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ABSTRACT

Objective To study knowledge of risk factors and
consequences of hypertension in a rural population in
South India.

Methods This is a community-based study conducted
among adults of a rural population in the Rishi Valley,
India. Residents of randomised rural villages were invited
to participate in a study of hypertension. We obtained
measures of blood pressure, height, weight, waist and
hip circumferences and questionnaire-based information
on knowledge about hypertension, sociodemographic
characteristics and health behaviours. Multivariable
logistic regression analyses were conducted to determine
the factors associated with knowledge of risk factors for
hypertension (knowledge of =2 risk factors).

Results The study comprised 641 adults; 132 aware
and 218 unaware of their hypertension, and 291 with
normal blood pressure. Only 31% of participants knew
that hypertension adversely affects an individual’s health
and 7% knew the benefits of treating hypertension.
Almost a third (30%) of those aware of their
hypertensive status, and 48% overall, did not know any
of the risk factors for hypertension. Being aware of one’s
hypertensive status (OR 2.51, 95% CI 1.44 to 4.39),
being treated for hypertension, male sex, younger age,
having some schooling, abdominal obesity and physical
inactivity were associated with better knowledge of risk
factors for hypertension.

Conclusion Knowledge of risk factors and
consequences of hypertension in this disadvantaged
population was poor. There was better knowledge of risk
factors in some, but not all, people who were aware of
having hypertension. Screening and targeted educational
programmes are warranted in this population to improve
health behaviours and reduce the consequences of
hypertension.

INTRODUCTION

Hypertension is the leading modifiable risk factor
for mortality and burden of disease in high-income
and low-to middle-income countries (LMICs).! In
some LMICs the prevalence of hypertension is still
on the rise and rural populations are not immune
to this rise.”

Despite major global attempts to reduce hyperten-
sion, treatment and control of hypertension remain
inadequate.® Attaining better control of hyperten-
sion should be possible with the use of effective and
affordable blood pressure (BP) lowering agents and
by reducing factors that increase the risk of hyper-
tension, such as obesity/overweight, physical inac-
tivity, poor diet and alcohol intake.*
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What is already known about this subject?

» Hypertension is an important risk factor
for cardiovascular disease and is the most
important modifiable risk factor for mortality
and burden of disease globally.

» The prevalence of hypertension in rural Indian
populations is increasing, but there is limited
information about knowledge of risk factors for
hypertension in this population.

What does this study add?

» Knowledge of risk factors for hypertension is
poor, irrespective of whether participants are
aware or unaware of their hypertensive status
or have normal blood pressure.

> Awareness of one’s hypertensive status,
treatment for hypertension, male sex, young
age, some schooling, abdominal obesity and
physical inactivity were identified as factors
associated with better knowledge of risk factors
for hypertension.

How might this impact on clinical practice?

» Findings of this study highlight poor knowledge
of modifiable risk factors and consequences of
hypertension in a disadvantaged rural Indian
population. This underscores the need for
screening programmes to increase awareness of
hypertension, and broadly targeted educational
programmes aimed at improving knowledge
throughout the community. Awareness of
hypertension and adequate health education
may improve knowledge of hypertension,
and this may be translated into better blood
pressure control.

Importantly, one of the factors associated with
control of BP is better knowledge about hyperten-
sion and the risk factors for the development of
hypertension.’ © More knowledge is associated with
better adherence to antihypertensive medications’ ®
and adoption of a more healthy lifestyle,” '° both
being potential mechanisms for improving control.

There is a considerable body of information
describing knowledge about hypertension in
high-income countries."'™* However, in LMICs,
where the largest burden of hypertension occurs,'
there are few data about knowledge of hyperten-
sion, particularly in disadvantaged rural popu-
lations. It is also unclear whether there is better
knowledge about hypertension among those aware
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of their hypertension than those unaware, as has been reported
in urban regions."

Effective future community-based education programmes
rely on an accurate assessment of the baseline knowledge of a
population. Therefore, using data from a carefully conducted
case—control study in South India, enriched with individuals
with hypertension, we aimed to determine knowledge of (1) risk
factors for hypertension and (2) consequences of hypertension
for long-term health. Findings from our study could provide the
impetus for greater efforts in community screening and health
education.

