas higher educated adult men
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Table 1. Prevalence of hypertension among women and men stratified by socio-economic, demographic and lifestyle background characteristics.

Women Men
(n = 699686) (n=112122)
11.56% 16.32%
Age group 15-24 247833 (4.15) 35712 (5.49)
n (%) 25-39 302577 (11.20) 44688 (16.24)
40-49/50-54* 149296 (24.19) 31722 (28.34)
Place of residence Urban 204735 (12.29) 35526 (17.82)
n (%) Rural 494951 (11.18) 76596 (15.40)
State Andhra Pradesh 10428 (12.57) 1541 (18.56)
n (%) Arunachal Pradesh 14294 (13.87) 2140 (16.72)
Assam 28447 (18.64) 4191 (23.22)
Bihar 45812 (9.30) 5872 (12.57)
Chandigarh 746 (10.26) 127 (18.03)
Chhattisgarh 25172 (11.22) 3827 (15.53)
Goa 1696 (12.15) 848 (18.62)
Gujarat 22932 (12.29) 6018 (15.98)
Haryana 21654 (14.06) 3584 (21.88)
Himachal Pradesh 9929 (14.84) 2417 (24.68)
Jammu & Kashmir 23800 (16.79) 6013 (17.03)
Jharkhand 29046 (10.30) 4069 (14.37)
Karnataka 26291 (11.74) 4106 (17.14)
Kerala 11033 (9.98) 2086 (13.47)
Madhya Pradesh 62803 (10.59) 10268 (13.99)
Maharashtra 29460 (11.81) 4811 (18.39)
Manipur 13593 (13.28) 1886 (23.78)
Meghalaya 9202 (14.89) 1236 (15.34)
Mizoram 12279 (12.78) 1749 (19.02)
Nagaland 10790 (13.13) 1596 (24.43)
Delhi 5914 (7.18) 710 (5.22)
Odisha 33721 (11.65) 4634 (13.55)
Punjab 19484 (16.29) 3250 (25.97)
Rajasthan 41965 (9.65) 6309 (15.30)
Sikkim 5293 (18.86) 879 (32.73)
Tamil Nadu 28820 (12.20) 5317 (19.92)
Tripura 4804 (17.01) 878 (17.60)
Uttar Pradesh 97661 (10.07) 13835 (12.87)
Uttarakhand 17300 (12.49) 2174 (20.98)
West Bengal 17668 (12.27) 2645 (15.17)
Telangana 7567 (13.19) 1133 (19.36)
Education Level Illiterate 196556 (15.06) 15007 (17.81)
n (%) Primary 88290 (13.80) 14351 (18.83)
Secondary 334927 (9.80) 65260 (15.07)
Higher 79913 (8.29) 17504 (17.52)
Religion Hindus 519281 (11.22) 83567 (16.40)
n (%) Muslims 94591 (12.57) 15438 (14.05)
Others 85814 (14.00) 13117 (19.91)
Caste Schedule caste (SC) 124813 (10.83) 19875 (16.26)
(Continued)
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Table 1. (Continued)

n (%)

Wealth Quintile
n (%)

Marital status

n (%)

Frequency of taking alcohol
n (%)

Suffering from diabetes
n (%)

Eat non-vegetarian

n (%)

Types of Job

n (%)

Source: Authors calculation from NFHS data.

* The last age-group category for men is 50-54.

Women Men
(n = 699686) (n=112122)
11.56% 16.32%

Schedule tribe (ST) 127133 (12.71) 20026 (16.43)
Other backward caste (OBC) 273700 (11.15) 43434 (15.92)
Others 141428 (12.55) 22564 (17.52)
Poorest 133249 (10.18) 18412 (12.35)
Poorer 149466 (10.64) 23220 (12.90)
Middle 147168 (11.12) 24331 (16.12)
Richer 138502 (12.72) 23383 (18.89)
Richest 131301 (12.87) 22776 (19.30)
Never married 171797 (4.20) 40273 (7.39)
Married 499627 (13.43) 70215 (21.23)
Almost every day 2212 (20.16) 4881 (29.26)
Once in a week 6773 (21.42) 14635 (20.96)
Less than once in a week 8320 (16.42) 15766 (18.44)
No 679425 (11.20) 108698 (15.86)
Yes 9538 (30.7) 2150 (37.17)
No 572059 (11.39) 84184 (15.99)
Yes 127627 (12.23) 27938 (17.20)
Not working 85138 (10.64) 24889 (8.62)
Professional ° 3458 (9.40) 6431 (23.16)
Clerical 474 (12.45) 2055 (20.85)
Sales 1874 (12.38) 9847 (21.29)
Service 4002 (13.43) 7866 (19.93)
Agriculture 18465 (11.82) 32961 (17.06)
Production worker € 7534 (11.38) 27863 (17.20)

includes technical, administrative and managerial occupations.

