PLOS MEDICINE

Check for
updates

G OPEN ACCESS

Citation: Lee J, Wilkens J, Meijer E, Sekher TV,
Bloom DE, Hu P (2022) Hypertension awareness,
treatment, and control and their association with
healthcare access in the middle-aged and older
Indian population: A nationwide cohort study. PLoS
Med 19(1): €1003855. https://doi.org/10.1371/
journal.pmed.1003855

Academic Editor: Sanjay Basu, Harvard Medical
School, UNITED STATES

Received: June 21, 2021
Accepted: October 26, 2021
Published: January 4, 2022

Copyright: © 2022 Lee et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in
any medium, provided the original author and
source are credited.

Data Availability Statement: Data are held in a
public repository (g2aging.org): https://doi.org/10.
25549/h-lasi.

Funding: Data collection was funded by the
National Institute on Aging, National Institutes of
Health (NIA/NIH), U.S.A. (RO1AG042778, DB, JL,
TS, PH, EM, https://www.nia.nih.gov); the Ministry
of Health and Family Welfare, Government of India
(T22011/02/2015-NCD, TS, DB, JL https://www.
mohfw.gov.in/); and the United Nations Population

RESEARCH ARTICLE

Hypertension awareness, treatment, and
control and their association with healthcare
access in the middle-aged and older Indian
population: A nationwide cohort study

Jinkook Lee2*, Jenny Wilkens', Erik Meijer®', T. V. Sekher®, David E. Bloom®*,
Peifeng Hu®

1 Center for Economic and Social Research, University of Southern California, Los Angeles, California,
United States of America, 2 Department of Economics, University of Southern California, Los Angeles,
California, United States of America, 3 International Institute for Population Sciences, Mumbai, India,

4 Harvard T.H. Chan School of Public Health, Boston, Massachusetts, United States of America, 5 Division
of Geriatric Medicine, David Geffen School of Medicine, University of California, Los Angeles, Los Angeles,
California, United States of America

* jinkookl@usc.edu

Abstract

Background

Hypertension is the most important cardiovascular risk factor in India, and representative
studies of middle-aged and older Indian adults have been lacking. Our objectives were to
estimate the proportions of hypertensive adults who had been diagnosed, took antihyperten-
sive medication, and achieved control in the middle-aged and older Indian population and to
investigate the association between access to healthcare and hypertension management.

Methods and findings

We designed a nationally representative cohort study of the middle-aged and older Indian
population, the Longitudinal Aging Study in India (LASI), and analyzed data from the 2017—
2019 baseline wave (N =72,262) and the 2010 pilot wave (N = 1,683). Hypertension was
defined as self-reported physician diagnosis or elevated blood pressure (BP) on measure-
ment, defined as systolic BP > 140 mm Hg or diastolic BP > 90 mm Hg. Among hyperten-
sive individuals, awareness, treatment, and control were defined based on self-reports of
having been diagnosed, taking antihypertensive medication, and not having elevated BP,
respectively. The estimated prevalence of hypertension for the Indian population aged 45
years and older was 45.9% (95% Cl 45.4%—46.5%). Among hypertensive individuals,
55.7% (95% CI 54.9%—-56.5%) had been diagnosed, 38.9% (95% CI 38.1%—39.6%) took
antihypertensive medication, and 31.7% (95% CIl 31.0%—32.4%) achieved BP control. In
multivariable logistic regression models, access to public healthcare was a key predictor of
hypertension treatment (odds ratio [OR] = 1.35, 95% CI 1.14-1.60, p=0.001), especially in
the most economically disadvantaged group (OR of the interaction for middle economic sta-
tus =0.76, 95% CI1 0.61-0.94, p=0.013; OR of the interaction for high economic status =
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0.84, 95% CI 0.68—1.05, p =0.124). Having health insurance was not associated with
improved hypertension awareness among those with low economic status (OR = 0.96, 95%
Cl10.86-1.07, p=0.437) and those with middle economic status (OR of the interaction =
1.15, 95% CI 1.00-1.33, p=0.051), but it was among those with high economic status (OR
of the interaction = 1.28, 95% CI 1.10-1.48, p=0.001). Comparing hypertension aware-
ness, treatment, and control rates in the 4 pilot states, we found statistically significant (p <
0.001) improvement in hypertension management from 2010 to 2017-2019. The limitations
of this study include the pilot sample being relatively small and that it recruited from only 4
states.

Conclusions

Although considerable variations in hypertension diagnosis, treatment, and control exist
across different sociodemographic groups and geographic areas, reducing uncontrolled
hypertension remains a public health priority in India. Access to healthcare is closely tied to
both hypertension diagnosis and treatment.

Author summary

Why was this study done?

o Hypertension is one of the most important drivers of the rising mortality and disability
associated with cardiovascular diseases in India.

o Current knowledge about hypertension management among middle-aged and older
adults in India is limited.

« Striking disparities in access to healthcare exist in India, and access to healthcare might
be tied to hypertension awareness and treatment.

What did the researchers do and find?

o We developed a nationally representative cohort study, the Longitudinal Aging Study in
India (N = 72,262), and investigated hypertension prevalence, awareness, treatment,
and control based on both self-report of diagnosis and blood pressure measurement.

» Among hypertensive adults aged 45 years and older, 55.7% had been told by a physician
that they had hypertension, 38.9% took antihypertensive medication, and 31.7% kept
their blood pressure controlled, and large variations in hypertension care were found
across states and sociodemographic groups.

Access to healthcare was a key predictor of hypertension awareness and treatment, and
access to a public health center was especially critical for individuals in the most eco-
nomically disadvantaged group to get access to treatment.
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What do these findings mean?

« Striking disparities in hypertension awareness, treatment, and control exist in India,
and access to healthcare is tied to these disparities.

» Hypertension management has improved much in India from 2010 to 2017-2019, and
health insurance expansion and growth in public healthcare facilities are important con-
tributors to this improvement.

