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ABSTRACT

Introduction and aim. Hypertension is increasing universally, mainly in developing countries like India. This study analyzed sex
differences in hypertension using data from National Family Health Survey (NFHS) rounds IV and V, with a focus on prevalence
trends and associated risk factors.

Material and methods. This study utilized data from NFHS rounds IV and V, focusing on males and females aged 15-49 years.
The samples included 103,525 males and 667,258 females in NFHS-IV, and 93,267 males and 695,707 females in NFHS-V. Uni-
variate, bivariate, and multivariate analytical techniques were employed to address the study’s objectives.

Results. The NFHS-IV and V data revealed a notable increase in hypertension prevalence across India, with significantly higher
odds observed among individuals in the older reproductive age group (45-49 years) for both sexes. Hypertension occurred
4.85 times higher among male in the age group 45-49 compared to 15-24 age group, which rose to 5.23 in NFHS-V. Among
female, the odds increased from 5.39 in NFHS-IV to 6.40 in NFHS-V. Remarkably, illiterate male showed lower odds of hyper-
tension linked to their educated peers in both survey rounds, while female with only primary education showed higher odds.
Regional disparities were also evident, with both male and female from the Northeast showing elevated odds - particularly
female, who had an odds ratio of 1.47 in NFHS-IV.

Conclusion. The observed sex-specific variations in hypertension and its risk factors indicate a need for public health strategies
to designed for each gender. Tailored interventions addressing education, lifestyle behaviors, and regional disparities are es-
sential to effectively manage and prevent hypertension in India’s diverse population.
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Introduction million individuals each year and most significant mod-

The global hypertension problem, often called high
blood pressure (HBP), is responsible for many cases of
cardiovascular disease, stroke, kidney failure, and pre-
mature death. HBP is repeatedly called the “silent kill-
er” since it is not diagnosed until the condition develops
very serious. Hypertension claims the lives of nearly 9.4

ifiable factors for both sickness and death around the
globe.! In low- and middle-income countries, adult hy-
pertension cases worldwide were expected to exceed 1.2
billion in 2021.2 The prevalence of hypertension is ris-
ing steadily in India due to the country’s aging popula-
tion, stress, sedentary lifestyles, poor dietary habits, and

Corresponding author: Rajeshwari A. Biradar, e-mail: rajeshwariabiradar.fph@sbvu.ac.in

Received: 27.03.2025 / Revised: 30.06.2025 / Accepted: 18.07.2025 / Published: 30.12.2025

Prasad JB, Sabhahit G, Biradar RA. Sex differences in hypertension prevalence and risk factors in India — a comparative study based
on National Family Health Survey IV and V. Eur ] Clin Exp Med. 2025;23(4):984-993. doi: 10.15584/ejcem.2025.4.22.

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.



Sex differences in hypertension prevalence and risk factors in India — a comparative study based on National Family Health Survey IV and V 985

speedy urbanization. The prevalence of high blood pres-
sure in India is estimated at about 30%.? Factors such as
access to healthcare, regional disparities, and socioeco-
nomic status differences all contribute to this growing
trend.*

Worldwide, there is growing interest in the dispari-
ties between male and female in the etiology, pathophys-
iology, and management of hypertension. Biological,
hormonal, and behavioral factors manifest hyperten-
sion in both males and females. For example, due to the
protective properties of estrogen, the premenopausal fe-
male usually has lower blood pressure than males of the
same age. Based on previous studies in post-menopaus-
al women, this condition is likely to opposite, and elder-
ly females are more likely to have hypertension.” Some
studies have shown that lifestyle factors like smoking
and drinking affect hypertension in males compared to
females, while females may face obstacles when it comes
to accessing and receiving healthcare, particularly in ru-
ral areas.®”

A study has shown that higher levels of salt sensi-
tivity and arterial stiffness raise the risk of cardiovas-
cular disease in postmenopausal females.® Research
has demonstrated that sex hormones control endothe-
lial, oxidative stress, and inflammation - all of which
are important pathways in the etiology of hyperten-
sion.” Furthermore, sex-specific gene expression pro-
files that affect blood pressure regulation have been
discovered by recent genetic and epigenetic research.
This implies that the biological causes of hypertension
differ between the sexes."

Social and behavioral elements are just as significant
as biological ones. Males are more likely than females to
smoke, drink too much alcohol, and not exercise, all of
which raise the risk of hypertension.'" However, because
of sociocultural norms, low health literacy, and gender
bias in clinical settings, females — particularly those in
low- and middle-income countries — frequently face a
systemic lack of accessing health care, under-diagnosis,
and undertreatment.'>*?