€ includes skilled and unskilled manual occupations.

https://doi.org/10.1371/journal.pone.0247956.t001

had an 18% higher risk of hypertension (AOR, 1.18; 95% CI, 1.09-1.27; P<0.001). We found
that men engaged in tertiary activities such as professionals, clerical, and sales had a higher
risk of hypertension compared to those who were non-working (AOR, 1.16; 95% CI, 1.09-
1.24; P<0.001). In contrast, women outside the labor force were more likely to be hyperten-
sive. Incident of hypertension was very high among adults suffering from diabetes. It was two
times higher for women (AOR, 2.27; 95% CI,2.02-2.56; P<0.001). Similarly, diabetic men
were more likely to be hypertensive, however, their odds (AOR, 1.69; 95% CI, 1.53-1.87;
P<0.001) were lower than women.

Among other adjusted factors age, place of residence, marital status, wealth quintile, alco-
hol, and non-vegetable food intake showed a significant association with the prevalence of
hypertension. The prevalence was higher among married men than never-married ones and
the odds were greater compared to married women (men: AOR, 1.34; 95% CI, 1.27-1.43;
P<0.001; women: AOR, 1.27; 95% CI,1.18-1.38; P<0.001). Prevalence and risk of hyperten-
sion was less among surveyed participants from rural areas (men: AOR, 0.97; 95% CI, 0.93-
1.01; p = 0.150; women: AOR, 0.94; 95% CI, 0.90-1.00; P = 0.040). Residents of north, north-
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Fig 1. Prevalence of hypertension among women by states of India, 2015-16.

https://doi.org/10.1371/journal.pone.0247956.9001

eastern and southern states except Kerala had higher risk of being hypertensive. The national
capital of Delhi also had a lower prevalence of hypertension. Further, the odds were 1.36 times
higher for women and 1.58 times higher for men in the richest wealth quintile (women: AOR,
1.36; 95% CI = 1.24-1.49, P<0.001; men: AOR, 1.58; 95% CI, 1.46-171; P<0.001). Both men
and women who consumed alcohol were hypertensive (men: AOR, 1.26; 95% CI, 1.21-1.31;
P<0.001; women: AOR, 1.38; 95% CI, 1.23-1.55; P<0.001). Higher prevalence of hypertension
was correlated with a non-vegetarian diet but results were significant only for men (AOR, 1.05;
95% CI, 1.01-1.10; P = 0.02). We also adjusted estimates for factors like religion and caste but
did not find any significant results, except for Muslim women. Muslim women had greater
odds of hypertension (AOR, 1.22; 95% CI, 1.14-1.30; P<0.001) compared to their other reli-
gious counterparts, but religious affiliations of men showed no significant association with
hypertension.

Discussion

This study is one of the novel attempts to assess the prevalence of hypertension and its sex-spe-
cific risk factors using the nationally representative data of NFHS 2015-2016. Additionally, the
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Fig 2. Prevalence of hypertension among men by states of India, 2015-16.
https://doi.org/10.1371/journal.pone.0247956.9002

present study has also mapped the prevalence of hypertension at the state level by sex. Findings
of the present study highlighted that prevalence of hypertension by all selected background
characteristics is much higher for men compared to women in India. Besides this sex differ-
ences in the prevalence of hypertension we found that risk of hypertension between sexes dif-
fers by socio-economic, demographic and lifestyle factors. These results are supported by
previous studies [17,18,21,25,28].

This study showed the prevalence of hypertension increases with an increase in age which
is supported by previous literature [9,29-31]. The higher prevalence of hypertension among
higher age groups may be attributed to a high workload and lack of physical activity. Also, at
older ages, aorta and arteries walls get stiffened and this contributes to raised B.P [27]. Besides,
young (15-24 years) men and women also showed considerable prevalence for hypertension
in our study. But the risk of hypertension is significantly high for women at older ages
although the prevalence remains low compared to men in the same age-group. Studies have
documented that at old ages after menopause women have higher levels of BP than in men
[32]. The higher prevalence of hypertension among men and women in urban areas indicates
the harmful effect of busy lifestyles, reduced physical activity, and stressful conditions among
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Table 2. Adjusted odds ratios (AORs) for hypertension among women and men, by demographic, socioeconomic and lifestyle characteristics.

