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ABSTRACT
Objective To determine association of socioeconomic
status, defined by educational status (ES), with
awareness, treatment and control of cardiovascular risk
factors.
Methods We performed an epidemiological study at
11 cities in India using cluster sampling. 6198 subjects
(3426 men, 2772 women, response 62%, age 48
±10 years) were evaluated for sociodemographic,
lifestyle, anthropometric and biochemical factors. ES was
categorised according to years of schooling into low
(≤10 years), medium (11–15 years) and high
(>15 years). Risk factors were diagnosed according to
current guidelines. Awareness, treatment and control
status were determined for hypertension, diabetes and
hypercholesterolaemia. For smoking/tobacco use, quit
rate was determined. Descriptive statistics are reported.
Results Age-adjusted and sex-adjusted prevalence (%)
of various risk factors in low, medium and high ES
subjects was hypertension 31.8, 29.5 and 34.1, diabetes
14.5, 15.3 and 14.3, hypercholesterolaemia 24.0, 23.9
and 27.3, and smoking/tobacco use 24.3, 14.4 and
19.0. Significantly increasing trends with low, medium
and high ES were observed for hypertension awareness
(30.7, 37.8, 47.0), treatment (24.3, 29.2, 35.5) and
control (7.8, 11.6, 15.5); diabetes awareness (47.2,
51.5, 56.4), treatment (38.3, 41.3, 46.0) and control
(18.3, 15.3, 22.8); hypercholesterolaemia awareness
(8.9, 22.4, 18.4), treatment (4.1, 6.2, 7.9) and control
(2.8, 3.2, 6.9), as well as for smoking/tobacco quit rates
(1.6, 2.8, 5.5) (χ2 for trend, p<0.05).
Conclusions Low ES subjects in India have lower
awareness, treatment and control of hypertension, diabetes
and hypercholesterolaemia and smoking quit rates.

INTRODUCTION
Global Burden of Diseases Study (2010) has
reported that mortality rates from major non-
communicable diseases such as cardiovascular dis-
eases (CVD) are two to three times greater in low-
income than in high-income countries.1 2 The
Prospective Urban-Rural Epidemiology (PURE)
study reported that age-adjusted annual cardiovas-
cular mortality rates were 1.00/1000 in high-
income, 4.86/1000 in middle-income and 7.25/
1000 in low-income countries despite the burden
of cardiovascular risk factors being greater in high-
income countries.3 This suggested that risk factor
control and disease management is inferior in
lower income countries.3 Multiple studies from
high-income and middle-income countries have

also reported that low-socioeconomic status sub-
jects have greater all-cause as well as cardiovascular
mortality compared with the middle-socioeconomic
or high-socioeconomic status subjects.4 Prevalence
of risk factors is also greater in low-socioeconomic
status subjects in these countries.5

A major determinant of greater CVD mortality
in lower socioeconomic status subjects is related to
control of risk factors and quality of CVD-related
preventive healthcare.5 6 Low-socioeconomic status
subjects have less access to CVD care and treat-
ment, especially to good-quality primary care,
which can reduce CVD risk factors by early detec-
tion and treatment.5 7 Analysis of nationally repre-
sentative health examination surveys shows that
two-thirds of people with diabetes and hyperten-
sion receive treatment in high-income countries
such as the USA, while the coverage is <50% in
low-income and middle-income countries and the
lowest rates are in rural regions in Sub-Saharan
Africa1 and India.8 Studies in some low-income
and middle-income countries have reported lower
awareness, treatment and control of various CVD
risk factors among low-socioeconomic status sub-
jects compared with the middle and high.1

CVD are epidemic in India with high mortality
rates.9 All the major CVD risk factors are also widely
prevalent.9 Previous studies have reported that there
are inequities in CVD risk factor prevalence related
to socioeconomic status, especially educational status
(ES).10 Subjects with lower educational (socio-
economic) status have higher smoking and tobacco
use and consume an unhealthier diet.11–13 Prevalence
of metabolic risk factors (obesity, diabetes and meta-
bolic syndrome) is significantly greater in high-
socioeconomic subjects, although hypertension
prevalence is similar across the various socio-
economic groups.10 Studies have also reported lower
awareness, treatment and control of hypertension
among rural subjects compared with urban sub-
jects.14 However, there is no study from India and
other low-income or lower-middle-income countries
that evaluated the association of treatment and
control of multiple CVD risk factors such as hyper-
tension, high cholesterol, diabetes and smoking with
socioeconomic status. Therefore, to determine the
prevalence of education status-related disparities in
awareness, treatment and control of cardiometabolic
risk factors (hypertension, diabetes, hypercholesterol-
aemia) and smoking/tobacco quit rates, we per-
formed an epidemiological study among urban
subjects in India.
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METHODS
A multisite study to identify prevalence of cardiovascular risk
factors and their sociodemographic determinants was performed
among urban subjects in India. Rationale for the study has been
reported.9 The study case report form was developed according
to recommendations of the WHO.15

