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Abstract

Background—The implementation of comprehensive smoke-free laws has been associated with

reductions in second hand smoke exposure at home in several high income countries. There is

little information on whether these benefits extend to low and middle income countries with

growing tobacco related disease burden such as India.

Methods—State and individual level analysis of cross-sectional data from the Global Adult

Tobacco Survey India, 2009/10. Associations between working in a smoke-free indoor

environment and living in a smoke-free home was examined using correlation at the state level

and multivariate logistic regression at the individual level.

Results—The percentage of respondents employed indoors (outside the home) working in

smoke-free environments who lived in a smoke-free home was 64.0% compared with 41.7% of

those that worked where smoking occurred. Indian states with higher proportions of smoke-free

workplaces had higher proportions of smoke-free homes (rs=0.54, p<0.005). In the individual level

analysis, working in a smoke-free workplace was associated with a significantly higher likelihood

of living in a smoke-free home (adjusted odds ratio = 2.07; 95% CI: 1.64, 2.52) after adjustment

for potential confounders.

Conclusions—Implementation of smoke-free legislation in India was associated with a higher

proportion of adults reporting a smoke-free home. These findings further strengthen the case for

accelerated implementation of Article 8 of the Framework Convention on Tobacco Control

(FCTC) in low and middle income countries.
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INTRODUCTION

In addition to widespread use of smokeless tobacco, India has one of the largest populations

of smokers in the world. Findings from the 2009/10 Global Adult Tobacco Survey (GATS)

indicate that there were 110 million smokers in the country, with 16% of males smoking

bidis and 10% smoking cigarettes(1). Over half (52.3%) of adults report exposure to SHS at

home, with marked state-level variation (9.9% to 96.5%)(1). Exposure to SHS is higher in

rural than urban areas (58.0% vs. 38.5%) and in lower socio-economic status households.

Exposure to second hand smoke (SHS) is the main cause of smoking-induced harm to

women (who have very low rates of smoking) and children(2).

To protect non-smokers from SHS, India implemented national legislation (Section 4 of the

Cigarettes and other Tobacco Product Act 2003) prohibiting smoking in public places and

workplaces in October 2008(3). The law is not comprehensive as it permits designated

smoking areas in large restaurants and hotels and the penalty for violations is modest (200

rupee fine – US $3.80). Enforcement of the legislation, which is a state government

responsibility, varies between states, between urban and rural areas, and between

occupational groupings(4). In 2009–10, 29.9% of adults reported being exposed to SHS at

work nationally, varying from 15.4% in Chandigarh to 67.9% in Jammu & Kashmir(1).

In the United States(5), Ireland(6), and Scotland(7), the implementation of comprehensive

smoke-free laws has been associated with reductions in SHS exposure in the home. These

findings indicate that smoke-free laws may change social norms around exposing others to

second hand smoke in private as well as public places. However, there is little information

about whether these benefits extend to populous, low and middle income countries with

growing tobacco induced disease burdens such as India. We examined the association

between the implementation of smoke-free legislation in public places and SHS exposure at

home in India in 2009–10.

METHODS

Sample and data

This study uses cross-sectional data from the Global Adult Tobacco Survey (GATS), which

was conducted in India during 2009–2010. A detailed description of the survey objectives

and methods can be found elsewhere(4). In brief, GATS is the global standard for

systematically monitoring adult tobacco use and assessing the impact of key tobacco control

policies. GATS India was a household survey of non-institutionalized men and women aged

15 years and above in all 29 states (including Delhi) and two Union Territories (UTs) of

Chandigarh and Puducherry. The survey uses a multi-stage cluster random sampling design

to produce nationally representative estimates of tobacco use and tobacco control indicators.

The overall response rate to GATS India was 91.8%. The total sample size of GATS India
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was 69,296 individual respondents. The data include individual weight to ensure it is

nationally representative.

For the purpose of the study, we analysed data on respondents to GATS India who reported

working indoors or both indoors and outdoors, but outside their home (13,522 respondents).

After removing respondents with missing values, in either dependent or independent

variables, our final sample consisted of 12,561 respondents (92.9% of those who reported

working indoors).

Variables

The dependent variable for our study is whether the respondent reported living in a smoke-

free home (yes/no), based on whether they report “anyone” having smoked inside their

home in the past 30 days. The independent variable is whether the respondent reported

working at smoke-free environment (yes/no), based on whether they had seen anyone smoke

in indoor area in the place that they work in the past 30 days.

We included the following variables as covariates: age (15–29, 30–44, 45–59, 60 years and

above), gender, residence (rural, urban), geographical regions (north, central, east, north

east, west, south), smoking status (current smoker, current non-smoker), smokeless tobacco

use (current user, current non-user), education (no formal education, primary school

completed, secondary school completed, higher secondary school completed, college/

university and above), employment type (employee or self-employed), and number of

people in the household. See Appendix 1 for detailed description and the definition for the

variables used in this study.

Statistical analysis

We assessed the state level associations between the proportion of respondents working in a

smoke-free environment and the proportion having a smoke-free home using the Spearman

rank correlation coefficient.

