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Background To investigate the prevalence, screening and knowledge of cardio-
vascular risk factors (CVRFs) by socio-economic position (SEP) in
rural India.

Methods An age- and sex-stratified random sample of 4535 adults was
recruited from rural Andhra Pradesh and a questionnaire was
administered to assess prevalence, screening and knowledge of
CVRFs and record recent attempts to modify behaviour.
Education, income and occupation were used to measure SEP.

Results Lower fruit intake and higher tobacco and alcohol use were found
in those with lower SEP. Overweight, physical inactivity, diabetes,
hypertension, family history of cardiovascular disease (CVD) and
previous CVD (men only) were greater in higher SEP participants.
Lower SEP participants had less blood pressure, glucose or choles-
terol screening and less knowledge of nine CVRFs. Regardless of
SEP, participants knowledgeable of the harms of a CVRF were more
likely to have attempted to modify behaviour. For example, know-
ledge of benefits of smoking cessation was associated with an
increased odds ratio (OR) for attempting to quit: in educated par-
ticipants—OR 3.67, 95% confidence interval (CI) 2.10–6.42; in par-
ticipants with no education—OR 3.98, 95% CI 2.27–6.97.

Conclusions Some biological CVRFs were worse in higher SEP participants while
some behavioural risk factors were worse in lower SEP participants.
Lower SEP participants had less CVRF screening and knowledge of
CVRFs. Those with knowledge of CVRFs were more likely to make
healthy behavioural changes. Our findings suggest equipping
rural Indians with knowledge about CVRFs may ameliorate pro-
jected future increases in CVD.
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Introduction
When cardiovascular disease (CVD) was first recog-
nized as a major cause of death during the 20th cen-
tury in ‘developed’ regions like Europe and the USA,
it was found to be most common among the affluent
sections of society. Over time, prevalence transitioned
down the social scale to become higher among people
of lower socio-economic position (SEP).1 In ‘develop-
ing’ world populations, those of higher socio-
economic position are currently thought to be at
highest risk of CVD.2 However, there is some evidence
that a transition, similar to developed regions, is al-
ready occurring,3,4 as recent studies from urban India
indicate that cardiovascular risk factors (CVRFs) such
as tobacco use, obesity and hypertension is increasing
in those of lower SEP.5–8

In rural India, where �70% of India’s population
live, recent studies indicate that CVDs are now the
leading cause of death9,10 and CVRF levels are higher
than previously assumed in some regions.11–13 Health
care is generally worse in rural compared with urban
India, and studies of other health conditions have
shown that the poorest in rural areas are worst
off.14 A shift in CVRFs to the more disadvantaged in
rural India would therefore present a major health
care challenge. One recent study of 1983 rural indi-
viduals reported that CVRFs such as smoking were
higher in the most socio-economically
disadvantaged.15

In high-income countries, higher SEP is generally
associated with better knowledge of health risks.16

As knowledge about unhealthy behaviours is one of
the precursors to positive behavioural modifica-
tion,17,18 if those of lowest socio-economic position
in rural India are less aware of potential risks, they
may be more susceptible to adverse lifestyle behav-
iours and subsequent CVD.

The objective of this analysis was, in a rural Indian
population, to examine the socio-economic distribu-
tion of: (i) CVRFs (smoking, diabetes, hypertension,
overweight, physical inactivity, low fruit intake, alco-
hol use, established and family histories of CVD);
(ii) rates of screening for risk factors [blood pressure
(BP), blood glucose and cholesterol]; and (iii) know-
ledge of key behaviours that influence cardiovascular
health (lose weight, quit smoking, increase exercise,
eat more fish, drink less alcohol, reduce fat in meals,
reduce salt in meals, eat more fresh fruit, eat more
green leafy vegetables). The analysis then sought to
explore the hypothesis that greater knowledge of key
behaviours which influence cardiovascular health was
associated with protective lifestyle behaviour regard-
less of SEP.

Methods
The study was conducted as part of the Andhra
Pradesh Rural Health Initiative (APHRI) whose

members and details are listed in acknowledgements.
The study was approved by the Ethics Committees of
the CARE Hospital, Hyderabad in India and the
University of Sydney in Australia. All participants pro-
vided informed consent and the study was performed
in accordance with the Declaration of Helsinki and
subsequent amendments.