The study data were collected in the years 2006–2010 at 11
cities in different geographic regions of the country as reported
earlier.16 Simple cluster sampling was performed at each site. A
middle-class location was identified at each city. This was based
on municipal classification and derived from cost of land, type
of housing, public facilities (roads, sanitation, water supply, elec-
tricity, gas supply), and educational and medical facilities. This
intracity municipal classification is used to calculate the District
Level Committee rates, which is a numerical value and can be
used to classify locations into slums, low class, low-middle class,
middle class, upper-middle class and upper class (see online sup-
plementary table S1). More details are available at respective
government websites, for example, for Jaipur at http://igrs.
rajasthan.gov.in/images/pdf/SR1-Jaipur.pdf.17 Similar rates are
available for almost all municipalities in cities that have been
included (Madurai, Nagpur, Ahmedabad, Jaipur, Chandigarh,
Lucknow, Patna).18 Local rates were available with the investiga-
tors at other cities (Bikaner, Jammu, Belguam, Dibrugarh). We
invited 800–1000 subjects in each location to ensure participa-
tion of at least 500 subjects at each site according to WHO.15

Accordingly, the required sample size for giving an 85% chance
of recognising a specified difference in mean values between
two populations, significant at 5% level (two-tailed test) with
SD of individual values of 5.0 and a difference in mean values
of 1.0, requires a sample size of 470.15 Similarly, to have an
85% chance of recognising a specified difference in rates (1–β
power) between two populations, significant at the 5% level
(two-tailed test) and the estimated true rates in first population
of 10% and in the second population of 5%, requires a sample
size of 490.15 We estimated a response rate of 70% as reported
in previous studies at similar locations to arrive at the targeted
sample size at each location.19 At each site a uniform protocol
of recruitment was followed. The surveys were preceded by
meetings with community leaders to ensure good participation.
Subjects were invited in fasting state to a community centre or
medical centre within each locality either twice or thrice a week
depending upon the investigator’s schedule. We invited all men
and women ≥20 years of age for interview and examination
living within the locality for last 1 year. Subjects who did not

provide an informed consent, were ill with terminal diseases
and unable to visit the community centre or <20 years were
excluded as reported earlier.16

The study case report form was filled after details were
inquired from the subject. Apart from demographic history,
details of socioeconomic status based on ES and years of formal
education, type of family, any major previous illnesses, history
of known hypertension, diabetes, lipid abnormalities and CVD
were inquired. Details of smoking or tobacco use, alcohol
intake, dietary fat, fruits and vegetables and physical activity
were obtained as previously reported.16 Height, weight, waist
and hip circumference and blood pressure were measured using
standard WHO guidelines.15 Fasting blood sample was obtained
from all individuals after 8–10 h fast. Blood glucose was mea-
sured at the local biochemistry facility while blood for choles-
terol, cholesterol lipoproteins and triglycerides estimation was
transported under dry ice to the national referral laboratory
(http://www.thyrocare.com) at Mumbai, India, where tests were
performed using uniform methodology.

Diagnostic criteria: ES was used as a proxy for socioeconomic
status.4 Studies from India have reported good correlation of ES
with socioeconomic status.20 21 ES subjects were grouped as low
(illiterate and <10 years of formal education), medium (10–
14 years of education) and high (≥15 years of education).
Smokers included subjects who smoked cigarettes, bidis or other
non-smoked forms of tobacco daily, ex-smokers were subjects
who had smoked for at least 1 year and had stopped more than
a year ago. Users of other forms of tobacco (oral, nasal) were
classified as smokeless tobacco use. Hypertension was diagnosed
when systolic blood pressure was ≥140 mm Hg and/or diastolic
≥90 mm Hg or a person was a known hypertensive.
Hypercholesterolaemia was defined by the presence of high
total cholesterol (≥200 mg/dL). Diabetes was diagnosed on the
basis of either history of known diabetes on treatment or fasting
glucose ≥126 mg/dL as reported earlier.16 Awareness of hyper-
tension, diabetes or hypercholesterolaemia was defined when
the subject was aware of the risk factor. Treatment includes
pharmacological therapy and control levels were diagnosed
according to standard guidelines (blood pressure systolic <140
and diastolic <90 mm Hg, fasting glucose <126 mg/dL and
total cholesterol <200 mg/dL).

