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ABSTRACT

Introduction A substantial share of urban Indians with
diagnosed hypertension do not take regular treatment,
potentially due to poor knowledge of hypertension
consequences and treatment options. We describe
hypertension knowledge and beliefs, treatment patterns,
and reported reasons for treatment non-use among adults
with diagnosed hypertension in Chennai, India.

Methods We collected data on 833 adults ages 30+
with physician diagnosed hypertension using a door-to-
door household survey within randomly selected wards
of Chennai. We described the proportion of individuals
who were not taking daily medications and their reported
reasons for not doing so. Next, we described individuals’
knowledge of hypertension consequences and how to
control blood pressure (BP) and assessed the association
between knowledge and daily treatment use.

Results Over one quarter (28% (95% CI 25% to 31%)) of
diagnosed individuals reported not taking daily treatment.
The largest proportion (18% (95% Cl 16% to 21%)) were
individuals who had discontinued prior treatment use.
The primary reason individuals reported for non-daily

use was that their BP had returned to normal. Just 23%
(95% Cl 20% to 26%) of individuals listed BP medications
as the most effective way to reduce BP; however, these
individuals were 11% points (95% Cl 4% to 19%)

more likely to take daily medications. Conversely, 43%
(95% CI 40% to 47%) of individuals believed that BP
medications should be stopped from time to time and
these individuals were 15% points (95% Cl —0.21 to
—0.09) less likely to take daily treatment. While awareness
of the consequences of hypertension was poor, we found
no evidence that it was associated with taking daily
medications.

Conclusions There were large gaps in consistency of

BP medication use which were strongly associated with
knowledge about BP medications. Further research is
needed to identify whether addressing beliefs can improve
daily treatment use among individuals with diagnosed
hypertension.

INTRODUCTION

Hypertension is the leading modifiable risk
factor for mortality worldwide.! Controlling
blood pressure (BP) through daily, low-
cost, medications substantially reduces the

.2 Mohammed K Ali,>* Margaret McConnell®

Strengths and limitations of this study

» We provide some of the first evidence on hyperten-
sion knowledge and beliefs, especially regarding
blood pressure medications, among adults with di-
agnosed hypertension in @ major Indian city.

» We also link individuals’ hypertension knowledge to
reported treatment behaviour to determine if more
knowledgeable individuals are more likely to take
daily hypertension treatment.

» The primary limitation of our study is that it is based
on a non-probability sample of individuals from a
single city in India and may not be generalisable to
all urban Indians with hypertension.

» Our study was not designed to estimate the causal
effect of individuals’ knowledge and beliefs on blood
pressure outcomes and is best interpreted as hy-
pothesis generating.

negative consequences of hypertension and is
one of the most cost-effective ways of reducing
mortality.”™ BP control is especially pressing
in urban India, since over 30% of adults over
the age of 30 are hypertensive and this prev-
alence is expected to increase substantially as
the population ages.”” Indeed, recent obser-
vational studies have found that improving
BP control has the potential to result in large
population-wide improvements in mortality
in urban India and similar contexts.®*
Despite the widespread availability of anti-
hypertensive medications,'’ several recent
studies have found that BP treatment use
among individuals dia%nosed with hyper-
tension in India is low.” "' ' For example,
among adults in New Delhi and Chennai with
diagnosed hypertension, only an estimated
18%-37% reported taking medications.”
Similarly, a recent national study found that
just 31% of hypertensive adults living in
urban areas reported taking hypertension
treatment.'" These studies reveal substantial
treatment gaps among urban Indians with
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diagnosed hypertension yet the potential reasons behind
this pattern remain unclear.

Knowledge of the importance and most effective ways
of controlling BP is critical for initiating and adhering to
hypertension treatment.'*® Individuals may not initiate
or adhere to treatment if they are not fully aware of the
negative consequences of uncontrolled hypertension.
Alternatively, individuals may understand the importance
of BP control, but not know that taking medications daily
is the most effective way of controlling BP. Limited qual-
itative evidence from India suggests that individuals with
hypertension are not aware of the link between hyperten-
sion and stroke and heart disease, and while individuals
are generally aware of the importance of healthy lifestyle
habits, they do not necessarily understand the specific and
most effective ways of controlling BP."” ' These largely
qualitative studies have focused more on knowledge of
preventative measures than knowledge of BP medications
and did not link knowledge to medication adherence.