Recruitment of study population
This study was conducted in 2005 in 20 villages in the
rural East and West Godavari regions of Andhra
Pradesh, the fifth largest state of India, having 73%
of its total population (of approximately 76 million)
residing in rural areas. The proportion living in rural
areas is similar to other states of India and the
Godavari regions have a predominantly agrarian econ-
omy with few factories. The major town in the area,
Bhimavaram, has a train station that connects it to
Hyderabad, though taking �10 h travel time. The 20
villages were stratified by population size, distance
from the rural centre and region to obtain a represen-
tative sample of villages of the area. The villages were
all participating in a rural development initiative run
by the Byrraju Foundation, a local non-governmental
organization and collaborator in APRHI. They were
sampled from a list of 88 villages from the East and
West Godavari regions for which the community lead-
ers of the villages had consented to participate and
the Byrraju Foundation had complete population list-
ings. Six villages were from East Godavari, 14 villages
from West Godavari and the mean distance from a
large town was �20 km. The survey sample for each
village was a stratified random sample of roughly
equal number of individuals from eight groups
defined by age (30–39, 40–49, 50–59, 460 years)
and sex. A roughly equal total sample was drawn
from each of the 20 villages. Using this method of
sampling and weighted survey data analysis enabled
precise estimation of overall CVRF levels, and by age–
sex group for the population living in the 20 villages.
A simple random sample would not have allowed cal-
culation of precise estimates for older age groups be-
cause the bulk of the population of India is <40 years
of age19 and thus would have resulted in fewer indi-
viduals from older age groups. The average household
size was four, and as a sample of 200 individuals was
sampled from each village, the chances of two or
more individuals being randomly sampled from a
household was low. Of the 6985 individuals invited,
5627 were still living in the villages, of whom 4535
(81%) agreed to take part and provided informed
consent.20

Study variables
For each individual who consented to participate,
trained study staff administered a structured ques-
tionnaire (see Supplementary Appendix 1 available
as Supplementary data at IJE online)20 and a fasting
finger-prick glucose test using B-Braun USV meters
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(Melsungen, Germany). All individuals had a brief
physical examination that included two sitting meas-
urements of BP using an Omron M2 manual inflation
monitor and measurements of weight, height, waist
and hip circumference with participants wearing
light clothing without shoes. A team of five health
workers were assigned to taking measurements (BP,
waist, height and weight). The first measurement was
taken after a period of at least 5 min of rest. A fasting
venous blood sample was sought from every fourth
individual rendering a sub-sample of 1086 partici-
pants from which the lipid profile was measured.
Frozen samples were transferred to a central interna-
tionally accredited laboratory in the CARE hospital,
Hyderabad, India, where analyses were performed
using a Beckman Coulter Synchron Cx9 Clinical
system ALX analyser. The coronary heart disease
(CHD) risk for each participant was calculated using
a locally recalibrated Framingham equation for the
sub-sample of participants in whom lipids were
measured.21

Information on three socio-economic variables (edu-
cation, income and occupation) was collected
by self-report. For each participant the highest
level of education completed was recorded from
the categories: higher education (diploma/technical/
university); secondary school (to grade 12); primary
school (to grade 6) or no formal schooling. Household
income was recorded in Indian rupees for an average
month. For seasonal workers, interviewers were
trained to assist in calculating an average monthly
income based on the last 12 months income.
Participants were asked their current occupation and
interviewers categorized this based on the standard
Indian classification system22 with the assistance of
a prompt card (see Supplementary Appendix 2 avail-
able as Supplementary data at IJE online) into the
following groups: skilled manual workers, unskilled
manual workers, owner of business or farm, office
worker/non-professional, professional, housewife or
unemployed/retired. We then defined ‘Educated’ as
those who had attended primary school, secondary
school or higher education and ‘No education’ as
those reporting no formal schooling. In analysing oc-
cupation, we excluded housewife as we hypothesized
that this category would not adequately describe SEP
based on previous literature,5 and unemployed/retired
as the way the question was administered did not
allow these two categories to be differentiated. Less
than 10% of the study population were unemployed/
retired. Thus, we also dichotomized occupation into
‘skilled occupation’, defined as those with an occupa-
tion of skilled manual worker or owner of business/
farmer office worker/non-professional or professional
and ‘unskilled occupation’ as those who were un-
skilled manual worker, as again approximately half
the sample were unskilled, and the remaining cate-
gories of skilled manual workers, owner of business
or farm and office worker/non-professional were

relatively homogenous in terms of literacy. Income
was examined by thirds (high: 52000 rupees;
medium: 1200–1999 rupees; poor: 0–1199 rupees).

Information on behavioural CVRFs was ascer-
tained through a questionnaire (see Supplementary
Appendix 1 available as Supplementary data at IJE
online). Current smokers were defined as those that
smoked regularly on most days for at least a year, and
ex-smokers as those who had stopped smoking for at
least 1 year. Low fruit intake was defined as fruit
consumed on one day or less a week. Physical inactiv-
ity was defined as a report of ‘almost none’ in
response to a question about physical activity during
working hours and outside of work. Alcohol use was
defined as those who reported at least one drink on
one or more days of the week.

Information on biological CVRFs was ascertained
through questionnaire, physical examination and
blood testing. Hypertension was defined according to
Joint National Committee on Prevention, Detection,
Evaluation and Treatment of High BP guidelines23

as mean systolic BP5140 mmHg, and/or mean dia-
stolic BP590 mmHg, or known hypertension (diag-
nosed by a doctor) on BP lowering prescription
medication. Overweight was defined as a body mass
index (BMI) of 525 and underweight as a BMI of
<18.5.24 Diabetes was defined as fasting blood glu-
cose 57 mmol/l (5126 mg/dl)25 or on self-report.

