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Abstract

Background: Prevalence of hypertension increases with age, but there is a general perception in India that women
are less affected at every stage of life, although empiric evidence hardly exists regarding gender difference in hyper-
tension in Indians of different ages. Therefore, we aimed to examine the gender difference in hypertension among
Indians across various age-groups; and the contribution of variation in body mass index (BMI) to this difference.

Methods: Data were analysed after combining National Family Health Survey 4 (n= 294,584 aged 35-49 years) and
Study of Ageing and Health wave 2 (n=7118 aged 50 + years) datasets (NFHS-SAGE). Longitudinal Ageing Study of
India (LASI) dataset (n=65,900 aged >45years) was analysed to replicate the results. Hypertension was defined if sys-
tolic and diastolic blood pressure was >89 and/or > 139 respectively and/or if there was a history of anti-hypertensive
medication. Descriptive summaries were tabulated and plotted to examine the gender difference in hypertension

in various age-groups (35-39,40-44, 45-49, 50-54, 55-59, 60-64, 65-69, > 70). Odds Ratios (ORs) from logjistic regres-
sion models estimated the age gradient of hypertension and their male-female difference, adjusted for Body Mass
Index (BMI).

Results: Males had a higher prevalence of hypertension up to 50 years; after that, females had higher rates. The esti-
mates of age gradient, expressed as ORs, were 1.02 (1.02, 1.02) in males versus 1.05(1.05, 1.06) in females (p <0.001) in
NFHS-SAGE and 1.01(1.01, 1.02) in males versus 1.04(1.03, 1.04)in females (p <0.001) in LASI;these differences margin-
ally changed after adjustment with BMI.

Conclusion: This is perhaps the first study to comprehensively demonstrate that cardio-metabolic risk in Indian
females surpasses males after 50 years of age, “busting the myth”that Indian females are always at much lower risk
than males; and this evidence should inform the Indian healthcare system to prioritise older women for screening and
treatment of hypertension.
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Introduction
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premature death [2] with an estimated 1.13 billion people
worldwide suffering from it [3].

Recently, the low- and middle-income countries
(LMICs) have also been experiencing a rapid increase
in the prevalence of hypertension, which had gone up
from 599 million in 2000 to 1.0 billion in 2010 in those
nations [4]. This is possibly driven by rapid urbaniza-
tion of LMICs, ageing of their populations, changes in
their dietary habits and increase in social stress in those
economically emerging societies [5, 6]. In India, a sub-
stantial proportion (29.8% as per recent estimates) of
adults suffer from hypertension [3, 7-9].

Meanwhile, a popular perception persists worldwide
that females are less prone to cardiovascular diseases
(CVD) including hypertension [10-12] and these are
basically “man’s problems” [13]. This has led even females
to underestimate their CVD risks [14]. Even more worry-
ing, physicians being swayed by this also tend to under-
test and under-treat females for hypertension and other
cardiovascular pathologies [15]. As per anecdotal evi-
dence this perception of females being less prone to
hypertension and CVD than males are also rife in India.

However, evidence shows that these CVD-related
health conditions are not only widely prevalent in
females, but also in later adult life females suffer from
more hypertension than males, albeit males experience
a higher prevalence than females at a younger age [16—
18]. This pattern has been attributed partly to biological
causes, and partly to gender differences in socio-behav-
ioural factors, for example overweight and health care
access [19]. But, the body of evidence regarding male-
female difference in hypertension and their changing pat-
terns in different stages of life has some significant gaps.
First, it is almost entirely from high income nations, and
hardly from any LMICs, though LMICs may experience
a different gender pattern given the variations in gender-
related social norms and behaviours between these cul-
tures [20-24]. Second, the evidence is also somewhat
nebulous in nature, because there is inconsistency in lit-
erature about the reversal of the gender pattern and the
age at which it occurs [23, 25-27].