METHODS

Study design

This was a community-based observational study conducted
from August 2012 to August 2014.

Study population and recruitment of participants

The setting for this project was a disadvantaged and largely
illiterate community, living in rural villages of the Rishi Valley
region, Southern Andhra Pradesh. The population of the Rishi
Valley is about 38 000, and the language commonly spoken is
Telugu.

The sampling frame consisted of two sources, the main being
a case—control study of risk factors for hypertension. Randomi-
sation was undertaken at the village (hamlet) level. The villages
participating in the case—control study were chosen using strat-
ified random sampling, with three strata (small, medium, large)
based on size of the population, and a similar number of villages
in each stratum. Based on the population census, villages were
considered to be small if the population was <52, >52 to <145
for medium and >145 for large-sized villages. There were 19
small, 22 medium and 22 large villages included in the study.
In order to identify residents with (cases) and those without
(controls) hypertension, it was necessary to first screen the
population in the randomised villages. All individuals aged =18
years and residing in the randomised villages were eligible and
were invited to participate in the screening. Following screening,
individuals with hypertension (systolic BP =140 mm Hg and/
or diastolic BP =90 mm Hg) were approached and invited to
participate. Participants with hypertension were approached in
the order in which they were first identified. After each case
had been recruited and assessed, a potential matched control (by
sex and age) was randomly selected from the pool of potential
controls.

All participants recruited into the case—control study were
included in the present study; originally this comprised 300
people with hypertension and 300 people without hyperten-
sion matched by age and sex to cases. However, there were nine
controls with inconsistent data on awareness and treatment
of hypertension between screening and clinic assessment, and
following careful review, all were recategorised as hyperten-
sive. An additional smaller sample of 41 people with hyperten-
sion who were excluded from the case—control study was also
included. These comprised 15 people with hypertension for
whom no age and sex-matched control could be identified, and
26 who were taking antihypertensive medication at screening,
and had controlled hypertension (systolic BP <140 mm Hg and
diastolic BP <90 mm Hg).

At the end of the screening process all individuals who were
identified as having a systolic BP =140 mm Hg or a diastolic BP
=90 mm Hg were informed that they may have hypertension

and advised to consult their doctor. Approximately 12% of the
population screened had BP =140/90 mm Hg.

Data collection and measurements

Questionnaire-based, physical and clinical measurements for
most participants were performed. Trained research personnel
administered questionnaires and measured BP and anthropo-
metric parameters. The instruments and measurements used for
this study were in accordance with the recommendations from
the WHO STEPwise approach to (non-communicable disease)
risk factor surveillance (STEPS).'® The questionnaire was trans-
lated into Telugu, the native language, and then back translated
into English to check for any errors that might lead to misin-
terpretation of either the questions or the answers. This ques-
tionnaire was used to collect information on sociodemographics
including age, sex, traditional social group, religion, marital
status, educational attainment and type of work undertaken;
lifestyle-related behaviours, including tobacco use, alcohol
consumption and physical activity; and knowledge about hyper-
tension and its risk factors, routine habits for health check-ups
and access to healthcare.

BP was measured using a digital automatic BP monitor
(OMRON HEM-907) in accordance with the WHO STEPS
surveillance protocol.'® Participants were seated for at least 15
min before the first BP measurement was taken. BP was measured
from the right arm, where possible, with the arm supported
at the level of the heart. At least three BP measurements were
taken, with a rest period of 3 min between each measurement.
BP measurements were taken until the last two measurements
differed by <10 mm Hg for systolic BP and <6 mm Hg for
diastolic B, up to a maximum of five measurements. The mean
of the last two measurements was used to define hypertensive
status. This procedure was used both during the screening exer-
cise and during the day of clinical assessment.

Height was measured to the nearest 0.1 cm using a standard
portable stadiometer (SECA 213). Weight was measured, in light
clothes, to the nearest 0.1 kg using a standard calibrated portable
electronic scale (Salter 9000SV3R). Waist and hip circumfer-
ences were measured using a constant-tension Gulick tape in
privacy, behind a screen.