Established CVD was defined as self-reported
doctor-diagnosed heart attack, stroke or angina and
family history of CVD as a first degree relative having
had a heart attack or stroke (according to the know-
ledge of the study participant) before the age of
60 years.

In addition, all participants were asked whether
they had had their BP, blood glucose or cholesterol
checked in the last 12 months. Knowledge of nine key
behaviours (lose weight, quit smoking, increase exer-
cise, eat more fish, drink less alcohol, reduce fat in
meals, reduce salt in meals, eat more fresh fruit, eat
more green leafy vegetables) that reduce the risk of
CVD was assessed in the questionnaire by asking par-
ticipants to respond ‘yes’, ‘no’ or ‘unsure’ as to
whether a change in each behaviour could prevent a
heart attack or stroke. We analysed ‘no’ and ‘unsure’
together. Participants were also asked if they had
taken action to beneficially modify any of these nine
behaviours in the previous 12 months, as ‘yes’ or ‘no’.

Statistical analysis
(i) Prevalence of CVRFs, screening of risk factors and
knowledge about key behaviours that reduce the risk
of CVD, by SEP.

We analysed, in turn, prevalence of risk factors,
screening of risk factors and knowledge about key
behaviours that reduce the risk of CVD, by the
three markers of SEP (education, occupation and
income). Data are expressed as percentages for cat-
egorical variables and means and standard deviations
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(SDs) for continuous measures, which were all nor-
mally distributed. Differences between socio-economic
groups were tested using chi-squared tests for categor-
ical variables or t-tests for continuous variables and t-
tests for trend were used to examine patterns across
income categories. Levels of risk factor, screening and
knowledge are presented unadjusted; however, com-
parisons across socio-economic groups are all adjusted
for age and sex.

(ii) Influence of SEP and knowledge of key behav-
iours that reduce the risk of CVD on attempt to
modify behaviour.

For further analyses, we chose educational level as
the SEP variable, as there was considerable
co-linearity between the three socio-economic vari-
ables and educational level is a widely used measure
of SEP. The association between educational level and
an attempt to modify a CVRF in the last 12 months
was examined in logistic regression models adjusted
for age and sex, in those with that specific risk factor.
The association between knowledge about a risk
factor and an attempt to modify that risk factor in
the past 12 months was examined in logistic regres-
sion models adjusted for age and sex, in those with
that specific risk factor. These analyses were carried
out for smoking cessation, weight loss, increase in
exercise, eating more fruit and drinking less alcohol.
Effect sizes were measured as odds ratios (ORs), with
95% confidence intervals (CIs).

(iii) Influence of both SEP and knowledge on at-
tempt to modify behaviour.

A new indicator variable comprising both education-
al level and knowledge about a CVRF was estab-
lished—those with no formal education and no
knowledge was the reference group, with three
other groups representing those with no formal
education but with knowledge, those who were edu-
cated but having no knowledge, and those who were
educated with knowledge. In age- and sex-adjusted
logistic regression models, we examined this variable
against the outcome of an attempt to modify either
smoking (in current smokers) or weight (in those
who were overweight) in the last 12 months. These
were plotted alongside the two-level variables (educa-
tional level, knowledge) examined in section ii. Thus,
our three logistic regression models adjusted for age
and sex were:

(a) association between educational level and an
attempt to modify that risk factor in the past
12 months;

(b) association between knowledge about a risk
factor and an attempt to modify that risk
factor in the past 12 months; and

(c) association between educational level/know-
ledge and an attempt to modify that risk
factor in the past 12 months.

All statistical analyses were carried out using
STATA 11.0.

Ethical approval
The study was approved by the Ethics Committees of
the CARE Hospital, Hyderabad in India, and the
University of Sydney in Australia.

Results
Among the 4535 participants, the mean age was 49.4
(SD 13.6), and 51.4% were women. Table 1 describes
the socio-economic characteristics of the study sample
by sex. Men were more likely to be literate than
women, and, concordantly, more likely to have had
some formal education. Unskilled manual labourers
made up 68.1% of men and 37.4% of women. Data
fields were 499% complete for all descriptive and
socio-economic variables.

Disease risk factors by SEP
Those with no education were more likely to be cur-
rent smokers compared with those with some educa-
tion, in both men and women (Table 2). Among the
participants, 57.7% of men with no formal education
smoked compared with 39.5% of educated men and
while the pattern was similar in women, fewer of
them smoked. A higher educational level in men
was associated with a higher prevalence of diabetes,
hypertension, overweight, physical inactivity, family
history of CVD, established history of CVD, higher
fruit intake and lower alcohol intake. In women, a
higher educational level was associated with a
higher prevalence of overweight, physical inactivity,
family history of CVD, higher fruit intake and lower

Table 1 Characteristics of study sample from rural Andhra
Pradesh, India (n¼ 4535)

Characteristic
Men

N (%)
Women
N (%)

Mean age (SD) 50.7 (13.6) 48.1 (13.5)

Illiterate, n (%) 1164 (52.8) 921 (39.5)

Highest level of education completed

No formal schooling 895 (40.6) 1255 (53.9)

