BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees
(http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
info.bmjopen@bmj.com



http://bmjopen.bmj.com/
info.bmjopen@bmj.com

BMJ Open

BM) Open

Geographic variation in tobacco use in India: A population

based multi-level study

Journal:

BMJ Open

Manuscript ID

bmjopen-2019-033178

Article Type:

Original research

Date Submitted by the
Author:

24-Jul-2019

Complete List of Authors:

Singh, Ankur; University of Melbourne, Centre for Health Equity,
Melbourne School of Population & Global Health

Arora, Monika; Public Health Foundation of India, Health Promotion and
Tobacco Control

Bentley, Rebecca; University of Melbourne, Centre for Health Equity,
Melbourne School of Population & Global Health; University of
Melbourne, Centre for Epidemiology and Biostatistics, Melbourne School
of Population & Global Health

Spittal, Matthew; The University of Melbourne,

Do, Loc; The University of Adelaide, Australian Research Centre for
Population Oral Health (ARCPOH), Adelaide Dental School

Grills, Nathan; The University of Melbourne, Nossal Institute for Global
Health

English, Dallas; University of Melbourne, Melbourne School of Population
and Global Health

Keywords:

Tobacco, India, EPIDEMIOLOGY, PUBLIC HEALTH, SOCIAL MEDICINE

SCHOLARONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




Page 1 of 24

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/

oNOYTULT D WN =

BMJ Open Page 2 of 24

Geographic variation 1n tobacco use n
India: A population based multi-level
study

List of authors: Ankur Singh (Ph.D.), Monika Arora (Ph.D.), Rebecca Bentley (Ph.D.),
Matthew J Spittal (Ph.D.), Loc G Do (Ph.D.), Nathan Grills (Ph.D.), Dallas R English (Ph.D)

Corresponding author:

Dr. Ankur Singh

Centre for Health Equity, Melbourne School of Population and Global Health,
The University of Melbourne,

Level 3, 207 Bouverie Street,

Melbourne, Victoria 3010, Australia

Tel: +61 3 8344 9256 Email: ankur.singh@unimelb.edu.au

Journal: BMJ Open

Publication category: Original Research

Running head: Area-level variations in tobacco use in India

Word count (excluding abstract, references, tables, and figures): 2655 words
Number of references: 39

Conflict of interest: None Declared

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 3 of 24

oNOYTULT D WN =

BMJ Open

Abstract

Objective: This study aims to quantify the extent to which people’s use of tobacco products
varies by local areas (city-ward/village) across India and the variation in this clustering by
tobacco product.

Design: Cross-sectional study

Setting and participants: Data on a total of 74,037 adults across 2,547 city wards and
villages was available for analysis from 31 states and union territories in India.

Primary and secondary outcome measures: We included as primary outcomes self-
reported any tobacco use, current cigarette smoking, current bidi smoking, current smokeless
tobacco use and a derived variable for dual use describing respondents who engaged in both

smoking and smokeless tobacco use.

Results: The median risk of an individual using tobacco was 2.42 times greater if a person
hypothetically moved from an area of low to high risk of tobacco use (95% CI 2.34 —2.51).
Area-level partitioning of variation differed by tobacco product used. MORs ranged from

3.14 for cigarette smoking to 4.39 for dual use.

Conclusion: Tobacco use is highly geographically clustered in India. To be effective in India
policy interventions must, therefore, account for the influence of specific local contextual
factors on adult tobacco use. Where people live in India influences their use of tobacco, and
this association may be greater than has been observed in other settings. Tailoring tobacco
control policies for local areas in India may, therefore, provide substantial public health
benefits.
Strengths and limitations of this study:

e This is the first study from LMICs that has studied variation in tobacco use at local

area level using a nationwide representative data.
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By using different measures (ICC, MOR and AUC) we not only inform the extent of
variation but we comprehensively examine the degree of clustering, the heterogeneity
in outcomes among areas as well as the ability of local areas to classify individuals
according to tobacco use.

We did not incorporate policy and economic variables related to tobacco use available
in the GATS 2016-17 in our analysis. The variables used were non-ecologic and could
potentially lead to the atomistic fallacy by falsely attributing individual-level

measures to areas.
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Four fifths of the world’s current smokers reside in low- and middle-income countries
10 (LMICs), creating enormous societal and public health challenges. ! The number of deaths
12 from tobacco-related causes and loss of productivity is rapidly increasing in these, often

resource poor, settings. 23

18 The latest Indian Global Adult Tobacco Survey found that nearly 30% of all Indian adults use
20 tobacco. 4 Additionally, the widespread use of smokeless tobacco presents a complex

22 challenge for health systems and tobacco control because of its strong association with oral
cancerous and pre-cancerous lesions. 3 Despite a nation-wide smokeless tobacco ban

27 implemented in 2013-14, 20% of all tobacco users are smokeless tobacco users. + Added to
29 this, the burden of tobacco use in India is disproportionally high among people who are

socially disadvantaged. 68

35 There is consistent evidence that local social and policy contexts shape patterns of tobacco

37 use. * Multilevel studies (that simultaneously examine individual- and group-level

39 determinants of health) from The Netherlands, Australia, South Africa, Mexico, Scotland,

4 India, the USA and the UK suggest evidence of an association between area-level context

44 (such as social disadvantage and local policy environments) and smoking.'%-?> For example, a
46 study of Indian high school students from Mumbai reported the density of tobacco vendors

around schools was associated with increased tobacco use by students. 23

52 Notably,the majority of multilevel studies on tobacco use to date investigate associations
54 between specific exposures and tobacco use (the specific contextual effect). The variation in
tobacco use across different contexts (general contextual effect), including India, has not been

59 quantified and described. 2425 This is important for several reasons. First, describing the
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extent of geographic inequalities in tobacco use draws attention to underlying contextual
drivers that cannot be addressed through individually directed interventions. 262° Second,
tobacco control interventions targeting specific area-level exposures will only be effective if
areas share significant inter-individual variation in tobacco use. 24 ?° Finally, due to its impact
on effective sample sizes, a small general contextual effect can lead to detection of small but
statistically significant specific contextual effects. 2> Therefore, the observed association
between specific area-level exposures and tobacco use (specific contextual effect) may be
spurious and lead to targeting non-relevant determinants when general contextual effect are

ignored.

To redress this important gap in evidence, this study aims to quantify the extent to which
people’s use of tobacco products varies by local areas (city-ward/village) across India and the

variation in this clustering by tobacco product.

Methods

Study population

Data on tobacco use in India was obtained from the Global Adult Tobacco Survey (GATS 2)
conducted in 2016 and 2017. GATS 2 is a multi-country household tobacco prevalence
survey designed to support implementation of tobacco control within study countries.*
Participants eligible for the survey were non-institutionalised individuals aged 15 years and
older. The survey applied a multistage sampling procedure with different sampling
hierarchies for urban and rural areas. For urban areas, city wards were the primary sampling
unit from which census enumeration blocks, and then households, were selected. In rural
areas, the primary sampling units were villages, from which households were selected. A
total of 74,037 adults across 2,547 city wards and villages were available for analysis from 31

states and union territories in India. The response rate was 93%. *
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Data collection

GATS-2 collected data using household and individual questionnaires developed in English
and translated into 19 regional languages. The interviewer-administered questionnaires
collected data on demographic characteristics, tobacco smoking, smokeless tobacco use,
second hand smoke, socioeconomic position, media and knowledge, attitude and perceptions
related to tobacco use. More details on sampling procedures and methods of data collection

are published elsewhere. 43031

Outcomes

We included as primary outcomes self-reported any tobacco use, current cigarette smoking,
current bidi smoking, current smokeless tobacco use and a derived variable for dual use
describing respondents who engaged in both smoking and smokeless tobacco use.
Participants were asked ‘On average, how many of the following products do you currently
smoke each day?. 43031 We categorized those who reported smoking one or more
manufactured/rolled tobacco in paper/leaf as current cigarette smokers. Similarly, we
identified those who reported smoking one or more bidi as current bidi smokers. Regarding
smokeless tobacco use, participants were asked ‘Do you currently use smokeless tobacco on a
daily basis, less than daily, or not at all? *. 43931 We recorded those answering ‘daily’ or ‘less
than daily’ as yes for current smokeless tobacco use. Those identified to be both current
smokers (cigarette or bidi) and current smokeless tobacco users were identified as dual users.
Therefore, we created five binary variables including any tobacco use, current cigarette

smokers, current bidi smokers, current smokeless tobacco users and dual users.

Geographic level of aggregation (local areas)
Individuals from urban areas were clustered within city-wards and those in rural areas were

clustered within villages. In urban areas, city wards are the units for local government
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operations in India, responsible for essential community services including healthcare,
education, housing, transport and so on. 32 In rural areas, villages make up the boundary for

local panchayat (traditional local self-governance). 32

Covariates

To account for compositional differences in populations within area-level clusters, we
included individual-level demographic characteristics: age (as a continuous variable), sex and
socioeconomic position (education (no formal education/less than primary/primary/
secondary or more), occupation (unemployed/labourer/housewife, retired, student/ self-
employed/ private/ government) and household-level wealth (quintiles, 1 = lowest, 5 =
highest)) as covariates in the multilevel regression models. These variables were selected

based on a previous study. ’

Statistical Analysis

We performed the statistical analyses using Stata 15.0 (Statacorp, College Station, TX, USA).
We used survey commands to account for the complex survey design and to perform the
weighted descriptive analysis. We fitted multilevel logistic regression models with random
intercepts for local areas and fixed slopes with individuals nested in city wards or villages
respectively. Multilevel models operationalise studying population-level variations in health
outcomes by examining the extent of clustering in health outcomes that exists at the group or
contextual level. 2433-37 Using intra-class correlation coefficients (ICC) and median odds
ratios (MOR), we decomposed the variance in health outcomes at different levels of social
organisation. The ICC is expressed as a percentage and is interpreted in these analyses as the
share of inter-individual variation in health outcome that exists at the group level. For example,
an [CC of 8% at the village level means that of all the individual-level variation in tobacco use

among rural areas, 8% is attributed to the village level. The higher the individual correlation in
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health outcomes within a context, the more relevant is the context for understanding
individual differences in the health outcome. 2°> We estimated the MOR, which describes the
area-level variance as an odds ratio, as the median value of the distribution of odds ratios
obtained when two individuals with the same covariate values are picked from two different
areas, comparing the one from the higher prevalence area to the one from the area with lower
prevalence. 243638 In the absence of any area-level variation, the MOR is equal to one. We
estimated both MORs and ICCs for binary outcomes as the partition of variance between
different levels does not have the intuitive interpretation of the linear model. 438 We
estimated ICCs and MORs from intercept only models to examine presence of clustering, and

heterogeneity between areas, in the outcomes of tobacco use.

We also applied an alternate method to examine the relevance of area-level contexts for
tobacco use by comparing discriminatory accuracies obtained from fitted single-level and
multi-level logistic regression models. The area under the receiver operating characteristic
curve (AU-ROC) was constructed by plotting the true positive fraction (TPF, sensitivity)
against the false positive fraction (FPF, 1 — specificity). It measures the ability of the model
to classify individuals with and without the outcome and takes a value between 0.5 and 1.0

where 1.0 is perfect discrimination and 0.5 where covariates have no predictive power. 24

First, we fitted a single-level logistic regression model with tobacco use as outcome and
included individual-level covariates (age, sex, education, household wealth and occupation)
(Model A). The ability of this model to classify tobacco use was quantified using the Area
Under Curve (AUC). Next, we fitted a multilevel logistic regression model (Model B) for
tobacco use that included the same individual-level covariates. In addition to quantifying the

change in the AUC from Model A, MORs and ICCs were estimated from Model B to
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examine the general contextual effect of areas. Finally, we added area of residence in Model

C as an area-level covariate to examine any changes in AUC, MOR and ICCs.

We assessed goodness of fit by estimating the changes in the Deviance Information Criterion
(DIC). All models were fitted separately for each type of tobacco use (cigarette smoking, bidi
smoking, smokeless tobacco use and dual use) to determine any differences in variations in

tobacco use according to different types of tobacco use.

Patient and Public Involvement

No patients or public were involved in this study.

Results

We analysed data for 73,954 individuals (99.9%) of the 74,037 survey participants. We did
not analyse data on 83 participants due to missing data on covariates. Table 1 shows
descriptive characteristics of the sample according to residence status. 28% of adults used

tobacco products. The prevalence of smokeless tobacco use was 18.6% (Table 1).

