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See editorial comment on page 44

Objective: To determine whether there is an interaction
between knowledge about hypertension and awareness of
hypertension on the treatment and control of hypertension
in three regions of South India at different stages of
epidemiological transition (see Video, Supplemental Digital
Content 1, http://links.lww.com/HJH/B426).

Methods: Using a cross-sectional design, we randomly
selected villages within each of rural Trivandrum, West
Godavari, and Chittoor. Sampling was stratified by age
group and sex. We measured blood pressure and
administered a questionnaire to determine knowledge and
awareness of hypertension. Logistic regression was used to
assess associations of awareness and knowledge about
hypertension with its treatment and control in participants
with hypertension, while examining for statistical
interaction.

Results: Among a total of 11 657 participants (50% male;
median age 45 years), 3455 had hypertension. In analyses
adjusted for age and sex, both knowledge score [adjusted
odds ratio (aOR) 1.14 [95% confidence interval (CI) 1.12–
1.17)] and awareness [aOR 104 (95% CI 82–134)] were
associated with treatment for hypertension. Similarly, both
knowledge score [aOR 1.10; 95% CI (1.08–1.12)] and
awareness [aOR 13.4; 95% CI (10.7–16.7)], were positively
associated with control of blood pressure in those with
hypertension, independent of age and sex. There was an
interaction between knowledge and awareness on both
treatment and control of hypertension (P of attributable
proportion <0.001 for each).

Conclusion: Health education to improve knowledge
about hypertension and screening programs to improve
awareness of hypertension may act in an additive fashion
to improve management of hypertension in rural Indian
populations.

Keywords: awareness, control of hypertension, diagnosis
of hypertension, education, health literacy, knowledge,
treatment

Abbreviations: AP, attributable proportion; BP, blood
pressure; IRR, incidence-rate ratios; LMICs, low-to-middle

income countries; PSU, primary sampling unit; RERI,
relative excess risk because of interaction; SEP,
socioeconomic position; SI, synergy index; WHO-STEPS,
World Health Organization STEP-wise approach to disease
surveillance; WHR, waist–hip ratio

INTRODUCTION

A
s rural Indian regions advance along the epidemio-
logical transition, there is an increase in the preva-
lence of noncommunicable diseases, such as

hypertension [1–3]. Rural regions encompass approximately
70% of the Indian population, and with India expected to be
the most populous country by 2050 [4], the absolute burden
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of hypertension in these regions will rise substantially [5]. As
hypertension is the most important modifiable risk factor for
cardiovascular disease [6], accounting for more than 54% of
strokes and 47% of ischemic heart disease events [7], reduc-
ing high blood pressure (BP) is imperative for reducing
cardiovascular events.

Making patients aware of their hypertension (awareness)
is the primary step in the management of hypertension [8].
In both observational and intervention studies, awareness
of hypertension and knowledge about its causes and con-
sequences have been associated with better treatment and
control of high BP in many high-income and low-to-middle
income populations [9–15]. However, it is unclear whether
awareness and knowledge contribute in an additive fashion
to treatment and control of hypertension, or whether these
associations extend to regions with different social, cultural,
and economic environments. We tested the hypothesis that
knowledge about hypertension and awareness of hyper-
tension are independently associated with both the treat-
ment and control of hypertension in rural India, and that
being both aware of one’s hypertension and having knowl-
edge about hypertension contribute to treatment and con-
trol of hypertension, more than either by itself.

METHODS
This investigation was conducted across three rural regions
in South India [16], each of which is at a different stage of
epidemiological transition [17]. These regions were: a rural
region in the north of the District of Trivandrum in Kerala
(herein referred to as Trivandrum), West Godavari (herein
referred to as Godavari) in Northern Andhra Pradesh, and
Chittoor (Rishi Valley region) in Southern Andhra Pradesh.
The three regions are socioeconomically very diverse in
termsof access to healthcare, income, education, and literacy
(Table S1, http://links.lww.com/HJH/B425) [17].Of the three
sites, Rishi Valley is the least socioeconomically advanced,
whilst Trivandrum is the most socioeconomically advanced
(Table S1, http://links.lww.com/HJH/B425) [17].

Study design
For each of the three regions, wards (Trivandrum), villages
(Godavari) or hamlets (Rishi Valley) were identified as the
primary sampling unit (PSU). The PSUswere then randomly
selected, using computer randomization, for inclusion in
this cross-sectional study.