Statistical analyses: All the data were computerised and
entered into an SPSS database (V.10.0, SPSS, Chicago). More
than 90% data for various variables were available, and in about
85% subjects data for all the variables were available. Numerical

Figure 1 Prevalence of major
cardiovascular risk factors in men and
women in the study cohort (age
adjusted). HDL, high-density
lipoprotein.
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variables are reported as means±1 SD and categorical variables
as per cent. Descriptive statistics are reported. Age adjustment
was performed using direct method with 2001 Indian census
population as reference or standard (India adult population in
2001 is provided in online supplementary table S1). Direct age
adjustment is performed using the reference population categor-
ies as weights to form weighted averages for both populations
using the formula: adjusted rate=rate×N in standard/total N in
standard.22 To use this method of adjusted rates, the knowledge
of specific rates for each category in the populations to be
adjusted and the frequencies in the reference population for the
factor being adjusted should be available.22 Prevalence of risk
factors in the study population and in various groups has been
reported as per cent and 95% CIs. Awareness, treatment and
control status of hypertension, hypercholesterolaemia and dia-
betes in various ES groups have been determined. Intergroup
comparison was performed using χ2 test. Trends in prevalence,
awareness, treatment and control of risk factors in various edu-
cational groups were determined using Mantel–Haenszel χ2 test
for trend. p values of <0.05 have been considered significant.

RESULTS
The study was performed at 11 cities located in different geo-
graphic regions of India.16 In total, 6198 subjects (3426 men,
2772 women) of the targeted 9900 subjects were evaluated
(response 62%). Recruitment at individual sites and data for
social and demographic characteristics in men and women have
been reported.16 Men were slightly older than women, and
there was no significant difference across various age groups.
Low ES (<10 years of formal education) was more among
women (47.6%) compared with men (22.3%), and the majority
of subjects belonged to middle ES. More than half of all men
and women lived in joint families, and 85.6% were married.

Prevalence of major cardiovascular risk factors in men and
women is shown in figure 1. There is a moderately high preva-
lence of hypertension, diabetes, hypercholesterolaemia (total
cholesterol ≥200 mg/dL), low high-density lipoprotein choles-
terol and metabolic syndrome. Prevalence of smoking/tobacco
use is low, especially in women. In low-ES, medium-ES and
high-ES groups, respectively, age-adjusted prevalence of hyper-
tension was in 31.8%, 29.5% and 34.1%, diabetes in 14.5%,
15.3% and 14.3%, hypercholesterolaemia in 24.0%, 23.9% and
27.3%, and smoking/tobacco use in 24.3%, 14.4% and 19.0%.

Awareness, treatment and control rates (per cent, 95% CI),
respectively, in subjects with hypertension were 55.3 (53.1 to
57.5), 36.5 (34.4 to 38.6) and 28.2 (26.2 to 30.2); diabetes
65.5 (62.5 to 68.5), 51.3 (48.1 to 54.4) and 29.6 (26.7 to
32.5); hypercholesterolaemia 19.3 (17.3 to 21.2), 9.3 (7.8 to
10.7) and 4.9 (3.8 to 6.0) and smoking quit rates were 3.3 (2.3
to 4.3). The awareness, treatment and control rates (%) of
hypertension, diabetes and hypercholesterolaemia in men and
women are shown in table 1. Awareness of hypertension is
similar in men and women while diabetes and hypercholesterol-
aemia awareness, treatment and control are lower in women
(figure 2).