Intercept only models (null models with no covariate adjustment) estimated 22% (95% CI:
20, 24) of any tobacco use was clustered at the city-ward/village level. Cigarette smoking was
clustered 31%, bidi smoking at 28%, dual use at 40% and smokeless tobacco at 36%
respectively (estimates not reported in the tables). For each outcome, the AUC increased
when multilevel logistic regression models were fitted (Model B) as compared to single-level
logistic regression models (Model A) implying the presence of a general contextual effect
(Figure 1). Changes in AUC were highest for smokeless tobacco use 11%, compared to 2%

for cigarette smoking (Table 2 and 3).
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After including all individual-level covariates, the proportion of variance attributable to the
areas remained at 21% (95% CI: 20, 22) for urban areas and increased to 20% (95% CI: 19,
22) for rural areas (Table 2). Correspondingly, the median odds ratio for urban areas was 2.42
(95% CI: 2.35, 2.52). These results suggest that if an individual moved to a city-ward or
village with high tobacco use from a city-ward or village with low tobacco use, their median
odds of tobacco use would more than double. No substantial variation in estimates were
observed when area of residence was included in Model C compared to only individual-level

covariates in Model B (Table 2).

The decrease in DIC values between the single-level models and multilevel models including

covariates suggested better model fit (Table 2).

Among the different types of tobacco use, the highest ICC (42%; 95% CI: 39, 46) and MOR
(4.39; 95% CI: 3.97, 4.82) were for dual use and the lowest for cigarette smoking ((ICC:

30%; 95% CI: 27, 34), (MOR: 3.14; 95% CI: 2.82, 3.46)) (Table 3).

Discussion

We found substantial variation in tobacco use across local areas in India. Individual-level
social and demographic characteristics were not able to explain the high area-level variations
in tobacco. The degree of area-level variation in tobacco use differed according to the types

of tobacco product. Dual use (smoking and smokeless) had the highest geographic clustering.

Strengths and Limitations

This study had several strengths and some limitations. To the best of our knowledge this is
the first study from LMICs that has studied variation in tobacco use at local area level using a
nationwide representative data. 4 By using different measures (ICC, MOR and AUC) we not

only inform the extent of variation but we comprehensively examine the degree of clustering,
10
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the heterogeneity in outcomes among areas as well as the ability of local areas to classify
individuals according to tobacco use. 2#33-36 This study also has limitations. We did not
incorporate policy and economic variables related to tobacco use available in the GATS
2016-17 in our analysis. This decision was underpinned by the reasoning that the policy and
economic variables were respondents perceptions of policy and individual expenditures on
tobacco use rather than availability and implementation of policies in local areas. Therefore,
the variables used were non-ecologic and could potentially lead to the atomistic fallacy by

falsely attributing individual-level measures to areas. 3’

Discussion in context of current evidence

Our findings of high variations in tobacco use among local areas is new. A multilevel study
on societal determinants of tobacco use from Scotland found no evidence of clustering in
tobacco use at the area level. '® Other multilevel studies have not presented measures of
variance, which limits comparisons.!%?? Our findings indicate much higher clustering of
tobacco use at the area level than has previously been reported, suggesting that local area
contexts and contextual determinants are highly relevant in India. Such variations may be due

to differences in the availability and implementation of tobacco control policies.

Tobacco specific variations in the values of ICC and MOR highlight potential differences in
the relevance of contexts by type of tobacco product used. Evidence from other studies
suggests that while wealthier and more educated individuals have higher odds of cigarette
smoking than their disadvantaged counterparts, disadvantaged individuals have higher odds
of bidi smoking and smokeless tobacco use. 7 Our study highlights the presence of both
individual and geographic socioeconomic inequalities in tobacco use by product. For

example, we observed a higher effect of individual social and demographic characteristics in

11
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smokeless tobacco use when compared to cigarette smoking and bidi smoking for contextual

effects (change in ICC from 36% in null model to 30% in adjusted model).

Research and policy implications

Given the role of contexts in shaping individual health behaviours, this study builds a
framework for operationalizing a contextual thinking in tobacco control activities,
particularly in LMICs where social norms and cultural aspects may differ from high-income
countries. High general contextual effects of local areas for tobacco use necessitates a
thorough examination of factors at the area-level that may be causally associated with
individual tobacco use as well as those which can explain the high variations in tobacco use
among local areas. This may only be possible if either data on individual-level tobacco use is
linked with small area characteristics, or if future population-based surveys collect both area-
and individual-level data relevant to tobacco use. Given the findings from our study, future
GATS surveys should consider the opportunities to comprehensively study both individual-
and area-level determinants of tobacco use within India and in other LMICs. Furthermore,
current findings build the platform for more robust population-based studies that collectively

examine area- and individual-level determinants of tobacco use in India and other LMICs.

This study has several policy implications. Our findings confirm that context plays an
important role in determining use of tobacco. India’s Cigarettes and other Tobacco Products
Act (COTPA) is a national law, which is in line with World Health Organization’s
Framework Convention on Tobacco Control. States at sub-national level are responsible for
implementing various tobacco control policy measures under COTPA. Comparison of
GATS-2 and GATS-1 has highlighted changes in prevalence of tobacco use due to
differential implementation of these measures. States are also allowed to develop context

specific information, education and communication resources to match the local needs.

12
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Therefore, health promotion and tobacco control interventions must be designed for contexts
and applied contextually rather than being individually oriented.’ 3 There is need to enhance
National Tobacco Control Program’s implementation at district, village and block level as
well. Finally, our use of the multilevel approach in this study advances a ‘proportionate
universalism’ approach. Tobacco control intereventions applied nationally should be scaled

according to local area characteristics to reduce geographic inequalities.

Conclusion
Where people live in India influences their use of tobacco, and this association may be
greater than has been observed in other settings. Tailoring tobacco control policies for local

areas in India may, therefore, provide substantial public health benefits.

13
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1

2

3

. Tables and figures

6 Table 1. Descriptive characteristics of the sample (n=73,954)

7 Variable Categories Percentage
8 Age (years) 15 to 30 41.7
9 31to 45 29.7
10 46 to 60 17.7
N 61to 75 8.9
g 76 and above 1.8
14 Sex Male 51.1
15 Female 48.9
16 Wealth Poorer 23.4
17 Poor 36.5
18 Middle 15.0
19 Rich 12.2
20 Richer 12.9
21 Education No formal education 26.4
22 Less than primary 9.2
23 Primary 28.2
24

25 Secondary or more 36.2
26 Occupation Unemployed 43
57 Labour 21.2
28 Housewife/ Retired/ Student 44.1
;g Self 19.4
31 Private 8.3
32 Government job 2.7
33 Tobacco use Non- user 72.2
34 Cigarette smoking 1.3
35 Bidi smoking 4.6
36 Smokeless tobacco use 18.6
37 Dual Use (Smokeless tobacco use + 2.8
38 Smoking)

39 Dual Use (Bidi + Cigarette)

40 0.5
2; Weighted percentages (Using Survey Weights)

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60
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Table 2. Multilevel logistic regression models for any tobacco use among Indian adults

(n=73,954 individuals nested in 2547 city wards and villages).

Page 20 of 24

Model A Model B Model C
Estimate Estimate Estimate
95% CI 95% CI 95% CI
AUC 0.79 0.86 0.86
AUC change 0.07 0
Variance 0.87 0.86
(0.80, 0.94) (0.79, 0.93)
ICC 21% 21%
(20,22) (19, 22)
MOR 2.43 2.42
(2.35,2.52) (2.34,2.51)
DIC 71171.7 66619.6 66559.3
DIC change -4552.1 -60.3

Model A: Single-level logistic regression model (Covariates included: age, sex, area of
residence, education, occupation, wealth); Model B: Multi-level logistic regression model

(Covariates included: age, sex, education, occupation, wealth); Model C: Multi-level logistic

regression model (Covariates included: age, sex, education, occupation, wealth, area of

residence). Reference group: No tobacco use.
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1

2

i Table 3. Multilevel logistic regression models for different types of tobacco use among
s Indian adults (n=73,954 individuals nested in 2547 city wards and villages).

? Model A Model B Model C

8 Estimate Estimate Estimate

9 95% CI 95% CI 95% CI

10 Cigarettes (n1=54,648)

1 Variance 1.44 1.44

- (1.19, 1.70) (1.19, 1.70)
13 ICC (%) 30 30

1 (27, 34) (27, 34)

15 MOR 3.14 3.14

16 (2.83, 3.46) (2.82, 3.46)
17 DIC 10630.4 10175.0 10156.3

18 DIC change -455.4 -18.7

19 AUC 0.68 0.70 0.70

20 AUC change 0.02 0

21 Bidi (n=56,814)

22 Variance 1.53 1.49

23 (1.33,1.72) (1.30, 1.68)
24 ICC (%) 32 31

25 (29, 35) (28,34)

26 MOR 3.25 3.20

27 (3.01, 3.49) (2.97,3.44)
28 DIC 18822.5 17680.8 17630.3

29 DIC change -1141.7 -50.5

30 AUC 0.89 0.95 0.95

g; AUC change 0.06 0

33 SLT (n=66,089)

34 Variance 1.46 1.45

3 (1.34, 1.59) (133, 1.58)
36 ICC (%) 31 31

37 (29, 33) (29, 32)

38 MOR 3.17 3.16

39 (3.01, 3.32) (3.00, 3.31)
40 DIC 56207.3 51179.1 51129.0

41 DIC change -5028.1 -50.2

42 AUC 0.76 0.87 0.87

43 AUC change 0.11 0

44 Dual use (n=55,522)

45 Variance 241 241

46 (2.09, 2.72) (2.09, 2.73)
47 ICC (%) 42 42

48 (39, 45) (39, 46)

49 MOR 4.39 4.39

50 (3.96, 4.82) (3.97, 4.82)
51 DIC 14335.7 12989.8 12977.1

52 DIC change -1345.9 -12.7

53 AUC 0.88 0.96 0.96

54 AUC change 0.08 0

55 Model A: Single-level logistic regression model (Covariates included: age, sex, area of
g? residence, education, occupation, wealth); Model B: Multi-level logistic regression model
=8 (Covariates included: age, sex, education, occupation, wealth); Model C: Multi-level logistic
59 regression model (Covariates included: age, sex, education, occupation, wealth, area of
60 residence). Reference group: No tobacco use.
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Figure 1. Area under the receiver operating characteristic (AU-ROC) curve for tobacco use
plotted separately for single and multilevel logistic regression models
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No

Recommendation

Page
No

Title and abstract 1

(a) Indicate the study’s design with a commonly used term in the title or
the abstract

1

(b) Provide in the abstract an informative and balanced summary of what

was done and what was found

2-3

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being

reported

Objectives 3

State specific objectives, including any prespecified hypotheses

Methods

Study design 4

Present key elements of study design early in the paper

Setting

Describe the setting, locations, and relevant dates, including periods of

recruitment, exposure, follow-up, and data collection

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale
for the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and

methods of selection of participants

(b) Cohort study—For matched studies, give matching criteria and
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the

number of controls per case

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders,

and effect modifiers. Give diagnostic criteria, if applicable

Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment

methods if there is more than one group

Bias 9

Describe any efforts to address potential sources of bias

Study size 10

Explain how the study size was arrived at

Quantitative variables 11

Explain how quantitative variables were handled in the analyses. If

applicable, describe which groupings were chosen and why

Statistical methods 12

Continued on next page

(a) Describe all statistical methods, including those used to control for

confounding

6-9

(b) Describe any methods used to examine subgroups and interactions

6-9

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—If applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking

account of sampling strategy

6-9

(e) Describe any sensitivity analyses
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 9
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and
data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest
(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures 9-10
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives 10
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 10-
imprecision. Discuss both direction and magnitude of any potential bias 11
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, 11-
multiplicity of analyses, results from similar studies, and other relevant evidence 12
Generalisability 21  Discuss the generalisability (external validity) of the study results 12
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 17

applicable, for the original study on which the present article is based

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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Abstract

Objective: This study aims to quantify the extent to which people’s use of tobacco products
varies by local areas (city-ward/village) across India and the variation in this clustering by
tobacco product.

Design: Cross-sectional study

Setting and participants: Data on 73,954 adults across 2,547 city wards and villages was
available for analysis from 30 states and two union territories in India.

Methods: We fitted multilevel multivariable logistic regression models to data on adults
from the Indian Global Adult Tobacco Survey 2016-2017. We estimated the area-level share
of variance in tobacco use (by cigarette smoking, bidi smoking, smokeless tobacco use and
dual use [smoking and smokeless tobacco use]) as median odds ratio (MOR) and intra-class
coefficients (ICC) adjusting for age, sex, individual wealth, educational attainment,

employment status, area of residence and states.

Primary and secondary outcome measures: We included as primary outcomes self-
reported any tobacco use, current cigarette smoking, current bidi smoking, current smokeless
tobacco use and a derived variable for dual use describing respondents who engaged in both

smoking and smokeless tobacco use.

Results: The median risk of an individual using tobacco was 1.64 times greater if a person
hypothetically moved from an area of low to high risk of tobacco use (95% CI 1.60 — 1.69).
Area-level partitioning of variation differed by tobacco product used. MORs ranged from

1.77 for smokeless tobacco use to 2.53 for dual use.