A global review by Wang et al. showed that women
are just as likely or more likely than males to have bad
cardiovascular outcomes, but they are less likely to get
antihypertensive treatment that follows guidelines, es-
pecially in older people." The World Health Organiza-
tion'’s INTERHEART study and the STEPS survey also
found that females in many areas, including South Asia
and sub-Saharan Africa, are less likely to know about
high blood pressure and how to treat and control it.
This shows that health strategies need to be more gen-
der-sensitive.*!®

Studies highlighted these gender-specific trends
in hypertension, emphasizing the need for sex-specif-
ic strategies in prevention and management.*® In the
Indian context, socio-cultural factors, delayed child-

bearing, hormonal transitions, and rising obesity rates
among urban female are influencing the shifting hyper-
tension burden. Additionally, the combined effect of
genetic predisposition and environmental exposures is
now recognized as a critical driver of hypertension risk
in both sexes.'®"”

Moreover, recent advancements in precision med-
icine and global health research highlight the impor-
tance of integrating sex as a biological variable in both
epidemiological surveillance and clinical practice.'®*
The Lancet Commission on Female and Cardiovascu-
lar Disease emphasized that the historical under repre-
sentation of females in cardiovascular research has led
to gaps in diagnostic accuracy and therapeutic effec-
tiveness for female patients.” Tailored interventions,
such as community-based blood pressure screening
programs that address women’s unique health needs -
including reproductive health milestones like pregnan-
cy-induced hypertension - are gaining importance. In
India, initiatives such as the National Program for Pre-
vention and Control of Cancer, Diabetes, Cardiovascu-
lar Diseases, and Stroke (NPCDCS) offer a platform to
incorporate such gender-sensitive approaches.”> How-
ever, for these efforts to succeed, there must be a stron-
ger emphasis on disaggregated data analysis, targeted
health messaging, and improved access to antihyper-
tensive care for females across diverse socio-economic
backgrounds.

Evaluating variations in hypertension prevalence in
India can be done using surveys like the National Family
Health Survey (NFHS). The latest datasets from 2015-
2016 and 2019-2021 give the blood pressure levels and
associated risk factors in male and female between the
ages of 15 and 49. These datasets are strong, but there is
not adequate research on the evaluation of hypertension
prevalence and its risk factors in both rounds together
by sex. Knowledge about these differences is necessary
for making public health interventions that work for
the targeted population. Both males and females come
across different sets of problems, including the way they
eat, stress, using tobacco or alcohol, and unequal health-
care. Moreover, gender can affect decisions about treat-
ment and make it more difficult to manage high blood
pressure.

Aim

This study aims to compare the occurrence of hyper-
tension and hypertension linked factors in Indian males
and females by using two rounds of NFHS-IV and V
datasets to understand socio-demographic and behav-
ioral factors and offer sex-sensitive strategies for hy-
pertension prevention and management in an Indian
context.
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Material and methods

The NFHS data is a comprehensive, multi-phase sur-
vey implemented by the Ministry of Health and Fam-
ily Welfare (MoHFW) in India and overseen by the
International Institute of Population Sciences (IIPS),
Mumbai. This analysis draws on data from the fourth
(2015-2016) and fifth (2019-2021) rounds of the
NFHS. As part of the Demographic and Health Survey
(DHS) program, the NFHS gathers important data on
health, fertility, family planning, mortality, and nutri-
tional status across the Indian population.”

Sampling design

Both NFHS-IV and NFHS-V employed a two-stage
stratified sampling method. Villages were in rural areas
(primary sampling units (PSUs)), whereas census enu-
meration blocks (CEBs) were used in urban areas. In the
primary stage, a predetermined number of PSUs were
nominated from each stratum using probability pro-
portional to size (PPS) sampling. In the second stage, 22
households were systematically and randomly selected
from each PSU to join in the survey. NFHS-IV covered
640 districts in 29 states and 7 union territories, collecting
data from 699,686 females aged between 15 and 49 years
and 101,839 males aged 15 to 54 years. NFHS-V expand-
ed the survey to 707 districts in 28 states and 8 union ter-
ritories, surveying 724,115 females and 112,122 males in
the same age group. The analysis used individual recod-
ing files for males and females separately and combined
them to examine sex differences. Only respondents with
complete blood pressure measurements and valid de-
mographic covariates were included in the final analysis.
For this analysis, males aged 15-49 years were selected to
match the female age group, enabling better age compari-
son between sexes. The samples comprised 103,525 males
and 667,258 females in NFHS-IV, and 93,267 males and
695,707 females in NFHS-V (Fig. 1). Both surveys pro-
vide estimates at the state and district level, disaggregated
by rural or urban residence and other key socio-demo-
graphic factors. Structured questionnaires were admin-
istered through computer-assisted personal interviews
(CAPI) by trained enumerators. The NFHS tools include
four core questionnaires: Household, Woman’s, Manss,
and Biomarker. More information refers to NFHS-IV and
V reports.”

Blood pressure measurement and inclusion criteria

Blood pressure measurements were performed as
part of the biomarker component of the survey using
an Omron digital automated blood pressure monitor
(model HEM-8712 in NFHS-IV and newer model in
NFHS-V). Trained researchers followed a standard-
ized protocol: respondents were asked to rest in a
seated position for at least five minutes. Three mea-
surements were then taken at approximately five-min-

ute intervals. The average of the last two measurements
was used for analysis, in accordance with WHO guide-
lines and the DHS protocol."* In particular, the NFHS
measurement protocol also complies with the method-
ological standards of the International Society of Hy-
pertension’s “Measurement Month in May” initiative
(2017-2019), which aims to standardize hypertension
screening worldwide and improve data equivalence
across populations.*

Variable descriptions

Outcome variable

For each participant, blood pressure (BP) was measured
three times at five-minute intervals using an OMRON
digital monitor by trained health personnel. The mean
of the last two readings was taken as the ultimate BP
value. Participants were considered hypertensive if their
average systolic BP was 2140 mmHg, their average di-
astolic BP was 290 mmHg, or if they reported current
use of prescribed antihypertensive medication. For an-
alytical purposes, a binary variable was generated, with
hypertensive individuals coded as one and not a hyper-
tensive individuals coded as zero in both NFHS-IV and
NFHS-V.»?