» Comparisons between 2010 and 2017-2019 were based on data from only 4 states, and
therefore their generalizability to other states is limited.

Introduction

Elevated blood pressure (BP), once a public health challenge largely affecting high-income
countries, is now most prevalent in low- and middle-income countries [1]. India is home to
199 million adults with elevated BP [1], and hypertension is one of the most important drivers
of the rising mortality and disability associated with cardiovascular diseases [2-4]. This grow-
ing impact of hypertension has drawn substantial research attention, generating many single-
center studies and a few multicenter studies in the past 6 decades [5]. Anchala and colleagues
[6] conducted a meta-analysis of these studies from 1950 to 2013, which was used as the scien-
tific basis for the 2019 Indian Guidelines on Hypertension-IV [5,7], although the studies
included in this meta-analysis generally represented the Indian population poorly [4].

Since the publication of the meta-analysis, a few national-level studies on hypertension
prevalence have offered important new evidence [3,8,9], but attention to hypertension man-
agement and BP control among hypertensive patients has been more limited. An exception is
Prenissl and colleagues’ recent national-level study of hypertension management [9], using the
data from the 2015-2016 National Family Health Survey (NFHS-4). As the NFHS-4 sample
represented those aged 15 to 49 years, the authors could not investigate BP control among the
population aged 50 years and older. This age exclusion was a major shortcoming, considering
that middle-aged and older adults have higher hypertension prevalence. To fill this knowledge
gap, the first objective of this study was to investigate hypertension awareness, treatment, and
control in the middle-aged and older Indian population, using newly available, nationally rep-
resentative data from the Longitudinal Aging Study in India (LASI), which represents the pop-
ulation aged 45 years and older.

We paid particular attention to access to healthcare, examining the association between
access to healthcare and hypertension management. Access to healthcare in India has been
under the spotlight, especially after the 2016 Global Burden of Disease study ranked India
145th out of 195 countries in terms of healthcare access and quality [10]. Although consider-
able advances have been made in the past decade, access to healthcare in India is worse than in
many other middle-income countries, including India’s neighboring countries [10], and strik-
ing disparities exist across geographic locations within the country [11,12]. We hypothesized
that access to healthcare is closely tied to hypertension awareness and treatment, leading to
good BP control, because antihypertensive medications are both inexpensive and generally
efficacious for BP control [13-16]. We used the hypertension cascade approach [9], which
depicts where in the care process patients are lost to care, and examined how access to health-
care, particularly having health insurance and access to public healthcare facilities, was associ-
ated with hypertension awareness, treatment, and control. Noting the disparities across
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geographic locations, we examined urban/rural and cross-state differences in hypertension
management, using the 2017-2019 LASI [17], which provides state-representative data from
35 states and union territories.

We then investigated the changes in hypertension management over time, using the 2010
LASI pilot data [18]; the pilot wave collected data on hypertension management using an iden-
tical protocol, from the 4 states of Karnataka, Kerala, Punjab, and Rajasthan. Pooling data
from these 4 states, we examined changes in hypertension management over time in subpopu-
lations, considering disparities between urban and rural populations and across socioeco-
nomic groups [11,12].

Methods
Study design and data

We designed LASI as a nationally representative longitudinal study to provide detailed, com-
prehensive longitudinal data on the key health, economic, and social characteristics of India’s
older adults. Using the 2011 census as the sampling frame, LASI represents the nation as a
whole, as well as each state and union territory, with interviews of adults aged 45 years and
older and their spouses of all ages. The prospective protocol of the project can be found in S1
Appendix. For the current analysis, we used the 2017-2019 baseline wave (N = 72,262) and the
2010 pilot wave (N = 1,683). Although much smaller in sample size, the 2010 pilot sample was
recruited from 4 states, Karnataka, Kerala, Punjab, and Rajasthan, to represent the diversity
of the country. Sampling weights were constructed and used in all descriptive analyses. The
details of the study design have been described elsewhere [17,18]. The response rates for the
2017-2019 and 2010 waves were 87.3% and 90.9%, respectively.

For this analysis, we excluded participants younger than age 45 years (N = 6,687 in 2017-
2019; N =225 in 2010), those who did not have at least 1 valid systolic BP (SBP) and diastolic
BP (DBP) measurement (N = 5,962 in 2017-2019; N = 169 in 2010), and those missing infor-
mation on education, household consumption, or health insurance (N = 129 for 2017-2019;
N =3 for 2010). For 2017-2019, we also excluded those with missing information on availabil-
ity of healthcare facilities in the community (N = 51). After these exclusions, the sample sizes
were 59,433 for the 2017-2019 baseline wave and 1,286 for the 2010 pilot wave.

Data were collected via in-home interviews. Relevant to the current analysis, interviewers
asked each study participant about age, sex, education, and health insurance. In the analyses,
we divided age groups into 45-49 years, 50-54 years, 55-59 years, 60-64 years, 65-69 years,
70-74 years, and 75 years and older. We also conducted the analyses using 10-year age groups
and found qualitatively consistent results, suggesting the same direction of age gradients and
statistical significance. Education was categorized as no education, completed primary school,
and secondary school or more. The binary variable indicating health insurance coverage was
based on the question “Are you covered by health insurance?”

The community survey identified access to public and private healthcare facilities. This sur-
vey was administered to village/neighborhood leaders and government officials, who listed all
available public and private healthcare facilities in a rural village or in an urban ward where
the respondents resided. Public healthcare facilities, run mainly by state governments, provide
free or very low cost medical services, which would be particularly beneficial for the poorest
subpopulation. An extensive private healthcare sector also covers the entire spectrum from
outpatient visits to general and specialized hospitals.

Finally, the economic status of households was measured through per capita consumption,
which is considered a better measure than income or wealth in developing countries [19].
Interviewers asked the individual most knowledgeable about household finances a detailed set
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of household consumption questions. Missing values for consumption were imputed (see Lee
and colleagues [20] for details). Per capita total household consumption was constructed by
summing the itemized responses and dividing them by household size. We then categorized
these values into tertiles.