Conclusion: Tobacco use is highly clustered geographically in India. To be effective in
India, policy interventions should be directed at the influence of specific local contextual

factors on adult tobacco use. Where people live in India influences their use of tobacco, and
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this association may be greater than has been observed in other settings. Tailoring tobacco

control policies for local areas in India may, therefore, provide substantial public health

oNOYTULT D WN =

benefits.

10 Strengths and limitations of this study:

13 e This is the first study from LMICs that has studied variation in tobacco use at local
15 area level using a nationwide representative data.

By using different measures (ICC, MOR and AUC) we not only inform the extent of
20 variation but we comprehensively examine the degree of clustering, the heterogeneity
22 in outcomes among areas as well as the ability of local areas to classify individuals
24 according to tobacco use.

e We did not incorporate individual-level policy and economic variables related to

29 tobacco use available in the GATS 2016-17 in our analysis. The variables used were
31 non-ecologic and could potentially lead to falsely attributing individual-level

measures to areas.
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Introduction

Four fifths of the world’s current smokers reside in low- and middle-income countries
(LMICs), creating enormous societal and public health challenges. ! The number of deaths
from tobacco-related causes and loss of productivity is rapidly increasing in these, often

resource poor, settings. 23

The latest Indian Global Adult Tobacco Survey found that nearly 30% of all Indian adults use
tobacco. 4 Additionally, the widespread use of smokeless tobacco presents a complex
challenge for health systems and tobacco control because of its strong relationship with oral
cancerous and pre-cancerous lesions. 3 Despite a nation-wide smokeless tobacco ban
implemented in 2013-14, 20% of all tobacco users are smokeless tobacco users. + Added to
this, the burden of tobacco use in India is disproportionally high among people who are

socially disadvantaged. 68

There is consistent evidence that local social and policy contexts shape patterns of tobacco
use. * Multilevel studies (that simultaneously examine individual- and group-level
determinants of health) from The Netherlands, Australia, South Africa, Mexico, Scotland,
India, the USA and the UK suggest evidence of an association between area-level contextual
factor (such as social disadvantage and local policy environments) and smoking.!%-?2 For
example, a study of Indian high school students from Mumbai reported the density of tobacco

vendors around schools was associated with increased tobacco use by students.?

Notably, the majority of multilevel studies on tobacco use to date investigate associations
between specific area-level exposures and tobacco use (the specific contextual effect). Such
models are used simply as an extension of single-level regression models enabling them to

handle group-level variables as exposures and covariates. Variation in tobacco use across

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 49



Page 7 of 49

oNOYTULT D WN =

BMJ Open

contexts (general contextual effects) can also be examined using multilevel models. Yet, this
aspect of multilevel analysis has been underutilized in research to date. 242> Using this
approach, it is possible to describe the extent of geographic inequalities in tobacco use
drawing attention to underlying contextual drivers unaddressed through individually directed
interventions. 26-2° This is important information. Tobacco control interventions targeting
specific area-level exposures will only be effective if areas share significant inter-individual

variation in tobacco use. 2425

To redress this important gap in evidence, this study aims to quantify the extent to which
people’s use of tobacco products varies by local areas (city-ward/village) across India and the

variation in this clustering by tobacco product.

Methods

Study population

Data on tobacco use in India was obtained from the Global Adult Tobacco Survey (GATS 2)
conducted in 2016 and 2017. GATS 2 is a multi-country household tobacco prevalence
survey designed to support implementation of tobacco control within study countries.*
Participants eligible for the survey were non-institutionalised individuals aged 15 years and
older. The survey applied a multistage sampling procedure with different sampling
hierarchies for urban and rural areas. For urban areas, city wards were the primary sampling
unit from which census enumeration blocks, and then households, were selected. In rural
areas, the primary sampling units were villages, from which households were selected. A
total of 74,037 adults across 2,547 city wards and villages were available for analysis from 30

states and union territories in India. The response rate was 93%. *
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Data collection

GATS-2 collected data using household and individual questionnaires developed in English
and translated into 19 regional languages. The interviewer-administered questionnaires
collected data on demographic characteristics, tobacco smoking, smokeless tobacco use,
second hand smoke, socioeconomic position, media and knowledge, attitude and perceptions
related to tobacco use. More details on sampling procedures and methods of data collection

are published elsewhere. 43031

Outcomes

We included as primary outcomes self-reported any tobacco use, current cigarette smoking,
current bidi smoking, current smokeless tobacco use and a derived variable for dual use
describing respondents who engaged in both smoking and smokeless tobacco use.
Participants were asked ‘On average, how many of the following products do you currently
smoke each day?. 43031 We categorized those who reported smoking one or more
manufactured/rolled tobacco in paper/leaf as current cigarette smokers. Similarly, we
identified those who reported smoking one or more bidi as current bidi smokers. Regarding
smokeless tobacco use, participants were asked ‘Do you currently use smokeless tobacco on a
daily basis, less than daily, or not at all? *. 43931 We recorded those answering ‘daily’ or ‘less
than daily’ as yes for current smokeless tobacco use. Those identified to be both current
smokers (cigarette or bidi) and current smokeless tobacco users were identified as dual users.
Therefore, we created five binary variables including any tobacco use, current cigarette

smokers, current bidi smokers, current smokeless tobacco users and dual users.

Geographic level of aggregation (local areas)
Individuals from urban areas were clustered within city-wards and those in rural areas were

clustered within villages. In urban areas, city wards are the units for local government
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operations in India, responsible for essential community services including healthcare,
education, housing, transport and so on. 32 In rural areas, villages make up the boundary for

local panchayat (traditional local self-governance). 32

Covariates

To account for compositional differences in populations within area-level clusters, we
included individual-level demographic characteristics: age (as a continuous variable), sex and
socioeconomic position (education: no formal education/less than primary/primary/
secondary or more; occupation: unemployed/labourer/housewife, retired, student/ self-
employed/ private/ government; and household-level wealth: quintiles, 1 = lowest, 5 =
highest) as covariates in the multilevel regression models. These variables were selected

based on a previous study. ’

Statistical Analysis

We performed the statistical analyses using Stata 15.0 (Statacorp, College Station, TX, USA).
We used survey commands to account for the complex survey design and to perform the
weighted descriptive analysis. We plotted the prevalence and 95% confidence intervals for
any tobacco use and for different types of tobacco use to visually examine their variation by
local areas. We fitted multilevel logistic regression models with random intercepts for local
areas and fixed slopes with individuals nested in city wards or villages respectively.
Multilevel models operationalise studying population-level variations in health outcomes by
examining the extent of clustering in health outcomes that exists at the group or contextual
level. 243337 Using intra-class correlation coefficients (ICC) and median odds ratios (MOR),
we decomposed the variance in tobacco use at city-ward or village levels. The ICC is
expressed as a percentage and is interpreted in these analyses as the share of inter-individual

variation in health outcome that exists at the group level. For example, an ICC of 8% at the
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village level means that of all the individual-level variation in tobacco use among rural areas,
8% is attributed to the village level. The higher the individual correlation in health outcomes
within a context, the more relevant is the context for understanding individual differences in
the health outcome. 2° We estimated the MOR, which describes the area-level variance as an
odds ratio, as the median value of the distribution of odds ratios obtained when two
individuals with the same covariate values are picked from two different areas, comparing the
one from the higher prevalence area to the one from the area with lower prevalence. 243638 In
the absence of any area-level variation, the MOR is equal to one. We estimated both MORs
and ICCs for binary outcomes as the partition of variance between different levels does not
have the same intuitive interpretation as a linear model. 2438 We estimated ICCs and MORs
from intercept only models to examine presence of clustering, and heterogeneity between

areas, in the outcomes of tobacco use.

We also applied an alternate method to examine the relevance of area-level contexts for
tobacco use by comparing discriminatory accuracies obtained from fitted single-level and
multi-level logistic regression models. The area under the receiver operating characteristic
curve (AU-ROC) was constructed by plotting the true positive fraction (TPF, sensitivity)
against the false positive fraction (FPF, 1 — specificity). It measures the ability of the model
to classify individuals with and without the outcome and takes a value between 0.5 and 1.0

where 1.0 is perfect discrimination and 0.5 where covariates have no predictive power. 24

We did this in three stages. First, we fitted a single-level logistic regression model with
tobacco use as the outcome and included individual-level covariates (age, sex, education,
household wealth and occupation) (Model A). The ability of this model to classify tobacco
use was quantified using the Area Under Curve (AUC). Next, we fitted a multilevel logistic

regression model (Model B) for tobacco use that included the same individual-level
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covariates. In addition to quantifying the change in the AUC from Model A, MORs and ICCs
were estimated from Model B to examine the general contextual effect of areas. Finally, we

added area of residence and states in Model C as area-level covariates to examine any

changes in AUC, MOR and ICCs.

We assessed goodness of fit by estimating the changes in the Deviance Information Criterion
(DIC). All models were fitted separately for each type of tobacco use (cigarette smoking, bidi
smoking, smokeless tobacco use and dual use) to determine any differences in variations in
tobacco use according to different types of tobacco use. We performed a sensitivity analysis
to examine clustering in tobacco use in city/wards and villages within states by fitting three-
level hierarchical models: individual nested within city/wards and villages nested within

states.

Patient and Public Involvement

No patients or public were involved in this study.

Results

We analysed data for 73,954 individuals (99.9%) of the 74,037 survey participants. We did
not analyse data on 83 participants due to missing covariates data. Table 1 shows descriptive
characteristics of the sample according to residence status. 28% of adults used tobacco
products. The prevalence of smokeless tobacco use was 18.6% (Table 1). Plots for prevalence
and 95% CI for any tobacco use and different types of tobacco use by local areas showed

substantial variations (Supplementary appendix).

Intercept only models (null models with no covariate adjustment) estimated 22% (95% CI.:

20, 24) of any tobacco use was clustered at the city-ward/village level. Cigarette smoking was
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clustered 31%, bidi smoking at 28%, dual use at 40% and smokeless tobacco at 36%
respectively (estimates not reported in the tables). For each outcome, the AUC increased
when multilevel logistic regression models were fitted. The AUC increased to 0.86 in Model
B as compared to 0.79 in a single-level logistic regression model (Model A) implying the
presence of a general contextual effect and the ability to better classify individuals according
to tobacco use (Figure 1). Changes in AUC were highest for smokeless tobacco use 11%,

compared to 2% for cigarette smoking (Table 2 and 3).

After including all individual-level covariates, the proportion of variance attributable to the
areas remained at 21% (95% CI: 20, 22) (Table 2). Correspondingly, the median odds ratio
for was 2.43 (95% CI: 2.35, 2.52). These results suggest that the median odds of tobacco use
are more than double for two individuals with same covariates when comparing the one from
city-ward or village with high tobacco use to the other from a city-ward or village with low
tobacco use. Including area of residence and state in Model C substantially reduced the
estimates of proportion of variance attributable to areas and the respective median odds
ratios. The proportion of variance for any tobacco use reduced from 21% to 7.6% and
corresponding median ratio from 2.42 to 1.64. Sensitivity analysis confirmed our findings of
high clustering in any tobacco use within city-ward or villages from the same state

(Supplementary Appendix pp.21).

The decrease in DIC values between the single-level models and multilevel models including

covariates suggested better model fit (Table 2).

Among the different types of tobacco use, the highest ICC (22%; 95% CI: 19, 26) and MOR
(2.53; 95% CI: 2.32, 2.74) were for dual use and the lowest for SLT use ((ICC: 10%; 95% CI:

9,11), (MOR: 1.77; 95% CI: 1.71, 1.83)) (Table 3). Similar to any tobacco use, substantial
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reductions in estimates of ICC and MOR were observed upon inclusion of state and area of

residence in Model C compared with Model B.

Discussion

We found substantial variation in tobacco use across local areas in India. Individual-level
social and demographic characteristics were not able to explain the high area-level variations
in tobacco. Including states and area of residence explained substantial area-level variation in
tobacco use. However, the remaining variation in tobacco use was still high, indicating the
importance of local areas. The degree of area-level variation in tobacco use differed
according to the types of tobacco product. Dual use (smoking and smokeless) had the highest

geographic clustering.

Strengths and Limitations

This study had several strengths and limitations. To the best of our knowledge this is the first
study from LMICs that has studied variation in tobacco use at local area level using a
nationwide representative data. 4 By using different measures (ICC, MOR and AUC) we not
only inform the extent of variation but we comprehensively examine the degree of clustering,
the heterogeneity in outcomes among areas as well as the ability of local areas to classify
individuals according to tobacco use. 2433-36 This study also has limitations. We did not
incorporate policy and economic variables related to tobacco use available in the GATS
2016-17 in our analysis because the policy and economic variables were the respondent’s
perceptions rather than objective measures of availability and implementation of policies in
local areas and because this data was only gathered from smokers. The non-ecologic nature
of these variables could lead to falsely attributing individual-level measures to area levels

(the atomistic fallacy). 37
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Discussion in context of current evidence

Our findings of high variations in tobacco use among local areas is new. A multilevel study
on societal determinants of tobacco use from Scotland found no evidence of clustering in
tobacco use at the area level. '3 Other multilevel studies have not presented measures of
variance, which limits comparisons.!%?? Our findings indicate much higher clustering of
tobacco use at the area level than has previously been reported, suggesting that local area
contexts and contextual determinants are highly relevant in India. Such variations, we
speculate in the absence of data and available literature, 12> may be due to differences in the
availability and implementation of tobacco control policies, social environment (deprivation,
area-level mean income, area-level income inequality, social capital) and shared cultural and

social norms regarding tobacco use among people within an area.