Primary school 750 (34.0) 806 (34.6)

Secondary school 447 (20.3) 241 (10.4)

Graduate or post-
graduate studies

114 (5.2) 27 (1.2)

Employment

Unemployed or retired 266 (12.1) 153 (6.6)

Housewife 5 (0.2) 1216 (52.2)

Skilled manual worker 148 (6.7) 51 (2.2)

Unskilled manual worker 1501 (68.0) 872 (37.4)

Owner of business/
non-professional

175 (7.9) 21 (0.9)

Professional 72 (3.3) 12 (0.5)
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alcohol intake. Women were overall much less likely
to drink alcohol than men. BMI and waist circumfer-
ence were greater in those of a higher educational
level for both sexes. The patterns were broadly similar
when occupation was used as a marker of SEP.
Patterns by income revealed that poorer men
smoked more, but had less diabetes, less overweight,
were more physically active and were less likely to
have a family or established history of CVD compared
with richer men. Similar patterns were seen in
women for diabetes, overweight and BMI, suggesting
socio-economic differences in dietary patterns, but not
for smoking with its low prevalence in women across
all social groups.

In the sub-sample of 1086 participants with
blood assays, a higher educational level or occupa-
tion in men was associated with no difference in
low-density lipoprotein-cholesterol, higher triglycer-
ides and lower high-density lipoprotein-cholesterol
concentrations. When considering Framingham CHD
risk, men of higher SEP (in terms of education level
and occupation) had higher risk than those of lower
SEP.

Screening of risk factors by SEP
Participants of lower SEP had lower rates of BP, blood
glucose and cholesterol screening (Table 3), and this
was consistent for men and women. Rates of BP and
glucose screening were generally high in this study
sample as the Byrraju Foundation had recently con-
ducted BP and diabetes screening programs in these
villages.

Knowledge about key behaviours that reduce
the risk of CVD by SEP
Individuals of lower SEP had poorer knowledge of the
lifestyle factors that influence cardiovascular risk.
They were less likely to know that weight loss, smok-
ing cessation, exercise, eating fish, less alcohol,
reduced fat, reduced salt and more fruit and vege-
tables in the diet may prevent heart attack or stroke
(Table 4). Again, we observed this pattern in both
men and women, though overall levels of knowledge
were lower in women than men.

Influence of SEP and knowledge of key
behaviours that reduce the risk of CVD on
attempt to modify behaviour
In age- and sex-adjusted models, and in those with
the risk factor, those who were educated were: (i)
more likely to attempt to lose weight (OR: 2.57;
95% CI 1.85–3.57 in those with BMI5 25); (ii)
more likely to attempt to increase physical activity
(OR: 3.66; 95% CI 2.67–5.01 in those who were phys-
ically inactive); (iii) more likely to attempt to increase
fruit intake (OR: 1.28; 95% CI 1.02–1.61 in those on
less fruit); and (iv) more likely to attempt to decrease
their alcohol intake (OR: 1.40; 95% CI 1.00–1.94 in T

a
b

le
3

P
re

va
le

n
ce

o
f

se
lf

-r
ep

o
rt

ed
B

P
,

b
lo

o
d

g
lu

co
se

a
n

d
ch

o
le

st
er

o
l

ch
ec

k
s

b
y

ed
u

ca
ti

o
n

,
o

cc
u

p
a
ti

o
n

a
n

d
in

co
m

e

E
d

u
ca

ti
o

n
O

cc
u

p
a

ti
o

n
In

co
m

e

P
-t

re
n

d
E

d
u

ca
te

d
N

o
ed

u
ca

ti
o

n
P

-v
a
lu

e
S

k
il

le
d

U
n

sk
il

le
d

P
-v

a
lu

e
H

ig
h

M
id

d
le

L
o

w

M
e

n

N
1

3
1

1
8

9
5

–
4

3
4

1
5

0
1

–
9

1
2

7
1

7
5

7
7

–

B
P

ch
ec

k
ed

ev
er

8
4

8
(6

4
.7

)
5

3
0

(5
9

.2
)

0
.0

0
9

2
8

9
(6

6
.6

)
8

5
7

(5
7

.1
)

<
0

.0
0

1
6

1
6

(6
7

.5
)

4
2

0
(5

8
.6

)
3

4
2

(5
9

.3
)

<
0

.0
0

1

B
G

L
ch

ec
k

ed
ev

er
5

5
9

(4
2

.6
)

3
2

7
(3

6
.5

)
0

.0
0

4
2

0
6

(4
7

.5
)

5
1

8
(3

4
.5

)
<

0
.0

0
1

4
2

2
(4

6
.3

)
2

5
9

(3
6

.1
)

2
0

5
(3

5
.5

)
<

0
.0

0
1

C
h

o
le

st
er

o
l

ch
ec

k
ev

er
1

2
7

(9
.7

)
1

7
(1

.9
)

<
0

.0
0

1
5

4
(1

2
.4

)
6

3
(4

.2
)

<
0

.0
0

1
9

0
(9

.9
)