BP measurement and definition of hypertension

The 2017-2019 baseline and the 2010 pilot waves used an identical protocol to measure SBP
and DBP levels [17,21]. Trained interviewers measured BP levels 3 times using an Omron
automatic BP monitor. We used the mean of the second and third readings. If fewer than 3
readings were available, we used the mean of 2 readings or a single reading if only 1 reading
was available. Hypertension was defined as an SBP level of 140 mm Hg or higher, a DBP level
of 90 mm Hg or higher, or self-report of hypertension based on the question “Has any health
professional ever told you that you have high blood pressure or hypertension?” The aforemen-
tioned BP thresholds were chosen based on the Indian guidelines on hypertension [5,7].

We defined awareness of hypertension as the self-report of diagnosed hypertension among
all those classified as hypertensive. Participants who reported diagnosed hypertension were
asked a follow-up question: “To control your blood pressure or hypertension, are you cur-
rently taking any medication?” Those who answered “yes” were categorized as taking antihy-
pertensive medication (treatment). By definition, those who reported taking BP medications
were all persons with hypertension. Participants who reported diagnosed hypertension were
also asked about dietary restrictions: “In order to control your blood pressure, are you under
salt or other diet restrictions?” Among those diagnosed, BP control was defined as an SBP level
below 140 mm Hg and a DBP level below 90 mm Hg. We constructed the hypertension cas-
cade [9] only for those with hypertension (as per the aforementioned definition), wherein the
denominator was the same for each step.

Analysis

The survey provides sampling weights that match demographic distributions within each state.
We used these weights for all descriptive analyses using the 2017-2019 data. For comparisons
between the 2010 and 2017-2019 data, we restricted the latter to the same 4 states as the for-
mer, and in both cases rescaled the weights such that within each state they add up to the state’s
population aged 45 years and over for the closest year available from India’s Registrar General
and Census Commissioner and Ministry of Health and Family Welfare (2011 census for the
2010 data [22] and 2016 projections for the 2017-2019 data [23]). India is aging rapidly, and
the changes in population age structure might contribute to changes in our analytic variables,
in particular BP control. Therefore, we also calculated age-standardized estimates following
the World Health Organization standard population, used in conjunction with the survey
weights [24].

We first estimated hypertension prevalence among adults aged 45 years and older, using
data from the 2017-2019 baseline wave, and then among hypertensive individuals, we esti-
mated hypertension awareness, treatment, and control rates. As large health disparities were
previously reported across socioeconomic groups and geographic locations [11,12], we also
examined the hypertension cascade by subpopulations.

We then investigated the association between access to healthcare and hypertension aware-
ness, treatment, and control among hypertensive adults. We used unweighted multivariable
logistic regression with the following covariates: age, sex, education, per capita consumption,
urban/rural residence, having health insurance, and access to public and private healthcare
facilities. (The regressors include the demographics that were used in constructing the weights,
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and therefore the main effect of weighting would be to increase variability. Thus, it is often pre-
ferred to not weight regression models [19,25].) As healthcare facilities vary considerably
across states [10], we also controlled for state in our logistic regression models.

We estimated 3 separate logistic regression models for awareness, treatment, and control of
hypertension. Because only those with diagnosed hypertension were asked about antihyperten-
sive medications, we first investigated how the aforementioned factors were associated with
hypertension awareness, and subsequently investigated factors associated with taking medica-
tion among those who were aware of their diagnosis. Among treated individuals, we investi-
gated factors associated with BP control. As we hypothesized that access to public healthcare
facilities would be particularly important for those with low economic status, we introduced
an interaction term between access to healthcare and economic status (i.e., per capita con-
sumption tertile). We also included an interaction between health insurance and economic
status to investigate potential moderating effects. To interpret the results from the logistic
regressions, we present several statistics. For some relations, we graph the predictive margins,
also known as average-adjusted predictions (AAPs) [26], which are the average predicted out-
comes with all covariates as observed except the one of interest, which is set to a specific value.
Our main tables present the average marginal effects (AMEs), which are the differences
between the AAPs of the categories of interest and the reference category, for example, the dif-
ference in average predicted awareness between men and women, controlling for the other
covariates. The corresponding odds ratios (ORs) are presented in S5 Table. Because the AMEs
average interaction terms out, we discuss the ORs and show AAPs for subgroups when dis-
cussing interaction effects. All analyses were conducted using Stata statistical software version
14 [27].

Finally, we studied hypertension prevalence using data from the 2017-2019 baseline wave
and the 2010 pilot wave, including an investigation of mean levels of SBP and DBP. We pooled
the data from the 4 pilot states, Karnataka, Kerala, Punjab, and Rajasthan, for this comparison.
Among hypertensive individuals, we compared hypertension awareness, treatment, and con-
trol in the 2 time periods of 2010 and 2017-2019, and report ¢-statistics. We compared the
hypertension cascades of the 2 time periods for urban and rural locations separately and by
subpopulations.

This study is reported as per the REporting of studies Conducted using Observational Rou-
tinely-collected Data (RECORD) guideline (S1 RECORD Checklist).

Ethics statement

LASI obtained approval from the University of Southern California Institutional Review
Board (IRB) (UP-CG-14_00005), the Harvard University IRB (CR-16715-10), and the Interna-
tional Institute for Population Sciences IRB (Sr. No. 12/1054), and Health Ministry’s Screening
Committee clearance from the Indian Council of Medical Research (F.No.T.21012/07/
2012-NCD). Each LASI participant provided written consent for participation.

Patient and public involvement

No patients were involved in setting the research question or the outcome measures, nor were
they involved in developing plans for study design or implementation. No patients were asked
to advise on the interpretation or writing up of results.