Tobacco specific variations in the values of ICC and MOR highlight potential differences in
the relevance of contexts by type of tobacco product used. Evidence from other studies
suggests that while wealthier and more educated individuals have higher odds of cigarette
smoking than their disadvantaged counterparts, disadvantaged individuals have higher odds
of bidi smoking and smokeless tobacco use. ¢7 Our study highlights the presence of both
individual and geographic socioeconomic inequalities in tobacco use by product. For
example, we observed a higher effect of individual social and demographic characteristics in
smokeless tobacco use when compared to cigarette smoking and bidi smoking for contextual
effects (change in ICC from 36% in null model to 31% in adjusted model). In addition, the
proportion of variation for all types of tobacco use was markedly explained by adding states
into the model. This emphasizes the role of cultural and regional diversity within India in
determining tobacco use.’° Both ICCs from the three-level hierarchical models and odds
ratios estimated from regression models confirmed pivotal role played by states in geographic
inequities in tobacco use in India (see Supplementary Appendix).
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Research and policy implications

Given the role of contexts in shaping individual health behaviours, this study builds a
framework for operationalizing a contextual thinking in tobacco control activities,
particularly in LMICs where social norms and cultural aspects may differ from high-income
countries. High general contextual effects of local areas for tobacco use necessitates a
thorough examination of factors at the area-level that may be causally associated with
individual tobacco use as well as those which can explain the high variations in tobacco use
among local areas. This may only be possible if either data on individual-level tobacco use is
linked with small area characteristics, or if future population-based surveys collect both area-
and individual-level data relevant to tobacco use. Given the findings from our study, future
GATS surveys should consider the opportunities to comprehensively study both individual-
and area-level determinants of tobacco use within India and in other LMICs. First, it would
be helpful if wards and villages were identifiable in future versions of GATS so that
researchers and policymakers can link in area-level covariates (social, policy, economic and
physical environment) to examine their effects on tobacco use. Second, it would be useful if
the administrative levels at which tobacco related policies are implemented were recorded,
allowing examining of variation in tobacco use across multiple levels of geographical
hierarchy. This would further help policymakers compare clusters from an intervention
perspective. Finally, identification of city wards and villages would also allow linking data to
relevant area-level social, demographic, economic and policy variables increasing the ability
to simultaneously examine area- and individual-level determinants of tobacco use.
Furthermore, current findings build the platform for more robust population-based studies
that collectively examine area- and individual-level determinants of tobacco use in India and

other LMICs.

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open Page 16 of 49

This study has several policy implications. Our findings confirm that context plays an
important role in determining use of tobacco. India’s Cigarettes and other Tobacco Products
Act (COTPA) is a national law, which is in line with World Health Organization’s
Framework Convention on Tobacco Control. States at sub-national level are responsible for
implementing various tobacco control policy measures under COTPA. Comparison of
GATS-2 and GATS-1, and household surveys, has highlighted changes in prevalence of
tobacco use due to differential implementation of these measures.*? 4! States are also allowed
to develop context specific information, education and communication resources to match the
local needs. 4! 42 Therefore, health promotion and tobacco control interventions must be
designed for contexts and applied contextually rather than being individually oriented.® 43
There is the potential to enhance National Tobacco Control Program’s (NTCP)
implementation at city-ward, village and block level as well.*! NTCP is rolled out in 612
districts across 36 states/union territories in India and has a three-tier structure: National-,
State- and District Tobacco Control Cell. District Tobacco Control Cells are established to
train key stakeholders; information, education and communication activities; school
programmes; monitor tobacco control laws; strengthen cessation facilities and co-ordinate
tobacco control activities with Panchayati Raj (traditional local self-governance).*? High
local-area variations in tobacco use reported in our study imply extending this structure more
locally to city-wards and villages to maximise public health benefits. Finally, our use of the
multilevel approach in this study advances a ‘proportionate universalism’ approach
suggesting tobacco control interventions applied nationally should be scaled according to

local area level disadvantange to reduce geographic inequalities.
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Conclusion
Where people live in India influences their use of tobacco, and this association may be
greater than has been observed in other settings. Tailoring tobacco control policies for local

areas in India may, therefore, provide substantial public health benefits.
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1

2

3

. Tables and figures

6 Table 1. Descriptive characteristics of the sample (n=73,954)

7 Variable Categories Percentage
8 Age (years) 15 to 30 41.7
9 31to45 29.7
10 46 to 60 17.7
11 61 to 75 8.9
g 76 and above 1.8
14 Sex Male 51.1
15 Female 48.9
16 Wealth Poorer 234
17 Poor 36.5
18 Middle 15.0
19 Rich 12.2
20 Richer 12.9
21 Education No formal education 26.4
22 Less than primary 9.2
23 Primary 28.2
24

25 Secondary or more 36.2
26 Occupation Unemployed 43
57 Labour 21.2
28 Housewife/ Retired/ Student 44.1
;g Self 19.4
31 Private 8.3
32 Government job 2.7
33 Area of residence Urban 345
34 Rural 65.5
35 Tobacco use Non- user 72.2
36 Cigarette smoking 1.3
37 Bidi smoking 4.6
gg Smokeless tobacco use 18.6
40 Dual Use 33
41 Weighted percentages (Using Survey Weights)

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60
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Table 2. Multilevel logistic regression models for any tobacco use among Indian adults

(n=73,954 individuals nested in 2547 city wards and villages).

Page 24 of 49

Model A Model B Model C
Estimate Estimate Estimate
95% CI 95% CI 95% CI
AUC 0.79 0.86 0.86
AUC change 0.07 0
Variance 0.87 0.27
(0.80, 0.94) (0.24, 0.30)
ICC 21% 8%
(20, 22) (7,9
MOR 2.43 1.64
(2.35,2.52) (1.60, 1.69)
DIC 71171.7 66619.6 64702.3
DIC change -4552.1 -1917.3

Model A: Single-level logistic regression model (Covariates included: age, sex, area of
residence, education, occupation, wealth); Model B: Multi-level logistic regression model

(Covariates included: age, sex, education, occupation, wealth); Model C: Multi-level logistic

regression model (Covariates included: age, sex, education, occupation, wealth, area of

residence and states). Reference group: No tobacco use.
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1

2

i Table 3. Multilevel logistic regression models for different types of tobacco use among
s Indian adults (n=73,954 individuals nested in 2547 city wards and villages).

? Model A Model B Model C

8 Estimate Estimate Estimate

9 95% CI 95% CI 95% CI

10 Cigarettes (n1=54,648)

1 Variance 1.44 0.53

12 (1.19, 1.70) (0.38, 0.68)
13 ICC (%) 30 14

14 (27, 34) (11, 18)

15 MOR 3.14 2.00

16 (2.83, 3.46) (2.82,3.46)
17 DIC 10630.4 10175.0 9480.5

18 DIC change -455.4 -694.5

19 AUC 0.68 0.70 0.69

20 AUC change 0.02 -0.01

21 Bidi (n=56,814)

22 Variance 1.53 0.65

23 (133, 1.72) (0.53, 0.76)
24 ICC (%) 32 16

25 (29, 35) (14,19)

26 MOR 3.25 2.15

27 (3.01, 3.49) (2.01,2.30)
28 DIC 18822.5 17680.8 16765.4

29 DIC change -1141.7 -915.4

30 AUC 0.89 0.95 0.94

g; AUC change 0.06 -0.01

33 SLT (n=66,089)

34 Variance 1.46 0.36

35 (1.34, 1.59) (0.31, 0.40)
36 ICC (%) 31 10

37 (29, 33) 9, 11)

38 MOR 3.17 1.77

39 (3.01,3.32) (1.71, 1.83)
40 DIC 56207.3 51179.1 48915.1

41 DIC change -5028.1 -2264.0

42 AUC 0.76 0.87 0.86

43 AUC change 0.11 -0.01

44 Dual use (n=55,522)

45 Variance 2.41 0.95

46 (2.09, 2.72) (0.78, 1.12)
47 ICC (%) 42 22

48 (39, 45) (19, 26)

49 MOR 4.39 2.53

50 (3.96, 4.82) (2.32,2.74)
51 DIC 14335.7 12989.8 12045.9

52 DIC change -1345.9 -943.9

53 AUC 0.88 0.96 0.95

54 AUC change 0.08 -0.01

55 Model A: Single-level logistic regression model (Covariates included: age, sex, area of
g? residence, education, occupation, wealth); Model B: Multi-level logistic regression model
=8 (Covariates included: age, sex, education, occupation, wealth); Model C: Multi-level logistic
59 regression model (Covariates included: age, sex, education, occupation, wealth, area of
60 residence and states). Reference group: No tobacco use.
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Figure 1. Area under the receiver operating characteristic (AU-ROC) curve for tobacco use
plotted separately for single and multilevel logistic regression models
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Prevalence and 95% confidence intervals of any tobacco use by local
areas
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Prevalence and 95% confidence intervals of cigarette smoking by local

areas

-

5
1

Proportion of cigarette smoking
0
|

=

|
. seiH

3|Page

T T T T
1000 1500 2000 2500
Clusters

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 30 of 49



Page 31 of 49 BMJ Open

Prevalence and 95% confidence intervals of bidi smoking by local
areas
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Prevalence and 95% confidence intervals of SLT use by local areas
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Prevalence and 95% confidence intervals of Dual use by local areas
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Odds ratios for any tobacco use obtained from multilevel
multivariable logistic regression models

BMJ Open

Covariates Categories Odds Ratio | 95% ClI

Age 1.02 1.02 1.03

Sex Male
Female 0.23 0.21 0.24

Wealth Poorer
Poor 0.85 0.81 0.90
Middle 0.74 0.69 0.80
Rich 0.58 0.53 0.63
Richer 0.43 0.40 0.48

Education No formal education
Less than primary 0.86 0.80 0.92
Primary less than secondary 0.68 0.64 0.73
Secondary and above 0.37 0.35 0.40

Occupation Unemployed
Labourer 1.92 1.74 2.12
Housewife/ Retired/ Student 0.66 0.60 0.73
Self 1.54 1.40 1.70
Private 1.53 1.37 1.72
Government 1.14 1.00 1.30

Area of Urban

residence
Rural 1.11 1.04 1.19

States Jammu & Kashmir
Himachal Pradesh 0.81 0.64 1.03
Punjab 0.71 0.55 0.90
Chandigarh 0.73 0.56 0.94
Uttarakhand 1.44 1.15 1.81
Haryana 1.20 0.95 1.52
Delhi 1.18 0.92 1.51
Rajasthan 1.06 0.85 1.32
Uttar Pradesh 2.34 1.90 2.88
Chhattisgarh 3.06 2.43 3.86
Madhya Pradesh 1.78 1.44 2.21
West Bengal 1.92 1.55 2.39
Jharkhand 2.48 1.96 3.13
Odisha 3.87 3.06 4.90
Bihar 1.16 0.94 1.45
Sikkim 0.86 0.66 1.12
Arunachal Pradesh 3.74 2.90 4.82
Nagaland 5.06 3.94 6.48
Manipur 9.46 7.37 12.14
Mizoram 4.64 3.61 5.95
Tripura 11.87 9.21 15.29
Meghalaya 3.06 2.38 3.92
Assam 4.36 3.52 5.41
Gujarat 1.26 1.01 1.58
Maharashtra 1.39 1.12 1.72

7|Page

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 34 of 49



Page 35 of 49

oNOYTULT D WN =

BMJ Open

Goa 0.44 0.34 0.58
Andhra Pradesh 0.50 0.39 0.63
Telangana 0.68 0.53 0.87
Karnataka 1.04 0.84 1.30
Kerala 0.57 0.44 0.73
Tamil Nadu 0.80 0.64 1.00
Puducherry 0.53 0.41 0.68
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Odds ratios for cigarette smoking obtained from multilevel
multivariable logistic regression models

BMJ Open

Covariates Categories Odds Ratio | 95% Cl

Age 1.01 1.00 1.01

Sex Male 0.03 0.02 0.04
Female

Wealth Poorer
Poor 1.31 1.03 1.68
Middle 1.80 1.38 2.35
Rich 1.86 1.40 2.46
Richer 1.80 1.36 2.40

Education No formal education
Less than primary 1.14 0.86 1.51
Primary less than secondary