Power was based on outcomes for a cluster randomized
controlled trial (Clinical Trials Registry – India, CTRI/2016/
02/006678) [18], nested within this cross-sectional study.
This meant that, for the present hypotheses, the sample size
was larger than required for our primary hypothesis.

Recruitment
Participants were recruited between January 2014 and
December 2015. Potential participants were randomly
selected from population censuses, which were either
available through polling booth registers (in Trivandrum)
or were collected for the purpose of this study (Godavari
and the Rishi Valley). Sampling was stratified by age and
sex, before recruitment for Trivandrum and Godavari, and
after screening in the Rishi Valley, into approximately equal

numbers of people in 12 age and sex groups (18–24, 25–34,
35–44, 45–54, 55–64, 65þ). To reduce bias, when eligible
individuals were unavailable at the first visit they were
revisited on a second or third occasion. A total of 11 657
participants were randomly recruited (Figure S1, http://
links.lww.com/HJH/B425).

Ethics
The study was approved by relevant ethics committees and
informed consent was obtained from all participants prior
to their inclusion in the study (details in Supplementary
Methods, http://links.lww.com/HJH/B425).

Training
Data collectors were trained in measurement of anthro-
pometry and BP, in accordance with the WHO STEP-wise
approach to disease surveillance (WHO-STEPS) protocol
[19], for at least 5 days. Follow-up training was also con-
ducted approximately a month after initial training to
ensure that data collection complied with the WHO-STEPS
protocol and was consistent between regions [19].

Clinical measurements
BP and heart rate were measured from the right arm using a
digital automatic BP monitor (OMRON HEM-907, OMRON
Healthcare Company, Kyoto, Japan), after participants had
been seated quietly for at least 15min [19]. BP was mea-
sured at least three times at 3min intervals and measure-
ments continued until readings differed by less than
10mmHg for SBP and less than 6mmHg for DBP, with a
maximum of five measurements. The mean of the last two
consecutive readings was used to define mean SBP and
DBP. Height, weight, and waist and hip circumferences
were also measured systematically (details in Supplemen-
tary Methods, http://links.lww.com/HJH/B425).

Self-reported data
Questionnaires were used to obtain information about
demographics, lifestyle, socioeconomic position (SEP),
knowledge about hypertension, and awareness of hyper-
tensive status. The questionnaires were developed in
English and translated into Telugu, for use in Andhra
Pradesh, and Malayalam, for use in Kerala, and then
back-translated to ensure that the meaning of the questions
were maintained. Research staff were trained to interview
participants individually and to complete the question-
naires after reading the questions aloud to participants.
Hard copies of questionnaires were scanned at each region,
sent to the coordinating centre, captured and verified using
Teleform Elite Version 9 software (Cardiff, San Jose, Cal-
ifornia, USA), and then uploaded into a Microsoft Access
database.

Knowledge about hypertension was assessed using
questions about the effects of high BP, benefits of treating
high BP, and measures to prevent hypertension (Table S2,
http://links.lww.com/HJH/B425). When participants
selected both correct and incorrect answers to a multiple
choice question they were deemed to have answered that
question incorrectly. The number of correct responses to
the questions assessing knowledge about hypertension was
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summed to generate a knowledge score ranging from 0 to a
maximum of 10. In addition, knowledge score was dichot-
omized into groups of approximately equal size (cut point
<5 and �5).

Participants’ were categorized as being aware of hyper-
tension if they responded, ‘yes’ to the question ‘Have you
previously been told by a doctor or health worker that you
have elevated (high) blood pressure or hypertension?’.

Calculation of parameters
For the analyses, age was categorized as 60 years or less or
above 60 years or used as a continuous variable. Hyperten-
sion was defined as having either a SBP at least 140mmHg,
and/or a DBP at least 90mmHg, and/or on medication(s) to
lower BP. Annual income, level of education, BMI, physical
activity and waist–hip ratio (WHR) were also categorized
for analyses (see Supplementary Methods, http://links.
lww.com/HJH/B425).

Main outcomes
Participants were regarded as being treated for hyperten-
sion if they reported that they had previously been pre-
scribed BP-lowering medication and/or reported that they
were currently taking medication that lowers BP.

Controlled BP was defined as having SBP less than
140mmHg and DBP less than 90mmHg in those catego-
rized as hypertensive patients.

Statistical analyses
Data cleaning (see Supplementary Methods, http://link-
s.lww.com/HJH/B425) and statistical analyses were all
performed in Stata 15.0 (StataCorp, College Station, Texas,
USA).