3
5

(4
.9

)
1

9
(3

.3
)

<
0

.0
0

1

W
o

m
e

n

N
1

0
7

4
1

2
5

5
–

8
8

8
7

2
–

9
4

5
5

5
0

8
3

4
–

B
P

ch
ec

k
ed

ev
er

8
6

4
(8

0
.5

)
8

8
4

(7
0

.5
)

<
0

.0
0

1
6

6
(7

5
.0

)
5

5
2

(6
3

.3
)

0
.0

2
9

7
3

9
(7

8
.3

)
3

9
9

(7
2

.6
)

6
1

0
(7

3
.1

)
0

.0
1

1

B
G

L
ch

ec
k

ed
ev

er
4

3
6

(4
0

.6
)

4
3

0
(3

4
.3

)
0

.0
0

2
3

1
(3

5
.2

)
2

2
2

(2
5

.5
)

0
.0

4
7

3
9

4
(4

1
.7

)
1

8
9

(3
4

.4
)

2
8

3
(3

3
.9

)
0

.0
0

1

C
h

o
le

st
er

o
l

ch
ec

k
ev

er
6

7
(6

.2
)

3
6

(2
.9

)
<

0
.0

0
1

4
(4

.6
)

2
1

(2
.4

)
0

.2
3

0
5

8
(6

.1
)

2
4

(4
.4

)
2

1
(2

.5
)

<
0

.0
0

1

P
-v

a
lu

es
a
re

a
g
e-

a
d

ju
st

ed
;

va
lu

es
a
re

n
u

m
b

er
s,

a
n

d
th

o
se

in
p

a
re

n
th

es
es

a
re

p
er

ce
n

ta
g
es

.
B

S
L

:
b

lo
o

d
g
lu

co
se

le
ve

l.

1308 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/41/5/1302/708530 by guest on 10 April 2024



T
a

b
le

4
K

n
o

w
le

d
g
e

a
b

o
u

t
k

ey
b

eh
a
vi

o
u

rs
th

a
t

re
d

u
ce

th
e

ri
sk

o
f

C
V

D
:

th
o

se
w

h
o

co
rr

ec
tl

y
a
n

sw
er

ed
w

h
et

h
er

a
g
iv

en
a
ct

io
n

w
o

u
ld

p
re

ve
n

t
h

ea
rt

a
tt

a
ck

o
r

st
ro

k
e

E
d

u
ca

ti
o

n
O

cc
u

p
a

ti
o

n
In

co
m

e

P
-t

re
n

d
E

d
u

ca
te

d
N

o
ed

u
ca

ti
o

n
P

-v
a
lu

e
S

k
il

le
d

U
n

sk
il

le
d

P
-v

a
lu

e
H

ig
h

M
id

d
le

L
o

w

M
e

n

N
1

3
1

1
8

9
5

–
4

3
4

1
5

0
1

–
9

1
2

7
1

7
5

7
7

–

L
o

se
w

ei
g
h

t
7

7
2

(5
8

.9
)

3
4

9
(3

9
.9

)
<

0
.0

0
1

2
8

4
(6

5
.4

)
7

1
7

(4
7

.8
)

<
0

.0
0

1
5

4
7

(6
0

.0
)

3
5

6
(4

9
.7

)
2

1
8

(3
7

.8
)

<
0

.0
0

1

Q
u

it
sm

o
k

in
g

8
9

2
(6

8
.0

)
4

3
7

(4
8

.8
)

<
0

.0
0

1
3

1
0

(7
1

.4
)

8
7

0
(5

8
.0

)
<

0
.0

0
1

6
3

0
(6

9
.1

)
4

1
8

(5
8

.3
)

2
8

1
(4

8
.7

)
<

0
.0

0
1

In
cr

ea
se

ex
er

ci
se

7
7

9
(5

9
.4

)
3

0
8

(3
4

.4
)

<
0

.0
0

1
2

8
9

(6
6

.6
)

6
7

3
(4

4
.8

4
)

<
0

.0
0

1
5

2
5

(5
7

.6
)

3
3

9
(4

7
.3

)
2

2
3

(3
8

.7
)

<
0

.0
0

1

E
a
t

m
o

re
fi

sh
3

9
8

(3
0

.4
)

1
8

2
(2

0
.3

)
<

0
.0

0
1

1
4

3
(3

3
.0

)
3

6
7

(2
4

.5
)

<
0

.0
0

1
3

0
4

(3
3

.3
)

1
7

3
(2

4
.1

)
1

0
3

(1
7

.9
)

<
0

.0
0

1

D
ri

n
k

le
ss

a
lc

o
h

o
l

7
2

5
(5

5
.3

)
3

9
5

(4
4

.1
)

<
0

.0
0

1
2

5
6

(5
9

.0
)

7
4

9
(4

9
.9

)
0

.0
0

1
5

3
2

(5
8

.3
)

3
4

0
(4

7
.4

)
2

4
8

(4
3

.0
)

