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Cardiovascular Diseases in Context: Multilevel Analysis of
Risk Factors in India (2004-2014)

Ayantika Biswas*, S. K. Singh?

ABSTRACT

Cardiovascular diseases (CVDs), accounting for approximately half of all deaths due to non-communicable diseases worldwide, have become
a major public health concern. The CVD risk is high among the Indian population, as well as varies by geography. The purpose of the current
study was to test the independent effects of contextual socioeconomic variables, while adjusting for individual socioeconomic variables on
CVD risk factors in India. Data from the 52", 60", and 71t National Sample Survey Office rounds pertaining to social consumption related to
health have been utilized for the current study. A four-level multilevel model has been fitted to examine the measured individual, household,
community, and district factors on the prevalence of CVDs. District educational attainment, household expenditure quintile, and proportion of
district urbanicity have emerged as important factors with few contraindications in terms of traditional directions of association, as opposed
to extant literature. Religious and ethnic composition of the communities and districts has also been found to have an impact. To better
manage the CVD health of the nation, there is a strong need to focus on community-level and district-level interventions, in addition to
individual-level factors. Future research should investigate these factors to account for unexplained variations in CVD management.
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INTRODUCTION

Cardiovascular diseases (CVDs),accounting forapproximately half of all
deaths due to non-communicable diseases worldwide, have become
a major public health concern.” Since the last couple of decades,
individual-level data have revealed the strong pattern of association
of CVDs in industrialized countries. A higher incidence, prevalence,
and mortality in the disadvantaged social classes are observed as
compared to their better-off counterparts.2” A number of ecologic
studies exist which have documented important CHD variations across
communities with varying socioenvironmental characteristics.®' In
spite of interesting hypotheses and insights offered by these studies
with regard to the relation between community environments and
CVD, the studies have been inadequate in drawing inferences at the
individual level or even determine the independence of observed
community effects from individual-level variables.""

As is the case with Western countries,'>"® CVD risk factors
have been well recognized and documented in many developing
countries.™  Diabetes, hypertension, tobacco use, alcohol
consumption, and being overweight are all well-established CVD
risk factors.'' There is also a growing body of literature claiming
the increasing prevalence of CVD risk factors as well as their
clustering.'®"1 Conventionally, epidemiological studies have been
focusing on ascertainment of individual-level factors for diseases.
However,arecentgamut of studies has been exploring the population
or group (contextual) effects on disease risks. People residing in
the same community or context and sharing the same contextual
or environmental exposure would be violating the statistical
assumption ofindependence usually employed in regression analysis.
Disregard of this adjustment required and, hence, simplistic analysis
of contextual independent variables as if they exhibit independent
variation across individuals would bias the result, overestimating
the association under study. Multilevel modeling provides a
solution for simultaneous inclusion of individual- and contextual-
level variables.?™ The independent study of contextual effects from
individual variables is also an important facet of public health study.
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Externality is a very good example of a contextual concept. While
individual socioeconomic status (SES) determinants such as income,
employment details, and educational level have been extensively
studied courtesy their role as CVD risk factors?'? the same
cannot be said about the SES of the neighborhood. If such effects
are actually stronger than that of individual SES, all the residents
would have better health if they aim to raise the community SES,
as compared to their own, without any sizeable contribution to the
society. Likewise, independent effects of individual versus contextual
ethnicity are another variable to be taken into consideration while
assessing CVD risk factors. The association of ethnicity with CVD risk
factors occurs as a result of culture or genetics or both.?% As culture
is contextual, strong contextual ethnic effect is to be expected as the
main mechanism. Independent genetic influence can be expressed
as an individual effect and is to be kept separate from the ethnicity of
the community of the individuals' residence.

Public Health Research has been relating community-level factors
to disease and health patterns,*2" working off of the assumption
of community-level factors being able to affect individual-level
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health outcomes. Several researchers have, since, reiterated the idea
of area-level or community-level variables providing information
which might not be captured by individual variables.?3 Studies
in social inequalities in health have utilized area-based measures of
socioeconomic characteristics or neighborhood deprivation,>3%
which have been found to be correlated with health outcomes such
as mortality and independent of individual-level indicators.*%*”! Von
Korff et al.®® in a commentary on the potential use of multilevel
analysis in epidemiology, have also stressed the need to examine
both individual-level and macro-level determinants of risk factors and
outcomes, as well as their individual and combined effects in chronic
disease epidemiology. Also important is the study of community
characteristics on CVD outcomes and risk factors, especially
whether they are independent of individual-level characteristics.*?®
Studies in India have not explored this facet of CVD studies much.
Neighborhood environments may affect CHD risk through a variety
of mechanisms, the simplest of which may encompass differences in
the availability and costs of various food groups, access to recreational
spaces, or publicity of tobacco products. Another way neighborhood
characteristics might affect individuals’ CVD risk that is by variable
exposure to stressors, the resources at hand to deal with them, social
networks, attitudes, and life expectations.?** Neighborhoods provide
settings for social interface, an ambiance from which individuals
derive their values, expectations, consumption habits, and market
capacities to some extent. Residential delineation is, in turn, intricately
linked to social structure as a crucial mediating mechanism, thereby
producing and sustaining class relations and social differentiation.”