Independent variables

In this study, we included socio-demographic vari-
ables as covariates to categorize key risk factors related
with hypertension. Age groups were divided into four
groups: 15-24, 25-34, 35-44, and 45-49 for males and
females in NFHS-IV and NFHS-V. Additional socio-
demographic variables measured such as education lev-
el (primary, no education, secondary, or higher), place
of residence (rural or urban) and occupation (unem-
ployed, employed, or engaged in agriculture). Marital
status was classified as unmarried or married, while re-
ligious affiliation included Hindus, Muslims, or others.
Caste categories included Scheduled Castes/Scheduled
Tribes (SC/ST), Other Backward Classes (OBC), and
others. Wealth status was measured using the Wealth
Index, categorized into five groups: poorest, poorer,
middle, richer, and richest. Additionally, lifestyle factors
incorporated into the analysis included alcohol con-
sumption (yes or no), tobacco use (yes or no), and geo-
graphical region (central, north, east, northeast, west,
and south).

Statistical analysis

The analysis incorporated univariate, bivariate, and
multivariable logistic regression methods. Descriptive
analysis was used to summarize participant appearanc-
es. Bivariate analyses assessed the relationship between
explanatory variables and outcome variable, using Pear-
son’s Chi-square test for associations and the z-test to
compare differences between NFHS-IV and NFHS-V.
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To examine predictors of hypertension, a multivariable
binary logistic regression model was applied, with re-
sults presented as adjusted odds ratios (AORs) and 95%
confidence intervals (Cls). Sampling weights were ac-
counted for in all analyses, and statistical significance
was set at a two-tailed p-value<0.05. Data analysis was
performed using IBM SPSS version 19.0.

Bivariate technique

A cross-tabulation was projected to recognize the oc-
currence of prevalence of high blood pressure in each
characteristic and Pearsons x2 test was estimated to
know the association of factors with hypertension. The
following formula has been used to estimate Pearson’s
chi-square test in this study.

¥ = Z;‘Ll%ﬁ with (r - 1)(c - 1) degrees of freedom

Where,
O, = observed number of samples
E,= expected number of samples

The z-test for two independent samples is estimat-
ed to know the change of prevalence from round 4 to
round 5. The following formula has been used to esti-
mate z-test for two independent samples in this study.

X1~ X2

z === with (n, + n, - 2) degrees of freedom
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Where,

X, = sample average of the first sample

X, = sample average of the second sample

SD? = sample variance of the first sample

SD? = sample variance of the second sample

n, = total number of observations in first samples

n, = total number of observations in second samples

Multivariate technique

Binary logistic regression was employed to estimate the
likelihood of hypertension across different categories
of explanatory variables. In this model, the dependent
variable was binary (hypertensive vs. non-hyperten-
sive), while the independent variables included both
categorical and continuous predictors. The following
binary logistic regression framework was applied in
this study.

log (1%) =a+ Pixy + BoXy + o+ Py

Letflx) =a+ Bx, + Box, + ... + B.x,
Where,
ef®
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54 year are excluded 54 year are excluded
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15-49 were analyzed 15-49 were analyzed
in this study in this study

28408 Pregnant
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from the study

|

Total of n= 695707
sample of Female
aged 1549 were
analyzed in this study

Fig. 1. Assortment of study participants from both NFHS IV
and V for male and female samples

Results

The prevalence of hypertension in India has increased
from NFHS-IV to NFHS-V for both males and females.
In NFHS-1V, 15.5% of males and 12.2% of females had
hypertension, which rose to 16.4% for males and 13.3%
for females in NFHS-V (Fig. 2). Background character-
istics of males and females from NFHS-IV and NFHS-V
are presented in Table 1.

The highest increases were observed in the 35-44
and 45-49 age groups. Among females aged 35-44, the
prevalence rose from 19.8% to 21.3%, while in the 45—
49 age group, it increased from 28.1% to 31.0%. Simi-
lar patterns were observed among males in both rounds.
For instance, in the 35-44 age group, the prevalence in-
creased from 24.3% in Round IV to 26.7% in Round V;
and in the 45-49 group, it rose from 30.2% to 33.7%.
Hypertension prevalence also increased among both
males and females in urban and rural areas. In urban
areas, it rose from 13.4% to 14.6% among females and
from 18.8% to 19.8% among males. In rural areas, it in-
creased from 12.4% to 13.4% among females and from
15.5% to 17.3% among males. Increases were also ob-
served across education levels and lifestyle factors.
Among males with no formal education, the prevalence
rose from 17.3% to 20.2%, while among females in the
same category, it increased from 16.2% to 19.3% (Table
2 and Table 3).