Results

Table 1 presents the sample characteristics. The sample includes 59,433 adults aged 45 years
and older in 2017-2019. The characteristics of the excluded sample can be found in S1 Table.
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The excluded sample includes a greater proportion of those aged 75 years and older, males,
urban residents, and those with high socioeconomic status than the analysis sample (p < 0.01).
We investigated the potential for selectivity bias in our estimates due to nonresponse by con-
structing a new set of weights for our baseline wave analysis sample: The results were very sim-
ilar, usually within 1 percentage point, suggesting no evidence of selectivity bias (S2 Table).
We also investigated the potential bias associated with imputation of missing values for per
capita consumption by comparing distributions for the sample including the imputed cases
with distributions for the sample that excludes them (S3 Table). We found no meaningful dif-
ferences, and therefore conclude that there is no indication of selection bias. The estimated
prevalence of hypertension weighted to the Indian population was 45.9% (95% CI 45.4%-
46.5%) in 2017-2019. Table 1 also shows hypertension prevalence estimates by sociodemo-
graphic characteristics.

We report hypertension awareness, treatment, and control among hypertensive individuals
in Table 2. For the hypertensive participants included in this analysis, the mean age was 61.9

Table 1. Sample characteristics and hypertension prevalence rates.

Characteristic Sample N (%) Hypertension prevalence rate
N (%) 95% CI

All 59,433 (100%) 29,288 (45.9) 45.4,46.5
Age (years)

45-49 11,985 (20.2) 4,399 (34.6) 33.4,35.8

50-54 9,934 (19.2) 4,333 (40.7) 39.5,41.9

55-59 9,118 (17.7) 4,377 (44.8) 43.6,46.1

60-64 9,269 (14.1) 4,896 (49.9) 48.7,51.2

65-69 8,056 (12.7) 4,586 (54.2) 52.8,55.5

70-74 5,192 (7.5) 3,107 (56.5) 54.8, 58.1

75+ 5,879 (8.5) 3,590 (58.6) 57.1,60.2
Sex

Male 27,518 (53.2) 13,050 (42.6) 41.8,43.3

Female 31,915 (46.8) 16,238 (49.8) 49.1, 50.5
Urbanicity

Rural 38,868 (68.6) 17,593 (41.8) 41.2,42.4

Urban 20,565 (31.4) 11,695 (54.9) 54.0, 55.8
Education

None 27,980 (52.4) 13,071 (43.6) 429,443

Primary school 14,830 (21.8) 7,498 (47.5) 46.5,48.6

Secondary school 16,623 (25.8) 8,719 (49.4) 48.4, 50.4
Per capita consumption

First tertile 20,166 (36.9) 8,889 (40.7) 39.8,41.5

Second tertile 19,792 (33.3) 9,862 (46.6) 45.8,47.5

Third tertile 19,475 (29.8) 10,537 (51.7) 50.8,52.6
Has health insurance

No 45,680 (78.5) 22,738 (45.8) 45.2,46.4

Yes 13,753 (21.5) 6,550 (46.4) 45.4,47.5
Access to public health center

No 45,679 (78.3) 21,997 (44.8) 442,453

Yes 13,754 (21.7) 7,291 (50.2) 49.2,51.3

Ns are unweighted; percentages use national weights.

https://doi.org/10.1371/journal.pmed.1003855.t001

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003855 January 4, 2022 7120


https://doi.org/10.1371/journal.pmed.1003855.t001
https://doi.org/10.1371/journal.pmed.1003855

PLOS MEDICINE Hypertension management and healthcare access: Findings from the Longitudinal Aging Study in India

Table 2. Cascade of hypertension care.

Characteristic Awareness Treatment Control
N (%) or X* 95% CI or p-value N (%) or 22 95% CI or p-value N (%) or X2 95% CI or p-value
All 17,034 (55.7) 54.9, 56.5 12,307 (38.9) 38.1, 39.6 9,255 (31.7) 31.0,324
Age (years)
45-49 2,265 (48.0) 45.9, 50.1 1,351 (28.4) 26.6, 30.2 1,347 (29.0) 27.2,30.9
50-54 2,380 (54.4) 52.5,56.2 1,539 (34.3) 32.5,36.1 1,359 (32.7) 30.9, 34.5
55-59 2,516 (56.0) 54.1,57.8 1,790 (39.1) 37.3,40.9 1,402 (31.8) 30.1, 33.6
60-64 2,850 (57.8) 56.1, 59.5 2,155 (43.3) 41.6,45.0 1,558 (32.8) 31.2,34.5
65-69 2,878 (61.1) 59.3,62.9 2,206 (46.6) 44.8,48.3 1,514 (32.7) 31.1,344
70-74 1,936 (60.7) 58.6, 62.9 1,534 (48.1) 45.9,50.3 1,015 (33.6) 31.6, 35.7
75+ 2,209 (61.2) 59.2,63.2 1,732 (47.7) 45.7,49.8 1,060 (31.1) 29.2,33.0
2 p-value 178.5 <0.001 512.1 <0.001 15.6 0.016
Sex
Male 6,725 (49.7) 48.6, 50.8 4,788 (34.3) 33.3,354 3,511 (27.2) 26.2,28.2
Female 10,309 (62.6) 61.7,63.6 7,519 (43.8) 42.8,44.7 5,744 (37.3) 36.3,38.3
>?, p-value 424.9 <0.001 274.6 <0.001 240.1 <0.001
Urbanicity
Rural 9,452 (52.1) 51.1,53.1 6,204 (32.8) 31.9, 33.7 5,169 (30.5) 29.6,31.4
Urban 7,582 (61.8) 60.6, 63.0 6,103 (49.0) 47.8,50.2 4,086 (33.7) 32.6,34.9
¥2, p-value 356.0 <0.001 825.6 <0.001 100.4 <0.001
Education
None 7,228 (53.7) 52.5,54.9 4,897 (34.5) 33.4,35.6 3,983 (31.8) 30.7, 32.9
Primary school 4,461 (56.3) 54.8,57.8 3,297 (41.2) 39.7,42.6 2,400 (31.9) 30.5, 33.3
Secondary school 5,345 (60.4) 59.1,61.7 4,113 (46.4) 45.1,47.7 2,872 (32.6) 31.3,33.9
2 p-value 84.9 <0.001 218.1 <0.001 15.5 <0.001
Per capita consumption
First tertile 4,372 (48.6) 47.1,50.0 2,769 (29.2) 28.0, 30.5 2,349 (28.3) 27.0,29.6
Second tertile 5,816 (56.3) 55.0,57.7 4,222 (39.8) 38.5,41.0 3,080 (30.6) 29.4,31.8
Third tertile 6,846 (62.0) 60.7, 63.2 5,316 (47.3) 46.0, 48.5 3,826 (36.0) 34.8,37.2
>?, p-value 497.8 <0.001 741.0 <0.001 218.9 <0.001