Assessment of knowledge of risk factors and consequences
of hypertension
Participants responded ‘yes’, ‘no’ or ‘I do not know’ to indicate
whether they thought the following factors help reduce BP: (1)
reducing alcohol consumption; (2) loss of weight for those who
are overweight or obese; (3) increasing intake of fresh fruits and
vegetables; (4) increasing physical activity; and (5) reducing salt
intake. Knowledge scores were calculated for each participant
based on the number of options selected. Participants received 1
point for each ‘yes’ response option about knowledge of the five
modifiable risk factors. Knowledge scores ranged from 0 to 5.
Additional questions were asked to examine knowledge of the
consequences of hypertension, for example, effects of hyperten-
sion on one’s health, and to ascertain whether participants were
aware that treating hypertension reduces the likelihood of other
diseases.

Definitions

The outcome measure was knowledge of more than one (median
knowledge score) of the listed modifiable risk factors for hyper-
tension. Hypertension was considered to be present when, at
either screening assessment or on the day of clinical assessment,
the mean of the last two measurements was at least 140 mm
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Hg for systolic BP and/or at least 90 mm Hg for diastolic BP, or
self-reported use of antihypertensive medications. Participants
without hypertension (normotensive) are those who had a mean
BP less than 140/90 mm Hg at both screening and clinic assess-
ment, and did not report use of antihypertensive medications at
screening or the clinic assessment.

Awareness of hypertension was defined as self-reported prior
diagnosis of hypertension by a health professional.'” Unaware-
ness of hypertension was defined as having at least 140 mm Hg
for systolic BP and/or at least 90 mm Hg for diastolic BP but
with no self-reported prior diagnosis of hypertension.

Obesity was defined as body mass index (BMI) at least 25
kg/m?, overweight as BMI at least 23 kg/m? and less than 25
kg/m?, and underweight as BMI less than 18 kg/m?, based on
the standard cut-off values for Indians.'® Physical inactivity was
defined as work that involved mostly sitting or standing. Ever-
smokers comprised individuals who reported that they smoked
any tobacco product including cigarettes and bidis (small hand-
rolled cigarettes) at least daily and those who smoked at least
daily in the past. Ever-smokeless tobacco use was defined when
tobacco products such as snuff, chewing tobacco and betel were
used, at least daily either currently or in the past. Current alcohol
consumption was defined as drinking alcohol at least once in the
12 months prior to the date of the survey.

Participants were categorised as ‘traditionally advantaged’
and ‘traditionally disadvantaged’ according to their traditional
social group. These traditional groups have been shown to be
strong determinants of socioeconomic position and poverty in
the Indian context."

Statistical analysis
Individuals were categorised into three groups by hypertension
status and awareness: those with hypertension who were aware
of diagnosis, those with hypertension who were unaware and
those with normal BP. The group of individuals with hyperten-
sion who were unaware were considered as a reference category.
Therefore, for descriptive analyses of general characteristics and
knowledge of risk factors and consequences of hypertension,
two formal comparisons were performed: those with hyper-
tension who were aware versus those with hypertension who
were unaware (p values for these comparisons were coded as
Pawarencss )» and those with hypertension who were unaware
versus those with normal BP (p values for these comparisons
were coded as ‘p_ . °). Thus, this analysis allowed us to
separately assess the impact of awareness of hypertension on
knowledge about hypertension in individuals with the condition,
and the impact of hypertension on knowledge in the absence
of awareness. The ¥° test was used to compare knowledge of
hypertension between each of the two groups. To control type I
error, these p values were adjusted, to account for the fact that
two comparisons were made, using the Dunn-Sidak correction.*’
To identify factors associated with knowledge of risk factors
for hypertension, univariable and multivariable logistic regres-
sion analyses were performed using knowledge of more than
one risk factor (median knowledge score) as a dependent vari-
able. Three multivariable models were constructed for men and
women combined and separately for each sex. All relevant vari-
ables such as age, sex, traditional social group, educational attain-
ment, hypertension status and awareness (with hypertension and
aware, with hypertension and unaware, and with normal BP),
and so on were introduced into multivariable regression analyses
in a backward stepwise fashion. Apart from age, sex, and hyper-
tension status and awareness, which were forced in the model,
only variables with a p value 0.1 in backward stepwise selection

were retained in the final models. We further undertook similar
analyses on the association between knowledge of risk factors
and treatment with antihypertensive medications. Two-sided p
values =0.05 were considered statistically significant in all anal-
yses. Data were analysed using STATA (V.12; StataCorp, College
Station, TX, USA).