1.24 0.98 1.56

Secondary and above 1.02 0.81 1.30

Occupation Unemployed
Labourer 1.70 1.24 2.34
Housewife/ Retired/ Student 0.51 0.37 0.72
Self 1.51 1.12 2.05
Private 1.54 1.11 2.14
Government 1.32 0.94 1.87

Area of residence | Urban
Rural 0.66 0.56 0.77

States Jammu & Kashmir
Himachal Pradesh 0.13 0.08 0.21
Punjab 0.08 0.04 0.13
Chandigarh 0.10 0.06 0.16
Uttarakhand 0.16 0.10 0.26
Haryana 0.06 0.03 0.10
Delhi 0.13 0.09 0.21
Rajasthan 0.05 0.03 0.09
Uttar Pradesh 0.05 0.03 0.10
Chhattisgarh 0.03 0.01 0.09
Madhya Pradesh 0.04 0.02 0.08
West Bengal 0.19 0.12 0.30
Jharkhand 0.21 0.12 0.37
Odisha 0.09 0.04 0.19
Bihar 0.02 0.01 0.06
Sikkim 0.46 0.30 0.70
Arunachal Pradesh 0.59 0.37 0.96
Nagaland 0.07 0.03 0.16
Manipur 1.05 0.69 1.60
Mizoram 0.58 0.39 0.86
Tripura 0.99 0.63 1.58
Meghalaya 0.58 0.38 0.90
Assam 0.22 0.13 0.35
Gujarat 0.03 0.02 0.06
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Maharashtra 0.07 0.04 0.11
Goa 0.06 0.03 0.11
Andhra Pradesh 0.21 0.14 0.32
Telangana 0.27 0.18 0.42
Karnataka 0.16 0.10 0.24
Kerala 0.26 0.17 0.39
Tamil Nadu 0.27 0.19 0.38
Puducherry 0.29 0.20 0.42
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logistic regression models
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Covariates Categories Odds Ratio | 95% ClI

Age 1.04 1.03 1.04

Sex Male 0.04 0.04 0.05
Female

Wealth Poorer
Poor 0.82 0.73 0.92
Middle 0.67 0.57 0.78
Rich 0.45 0.37 0.54
Richer 0.28 0.23 0.35

Education No formal education
Less than primary 0.79 0.69 0.91
Primary less than secondary

0.48 0.43 0.55

Secondary and above 0.18 0.15 0.21

Occupation Unemployed
Labourer 2.45 2.02 2.96
Housewife/ Retired/ Student 0.73 0.59 0.90
Self 1.87 1.55 2.26
Private 1.34 1.06 1.70
Government 1.47 1.10 1.95

Area of residence | Urban
Rural 1.63 1.41 1.89

States Jammu & Kashmir
Himachal Pradesh 3.24 2.19 4.78
Punjab 1.18 0.77 1.82
Chandigarh 2.49 1.59 3.90
Uttarakhand 3.71 2.51 5.49
Haryana 4.69 3.18 6.92
Delhi 2.38 1.51 3.75
Rajasthan 1.40 0.96 2.03
Uttar Pradesh 1.32 0.90 1.94
Chhattisgarh 0.53 0.32 0.86
Madhya Pradesh 0.83 0.56 1.24
West Bengal 1.98 1.36 2.89
Jharkhand 0.27 0.15 0.50
Odisha 0.37 0.22 0.63
Bihar 0.32 0.21 0.50
Sikkim 0.15 0.08 0.29
Arunachal Pradesh 0.50 0.28 0.89
Nagaland 1.26 0.77 2.07
Manipur 0.26 0.13 0.53
Mizoram 0.11 0.05 0.25
Tripura 4.73 3.02 7.42
Meghalaya 2.29 1.49 3.52
Assam 0.83 0.54 1.26
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Gujarat 0.93 0.62 1.39
Maharashtra 0.25 0.16 0.41
Goa 0.27 0.14 0.50
Andhra Pradesh 0.51 0.33 0.78
Telangana 0.52 0.33 0.81
Karnataka 0.61 0.40 0.91
Kerala 0.42 0.25 0.69
Tamil Nadu 0.62 0.41 0.93
Puducherry 0.23 0.13 0.41
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Odds ratios for smokeless tobacco use obtained from multilevel

multivariable logistic regression models

Covariates Categories Odds Ratio 95% ClI
Age 1.02 1.02 1.02
Sex Male
Female 0.44 0.41 0.46
Wealth Poorer
Poor 0.88 0.83 0.94
Middle 0.75 0.69 0.82
Rich 0.56 0.50 0.62
Richer 0.38 0.34 0.43
Education No formal education
Less than primary 0.90 0.83 0.97
Primary less than secondary
0.74 0.69 0.79
Secondary and above 0.43 0.39 0.46
Occupation Unemployed
Labourer 1.81 1.61 2.04
Housewife/ Retired/ Student
0.67 0.60 0.76
Self 1.46 1.30 1.64
Private 1.56 1.36 1.79
Government 0.99 0.84 1.17
Area of residence | Urban
Rural 1.09 1.01 1.19
States Jammu & Kashmir
Himachal Pradesh 0.49 0.31 0.76
Punjab 1.97 1.37 2.82
Chandigarh 1.23 0.82 1.84
Uttarakhand 2.35 1.66 3.34
Haryana 1.39 0.95 2.03
Delhi 2.64 1.83 3.82
Rajasthan 3.03 2.19 4.19
Uttar Pradesh 8.56 6.27 11.67
Chhattisgarh 14.66 10.56 20.35
Madhya Pradesh 7.32 5.34 10.04
West Bengal 5.72 4.15 7.87
Jharkhand 10.67 7.66 14.85
Odisha 17.56 12.62 24.42
Bihar 5.49 4.01 7.53
Sikkim 2.21 1.51 3.23
Arunachal Pradesh 11.81 8.29 16.82
Nagaland 18.80 13.30 26.57
Manipur 36.81 26.07 51.99
Mizoram 17.94 12.69 25.36
Tripura 40.00 28.21 56.70
13|Page
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Meghalaya 7.70 5.40 10.98
Assam 17.68 12.92 24.20
Gujarat 5.31 3.85 7.32
Maharashtra 6.81 4.98 9.31
Goa 1.76 1.21 2.56
Andhra Pradesh 1.14 0.79 1.65
Telangana 2.05 1.44 2.92
Karnataka 3.63 2.62 5.02
Kerala 1.12 0.76 1.65
Tamil Nadu 2.15 1.54 3.00
Puducherry 1.18 0.81 1.72
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Odds ratios for dual use obtained from multilevel multivariable
logistic regression models

Page 42 of 49

Covariates Categories Odds Ratio 95% ClI
Age 1.01 1.01 1.01
Sex Male
Female 0.05 0.04 0.05
Wealth Poorer
Poor 0.85 0.74 0.98
Middle 0.74 0.61 0.89
Rich 0.64 0.51 0.80
Richer 0.45 0.35 0.58
Education No formal education
Less than primary 0.82 0.69 0.98
Primary less than secondary
0.62 0.54 0.73
Secondary and above 0.26 0.22 0.31
Occupation Unemployed
Labourer 2.18 1.72 2.77
Housewife/ Retired/ Student
0.37 0.28 0.49
Self 1.41 1.11 1.78
Private 1.58 1.20 2.08
Government 1.12 0.81 1.56
Area of residence | Urban
Rural 1.09 0.92 1.29
States Jammu & Kashmir
Himachal Pradesh 1.00 0.49 2.04
Punjab 1.37 0.70 2.68
Chandigarh 1.34 0.65 2.74
Uttarakhand 5.60 3.07 10.19
Haryana 2.03 1.06 3.89
Delhi 2.77 1.43 5.36
Rajasthan 1.45 0.79 2.65
Uttar Pradesh 7.29 417 12.74
Chhattisgarh 2.06 1.06 3.99
Madhya Pradesh 2.88 1.61 5.16
West Bengal 3.06 1.70 5.52
Jharkhand 7.41 4.04 13.57
Odisha 4.55 2.44 8.48
Bihar 1.73 0.95 3.14
Sikkim 2.06 1.05 4.06
Arunachal Pradesh 18.94 10.26 34.97
Nagaland 17.87 9.68 33.00
Manipur 28.55 15.51 52.53
Mizoram 2.81 1.44 5.49
Tripura 22.80 12.21 42.58
Meghalaya 2.09 1.07 4.08
Assam 7.16 4.04 12.69
Gujarat 1.23 0.66 2.30
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For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 43 of 49

oNOYTULT D WN =

BMJ Open

Maharashtra 0.59 0.30 1.17
Goa 0.30 0.11 0.81
Andhra Pradesh 0.23 0.10 0.53
Telangana 0.21 0.08 0.52
Karnataka 1.33 0.72 2.46
Kerala 1.19 0.59 2.37
Tamil Nadu 0.65 0.34 1.27
Puducherry 0.40 0.18 0.89
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Area under the receiver operating characteristic (AU-ROC) curve for
cigarette smoking plotted separately for single and multilevel logistic
regression models
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Area under the receiver operating characteristic (AU-ROC) curve for
bidi smoking plotted separately for single and multilevel logistic
regression models
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Area under the receiver operating characteristic (AU-ROC) curve for
SLT use plotted separately for single and multilevel logistic regression
models
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Area under the receiver operating characteristic (AU-ROC) curve for
dual use plotted separately for single and multilevel logistic regression
models
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Table showing intraclass correlation coefficients obtained from three
level hierarchical models with individual nested within city-
wards/villages nested within states

Null Model Full model

ICC ICC

95% ClI 95% ClI
Any tobacco use State 17% 17%

City ward/ village within state

(11%, 25%)
23%

(11%, 25%)
23%

(17%, 30%) (17%, 30%)

Cigarette smoking State 23% 22%
(15%, 34%) (14%, 32%)

City ward/ village within state  33% 33%
(25%, 42%)  (26%, 42%)

Bidi smoking State 16% 19%
(11%, 25%) (13%, 29%)

City ward/ village within state  30% 33%
(24%, 36%) (26%, 40%)

SLT use State 28% 26%
(20%, 40%) (18%, 36%)

City ward/ village within state  36% 33%
(28%, 46%) (25%, 42%)

Dual use State 27% 26%
(18%, 38%) (18%, 37%)

City ward/ village within state  39% 43%
(31%, 48%) (36%, 51%)

ICC: Intra-class correlation
Null model: Intercept only
Full model: Age, sex, education, occupation, wealth and area of residence

Interpretation

Example any tobacco use: Conditioned on covariates (age, sex, education, occupation, wealth and
area of residence) any tobacco use is highly correlated within states (ICC: 17%). Within the same
cityward/ village and state, this correlation was even higher (ICC: 23%).

21| Page
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1

(b) Provide in the abstract an informative and balanced summary of what

was done and what was found

2-3

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being

reported

Objectives 3

State specific objectives, including any prespecified hypotheses

Methods

Study design 4

Present key elements of study design early in the paper

Setting

Describe the setting, locations, and relevant dates, including periods of

recruitment, exposure, follow-up, and data collection

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale
for the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and

methods of selection of participants

(b) Cohort study—For matched studies, give matching criteria and
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the

number of controls per case

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders,

and effect modifiers. Give diagnostic criteria, if applicable

Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment

methods if there is more than one group

Bias 9

Describe any efforts to address potential sources of bias

Study size 10

Explain how the study size was arrived at

Quantitative variables 11

Explain how quantitative variables were handled in the analyses. If

applicable, describe which groupings were chosen and why

Statistical methods 12

Continued on next page

(a) Describe all statistical methods, including those used to control for

confounding

6-9

(b) Describe any methods used to examine subgroups and interactions

6-9

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—If applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking

account of sampling strategy

6-9

(e) Describe any sensitivity analyses
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Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 9
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and
data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest
(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures 9-10
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives 10
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 10-
imprecision. Discuss both direction and magnitude of any potential bias 11
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, 11-
multiplicity of analyses, results from similar studies, and other relevant evidence 12
Generalisability 21  Discuss the generalisability (external validity) of the study results 12
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 17

applicable, for the original study on which the present article is based

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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Abstract

Objective: This study aims to quantify the extent to which people’s use of tobacco products
varies by local areas (city-ward/village) across India and the variation in this clustering by
tobacco product.

Design: Cross-sectional study

Setting and participants: Data on 73,954 adults across 2,547 city wards and villages was
available for analysis from 30 states and two union territories in India.

Primary and secondary outcome measures: We included as primary outcomes self-
reported any tobacco use, current cigarette smoking, current bidi smoking, current smokeless
tobacco use and a derived variable for dual use describing respondents who engaged in both

smoking and smokeless tobacco use.

Results: The median risk of an individual using tobacco was 1.64 times greater if a person
hypothetically moved from an area of low to high risk of tobacco use (95% CI 1.60 — 1.69).
Area-level partitioning of variation differed by tobacco product used. MORs ranged from

1.77 for smokeless tobacco use to 2.53 for dual use.