The analysis of hypertension among males and fe-
males in India reveals significant associations with vari-
ous demographic and socioeconomic characteristics. For
males, age emerged as a critical factor, with those aged 45-
49 displaying the highest adjusted odds ratio (AOR) of hy-
pertension (AOR=4.85, p<0.001, 95% C.I: 4.47-5.25) in
NFHS-IV and (AOR=5.23, p<0.001, 95% C.I 4.81-5.68)
in NFHS-V. Education also played a role, as illiterate males
had lower odds of hypertension (AOR=0.81, p<0.001, 95%
C.I: 0.75-0.87in NFHS-IV and AOR=0.85, p<0.001, 95%
C.I: 0.79-0.92 in NFHS-V) compared to their higher ed-
ucated counterparts. Geographically, males in the North-
east exhibited higher odds (AOR=1.29, p<0.001, 95% C.I:
1.21-1.08 in NFHS-IV and AOR=1.08, p<0.001, 95% C.I:
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1.01-1.16 in NFHS-V). Married males were more like- Table 1. Background characteristics of males and females

ly to have hypertension (AOR=1.22, p<0.001, 95% C.I: in NFHS-IV and NFHS-V

1.15-1.30 in NFHS-IV and AOR=1.21, p<0.001, 95% NFHS-IV NFHS-V

C.I: 1.14-1.28 in NFHS-V). Additionally, unemployed Variables Male Female Male Female

and agriculture occupation of males showed lower odds n (%) n (%) n (%) n (%)

(AOR=0.91, p<0.001, 95% C.I: 0.85-0.96 and AOR=0.89, Age-group

p<0.001, 95% C.1: 0.86-0.93 in NFHS-IV and (AOR=0.81, 15-24 35712(34.5)  230412(34.5) 31070(33.3) 227011(32.6)

p<0'001) 95% CI: 0.75-0.87 and AOR=0.88, p<0'001) 95% 25-34 30791(29.7) 198657 (29.8) 27652(29.6) 206660 (29.7)

C.I: 0.84-0.92 in NFHS-V). Also, the poorest males had 35-4 25851(25)  165591(248) 23712(25.4) 178024 (25.6)

reduced odds of hypertension (AOR=0.63, p<0.001, 95% ‘;5__:9 I71(108) _ 72598(109) 10833 (11.6) 84012 (121
. esidence

C.I: 0.58-0.68 in NFHS-IV and AOR: 0.72, p<0.001, 95% Urban S71617) 196917 (95)  24211(6)  173942(25)

C.I: 0.66-0.77 in NFHS-V) compared to the richest. Al- Rural 70754 (683) 470341 (705) 69056 (74) 521765 (75)

cohol consumption was significantly associated with in- Religion

creased odds of hyperteHSIOn among males (AOR 1.34, Hindu 77115(74.5) 496025 (74.3) 70608 (75.7) 525869 (75.6)

p<0.001, 95% C.I: 1.29-1.39 'in NFHS-IV and AOR=1.44, Muslim 14437(13.9)  89340(13.4) 11317(121) 86140 (12.4)
p<0.001, 95% C.I: 1.38-1.50 in NFHS-V) (Table 4). Others M973(116)  81893(123) 11342(12.2) 83698 (12)
Among females, those aged 45-49 had the highest