In low-educational, medium-educational and high-educational
groups, respectively, increasing trends with ES are observed for
awareness of hypertension (30.7, 37.8, 47.0) (p=0.047), dia-
betes (47.2, 51.5, 56.4) (p=0.024) and hypercholesterolaemia
(8.9, 22.4, 18.4) (p=0.520). Increasing trends are also observed
for hypertension treatment (24.3, 29.2, 35.5, p=0.046) and
control (7.8, 11.6, 15.5, p=0.005); diabetes treatment (38.3,
41.3, 46.0, p=0.051) and control (18.3, 15.3, 22.8, p=0.593);
and hypercholesterolaemia treatment (4.1, 6.2, 7.9, p=0.039)
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and control (2.8, 3.2, 6.9, p=0.297) as well as for smoking quit
rates (1.6, 2.8, 5.5, p=0.139) (figure 3). Trends for awareness,
treatment and control of various risk factors were similar in
men and women (table 2).

DISCUSSION
Lower socioeconomic status is associated with greater all-cause
and cardiovascular mortality in India.10 11 Our study shows that
there are significant ES-related disparities in awareness, treat-
ment and control of major cardiovascular risk factors among
middle-class urban subjects in India. Within the urban middle
class, better educated men and women with hypertension, dia-
betes or hypercholesterolaemia are more aware of these risk

factors and have better status of treatment and control com-
pared with lower ES subjects.

Control of major cardiovascular risk factors is important for
primary prevention of CVD. Extensive research has demon-
strated that control of high blood pressure, high cholesterol
levels and diabetes and smoking cessation leads to lower inci-
dence of coronary heart disease and strokes.23 Better awareness
of the disease and adequate treatment is important for control
to targets. There is lower awareness, treatment and control of
hypertension, diabetes and hypercholesterolaemia in our study
subjects compared with studies from the USA and Europe. The
NHANES studies have reported a secular increase in awareness,
treatment and control of hypertension over the last 20 years,
and the current rates in the USA are >80%.24 Diabetes

Figure 2 Age-adjusted awareness,
treatment and control rates (%) of
hypertension, diabetes and
hypercholesterolaemia in men and
women.

Figure 3 Awareness, treatment and control of various risk factors (hypertension, diabetes, hypercholesterolaemia) and smoking quit rates in
low-ES, medium-ES and high-ES groups (%). Significantly increasing trends with ES are observed for awareness, treatment and control rates of all
the risk factors (Mantel–Haenszel χ2 for trend, p<0.05).
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awareness is >90% in most high-income countries and hyper-
cholesterolaemia awareness >50%.25 Decline in smoking and
alcohol intake as well as control of major cardiovascular risk
factors related to improved ES account for the significant
decline in cardiovascular mortality in Europe and North
America in the last 50 years.5

Although in our population of middle-class urban subjects
there is better awareness of hypertension and diabetes (figure 2)
compared with other studies from India,14 the hypercholesterol-
aemia awareness is extremely low. This may be related to low
prevalence of this abnormality as well as lack of public educa-
tion programme focused on cardiovascular risk factors.
Education-related disparities are, however, observed in aware-
ness, treatment and control among all these groups (figure 3)
with better educated subjects showing greater awareness, treat-
ment and control of all the studied risk factors. Socioeconomic
disparities are well known in chronic disease awareness and
management.1 The PURE study has reported that among
patients with CVD in South Asia there is lower use of all the
four evidence-based medicines (antiplatelets, β-blockers,
angiotensin-converting enzyme inhibitors/angiotensin receptor
blockers and statins).26 27 Subjects with lower ES and low
wealth index had significantly lower use of these drugs.27

Adoption of healthy lifestyles in patients with known cardiovas-
cular disease was also lower in low-income countries in the
PURE study compared with high-income and middle-income
countries.28 Improving trends in uptake of secondary prevention
therapies and healthier lifestyles are reported from upper-
income and middle-income countries.1 5 In the present study,
smoking quit rates are low despite universal awareness. Smoking
quit rates approach 40% in many high-income countries.6

Better quit rates among more educated subjects indicate import-
ance of general literacy in smoking cessation programmes.
Similar observations have been reported from developed coun-
tries as well as from serial National Family Health Surveys in
India.12

Limitations of the study are biases introduced because of sam-
pling, non-representation of the Indian population, inclusion of
only urban subjects, low response rates, measurement techni-
ques and failure to correct for regression-dilution. However,
many of the limitations are inherent in a cross-sectional epi-
demiological study15 and the data are therefore subject to
similar biases. Urban locations are hotbeds of CVD epidemic in

India,29 and the present study is, therefore, important.
Moreover, similar methodology is used in the previous Indian
studies and the present data are similarly representative.29