As mentioned above, there is hardly any comprehen-
sive empiric evidence of the gender differences in CVD
and its risk factors such as hypertension among Indians
in different stages of their adult lives. Until now, Indian
studies analysing age-pooled data have mainly reported
male dominance in the overall prevalence of hyperten-
sion [27-29]. The gender difference in different ages have
been reported by only one Indian study to our knowl-
edge, which also showed greater rates in males in all age
groups [7], and no sign of reversal, contrary to evidence
from high income nations. Hence, this domain urgently

Page 2 of 10

warrants robust India-specific evidence so that any pre-
vailing gender stereotype can be challenged.

Therefore, we primarily aimed to examine gender dif-
ference in hypertension among Indians across various
age-groups. Excess body weight, a critical yet modifiable
risk factor for hypertension [30], varies across gender,
and may explain some of the male-female differences in
hypertension. But the contribution of excess body weight
to the gender difference has also not been examined in
studies from India, thereby limiting critical evidence in
this field.

Therefore, the contribution of difference in body mass
index (BMI) between males and females to these gender
differences in elevated blood pressure was also examined.

As the current work deals primarily with a prevailing
societal perception, we use the term “gender” instead of
“sex” throughout the article, because gender refers to
the socially constructed differences in the characteristics
between men and women, whereas sex relates to their
biological differences only [31].

Methods

Approach

We employed cross-sectional study design. To achieve
the aim of our research, we needed a nationally rep-
resentative sample of Indians representing the entire
adult age spectrum. Individuals within the age range
of 15-49 years came from National Family Health Sur-
vey round 4 (NFHS-4) [32], and for older age group
(>49 years) we considered the Study on Global AGEing
and Adult Health (SAGE) wave 2 sample [33]. Both the
surveys were conducted in 2015. The two datasets were
combined (hereafter referred to as NFHS-SAGE data-
set), which made up a representative sample of Indians
aged 15years+. However, for our analyses we considered
participants of 35 years and older from NFHS-SAGE,
because hypertension is a rare event before that age [34,
35].

We repeated the analysis in the Longitudinal Age-
ing Study of India [36] wave 1 (hereinafter referred to as
LASI) dataset for validation of our results. LASI was con-
ducted in 2017, comprising a nationally representative
sample of 45+ years old Indians and their spouses (irre-
spective of their age).

Data

National Family Health Survey (NFHS) is the Indian
equivalent of Demographic and Health Survey (DHS)
[37], which is periodically conducted in many countries
worldwide. The fourth round of NFHS collected informa-
tion from a nationally representative sample of 601,509
Indian households which were selected using a multistage
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stratified random cluster sampling design; 699,866
women aged 15-49 years and 112,122 men aged 15-54
years were interviewed. The response rate (for both
questionnaire and biomarker measurements) was 96.7%
among females and 91.9% among males.

SAGE is part of a Longitudinal Survey Programme by
WHOQO’s Multi-Country Studies unit [33]. It compiled
longitudinal information on health, well-being and age-
ing process of the adult population of India and five other
countries (China, Ghana, Mexico, Russian Federation
and South Africa). The SAGE wave 2 India survey was
conducted in six states, one state from each region. A
multistage stratified random cluster sampling design was
used to select 7118 persons aged 50 years or more (3,781
female and 3,337 male) for interview and biomarker meas-
urement. The response rate of SAGE wave 2 was 77%.

The Longitudinal Ageing Study in India (LASI)
is the Indian version of the Health and Retirement
Survey(HRS) [38] geared to offer empirical evidence on
indicators related to ageing and health, economic tran-
sitions, and social behaviours in later life. The wave 1 of
LASI was carried out in all 29 Indian states (except Sik-
kim) and 6 union territories using sampling strategy and
sampling frame of NFHS-4. The wave 1 of LASI inter-
viewed a nationally representative sample of 72,250 older
adults aged 45 years and above and their spouses who
reside in the same household, irrespective of their age.
The response rate of LASI was 87.3%. In our analysis,
we have considered LASI adults aged 45 and above only,
thereby excluding the spouses aged less than 45 years.

The NFHS-SAGE and LASI datasets that were finally
included in our analyses are described in Fig. 1.