RESULTS

Our study comprised 641 adults: 132 with hypertension who were
aware and 218 who were unaware of their hypertensive condition
and 291 people with normal BP. Seventy-eight per cent of the adults
in the randomised villages participated in the screening exercise.
Of the total number of individuals who were identified as poten-
tial cases and controls from the sample screened for hypertension,
849 of cases and 73% of controls were successfully recruited. The
median age for all participants was 60 years (Q1, Q3; 50, 70), and
55% were men (table 1).

Knowledge of risk factors and consequences of hypertension
Only 31% of participants knew that hypertension adversely affects
an individual’s health, 7% knew the benefits of treating hyperten-
sion and 12% or fewer knew that BP could be lowered by reducing
alcohol consumption, losing weight, increasing intake of fresh
fruits and vegetables or increasing physical activity. Interestingly,
more people knew that salt was a risk factor for hypertension
(509%) than any of the other risk factors (range 9%-12%). Those
aware of their hypertension and people with normal BP were more
likely to know that hypertension adversely affects an individual’s
health, or that treating hypertension prevents other diseases, than
people who were unaware that they had hypertension (table 2).

Compared with those unaware of their hypertension, individ-
uals who were aware of the condition were approximately twice
as likely to report that increasing intake of fresh fruits and vegeta-
bles and increasing physical activity help in reducing BP (table 2).
There were no detectable differences in knowledge of each of the
risk factors between individuals who were unaware of their hyper-
tensive status and people whose BP was within the normal range.

People aware of their hypertension more often knew at least two
risk factors for hypertension (33%) than those unaware of their
hypertension (19%) or those with normal BP (14%; table 2). In
addition, fewer women knew of at least two risk factors (13%)
than men (26%; figure 1).

Factors associated with knowledge of risk factors for
hypertension
Overall, individuals who were aware that they had hypertension
were twice as likely to have better knowledge of risk factors than
those who were not aware of their condition (OR 2.51, 95% CI
1.44 to 4.39; table 3). Other factors that were independently
associated with better knowledge of risk factors for hypertension
were younger age, male sex, having some schooling, waist circum-
ference above normal cut-off levels and being physically inactive
(table 3). Results were similar in analyses restricted to men, except
that having a waist circumference greater than 90 cm was not
independently associated with better knowledge of risk factors
(table 3). In analyses restricted to women, the only factors asso-
ciated with better knowledge of risk factors were being aware of
hypertension (OR 2.66, 95% CI 1.09 to 6.46) and having a waist
circumference greater than 80 cm (table 3).

We found that individuals with hypertension who reported
taking antihypertensive medication were three times as likely to
have better knowledge of risk factors than those who were not
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Table 1 Characteristics of individuals with hypertension who are aware and unaware of their hypertensive status, as well as those with normal