Caste
odds of hypertension (AOR=5.39, p<0.001, 95% CI: SUsT 36883(37.7) 239513(359) 35496 (40) 263550 (40)
5.21-5.57 in NFHS-IV and AOR=6.40, p<0.001, 95% 08C 40181(41.1)  260754(39.1) 35991 (40.6) 266321 (40.4)
C.I: 1=6.18-6.63 in NFHS-V). Notably, rural females Others 20666(21.1)  166991(25)  17230(19.4) 128850 (19.6)
initially had higher odds (AOR=1.05, p<0.001, 95% Education
F:‘I: 1.03-1.07 in NFHS-1V), but this trend reversed No education 12593(122)  188407(28.2) 9980(107) 162651(23.4)
in NFHS-V (AOR=0.98, p<0.001, 95% C.I: 0.98-1.00). Primary 12684(123)  84010(126) 10169 (10.9) 81896 (11.8)
Muslim females showed increased odds in NFHS-IV Secondary 61706 (59.6) 318853 (47.8) 56197 (60.3) 354007 (50.9)
(AOR=1.22, p<0.001, 95% C.I: 1.19-1.25), while fe- Higher 16542(16) 75988 (11.4) 16921(18.1) 97153 (14)
males from other religious groups had higher odds in Region
NFHS-V (AOR=1.22, p<0.001, 95% C.I: 1.22-1.25). North 22855(22.1)  134495(20.2)  19565(21) 142028 (20.4)
Females who have a primary education exhibited ele- Central 2594(25.1)  175810(263) 21452(23) 163067 (23.4)
Vated OddS Of hypertension (AOR:].ZS, p<0001’ 95% East 15864(153) 119723(179) 13887(149) 112963 (162)
C.I: 1.24-1.33 in NFHS-IV and AOR=1.42, p<0.001, \':I"e’;“““ 113132’:2121?’ 95‘2‘14557((‘:'1‘)) Bzgggfz 9:975;‘1‘:1“5)
95% C.I: 1.29-1.39 in NFHS-V). Regionally, women South 14048 (136)  88928(13.3) 14217 (15.2) 109414(15.7)
in the Northeast had higher odds in NFHS-IV (AOR: Marftal stats
1'47’ p<0.001, 95% C.I: 1.‘43f1'51)’ higher risk were Unmarried 39869(38.5) 171704(257) 36754(394) 181211(26)
shifted to the Central region in NFHS-V (AOR: 1.11, Married 63656 (61.5) 495554 (743) 56513 (60.6) 514496 (74)
p<0.001, 95% C.I: 1.09-1.14). Married females also had Wealth index
significantly hl_gher odds (AOR=1.16, p<0.001, 95% Poorest 17035(16.5) 125566 (18.8) 18151(19.5) 142912 (20.5)
C.I: 1.12-1.19 in NFHS-IV and AOR=1.24, p<0.001, Poorer 21584(208) 141850 (213) 20823(22.3) 153749 (22.1)
95% C.I: 1.20-1.28 in NFHS'V) Alcohol consumption Middle 22604(21.8)  140571(21.1) 19928 (21.4) 145760 (21)
was consistently linked to a higher risk of hypertension Richer 21516(20.8)  132927(19.9) 18494 (19.8) 134521 (19.3)
(AOR=1.43, p<0.001, 95% C.I: 1.37-1.49 in NFHS-IV Richest 20786(20.1)  126344(18.9)  15871(17) 118765 (17.1)
and AOR=1.41, p<0.001, 95% C.I: 1.35-1.48 in NF- Consumes tobacco
HS-V) (Table 5). No 67173 (649) 610220 (915) 57234(61.4) 651086 (93.6)

Yes 36352(35.1)  57038(85) 36033(38.6) 44621(6.4)

Consumes alcohol

16,4
155

) 153 No 71296 (68.9) 650548 (97.5) 69552 (74.6) 682532 (98.1)
" 122 Yes 32229(310) 1671025  23715(25.4) 13175(1.9)
10 Occupation

: Unemployed 24170(234)  24170(23.4)  18870(203) 18870 (20.3)
\ Employee 49916 (48.3)  49916(483) 45411(48.8) 45411(48.8)
s Agriculture 29242(283)  29242(28.3) 28758(30.9) 28758 (30.9)
0

Body mass index

Male Female

ANFESAV o NFHS.Y Normal 59880 (61.2) 387734 (590) 24253 (57.4) 401557 (59.8)
Underweight 19166 (19.6)  146439(22.4) 8903 (21.1) 121992 (182)
Fig. 2. Prevalence of hypertension among males and Overweightand obese  18751(19.2) 120983 (185) 42269(21.5) 148195 (22.1)

females in India, NHFS IV and V
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Table 2. Prevalence of hypertension and its association
with selected background characteristics of male in NFHS-
IV and NFHS-V?

Table 3. Prevalence of hypertension and its association
with selected background characteristics of female in
NFHS-IV and NFHS-V?

NFHS-IV NFHS-V ) NFHS-IV NFHS-V

Variables Prevalence  y*  Prevalence  p*  ztest Variables evalence Prevalence vest

a0 (%) (p-value) (%) (p-value) Age-group
15-24% 47 420 8.20
15-24 6.7 5217.1 6.9 1.024 —_—
25-34* 157 (<005 166 56885 2.95 234 104 374044 1040 43794 0
B 3 %7 (<005 6122 35-44% 19.8 (<0.05) 21.30 (<0.05) 10.88
549" 302 37 5569 45-49* 28.1 31.00 12.56
Type of place of residence Place of residence
Urban* 18 99.9 19.8 74.2 5.412 Urban* 13.4 1313 14.60 166.5 10.50
Rural* 155 -0.05 173 (<0.05)  9.088 Rural* 124 (<0.05) 13.40 (<0.05) 14.85
Religion Religion
Hindu* 16 2414 1738 169 26 Hindu* 19 13.20 7414 19.84
Muslim W2 (<005 16 g 1383 Muslim* 41 10542 1340 (<005) 425
Other* 203 23 3.509 Other* 156 (<005 1670 6.08
(aste
(aste
SC/ST* 16.7 107.9 18.8 488 7391 ST 0 v 570 by o
0BC* 15 (<0.05) 16.9 (<0.05)  7.143
Others 82 ™ 1497 0BC* 16 (<0.05) 13.00 (<0.05) 15.47
Educational level Other* 14.2 14.70 3.83
No education* 173 150 20.2 1328 5529 Education
Primary* 17.4 (<0.05) 20.9 (<0.05)  6.664 No education* 16.2 4315.7 19.30 8790.9 23.93
Secondary* 15.2 16.9 7.937 Primary* 15 (<0.05) 17.80 (<0.05) 15.40
Higher 189 18.1 1.884 Secondary* 10.8 11.40 7.82
Region Higher* 94 9.00 285
North 18.2 825 183 0.266 Region
Central* 128 (<0.05) 173 13.588 North* 53 28071 1440 6629 637
East” 128 143 3810 3766 Central* 108 (<005 1350 (<005 2401
North East* 23 213 (<0.05)  1.986 ”
e 62 5 2455 East 1.1 12,00 6.78
South” 181 209 <05 North East* 174 15.50 11.24
Marital status West 124 12.60 1.05
Unmarried* 8.7 27233 9.1 31927 1942 South*™ 128 13.70 5.88
Married* 211 (<0.05) 3.7 (<0.05) 10782 Marital status
Occupation Unmarried* 5.1 11870.9 04.50 17248.9 8.32
Unemployed* 94 n7n7 8.2 4378 Married* 153 (<0.05) 16.90 (<0.05) 21.88
1578.9