We investigate the potential reasons behind low hyper-
tension treatment among adults diagnosed with hyper-
tension in Chennai—India’s sixth most populous city. We
begin by estimating the share of individuals that do not
take daily treatment. We then divide our sample between
those who never initiated treatment, those who take treat-
ment but irregularly, and those who took treatment in the
past but have since discontinued it. Among these individ-
uals, we report the most commonly stated reasons for
not taking daily treatment. Next, we describe individuals’
knowledge of hypertension consequences and treatment
and assess whether individuals who are more knowledge-
able are also more likely to take daily treatment. Findings
from this work will inform the development of effective
interventions by exploring modifiable pathways that may
be responsible for poor BP management in urban India
and similar contexts.

DATA AND METHODS

Setting

Our study was conducted in Chennai, the capital city of
the southern state of Tamil Nadu. Tamil Nadu has the
sixth highest life expectancy among all Indian states
(72.1) and was ranked as having the ninth highest health
index—a composite measure made up of 23 health and
health service indicators—by the government of India.'?*’
Chennai is the most populous city within the state and
the sixth most populous city in India (2011 population
of 4.7 million individuals).*’ Chennai has a relatively old
age distribution within India: 53% is older than age 30%
and 20% older than 50. Hinduism is the most common
religion in Chennai (82%), followed by Islam (9%) and
Christianity (8%).%

Target population and sampling

We recruited individuals aged 30 and older in Chennai
who self-reported physician-diagnosed hypertension
between June and August of 2019. Surveys were collected

by a Chennai-based research organisation that locally
recruited survey teams and conducted all interviews in
Tamil, the local language. We used a geographically strat-
ified quota sampling approach to identify respondents.”
We started with randomly selecting 50 of Chennai’s 200
wards with weights proportional to share of the Chennai
population living in the ward as of the 2011 census.
Within selected wards, enumerators selected a random
starting street; if the starting street was primarily commer-
cial, enumerators moved to parallel streets until they
reached a street with residential homes. Enumerators
then used a door-to-door two-step procedure to identify
eligible individuals. Enumerators first asked a household
respondent if anyone aged 30 and above in the house-
hold had physician-diagnosed hypertension, and only if
confirmed, conducted the main interview. We attempted
to enroll an approximately equal number of men and
women and older and younger adults within each ward.
Enumerators interviewed only one respondent per house-
hold—selected by the enumerator to best balance the age
and sex distribution of respondents within the ward—if
multiple individuals reported having hypertension. If
no one in the household reported having hypertension,
enumerators moved on to the next household. Enumer-
ators repeated this procedure until they reached their
target sample of 15-20 individuals per ward. Households
were only visited once and not recontacted. Of approxi-
mately 1243 individuals approached, 833 (67%: 420 men,
413 women) agreed to participate. Survey teams collected
surveys at multiple times during the day and on weekends
to ensure that the sample contained both working and
non-working individuals.

Measurements

Survey teams administered a questionnaire collected
digitally on handheld tablets to reduce surveying errors.
Enumerators asked participants about sociodemographic
characteristics, BP treatment information, and their
knowledge of the consequences of hypertension, how to
control hypertension, and their beliefs regarding how
regularly hypertension treatment should be taken. We
had complete data on all relevant variables for all 833
respondents.

Main outcomes

Our outcome of interest was whether an individual
reported taking daily medications to control their BP. To
measure this, we first asked individuals, ‘did you ever take
medication to control your blood pressure?’ Individuals
were then asked if they were currently taking medica-
tion to control their BP, if so, how often they took them.
Based on these questions, we classified individuals as
taking daily medications if they reported that they were
currently taking medication and that they took it daily.
We additionally classified individuals who did not report
daily treatment use into three categories, those who:
never took BP medications, currently took medications
butirregularly (individuals who reported currently taking
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medications less than daily), and took medication previ-
ously but discontinued it.

Explanatory variables

Among those not taking daily medications, we asked why
they do not take treatment daily, why they stopped taking
treatment, or why they never took treatment depending
on which of the three categories of non-daily medication
use they were in. This was asked as an open-ended ques-
tion that was translated and categorised at the conclusion
of the study.

For knowledge of BP, we asked individuals ‘what are
the consequences of having long-term uncontrolled
blood pressure?’ Individuals were not shown possible
answers and were allowed to provide as many responses
as they wanted. At the conclusion of the study, we classi-
fied the responses into the following categories: stroke,
heart problems, kidney problems, eye problems, faint-
ness, headaches, tiredness, limb pains and weakness, and
other (9% of respondents provided a response classified
as other). Next, we measured individuals’ knowledge on
how to reduce BP. To do this, we presented individuals
with cards, each containing a potential way of reducing
BP drawn from the clinical literature.** Options included
taking medications, reducing weight, reducing smoking,
reducing alcohol consumption, reducing salt consump-
tion, dietary changes other than salt reduction, increasing
exercise and reducing stress and tension. Each option was
written on the card in both English and Tamil. Next, we
asked individuals which three options they believed were
most effective for controlling BP, and among these three,
which was the most effective. While there is limited clin-
ical evidence on the impact of reducing stress on BP, we
included this option since it was frequently mentioned by
individuals during our study piloting, where we conducted
qualitative interviews with a small number of respondents
and asked them to simply list all the ways they knew of
controlling hypertension. Lastly, we measured individ-
uals’ knowledge that BP medications should be taken
continuously by asking individuals if they agreed with the
statement ‘Do you think you should stop taking your BP
medications from time to time?’