blood pressure

With hypertension and ~ With hypertension and

aware unaware With normal BP
(n=132) (n=218) (n=291)
Characteristic n (%)* P awareness n (%)* p
Age (years), median (Q1, Q3) 65 (55, 70) 60 (50, 70) 033 60 (50, 70) 0.99
Male 65 (49) 123 (56) 0.43 165 (57) 1.00
Social group
Traditionally advantaged 18 (14) 30 (14) 1.00 11(4) <0.001
Traditionally disadvantaged 114 (86) 188 (86) 280 (96)
Religion
Hindu 108 (82) 196 (90) 0.26 265 (91) 0.26
Muslim 19 (14) 16 (7) 25 (9)
Christian 5 (4) 6(3) 1(0)
Educational attainmentt
No formal schooling 69 (53) 117 (54) 0.96 163 (57) 0.99
Less than primary school 36 (28) 62 (29) 76 (26)
At least primary school completed 24 (19) 37(17) 48 (17)
Work category
Non-farmerst 77 (58) 95 (44) 0.02 89 (31) 0.01
Farming and livestock 55 (42) 123 (56) 202 (69)
Marital status
One wife/husband 83 (63) 143 (66) 0.89 208 (71) 0.24
More than one wife/husband 9(7) 18 (8) 12 (4)
Not married (divorced, widowed, never married) 40 (30) 57 (26) 71 (25)
BMI category (kg/m2)§
Underweight (<18) 31(24) 54 (25) 0.30 93 (32) 0.26
Normal (=18 and <23) 55 (43) 109 (51) 135 (47)
Overweight (=23 and <25)/obese (=25) 43 (33) 52 (24) 59 (21)
WG, above normal (men, >90 cm; women, >80 cm)Yl 32 (24) 48 (22) 0.86 36 (12) 0.007
Blood pressure (mm Hg)
SBP, median (Q1, Q3) 150 (133, 167) 148 (138, 163) 0.48 115 (106, 124) <0.001
DBP, median (Q1, Q3) 85 (74, 93) 86 (79, 94) 0.68 69 (64, 76) <0.001
Physical activity, moderate/vigorous 53 (40) 127 (58) 0.002 224 (77) <0.001
Alcohol intake (in the past 12 months) 18 (14) 43 (20) 0.42 41 (14) 0.17
Smoker, ever (current/past) 39 (30) 63 (29) 0.99 99 (34) 0.39
Smokeless tobacco intake, ever (current/past)** 52 (40) 83 (38) 0.96 105 (36) 0.87
Regular health check-up (=1 in the past year) 103 (78) 116 (53) <0.001 120 (41) 0.02
Last time BP was measured (<1 year ago) 100 (76) 76 (35) <0.001 110 (38) 0.75
Taking antihypertensive medication 75 (57) 0(0) <0.001 0(0) -
No health insurance 24 (18) 50 (23) 0.50 39 (13) 0.01
Distance to health services (km)
<5 71 (54) 83 (38) 0.01 124 (43) 0.51
>5 61 (46) 135 (62) 167 (57)

P values are the outcomes of Pearson’s ” test for categorical data and Kolmogorov-Smirnov test for continuous data. p,, ... P value for difference between those with hypertension and

aware (n=132) versus those with hypertension and unaware (n=218).

Promotensiver P Value for difference between those with hypertension and unaware (n=218) versus with normal blood

pressure (n=291). P values are adjusted by the Dunn-Sidak correction to account for the fact that two comparisons were made.

*Percentage unless otherwise specified.
tNine observations missing.

#Individuals in this category of work were either employed, homemaker, student or retired.

§Ten observations missing.
9fIFour observations missing.
**Two observations missing.

BMI, body mass index; BP, blood pressure; DBP, diastolic blood pressure; Q1, quartile 1; Q3, quartile 3; SBP, systolic blood pressure; WC, waist circumference.

taking medication (OR 3.36, 95% CI 1.78 to 6.31; table 4). Similar importance of treatment. Even in people who were aware of
findings were observed for men and women separately (table 4). their hypertension, one-third (30%) were unaware of any of the

modifiable risk factors for hypertension and most (88%) did

DISCUSSION not know that treating hypertension prevents other diseases.
Our most important finding is that there is rudimentary knowl- Knowledge was even poorer in those who were unaware that
edge of the adverse effects of hypertension, while most of the they had hypertension, and in women. Having some schooling,
studied population has poor knowledge of the risk factors and a waist circumference indicating abdominal obesity and physical
4 Busingye D, et al. Heart Asia 2019;11:011136. doi:10.1136/heartasia-2018-011136
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Table 2 Knowledge of risk factors and consequences of hypertension among individuals with hypertension who were aware and unaware of their