Conclusion: Tobacco use is highly clustered geographically in India. To be effective in
India, policy interventions should be directed at the influence of specific local contextual
factors on adult tobacco use. Where people live in India influences their use of tobacco, and
this association may be greater than has been observed in other settings. Tailoring tobacco
control policies for local areas in India may, therefore, provide substantial public health

benefits.
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Strengths and limitations of this study:

oNOYTULT D WN =

e First time application of multilevel analysis to quantify variations in tobacco use
among local areas in a low- and middle- income country

13 e Multiple measures were estimated (ICC, MOR and discriminatory accuracy) that

15 corroborated importance of local areas in determining tobacco use

e Large and nationally representative data on tobacco use was analysed

20 ¢ Individual-level policy and economic variables were excluded to avoid atomistic

22 fallacy

e Lacking area-level variables restricted analysis of their role in area variations in

27 tobacco use
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Introduction

Four fifths of the world’s current smokers reside in low- and middle-income countries
(LMICs), creating enormous societal and public health challenges. ! The number of deaths
from tobacco-related causes and loss of productivity is rapidly increasing in these, often

resource poor, settings. 23

The latest Indian Global Adult Tobacco Survey found that nearly 30% of all Indian adults use
tobacco. 4 Additionally, the widespread use of smokeless tobacco presents a complex
challenge for health systems and tobacco control because of its strong relationship with oral
cancerous and pre-cancerous lesions. 3 Despite a nation-wide smokeless tobacco ban
implemented in 2013-14, 20% of all tobacco users are smokeless tobacco users. + Added to
this, the burden of tobacco use in India is disproportionally high among people who are

socially disadvantaged. 68

There is consistent evidence that local social and policy contexts shape patterns of tobacco
use. * Multilevel studies (that simultaneously examine individual- and group-level
determinants of health) from The Netherlands, Australia, South Africa, Mexico, Scotland,
India, the USA and the UK suggest evidence of an association between area-level contextual
factor (such as social disadvantage and local policy environments) and smoking.!%-?2 For
example, a study of Indian high school students from Mumbai reported the density of tobacco

vendors around schools was associated with increased tobacco use by students.?

Notably, the majority of multilevel studies on tobacco use to date investigate associations
between specific area-level exposures and tobacco use (the specific contextual effect). Such
models are used simply as an extension of single-level regression models enabling them to

handle group-level variables as exposures and covariates. Variation in tobacco use across
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contexts (general contextual effects) can also be examined using multilevel models. Yet, this
aspect of multilevel analysis has been underutilized in research to date. 242> Using this
approach, it is possible to describe the extent of geographic inequalities in tobacco use
drawing attention to underlying contextual drivers unaddressed through individually directed
interventions. 26-2° This is important information. Tobacco control interventions targeting
specific area-level exposures will only be effective if areas share significant inter-individual

variation in tobacco use. 2425

To redress this important gap in evidence, this study aims to quantify the extent to which
people’s use of tobacco products varies by local areas (city-ward/village) across India and the

variation in this clustering by tobacco product.

Methods

Study population

Data on tobacco use in India was obtained from the Global Adult Tobacco Survey (GATS 2)
conducted in 2016 and 2017. GATS 2 is a multi-country household tobacco prevalence
survey designed to support implementation of tobacco control within study countries.*
Participants eligible for the survey were non-institutionalised individuals aged 15 years and
older. The survey applied a multistage sampling procedure with different sampling
hierarchies for urban and rural areas. For urban areas, city wards were the primary sampling
unit from which census enumeration blocks, and then households, were selected. In rural
areas, the primary sampling units were villages, from which households were selected. A
total of 73,954 adults across 2,547 city wards and villages were available for analysis from 30

states and union territories in India. The response rate was 93%. *
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Data collection

GATS-2 collected data using household and individual questionnaires developed in English
and translated into 19 regional languages. The interviewer-administered questionnaires
collected data on demographic characteristics, tobacco smoking, smokeless tobacco use,
second hand smoke, socioeconomic position, media and knowledge, attitude and perceptions
related to tobacco use. More details on sampling procedures and methods of data collection

are published elsewhere. 43031

Outcomes

We included as primary outcomes self-reported any tobacco use, current cigarette smoking,
current bidi smoking, current smokeless tobacco use and a derived variable for dual use
describing respondents who engaged in both smoking and smokeless tobacco use.
Participants were asked ‘On average, how many of the following products do you currently
smoke each day?. 43031 We categorized those who reported smoking one or more
manufactured/rolled tobacco in paper/leaf as current cigarette smokers. Similarly, we
identified those who reported smoking one or more bidi as current bidi smokers. Regarding
smokeless tobacco use, participants were asked ‘Do you currently use smokeless tobacco on a
daily basis, less than daily, or not at all? *. 43931 We recorded those answering ‘daily’ or ‘less
than daily’ as yes for current smokeless tobacco use. Those identified to be both current
smokers (cigarette or bidi) and current smokeless tobacco users were identified as dual users.
Therefore, we created five binary variables including any tobacco use, current cigarette

smokers, current bidi smokers, current smokeless tobacco users and dual users.

Geographic level of aggregation (local areas)
Individuals from urban areas were clustered within city-wards and those in rural areas were

clustered within villages. In urban areas, city wards are the units for local government
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operations in India, responsible for essential community services including healthcare,
education, housing, transport and so on. 32 In rural areas, villages make up the boundary for

local panchayat (traditional local self-governance). 32

Covariates

To account for compositional differences in populations within area-level clusters, we
included individual-level demographic characteristics: age (as a continuous variable), sex and
socioeconomic position (education: no formal education/less than primary/primary/
secondary or more; occupation: unemployed/labourer/housewife, retired, student/ self-
employed/ private/ government; and household-level wealth: quintiles, 1 = lowest, 5 =
highest) as covariates in the multilevel regression models. These variables were selected

based on a previous study. ’

Statistical Analysis

We performed the statistical analyses using Stata 15.0 (Statacorp, College Station, TX, USA).
We used survey commands to account for the complex survey design and to perform the
weighted descriptive analysis. We plotted the prevalence and 95% confidence intervals for
any tobacco use and for different types of tobacco use to visually examine their variation by
local areas. We fitted multilevel logistic regression models with random intercepts for local
areas and fixed slopes with individuals nested in city wards or villages respectively.
Multilevel models operationalise studying population-level variations in health outcomes by
examining the extent of clustering in health outcomes that exists at the group or contextual
level. 243337 Using intra-class correlation coefficients (ICC) and median odds ratios (MOR),
we decomposed the variance in tobacco use at city-ward or village levels. The ICC is
expressed as a percentage and is interpreted in these analyses as the share of inter-individual

variation in health outcome that exists at the group level. For example, an ICC of 8% at the
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village level means that of all the individual-level variation in tobacco use among rural areas,
8% is attributed to the village level. The higher the individual correlation in health outcomes
within a context, the more relevant is the context for understanding individual differences in
the health outcome. 2° We estimated the MOR, which describes the area-level variance as an
odds ratio, as the median value of the distribution of odds ratios obtained when two
individuals with the same covariate values are picked from two different areas, comparing the
one from the higher prevalence area to the one from the area with lower prevalence. 243638 In
the absence of any area-level variation, the MOR is equal to one. We estimated both MORs
and ICCs for binary outcomes as the partition of variance between different levels does not
have the same intuitive interpretation as a linear model. 2438 We estimated ICCs and MORs
from intercept only models to examine presence of clustering, and heterogeneity between

areas, in the outcomes of tobacco use.

We also applied an alternate method to examine the relevance of area-level contexts for
tobacco use by comparing discriminatory accuracies obtained from fitted single-level and
multi-level logistic regression models. The area under the receiver operating characteristic
curve (AU-ROC) was constructed by plotting the true positive fraction (TPF, sensitivity)
against the false positive fraction (FPF, 1 — specificity). It measures the ability of the model
to classify individuals with and without the outcome and takes a value between 0.5 and 1.0

where 1.0 is perfect discrimination and 0.5 where covariates have no predictive power. 24

We did this in three stages. First, we fitted a single-level logistic regression model with
tobacco use as the outcome and included individual-level covariates (age, sex, education,
household wealth and occupation) (Model A). The ability of this model to classify tobacco
use was quantified using the Area Under Curve (AUC). Next, we fitted a multilevel logistic

regression model (Model B) for tobacco use that included the same individual-level
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covariates. In addition to quantifying the change in the AUC from Model A, MORs and ICCs
were estimated from Model B to examine the general contextual effect of areas. Finally, we

added area of residence and states in Model C as area-level covariates to examine any

changes in AUC, MOR and ICCs.

We assessed goodness of fit by estimating the changes in the Deviance Information Criterion
(DIC). All models were fitted separately for each type of tobacco use (cigarette smoking, bidi
smoking, smokeless tobacco use and dual use) to determine any differences in variations in
tobacco use according to different types of tobacco use. We performed a sensitivity analysis
to examine clustering in tobacco use in city/wards and villages within states by fitting three-
level hierarchical models: individual nested within city/wards and villages nested within

states.

Patient and Public Involvement

No patients or public were involved in this study.

Results

We analysed data for 73,954 individuals (99.9%) of the 74,037 survey participants. We did
not analyse data on 83 participants due to missing covariates data. Table 1 shows descriptive
characteristics of the sample according to residence status. 28% of adults used tobacco
products. The prevalence of smokeless tobacco use was 18.6% (Table 1). Plots for prevalence
and 95% CI for any tobacco use and different types of tobacco use by local areas showed

substantial variations (Supplementary appendix).

Intercept only models (null models with no covariate adjustment) estimated 22% (95% CI.:

20, 24) of any tobacco use was clustered at the city-ward/village level. Cigarette smoking was

10
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clustered 31%, bidi smoking at 28%, dual use at 40% and smokeless tobacco at 36%
respectively (estimates not reported in the tables). For each outcome, the AUC increased
when multilevel logistic regression models were fitted. The AUC increased to 0.86 in Model
B as compared to 0.79 in a single-level logistic regression model (Model A) implying the
presence of a general contextual effect and the ability to better classify individuals according
to tobacco use (Figure 1). Changes in AUC were highest for smokeless tobacco use 11%,

compared to 2% for cigarette smoking (Table 2 and 3).

After including all individual-level covariates, the proportion of variance attributable to the
areas remained at 21% (95% CI: 20, 22) (Table 2). Correspondingly, the median odds ratio
for was 2.43 (95% CI: 2.35, 2.52). These results suggest that the median odds of tobacco use
are more than double for two individuals with same covariates when comparing the one from
city-ward or village with high tobacco use to the other from a city-ward or village with low
tobacco use. Including area of residence and state in Model C substantially reduced the
estimates of proportion of variance attributable to areas and the respective median odds
ratios. The proportion of variance for any tobacco use reduced from 21% to 7.6% and
corresponding median ratio from 2.42 to 1.64. Sensitivity analysis confirmed our findings of
high clustering in any tobacco use within city-ward or villages from the same state

(Supplementary Appendix pp.21).

The decrease in DIC values between the single-level models and multilevel models including

covariates suggested better model fit (Table 2).

Among the different types of tobacco use, the highest ICC (22%; 95% CI: 19, 26) and MOR
(2.53; 95% CI: 2.32, 2.74) were for dual use and the lowest for SLT use ((ICC: 10%; 95% CI:

9,11), (MOR: 1.77; 95% CI: 1.71, 1.83)) (Table 3). Similar to any tobacco use, substantial

11
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reductions in estimates of ICC and MOR were observed upon inclusion of state and area of

residence in Model C compared with Model B.

Discussion

We found substantial variation in tobacco use across local areas in India. Individual-level
social and demographic characteristics were not able to explain the high area-level variations
in tobacco. Including states and area of residence explained substantial area-level variation in
tobacco use. However, the remaining variation in tobacco use was still high, indicating the
importance of local areas. The degree of area-level variation in tobacco use differed
according to the types of tobacco product. Dual use (smoking and smokeless) had the highest

geographic clustering.

Strengths and Limitations

This study had several strengths and limitations. To the best of our knowledge this is the first
study from LMICs that has studied variation in tobacco use at local area level using a
nationwide representative data. 4 By using different measures (ICC, MOR and AUC) we not
only inform the extent of variation but we comprehensively examine the degree of clustering,
the heterogeneity in outcomes among areas as well as the ability of local areas to classify
individuals according to tobacco use. 2433-36 This study also has limitations. We did not
incorporate policy and economic variables related to tobacco use available in the GATS
2016-17 in our analysis because the policy and economic variables were the respondent’s
perceptions rather than objective measures of availability and implementation of policies in
local areas and because this data was only gathered from smokers. The non-ecologic nature
of these variables could lead to falsely attributing individual-level measures to area levels

(the atomistic fallacy). 37

12
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Discussion in context of current evidence

Our findings of high variations in tobacco use among local areas is new. A multilevel study
on societal determinants of tobacco use from Scotland found no evidence of clustering in
tobacco use at the area level. '3 Other multilevel studies have not presented measures of
variance, which limits comparisons.!%?? Our findings indicate much higher clustering of
tobacco use at the area level than has previously been reported, suggesting that local area
contexts and contextual determinants are highly relevant in India. Such variations, we
speculate in the absence of data and available literature, 12> may be due to differences in the
availability and implementation of tobacco control policies, social environment (deprivation,
area-level mean income, area-level income inequality, social capital) and shared cultural and

social norms regarding tobacco use among people within an area.