Employed* 19.3 (<0.05) 211 (<0.05) 6.91 Wealth index
Agriculture® 168 192 1524 Poorest* 11 7442 1200 6783 8.08
Wealth index combined Poorer* 12 (<005  13.00 (<005 821
Poorest* 123 609.1 153 B3 8173 Viddle” s 1390 o7
Poorer* 137 (<0.05) 16.7 (<0.05)  8.604 -
Middle* 162 181 5182 Richer 13.8 14.50 5.19
Richer 185 91 Y Richest* 14.1 15.20 7.69
Richest* 202 211 2107 Consumes tobacco
Consumes tobacco No* 123 845.6 13.30 12679 16.81
No* 15.7 59.9 16.4 249.0 3.35 Yes* 16.5 (<0.05) 19.30 (<0.05) 11.52
Yes* 17.5 (<0.05) 204 (<0.05)  9.96 Consumes alcohol
Consumes alcohol No* 124 1182.7 13.50 1036.5 18.91
No* 141 806.2 15.3 12887 6358 Yes* 214 (<0.05) 2320 (<0.05) 3.70
Yes* 2.2 (<0.05) 257 (<0.05) 12369 Body mass index
Body mass index’ Normal* N1 234902 1180 237977 976
Normal ' 14.2 609.1 219 796.6  -25.544 Underweight ; <005) ; <00 0
Underweight 67  (<0.5) 173 (<0.05) -24.109 -
Overweightand obese  31.6 342 4320 Overweight 57 2580 0.59

2* — significant change in proportion variations among
NFHS-IV and NFHS-V (using z-test) at 5% level of
significance, % - indicates percentage change from NFHS-
IVtoV, y* - indicate Chi-square value, ST - Scheduled Tribe,
SC - Scheduled Caste and OBC — Other Backward Class, $ -
based on the matched cases in NFHS-V dataset

a* _significant difference in percentage change between
NFHS-IV and NFHS-V (using z-test) at 5% level of
significance, % - indicates percentage change from NFHS-
IVtoV, y* - indicate Chi-square value, SC - Scheduled
Caste, ST — Scheduled Tribe, OBC - Other Backward Class,
$ - based on the matched cases in NFHS-V dataset



990

European Journal of Clinical and Experimental Medicine 2025; 23 (4): 984—993

Table 4. Results of multivariable logistic regression to
measure the effect of covariates on hypertension among
Indian males, NFHS-IV and NFHS-V2

Table 5. Results of multivariable logistic regression to
measure the effect of covariates on hypertension among
Indian females in India, NFHS-IV and NFHS-V?