hypertensive status, as well as those with normal blood pressure

With hypertension

With hypertension

and aware and unaware With normal BP
(n=132) (n=218) (n=291)
Characteristic n (%)’ Powareness n (%)’ Prormotensive
How does hypertension affect one’s health?
It adversely affects health. 63 (48) 43 (20) <0.001 90 (31) 0.006
| have no idea/l don't know. 69 (52) 175 (80) 201 (69)
Treating hypertension reduces likelihood of other
diseases.
Yes 16 (12) 8(4) 0.006 20 (7) 0.19
No/Don't know 116 (88) 210 (96) 271 (93)
Treating hypertension reduces likelihood of:t
Heart disease 4 (25) 1(12) 0.85 3 (15) 0.79
Stroke 2(13) 0(0) 2 (10)
Heart disease and stroke 7 (44) 5(63) 6 (30)
Heart disease and cancer 0(0) 0(0) 2 (10)
Don't know 3(18) 2 (25) 7 (35)
Do the following help reduce blood pressure?
Reducing alcohol consumption
Yes 20 (15) 25 (11) 0.54 30 (10) 0.90
No/Don't know 112 (85) 193 (89) 261 (90)
Weight loss in those who are overweight
Yes 21 (16) 21 (10) 0.15 16 (6) 0.15
No/Don't know 111 (84) 197 (90) 275 (94)
Increasing intake of fresh fruits and vegetables
Yes 31(23) 21 (10) 0.001 23(8) 0.74
No/Don't know 101 (77) 197 (90) 268 (92)
Increasing physical activity
Yes 20 (15) 0.07 25(9) 0.99
No/Don'‘t know 112 (85) 200 (92) 266 (91)
Reducing salt intaket
Yes 91 (69) 101 (47) <0.001 130 (45) 0.92
No/Don't know 41 (31) 116 (53) 161 (55)
Number of risk factors correctly identified
0 40 (30) 111 (51) 0.02 154 (53) 0.99
1 48 (36) 65 (30) 95 (33)
2 18 (14) 22 (10) 17 (6)
3 11(8) 8(4) 12 (4)
4 9(7) 7(3) 6(2)
5 6 (5) 5(2) 7(2)
Median score (Q1, Q3) 1(0,2) 0(0,1) 0.008 0(0,1) 1.00

P values are the outcomes of Pearson’s y? test for categorical data and Kolmogorov-Smirnov test for continuous data. Pwareness: P Value for difference between those with hypertension and
aware (n=132) versus those with hypertension and unaware (n=218).p, ... . p value for difference between those with hypertension and unaware (n=218) versus with normal blood
pressure (n=291). P values are adjusted by the Dunn-Sidak correction to account for the fact that two comparisons were made.

*Percentage unless otherwise specified.

tincludes only those who answered 'Yes to whether treating hypertension reduces likelihood of other diseases.

$0ne missing observation for those unaware of their hypertensive status.
BP, blood pressure; Q1, quartile 1; Q3, quartile.

inactivity were factors associated with better knowledge about
hypertension.

The widespread lack of knowledge of the importance of
treatment and knowledge of risk factors for hypertension in
this disadvantaged population is alarming and merits broadly
targeted public health interventions to improve knowledge in
this community and other similar communities in India and other
LMICs. Such poor knowledge may be attributable to an overbur-
dened health system that is focused mainly on communicable
diseases, lack of formal school education and inaccessibility to
routine health education programmes.”' ** Because knowledge

of risk factors for cardiovascular disease (CVD) has been asso-
ciated with making healthy behavioural changes,” improving
knowledge about hypertension in rural communities may lead
to adoption of healthy behavioural changes and a subsequent
reduction in the burden of hypertension and CVD.” ' There-
fore, our findings highlight the critical need for interventional
programmes aimed at educating communities about the risk
factors and consequences of hypertension.

Interestingly, while knowledge of risk factors is equally poor
in people with normal BP and those unaware of their hyper-
tension, those with normal BP have slightly better knowledge
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Figure 1 Knowledge of risk factors for hypertension in men and
women. The p value is the outcome of Pearson'’s ¥ test, to detect sex
differences in knowledge of at least two risk factors.

of consequences. The underlying causes of this difference in
knowledge remain to be established. One possibility is that, by
dividing the group of people with hypertension into subgroups
of those aware and unaware of their status, we revealed under-
lying differences between the groups of individuals in terms of
their engagement with their own health. That is, the group of
individuals with hypertension who were unaware of their hyper-
tensive status might include a larger proportion of those with
major barriers to accessing healthcare than the general popula-
tion. This is particularly relevant as all those identified as having
high BP at the screening phase were informed about their status
and were advised to follow-up with a doctor to confirm the
diagnosis.