Based on these questions we classified individuals
as having accurate knowledge of hypertension conse-
quences if they indicated that stroke and heart problems
are important consequences of uncontrolled hyperten-
sion and accurate knowledge of the most effective ways
of controlling hypertension if they indicated that taking
BP medications is one of the three most effective ways of
controlling BP. Lastly, we classified individuals as having
accurate knowledge of the need for continuous treatment
if they disagreed with the statement that BP medication
should be stopped from time to time.

Statistical methods

We reported the proportion of individuals in each cate-
gory of non-daily treatment. We then presented the
proportions who report each reason for non-daily use

(separately for each category of non-daily treatment)
and the proportions who report accurate knowledge of
hypertension consequences, the most effective way of
controlling hypertension and the need for continuous
treatment. Next, we investigated the association between
knowledge and daily medication use as the difference in
the proportion of individuals who reported daily BP treat-
ment use across each of the knowledge exposures (sepa-
rately for each exposure). We carried out all analyses
with R software and made all figures using the ggplot2
package.

Participant consent

All respondents were informed about the benefits and
risks of participating in the study and gave written consent
before being interviewed.

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Data sharing statement

Data are available by emailing nikkil.sudharsanan@uni-
heidelberg.de and will be made available online after
publication.

RESULTS

Descriptive characteristics

In this sample, 67% of women and 72% of men were
aged 50 years or older (table 1). The majority of respon-
dents were married, with a greater share of current
marriage among men (94% for men compared with 68%
for women) due to higher levels of widowhood among
women (31% for women compared with 3% for men).
Hinduism was the most common religion (81% of women
and 82% of men), followed by Christianity (11% of
women and 10% of men) and Islam (8% of women and
7% of men). Women were more likely to report less than
primary schooling (35% of women compared with 18%
of men). For occupation, 53% of women reported house-
work, followed by skilled work (27%). For men, skilled
work was the most common occupation (59%), followed
by not working (30%).

Hypertension treatment patterns and self-reported reasons for
non-daily treatment

Over one quarter (28% (95% CI 25% to 31%)) of diag-
nosed individuals reported not taking daily treatment
(figure 1). Among those that reported not taking daily
medications, the largest proportion were individuals who
had discontinued medication that they were taking previ-
ously (64% (95% CI 58% to 70%) of those who reported
not taking daily treatment or 18% (95% CI 16% to 21%)
of the entire sample). The remaining 36% of individuals
who reported not taking daily treatment were split equally
between those who reported never initiating treatment
and those who reported taking treatment but irregularly.
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Table 1 Descriptive characteristics of the sample by sex,
833 adults ages 30 and above with physician confirmed
hypertension, Chennai, India, 2019

Percentage of respondents
Female (n=420) Male (n=413)

Age groups
30-50 0.33 0.28
50-70 0.58 0.58
70+ 0.09 0.14
Marital status
Currently married 0.68 0.94
Widowed 0.31 0.03
Never married/divorced/ 0.01 0.02
separated
Religion
Hindu 0.81 0.82
Muslim 0.08 0.07
Christian 0.11 0.10
Other 0.00 0.01
Schooling
Less than primary school  0.35 0.18
Completed primary school 0.25 0.22
More than primary school  0.40 0.61
Occupation
Not working 0.14 0.30
Housework 0.53 0.00
Skilled work 0.27 0.59
Unskilled work 0.05 0.11

The primary reason that individuals reported for not
taking daily medications was that their BP had gone back
to normal (63% (95% CI 48% to 76%) among never
initiated, 47% (95% CI 33% to 61%) among irregular
treatment and 78% (95% CI 71% to 84%) among discon-
tinued, figure 2). While substantially lower in magnitude,
the next most common reasons were that the physician
did not prescribe medications among those who never
initiated treatment (20% (95% CI 10% to 34%)), the
nuisance of filling prescriptions among those took treat-
mentirregularly (19% (95% CI1 9% to 33%)) and a fear of
side effects or addiction among those who discontinued
treatment (12% (95% CI 8% to 18%)).