Tobacco specific variations in the values of ICC and MOR highlight potential differences in
the relevance of contexts by type of tobacco product used. Evidence from other studies
suggests that while wealthier and more educated individuals have higher odds of cigarette
smoking than their disadvantaged counterparts, disadvantaged individuals have higher odds
of bidi smoking and smokeless tobacco use. ¢7 Our study highlights the presence of both
individual and geographic socioeconomic inequalities in tobacco use by product. For
example, we observed a higher effect of individual social and demographic characteristics in
smokeless tobacco use when compared to cigarette smoking and bidi smoking for contextual
effects (change in ICC from 36% in null model to 31% in adjusted model). In addition, the
proportion of variation for all types of tobacco use was markedly explained by adding states
into the model. This emphasizes the role of cultural and regional diversity within India in
determining tobacco use.’° Both ICCs from the three-level hierarchical models and odds
ratios estimated from regression models confirmed pivotal role played by states in geographic
inequities in tobacco use in India (see Supplementary Appendix).

13
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Research and policy implications

Given the role of contexts in shaping individual health behaviours, this study builds a
framework for operationalizing a contextual thinking in tobacco control activities,
particularly in LMICs where social norms and cultural aspects may differ from high-income
countries. High general contextual effects of local areas for tobacco use necessitates a
thorough examination of factors at the area-level that may be causally associated with
individual tobacco use as well as those which can explain the high variations in tobacco use
among local areas. This may only be possible if either data on individual-level tobacco use is
linked with small area characteristics, or if future population-based surveys collect both area-
and individual-level data relevant to tobacco use. Given the findings from our study, future
GATS surveys should consider the opportunities to comprehensively study both individual-
and area-level determinants of tobacco use within India and in other LMICs. First, it would
be helpful if wards and villages were identifiable in future versions of GATS so that
researchers and policymakers can link in area-level covariates (social, policy, economic and
physical environment) to examine their effects on tobacco use. Second, it would be useful if
the administrative levels at which tobacco related policies are implemented were recorded,
allowing examining of variation in tobacco use across multiple levels of geographical
hierarchy. This would further help policymakers compare clusters from an intervention
perspective. Finally, identification of city wards and villages would also allow linking data to
relevant area-level social, demographic, economic and policy variables increasing the ability
to simultaneously examine area- and individual-level determinants of tobacco use.
Furthermore, current findings build the platform for more robust population-based studies
that collectively examine area- and individual-level determinants of tobacco use in India and

other LMICs.
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This study has several policy implications. Our findings confirm that context plays an
important role in determining use of tobacco. India’s Cigarettes and other Tobacco Products
Act (COTPA) is a national law, which is in line with World Health Organization’s
Framework Convention on Tobacco Control. States at sub-national level are responsible for
implementing various tobacco control policy measures under COTPA. Comparison of
GATS-2 and GATS-1, and household surveys, has highlighted changes in prevalence of
tobacco use due to differential implementation of these measures.*? 4! States are also allowed
to develop context specific information, education and communication resources to match the
local needs. 4! 42 Therefore, health promotion and tobacco control interventions must be
designed for contexts and applied contextually rather than being individually oriented.® 43
There is the potential to enhance National Tobacco Control Program’s (NTCP)
implementation at city-ward, village and block level as well.*! NTCP is rolled out in 612
districts across 36 states/union territories in India and has a three-tier structure: National-,
State- and District Tobacco Control Cell. District Tobacco Control Cells are established to
train key stakeholders; information, education and communication activities; school
programmes; monitor tobacco control laws; strengthen cessation facilities and co-ordinate
tobacco control activities with Panchayati Raj (traditional local self-governance).*? High
local-area variations in tobacco use reported in our study imply extending this structure more
locally to city-wards and villages to maximise public health benefits. Finally, our use of the
multilevel approach in this study advances a ‘proportionate universalism’ approach
suggesting tobacco control interventions applied nationally should be scaled according to

local area level disadvantange to reduce geographic inequalities.
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Conclusion
Where people live in India influences their use of tobacco, and this association may be
greater than has been observed in other settings. Tailoring tobacco control policies for local

areas in India may, therefore, provide substantial public health benefits.
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1

2

3

. Tables and figures

6 Table 1. Descriptive characteristics of the sample (n=73,954)

7 Variable Categories Percentage
8 Age (years) 15 to 30 41.7
9 31to45 29.7
10 46 to 60 17.7
11 61 to 75 8.9
g 76 and above 1.8
14 Sex Male 51.1
15 Female 48.9
16 Wealth Poorer 234
17 Poor 36.5
18 Middle 15.0
19 Rich 12.2
20 Richer 12.9
21 Education No formal education 26.4
22 Less than primary 9.2
23 Primary 28.2
24

25 Secondary or more 36.2
26 Occupation Unemployed 43
57 Labour 21.2
28 Housewife/ Retired/ Student 44.1
;g Self 19.4
31 Private 8.3
32 Government job 2.7
33 Area of residence Urban 345
34 Rural 65.5
35 Tobacco use Non- user 72.2
36 Cigarette smoking 1.3
37 Bidi smoking 4.6
gg Smokeless tobacco use 18.6
40 Dual Use (Smokeless tobacco use + 2.8
41 Srpgking)

42 Bidi + Cigarette 0.5
43 Weighted percentages (Using Survey Weights)

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60
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Table 2. Multilevel logistic regression models for any tobacco use among Indian adults

(n=73,954 individuals nested in 2547 city wards and villages).

Page 24 of 50

Model A Model B Model C
Estimate Estimate Estimate
95% CI 95% CI 95% CI
AUC 0.79 0.86 0.86
AUC change 0.07 0
Variance 0.87 0.27
(0.80, 0.94) (0.24, 0.30)
ICC 21% 8%
(20, 22) (7,9
MOR 2.43 1.64
(2.35,2.52) (1.60, 1.69)
DIC 71171.7 66619.6 64702.3
DIC change -4552.1 -1917.3

Model A: Single-level logistic regression model (Covariates included: age, sex, area of
residence, education, occupation, wealth); Model B: Multi-level logistic regression model

(Covariates included: age, sex, education, occupation, wealth); Model C: Multi-level logistic

regression model (Covariates included: age, sex, education, occupation, wealth, area of

residence and states). Reference group: No tobacco use.
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1

2

i Table 3. Multilevel logistic regression models for different types of tobacco use among
s Indian adults (n=73,954 individuals nested in 2547 city wards and villages).

? Model A Model B Model C

8 Estimate Estimate Estimate

9 95% CI 95% CI 95% CI

10 Cigarettes (n1=54,648)

1 Variance 1.44 0.53

12 (1.19, 1.70) (0.38, 0.68)
13 ICC (%) 30 14

14 (27, 34) (11, 18)

15 MOR 3.14 2.00

16 (2.83, 3.46) (2.82,3.46)
17 DIC 10630.4 10175.0 9480.5

18 DIC change -455.4 -694.5

19 AUC 0.68 0.70 0.69

20 AUC change 0.02 -0.01

21 Bidi (n=56,814)

22 Variance 1.53 0.65

23 (133, 1.72) (0.53, 0.76)
24 ICC (%) 32 16

25 (29, 35) (14,19)

26 MOR 3.25 2.15

27 (3.01, 3.49) (2.01,2.30)
28 DIC 18822.5 17680.8 16765.4

29 DIC change -1141.7 -915.4

30 AUC 0.89 0.95 0.94

g; AUC change 0.06 -0.01

33 SLT (n=66,089)

34 Variance 1.46 0.36

35 (1.34, 1.59) (0.31, 0.40)
36 ICC (%) 31 10

37 (29, 33) 9, 11)

38 MOR 3.17 1.77

39 (3.01,3.32) (1.71, 1.83)
40 DIC 56207.3 51179.1 48915.1

41 DIC change -5028.1 -2264.0

42 AUC 0.76 0.87 0.86

43 AUC change 0.11 -0.01

44 Dual use (n=55,522)

45 Variance 2.41 0.95

46 (2.09, 2.72) (0.78, 1.12)
47 ICC (%) 42 22

48 (39, 45) (19, 26)

49 MOR 4.39 2.53

50 (3.96, 4.82) (2.32,2.74)
51 DIC 14335.7 12989.8 12045.9

52 DIC change -1345.9 -943.9

53 AUC 0.88 0.96 0.95

54 AUC change 0.08 -0.01

55 Model A: Single-level logistic regression model (Covariates included: age, sex, area of
g? residence, education, occupation, wealth); Model B: Multi-level logistic regression model
=8 (Covariates included: age, sex, education, occupation, wealth); Model C: Multi-level logistic
59 regression model (Covariates included: age, sex, education, occupation, wealth, area of
60 residence and states). Reference group: No tobacco use.
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Figure 1. Area under the receiver operating characteristic (AU-ROC) curve for tobacco use
plotted separately for single and multilevel logistic regression models
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Prevalence and 95% confidence intervals of any tobacco use by local
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Prevalence and 95% confidence intervals of bidi smoking by local
areas
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Prevalence and 95% confidence intervals of SLT use by local areas
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Prevalence and 95% confidence intervals of Dual use by local areas
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Odds ratios for any tobacco use obtained from multilevel
multivariable logistic regression models

BMJ Open

Covariates Categories Odds Ratio | 95% ClI

Age 1.02 1.02 1.03

Sex Male
Female 0.23 0.21 0.24

Wealth Poorer
Poor 0.85 0.81 0.90
Middle 0.74 0.69 0.80
Rich 0.58 0.53 0.63
Richer 0.43 0.40 0.48

Education No formal education
Less than primary 0.86 0.80 0.92
Primary less than secondary 0.68 0.64 0.73
Secondary and above 0.37 0.35 0.40

Occupation Unemployed
Labourer 1.92 1.74 2.12
Housewife/ Retired/ Student 0.66 0.60 0.73
Self 1.54 1.40 1.70
Private 1.53 1.37 1.72
Government 1.14 1.00 1.30

Area of Urban

residence
Rural 1.11 1.04 1.19

States Jammu & Kashmir
Himachal Pradesh 0.81 0.64 1.03
Punjab 0.71 0.55 0.90
Chandigarh 0.73 0.56 0.94
Uttarakhand 1.44 1.15 1.81
Haryana 1.20 0.95 1.52
Delhi 1.18 0.92 1.51
Rajasthan 1.06 0.85 1.32
Uttar Pradesh 2.34 1.90 2.88
Chhattisgarh 3.06 2.43 3.86
Madhya Pradesh 1.78 1.44 2.21
West Bengal 1.92 1.55 2.39
Jharkhand 2.48 1.96 3.13
Odisha 3.87 3.06 4.90
Bihar 1.16 0.94 1.45
Sikkim 0.86 0.66 1.12
Arunachal Pradesh 3.74 2.90 4.82
Nagaland 5.06 3.94 6.48
Manipur 9.46 7.37 12.14
Mizoram 4.64 3.61 5.95
Tripura 11.87 9.21 15.29
Meghalaya 3.06 2.38 3.92
Assam 4.36 3.52 5.41
Gujarat 1.26 1.01 1.58
Maharashtra 1.39 1.12 1.72
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Goa 0.44 0.34 0.58
Andhra Pradesh 0.50 0.39 0.63
Telangana 0.68 0.53 0.87
Karnataka 1.04 0.84 1.30
Kerala 0.57 0.44 0.73
Tamil Nadu 0.80 0.64 1.00
Puducherry 0.53 0.41 0.68
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Covariates Categories Odds Ratio | 95% Cl

Age 1.01 1.00 1.01

Sex Male 0.03 0.02 0.04
Female

Wealth Poorer
Poor 1.31 1.03 1.68
Middle 1.80 1.38 2.35
Rich 1.86 1.40 2.46
Richer 1.80 1.36 2.40

Education No formal education
Less than primary 1.14 0.86 1.51
Primary less than secondary

1.24 0.98 1.56

Secondary and above 1.02 0.81 1.30

Occupation Unemployed
Labourer 1.70 1.24 2.34
Housewife/ Retired/ Student 0.51 0.37 0.72
Self 1.51 1.12 2.05
Private 1.54 1.11 2.14
Government 1.32 0.94 1.87