For all continuous variables, we report medians (Quar-
tile 1, Quartile 3), whereas proportions for categorical
variables are reported as percentages (95% confidence
intervals). Mann–Whitney U-tests (continuous variables)
and x2 tests (categorical variables) were used to determine
whether there were differences between women and men
(Pgender).

We used univariable logistic regression to quantify the
associations between the dichotomous outcomes of treat-
ment or controlled BP and exposure variables including
knowledge about, and awareness of, hypertension. We
used multivariable logistic regression to determine factors
associated with treatment of hypertension and the control
of BP, independent of age, sex, BMI, and other factors. To
determine the interaction between the dichotomized var-
iables of knowledge and awareness of hypertension, we
further assessed the relative excess risk due to interaction
(RERI), the attributable proportion (AP), and the Synergy
Index (SI), using the technique described by VanderWeele
& Knol [20]. We also conducted sensitivity analyses of these
associations stratified by age as the risk of hypertension
increases with age. Multivariable logistic regression was
used to determine the factors associated with awareness of
hypertension. A Poisson regression was used to determine
the factors associated with knowledge about hypertension
using a count of the number of questions correctly
answered, with outcomes presented as incidence-rate ratios

(IRRs). Whenever variables were missing for a participant,
that participant was excluded from any analyses involving
that variable.

RESULTS

Sample characteristics
The median age of women and men in our sample was 45
years (Table 1). All other factors differed between women
and men, including mean BP levels, measures of SEP, and
risk factors. Notably, fewwomen consumed alcohol (<1%)
and only 56.4% were literate. In those with hypertension, a
greater proportion of women were treated for hyperten-
sion (45.4%) than men (36.7%), whilst more men had
hypertension of greater severity (6.9%) than women
(5.1%).

In the sample screened, hypertensionwasmost common
in Trivandrum [35%; 95% CI (33–36)] and least common in
the Rishi Valley [23%; 95% CI (21–24)]. Among those with
hypertension (n¼ 3455), self-reported use of antihyperten-
sive medications was least in the Rishi Valley (48%) and
approximately 70% in Godavari and Trivandrum (Fig. 1a),
similar to the proportion of those aware of their hyperten-
sion (Fig. 1b). Among those who were treated for hyper-
tension, 6.5% (144 participants) were unaware of their
hypertension. Control of BP was also poorest in the Rishi
Valley (23%), compared with approximately 46% in God-
avari and Trivandrum (P< 0.05) (Fig. 1a).

The median number of questions answered correctly for
knowledge about hypertension was greatest in Trivandrum
[9 (7, 10)], followed by Godavari [6 (2, 9)] and was least in
the Rishi Valley [2 (0, 5)]. Although approximately 75% of
participants correctly reported that high BP adversely
affects health, fewer participants correctly identified which
diseases are prevented when BP is controlled, being least in
the Rishi Valley (7.5%), intermediate in Godavari (41%) and
greatest in Trivandrum (54%; Pregion< 0.001; Figure S2,
http://links.lww.com/HJH/B425).

Knowledge, awareness, and treatment of
hypertension
Both knowledge score [OR 1.14 (95% CI 1.12–1.17) per unit
increase in score] and awareness [OR 104 (95% CI 82–134)
were associated with treatment for hypertension (Fig. 2;
Table S3, http://links.lww.com/HJH/B425). In interaction
analyses, there was an additive effect of awareness and
having a knowledge score of at least 5 on being treated for
hypertension [SI; 1.64 (1.15–2.33) P¼ 0.01], an association
that appeared to be limited to those aged above 60 years
(Table 2).

Knowledge, awareness, and control of
hypertension
Knowledge score was positively associated with the control
of BP in both those with hypertension [adjusted odds ratio
(aOR) 1.10; 95% CI (1.08–1.12)] and those treated for
hypertension [aOR 1.03; 95% CI (1.01–1.06)], independent
of age and sex (Fig. 2a, Table S4, http://links.lww.com/
HJH/B425). Similarly, awareness of hypertension, indepen-
dent of age and sex, was positively associated with the
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control of BP in those with hypertension [aOR 13.4; 95% CI
(10.7–16.7)], but was inversely associated with the control
of BP among those who were treated [aOR 0.48; 95% CI
(0.32–0.71)] (Fig. 2b). In interaction analyses, there
appeared to be an additive effect of awareness and having
a knowledge score of at least 5 on control of BP [AP; 0.23
(0.10–0.37); P less than 0.001 Table 3]. However, an inter-
action was not evident when the analysis was restricted to
those who received treatment for their hypertension (Table
S5, http://links.lww.com/HJH/B425).