Variable AOR (95% CI)
‘Women ‘Men
Age 15-24 Ref
25-39 2.32%** (2.16-2.50) 2.23*** (2.08-2.39)
40-49/50-54* 5.58***(5.16-6.03) 4.24"** (3.94-4.57)
Place of residence Urban Ref
Rural 0.95* (0.90-1.00) ‘ 0.97 (0.93-1.01)
States Kerala Ref
Andhra Pradesh 1.35"* (1.09-1.68) 1.64"** (1.36-1.99)
Arunachal Pradesh 1.73*** (1.40-2.13) 1.58"** (1.30-1.91)
Assam 2.54*** (2.13-3.03) 2.91%* (2.48-3.41)
Bihar 1.13 (0.95-1.35) 1.29*** (1.10 1.52)
Chandigarh 1.2 (0.66-2.17) 1.32(0.80 2.17)
Chhattisgarh 1.3* (1.08-1.57) 1.56°** (1.32 1.84)
Goa 1.44* (1.10-1.89) 1.35% (1.07 1.72)
Gujarat 1.41*** (1.18-1.67) 1.57"** (1.34 1.84)
Haryana 1.60*** (1.33-1.93) 2.25%** (1.92 2.65)
Himachal Pradesh 1.76%** (1.46-2.12) 2.39%** (2.02 2.84)
Jammu and Kashmir 1.81"** (1.52-2.16) 1.78"** (1.50 2.11)
Jharkhand 1.40"** (1.16-1.68) 1.49*** (1.26 1.76)
Karnataka 1.37"** (1.14-1.65) 1.86"** (1.58 2.19)
Madhya Pradesh 1.41%** (1.20-1.67) 1.44**%(1.23 1.67)
Maharashtra 1.45%** (1.21-1.73) 1.85°*%(1.58 2.17)
Manipur 1.60"** (1.29-1.98) 2.45%* (2.03-2.96)
Meghalaya 1.98%** (1.56-2.52) 1.38* (1.10-1.73)
Mizoram 1.48"** (1.18-1.87) 1.734* (1.41-2.12)
Nagaland 2.57"** (2.05-3.21) 2.58"** (2.11-3.15)
Delhi 0.74 (0.54-1.01) 0.63*** (0.46-0.86)
Odisha 1.25" (1.05-1.51) 1.11 (0.94-1.31)
Punjab 1.83"** (1.51-2.20) 2.68%* (2.27-3.16)
Rajasthan 1.02 (0.86-1.22) 1.53*** (1.31-1.79)
Sikkim 2.65%** (2.10-3.34) 3.41%* (2.77-4.19)
Tamil Nadu 1.42*** (1.20-1.69) 1.8%** (1.55-2.11)
Tripura 1.95"** (1.50-2.53) 1.48"** (1.16-1.88)
Uttar Pradesh 1.23* (1.05-1.45) 1.34*** (1.15-1.55)
Uttarakhand 1.18 (0.96-1.44) 2.01*** (1.68-2.40)
West Bengal 1.49%** (1.22-1.83) 1.53*** (1.27-1.83)
Telangana 1.41% (1.11-1.78) 1.62°** (1.32-2.00)
Education level Illiterate Ref
Primary 1.04 (0.97-1.11) 1.08% (1.01-1.15)
Secondary 0.88"** (0.84 0.94) 1.06 (1.00-1.12)
Higher 0.79*** (0.72-0.86) 1.18"** (1.09-1.27)
Religion Hindu Ref
Muslims 1.22*** (1.14-1.30) 0.99 (0.93-1.05)
Others 1.01 (0.93-1.10) 0.97 (0.9-1.04)
Caste SC Ref

(Continued)
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Table 2. (Continued)

Variable

Wealth Status

Marital Status

Drinking alcohol

Suffering from Diabetes

Eat Non-veg food

Types of Job

Source: Author's calculation from NFHS data.
“**p value < 0.001

**p value < 0.01

*p value < 0.05.

*The last age-group category for men is 50-54.