Area of residence | Urban
Rural 0.66 0.56 0.77

States Jammu & Kashmir
Himachal Pradesh 0.13 0.08 0.21
Punjab 0.08 0.04 0.13
Chandigarh 0.10 0.06 0.16
Uttarakhand 0.16 0.10 0.26
Haryana 0.06 0.03 0.10
Delhi 0.13 0.09 0.21
Rajasthan 0.05 0.03 0.09
Uttar Pradesh 0.05 0.03 0.10
Chhattisgarh 0.03 0.01 0.09
Madhya Pradesh 0.04 0.02 0.08
West Bengal 0.19 0.12 0.30
Jharkhand 0.21 0.12 0.37
Odisha 0.09 0.04 0.19
Bihar 0.02 0.01 0.06
Sikkim 0.46 0.30 0.70
Arunachal Pradesh 0.59 0.37 0.96
Nagaland 0.07 0.03 0.16
Manipur 1.05 0.69 1.60
Mizoram 0.58 0.39 0.86
Tripura 0.99 0.63 1.58
Meghalaya 0.58 0.38 0.90
Assam 0.22 0.13 0.35
Gujarat 0.03 0.02 0.06
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Maharashtra 0.07 0.04 0.11
Goa 0.06 0.03 0.11
Andhra Pradesh 0.21 0.14 0.32
Telangana 0.27 0.18 0.42
Karnataka 0.16 0.10 0.24
Kerala 0.26 0.17 0.39
Tamil Nadu 0.27 0.19 0.38
Puducherry 0.29 0.20 0.42
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Covariates Categories Odds Ratio | 95% ClI

Age 1.04 1.03 1.04

Sex Male 0.04 0.04 0.05
Female

Wealth Poorer
Poor 0.82 0.73 0.92
Middle 0.67 0.57 0.78
Rich 0.45 0.37 0.54
Richer 0.28 0.23 0.35

Education No formal education
Less than primary 0.79 0.69 0.91
Primary less than secondary

0.48 0.43 0.55

Secondary and above 0.18 0.15 0.21

Occupation Unemployed
Labourer 2.45 2.02 2.96
Housewife/ Retired/ Student 0.73 0.59 0.90
Self 1.87 1.55 2.26
Private 1.34 1.06 1.70
Government 1.47 1.10 1.95

Area of residence | Urban
Rural 1.63 1.41 1.89

States Jammu & Kashmir
Himachal Pradesh 3.24 2.19 4.78
Punjab 1.18 0.77 1.82
Chandigarh 2.49 1.59 3.90
Uttarakhand 3.71 2.51 5.49
Haryana 4.69 3.18 6.92
Delhi 2.38 1.51 3.75
Rajasthan 1.40 0.96 2.03
Uttar Pradesh 1.32 0.90 1.94
Chhattisgarh 0.53 0.32 0.86
Madhya Pradesh 0.83 0.56 1.24
West Bengal 1.98 1.36 2.89
Jharkhand 0.27 0.15 0.50
Odisha 0.37 0.22 0.63
Bihar 0.32 0.21 0.50
Sikkim 0.15 0.08 0.29
Arunachal Pradesh 0.50 0.28 0.89
Nagaland 1.26 0.77 2.07
Manipur 0.26 0.13 0.53
Mizoram 0.11 0.05 0.25
Tripura 4.73 3.02 7.42
Meghalaya 2.29 1.49 3.52
Assam 0.83 0.54 1.26
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Gujarat 0.93 0.62 1.39
Maharashtra 0.25 0.16 0.41
Goa 0.27 0.14 0.50
Andhra Pradesh 0.51 0.33 0.78
Telangana 0.52 0.33 0.81
Karnataka 0.61 0.40 0.91
Kerala 0.42 0.25 0.69
Tamil Nadu 0.62 0.41 0.93
Puducherry 0.23 0.13 0.41
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Odds ratios for smokeless tobacco use obtained from multilevel

multivariable logistic regression models

Covariates Categories Odds Ratio 95% ClI
Age 1.02 1.02 1.02
Sex Male
Female 0.44 0.41 0.46
Wealth Poorer
Poor 0.88 0.83 0.94
Middle 0.75 0.69 0.82
Rich 0.56 0.50 0.62
Richer 0.38 0.34 0.43
Education No formal education
Less than primary 0.90 0.83 0.97
Primary less than secondary
0.74 0.69 0.79
Secondary and above 0.43 0.39 0.46
Occupation Unemployed
Labourer 1.81 1.61 2.04
Housewife/ Retired/ Student
0.67 0.60 0.76
Self 1.46 1.30 1.64
Private 1.56 1.36 1.79
Government 0.99 0.84 1.17
Area of residence | Urban
Rural 1.09 1.01 1.19
States Jammu & Kashmir
Himachal Pradesh 0.49 0.31 0.76
Punjab 1.97 1.37 2.82
Chandigarh 1.23 0.82 1.84
Uttarakhand 2.35 1.66 3.34
Haryana 1.39 0.95 2.03
Delhi 2.64 1.83 3.82
Rajasthan 3.03 2.19 4.19
Uttar Pradesh 8.56 6.27 11.67
Chhattisgarh 14.66 10.56 20.35
Madhya Pradesh 7.32 5.34 10.04
West Bengal 5.72 4.15 7.87
Jharkhand 10.67 7.66 14.85
Odisha 17.56 12.62 24.42
Bihar 5.49 4.01 7.53
Sikkim 2.21 1.51 3.23
Arunachal Pradesh 11.81 8.29 16.82
Nagaland 18.80 13.30 26.57
Manipur 36.81 26.07 51.99
Mizoram 17.94 12.69 25.36
Tripura 40.00 28.21 56.70
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Meghalaya 7.70 5.40 10.98
Assam 17.68 12.92 24.20
Gujarat 5.31 3.85 7.32
Maharashtra 6.81 4.98 9.31
Goa 1.76 1.21 2.56
Andhra Pradesh 1.14 0.79 1.65
Telangana 2.05 1.44 2.92
Karnataka 3.63 2.62 5.02
Kerala 1.12 0.76 1.65
Tamil Nadu 2.15 1.54 3.00
Puducherry 1.18 0.81 1.72
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Odds ratios for dual use obtained from multilevel multivariable
logistic regression models
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Covariates Categories Odds Ratio 95% ClI
Age 1.01 1.01 1.01
Sex Male
Female 0.05 0.04 0.05
Wealth Poorer
Poor 0.85 0.74 0.98
Middle 0.74 0.61 0.89
Rich 0.64 0.51 0.80
Richer 0.45 0.35 0.58
Education No formal education
Less than primary 0.82 0.69 0.98
Primary less than secondary
0.62 0.54 0.73
Secondary and above 0.26 0.22 0.31
Occupation Unemployed
Labourer 2.18 1.72 2.77
Housewife/ Retired/ Student
0.37 0.28 0.49
Self 1.41 1.11 1.78
Private 1.58 1.20 2.08
Government 1.12 0.81 1.56
Area of residence | Urban
Rural 1.09 0.92 1.29
States Jammu & Kashmir
Himachal Pradesh 1.00 0.49 2.04
Punjab 1.37 0.70 2.68
Chandigarh 1.34 0.65 2.74
Uttarakhand 5.60 3.07 10.19
Haryana 2.03 1.06 3.89
Delhi 2.77 1.43 5.36
Rajasthan 1.45 0.79 2.65
Uttar Pradesh 7.29 417 12.74
Chhattisgarh 2.06 1.06 3.99
Madhya Pradesh 2.88 1.61 5.16
West Bengal 3.06 1.70 5.52
Jharkhand 7.41 4.04 13.57
Odisha 4.55 2.44 8.48
Bihar 1.73 0.95 3.14
Sikkim 2.06 1.05 4.06
Arunachal Pradesh 18.94 10.26 34.97
Nagaland 17.87 9.68 33.00
Manipur 28.55 15.51 52.53
Mizoram 2.81 1.44 5.49
Tripura 22.80 12.21 42.58
Meghalaya 2.09 1.07 4.08
Assam 7.16 4.04 12.69
Gujarat 1.23 0.66 2.30
15| Page

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 43 of 50

oNOYTULT D WN =

BMJ Open

Maharashtra 0.59 0.30 1.17
Goa 0.30 0.11 0.81
Andhra Pradesh 0.23 0.10 0.53
Telangana 0.21 0.08 0.52
Karnataka 1.33 0.72 2.46
Kerala 1.19 0.59 2.37
Tamil Nadu 0.65 0.34 1.27
Puducherry 0.40 0.18 0.89
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Area under the receiver operating characteristic (AU-ROC) curve for
cigarette smoking plotted separately for single and multilevel logistic
regression models
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Area under the receiver operating characteristic (AU-ROC) curve for
bidi smoking plotted separately for single and multilevel logistic
regression models
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Area under the receiver operating characteristic (AU-ROC) curve for
SLT use plotted separately for single and multilevel logistic regression
models
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Area under the receiver operating characteristic (AU-ROC) curve for
dual use plotted separately for single and multilevel logistic regression
models
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Table showing intraclass correlation coefficients obtained from three
level hierarchical models with individual nested within city-
wards/villages nested within states

Null Model Full model

ICC ICC

95% ClI 95% ClI
Any tobacco use State 17% 17%

City ward/ village within state

(11%, 25%)
23%

(11%, 25%)
23%

(17%, 30%) (17%, 30%)

Cigarette smoking State 23% 22%
(15%, 34%) (14%, 32%)

City ward/ village within state  33% 33%
(25%, 42%)  (26%, 42%)

Bidi smoking State 16% 19%
(11%, 25%) (13%, 29%)

City ward/ village within state  30% 33%
(24%, 36%) (26%, 40%)

SLT use State 28% 26%
(20%, 40%) (18%, 36%)

City ward/ village within state  36% 33%
(28%, 46%) (25%, 42%)

Dual use State 27% 26%
(18%, 38%) (18%, 37%)

City ward/ village within state  39% 43%
(31%, 48%) (36%, 51%)

ICC: Intra-class correlation
Null model: Intercept only
Full model: Age, sex, education, occupation, wealth and area of residence

Interpretation

Example any tobacco use: Conditioned on covariates (age, sex, education, occupation, wealth and
area of residence) any tobacco use is highly correlated within states (ICC: 17%). Within the same
cityward/ village and state, this correlation was even higher (ICC: 23%).
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1
; STROBE Statement—checklist of items that should be included in reports of observational studies
4
5 Item Page
6 No Recommendation No
7 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the 1
g title or the abstract
10 (b) Provide in the abstract an informative and balanced summary of | 2-3
11 what was done and what was found
: g Introduction
14 Background/rationale 2 Explain the scientific background and rationale for the investigation | 5-6
15 being reported
1? Objectives 3 State specific objectives, including any prespecified hypotheses 6
18 Methods
19 Study design 4 Present key elements of study design early in the paper
20 Setting 5 Describe the setting, locations, and relevant dates, including periods
;; of recruitment, exposure, follow-up, and data collection
23 Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and 7
24 methods of selection of participants. Describe methods of follow-up
;2 Case-control study—Give the eligibility criteria, and the sources
57 and methods of case ascertainment and control selection. Give the
28 rationale for the choice of cases and controls
29 Cross-sectional study—Give the eligibility criteria, and the sources
2(1) and methods of selection of participants
32 (b) Cohort study—For matched studies, give matching criteria and
33 number of exposed and unexposed
34 Case-control study—For matched studies, give matching criteria
gg and the number of controls per case
37 Variables 7 Clearly define all outcomes, exposures, predictors, potential 7-8
38 confounders, and effect modifiers. Give diagnostic criteria, if
39 applicable
2(1) Data sources/ 8* For each variable of interest, give sources of data and details of 7-8
42 measurement methods of assessment (measurement). Describe comparability of
43 assessment methods if there is more than one group
44 Bias 9 Describe any efforts to address potential sources of bias 8-9
22 Study size 10 Explain how the study size was arrived at 7
47 Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If | 8-9
48 applicable, describe which groupings were chosen and why
:g Statistical methods 12 (a) Describe all statistical methods, including those used to control 8-10
51 for confounding
52 (b) Describe any methods used to examine subgroups and Not
53 interactions applicable
gg (c) Explain how missing data were addressed 7
56 (d) Cohort study—If applicable, explain how loss to follow-up was | 7
57 addressed
58 Case-control study—If applicable, explain how matching of cases
Zg and controls was addressed
Cross-sectional study—If applicable, describe analytical methods
taking account of sampling strategy
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 9
potentially eligible, examined for eligibility, confirmed eligible, included in the
study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 10
(c) Consider use of a flow diagram
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) | 10-11
data and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of
interest
(¢) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15*  Cohort study—Report numbers of outcome events or summary measures over
time
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary 10-11
measures
Main results 16 (@) Give unadjusted estimates and, if applicable, confounder-adjusted estimates | 11
and their precision (eg, 95% confidence interval). Make clear which
confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized Not
applicable
(c) If relevant, consider translating estimates of relative risk into absolute risk Not
for a meaningful time period applicable
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and 11
sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives 10
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or | 10-11
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, 11-12
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results 12
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, | 17

if applicable, for the original study on which the present article is based

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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