India is a country with high variability in the extent of
socioeconomic development and ratio of ethnicities among
communities. The CVD risk is high among the population, as
well as varies by geography.*" Under this circumstance, the
purpose of the current study was to test the independent effects
of contextual socioeconomic variables, while adjusting for
individual socioeconomic variables on CVD risk factors in the study
area. Understanding the community and district characteristics
associated with CVD risk factors can enormously aid in health
planning and allocation of apt health resources to target areas.*+!

The study of contextual variables stems from the fact that all
members hailing from the same community share the same tenets,
which may be unchangeable, e.g., distance from village to school,
or modifiable, e.g., availability of health-care services.”” There may
also be cross-level correlation;*® e.g., economically disadvantaged
families mostly living in deprived villages. The event of contextual
variables not being factored in analyses risks researchers missing out
on modifiable factors which could have benefitted the community
at large. If any outcome variable, in this case, occurrence of CVDs, is
correlated within a community or neighbourhood, the single-level
analysis using common regression methods would underestimate
standard errors for contextual effects and bias the results obtained.®®
Multilevel analysis based on linear mixed models help delineate these
complex relationships and estimate the effect of factors specified
at different levels correctly. The specific objective of this study is to
identify the factors at the household, community, and district levels
which are independently associated with CVD occurrence.

MATERIALS AND METHODS

Study Design

The surveys pertaining to social consumption related to health,
conducted by the National Sample Survey Office (NSSO) are the

principal source of data on basic quantitative information on
the health sector such as morbidity, hospitalization, receipt of
prenatal and postnatal care of women, and expenditure incurred
on treatment received from health services in public and private
sectors. The information obtained is used extensively for planning,
policy formulation, decision support, as well as analytical
and research studies by various government organizations,
academicians, researchers, and scholars in India. The 52" round
(July 1995-June 1996) and the 60" round (January-June 2004)
provided information on the public distribution system, health
services, educational services, and problems of the aged.

The schedule for the 71 round (2014) was dedicated to collect
information for prevalence rate determination of different ailments
by various age-sex groups in different parts of the country, extent of
use of health services provided by the government hospitals as well
as lower levels of health care institutions, and expenditure incurred
on treatment received form public and private health sectors.
Furthermore, information on average “out-of-pocket” expenditure
for different episodes of iliness was collected. The assessment of the
role of alternate schools of medicine in prevalence of use, cost of
treatment, and type of ailments covered was possible due to the
range of questions canvassed in this round. In addition to these,
all other questions under various pre-existing heads according to
previous rounds of the survey were also canvassed.

First-stage units (FSUs)

Most states and union territories participated in the survey: A“State
sample” was surveyed by state government officials in addition
to the “Central sample” surveyed by NSSO. For rural India, the
number of villages surveyed in the central sample was 4577 and
the number of urban blocks surveyed was 3720. This document
is based on the estimates obtained from the central sample only.

Second-stage units

Stratification of households was done on the basis of (i) with at least
one child ofage <1 year and (i) households with at least one member
(including deceased former member) hospitalized during the past
365 days. For the survey, from each sample village and urban block,
eight households were surveyed. Detailed sampling design and
estimation procedure is presented in Appendix C of this document.
In 36,480 households in rural areas and 29,452 households in urban
areas, this schedule 25.0 schedule was canvassed.

Study Variables

The variables and their definitions, where required, are listed as
follows:
e  Dependent variables
The dependent variable is at the individual level.
CVD occurrence: An individual who had a heart disease or high/
low blood pressure in the past 365 days is considered a case.
e Independent variables
e Individual-level independent variables
e Sexandage
e  Highest level of education attained: Primary educated or
lower secondary level or higher
e  Household-level independent variables
e Occupation: Whether employed in labor-intensive jobs
or otherwise
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e Religion (wherever available): Hinduism and non-Hinduism
e  Ethnicity: Scheduled caste/tribe (SC/ST), non-SC/ST

Table 1: Variations in indicators of cardiovascular diseases occurrence
in India, NSSO 52" round (1995-1996) (169,131 individuals from 6151
primary sampling units in 63 districts)

Demographic characteristics Cardiovascular disease

occurrence
Sex

Male 0.15

Female 0.4
Place of residence

Rural 0.00

Urban 0.72
Age

35-44 0.25

45-59 0.29

60-69 0.23

70 and above 0.37
Highest level of education attained

Primary or lower 0.27

Secondary or higher 0
Occupation

Non-labor intensive 0.39

Labor intensive 0.16

Whether belonging to a scheduled caste/tribe household

No 1.31
Yes 1.19
Expenditure quintile
Poorest 1.8
Poorer 1.53
Middle 1.11
Richer 0.79
Richest 0.85