<
0

.0
0

1

R
ed

u
ce

fa
t

in
m

ea
ls

8
7

8
(6

7
.0

)
3

9
0

(4
5

.6
)

<
0

.0
0

1
3

1
6

(7
2

.8
)

8
0

9
(5

3
.9

)
<

0
.0

0
1

6
0

3
(6

6
.1

)
4

0
4

(5
6

.4
)

2
6

1
(4

5
.2

)
<

0
.0

0
1

R
ed

u
ce

sa
lt

in
m

ea
ls

8
0

8
(6

1
.6

)
4

0
5

(4
5

.3
)

<
0

.0
0

1
2

8
7

(6
6

.1
)

7
8

1
(5

2
.0

)
<

0
.0

0
1

5
6

1
(6

1
.5

)
3

8
3

(5
3

.4
)

2
6

9
(4

6
.6

)
<

0
.0

0
1

E
a
t

m
o

re
fr

es
h

fr
u

it
8

4
1

(6
4

.2
)

4
4

1
(4

9
.3

)
<

0
.0

0
1

2
8

6
(6

5
.9

)
8

5
2

(5
6

.8
)

0
.0

0
1

5
9

1
(6

4
.8

)
4

1
4

(5
6

.7
)

2
7

7
(4

8
.0

)
<

0
.0

0
1

E
a
t

m
o

re
g
re

en
le

a
fy

ve
g
et

a
b

le
s

9
0

9
(6

9
.3

)
4

7
8

(5
3

.4
)

<
0

.0
0

1
3

1
7

(7
3

.0
)

9
1

6
(6

1
.0

)
<

0
.0

0
1

6
4

4
(7

0
.6

)
4

5
0

(6
2

.8
)

2
9

3
(5

0
.8

)
<

0
.0

0
1

W
o

m
e

n

N
1

0
7

4
1

2
5

5
–

8
8

8
7

2
–

9
4

5
5

5
0

8
3

4
–

L
o

se
w

ei
g
h

t
5

6
9

(5
3

.0
)

4
0

7
(3

2
.4

)
<

0
.0

0
1

4
6

(5
2

.3
)

2
8

7
(3

2
.9

)
<

0
.0

0
1

4
7

6
(5

0
.4

)
2

3
6

(4
2

.9
)

2
6

4
(3

1
.7

)
<

0
.0

0
1

Q
u

it
sm

o
k

in
g

5
9

4
(5

5
.3

)
4

9
1

(3
9

.0
)

<
0

.0
0

1
4

8
(5

4
.6

)
3

5
5

(4
0

.7
)

0
.0

1
4

5
3

3
(5

6
.4

)
2

4
6

(4
4

.7
)

3
0

6
(3

6
.7

)
<

0
.0

0
1

In
cr

ea
se

ex
er

ci
se

5
3

4
(4

9
.7

)
3

2
9

(2
6

.2
)

<
0

.0
0

1
4

4
(5

0
.0

)
2

4
9

(2
8

.6
)

<
0

.0
0

1
4

3
5

(4
6

.0
)

1
9

4
(3

5
.3

)
2

3
4

(2
8

.1
)

<
0

.0
0

1

E
a
t

m
o

re
fi

sh
2

6
1

(2
4

.3
)

2
0

1
(1

6
.0

)
<

0
.0

0
1

2
2

(2
5

.0
)

1
2

4
(1

4
.2

)
0

.0
0

9
2

3
5

(2
4

.9
)

1
0

7
(1

9
.5

)
1

2
0

(1
4

.4
)

<
0

.0
0

1

D
ri

n
k

le
ss

a
lc

o
h

o
l

4
9

0
(4

5
.6

)
3

8
6

(3
0

.8
)

<
0

.0
0

1
4

2
(4

7
.7

)
2

8
3

(3
2

.5
)

0
.0

0
5

4
3

1
(4

5
.6

)
2

0
5

(3
7

.3
)

2
4

0
(2

8
.8

)
<

0
.0

0
1

R
ed

u
ce

fa
t

in
m

ea
ls

6
8

9
(6

4
.2

)
5

0
4

(4
0

.2
)

<
0

.0
0

1
6

1
(6

9
.3

)
3

5
0

(4
0

.1
)

<
0

.0
0

1
5

6
8

(6
0

.1
)

2
9

0
(5

2
.7

)
3

3
5

(4
0

.2
)

<
0

.0
0

1

R
ed

u
ce

sa
lt

in
m

ea
ls

6
5

1
(6

0
.6

)
5

6
6

(4
5

.1
)

<
0

.0
0

1
5

4
(6

1
.4

)
3

6
9

(4
2

.3
)

0
.0

0
1

5
7

2
(6

0
.5

)
2

8
7

(5
2

.2
)

3
5

8
(4

2
.9

)
<

0
.0

0
1

E
a
t

m
o

re
fr

es
h

fr
u

it
6

6
9

(6
2

.3
)

6
0

7
(4

8
.4

)
<

0
.0

0
1

5
9

(6
7

.1
)

4
1

8
(4

7
.9

)
0

.0
0

1
5

8
6

(6
2

.0
)