Male Variabl NFHS-IV NFHS-V
: ariables
Exp(B) (95% Cl) p Exp(B) (95% (1) p
Age group
Age group
1524 : : 15-24 1 1
534 L0920 <00 208094228 <005 25-34 178(173-184) <005  191(185198)  <0.05
35-44 3.55(3.3-3.82) <0.05 3.63(3.37-3.92) <0.05 35-44 3.46 (3.35-3.56) <0.05 3.93 (3.8-4.06) <0.05
45-49 4,85 (4.47-5.25) <0.05 5.23 (4.81-5.68) <0.05 45-49 5.39(5.21-5.57) <0.05 6.4 (6.18-6.63) <0.05
Place of Place of residence
residence
Urban 1 1 Urban 1 1
Rural 1,03 (0.98-1.07) 0.26 097 (0.92-1.01) 0.15 Rural 1.05(1.03-1.07) <0.05 0.98 (0.96-1) 0.05
. Religion
Religion
Hind
Hindu 1 1 in U 1 1
Muslim 095 (0.9-1.02) 014 0.8 (0.75-0.86) <005 Muslim 1.22(1.19-1.25) <0.05 1.06 (1.03-1.08) <0.05
Other 1.00 (0.94_]'07) 0.90 1.24 (1.]7_1.32) <0.05 Other 0.99 (0.96—1.01) 0.37 1.22 (1.19-1.25) <0.05
(aste Caste
SC/ST 1 1 SC/ST 1 1
08C 0.93(089-097) <005  093(089-097) <005 0BC 0.94(092-0.96)  <0.05  095(0.94-0.97)  <0.05
Other 1.00(0.95-1.05) 0.93 1.00(0.95-1.05) 0.93 oM 1.02(1=1.04) 0.07 0.99(0.97-1.01) 0.28
Education
Education
Higher 1 1 )
No education 081(075-087) <005  085(0.79-092)  <0.05 Higher ! !
Primary 0.86 (0.8-0.92) <0.05 0.94(0.87-1.01) 0.09 No education 1.26(1.22-1.3) <0.05 1.38(1.33-1.42) <0.05
Secondary 0.87(0.82-0.91) <0.05 0.96 (0.91-1.01) 0.13 Primary 1.28(1.24-1.33) <0.05 1.42(1.37-1.47) <0.05
Region Secondary 1.16 (1.12-1.19) <0.05 1.23(1.19-1.26) <0.05
North 1 1 Region
Central 073(0.69-077) <005  107(101-113) <005 North 1 1
East 0.71(0.67-0.76) <0.05 0.79 (0.74-0.84) <0.05
North East 129(121-138) <005 108(101-1.16)  <0.05 Central 088(086-051) <005 1M(LO114) <005
West 086(081-092) <005  081(0.76-087)  <0.05 East 091(089-094) <005  093(0.9:095) <005
South 0.89(0.84-095) <005  107(101-114) <005 North East 147(143-151)  <0.05 1.03 (1-1.06) 0.08
Marital status West 0.96 (0.93-0.99) <0.05 0.89(0.86-0.91) <0.05
Unmarried : : South 087(0.85-0.89) <005  082(08-084) <005
Married 1.22(1.15-13) <0.05 1.21(1.14-1.28) <0.05 Marital status
Occupation Unmarried 1 1
Employed 1 1 Married 1.16(1.12-1.19) <0.05 1.24(1.2-1.28) <0.05
Unemployed 091(0.85-096) <005  081(075-0.87)  <0.05 Wealth index
Agriculture 0.89(0.86-0.93) <0.05 0.88 (0.84-0.92) <0.05 -
- Richest 1 1
Wealth index
Richest Poorest 0.99 (0.96-1.03) 0.72 0.88 (0.86-0.91) <0.05
iches 1 1
Poorest 063 (0.58-0.68) <005 072(0:66-077) <005 P()-orer 0.98 (0.95-1.01) 0.15 0.94(0.91-0.97) <0.05
Poorer 068(0.63-072) <005  079(0.73-084)  <0.05 Middle 096(094-099) 001 098 (0.95-1) 01
Middle 0.81(0.76-0.86) <0.05 0.85(0.8-0.9) <0.05 Richer 1.02(1-1.05) 0.12 1(0.97-1.03) 0.98
Richer 095 (0.9-1) <005 091(0.86-0.97)  <0.05 Consumes tobacco
Consumes tobacco
No 1 1
No 1 1
Yes 095(092-099) 002 097(0.93-101) 0.1 Yes 05(091-0%) <005 106(103-109) <005
Consumes alcohol Consumes alcohol
No 1 1
No 1 1
Yes 134(1.29-139) <005 144 (138-15) <005 Yes 1.43(1.37-1.49) <0.05 1.41(1.35-1.48) <0.05
. . Body mass index
2Cl - confidence interval, ST - Scheduled Tribe, SC - Normal 1 1
ormal
Scheduled Caste, OBC - Other Backward Class -
Underweight 0.75(0.73-0.77) <0.05 0.79(0.77-0.81) <0.05
Obese 2.19(2.16-2.23) <0.05 2.05(2.02-2.09) <0.05

2Cl - confidence interval, ST — Scheduled Tribe, SC -
Scheduled Caste, OBC — Other Backward Class
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Discussion

The findings from NFHS-IV and NFHS-V about hyper-
tension trends in India highlight a concerning public
health issue, with significant rises in prevalence among
both males and females. Hypertension rates increased
from 12.2% in NFHS-IV to 13.3% in NFHS-V, high-
lighting a broader trend that reflects the growing glob-
al concern over non-communicable diseases (NCDs) in
developing countries.”** Hypertension, a leading risk
factor for cardiovascular diseases (CVDs), stroke, and
kidney disease, has reached alarming levels - particular-
ly in older populations. These findings align with global
patterns, where hypertension prevalence increased with
age, especially among individuals aged 35-49 years, as
seen in both this study and existing worldwide litera-
ture."?* This trend reflects deeper societal changes that
are influencing lifestyle and health behaviors.

The rising prevalence of hypertension across all age
groups is particularly concerning, with a notable in-
crease among individuals aged 35-44 and 45-49 years.
Our findings, consistent with existing literature, reveal
that middle-aged adults are more susceptible to hyper-
tension due to a combination of factors such as psy-
chological stress, unhealthy dietary habits, physical
inactivity, and environmental conditions.”>** However,
these trends are not even across the sexes. Men in these
age groups often exhibit higher hypertension rates, po-
tentially related to more alcohol consumption, tobacco
use, and occupational stress. In contrast, women — par-
ticularly those in the post-reproductive age group — may
experience increased hypertension risk due to hormon-
al changes, rising obesity, and limited access to preven-
tive healthcare.