Proportion of population engaged in labor-intensive occupations in
the FSU

50% or less 0.12

More than 50% 0.42
Proportion of SC/ST population in FSU

50% or less 0.52

More than 50% 0.67
Proportion of district urbanicity

25% or less 0.23

26-50% 0.24

More than 50% 0.43
Proportion of SC/ST population in districts

25% or less 0.18

26-50% 0.29

More than 50% 0.02

Proportion of population engaged in labor-intensive occupations in
the district

25% or less 0.18
26-50% 0.29
More than 50% 0.02

Table 2: Parameter coefficients for the multilevel model for various
indicators of cardiovascular diseases occurrence — empty model,
without covariates; NSSO 52" round (1995-1996) (37,758 individuals
from 6151 primary sampling units in 63 districts)

e  Expenditure quintile
e Community (FSU)-level independent variables
e  Proportion of Hindu households in FSU: 25% or less,
26-50%, and more than 50%
e  Proportion of population engaged in labor-intensive
occupations: 50% or less of the population, more than 50%
e  Educational level attainment
e  Proportion of SC/ST population
e  District-level independent variables
e  Proportion of Hindu population in district
e  Proportion of district urbanicity
e  Proportion of SC/ST population in districts
e  Educational level attainment of district
e  Proportion of population engaged in labor-intensive
occupations in district

Statistical Analysis

First, descriptive statistics have been calculated for each of the
NSSO rounds under study. The hierarchical structure of the sample,
vis-a-vis, individuals nested within communities (PSUs), and PSUs
nested within districts, warrants logistic multilevel modeling to be
performed in this study.*>*® Hence, a four-level multilevel model
has been fitted to examine the measured individual, household,
community, and district factors (fixed effects) on the prevalence
of CVDs.

In addition, the household-, community-, and district-level
random effects using the melogit command in Stata 15 have
also been estimated. For the outcome variable (CVDs), five models
were estimated for each NSSO round. The first model without any
covariates represented the total variance in occurrence of CVDs
between the households, communities, and districts. For each of
the rounds, there is a separate table representing the models with
covariates ranging from the individual level (model 1), household

Table 3: Parameter coefficients for the multilevel model for various
indicators of cardiovascular diseases occurrence — empty model,
without covariates; NSSO 60t round (2004-2005) (126,355 individuals
from 7369 primary sampling units in 70 districts)

Random effects Cardiovascular disease
Household random variance (SE) 3.58E-33 (1.98E-17)
HH ICC 0.52
Community (PSU) random variance (SE) 3.49(0.39)
Community (PSU) ICC 0.52

District random variance (SE) 0.06 (0.04)
District ICC 0.01

NSSO: National Sample Survey Office, ICC: Intraclass correlation,
PSU: Primary sampling unit

Table 4: Parameter coefficients for the multilevel model for various
indicators of cardiovascular diseases occurrence — empty model,
without covariates; NSSO 71t round (2014) (113,829 individuals from
8166 primary sampling units in 639 districts)

Random effects Cardiovascular disease Random effects Cardiovascular disease
Household random variance (SE) 0.57 (0.35) Household random variance (SE) 2(0.27)

HH ICC 0.61 HH ICC 0.42
Community (PSU) random variance (SE) 4.31(0.43) Community (PSU) random variance (SE) 0.24(0.18)
Community (PSU) ICC 0.54 Community (PSU) ICC 0.06

District random variance (SE) 0.19(0.1) District random variance (SE) 0.13 (0.05)
District ICC 0.02 District ICC 0.02

ICC: Intraclass correlation, PSU: Primary sampling unit, NSSO: National
Sample Survey Office

NSSO: National Sample Survey Office, ICC: Intraclass correlation,
PSU: Primary sampling unit
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level (model 2), community level (model 2), and right up to the
district level (model 4). The results of fixed effects (measures of
association) have been represented as odds ratios (ORs), along
with 95% confidence intervals. To check the level of correlation
of the outcome variable, the intraclass correlation (ICC) was also
computed. The random effect results have been represented as
ICC. Descriptive statistics as well as multilevel regression models
were calculated with the STATA 15.0 statistical package.

REesuLTs

The prevalence of the risk factors categorized by various
sociodemographic indicators for the NSSO 52" round conducted

in 1995-1996 is shown in Table 1. A higher percentage of females
(0.4%) are affected by CVDs, as compared to males (0.15%). FSUs
with 50% or less of their constituent population engaged in
labor-intensive occupations had 0.12% of their population affected
by CVDs, while those FSUs which had more than 50% of their
population involved in labor-intensive occupations had 0.42% of
their individuals affected by CVDs. Districts with 25% or less and
between 26 and 50% of urbanicity each had 0.23% and 0.24% of
CVD-affected population, as compared to 0.43% of CVD-affected
individuals in districts with more than 50% of urbanization.

Before assessment of random effects at the household,
community, and district-level, the empty models [Tables 2-4] have
been presented as means of justifying whether the data warranted

Table 5: Results of the multilevel analysis of the variables related to cardiovascular diseases occurrence in India; NSSO 52" round (1995-1996)
(37,758 individuals from 6151 primary sampling units in 63 districts)