Hypertension knowledge

Less than half (45% (95% CI 41% to 48%)) of individ-
uals reported heart problems as a consequence of uncon-
trolled BP and just 34% (95% CI 31% to 37%) reported
stroke (figure 3). For knowledge of the effectiveness of
BP medications and the importance of daily medication
use, only 52% (95% CI 49% to 55%) listed BP medica-
tions as one of the three most effective ways of reducing
BP, just 23% (95% CI 20% to 26%) listed BP medications
as the most effective way to reduce BP, while 43% (95% CI
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Figure 1 Proportion of non-daily treatment use overall

and separated by type of non-use, 833 adults ages 30 and
above with physician confirmed hypertension, Chennai, India,
2019. Among those that report non-daily treatment use, the
proportion of those that never initiated medications is 18%
(95% CI 13% to 23%), the proportion that take medication
but irregularly is 18% (95% CI 14%, 24%) and the proportion
that discontinued treatment is 64% (95% CIl 58% to 70%).

40% to 47%) of individuals believed that BP medications
should be stopped from time to time.

Associations between hypertension knowledge and daily
medication use

Knowledge regarding BP medications was strongly associ-
ated with daily medication use (figure 4). Individuals who
reported that taking medication is the most effective way
to reduce BP were 11% points (95% CI 4% to 19%) more
likely to take medications daily compared with individuals
that reported other ways as most effective. Similarly, those
that reported medication as one of the three most effec-
tive ways of reducing BP were 15% points (95% CI 8% to
21%) more likely to take medications daily compared with
those that did not endorse BP medications as an effective
way of reducing BP. Conversely, individuals that believed
that BP medications should be stopped from time to time
were 15% points (95% CI -21% to —9%) less likely to take

Never initiated Irregular treatment Discontinued
(n=41) (n=43) (n=151)

BP went back BP went back BP went back

o notmal to normal :

Physician did not |_| H

preseribe I_l
Other |——| H

Fear of side effects
or addiction B

0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Proportion (%) Proportion (%) Proportion (%)

Figure 2 Self-reported reasons for not taking daily
treatment by type of non-use, 235 adults ages 30 with
physician confirmed hypertension who do not take daily
medication, Chennai, India, 2019. BP, blood pressure.
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Figure 3 Knowledge of consequences of long-term
uncontrolled hypertension, the most effective way to reduce
blood pressure, and on regularity of blood pressure (BP)
treatment, 833 adults ages 30 and above with physician
confirmed hypertension, Chennai, India, 2019. Each bar
represents the share of individuals that answered yes to the
specific knowledge question.
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Figure 4 Association between blood pressure knowledge
and daily medication use, 833 adults ages 30 and above
with physician confirmed hypertension, Chennai, India, 2019.
Estimates are presented as prevalence/probability differences
with 95% Cls. The reference group for each estimate are
those that did not answer yes to the specific knowledge
statement. BP, blood pressure.

medication daily. We found no evidence of an association
between reporting that uncontrolled BP leads to stroke
or heart problems and taking daily medications.

DISCUSSION

We found that almost one-third of adults in Chennai with
physician-diagnosed hypertension were not taking daily
antihypertensive medications. Treatment discontinua-
tion, rather than non-initiation or irregular use, was by
far the main source of non-daily treatment use. Incorrect
knowledge towards treatment emerged as an important
explanation for this pattern. The majority of individuals
who discontinued medications said they did so because
their BP had returned to normal and thus did not require
further treatment. However, stopping treatment is not
supported by the Indian care guidelines nor international
hypertension care guidelines which indicate that once
initiated, the vast majority of individuals with hyperten-
sion will need to remain on daily medication for substan-
tial lengths of time or possibly their entire lives.” ** We
found further evidence that knowledge toward medica-
tion use may explain non-daily treatment, as nearly 40%
of individuals believed that BP medications should be
stopped from time to time. Importantly, individuals who
reported this belief were also substantially less likely to
take daily treatment. Future work is needed to determine
whether improving individuals’ knowledge that BP medi-
cations should be taken daily, even after BP levels reduce,
can increase daily treatment use among individuals diag-
nosed with hypertension in urban India.