Ns are unweighted; percentages use age-standardized, national weights.

https:/doi.org/10.1371/journal.pmed.1003855.t002

years in 2017-2019 (N = 29,288). Table 2 depicts the age-standardized proportion of hyperten-
sive adults who reached each step of the care cascade. In 2017-2019, 55.7% (95% CI 54.9%-
56.5%) had been diagnosed (“awareness”), 38.9% (95% CI 38.1%-39.6%) reported currently
taking antihypertensive medication (“treatment”), and 31.7% (95% CI 31.0%-32.4%) had a
normal BP (“control”). We observe sharp age gradients in hypertension awareness (X* = 178.5,
p < 0.001) and treatment (Z?=512.1, p < 0.001), but much reduced gradients in BP control
(£*=15.6, p = 0.016). A greater proportion of females and urban residents reached each step
of the care cascade compared with males and rural residents, all at the significance level

p < 0.001. Hypertension awareness and treatment rates were about 7 to 8 percentage points
higher among adults with secondary school or more education compared with those with no
education (awareness: 53.7% [95% CI 52.5%-54.9%] for those with no education and 60.4%
[95% CI 59.1%-61.7%] for those with secondary school or more; treatment: 34.5% [95% CI
33.4%-35.6%] for those with no education and 46.4% [95% CI 45.1%-47.7%] for those with
secondary school or more). Hypertension awareness, treatment, and control rates varied
across per capita consumption tertiles, ranging from 48.6% (95% CI 47.1%-50.0%) to 62.0%
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Fig 1. Hypertension awareness rates by state. N = 29,288 participants; figure uses age-standardized state weights.
Colors of state names only differ to improve the readability of the map. Parliamentary constituencies map provided by
Data{Meet} Community Created Maps of India (http://projects.datameet.org/maps/), made available under Creative
Commons Attribution 2.5 India (http://creativecommons.org/licenses/by/2.5/in/).

https://doi.org/10.1371/journal.pmed.1003855.9001

(95% CI 60.7%-63.2%) for awareness, 29.2% (95% CI 28.0%-30.5%) to 47.3% (95% CI 46.0%—
48.5%) for treatment, and 28.3% (95% CI 27.0%-29.6%) to 36.0% (95% CI 34.8%-37.2%) for
control.

Figs 1-3 depict the variation among states in the proportion of middle-aged and older
adults with hypertension who reached each step of the care cascade. Awareness of diagnosis
(Fig 1) ranged from 24.8% (95% CI 21.1%-28.8%) in Nagaland and 33.3% (95% CI 30.1%-
36.6%) in Chhattisgarh to 69.6% (95% CI 65.2%-73.8%) in Goa and 75.2% (95% CI 71.1%-
78.9%) in Jammu and Kashmir. Treatment rates (Fig 2) ranged from 11.9% (95% CI 9.5%-
14.9%) in Nagaland and 12.0% (95% CI 9.1%-15.7%) in Arunachal Pradesh to 65.4% (95% CI
61.0%-69.6%) in Goa, and control rates (Fig 3) varied from 6.4% (95% CI 4.6%-8.8%) in
Nagaland to 45.4% (95% CI 41.0%-49.8%) in Goa. S4 Table presents the age-standardized
hypertension awareness, treatment, and control rates in each state/union territory.

Using data from the 2017-2019 wave, we investigated the association between access to
healthcare and hypertension management among hypertensive adults in multivariable logistic
regression models. We estimated 3 logistic regression models, first estimating awareness
among all hypertensive adults (N = 29,288). Then, among those diagnosed with hypertension,
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Fig 2. Hypertension treatment rates by state. N = 29,288 participants; figure uses age-standardized state weights.
Colors of state names only differ to improve the readability of the map. Parliamentary constituencies map provided by
Data{Meet} Community Created Maps of India (http://projects.datameet.org/maps/), made available under Creative
Commons Attribution 2.5 India (http://creativecommons.org/licenses/by/2.5/in/).