We assessed the individual-level association between working in a smoke-free environment

and living in a smoke-free home using multivariate logistic regression. Adjusted odds ratio

(AOR) was calculated for respondents who worked in a smoke-free indoor environment

compared with those in a work environment where smoking occurs. Our model includes

demographic and socioeconomic covariates (age, sex, residence, geographic location,

education and employment type) to reduce the risk of confounding. To examine whether the

association between working in a smoke-free environment and living in a smoke-free home

differed by respondent's smoking status, we stratified our sample into smokers and non-

smokers and ran separate analysis for these two samples. We tested whether the association

differs in rural/urban settings by including an interaction term between smoke-free

workplace and geographical location.

We tested for multicollinearity for covariates controlled for in our analysis. The

multicollinearity diagnostics (VIF) were all less than 5, indicating that the assumption of

reasonable independence among predictor variables was met. Sampling weights were used
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to account for the complex, multi-stage design of the GATS survey. We performed the

statistical analyses using Stata 11.0.

RESULTS

Three quarters (75.4%) of the 12,561 respondents who worked indoors outside the home

were aged 45 years or younger and most were men (83.9%). 17.7% of respondents were

current smokers. 69.7% of respondents who worked indoors reported that their workplace

was smoke-free (Table 1). 57.2% of respondents reported that they live in smoke-free home.

Respondents who reported that their workplace was smoke-free were significantly more

likely to live in smoke-free homes compared to those who are exposed to SHS at workplace

(64.0% vs. 41.7%) (Table 1). Women were significantly more likely to report that their

homes were smoke-free than men (61.7% vs. 56.4%). Respondents living in urban areas

were significantly more likely to live in smoke-free homes compared with those living in

rural areas (65.4% vs. 49.0%). Respondents with higher levels of education were

significantly more likely to live in smoke-free homes (71.8% for those with college/

university degree and 39.1% without formal education). Current smokers were significantly

less likely to live in smoke-free home (28.8%) than non-smokers (63.4%).

Figure 1 shows the relationship between the percentage of respondents working in a smoke-

free environment and the percentage having a smoke-free home for India's 31 states and

union territories. States with a higher percentage of smoke-free workplaces had a higher

percentage of smoke-free homes (rs=0.54, p<0.005).

Working in a smoke-free environment was associated with a significantly higher likelihood

of living in a smoke-free home (adjusted odds ratio = 2.07; 95% CI: 1.64, 2.62) in the

individual level analysis (Table 2). This association persisted in the analysis stratified by

smoking status for both smokers (AOR=2.21; 95% CI=1.84, 2.65) and non-smokers

(AOR=1.60; 95% CI=1.13, 2.28). The association between working in a smoke-free

workplace and living in a smoke-free home did not differ in rural and urban areas (p=0.298

for the interaction term).

Women were significantly less likely to live in a smoke-free home than men (AOR=0.66;

95% CI: 0.55, 0.79). Respondents living in urban areas were significantly more likely to live

in smoke-free home than those in rural areas (AOR=1.54; 95% CI: 1.29, 1.85). Respondents

with higher levels of education were significantly more likely to live in a smoke-free home.

Current smokers were significantly less likely to live in a smoke-free home than non-

smokers (AOR=0.22; 95% CI: 0.16, 0.31). The odds of living in a smoke-free home

decreased with an increase in the number of household members (AOR=0.96; 95% CI: 0.94,

0.99 for each additional household member).

DISCUSSION

Implementation of smoke-free legislation in India was associated with a higher proportion of

adults reporting smoke-free homes. These findings are consistent with previous studies

conducted in high income countries including the United States(5), Scotland(7), Ireland(6),
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Wales, and New Zealand(8). For example, using a national representative sample in the

United States, Cheng et al(5) found that people living in counties with comprehensive

smoke-free legislation (covering workplaces, restaurants and bars) are seven times more

likely to have smoke-free homes than those live in counties with no smoke-free laws. One

study(9) from Hong Kong reported smoking displacement into the home following the

introduction of smoke-free legislation, which the authors attributed to the typical urban high-

rise living in Hong Kong. Our results show that India is more like the other, richer countries.

Our findings provide support for arguments of “norm spreading” whereby restrictions on

smoking in public places reduces acceptability of exposing others to SHS more generally,

including in the home(5, 7, 10). They provide evidence against “behavioural compensating”

which argues that smoke-free legislation may displace smoking from public to private

places(11).

Strength and Limitations

Our findings are based on a large, representative survey population which provides robust

national level estimates of our key variables. The GATS survey is the global standard for

monitoring the impact of key tobacco control policies. Limitations of the study include a

reliance on self-reported measures for SHS exposure at work and home and smoking status,

which is common in studies using cross-sectional survey data. There is evidence, however,

that self-reported exposure to second hand smoking correlates well with objective measures,

including cotinine measurement (12). The cross-sectional study design of the GATS limits

causal interpretation of our findings. Poorer surveillance of tobacco use in low and middle

income countries means that more robust pre-post or longitudinal study designs, such as

those used in high income countries to examine this association, cannot yet be employed. In

the absence of data on smoke-free homes prior to the implementation of the legislation, we

cannot assert that smoke-free legislation at workplace causes increases in voluntary adoption

of smoke-free practices at home. However, we were able to control for a large number of

potentially confounding factors, including education, gender, smoking status and

geographical location. The association between working in a smoke-free workplace and

living in a smoke-free home was similar in rural and urban areas. However, due to

differences in housing type in India, this may not translate into similar reductions in SHS

exposure. Elimination of smoking inside modern urban dwellings, which are generally

sealed with air conditioning, is likely to reduce SHS exposure to a greater extent than doing

so in urban slum housing or housing in rural areas (where an outdoor “patio” is common)

which are generally not sealed.