AOR (95% CI)
Women Men

ST 1.02 (0.94-1.10) 1.07* (1.00-1.15)
OBC 0.98 (0.92-1.04) 0.95 (0.91-1.00)
Others 1.08" (1.01-1.16) 1.00 (0.94-1.05)
Poorest Ref

Poorer 1.07 (1.00-1.15) 1.08* (1.02-1.16)
Middle 1.16"** (1.07-1.25) 1.27*** (1.19-1.35)
Richer 1.34*** (1.23-1.45) 1.47*** (1.37-1.58)
Richest 1.36"** (1.24-1.49) 1.56***(1.45-1.69)

Never married

Currently married

Ref
127+ (1.18-1.38)
Ref

1.34%** (1.27-1.43)

Yes 1.38"** (1.23-1.55) 1.26"** (1.21-1.31)
No Ref

Yes 2274 (2.02-2.56) 1.69°** (1.53-1.87)
No Ref

Yes 1.03 (0.97-1.08) 1.05* (1.01-1.10)
Not working Ref

Professional® 0.92 (0.81-1.05) 1.23*** (1.13-1.34)
Clerical 0.85(0.61-1.19) 1.06(0.94-1.20)
Sales 0.95 (0.81-1.10) 1.16"** (1.07-1.25)
Service 0.94* (0.88-1.00) 1.00 (0.94-1.07)
Agriculture 0.99 (0.89-1.11) L16"** (1.07-1.25)

Production worker”

® includes technical, administrative and managerial occupations.

¢ includes skilled and unskilled manual occupations.

https://doi.org/10.1371/journal.pone.0247956.t002

0.97 (0.89-1.06)

1.06 (0.99-1.13)

urban residents. However, rural women are at higher risk of developing hypertension than
their male counterparts. Awareness about healthcare, health-seeking and access to quality

health services among women, specifically rural women, are still very limited in India [33,34].
Similarly, the prevalence and risk of high BP was higher among higher educated men possibly
because they mainly work as professional/clerical and may lack intensive physical activity,
have a sedentary lifestyle, and might eat food containing more fat [21] whereas we discovered
that higher educated women had a better understanding of health care thus lower prevalence
and risk of hypertension as documented in a previous study [35]. Previous studies also showed
hypertension is higher among literate people as compared with illiterate [31,36]. The higher
prevalence of hypertension among Muslims women compared to other religions largely linked
to the cultural belief and influence on dietary patterns (vegetable or meat consumption). Stud-
ies showed non-vegetarian food are significantly associated with hypertension, while another
study showed that a vegetarian diet is protective against hypertension [14,15]. In our study, we
further found a higher prevalence of hypertension clustered among the richest as compared to
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the poorest sections, and this finding is supported by previous studies [21,31,37]. Also, a higher
prevalence of hypertension among married samples might be explained by workload, increase
in responsibility and giving less time on healthy activities like regular exercise [21,28]. How-
ever, an another study showed married person has less odd of being hypertensive compared
with single and divorced or widow [31]. Men from both the richest wealth quintile and mar-
ried category are more at risk of hypertension than female of the same categories.

Frequency of drinking alcohol, specifically everyday consumption of alcohol found to be
significantly associated with a higher risk of hypertension in both sexes. Many pieces of the lit-
erature confirmed our findings that alcohol consumption is significantly associated with a
high prevalence of hypertension [19,21,31,35]. However, results reveal that women who drink
alcohol are more likely to be hypertensive. Professionals/Clerical men and women showed a
higher prevalence of hypertension compared to not working. Professionals have lesser oppor-
tunities for physical movement and have sedentary lifestyles whereas agriculture and the pro-
duction worker have less exposure to a sedentary lifestyle and perform intensive physical
activity [9,36]. WHO also advocated for a workplace based wellness program to control hyper-
tension [38]. Diabetic men and women showed a higher prevalence of hypertension, but dia-
betic women are at greater risk of being hypertensive. Unhealthy food habits, a sedentary
lifestyle, and less physical activity might be the possible reason for diabetes which is also
important risk factors for hypertension. The previous study also presented similar findings
[37,39,40]. Hypertension is a major threat in north and north-eastern states followed by some
southern states, except for Kerala. A previous study documented that high intake of salt,
tobacco and alcohol consumption could be a possible reason for higher BP in north and
north-eastern states [21,41,42]. The state-level differences in prevalence and risk of hyperten-
sion are linked to the diversity in cultural and dietary practices across states [43].

Although the study puts forth some of the vital information regarding hypertension, it has
some limitations like the study findings are limited to specific age-groups only; for men 15-54
years and women 15-49 years. Also, it does not consider other risk factors such as regular exer-
cise, genetic factors, obesity, stress, anxiety, and lipid profile which might be reasons for the
high prevalence of hypertension among young adults. Besides, this study used cross-sectional
data which could not explain the temporal relationship between the outcome variables and the
explanatory variables. Hierarchical modelling technique could better discriminate and show
plausible regional differences.