https://doi.org/10.1371/journal.pmed.1003855.9002

we examined the association between access to healthcare and treatment (N = 17,034). Finally,
among the hypertensive adults on antihypertensive medication, we investigated the factors
associated with BP control (N = 12,307). Table 3 presents AMEs from the 3 logistic regression
models, and ORs are presented in S5 Table. We also examined nonpharmacological treatment
(i.e., less salt or other dietary restriction to control BP) and present the findings in S6 Table.
As Table 3 shows, hypertension awareness was positively associated with older age, being
female, residing in an urban area, higher education, and more economic resources: For exam-
ple, those aged 65-69 years were about 12.9 percentage points (95% CI 10.9-14.9, p < 0.001)
more likely to be aware than those aged 45-49 years after controlling for all other covariates.
After controlling for all other covariates, being female increased the probability of being aware
by 14.3 percentage points (95% CI 13.1-15.4, p < 0.001), and living in an urban area rather
than a rural area increased the probability by 7.3 percentage points (95% CI 6.0-8.6, p <
0.001). Compared with hypertensive adults with no education, primary education increased
the probability of being aware by 6.7 percentage points (95% CI 5.3-8.1, p < 0.001), and sec-
ondary school education or more increased the probability by 7.6 percentage points (95% CI
6.1-9.1, p < 0.001). Compared with those with the lowest economic resources, those in the
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Fig 3. Hypertension control rates by state. N = 29,288 participants; figure uses age-standardized state weights. Colors
of state names only differ to improve the readability of the map. Parliamentary constituencies maps provided by Data
{Meet} Community Created Maps of India (http://projects.datameet.org/maps/), made available under Creative
Commons Attribution 2.5 India (http://creativecommons.org/licenses/by/2.5/in/).
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richest tertile were 11.0 percentage points (95% CI 9.5-12.5, p < 0.001) more likely to be
aware, and those in the middle economic group were 6.6 percentage points (95% CI 5.2-8.0, p
< 0.001) more likely to be aware. Hypertension awareness was also positively associated with
having health insurance (AME = 0.020, 95% CI 0.005-0.034, p = 0.007). However, the latter
obscures an interaction effect between having health insurance and economic status on hyper-
tension awareness, as shown in the ORs in S5 Table: Health insurance was not associated with
hypertension awareness in the poorest tertile (OR = 0.96, 95% CI 0.86-1.07, p = 0.437), but the
interaction effect of the richest tertile was highly statistically significant (OR = 1.28, 95% CI
1.10-1.48, p = 0.001). For the middle category, there was weak evidence of an interaction effect
(OR =1.15,95% CI 1.00-1.33, p = 0.051). Fig 4 illustrates these interaction effects.

Among the hypertensive individuals who were aware of their hypertension, hypertension
treatment was positively associated with older age, being female, residing in an urban area,
higher education, and more economic resources: Compared with individuals aged 45-49
years, individuals aged 65-69 years were about 16.1 percentage points (95% CI 13.7-18.5, p <
0.001) more likely to take antihypertensive medication after controlling for all other covariates,
and individuals aged 70-74 years were about 19.3 percentage points (95% CI 16.7-21.9, p <
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Table 3. Average marginal effects (AMEs) from the multivariable logistic regression analyses.

Characteristic Hypertension awareness, among Taking medication, among adults diagnosed | BP control, among hypertensive adults taking
hypertensive adults, N = 29,288 with hypertension, N = 17,034 medication, N = 12,307
AME 195% CI p-Value |AME 95% CI p-Value |AME 95% CI p-Value

Age (years)

45-49 0 (Reference) 0 (Reference) 0 (Reference)

50-54 0.040 0.019, 0.060 <0.001 | 0.044 0.018, 0.070 0.001 | -0.007 —-0.043, 0.029 0.696

55-59 0.068 0.048, 0.088 <0.001 |0.113 0.087, 0.138 <0.001 -0.006 —0.041, 0.029 0.744

60-64 0.082 0.062, 0.102 <0.001 |0.159 0.135,0.183 <0.001 -0.020 —0.054, 0.013 0.238

65-69 0.129 0.109, 0.149 <0.001 |0.161 0.137, 0.185 <0.001 -0.025 —0.058, 0.009 0.147

70-74 0.131 0.109, 0.153 <0.001 |0.193 0.167, 0.219 <0.001 -0.024 —-0.061, 0.012 0.188

75+ 0.130 0.109, 0.151 <0.001 |0.192 0.167,0.217 <0.001 | -0.071 —-0.107, —0.036 <0.001
Sex

Male 0 (Reference) 0 (Reference) 0 (Reference)

Female 0.143 0.131, 0.154 <0.001 | 0.047 0.033, 0.061 <0.001 |0.021 0.001, 0.040 0.035
Urbanicity

Rural 0 (Reference) 0 (Reference) 0 (Reference)

Urban 0.073 0.060, 0.086 <0.001 | 0.089 0.074, 0.104 <0.001 | 0.002 -0.018, 0.023 0.825
Education

None 0 (Reference) 0 (Reference) 0 (Reference)

Primary school 0.067 0.053, 0.081 <0.001 |0.038 0.021, 0.055 <0.001 |0.019 —0.004, 0.043 0.102

Secondary school 0.076 0.061, 0.091 <0.001 |0.070 0.052, 0.087 <0.001 |0.021 —0.003, 0.045 0.093
Per capita consumption

First tertile 0 (Reference) 0 (Reference) 0 (Reference)

Second tertile 0.066 0.052, 0.080 <0.001 | 0.060 0.043, 0.077 <0.001 | -0.002 —0.026, 0.022 0.889

Third tertile 0.110 0.095, 0.125 <0.001 | 0.084 0.067, 0.101 <0.001 |0.032 0.008, 0.057 0.009
Has health insurance

No 0 (Reference) 0 (Reference) 0 (Reference)

Yes 0.020 0.005, 0.034 0.007 | -0.002 -0.020, 0.015 0.801 | —0.0002 -0.023, 0.023 0.987
Access to public health center

No 0 (Reference) 0 (Reference) 0 (Reference)

Yes 0.008 —-0.006, 0.023 0.248 | 0.024 0.008, 0.040 0.003 | —0.003 —0.025, 0.019 0.778
Access to private health facility

No 0 (Reference) 0 (Reference) 0 (Reference)

Yes -0.007 -0.020, 0.006 0.291 | 0.002 -0.013,0.017 0.786 | -0.011 -0.032,0.010 0.313

Unweighted regression analyses; analyses controlled for state (AMEs not listed).