The increase in hypertension prevalence in both ur-
ban and rural populations is a significant finding. In ur-
ban areas, prevalence rose from 13.4% in NFHS-IV to
14.6% in NFHS-V, while in rural areas, it increased from
12.4% to 13.4% over the same period. This urban-ru-
ral disparity reflects complex lifestyle and environmen-
tal dynamics and gender-related dynamics. Although
urbanization often improves access to healthcare, it
also brings lifestyle deviations such as increased con-
sumption of processed foods, decreased physical activ-
ity, and elevated stress levels — all of which contribute
to the increasing prevalence of hypertension.** How-
ever, the influence of these factors can vary by gender;
for example, urban women may face unique challeng-
es balancing work, household responsibilities, and lim-
ited opportunities for physical activity, increasing their
vulnerability to hypertension. In contrast, rural popu-
lations — especially women - often confront additional
barriers, including lower health literacy, limited autono-
my in health decision-making, inadequate hypertension
management, and insufficient healthcare infrastructure.

Studies show that individuals in rural areas often expe-
rience delayed diagnosis and poor treatment adherence,
with women disproportionately affected by these chal-
lenges, exacerbating hypertension-related health out-
Comes.23’26'30

The increasing prevalence of hypertension is strong-
ly influenced by socioeconomic factors, such as income
and educational attainment, with notable sex differenc-
es in how these factors affect hypertension risk. Hy-
pertension prevalence was significantly higher among
individuals with lower education levels, for both males
and females; however, the impact tends to be more pro-
nounced among women. For instance, the prevalence
of hypertension among females with no education rose
from 16.2% in NFHS-IV to 19.3% in NFHS-V, represent-
ing a strong correlation between education, awareness,
and the prevention of hypertension. Lower educational
attainment in women often limits their access to health
information, decision-making autonomy, and health-
care utilization, thereby increasing their vulnerabili-
ty to undiagnosed and poorly managed hypertension.
In contrast, men with low education levels may experi-
ence higher hypertension prevalence partially due to in-
creased occupational stress and lifestyle factors such as
tobacco and alcohol use. Hypertension prevalence also
increased among males with only primary education or
no education, underscoring the importance of commu-
nity outreach and tailored health education initiatives
that address the different needs and challenges faced by
men and women in managing hypertension.24,31

Higher rates of hypertension in both males and fe-
males were closely associated with lifestyle choices,
particularly alcohol and tobacco use. Tobacco uses sig-
nificantly raises blood pressure levels, as reflected in the
data showing an increase in hypertension prevalence
from 16.5% in NFHS-IV to 19.3% in NFHS-V.4 Smok-
ing accelerates the onset of hypertension by increasing
vascular resistance and causing endothelial damage.32
The importance of addressing modifiable risk factors
is further underscored by the positive correlation be-
tween alcohol consumption and hypertension, which
rose from 21.4% in NFHS-IV to 23.2% in NFHS-V. Re-
search consistently shows that reducing alcohol and
tobacco use through lifestyle interventions can substan-
tially lower hypertension prevalence and improve public
health outcomes.28

Regional variations in hypertension prevalence also
interact with sex differences, influencing risk patterns
differently for males and females. For example, life-
style, dietary habits, and healthcare access can vary sig-
nificantly by region and gender, affecting hypertension
rates. In some regions, cultural norms and gender roles
may limit women’s access to healthcare or healthy food
options, increasing their vulnerability to hypertension.
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Conversely, men in certain areas might face higher oc-
cupational stress or greater exposure to risk behaviors
such as tobacco and alcohol use, which elevate hyper-
tension risk. These regional and gender-specific dynam-
ics highlight the necessity for tailored interventions that
consider both geographic and sex-based factors to effec-
tively address hypertension across India.29,30

Urgent public health action is required due to the
rising prevalence of hypertension in India, especial-
ly among older adults, people living in rural areas, and
those with certain lifestyle factors like obesity, alcohol-
ism, and tobacco use. Early detection, lifestyle modifi-
cation, and improved access to treatment should be the
main goals of interventions, particularly in underprivi-
leged rural areas. Public health initiatives that highlight
the importance of routine health screenings and hyper-
tension prevention can play a crucial role in reducing its
burden on the Indian population. While biological sex is
a key factor in hypertension risk, it is equally important
to recognize that sex often intersects with gender-based
disparities in healthcare access and health-seeking be-
havior. These sociocultural barriers, particularly affect-
ing female, may influence awareness, diagnosis, and
management of hypertension, and must be measured
in designing inclusive and equitable intervention strat-
egies.

Conclusion

The NFHS-IV and NFHS-V data show that the preva-
lence of hypertension is rising in India, especially among
middle-aged people, those living in rural areas, and those
with certain risk factors like obesity, tobacco use, and low
levels of education Notably, educational status influenc-
es hypertension risk differently for males and females—
while illiterate males show lower odds, females with
primary education are at greater risk, suggesting possible
gaps in awareness and health-seeking behavior. Addition-
ally, regional disparities, such as higher odds among indi-
viduals from the Northeast — especially females - indicate
the importance of region-specific and gender-sensitive
public health responses. These findings call for differenti-
ated hypertension prevention and management strategies
that address the unique social, educational, and regional
determinants across genders.
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