Fixed effects Model 1 Model 2 Model 3 Model 4
Odds ratio (confidence  Odds ratio (confidence  Odds ratio (confidence  Odds ratio (confidence
interval) interval) interval) interval)
Individual variables
Sex
Male Ref Ref Ref Ref
Female 2.77%(2.24-3.43) 1.02(0.79-1.31) 1.10 (0.86-1.43) 1.1 (0.86-1.43)
Age
35-44 Ref Ref Ref Ref
45-59 1.17 (0.93-1.46) 0.87 (0.69-1.1) 0.86 (0.69-1.09) 0.86 (0.69-1.09)
60-74 0.92 (0.65-1.31) 0.512(0.36-0.74) 0.52%(0.37-0.76) 0.532(0.37-0.76)
70 plus 1.65°(1.15-2.37) 0.73 (0.50-1.07) 0.75(0.52-1.10) 0.76 (0.52-1.10)
Highest level of education attained
Primary or lower ref - - -
Secondary or higher 3.66E-08 - - -
Occupation
Non-labor - Ref Ref Ref
Labor - 0.55%(0.42-0.72) 0.79 (0.59-1.04) 0.78 (0.59-1.04)
SC/ST household
No - ref ref ref
Yes - 0.94 (0.74-1.19) 0.84 (0.64-1.1) 0.84 (0.64-1.1)
Expenditure quintile
Poorest - Ref Ref Ref
Poorer - 0.9 (0.68-1.20) 0.92 (0.69-1.22) 0.92 (0.69-1.22)
Middle - 0.65%(0.48-0.89) 0.67%(0.49-0.91) 0.67° (0.49-0.91)
Richer - 0.46° (0.32-0.65) 0.46° (0.33-0.67) 0.472(0.33-0.67)
Richest - 0.52(0.35-0.72) 0.52%(0.37-0.76) 0.532(0.37-0.76)

% of population engaged in labor-intensive occupations in FSU
50% or less -

More than 50% -

Percent of SC/ST population in FSU
50% or less -

More than 50% -

Percent of district urbanicity
25% or less -
26-50% -

More than 50% -

Percent of SC/ST population in districts
25% or less -
26-50% -

Educational level attainment of district
Low level of educational attainment -

High level of educational attainment -

% of population engaged in labor-intensive occupations in the district
<50% -
50-75% -

Random effects

Household random variance 0.80 (0.39)
HH ICC 0.62
Community (PSU) random variance (SE) 4.45 (0.45)
Community (PSU) ICC 0.53
District random variance (SE) 0.21(0.11)
District ICC 0.02

ref
3.12(2.27-4.24)

Ref
1.37 (0.97-1.91)

ref
3.122(2.28-4.27)

Ref
1.38 (0.99-1.94)
0.91 (0.57-1.45)
1.56 (0.86-2.81)

1.3 (0.63-2.66)
0.13(0.01-1.31)

- Ref
- 0.582(0.43-0.77)
- Ref
- 0.88 (0.64-1.21)
0.46 (0.34) 0.46 (0.34) 0.46 (0.34)
0.53 0.51 0.51
3.1(0.4) 2.9(0.37) 2.9(0.37)
0.46 0.45 0.44
0.09 (0.06) 0.09 (0.07) 9.33E-34 (2.06E-18)
0.01 0.01 1.40E-34

2<0.01,°0.01-0.05, €0.06-0.1, ICC: Intraclass correlation, NSSO: National Sample Survey Office, PSU: Primary sampling unit
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Table 6: Variations in indicators of cardiovascular diseases occurrence
in India, NSSO 60 round (2004-05) (126,355 Individuals from 7369
primary sampling units in 70 districts)

Demographic characteristics Cardiovascular disease
occurrence

Sex

Male 0.61

Female 0.59
Place of residence

Rural 1.05

Urban 0.00
Age

35-44 0.63

45-59 0.59

60-74 0.58

75 and above 0.59
Highest level of education attained

Primary or lower 0.72

Secondary or higher 0.63
Occupation

Non-labor intensive 0.81

Labor intensive 0.52
Whether belonging to a Hindu household

No 0.14

Yes 3.34
Whether belonging to a scheduled caste/tribe household

No 3.23

Yes 34
Expenditure quintile

Poorest 4.47

Poorer 3.57

Middle 422

Richer 3

Richest 2.01
Proportion of Hindu households in FSUs

25% or less 0.43

26-50% 1.06

More than 50% 5.48

Proportion of population engaged in labor-intensive occupations
in FSU

50% or less 0.55

More than 50% 0.94
Educational attainment of FSU

Low educational attainment 0.76

High educational attainment 0.22
Proportion of SC/ST population in FSU

50% or less 0.6

More than 50% 0.7
Proportion of Hindu population in district

25% or less 0.6

26-50% 1.14

More than 50% 1.61
District urbanicity

25% or less 0.71

26 to 50% 0.62

More than 50% 0.52
Proportion of SC/ST population in districts

25% or less 0.6

26-50% 0.6
Educational level attainment of district

Low educational attainment 0.64

High educational attainment 0.53

Proportion of population engaged in labor-intensive occupations in
the district

25% or less 0.41

26-50% 0.61

PSU: Primary sampling unit, NSSO: National Sample Survey Office,
ICC: Intraclass correlation

the analysis intended. A significant amount of variation has been
observed in the NSSO 52" round multilevel empty model [Table

2], the district level ICC being 0.02, the community-within-district
level ICC at 0.54, while that of HH-within-community at 0.6.