https://doi.org/10.1371/journal.pmed.1003855.t003

0.001) more likely to take medication. After controlling for all other covariates, being female
increased the probability of taking medication by 4.7 percentage points (95% CI 3.3-6.1, p <
0.001), and living in an urban area rather than a rural area increased the probability by 8.9 per-
centage points (95% CI 7.4-10.4, p < 0.001). Compared with hypertensive adults with no edu-
cation, primary education increased the probability of taking medication by 3.8 percentage
points (95% CI 2.1-5.5, p < 0.001), and secondary school education or more increased the
probability by 7.0 percentage points (95% CI 5.2-8.7, p < 0.001). Compared with those with
the lowest economic resources, those in the richest tertile were 8.4 percentage points (95% CI
6.7-10.1, p < 0.001) more likely to take medication, and those in the middle economic group
were 6.0 percentage points (95% CI 4.3-7.7, p < 0.001) more likely to take medication. As
hypothesized, we found a statistically significant effect of access to a public health center on
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hypertension treatment (AME = 0.024, 95% CI 0.008-0.040, p = 0.003). Again, there was an
interaction of this effect with economic status: Access to a public health center mattered more
for those with more limited economic resources. Fig 5 presents this interaction effect, showing
the adjusted probability of hypertension treatment by access to a public health center across
per capita consumption tertiles.

The results in Table 3 also show that, conditional on treatment, only age 75+ years, sex, and
the third tertile of per capita consumption were statistically significantly associated with BP
control at the 5% level. Specifically, BP control was negatively associated with older age (AME
of age 75+ years compared to age 45-49 years = —0.071, 95% CI —0.107 to —0.036, p < 0.001),
but positively associated with being female (AME = 0.021, 95% CI 0.001-0.040, p = 0.035) and
being in the highest tertile of per capita consumption (AME compared to lowest tertile = 0.032,

Predictive Margins of Access to PHC and PCC Tertiles with 95% Cls
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Fig 5. Interaction effects of economic status and access to a public health center on hypertension treatment. Note:
PHC (Public Health Center), PCC (Per Capita Consumption).
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Fig 6. Hypertension care cascade for the 4-state pooled sample: 2010 versus 2017-2019. Hypertensive adults aged
45+ years (N = 645 for 2010, N = 4,212 for 2017-2019); the figure uses age-standardized pooled weights, and only uses
the sample from Karnataka, Kerala, Punjab, Rajasthan.

https://doi.org/10.1371/journal.pmed.1003855.9006

95% CI 0.008-0.057, p = 0.009). Importantly, treatment effectiveness for hypertension does
not vary with health insurance or access to a public or private health facility.

Finally, we studied changes in hypertension management over time using data from the
2017-2019 baseline wave and the 2010 pilot wave. We pooled the data from the 4 pilot states,
Karnataka, Kerala, Punjab, and Rajasthan, for this comparison and report the age-adjusted
rates. The characteristics of each state’s sample and of the pooled sample can be found in S7
and S8 Tables, respectively.

Fig 6 depicts the age-standardized proportion of hypertensive adults who reached each step
of the care cascade in 2010 and 2017-2019, showing large improvements over this time period.
In 2010, 36.0% (95% CI 32.3%-39.9%) of the persons with hypertension had been diagnosed,
28.9% (95% CI 25.5%-32.6%) reported currently taking antihypertensive medication, and
16.4% (95% CI 13.7%-19.4%) had a normal BP. By 2017-2019, the awareness rate improved
more than 20 percentage points (57.8%, 95% CI 56.1%-59.6%), and the treatment rate (i.e., the
proportion taking antihypertensive medication) and the hypertension control rate improved
by about 14 percentage points (treatment: 43.1%, 95% CI 41.4%-44.8%; hypertension control:
29.8%, 95% CI 28.3%-31.5%). Specifically, the changes were 21.8 (95% CI 17.6-26.0, p <
0.001), 14.2 (95% CI 10.4-18.0, p < 0.001), and 13.4 (95% CI 10.3-16.5, p < 0.001) percentage
points for awareness, taking medication, and hypertension control, respectively. Test statistics
for changes in awareness, treatment, and control were 10.26, 7.32, and 8.50, respectively, all
significant at p < 0.001.

All subpopulations showed substantial improvements in hypertension awareness, treat-
ment, and control over this time period, but those with lower socioeconomic status showed
greater improvements. The proportion with BP control among hypertensive patients in the
poorest tertile of per capita consumption increased most, from 8.7% (95% CI 5.9%-12.8%) in
2010 to 28.5% (95% CI 25.0%-32.3%) in 2017-2019, whereas the improvement in BP control
rate was more modest in the richest tertile, from 28.1% (95% CI 22.5%-34.4%) to 31.2% (95%
CI 28.9%-33.7%). See S8 Table for the estimates of hypertension awareness, treatment, and
control for each subpopulation of the pooled sample.
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The age-standardized mean BP levels among hypertensive adults also declined between
2010 and 2017-2019 (S9 Table). The mean SBP levels decreased from 147.7 mm Hg (95% CI
146.0-149.4) to 140.2 mm Hg (95% CI 139.6-140.8), and the mean DBP level decreased from
92.1 mm Hg (95% CI 91.1-93.0) to 87.5 mm Hg (95% CI 87.1-87.8). Using hypertension
stages as defined by 2019 Indian guidelines [5,7], decreases occurred in all 3 hypertensive
stages between the 2 waves; the reduction of stage 3 hypertension (SBP > 180 mm Hg or
DBP > 110 mm Hg) was especially substantial, from 11.6% (95% CI 9.3%-14.4%) to 1.9%
(95% CI 1.5%-2.4%).

We further examined state-level changes in awareness, treatment, and control in the 4 pilot
states in 2010 and 2017-2019 and found consistent improvement except for Kerala (S10
Table), which had much higher levels of awareness, treatment, and control in 2010 than the
other states. Kerala is the most advanced state in terms of epidemiological transition and has
provided fairly reliable basic healthcare for all through public and private healthcare services
since the 1990s [2,24]. Hence, the reason Kerala does not show large improvements in hyper-
tension management is likely because it was already quite good in 2010.