Importantly, among those treated for hypertension,
awareness of hypertension was greater with each increas-
ing level of severity of hypertension (Table S6, http://link-
s.lww.com/HJH/B425), but this association did not appear
to differ with knowledge (Table S7, http://links.lww.com/
HJH/B425).

Factors associated with knowledge and
awareness
Factors positively associated with knowledge score
included age 60 years or less, and lifestyle factors, such
as unhealthy BMI and unhealthy WHR (Fig. 3; Table S8,
http://links.lww.com/HJH/B425). Socioeconomic factors,
such as literacy, greater levels of educational attainment,
and greater income were also positively associated with
knowledge score. With each greater level of education, the
incidence-rate ratios (IRR) for knowledge score increased.
In contrast to these variables relating to SEP, consumption
of alcohol more than once amonth was inversely associated
with knowledge score when adjusted for age and sex
(Fig. 3; Table S8, http://links.lww.com/HJH/B425).

Factors positively associated with awareness of hyper-
tension included greater SEP and unhealthy levels of

TABLE 1. Demographics, blood pressure, and socioeconomic characteristics of participants by sex

Characteristics Women (n¼5852)a Men (n¼5784)a Pgender

Age [years, median (Q1, Q3)] 45.0 (30.0, 60.0) 45.0 (30.0, 60.0) 0.81

Blood pressure
SBP [mmHg, median (Q1, Q3)]b 116.0 (106.5, 130.0) 122.5 (114.0, 134.0) <0.001

DBP [mmHg, median (Q1, Q3)]b 71.5 (64.5, 79.5) 74.5 (67.0, 82.0) <0.001

Hypertensionb 1807 (30.9) 1648 (28.5) 0.005

Grade 3 hypertensionb 92 (5.1) 113 (6.9) 0.003

Treated for hypertension 820 (45.4) 604 (36.7) <0.001

Marital statusc

Never married 361 (6.2) 1108 (19.2) <0.001

Married 4084 (70.1) 4426 (76.8) <0.001

Separated/divorced 109 (1.9) 35 (0.6) <0.001

Widow/widower 1273 (21.9) 191 (3.3) <0.001

Literate: can read and writec 3287 (56.4) 4139 (72.0) <0.001

Education leveld

No formal schooling 1915 (32.9) 952 (16.6) <0.001

Primary education 1421 (24.5) 1595 (27.7)

Secondary education 1627 (28.0) 1998 (34.7)

Tertiary education 850 (14.6) 1209 (21.0)

Monthly income (Rs)e

�1000 1729 (35.2) 1413 (27.5) <0.001

>1000–1900 898 (18.3) 1228 (23.9)

>1900–3000 1186 (24.2) 1375 (26.7)

>3000 1097 (22.3) 1129 (21.9)

Ration cardc

No ration card 252 (4.3) 191 (3.3) <0.001

Above poverty line card 1285 (22.1) 1202 (20.9)

Below poverty line card 4103 (70.5) 4267 (74.2)

Poorest of the poor card 184 (3.2) 94 (1.6)

BMI (kg/m2, median (Q1, Q3))c 23.3 (19.8, 27.0) 22.3 (19.5, 25.2) <0.001

WHR (ratio, median (Q1, Q3))d 0.85 (0.78, 0.91) 0.93 (0.87, 0.98) <0.001

Physical activityb

Q1 (least active) 1419 (24.4) 1475 (25.6) <0.001

Q2 1570 (27.0) 1353 (23.5)

Q3 1615 (27.7) 1258 (21.9)

Q4 (most active) 1218 (20.9) 1671 (29.0)