Conclusion

This study attempted to fill an important gap in the literature on hypertension at the national
and state level. As results suggest a substantial sex differences in the risk factors therefore, a
sex-specific health care intervention might reduce this progressive disease. Besides balanced
lifestyles and a healthy diet, workplace based wellness program for professionals, early screen-
ing of hypertension, raising awareness among the young generation and women from
deprived sections like rural areas or minority communities who have little knowledge on
health education or limited access to healthcare could play an important role to prevent hyper-
tension in India. Thus, focusing on the prevalence and risk factors across sex is important for
formulating robust health programs and policies for control of hypertension.

Supporting information

S1 File.
(XLSX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0247956  April 13, 2021 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0247956.s001
https://doi.org/10.1371/journal.pone.0247956

PLOS ONE Sex differences in prevalence and risk factors of hypertension in India

Acknowledgments

We would like to thank our university‘s librarian for providing access to download research
papers from all good journals.

Author Contributions
Conceptualization: Krishna Kumar.
Data curation: Krishna Kumar.

Formal analysis: Krishna Kumar.
Methodology: Krishna Kumar.

Software: Krishna Kumar.

Supervision: Sheuli Misra.

Writing - original draft: Krishna Kumar.

Writing - review & editing: Sheuli Misra.

References

1. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative risk assess-
ment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions,
1990-2010: a systematic analysis for the Global Burden of Disease Study 2010. The Lancet. 2012; 380
(9859):2224—-2260. https://doi.org/10.1016/S0140-6736(12)61766-8 PMID: 23245609

2. World Health Organization. Fact sheet. World Health Organization 2019. Available at: (https://www.
who.int/news-room/fact-sheets/detail’hypertension). (accessed 25 January 2020).

3. Giles TD, Berk BC, Black HR, Cohn JN, Kostis JB, Izzo Jretal. Expanding definition and classification of
hypertension. J ClinHypertense (Greenwhich). 2005; 7(9):505—12. https://doi.org/10.1111/j.1524-6175.
2005.04769.x.

4. Lawes CM, Hoorn SV, Rodgers A. Global burden of blood pressure-related disease. Lancet.2008; 371
(9623):1513-1518. https://doi.org/10.1016/S0140-6736(08)60655-8 PMID: 18456100

5. World Health Organization. Global brief on hypertension. 2013. (https://apps.who.int/iris/bitstream/
handle/10665/79059/WHO_DCO_WHD_2013.2) (accessed 25 July 2019).

6. Forouzanfar MH, Liu P, Roth GA, Ng M, Biryukob S, Markzak L, et al. Global Burden of hypertension
and systolic blood pressure of at least 110 to 115 mm Hg, 1990-2015.J Am. Med. Assoc. 2010; 317
(2):165-182.

7. Dorans KS, Mills KT, Liu Y, He J. Trends in prevalence and control of hypertension according to the
2017 American College of Cardiology/American heart association (ACC/AHA) guideline. Journal of the
American Heart Association. 2018; 7(11):e008888. https://doi.org/10.1161/JAHA.118.008888 PMID:
29858369

8. Krishnan A, Garg R, Kahandaliyanage A. Hypertension in the South-East Asia region: an overview.
Regional Health Forum.2013; 17(1):7—14.

9. Patel S, Ram U, Ram F, Patel SK. Socioeconomic and demographic predictors of high blood pressure,
diabetes, asthma and heart disease among adults engaged in various occupations: evidence from
India. Journal of biosocial science. 2019;1-21. https://doi.org/10.1017/s0021932019000671.

10. Registrar General of India. Report on medical certification of cause of Death. New Delhi. 2017. Available
from: https://censusindia.gov.in/2011-Documents/mccd_Report1/MCCD_Report-2017.pdf (accessed
27 June 2020).

11. Halperin R O, Michael Gaziano J, Sesso HD. Smoking and the risk of incident hypertension in middle-
aged and older men. American journal of hypertension. 2008; 21(2):148-52. https://doi.org/10.1038/
ajh.2007.36 PMID: 18174885

12. Esteghamati A, Abbasi M, Alikhani S, Gouya MM, Delavari A, Shishehbor MH, et al. Prevalence, aware-
ness, treatment, and risk factors associated with hypertension in the Iranian population: the national sur-
vey of risk factors for non-communicable diseases of Iran. American Journal of Hypertension.2008; 21
(6):620—26. https://doi.org/10.1038/ajh.2008.154 PMID: 18451810