3
1

4
(5

7
.1

)
3

7
6

(4
5

.1
)

<
0

.0
0

1

E
a
t

m
o

re
g
re

en
le

a
fy

ve
g
et

a
b

le
s

7
2

8
(6

7
.8

)
6

3
9

(5
0

.9
)

<
0

.0
0

1
6

3
(7

1
.6

)
4

4
7

(5
1

.3
)

<
0

.0
0

1
6

2
4

(6
6

.0
)

3
3

7
(6

1
.3

)
4

0
6

(4
8

.7
)

<
0

.0
0

1

P
-v

a
lu

es
a
d

ju
st

ed
fo

r
a
g
e;

va
lu

es
a
re

n
u

m
b

er
s,

a
n

d
th

o
se

in
p

a
re

n
th

es
es

a
re

p
er

ce
n

ta
g
es

.

SOCIO-ECONOMIC DISTRIBUTION OF CARDIOVASCULAR RISK FACTORS IN INDIA 1309

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/41/5/1302/708530 by guest on 10 April 2024



those who drank alcohol)—in the past 12 months
compared with those with no education. Educational
level was not, however, a significant predictor of an
attempt to quit smoking (OR: 1.26; 95% CI 0.88–1.80
in current smokers).

In age- and sex-adjusted models, and in those with
the risk factor, those that had specific knowledge
of the benefit of modifying that risk factor were:
(i) more likely to attempt to lose weight (OR: 4.62;
95% CI 3.30–6.47); (ii) more likely to attempt to in-
crease physical activity (OR: 6.08; 95% CI 4.50–8.22);
(iii) more likely to attempt to increase fruit intake
(OR: 4.14; 95% CI 3.20–5.36); (iv) more likely to at-
tempt to decrease their alcohol intake (OR: 1.65; 95%
CI 1.18–2.30); and (v) more likely to attempt to quit
smoking (OR: 3.13; 95% CI 2.09–4.71)—compared
with those without knowledge.

Influence of both SEP and knowledge on the
beneficial modification of behaviour
Knowledge of the benefit of weight loss, in those who
were overweight, was associated with an increased
odds of attempting to lose weight in both those
with no formal education (OR: 3.43; 95% CI
1.89–6.23) and in participants who were educated
[(OR: 7.68; 95% CI 4.58–12.89), Figure 1]. Similarly,
knowledge of the benefits of smoking cessation, in
current smokers, was associated with increased odds
of attempting to quit smoking in both those with no
formal education (OR: 3.98; 95% CI 2.27–6.97) and in
participants who were educated [(OR: 3.67; 95% CI
2.10–6.42), Figure 2].

Discussion
This study finds that in this rural Indian population
undergoing epidemiological transition, CVRF levels

were variably associated with SEP. Those of lower
SEP had higher rates of behavioural risk factors,
including smoking, alcohol and lower fruit intake,
while those of higher SEP had higher levels of bio-
logical risk factors, including hypertension (men
only), diabetes and overweight. Individuals of higher
SEP were more likely to have had CVRF screening
and were better informed about CVRFs. Both educa-
tion and knowledge of CVRFs were associated with
positive attempts to change behaviours. Importantly,
knowledge of CVRFs remained associated with posi-
tive behavioural change in the socio-economically
disadvantaged.

Comparison with previous research
The socio-economic distribution of CVRF profiles here
is consistent with findings from another recent study
of rural individuals,15 an older study of three villages
in rural Rajasthan,26 and findings among those of
lower SEP in an urban setting.27 We, however,
sought to go beyond simply describing the socio-
economic distribution of risk factor prevalence. In a
representative sample of individuals from this rural
region, we demonstrate socio-economic inequities in
the knowledge of behaviours that might pertain to
future CVD and socio-economic inequities in receipt
of CVRF screening. We also analysed rarely avail-
able data from these rural settings of the
socio-economic distribution of attempts at behaviour-
al modification.

Importance of the study findings
The fact that smokers with knowledge of the adverse
effects of smoking were more likely to have attempted
quitting, regardless of SEP, suggests that interven-
tions which improve knowledge of health risks may
have substantial potential to improve health behav-
iours. In these settings, interventions which improve

0.1 1 10 10
0

OR (log scale)
OR adjusted for age and sex
SEP: no education vs. educated 
Knowledge: of link between excess weight and future heart attack/stroke