Alcohol consumptiond

Never or infrequently 5800 (99.7) 4154 (72.2) <0.001

Within the past 30 days 16 (0.3) 1600 (27.8)

aNumber (%) unless otherwise indicated (the denominator constitutes the full sample of women and men separately, except for Grade 3 hypertension and treatment of hypertension in
which the denominator constitutes women and men with hypertension). Rs, Indian rupees; WHR, waist–hip ratio. P-values for comparing women to men were generated using
Wilcoxon rank-sum tests for continuous variables and using x2 tests for categorical variables. Hypertension was defined as having either SBP at least 140 mmHg, or DBP at least
90mmHg, and/or taking blood pressure (BP)-lowering medications. Grade 3 hypertension was defined as BP at least 180mmHg systolic and/or at least 110mmHg diastolic. Physical
activity was grouped into four quartiles of metabolic equivalent of tasks.
bSix missing observations.
cForty-eight to 58 missing observations.
dSixty-six to 69 missing observations.
eOne thousand five-hundred and eighty-one missing observations. In total, 21 further individuals are missing data on sex, and so are not included in any of the data in this table.
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adiposity (Fig. 4; Table S9, http://links.lww.com/HJH/
B425). When adjusted for age and sex, secondary and
tertiary education were associated with greater odds for
awareness of hypertension than primary education or no
schooling. Being aged 60 years or less, male, and consum-
ing alcohol at least once in the past month were inversely
associated with being aware of one’s hypertension.

DISCUSSION
In three diverse populations in rural India, we found that
greater awareness of hypertension and better knowledge
about hypertensionwere independently and additively asso-
ciated with control of BP. Furthermore, this greater aware-
ness and knowledge appeared to be associated with better
treatment for hypertension in an additive manner. We also
identified that awareness and knowledge are strongly asso-
ciated with SEP as measured by income, literacy, or educa-
tional attainment. Additionally, awareness, treatment, and
control of hypertension differed according to region, with
poorer awareness, treatment and control being the most
common in the poorest region. Even just a few years of
schooling seemed to have a substantial effect on awareness
and knowledge, demonstrating the imperative for universal

access to education. Our findings also provide an impetus
for educational programs specifically targeted towards
increasing knowledge of chronic diseases, such as hyper-
tension.

The strong association of being treated for hypertension
with both awareness and knowledge likely arises from two
mechanisms. Firstly, awareness likely results from a con-
firmed clinical diagnosis that is conveyed to the patient [8],
together with advice about lifestyle patterns and the need
for adhering to medications, if prescribed. Secondly,
knowledge about hypertension is associated with better
access to healthcare and engaging in routine health checks
[21–23], thus providing opportunities for treatment. The
fact that knowledge and awareness both appear to contrib-
ute independently to treatment of hypertension, in an
additive fashion, highlights that treatment might be greatly
enhanced by targeting these factors together. Not only do
the opportunities for treatment arise with better knowl-
edge, but there is considerable importance in screening
patients, correctly diagnosing their status of hypertension,
and clearly informing them of their condition.

FIGURE 1 (a) Prevalence, treatment, control of hypertension and (b) awareness of
hypertension in samples in the Rishi Valley, Godavari, and Trivandrum. (a) Propor-
tion of those treated and those with controlled blood pressure (BP) are shown as
percentage of those with hypertension. Hypertension was defined as those with
SBP at least 140mmHg and/or DBP at least 90mmHg and/or those taking antihy-
pertensive medication(s). Treated was defined as those who received treatment for
hypertension. Controlled BP was defined as SBP less than 140mmHg and DBP less
than 90mmHg. (b) P value was generated using x2, comparing the proportions of
those with awareness in the three regions. Dunn’s multiple comparisons were
used to assess pair-wise relationships between the three regions. G denotes P less
than 0.01 for comparison with Godavari. T denotes P less than 0.01 for compari-
son with Trivandrum. R denotes P less than 0.01 for comparison with the Rishi
Valley. N¼3455 (771 Rishi Valley, 1380 Godavari, 1304 Trivandrum); 18 missing
observations from the Rishi Valley. Error bars show 95% confidence intervals.
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FIGURE 2 Unadjusted and adjusted odds ratios for associations of (a) knowledge
score and (b) awareness with (i) treatment for hypertension, (ii) control of hyper-
tension, and (iii) control of hypertension in those treated. All P less than 0.05 for
the odds ratio differing from unity. �Denotes odds ratios adjusted for age and sex.
Missing observations: (a) treatment (30 unadjusted, 36 adjusted); controlled (30
unadjusted, 36 adjusted); controlled in those treated (6 unadjusted, 14 adjusted);
(b) treatment (18 unadjusted, 24 adjusted); controlled (18 unadjusted, 24
adjusted); controlled in those treated (1 unadjusted, 7 adjusted).
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TABLE 2. Association of awareness of hypertension and knowledge about hypertensionwith treatment for hypertension amongwomen
and men, for all age groups and stratified by age, three rural regions in India, 2014–2015