PLOS ONE | https://doi.org/10.1371/journal.pone.0247956  April 13, 2021 12/14


https://doi.org/10.1016/S0140-6736%2812%2961766-8
http://www.ncbi.nlm.nih.gov/pubmed/23245609
https://www.who.int/news-room/fact-sheets/detail/hypertension
https://www.who.int/news-room/fact-sheets/detail/hypertension
https://doi.org/10.1111/j.1524-6175.2005.04769.x
https://doi.org/10.1111/j.1524-6175.2005.04769.x
https://doi.org/10.1016/S0140-6736%2808%2960655-8
http://www.ncbi.nlm.nih.gov/pubmed/18456100
https://apps.who.int/iris/bitstream/handle/10665/79059/WHO_DCO_WHD_2013.2
https://apps.who.int/iris/bitstream/handle/10665/79059/WHO_DCO_WHD_2013.2
https://doi.org/10.1161/JAHA.118.008888
http://www.ncbi.nlm.nih.gov/pubmed/29858369
https://doi.org/10.1017/s0021932019000671
https://censusindia.gov.in/2011-Documents/mccd_Report1/MCCD_Report-2017.pdf
https://doi.org/10.1038/ajh.2007.36
https://doi.org/10.1038/ajh.2007.36
http://www.ncbi.nlm.nih.gov/pubmed/18174885
https://doi.org/10.1038/ajh.2008.154
http://www.ncbi.nlm.nih.gov/pubmed/18451810
https://doi.org/10.1371/journal.pone.0247956

PLOS ONE

Sex differences in prevalence and risk factors of hypertension in India

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Yu G, Fu H, Huang W, Zhang N, Deng D, Li G, et al. A dietary pattern of higher fish, egg, milk, nut, vege-
table and fruit, and lower salt intake correlates with the prevalence and control of hypertension. Ameri-
can Journal of Hypertension. 2018; 31(6):679-86. https://doi.org/10.1093/ajh/hpy005 PMID: 29365009

Afghahi H, Svensson MK, Pirouzifard M, Eliasson B, Svensson AM. Blood pressure level and risk of
major cardiovascular events and all-cause of mortality in patients with type 2 diabetes and renal
impairment: an observational study from the Swedish National Diabetes Register. Diabetologia. 2015;
58(6):1203—-11. https://doi.org/10.1007/s00125-015-3548-1 PMID: 25773403

Abebe SM, Berhane Y, Worku A, Getachew A. Prevalence and associated factors of hypertension: a
crossectional community-based study in Northwest Ethiopia. PloS One. 2015; 10:e0125210. https://doi.
org/10.1371/journal.pone.0125210 PMID: 25909382

Simsolo R B, Romo MM, Rabinovich L, BonannoM, Grunfeld B. Family history of essential hypertension
versus obesity as risk factors for hypertension in adolescents. American Journal of Hypertension. 1999;
12(8);260—63. https://doi.org/10.1016/s0895-7061(98)00253-2 PMID: 10192227

Ghosh S, Mukhopadhyay S, Barik A. Sex differences in the risk profile of hypertension: a cross-sectio-
nalstudy. BMJ open. 2016; 6(7):e010085. https://doi.org/10.1136/bmjopen-2015-010085 PMID:
27466234

Bansal SK, Goel D, Saxena V, Kandpal SD, Gray WK, Walker RW. The prevalence of hypertension and
hypertension risk factors in a rural Indian community: A prospective door-to-door study. Journal of Car-
diovascular Disease Research. 2012; 3(2):117-23. https://doi.org/10.4103/0975-3583.95365 PMID:
22629029

Singh S, Shankar R, Singh, GP. Prevalence and associated risk factors of hypertension: a cross-sec-
tional study in urban Varanasi./nternational Journal of Hypertension.2017 .https://doi.org/10.1155/2017/
5491838.

Gilberts EC, Arnold MJ, Grobbee DE. Hypertension and determinants of blood pressure with special ref-
erence to socioeconomic status in a rural south Indian community. Journal of Epidemiology & Commu-
nity Health. 1994; 48(3):258—-61.

Ghosh S, Kumar M. Prevalence and associated risk factors of hypertension among persons aged 15—
49 in India: a cross-sectional study. BMJ open 2019; 9:e029714. https://bmjopen.bmj.com/content/9/
12/e029714.citation-tools. https://doi.org/10.1136/bmjopen-2019-029714 PMID: 31848161

Altevogt BM, Wizemann T, Pankevich DE, editors. Sex differences and implications for translational
neuroscience research: workshop summary. National Academies Press. 2011.