Table 5 shows the results of the multilevel models
with individual-, household-, community-, and district-
level indicators. When controlled for factors at all the levels,
middle (OR = 0.67, P < 0.01), richer (OR = 0.46, P < 0.01), and
the richest quintiles (OR = 0.52; P < 0.01) have been found to
be less likely to have CVDs, as compared to those who are at
the most economically disadvantaged position. A higher level
of educational attainment at the district level was found to be
negatively associated with the same, underlining its importance
over well-known effects of individual factors. For the same
model, the HH within community ICC is 0.51, higher than the
community within district ICC of 0.44.

The prevalence of the risk factors categorized by various
sociodemographic indicators for the NSSO 60 round conducted
in 2004-2005 is shown in Table 6. Households with labor-intensive
occupations have lower prevalence of CVD-affected population
(0.52%), as compared to households with non-labor-intensive
occupations (0.81%). FSUs with more than 50% of their constituent
population practicing Hinduism had a higher proportion (5.48%)
of CVD-affected individuals, while those between 26 and 50% of
their population practicing Hinduism had 1.06% of CVD-affected
individuals. The districts with 25% or less of their constituent
population engaged in labor-intensive occupations had 0.41%
of their population affected by CVDs, while those with 26-50%
of their population involved in labor-intensive occupations had
0.61% of their individuals affected by CVDs.

Table 3 is the empty model with no covariates for assessment
of random effects at the household, community, and district level
for NSSO 60" round (2004-2005), which shows a significantamount
of variation, the district-level ICC being 0.01, the community within
district-level ICC at 0.52, while that of HH within community also at
0.52.

Table 7 shows the results of the multilevel models with
individual-, household-, community-, and district-level indicators.
Model 1 with only individual factors shows secondary or higher
level educated individuals at a lower likelihood (OR=0.30,P < 0.01)
to be affected by CVDs, as compared to their primary level or
lower educated counterparts. Although, when controlled for
factors at all the levels, educational attainment at the individual
level does not show significant results, but at the community
level, a higher level of educational attainment was found to be
negatively associated with likelihood of having CVDs, underlining
its importance over well-known effects of individual factors. The
HH-within-community ICC was found to be 0.39 for the last model
which encompassed individual-, HH-, community-, and district-
level factors.

The prevalence of the risk factors categorized by various
sociodemographic indicators for the NSSO 71 round conducted
in 2014 is shown in Table 8. Communities with a high level of
educational attainment have 0.01% of CVD-affected individuals,
while the occurrence stands at 0.02% of individuals for
communities with low educational attainment. Districts with more
than 50% of their population practicing Hinduism have 0.01%
of their population battling the condition, while those with 25%
or less of their population practicing Hinduism have a higher
proportion (0.03) of their population with CVDs. High educational
attainment in districts had 0.02% of the individuals with CVDs,
while districts with low educational attainment found 0.01 of their
individuals with CVDs.
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Table 7: Results of the multilevel analysis of the variables related to cardiovascular diseases occurrence in India, NSSO 60t round (2004-05)
(126,355 individuals from 7369 primary sampling units in 70 districts)

Fixed effects Model 1 Model 2 Model 3 Model 4
Odds ratio (confidence Odds ratio (confidence Odds ratio (confidence Odds ratio (confidence
interval) interval) interval) interval)
Individual variables
Sex
Male Ref Ref Ref Ref
Female 0.91 (0.79-1.06) 0.98 (0.83-1.15) 0.99 (0.84-1.16) 0.99 (0.84-1.16)
Age
35-44 Ref Ref Ref Ref
45-59 0.90 (0.76-1.07) 0.95(0.79-1.15) 0.95(0.79-1.15) 0.95 (0.79-1.15)
60-74 0.86 (0.71-1.05) 0.97 (0.78-1.20) 0.97 (0.78-1.21) 0.97 (0.78-1.21)
75 plus 0.85 (0.59-1.23) 1.12(0.74-1.70) 1.13(0.75-1.71) 1.12(0.74-1.70)

Highest level of education attained
Primary or lower
Secondary or higher

Household-level variables
Occupation
Labor
Non-labor

SC/ST household
No
Yes

Expenditure quintile
Poorest
Poorer
Middle
Richer
Richest

Community-level variables
Proportion of Hindu households in FSU
25% or less
26-50%

More than 50%

Ref
0.30?(0.17-0.51)

Proportion of population engaged in labor-intensive occupations

50% or less
More than 50%

Educational level attainment
Low level of educational attainment
High level of educational attainment
Proportion of SC/ST population
50% or less
More than 50%

District-level variables
Proportion of Hindu population in district
25% or less
26-50%
More than 50%

Proportion of district urbanicity
25% or less
26-50%
More than 50%

Proportion of SC/ST population in districts
25% or less
26-50%

Educational level attainment of district
Low level of educational attainment
High level of educational attainment

Proportion of population engaged in labor-intensive occupations in district

<25%
25-50%
Random effects
Household random variance
HH ICC
Community (PSU) random variance (SE)
Community (PSU) ICC (%)
District random variance (SE)
District ICC (%)

2.09E-33 (4.7E-18)

0.5
0.05 (0.04)
0.01

Ref
0.92 (0.50-1.68)

Ref
0.94 (0.78-1.12)

Ref
1.01 (0.84-1.22)

Ref
0.78 (0.61-1.01)
0.92(0.71-1.18)
0.66° (0.51-0.85)
0.452(0.34-0.59)