Knowledge about hypertension

Knowledge within

strata of awareness

Measure of interaction on

Additive scale

Knowledge score <5 Knowledge score �5

N þ/�
treated

OR

(95% CI) P

N þ/�
treated

OR

(95% CI) P

OR

(95%CI) P Index

OR

(95% CI) P

All ages

Unaware of hypertension 62/514 1.00 82/556 1.45 (1.02–2.09) 0.04 1.46 (1.01–2.10) 0.04

Aware of hypertension 770/63 99.6 (68.8–144) <0.001 1309/75 163 (114–234) <0.001 1.64 (1.15–2.34) 0.01

Awareness within strata

of knowledge

100 (69.0–145) <0.001 117 (83.3–164) <0.001

RERI 63.2 (13.3–113.1) 0.01

AP 0.39 (0.17–0.60) <0.001

SI 1.64 (1.15–2.33) 0.01

Age group 60 years or less

Unaware of hypertension 33/278 1.00 42/403 0.98 (0.60–1.60) 0.94 1.01 (0.61–1.65) 0.98

Aware of hypertension 318/29 90.7 (53.7–153) <0.001 752/59 111 (70.7–174) <0.001 1.21 (0.76–1.93) 0.43

Awareness within strata

of knowledge

92.1 (54.4–156) <0.001 112 (73.9–170) <0.001

RERI 20.3 (�25.9 to 66.5) 0.40

AP 0.18 (�0.20 to 0.56) 0.35

SI 1.23 (0.77–1.96) 0.40

Age group > 60 years

Unaware of hypertension 29/236 1.00 40/153 2.18 (1.30–3.68) <0.01 2.18 (1.29–3.86) <0.01

Aware of hypertension 452/34 108 (64.4–182) <0.001 557/16 295 (156–556) <0.001 2.73 (1.48–5.04) <0.01

Awareness within strata

of knowledge

108 (64.2–182) <0.001 140 (75.3–259) <0.001

RERI 185 (16.8–354) 0.03

AP 0.63 (0.40–0.85) <0.001

SI 2.71 (1.47–4.99) <0.01

Data are presented as odds ratios (95% confidence interval), and all analyses are adjusted for age. Interaction exists if CI of RERI does not include 0 and/or CI of AP does not include 0
and/or CI of SI does not include 1. AP, attributable proportion; CI, confidence interval; OR, odds ratio; RERI, relative excess risk due to interaction; SI, Synergy Index. n¼ 3431 for all
ages (30 missing observations for knowledge or awareness). n¼1914 for those aged �60 years (11 missing observations for knowledge or awareness). n¼1517 for those aged >60
years (19 missing observations for knowledge or treatment).

TABLE 3. Association of awareness of hypertension and knowledge about hypertensionwith control of hypertension amongwomen and
men, for all age groups and stratified by age, three rural regions in India, 2014–2015

Knowledge about hypertension
Knowledge within
strata of awareness

Measure of interaction on
additive scale

Knowledge score <5 Knowledge score �5

N þ/�
controlled

OR
(95% CI) P

N þ/�
controlled

OR
(95% CI) P

OR
(95% CI) P Index

OR
(95% CI) P

All ages
Unaware of hypertension 44/532 1.00 64/574 1.24 (0.83–1.86) 0.30 1.50 (0.99–2.27) 0.06

Aware of hypertension 421/412 13.0 (9.24–18.2) <0.001 815/569 17.2 (12.4–23.8) <0.001 1.28 (1.08–1.53) 0.01

Awareness within strata of
knowledge

13.2 (9.36–18.5) <0.001 13.7 (10.3–18.2) <0.001

RERI 3.98 (1.23–6.73) 0.01

AP 0.23 (0.10–0.37) <0.001

SI 1.33 (1.10–1.61) 0.01

Age group 60 years or less
Unaware of hypertension 25/286 1.00 37/408 0.96 (0.56–1.64) 0.88 1.16 (0.67–2.00) 0.60

Aware of hypertension 195/152 15.1 (9.54–24.0) <0.001 507/304 19.1 (12.4–29.5) <0.001 1.24 (0.96–1.60) 0.11