Kringeland E, Tell GS, Midtbo H, Haugsgjerd TR, Igland J, Gerdts E. Factors associated with increase
in blood pressure and incident hypertension in early midlife: the Hordaland Health Study. Blood pres-
sure. 2020; 29(5):267—-75. https://doi.org/10.1080/08037051.2020.1762070 PMID: 32400220

Agho KE, Osuagwu UL, Ezeh OK, Ghimire PR, Chitekwe S, Ogbo FA. Gender differences in factors
associated with prehypertension and hypertension in Nepal: A nationwide survey. PloS One. 2018; 13
(9):€0203278. https://doi.org/10.1371/journal.pone.0203278 PMID: 30212519

Choi HM, Kim HC, Kang DR. Sex differences in hypertension prevalence and control: analysis of the
2010-2014 Korea National Health and Nutrition Examination Survey. PloS One.2017; 12(5):e0178334.
https://doi.org/10.1371/journal.pone.0178334 PMID: 28542557

International Institute for Population Sciences (IIPS) and ICF. National Family Health Survey (NFHS-4),
2015-16.Mumbai, India.2017.http://rchiips.org/nfhs/NFHS-4Reports/India.pdf (accessed 27 June
2020).

Duell EJ. The future of epidemiology: methodological challenges and multilevel inference. Bundesge-
sundheitsblatt Gesundheitsforschung Gesundheitsschutz. 2006; 49(7):622—27. https://doi.org/10.1007/
s00103-006-1293-9 PMID: 16715181

Hassan M, Sutradhar |, Aktar T, Gupta RD, Joshi H, RM, Sarkar M. Prevalence and determinants of
hypertension among adult population in Nepal among adult population of Nepal: Data from Nepal
Demographic and Health survey. PLoS One. 2016; 15(5): e0198028.

Patil CR, Sahoo DP, Dhoble M, Kherde A, Inamdar A. Prevalence of hypertension and its associated
risk factors in young adults attending a tertiary care institute of Nagpur: a cross sectional study. /Int J
Community Med Public Health.2017; 4(10):3630-35.

Tabrizi JS, Sadeghi BH, Farahbakhsh M, Nikniaz L, Nikniaz Z. Prevalence and associated factors of
hypertension and hypertension in Iranian Population: The Lifestyle Promotion Project(LPP). PloS One.
2016; 11(10):e0165264. https://doi.org/10.1371/journal.pone.0165264 PMID: 27783691

Bhise MD, Patra S. Prevalence and correlates of hypertension in Maharashtra, India. A multilevel analy-
sis. PloS One. 2018; 13(2):e0191948. https://doi.org/10.1371/journal.pone.0191948 PMID: 29401464

Reckelhoff JF. Gender differences in the regulation of blood pressure. Hypertension. 2001; 37(5):1199—
208. https://doi.org/10.1161/01.hyp.37.5.1199 PMID: 11358929

PLOS ONE | https://doi.org/10.1371/journal.pone.0247956  April 13, 2021 13/14


https://doi.org/10.1093/ajh/hpy005
http://www.ncbi.nlm.nih.gov/pubmed/29365009
https://doi.org/10.1007/s00125-015-3548-1
http://www.ncbi.nlm.nih.gov/pubmed/25773403
https://doi.org/10.1371/journal.pone.0125210
https://doi.org/10.1371/journal.pone.0125210
http://www.ncbi.nlm.nih.gov/pubmed/25909382
https://doi.org/10.1016/s0895-7061%2898%2900253-2
http://www.ncbi.nlm.nih.gov/pubmed/10192227
https://doi.org/10.1136/bmjopen-2015-010085
http://www.ncbi.nlm.nih.gov/pubmed/27466234
https://doi.org/10.4103/0975-3583.95365
http://www.ncbi.nlm.nih.gov/pubmed/22629029
https://doi.org/10.1155/2017/5491838
https://doi.org/10.1155/2017/5491838
https://bmjopen.bmj.com/content/9/12/e029714.citation-tools
https://bmjopen.bmj.com/content/9/12/e029714.citation-tools
https://doi.org/10.1136/bmjopen-2019-029714
http://www.ncbi.nlm.nih.gov/pubmed/31848161
https://doi.org/10.1080/08037051.2020.1762070
http://www.ncbi.nlm.nih.gov/pubmed/32400220
https://doi.org/10.1371/journal.pone.0203278
http://www.ncbi.nlm.nih.gov/pubmed/30212519
https://doi.org/10.1371/journal.pone.0178334
http://www.ncbi.nlm.nih.gov/pubmed/28542557
http://rchiips.org/nfhs/NFHS-4Reports/India.pdf
https://doi.org/10.1007/s00103-006-1293-9
https://doi.org/10.1007/s00103-006-1293-9
http://www.ncbi.nlm.nih.gov/pubmed/16715181
https://doi.org/10.1371/journal.pone.0165264
http://www.ncbi.nlm.nih.gov/pubmed/27783691
https://doi.org/10.1371/journal.pone.0191948
http://www.ncbi.nlm.nih.gov/pubmed/29401464
https://doi.org/10.1161/01.hyp.37.5.1199
http://www.ncbi.nlm.nih.gov/pubmed/11358929
https://doi.org/10.1371/journal.pone.0247956

PLOS ONE

Sex differences in prevalence and risk factors of hypertension in India

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Dey J, Ramanathan C, Dutta S. Issues and Concerns of Women'’s Health in India: A Case Study of
Cachar, Assam. The International Journal of Community and Social Development. 2020; 2(3): 327—43.