Variables
Gender was a binary variable (Male/Female) in all the
three surveys. Age was treated as a quantitative variable,
later categorized into the following groups: 35-39,40—
44,45-49,50-54,55-59,60-64,65—69,>70 in NFHS-SAGE
dataset and 45-49,50-54,55-59,60-64,65—-69,>70 in
LASI datasets using a commonly used class interval of
5 years [26, 39]. However, the oldest group (>70 years)
comprised all respondents who were 70 years and above
to ensure enough numbers in this extreme category.
Body Mass Index (BMI) was calculated as measured
weight (kg) divided by measured height (m) squared.
It was then dichotomized into overweight/obese
(BMI>25 kg/m? and underweight /normal weight
(<=25 kg/m?). Blood pressure (BP) was measured when
respondents were seated and relaxed. Three BP readings
were recorded with 1 min gap in between with the help of
OMRON Blood Pressure Monitor (OMRON Healthcare,
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Hoofddorp, Netherlands) in SAGE wave 2 and NFHS-4
and two readings were recorded using Bosco wrist moni-
tor in LASI [40]. In addition to recording blood pres-
sure, all respondents were asked, “Were you told on two
or more different occasions by a doctor or other health
professional that you had hypertension or high blood
pressure?” If they responded “yes’, they were asked “To
lower your blood pressure, are you taking a prescribed
medicine? However, in NFHS-4 dataset the medicine
question was asked to all respondents and not only to
those answering “yes” to the diagnosis question. Conse-
quently, NFHS-4 dataset contained few individuals who
reported medication intake without a prior diagnosis of
hypertension.

Statistical analysis

The main outcome, hypertension(Y/N), was defined
when average of three systolic blood pressures in case of
NFHS-SAGE and average of two systolic blood pressures
in case of LASI exceeded 139 and /or average of three
diastolic blood pressures in case of NFHS-SAGE and
average of two diastolic blood pressures in case of LASI
exceeded 89 mm and/or the individual received anti-
hypertensive medications [26, 41-43].

Predicted prevalence of hypertension (with 95% confi-
dence intervals) for each age-group was estimated sepa-
rately for males and females. These prevalence estimates
were plotted to visualize the gender difference in hyper-
tension in different age-groups and check whether the
gender pattern reversed at any stage or not.

Age gradient of hypertension was measured using
prevalence Odds Ratio (OR) from logistic regression
models which included hypertension as the binary out-
come and continuous measure of age as the exposure
— the ORs representing by what factor the odds of hyper-
tension increased when age increased by one year.

The modelling was carried out first in gender-pooled
sample and then an age*gender interaction term was
introduced in the model to examine whether the age
gradients varied across gender. The OR of the interac-
tion term represented the male female difference of age
gradients in a ratio scale. The model was further adjusted
for BMI (included as a continuous variable) to estimate
its influence on the male female difference. We also then
estimated the age gradients of hypertension separately
for males and females as we found the age*gender inter-
action term to be statistically significant (p <0.05).

We did not adjust for any co-morbidities such as dia-
betes and other diseases which may be associated with
hypertension, because they were not relevant to our
research objective.
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Fig. 1 Schematic figure explaining sample—4 and SAGE wave 2 sample extraction

All estimates were computed using survey weights
and accounting for the complex survey design. The
statistical analysis was performed using R soft-
ware (version 4.2.1) and margins and ggplot2 pack-
ages of R. We ensure that items of Strengthening the
Reporting of Observational studies in Epidemiology
(STROBE) guideline were reported wherever appli-
cable [44].

Sensitivity analysis

We conducted two sensitivity analyses to examine
whether changing few analytical parameters led to sig-
nificant divergence from the main results. First, SAGE
data were collected from only 6 Indian states whereas
NFHS-4 and LASI data were collected from all the
29 states and 6 Union Territories (except Sikkim) of
India. As this may be a source of bias, we conducted a
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sensitivity analysis on a subset of LASI data containing
the same six states as in SAGE, and estimated the age-
wise prevalence of hypertension in males and females.
Second, in the main analysis we defined hypertension
as systolic and/or diastolic blood pressure more than 139
and 89 mm of Hg respectively and/or when someone
reported taking anti-hypertensive treatment [26, 41, 43].
Others have further extended the definition to include
respondents who self-reported previous diagnosis of
hypertension [39]. Therefore, we conducted a sensitivity
analysis estimating the age-wise prevalence of hyperten-
sion in males and females using the extended definition.