Notably, people who are aware of their hypertension had
better knowledge of the consequences of hypertension than
those who are unaware of their condition or those with normal
BP. Our findings indicate that awareness of one’s hypertensive

status and taking antihypertensive medication are inde-
pendently associated with better knowledge of risk factors for
hypertension in this population, and could be a mechanism
for improving knowledge about hypertension. This could be
achieved by introducing screening programmes for hyperten-
sion in this community to improve diagnosis and, potentially,
knowledge.

There is evidence that individuals in disadvantaged rural popu-
lations are less likely to have ever had their BP, blood glucose
or cholesterol screened than people who are more advantaged
as measured by educational attainment or a greater income.”
Therefore, screening in disadvantaged communities should be
considered as a major focus of prevention. Recommendations to
measure BP as a routine procedure for clinical visits and provi-
sion of preventive primary healthcare services that encourage
people to have their BP monitored more regularly are likely
to improve awareness of hypertension and knowledge of risk
factors in this population.

While increasing diagnosis of hypertension has the potential
to improve knowledge of risk factors in those who are affected,
more widespread public education about hypertension may
empower communities to reduce the likelihood of individuals
developing hypertension. Educational programmes have been
shown to be feasible and effective in rural communities,” '° with
effective strategies including educational programmes deliv-
ered by local healthcare staff, print media and health education
sessions, as used in rural China.'’

Future community-based educational programmes could
use cost-effective strategies such as mobile health (mHealth)
or electronic health interventions, which can be tailored to
the targeted population, to improve cardiovascular-related
knowledge, lifestyle behaviours and management of disease.”*
This may be a particularly effective approach in rural India
since the majority of rural Indians own a mobile phone. This
approach to dissemination of health information has been
shown to be acceptable in rural Indian populations.” Studies
of mHealth interventions, such as individual-directed short
message service to improve knowledge and management of

Table 3  Factors associated with knowledge of at least two risk factors for hypertension

All Men Women
Univariable Multivariable Univariable Multivariable Univariable Multivariable
analysis analysis* analysis analysis* analysis analysis*

Factors OR (95% CI) OR (95% CI) OR (95% ClI) OR (95% ClI) OR (95% CI) OR (95% CI)

Age, year (continuous) 0.97 (0.95t0 0.98)  0.97 (0.95 to 0.99) 0.97 (0.95 t0 0.99)  0.97 (0.95 to 0.99) 0.97 (0.94 t0 1.00)  0.97 (0.94 to 1.00)

Male

Educational attainmentt
No formal schooling

Some schooling
WC above normalf
Physical inactivity
Ever smoker

Hypertension status and awareness§
With hypertension and unaware

With hypertension and aware

With normal blood pressure

2.59 (1.69 to 3.96)

1.00

3.59 (2.36 to 5.45)
2.87 (1.84 t0 4.47)
1.74 (1.18 to0 2.58)
0.99 (0.65 to 1.51)

1.00
2.10(1.28 t0 3.43)
0.71 (0.44 t0 1.13)

2.51(1.37 to 4.59)

1.00

1.96 (1.16 to 3.32)
1.95 (1.17 to 3.25)
2.35(1.27 t0 4.33)
0.63 (0.37 to 1.06)

1.00
2.51 (1.44 to 4.39)
0.82 (0.49 t0 1.37)

1.00

3.11 (1.69 t0 5.72)
2.90 (1.62 t0 5.19)
1.89 (1.16 to0 3.07)
0.49 (0.30 to 0.80)

1.00
2.35 (1.24 to 4.45)
0.83 (0.48 to 1.45)

1.00

2.21(1.16 to 4.21)
1.77 (1.01 t0 3.12)
0.61(0.36 to 1.04)

1.00
2.45 (1.21 to 4.94)
0.96 (0.52 to 1.74)

1.00

2.79 (1.26 t0 6.20)
3.71 (1.76 t0 7.84)
1.91 (0.94 to 3.89)

1.00
2.17 (0.95 to 4.96)
0.41(0.15 to 1.08)

2.62(1.15 to 5.94)

1.00
2.66 (1.09 to 6.46)
0.48 (0.17 to 1.31)

Above normal refers to WC >90 cm in men and >80 cm in women.
Bold values indicate statistically significant
*Final model from backward stepwise selection method that included age, sex, traditional social group, educational attainment, occupation, waist circumference, tobacco use, alcohol
consumption, physical activity, health insurance, last time blood pressure (BP) was measured and distance travelled to health services.
tNine observations missing.