Awareness within strata
of knowledge

15.1 (9.50–24.1) <0.001 19.9 (13.6–29.1) <0.001

RERI 4.02 (�0.38 to 8.44) 0.07

AP 0.21 (0.01–0.42) 0.04

SI 1.29 (0.97–1.70) 0.08

Age group above 60 years
Unaware of hypertension 19/246 1.00 27/166 2.12 (1.14–3.93) 0.02 2.11 (1.13–3.92) 0.02

Aware of hypertension 226/260 11.2 (6.81–18.5) <0.001 308/265 15.1 (9.22–24.8) <0.001 1.35 (1.06–1.72) 0.02

Awareness within strata
of knowledge

11.3 (6.82–18.5) <0.001 7.16 (4.62–11.1) <0.001

RERI 2.79 (�0.65 to 6.23) 0.11

AP 0.18 (�0.02 to 0.38) 0.07

SI 1.25 (0.95–1.62) 0.11

Data are presented as odds ratios (95% confidence interval), and all analyses are adjusted for age. Interaction exists if CI of RERI does not include 0 and/or CI of AP does not include 0
and/or CI of SI does not include 1. AP, attributable proportion; CI, confidence interval; OR, odds ratio; RERI, relative excess risk due to interaction; SI, Synergy Index. n¼ 3431 for all
ages (30 missing observations for knowledge or awareness). n¼1914 for those aged 60 years or less (11 missing observations for knowledge or awareness). n¼1517 for those aged
more than 60 years (19 missing observations for knowledge or treatment).
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Similar to the findings for treatment, both awareness and
knowledge appeared to be additively associated with con-
trol of BP, demonstrating the critical role of both awareness
and knowledge in controlling BP. Presumably, this effect is
largely driven by the dual influences of awareness of, and
knowledge about, hypertension on adherence to treatment
regimens [12,24–26]. This highlights likely pathways for
facilitating control of BP and emphasizes the importance of
educating patients about their condition.

Our observation of a stronger association between
awareness and treatment of hypertension than awareness
and control of BP indicates that other factors, such as
adoption of healthy changes in lifestyle and better adher-
ence to prescribed treatment, are very likely to be areas to
target in order to improve control of BP. Further support
that knowledge facilitates healthy lifestyles is provided by
our observation that knowledge was associated with con-
trol of BP even in those unaware of their hypertension. This

Unadjusted
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Incidence-rate ratio
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  Tertiary
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  >1000 to 1900
  >1900 to 3000
  >3000

Lifestyle factors
    Unhealthy WHR
    Unhealthy BMI
    Drank alcohol >once in 30 days

FIGURE 3 Unadjusted and adjusted incidence-rate ratios for factors associated with knowledge score. Data were obtained using Poisson regression. Error bars that do not
cross the line of null effect indicate P less than 0.05. �Age 60 years or less was adjusted for sex; male was adjusted for age; and all other variables were adjusted for both
age and sex. Unhealthy waist–hip ratio (WHR) denotes WHR at least 0.80 for women and at least 0.90 for men. Unhealthy BMI denotes BMI at least 23 kg/m2. N¼2986
to 3431 for all variables except income (591–596 missing observations for income).

Odds Ratio (and 95% confidence intervals)
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Age  60 years
Male
Knowledge about hypertension
Socioeconomic factors
    Literate

Level of education
  Primary School
  Secondary School
  Tertiary

Monthly income (Rs)
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FIGURE 4 Unadjusted and adjusted odds ratios for factors associated with awareness of hypertension. Data were obtained using logistic regression. Error bars that do not
cross the line of null effect indicate P less than 0.05. �Age 60 years or less was adjusted for sex; male was adjusted for age; and all other variables were adjusted for both
age and sex. Unhealthy waist–hip ratio (WHR) denotes WHR at least 0.80 for women and at least 0.90 for men. Unhealthy BMI denotes BMI at least 23 kg/m2. N¼3392
to 3443 for all variables except income (581–586 missing observations for income).
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potential mechanism is further supported by our finding
that people with controlled BP were more likely to abstain
from alcohol than those with uncontrolled BP (data not
shown).

Interestingly, in an analysis restricted to the sample of
patients treated for hypertension, BP was less likely to be
controlled in those aware of their hypertension than in
those who remained unaware of their hypertension. This
finding appears counterintuitive. However, we speculate
that this observation may be as patients who are aware of
their condition are more likely to have hypertension that is
long-standing, severe, or is poorly responsive to treatment
[27]. In support of this, we found that among those treated
for hypertension, for each increasing level of severity of
hypertension, there appeared to be greater awareness of
hypertension. It is likely that people with more severe
hypertension are more likely aware of their hypertension
as they may have repeatedly attempted to control their BP
and been advised that their BP is not being controlled [28].
So this may simply reflect the effort involved in trying to
control severe BP. Thus, the severity of hypertension
potentially influences the relationship between awareness
and control of hypertension.