Figure 1 ORs (95% CIs) for attempt to lose weight by SEP and knowledge, in those with BMI5 25. OR adjusted for age
and sex. SEP, no education vs eduated, knowledge of link between excess weight and future heart attack/stroke
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knowledge of health risks are highly practicable and
may be delivered through similar mechanisms as
other health education programmes, such as on HIV
and sex education.28 They also may have particular
benefits for those of lower SEP and potential in ame-
liorating social inequities. While community educa-
tion interventions have limited efficacy in developed
world settings,29 they have not been tested in de-
veloping country settings where general educational
levels are very low.30 While the lower screening
rates of CVRFs for those of lower SEP may simply
reflect the lower prevalence of these risk factors in
these individuals and may be appropriate, strategies
are needed to ensure access in accordance with need.
Of note, under-nutrition (as evidenced by lower BMI
and lower fruit intake) remains a problem of those of
lower SEP,31 and was evident in the current cohort
despite residing in a highly fertile region. Also, those
of lower SEP consumed more alcohol,32 perhaps due
to increased availability and social stresses. Thus, any
policy that seeks to equitably improve the cardiovas-
cular health of all in rural India needs to take into
account the specific challenges of tailoring education-
al messages about cardiovascular risk and behaviour
change in a generation in which undernutrition still
exists. It should be remembered that the term higher
SEP as used in this paper is a relative term, and that
this part of India remains relatively poor, with a
median income in our study of 2248 Indian rupees
a month ($51).

Strengths and limitations
This study used relatively simple indicators of SEP;
more complex measures have been used in India by
others, using data covering quality of housing,

ownership of land and durable goods.33 However,
our findings were consistent across these simple
measures of education, income and occupation, pro-
viding reassurance about their likely validity. The
dichotomization of educational level (approximately
half the sample, 40.6% of men and 53.9% of
women, had no formal schooling) reflects the notion
that an important marker of socio-economic status in
such rural settings is access to any formal education
at all at an early age, particularly for girls.34,35 We
acknowledge that income is harder to measure than
either education or occupation in such settings due to
the informal economy36 and that asset ownership
may be of more utility.37 The stronger effects with
education than with income and occupation may in-
dicate that education is specifically protective. While
higher income may improve access to healthier diets
and better medical care, it may afford individuals
unhealthier lifestyle choices; education, however, po-
tentially equips individuals to make better lifestyle
choices whilst also being associated with greater ma-
terial wealth.38

Some measures of risk factors were on the basis of
self-report. While many of these (e.g. smoking, med-
ical diagnosis of CVD) have been validated,39,40 the
sensitivity of self-reported behavioural change is low-
er.41 That such self-reported measures are themselves
biased in terms of socio-economic profile has been
largely refuted,42 but few validated tools are available
in these rural Indian settings for the assessment of
knowledge—others have used similar questioning
techniques to us.43

We acknowledge that the cross-sectional design pre-
vents full determination of cause and effect. Asking
participants about their knowledge of the benefits of
key behaviours and then whether they have

0.1 1 10
OR (log scale)

OR adjusted for age and sex
SEP: no education vs. educated 
Knowledge: of link between smoking and future heart attack/stroke

Figure 2 ORs (95% CIs) for attempt to quit smoking by SEP and knowledge, in current smokers. OR adjusted for age and
sex. SEP, no education vs eduated, knowledge of link between excess weight and future heart attack/stroke
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attempted to modify the behaviour could lead to
reporting biased answers and our findings should
be validated in prospective studies and randomized con-
trolled trials. The strengths of the study were its repre-
sentative sampling methodology, high response rates,
comprehensive measures of CVRFs and screening,
knowledge and behaviours and largely complete data
acquisition. By using the unique resources of the
Byrraju Foundation, we were able to get complete popu-
lation listings that were not available elsewhere, and to
hence conduct such a complete study. Though the main
drive of the project was to determine socio-economic
distribution of risk factors, we acknowledge that overall
screening rates for BP and blood glucose level were
higher than might be expected for rural India due to
the previous work by the Byrraju Foundation, but we
present results that still demonstrate a socio-economic
distribution. Explaining this would require further
work into access to health care, which we have not
examined in this paper and was not the remit of the
study design.

Conclusion
The study has shown that those of lower SEP had
more adverse levels of the behavioural risk factors
of smoking, alcohol and low fruit intake, while
those of higher SEP had more adverse levels of hyper-
tension, diabetes and overweight. However those of
lower SEP had poorer knowledge of CVRFs and
were less likely to have received risk factor screening
and are therefore particularly ill-prepared to manage
the consequences of a projected CVD epidemic. The
finding that those with knowledge of CVRFs were
more likely to make healthy behavioural changes re-
gardless of their education level may indicate a poten-
tial important benefit of specific education on
preventive behaviours. Such CVRF education could
be built into CVD prevention programs in this and
other rural Indian communities. The efficacy and
cost-effectiveness of such community-level programs
would be worthy of further evaluation using ad-
equately powered randomized and controlled study
designs.

Supplementary Data
Supplementary Data are available at IJE online.
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KEY MESSAGES

� In rural Andhra Pradesh, India, those of lower SEP had higher rates of behavioural risk factors—
smoking, alcohol and lower fruit intake—whereas those of higher SEP had higher levels of biological
risk factors—hypertension (men only), diabetes and overweight.

� Individuals of higher SEP were more likely to have received CVRF screening and had better know-
ledge of the risk factors for CVD.

� Knowledge of the harms of a risk factor was associated with positive attempts to modify that risk
factor, regardless of SEP.

� While there are limitations to the analyses, our findings suggest equipping rural Indians with
information about CVD risk may decrease inequities and may ameliorate potential increases in
CVD that are projected in coming years.
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