1.24E-30 (1.09E-15)

0.39
2.1(0.26)
0.39
0.04 (0.03)
0.01

Ref
1.29 (0.70-2.38)

Ref
0.98 (0.82-1.17)

Ref
0.95 (0.75-1.21)

Ref
0.80 (0.62-1.03)
0.95(0.74-1.23)
0.74° (0.58-0.96)
0.612(0.46-0.81)

Ref
1.02 (0.72-1.44)
1.75%(1.39-2.21)

Ref
1.13(0.89-1.44)

Ref
0.382(0.28-0.50)

Ref
0.95(0.72-1.26)

5.65E-30 (2.19E-15)

0.39
2.05(0.26)
0.39
0.03 (0.03)
0.01

Ref
1.29(0.70-2.37)

Ref
0.98 (0.81-1.17)

Ref
0.95 (0.75-1.20)

Ref
0.80 (0.62-1.04)
0.95 (0.74-1.23)
0.75° (0.58-0.97)
0.62°(0.46-0.82)

Ref
1.06 (0.75-1.49)
1.84°(1.45-2.33)

Ref
1.12(0.88-1.43)

Ref
0.38%(0.29-0.51)

Ref
0.95(0.71-1.25)

ref
0.65 (0.23-1.84)
0.29 (0.05-1.62)

Ref
0.71(0.47-1.07)
0.65 (0.40-1.06)

ref
0.90 (0.68-1.20)

Ref
0.97 (0.76-1.23)

Ref
1.45 (0.01-0.04)

4.28E-33 (8.21E-18)

0.39
2.05 (0.26)
0.39
0.02 (0.02)
0.01

2<0.01,°0.01-0.05, <0.06-0.1, NSSO: National Sample Survey Office, ICC: Intraclass correlation, PSU: Primary sampling unit

Table 4 is the empty model with no covariates for and district level for NSSO 71 round (2014), which shows a
assessment of random effects at the household, community, significant amount of variation, the district-level ICC being 0.02,
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Table 8: Variations in indicators of cardiovascular diseases occurrence
in India, NSSO 71t round (2014) (113,829 individuals from 8166
primary sampling units in 639 districts)

Demographic characteristics Cardiovascular disease
occurrence

Sex

Male 0.02

Female 0.01
Place of residence

Rural 0.00

Urban 0.72
Age

35-44 0.02

45-59 0.02

60-74 0

75 and above 0.02
Highest level of education attained

Primary or lower 0.02

Secondary or higher 0.01
Occupation

Non-labor intensive 0

Labor intensive 0.04
Whether belonging to a Hindu household

No 0

Yes 0.03
Whether belonging to a scheduled caste/tribe household

Yes 0.02

No 0.04
Expenditure quintile

Poorest 0.02

Poorer 0.03

Middle 0.04

Richer 0.02

Richest 0.03
Percent of Hindu households in FSU

25% or less 0.01

26-50% 0

More than 50% 0.02

Proportion of population engaged in labor-intensive occupations
in FSU

50% or less 0.02

More than 50% 0
Educational attainment in the FSU

Low educational attainment 0.02

High educational attainment 0.01
Proportion of SC/ST population in FSU

50% or less 0.02

More than 50% 0.01
Proportion of Hindu households in district

25% or less 0.03

26-50% 0.01

More than 50% 0.01
District urbanicity

25% or less 0.02

26-50% 0.01

More than 50% 0.02
Proportion of SC/ST population in districts

25% or less 0.01

26 to 50% 0.02

More than 50% 0.03

Proportion of population engaged in labor-intensive occupations in
the district

50% or less 0.02

50-75% 0
Educational attainment in the district

Low educational attainment

High educational attainment

0.01
0.02

NSSO: National Sample Survey Office,

the community within district-level ICC at 0.06, while that of HH
within community at 0.42.

Table 9 presents the results of the multilevel models with
individual-, household-, community-, and district-level indicators.
Model 1 withonlyindividualfactors shows secondary orhigherlevel
educated individuals to be at a lower likelihood (OR=0.51,P < 0.01)
to be affected by CVDs, as compared to their primary level or
lower educated counterparts. The model with both individual-
and household-level factors showed that at the household level,
expenditure quintiles show results of the nature of the households
from richer (OR=0.61, p<0.01) and the richest quintiles (OR = 0.42;
P < 0.01) being less likely to have CVDs, as compared to those
who are at the most economically disadvantaged position. At the
community level, communities with higher level of educational
attainment were 1.6 times more likely (OR = 1.55, P < 0.01) to have
CVD-affected individuals, as compared to those communities with
lower educational attainment. At the district level, model 4 shows
urbanicity as an important factor; districts with 26-50% of their
population urbanized 1.4 times more likely (OR = 1.42, P < 0.05)
to have CVDs, as compared to those with 25% or less of their
population urbanized. The districts with more than 50% of their
population urbanized were found to be 2.4 times more likely
(OR = 2.40, P < 0.01), as compared to those districts with 25%
or less of its population urbanized. The HH-within-community
ICC was found to be 0.57 for the last model which encompassed
individual-, HH-, community-, and district-level factors.