Results

The age range of respondents was 35 to 106 in NFHS-
SAGE and 45 to 110 in LASI. Females made up 84% of
NFHS-SAGE and 54% of LASIL.

Overall, females were more likely to be overweight/
obese as compared to males in both the datasets (NFHS-
SAGE: 29.2% in females vs. 24.3% in males, p<0.001)
(LASIL: 31.9% in females vs. 21.3% in males, p<0.001)
and this female preponderance in excess body weight
were consistently observed in every age group (Addi-
tional file 1). In the younger sample, NFHS-SAGE, over-
all females were less likely to be hypertensive (24.1% in
females vs. 29.3% in males, p<0.001), whereas in older
sample, LASI, overall females were slightly more predis-
posed to hypertension than males (46.4% in females vs.
44.7% in males, p <0.001) (Table 1).

Table 1 NFHS-SAGE and LASI sample characteristics
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The prevalence of hypertension was more among males
up to the age of 50 years; beyond that, in every age group,
females experienced higher rates. The female-male gap in
later years widened even further. For instance, prevalence
in males and females were 31.23% and 29.37% in NFHS-
SAGE and 32.12% and 28.21% in LASI respectively in
45-49 years age group. This changed to 30.51% and
37.61% (NFHS -SAGE) and 36.87% and 38.65% (LASI) in
the 50-54 years age group — the age band when hyper-
tension in females surpassed males (Table 2; Fig. 2).

In NFHS-SAGE, the age gradient of hypertension,
expressed by OR, was 1.04 (95% confidence interval:
1.04,1.04) in the gender-pooled dataset, 1.02 (1.02,1.02)
in males and was 1.05 (1.05, 1.06) in females. The male:
female ratio of the gradients was 0.96 (0.96, 0.97), which
changed marginally to 0.97 (0.97, 0.97) after adjustment
with BMI, signifying that the male female difference
was hardly explained by differential distribution of BMI
across gender. In LASI, the age gradient was 1.03 (1.02,
1.03) in the pooled dataset, 1.01 (1.01,1.02) in males and
1.04 (1.03,1.04) in females, the male: female ratio of the
gradients being 0.97 (0.97,0.98). Again, the male: female
ratio hardly changed after adjustment with BMI (Table 3).

Two sensitivity analyse were carried out, first one on a
subset of LASI data with only six Indian states as in the
SAGE dataset, and second one using an extended defini-
tion of hypertension. In both the occasions, reversal of
the gender pattern occurred between 50 and 54 years,
similar to our main result (Additional files 2 and 3),

NFHS-SAGE LASI
Male Female Total Male Female Total
(n=37,567) (n=224,183) (n=261,570) (n=27,596) (n=32,017) (n=59,613)
Age (years)
35-39 12,930 (13.5) 82,833 (86.5) 95,763 Not Apllicable Not Applicable Not Applicable
40-44 11,100 (13.5) 70,564 (86.4) 81,664 Not Applicable Not applicable Not Applicable
45-49 10,393 (13.3) 67,201 (86.6) 77,594 5326 (44.3) 6,694 (55.6) 12,020
50-54 511(37.0) 870 (63.0) 1,381 4,527 (45.4) 5436 (54.5) 9,963
55-59 577 (43.0) 764 (56.9) 1,341 4,039 (44.1) 5,107 (55.8) 9,146
60-64 749 (49.7) 757 (50.2) 1,506 4,238 (45.5) 5,057 (54.4) 9,295
65-69 481 (50.1) 478 (49.8) 959 3,963 (49.0) 4,121 (50.9) 8,084
>70 826 (53.5) 716 (46.4) 1,542 5,503 (49.5) 5,602 (50.4) 11,105
Hypertension
Yes 10,991 (29.3) 53,994 (24.1) 64,985 12,323 (44.7) 14,854 (46.4) 27177
Body Mass Index
>25Kg/ m2 9673 (24.3) 70,771 (29.2) 80,444 5778 (21.3) 10,202 (31.9) 17,237
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Table 2 Predicted prevalence (presented as proportion of hypertensives and 95% confidence interval) of hypertension across