Second, multiple parameters could be used to assess socio-
economic status. Education is a summary measure of early-life
experiences, childhood literacy (surrogate for health literacy),
adult occupation and incomes and also provides coping abil-
ities.4 This variable has been used the most in cardiovascular
epidemiological studies.4 5 We, and others, have previously
reported that in India there is a significant correlation of educa-
tional level with occupation, housing, neighbourhood measures
and social status.10 20 21 Third, low response rate in the study
(62%) is also a concern and it is possible that those excluded
were more or less healthy compared with the study subjects;
however, these response rates are similar to other population-
based studies in India and elsewhere and are within acceptable
limits.30 Finally, there are multiple determinants of the inverse
social gradient for cardiovascular risk factor awareness, treat-
ment and control. We have not analysed the ’causes of the
causes’ or the societal factors that lead to greater cardiovascular
risk in lower ES subjects. The societal causes include social
organisation, social support, cohesion, social exclusion, life-
course social gradient, unemployment, environment at work,
transport, and so on, and cannot comment on these.31 On the
other hand, strengths of the study include nationwide scope of
the study, adequate representation of men and women of
various ES groups and study of multiple risk factors.

In conclusion, this study shows that lower ES subjects in India
have lower awareness, treatment and control of major cardiovas-
cular risk factors. Whether these disparities lead to greater
adverse outcomes in this group of subjects is a matter of further
study. Meanwhile, it is important to focus on improving status
of cardiovascular risk factor control through promoting aware-
ness among the general population and to enhance treatment
status by proper physician education.
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Table 2 Age-adjusted awareness, treatment and control status of various cardiovascular risk factors according to ES in men and women (per
cent, 95% CIs)

Risk factors
Educational
status (years)

Men Women

Awareness* Treatment* Control* Awareness* Treatment* Control*

Hypertension ≤10 26.6 (20.3 to 32.9) 25.0 (18.8 to 31.2) 9.5 (5.3 to 13.7) 32.8 (28.1 to 37.5) 24.0 (19.7 to 28.2 9.5 (6.6 to 12.4)
11–15 34.2 (30.8 to 37.6) 26.3 (23.1 to 29.5) 10 (7.8 to 12.1) 43.3 (38.8 to 47.8) 33.8 (29.5 to 38.1) 14.4 (11.2 to 17.5)
>15 45.5 (40.8 to 15.2) 33.5 (29.0 to 37.9) 15.4 (12.0 to 18.8) 51.7 (43.6 to 59.8) 41.4 (33.4 to 49.4) 15.8 (9.8 to 21.7)

Diabetes ≤10 49.5 (39.8 to 59.1) 39.0 (29.6 to 48.4) 18.4 (10.9 to 25.9) 45.8 (38.3 to 53.3) 37.6 (30.3 to 44.9) 18.2 (12.4 to 24.0)
11–15 51.5 (46.8 to 56.2) 41.4 (36.8 to 46.0) 15 (11.6 to 18.3) 50.4 (43.8 to 56.9) 41.1 (34.7 to 47.5) 15.6 (10.8 to 20.3)
>15 55.9 (49.3 to 62.0) 45.9 (39.3 to 52.5) 21.8 (16.3 to 27.3) 57.9 (46.2 to 69.5) 46.3 (34.5 to 58.1) 26.0 (15.6 to 36.3)

Hypercholesterolaemia ≤10 12.3 (6.4 to 18.1) 3.3 (0.12 to 6.48) 7.4 (2.7 to 12.1) 7.3 (4.2 to 10.4) 4.4 (1.9 to 6.8) 1.4 (0.0 to 2.8)
11–15 13.9 (11.0 to 16.8) 6.7 (4.6 to 8.8) 3.4 (1.9 to 4.9) 10.5 (7.7 to 13.3) 5.5 (3.4 to 7.6) 2.9 (1.3 to 4.4)

>15 19.6 (15.8 to 23.8) 7.6 (4.8 to 10.4) 7.6 (4.8 to 10.4) 15.6 (9.5 to 21.7) 8.8 (4.0 to 13.5) 4.4 (0.95 to 7.85)
Smoking quit rates ≤10 – – 3.7 (1.9 to 5.5) – – 0.5 (0.02 to 0.98)

11–15 – – 4.2 (3.3 to 5.1) – – 0.9 (0.37 to 1.43)
>15 – – 7.4 (5.7 to 9.0) – – 1.0 (0.02 to 1.98)

*Significant trends, Mantel–Haenszel χ2 for trend p<0.05.
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