+Four observations missing.

§This group comprises 132 who are aware of their hypertension, 218 who are unaware of their hypertension and 291 with normal blood pressure.

WG, waist circumference.
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Table 4 Association between taking antihypertensive medication and knowledge of at least two risk factors for hypertension

All

Men Women

Multivariable analysis*

Factors OR (95% CI)

Multivariable analysis*
OR (95% CI) OR (95% CI)

Multivariable analysis*

Age, year (continuous) 0.97 (0.95 to 0.99)
Male 2.64 (1.44 to 4.86)
Educational attainmentt

No formal schooling 1.00

Some schooling 1.94 (1.14 to 3.30)
WC above normal# 1.86 (1.12 to 3.09)
1.59 (0.99 to 2.54)
0.62 (0.37 to 1.05)

Physical inactivity

Ever smoker

Hypertension status and medication§
With hypertension and not on medication 1.00

3.36 (1.78 t0 6.31)

0.75(0.46 to 1.21)

With hypertension and on medication
With normal blood pressure

0.97 (0.95 to 0.99) 0.97 (0.93 to 1.00)

1.00

2.10(1.10 to 4.02) =

- 2.39(1.05 t0 5.43)
1.74 (0.99 to 3.07) =

0.61 (0.36 to 1.05) -

1.00 1.00
3.09 (1.34 to 7.11) 3.62 (1.38 to 9.45)
0.85 (0.49 to 1.50) 0.90(0.12 to 7.03)

Above normal refers to WC >90 cm in men and >80 ¢cm in women.
Bold values indicate statistically significant

*Final model from backward stepwise selection method that included age, sex, traditional social group, educational attainment, occupation, waist circumference, tobacco use, alcohol
consumption, physical activity, health insurance, last time blood pressure (BP) was measured and distance travelled to health services.

tNine observations missing.
+Four observations missing.

§This includes 75 participants with hypertension and on medication, 275 participants with hypertension and not on medication and 291 participants with normal blood pressure.

WC, waist circumference.

hypertension, are underway.”® *” These studies may provide
the evidence required for implementation of such interven-
tions in rural areas.

Limitations and strengths

There are potential limitations of the present study that should
be considered in the interpretation of our findings. It is recom-
mended that the diagnosis of hypertension is based on the
average of at least two BP readings taken at two or more visits.*®
We defined hypertension as an average of two BP readings taken
at just a single visit, potentially resulting in either misclassifi-
cation bias or detection of white-coat hypertension. Neverthe-
less, our method is in accordance with the recommendations
from the WHO STEPS of chronic diseases in population-based
surveys.'® Second, our study is limited by the observational
nature which precludes inference of causality. We also limited
our investigation to five known modifiable risk factors for
hypertension, excluding other potential factors such as smoking,
where data are inconsistent.”** Our findings are also limited to
similar populations and are not generalisable to India as a whole.
Lastly, because there is no standardised instrument available to
assess knowledge about hypertension in our population, we used
existing literature to design our questionnaire. We acknowledge
that the questionnaire used in this study has not been validated,
but was pretested for acceptability and relevance in a group of
residents.

The above limitations notwithstanding, our study is strength-
ened by a large sample size, standardised methods and the
potential for our findings to be generalised to similar popula-
tions in India and other LMICs, where similar characteristics are
observed. To the best of our knowledge, our findings are the
first to clearly demonstrate factors associated with knowledge
of risk factors for hypertension in rural India. Our findings have
profound implications to inform public health policies aimed at
improving knowledge about hypertension in rural populations of
India, and consequently, for strategies aimed towards improving
health behaviours and reducing the burden of this disease.

CONCLUSIONS

Our findings highlight poor knowledge of modifiable risk
factors and consequences of hypertension in a disadvantaged
rural Indian population. Awareness of hypertension and taking
antihypertensive medication are associated with improvement
of knowledge. Screening programmes to increase awareness of
hypertension, and broadly targeted educational programmes
aimed at improving knowledge throughout the community,
should be a priority.
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