different age groups, stratified by gender in NFHS-SAGE and LASI datasets

NFHS-SAGE LASI

Age group Male Female Male Female

35-39 23.37 (22.25-24.50) 1761 (17.24-17.99) Not Applicable Not Applicable
40-44 29.17 (27.86-30.48) 2366 (23.20-24.12) Not Applicable Not Applicable
45-49 31.23(29.95-32.52) 29.37 (28.86-29.87) 32.12(30.14-34.11) 28.21 (25.74-30.68)
50-54 30.51(25.31-35.72) 37.61(33.24-41.98) 36.87 (32.41-41.34) 38.65 (34.95-42.35)
55-59 34.21 (28.74-39.69) 42.29 (37.68-46.90) 3844 (34.44-42 43) 88 (39.36-44.39)
60-64 37.21(32.81-41.62) 43.50 (39.05-47.94) 4440 (41.81-46.98) 48.06 (45.94-50.17)
65-69 38.81(33.34-44.28) 50.71 (44.13-57.29) 48.36 (45.90-50.82) 53.88 (50.05-57.71)
>70 46.59 (42.12-51.06) 43 (46.63-56.23) 46.96 (44.54-49.38) 4 (57.39-62.88)
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Table 3 Gender differentials in age gradient of hypertension in NFHS-SAGE and LASI datasets

NFHS-SAGE
0Odds Ratio (95% Cl), p value

LASI

0Odds Ratio (95% Cl), p value

Age gradient of hypertension

Pooled 1.04(1.04-1.04),<0.001
Male 1.02(1.02-1.02),<0.001
Female 1.05(1.05-1.06),<0.001

Ratio of male:female age gradients of hypertension
Unadjusted
Adjusted with BMI

0.96(0.96-0.97),<0.001
0.97(0.97-0.97),<0.001

1.01(1.01-

1.03(1.02-1.03), <0.001
1.02),<0.001
1.04( 1.03-1.04),<0.001

0.97(0.97-0.98),<0.001
0.97(0.96-0.97),<0.001
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Discussion

We found hypertension to be more prevalent in Indian
males in the age group of 35-50 years, but after 50 years
of age hypertension became more prevalent in Indian
females. In both the datasets that we analyzed, the
reversal of the gender pattern occurred between 50 and
54 years. Despite females being more likely to be over-
weight/ obese than males at all stages of their lives, the
gender difference in excess weight hardly explained the
gender pattern of hypertension and its changes over age.

Most of the previous studies from India only looked
at the overall (age-pooled) gender difference in preva-
lence of hypertension [27, 45, 46] and that too mostly in
younger populations [27, 29], but none looked at the dif-
ferences across all adult age groups. Therefore, almost all
Indian studies reported Indian males to be more prone to
hypertension than females [7, 27]. Only one study com-
prising a large yet volunteer sample, recorded blood pres-
sure of the participants in a mass campaign mode. This
was the only previous Indian study to our knowledge
to explore the gender difference in hypertension across
entire adult life. Even their results showed more males
having hypertension in every age group, except in those
aged > 65 years, [7]which had equal proportion of males
and females suffering from the condition. Therefore, to
our knowledge, ours is the first study from India to report
conclusively that after 50 years of age, the prevalence of
hypertension among females surpasses that of males and
the female-male gap continues to increase beyond that
age.

We found gender difference in hypertension and its
changing pattern with age in India to be similar to the
patterns seen in high-income western nations, despite
their significant socio-cultural differences [19, 24, 28, 47].
This underscores that it may not be the socio-cultural fac-
tors but biology of ageing, such as depletion of female sex
hormones after menopause [22, 48—50], which may be
the primary driver of excess hypertension among females
in later life. Other studies and reports from the same
datasets we analyzed [39, 40] have shown that Indian
females had greater rate of diagnosis of their hyperten-
sion, more access to treatment and better control than
their age-matched male counterparts. Therefore, it will
not be incorrect to conclude that the higher prevalence of
hypertension that we observed in Indian females in later
life is unlikely to be due to differential access to diagnosis
and treatment services.