Less than half of individuals in our study reported
heart problems as a main consequence of uncontrolled
hypertension and less than one third linked hyperten-
sion to stroke. These findings are consistent with existing
studies on hypertension knowledge in India. Busingye
et al found that among 132 individuals who reported a
hypertension diagnosis in rural South India, just 13 were
aware that hypertension increases the risk of stroke and
heart attacks.?’ Similarly, Satish et al conducted qualita-
tive interviews with hypertensive patients in the semi-
urban city of Dalkhola, West Bengal, and found that few
respondents acknowledged a link between hypertension
the risk of heart attacks or stroke.'® We hypothesised that
individuals who were aware of the serious consequences
of hypertension would find hypertension control more
salient and thus be more likely to take daily treatment;
however, we found no association between knowledge
of hypertension consequences and daily treatment use.
Since this was a descriptive finding, rather than a causal
one, an important focus of future intervention work will
be to determine if improving individuals’ knowledge of
hypertension consequences increases their probability of
daily treatment.

More broadly, poor knowledge of hypertension
consequences is especially important in this sample of
individuals who had reported a physician diagnosis of
hypertension and thus should have been counselled on
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the consequences of hypertension at the time of their
diagnosis. While recent studies across India have docu-
mented poor primary care physician quality for several
common ailments, we are not aware of any studies
that have evaluated physician counselling quality for
hypertension in India. Determining how much of the
hypertension knowledge gap can be attributed to poor
quality of care and how much to patients’ comprehension
and memory of physician guidance is an important next
step for designing interventions to increase hypertension
knowledge.

While irregular treatment use is the primary expla-
nation for non-daily treatment among individuals with
hypertension in high-income countries,” we find that
deliberate treatment discontinuation is the more salient
source of non-daily treatment among adults in Chennai.
This finding, however, contrasts with two recent studies
on treatment discontinuation in India that both report
forgetfulness and a lack of money to purchase medication
as the primary reasons for non-daily treatment use among
individuals with diagnosed hypertension.”' ** Importantly,
both these studies were among poorer populations and
thus differences compared with our results may reflect the
general socioeconomic conditions of the study individ-
uals. Our finding, however, is consistent with the tubercu-
losis literature, another condition that is highly prevalent
in India and requires that individuals take medications
even after they no longer feel symptoms: a meta-analysis
of qualitative studies investigating reasons for poor tuber-
culosis adherence finds that a major reason that individ-
uals do not take their full treatment course is their belief
that they have been cured after the initial doses.* Collec-
tively, these findings suggest that perceptions of medica-
tions and of illness as something to be cured rather than
managed may be an important reason behind why BP
is poorly managed in urban India and similar contexts.
More research is needed to determine how to address
these beliefs within the context of hypertension care and
whether such changes result in improved BP outcomes.

Our study has some important limitations. Although
we randomly selected wards within Chennai, we used
a quota sampling approach and did not have a truly
population-representative sample because we were not
able to randomly sample individuals with physician
diagnosed hypertension within wards. This was because
random sampling within wards would have required
first conducting a household census to determine which
households had individuals with confirmed hyperten-
sion. This approach was infeasible within our current
resources. As a result, our sample may not reflect the
general population of adults with physician diagnosed
hypertension. However, we selected respondents from
across the entire city with broad representation of working
and non-working adults, men and women, and older and
younger adults to improve the external validity of the
data. A related issue is that our sample under-represents
higher socioeconomic status individuals since they were
more challenging to survey since they often resided in

gated or guarded housing structures. Unfortunately,
this is a common limitation for household-based surveys
across low- and middle-income countries (LMICs)*;
given this limitation, our results are best interpreted as
being relevant to the middle and lower socioeconomic
strata of Chennai. Approximately one-third of contacted
individuals did not participate in the survey. Given that
we do not have information on these individuals, our
results may further misrepresent the Chennai popula-
tion if those that refused participation were systematically
different from those that participated. Our measurement
of current daily medication use was based on self-reports
and thus may be subject to over-reporting and social desir-
ability bias. This bias, however, would make our results
conservative and suggest that even more individuals are
not taking daily medications. Since we did not have infor-
mation on what physicians told or prescribed individuals,
we were not able to disentangle whether poor knowledge
was due to poor physicians’ involvement or because indi-
viduals did not recall or correctly follow what physicians
advised. A related limitation is that we do not track indi-
vidual’s engagement in care. Lastly, we described differ-
ences in BP outcomes based on individuals’ knowledge
and beliefs and not the causal effect of these factors on
BP. The results of our paper are thus best interpreted as
hypothesis generating.

Despite these limitations, our study provides important
contributions to the literature on hypertension in LMICs.
We provide some of the first evidence on individuals’
reported reasons for not taking daily medications and
information on BP knowledge and beliefs in a major
urban Indian city. Both these pieces of information are
important for crafting and testing interventions that
address the potential underlying reasons for treatment
non-use among the large number of individuals with diag-
nosed hypertension in India and other LMICs.
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