There appears to be considerable heterogeneity in
knowledge about hypertension and awareness of hyper-
tension, even within rural regions in India, potentially
somewhat driven by education. More than 50% of those
in Trivandrum correctly identified the effects of hyperten-
sion aswell asmeasures to prevent highBP, comparedwith
less than 10% in the Rishi Valley, a figure similar to that
found in other studies conducted in India and other LMICs
[26,29]. Poor educational attainment appears to be a critical
barrier, not only to individuals’ knowledge about hyper-
tension but also to awareness of hypertension, a finding
also reported by others [11]. In other research, higher levels
of education have been shown to be associated with
greater access to healthcare and better health literacy
[26,30], and therefore, greater ability to interpret and
understand health advice [31]. Overall, increasing educa-
tion appears to promote both greater awareness of one’s
own hypertension and better knowledge about hyperten-
sion.

Education likely provides a means to overcome barriers
to treating and controlling hypertension. Factors, such as
healthcare providers’ knowledge about hypertension,
healthcare guidelines, patients’ access to healthcare, and
affordability of healthcare [24,32–34], influence the man-
agement of hypertension. Improving public health aware-
ness campaigns and extending screening of hypertension in
the population, particularly to those with minimal educa-
tion, is likely to alleviate these barriers. For example,
extending screening programs to cover a larger proportion
of the population and educating individuals about their
diagnosis is likely to facilitate better treatment of hyperten-
sion [35]. May Measurement Month is a global campaign,
initiated by the International Society of Hypertension, that is
specifically aimed at addressing these issues (https://may-
measure.com/). Similarly, improving public education
about hypertension can empower patients with strategies
to manage high BP [35]. For example, in Nepal, using
community health volunteers to educate participants about

hypertension, Neupane et al. [14], found a significant
improvement in their control of hypertension. Similar inter-
ventions may be employed in rural India to better manage
hypertension in these populations.

There were several limitations in the present study. The
questionnaires were modified specifically for each region,
which resulted in slight variations in the number of
questions administered to participants. As a result, some
questions were asked of only a few participants and had
to be excluded from the analyses. The questions on
knowledge also included some multiple choice
responses, which may have prompted participants to
provide correct answers, thereby resulting in an overesti-
mate of knowledge. Despite this, knowledge was still
poor overall. The fact that participants could choose
incorrect as well as correct responses somewhat reduced
the likelihood that all responses would be correct. Fur-
thermore, while efforts were made to interview eligible
family members separately, there may have been some
situations where participants may have overheard
responses, also providing a prompt to answer certain
questions on knowledge in a particular way. Finally, as
our study was cross-sectional, we are unable to establish
causation or determine temporality between the exposure
and outcome variables. Therefore, whilst we could iden-
tify that knowledge and awareness of hypertension are
independently and additively associated with the treat-
ment and control of BP, we were not able to establish that
knowledge or awareness causes or leads to treatment
and control.

Our study also has a number of strengths, particularly the
large sample size of 11 657 participants. The use of such a
large sample, across three very diverse regions, allows
some generalizability to other parts of rural India. The fact
that our sampling strategy generated equal numbers of
participants across age and sex groups enabled a robust
assessment of the contribution of age to awareness, treat-
ment, and control of hypertension. To ensure standardiza-
tion across regions, data collectors were trained in
collection of BP measurements according to the WHO-
STEPS protocol [19]. The questions on knowledge about
hypertension were extensive and enabled a robust assess-
ment of relevant knowledge about hypertension. These
measures strengthened the internal validity of the dataset
and enabled some generalization to the population
of interest.

Other investigators have examined the association
between knowledge and awareness separately on the
management of hypertension and produced similar results
to our findings [3–5,13]. However, this study provides the
first evidence that better awareness of one’s own hyper-
tension and better knowledge about hypertension are
independently and additively associated with better treat-
ment and control of hypertension in disadvantaged
rural India.

In conclusion, knowledge about, and awareness of,
hypertension are important targets for improving treatment
and control of hypertension in rural India. These can be
addressed by introducing programs and campaigns to
screen for hypertension and improving health literacy
through community, workplace, or school programs.
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