Reddy PM, Rineetha T, Sreeharshika D, Jothula KY. Health care seeking behaviour among rural
women in Telangana: A cross sectional study. Journal of Family Medicine and Primary Care. 2020; 9
(9):4778. https://doi.org/10.4103/jfmpc.jfmpc_489_20 PMID: 33209800

World Health Organization. Obesity: Preventing and managing global epidemic. Report of a World
Health Organization. Report of a WHO Consultation (WHO Technical Report Series 894). 2000.https://
www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/. (accessed 17 November 2019).

Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton P, He J. Global burden of hypertension:
analysis of worldwide data. Lancet.2005; 365(9455):217-23. https://doi.org/10.1016/S0140-6736(05)
17741-1 PMID: 15652604

United Nations. Sustainable Development Goals. 2015. https://www.un.org/development/desa/
disabilities/envision2030-goal3.html.

World Health Organization. Healthy workplaces: a WHO global model for action. World Health Organi-
zation. Geneva, Switzerland. 2010. https://www.who.int/occupational_health/publications/healthy
workplaces_model_action.pdf (accessed 26 June 2020).

Booth FW, Roberts CK, Laye MJ. Lack of exercise is a major cause of chronic diseases. Comprehen-
sive Physiology 2012; 2(2):1143-211. https://doi.org/10.1002/cphy.c110025 PMID: 23798298

El Bcheraoui C, Memish ZA, Tuffaha M, Daoud F, Robinson M, Jaber S, et al. Hypertension and its
associated risk factors in the Kingdom of Saudi Arabia, 2013: a national survey. International journal of
hypertension 2014. Article 1D 564679 https://doi.org/10.1155/2014/564679 PMID: 25170423

Hazarika NC, Biswas D, Mahanta J. Hypertension in the Elderly Population of Assam. J Assoc Physi-
cian India. 2003; 51:567-73. PMID: 15266922

Kishore J, Gupta N, Kohli C, Kumari N. Prevalence of Hypertension and Determinants of Its Risk factors
in Rural Delhi. International Journal of Hypertension 2016. Article ID -7962595. https://www.hindawi.
com/journals/ijhy/2016/7962595/.

Anchala R, Kannuri NK, Pant H, Khan H, Franco OH, Di Angelantonio E, et al. Hypertension in India: a
systematic review and meta- analysis of prevalence, control and hypertension. Journal of hypertension.
2014; 32(6):1170-77. https://doi.org/10.1097/hjh.0000000000000146 (accessed 27 June 2020). PMID:
24621804

PLOS ONE | https://doi.org/10.1371/journal.pone.0247956  April 13, 2021 14/14


https://doi.org/10.4103/jfmpc.jfmpc%5F489%5F20
http://www.ncbi.nlm.nih.gov/pubmed/33209800
https://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/
https://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/
https://doi.org/10.1016/S0140-6736%2805%2917741-1
https://doi.org/10.1016/S0140-6736%2805%2917741-1
http://www.ncbi.nlm.nih.gov/pubmed/15652604
https://www.un.org/development/desa/disabilities/envision2030-goal3.html
https://www.un.org/development/desa/disabilities/envision2030-goal3.html
https://www.who.int/occupational_health/publications/healthy_workplaces_model_action.pdf
https://www.who.int/occupational_health/publications/healthy_workplaces_model_action.pdf
https://doi.org/10.1002/cphy.c110025
http://www.ncbi.nlm.nih.gov/pubmed/23798298
https://doi.org/10.1155/2014/564679
http://www.ncbi.nlm.nih.gov/pubmed/25170423
http://www.ncbi.nlm.nih.gov/pubmed/15266922
https://www.hindawi.com/journals/ijhy/2016/7962595/
https://www.hindawi.com/journals/ijhy/2016/7962595/
https://doi.org/10.1097/hjh.0000000000000146
http://www.ncbi.nlm.nih.gov/pubmed/24621804
https://doi.org/10.1371/journal.pone.0247956