Discussion

This study shows the influence of several geographical and
socioeconomic contextual variables exerting independent
influence on CVD risk factors. The previous studies have also found
a higher prevalence of CVD risk factors among deprived sections
of the population.5 The results of the present study are in line
with these findings; a lower odds of economically advantaged
population groups to being affected by CVDs, as compared to
their economically disadvantaged counterparts, warranting the
need for more attention to CVD problems in areas populated by
economically disadvantaged groups.

While an inverse relationship between individual education
level and CVD factors has been previously reported,*'2 the effect
of education at the contextual level, as well as its association with
other CVD risk factors, has not been explored much. The studies,
which have accomplished this, have found lower-educated
individuals more vulnerable to the condition, amidst a higher risk
of smoking, as well as increases in systolic blood pressure (SBP) and
diastolic BP. The present study showed significant effects of the
educational level of the community on CVD occurrence, a higher
educational level of the community more likely to be associated
with a higher occurrence of CVDs. Educational level may affect
the access to healthcare services as well as awareness about the
conditions.

Western studies have previously demonstrated the
association of deprivation in low-income communities and the
increase in various CVD factors, for example, SBP®® overweight,>
and diabetes.> The results of our study agree with the previous
findings regarding the protective effect of household expenditure
quintile against the CVD risk. This association is with household
income and not individual income. Hence, this finding underlines
the fact that the contextual lifestyle of the relatively economically
disadvantaged communities must be investigated and
intervention applied accordingly. Public awareness about health
issues might be more common in higher expenditure quintiles,
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Table 9: Results of the multilevel analysis of the variables related to cardiovascular disease occurrence in India, NSSO 71 round (2014) (113,829

individuals from 8166 primary sampling units in 639 districts)

Fixed effects Model 1 Model 2 Model 3 Model 4
Odds ratio Odds ratio Odds ratio Odds ratio (confidence
(confidence interval) (confidence interval) (confidence interval) interval)
Individual variables
Sex
Male Ref Ref Ref Ref
Female 0.822(0.73-0.94) 0.96 (0.82-1.13) 0.96 (0.82-1.12) 0.95 (0.82-1.11)
Age
35-44 Ref Ref Ref Ref
45-59 0.90 (0.78-1.04) 0.99 (0.82-1.20) 1.00 (0.84-1.20) 0.99 (0.84-1.19)
60-74 0.86 (0.72-1.03) 0.91(0.72-1.16) 0.97 (0.78-1.21) 0.97 (0.78-1.20)

75 and above
Highest level of education attained
Primary or lower
Secondary or higher
Occupation
Non-labor intensive
Labor intensive
Christian households
No
Yes
SC/ST household
No
Yes
Expenditure quintile
Poorest
Poorer
Middle
Richer
Richest
Community-level variables
Proportion of Hindu households in FSU
25% or less
26-50%
More than 50%

Proportion of population engaged in labor-intensive occupations in FSU

50% or less
More than 50%
Educational attainment in FSU
Low level of educational attainment
High level of educational attainment
Percent of SC/ST population in FSU
50% or less
More than 50%
Percent of Hindu population in the district
25% or less
26-50%
More than 50%
Percent of district urbanicity
25% or less
26-50%
More than 50%
Percent of SC/ST population in districts
25% or less
26-50%
More than 50%
Educational level attainment of district
Low level of educational attainment
High level of educational attainment

0.74 (0.54-1.03)

ref
0.512(0.44-0.59)

% of population engaged in labor-intensive occupations in the district

<50%
50-75%
Random effects
Household random variance
HH ICC
Community (PSU) random variance (SE)
Community (PSU) ICC (%)
District random variance (SE)
District ICC (%)

2.13(0.28)
0.44

0.28 (0.19)
0.07

0.15 (0.06)
0.03

1.02 (0.67-1.55)

ref
0.92 (0.76-1.13)

Ref
2.552(2.04-3.19)

Ref
2.222(1.55-3.16)

Ref
1.13 (0.93-1.36)

Ref
1.10 (0.88-1.39)
0.94 (0.74-1.18)
0.61%(0.46-0.81)
0.42%(0.30-0.59)

6.98 (1.06)
0.75
2(0.65)
0.22
0.86 (0.18)
0.07

1.05(0.71-1.55)

ref
0.91 (0.75-1.10)

Ref
2.26%(1.82-2.81)

Ref
0.70° (0.51-0.98)

Ref
0.94 (0.77-1.16)

Ref
1.14 (0.92-1.41)
1.03 (0.83-1.27)
0.75° (0.58-0.97)
0.562 (0.40-0.77)

ref
0.19°(0.12-0.27)
0.112(0.09-0.14)

Ref
1.23 (0.95-1.60)

Ref
1.552(1.27-1.89)

ref
1.19(0.92-1.56)

3.84(0.57)
0.59

0.55(0.30)
0.1

0.26 (0.09)
0.03

1.02 (0.69-1.50)

ref
0.89 (0.74-1.08)

Ref
2.222(1.79-2.76)

Ref
0.80(0.58-1.11)

Ref
0.96 (0.78-1.18)

Ref
1.15(0.93-1.41)
1.03 (0.83-1.27)
0.74° (0.58-0.96)
0.55%(0.40-0.75)

ref
0.212(0.14-0.31)
0.142(0.11-0.17)