The most important contribution of our study is to
the deconstruction of the popular misconception that
females, especially in India, are less predisposed to car-
diovascular diseases and hypertension. This myth exists
worldwide [13], but it may exist in an even exaggerated
form in India, because of the prevailing idea of Indian
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socio-cultural “exceptionalism’, which considers the life-
style of Indian women to be traditional, hence, differ-
ent from their western counterparts; therefore, Indian
women may be even likely to be affected by chronic life-
style-related diseases like hypertension [12, 46, 51-53].
Even popular media such as movies and TV shows, as
well as market (advertisement for healthcare services
and products) often portray only males [12] as victims
of cardiovascular outcomes. In this backdrop, our study
provides strong evidence to demystify the myth. There-
fore, our results also have significant policy implications
in terms of deciding the contents of CVD-related health
messages and guiding relevant health promotion initia-
tives in this field, which should provide adequate if not
greater priority to Indian women. Although evidence
shows women hypertensives are diagnosed and treated in
greater numbers than men, but approximately more than
half of the hypertensives in India remain undiagnosed
regardless of their gender [39, 54]. So the women who are
diagnosed are more likely to be from the privileged sec-
tion as underdiagnosis is rampant among poor, rural and
less educated [55].Currently, Ayushman Bharat is being
rolled-out as the flagship health assurance programme
of government of India for providing free healthcare
services to the poorest 40% Indians, The programme,
through newly developed Health and Wellness Centers
is gearing up to provide free primary care to large sec-
tion of Indians, with a special focus on non-communica-
ble diseases and their risk factors [39, 54, 56]. It plans to
cover a large section which otherwise remains currently
underserved. The prevailing popular misconception may
misdirect the rapid expansion of its service coverage
and females are at a risk of being left behind. Therefore,
gender sensitivity has to be strongly incorporated in the
programme, so that Indian females in their later life are
appropriately diagnosed and treated.

Our study has few limitations also. Cross-sectional
data was used which may bias the age gradient of hyper-
tension by introducing “birth cohort” effect [57]. How-
ever, longitudinal studies from the western nations also
reported similar gender patterns [50, 58], which validates
our findings. The second likely limitation is that the com-
bined dataset of NFHS-SAGE has disproportionately
large numbers of younger participants and females. But
that hardly compromises our conclusions, except lead-
ing to widening of confidence intervals of the prevalence
estimates in the older age group in the NFHS-SAGE
sample due to smaller sample size of SAGE wave 2 as
compared to NFHS-4. One can also notice consistently
higher hypertension rates in the LASI sample than con-
temporary SAGE wave 2 sample (these two studies were
conducted only two years apart). This is because in SAGE
wave 2, prevalence was estimated from only six Indian
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states that did not include many prosperous hyperten-
sion-burdened Indian states such as Kerala, Punjab, Har-
yana, Delhi and others, whereas LASI covered all the 29
Indian states (except Sikkim).Consequently, hypertension
estimates from LASI were on the higher side. However,
as we only aimed to estimate the male-female difference
in hypertension in different stages of life and not national
prevalence of hypertension, the differences between
SAGE and LASI samples did not affect our conclusions,
which the results of the sensitivity analysis conducted on
a truncated LASI sample also corroborated.

The strength of our study lies in the use of three large
national datasets and replication of the results of the
first analysis in a second dataset, thereby substantially
strengthening the conclusions.

Conclusions

To conclude our study showed that Indian females are
more likely to be hypertensive than age-matched males
after the 50th year of their lives. Therefore, CVD and
hypertension-related health promotion messages and
primary health care policies aimed at these patholo-
gies should prioritize women in later life. Also, there is
a knowledge gap regarding the healthcare access factors
that may underlie higher female preponderance in later
life, which needs comprehensive exploration in future.
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