Discussion

Principal findings

Data from this nationally representative sample of adults aged 45 years and older in India indi-
cate that slightly more than half (55.7%) of hypertensive individuals had been diagnosed, less
than 2 in 5 (38.9%) took medication, and less than one-third (31.7%) achieved BP control.
Therefore, the highest absolute losses to care occurred at the awareness stage (45.3 percentage
points) and treatment stage (16.8 percentage points). This highlights a particular need for
interventions that focus on awareness and treatment. Consistent with recent findings [28], we
found substantial variation in hypertension management across socioeconomic groups, sexes,
and geographic areas, calling for targeting of interventions for those currently lagging behind.

We found that access to healthcare was associated with hypertension awareness and man-
agement. Having health insurance was positively associated with hypertension awareness, but
this positive relationship did not hold for the poorest tertile of per capita consumption. Health
insurance in India typically pays for only inpatient hospitalization and treatment at hospitals
[29,30], and its impact seems to remain modest in improving hypertension diagnosis, whereas
residing in a community with a public health center increased the probability of hypertensive
adults taking antihypertension medication across the economic spectrum.

Moreover, access to a public health center was particularly important for those with low
economic status, highlighting the importance of free or very low cost medication provided by
a public health center in achieving BP control. Pooled data from 4 states (Karnataka, Kerala,
Punjab, and Rajasthan) in 2010 (1,286) and 2017-2019 (N = 7,804) suggested large improve-
ments in hypertension awareness, treatment, and control, except for Kerala, which already had
much better hypertension management in 2010. There were secular trends in urbanicity and
economic development, which might have contributed to improvements in overall hyperten-
sion care, but our subpopulation analysis further suggests that hypertension care has improved
among each subpopulation across urbanicity and socioeconomic status categories. Among
subpopulations, the biggest improvement was observed among those with low economic sta-
tus, whereas improvement was modest among those with high economic status.

Strengths and limitations of this study

To our knowledge, this is the largest nationally representative study of the middle-aged and
older Indian population (N = 72,262) to date to assess hypertension prevalence, diagnosis,
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treatment, and control. As our sample represents adults aged 45 years and older both in the
country overall and in each state and union territory, we were able to examine the hyperten-
sion care cascade at the national and state levels. The large sample size also allowed us to inves-
tigate subpopulation-level differences. Evidence showing where in the hypertension care
process individuals were lost to care and how this was associated with access to healthcare pro-
vides important insights for designing appropriate interventions to improve BP control.

Study limitations include the mostly cross-sectional nature of our data. Although the 2010
pilot sample was drawn from the 2001 census to be representative of the country, its sample
size was relatively small, and community-level data on access to public health facilities were
not collected for the 2010 pilot study. We were only able to report changes in the hypertension
care cascade comparing 4 pilot states, and therefore the observed changes may not be general-
izable to other states.

Comparison with other studies

A previous systematic review of studies from 1950 to 2013 suggested that overall estimates of
BP control among hypertensive individuals aged 18 years and older were 10.7% for rural Indi-
ans and 20.2% for urban Indians [6]. Our results showed major improvements in BP control
rates among both rural and urban Indians (30.5% and 33.7% in 2017-2019). Our current rate
of BP control, particularly among the economically well-to-do group (36.0%), is approaching
that of more developed countries. In a recent study in the United States, the estimated age-
adjusted proportion of hypertensive individuals with controlled BP was 43.7% in 2017-2018
[31].

The country as a whole, however, still lags behind more developed countries. For example,
Marshall and colleagues [32] reported that hypertension awareness among American and
English adults aged 50 years and older was 84% and 76%, respectively, more than 20 percent-
age points higher than in India. However, the rates in our data resembled those of Chinese
adults aged 45 years and older with hypertension, which were 57% for men and 59% for
women [33].

Research implications

Over the past decade, health insurance coverage in India has expanded substantially. In 2018,
the Government of India launched the world’s largest health insurance program, Pradhan
Mantri Jan Arogya Yojana (PM-JAY) (often referred to as Modicare) [34], promising free cov-
erage for half a billion of India’s poorest citizens, which should help to continue the positive
trajectory in BP control among hypertensive patients. However, we found that having health
insurance was not associated with hypertension diagnosis for the poor. As noted earlier, health
insurance in India typically pays for only inpatient hospitalization [29,30], and our finding
supports the argument Baru et al. [35] make that even small healthcare expenses exclude the
poorest individuals from utilizing healthcare. Thus, barriers to receiving care continue to exist
even with health insurance, and further promotion of, and lower barriers to, preventative
healthcare will need to be prioritized to reach these individuals.

Access to public health facilities was positively associated with taking antihypertensive med-
ication. Strengthening primary healthcare is another important pillar of PM-JAY [36]. Until
recently, almost all government health spending was on building public health facilities on the
supply side. In 2005, the largest centrally funded supply-side program, the National Rural
Health Mission, was launched, focusing on strengthening public health facilities in rural areas.
A companion initiative, the National Urban Health Mission, was launched in 2014 to support
urban areas [37]. Growth in public health facilities has been steady, with annual growth rates
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of 6.7% during 2012-2017 [38], and this expansion seems to have contributed to increased
antihypertensive medication usage, leading to improved BP control.

Conclusions

In this study, we observed that BP control has substantially improved in India during the past
decade. India now has many fewer undiagnosed hypertension cases and better BP control
among hypertensive patients, outcomes that are associated with increased healthcare availabil-
ity. Especially encouraging is that the largest improvements in BP control occurred among
those most disadvantaged in education and economic standing. The Indian government’s
launch of the world’s largest health insurance program and the current challenges of the
COVID-19 pandemic have sharply delineated India’s longstanding need for universal health
coverage. Improving healthcare access should help to continue the positive trajectory in BP
control. LASI will be able to follow its baseline wave respondents over time and evaluate how
the new insurance program may increase healthcare utilization and affect hypertension aware-
ness and management in the coming years.
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