Ref
1.25(0.97-1.63)

Ref
1.532(1.25-1.87)

ref
1.36° (1.04-1.78)

ref
0.91 (0.67-1.24)
0.97 (0.67-1.39)

ref
1.42°(1.01-2)
2.40°(1.61-3.57)

Ref
0.77° (0.62-0.95)
0.53%(0.36-0.79)

Ref
0.85(0.67-1.07)

Ref
0.83(0.62-1.13)

3.67(0.54)
0.57

0.51(0.29)
0.09

0.17 (0.08)
0.02

2<0.01,°0.01-0.05, <0.06-0.1. NSSO: National Sample Survey Office, ICC: Intraclass correlation, PSU: Primary sampling unit
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which may be the reason of such results. The present study has a
large sample size, as well as high response rate, hence, fulfilling the
pre-requisites for multilevel modeling.!"

The association between individual-, household-,
community-, and district-level factors and the occurrence of
CVDs has been examined in this study. For example, 0.4% of
females have been observed to have CVDs as opposed to 0.15%
of males during 1995-96, the difference narrowing down in
2004-2005 with 0.61% of males and 0.59% females affected, and
the percentages both decreasing to 0.02% of males and 0.01%
of females in 2014. Progression across the household wealth
quintiles shows a decreasing prevalence of the condition across
all the survey periods. The multilevel analysis has underlined
the importance of individual-, household-, community-, and
district-level factors in the occurrence of CVDs across India. The
framework encompassing all the variables at different levels
has demonstrated significant effect of community and district
variations in the variable under study. The district-level variables
except the educational level of the district have not been found
to be major influential factors in the occurrence of CVDs much.
Some of the variables found to be significant in univariate model
became insignificant when adjusted for other variables in the
multilevel analysis. The results of this study urge a shift of focus
beyond individual factors while examining CVDs. The proportion
of district urbanicity has also been found to be an important
factor in the determination of CVD risk.

In the 52" round of the survey, a higher percentage of
the population engaged in labor-intensive occupations in the
communities saw an increased likelihood of CVD occurrence, and
an opposite effect of higher educational attainment of the district,
as well as a higher household expenditure quintile was observed
on the variable under study.

The 60" round of the NSSO survey saw communities with a
higher percentage of individuals practicing Hinduism associated
with higher likelihoods of CVD occurrence, while the districts with
higher educational attainment had the opposite experience.

In the 71 round of NSSO, there were a plethora of significant
factors affecting CVD occurrence, vis-a-vis, a higher proportion
of district urbanicity, a higher proportion of scheduled caste or
scheduled tribe households in communities, and households
engaged in labor-intensive occupations are some factors that have
been found to be positively associated with a higher likelihood
of CVD occurrence. On the contrary, households with higher
expenditure quintiles, higher proportion of households practicing
Hinduism in communities, and a higher proportion of scheduled
caste or scheduled tribe households in districts are some factors
associated with lower likelihood of CVD occurrence.

These findings underline the need for interventions to
reduce social inequalities, which combine both individual (e.g.,
information campaigns and behavioral change communication
strategy about benefits of physical activity) and structural
prevention (e.g., local activity centers) in communities, aimed at
community health improvement.

CONCLUSION

The present study sheds light on the global trend of studies
increasingly examining CVD risk factors in a contextual setting
in addition to individual characteristics, as opposed to only
individual and personal lifestyle factors. In Western nations,

most of the unfavorable outcomes are concentrated toward the
economically disadvantaged groups of the population, the results
are echoed in the present study. While contextual socioeconomic
status development factors are associated with CVD risk factors,
communities with higher educational attainment have been found
to more likely to be affected by CVD. Socioeconomic development
strategies should take these health effects into account, in the
planning stage.

This study went beyond the usual consideration of individual
factors and investigated the effects of community- and district-
level factors on the phenomenon under study. Proportion of
district urbanicity has been found to be associated with a higher
likelihood of CVDriskin 2014, though, the results are not significant
in the earlier two rounds of the survey. Analysis of these factors
affecting CVD risk revealed interesting results, which are expected
to have important implications for evidence-based strategizing for
CVD control policies. District educational attainment, household
expenditure quintile, and proportion of district urbanicity have
emerged as important factors with a few contraindications in
terms of traditional directions of association, as opposed to extant
literature. These findings throw light on how strengthening policy
measures, while keeping these factors in consideration, can ease
the transition of the nation into better health in terms of CVD
management.

Religious and ethnic composition of the communities and
districts has been found to have an impact, too; case in point,
communities with higher proportion of Hindu households are
found to be associated with lower likelihood of CVD risk, and
districts with higher proportion of scheduled caste and tribe
households also have the same relation with CVD risk. Hence,
there must be some pathways of action stemming from these
compositional differences which need to be explored further
in this regard. To better manage the CVD health of the nation,
there is a strong need to focus on community-level and district-
level interventions, in addition to individual-level factors. Future
research should investigate these very factors to account for
unexplained variations in CVD management. Nonetheless,
individual inequalities need to be taken into account when
designing interventions because they are strongly related to all
types of risk behavior under study.
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