Conclusion

Our findings suggest that the implementation of smoke-free legislation in India may have

resulted in substantial population health benefits. Associated reductions in SHS exposure in

high income countries have led to well documented decreases in hospital admissions for

asthma (in both children and adults)(13, 14), myocardial infarction, stroke and other

cardiovascular events(15–21). Furthermore, these health benefits appear to accrue equally in

affluent and poorer sections of society(22). This is important in India given growing

evidence of the socio-economic patterning of tobacco use and tobacco related harm(23).
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Additional benefits will accumulate if the legislation has been successful in reducing

smoking prevalence, something that should be examined in future research(24).

Achieving sustained and equitable reductions in SHS exposure is a high public health

priority for India. Our findings highlight the importance of accelerating the implementation

of existing national tobacco control legislation on smoke-free public places (Section 4 of the

Cigarettes and Other Tobacco Products Act 2003) building on earlier successes in achieving

smoke-free environments(25–28). This may require additional resources for states, which

hold responsibility for enforcing the legislation, to strengthen compliance, particularly in

rural areas and poorer communities. Consideration should also be given to increasing the

fine for non-compliance (currently 200 Indian rupees) and removing existing provisions for

designated smoking rooms in larger restaurants and hotels which are inconsistent with

Article 8 of the Framework Convention for Tobacco Control (FCTC). Addressing variations

in enforcement between rural and urban areas and between workplaces employing different

occupational groups is important to ensure that associated health benefits of smoke-free laws

are equitably distributed(4). Increasing awareness about the dangers of SHS through mass

media campaigns and health professional advice remains important, particularly in rural

areas and low SES groups who have high exposure(29).
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Appendix

Appendix 1

Dependent and independent variable definitions

Variable Definition

Smoke-free home

Respondent who is living under smoke-free home are defined as those who
reported “never” to the following question: How often does “anyone” smoke
inside your home? This does not include areas outside such as patios, balcony,
garden, etc. that are not fully enclosed.

Smoke-free
workplace

Respondent who is working in smoke-free workplace are defined as those who
are not exposed to SHS at workplace.
Individual who is exposed to SHS at workplace are those who answered yes to
the following question: during the past 30 days, did anyone smoke in indoor areas
where you work. This is among respondents who work outside the home and
usually work indoors or both indoors and outdoors.
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Variable Definition

Current tobacco
smoker

Person who currently smokes any tobacco product, either daily or occasionally.
Smoking tobacco products include bidis, manufactured and hand-rolled
cigarettes, pipes, cigars, hookah, water pipes, and other locally produced smoking
tobacco products, e.g. chuttas, dhumti and chillum.

Current
smokeless
tobacco user

Person who currently uses any smokeless tobacco product, either daily or
occasionally. Smokeless tobacco product include chewing tobacco products, such
as, betel quid with tobacco, khaini, gutkha, paan masala, and other products like
mishri, mawa, gul, bajjar, gudakhu, snuff, etc.

Number of
people in the
household

Indicates how many people live in the household of the respondent. This is the
answer to the following question “in total, how many persons are living in this
household?”

Age Respondent's age

Gender Respondent's gender

Education

Answer to the question “highest level of education”. Categorised into five levels
(1) no formal education (2) primary school completed (includes answer “less than
primary school completed”, “primary school completed”) (3) secondary school
(includes answer less than secondary school completed, secondary school
completed, (4) Higher secondary school completed (5) College/university and
above (includes college/university completed, and post-graduate degree
completed)

Occupation
Defined as respondents' occupation in last 12 months. Categorised into two
categories (1) employee (include those answer government employee, and non-
government employee) (2) self-employed.
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What this study adds

Implementation of smoke-free legislation in India was associated with a higher

proportion of adults reporting smoke-free homes. Our findings provide support for

arguments of “norm spreading” whereby restrictions on smoking in public places reduces

acceptability of exposing others to SHS more generally, including in the home. Our

findings highlight the importance of accelerating the implementation of existing national

tobacco control legislation on smoke-free public places in India.
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Figure 1. State level association between smoke-free at work and smoke-free at home
Note: Points represent averaged for each of 31 states and union territories (rs=0.54,

p<0.005).
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Table 1

Descriptive statistics for respondent characteristics

Respondents who work indoors (n=12,561)

Weighted proportion Smoke-free at home (percentage with 95% CI)

Smoke-free at work 69.7 64.0% (64.0, 64.0)

SHS at work 30.3 41.7% (41.7, 41.7)

Age

15–29 34.3 53.1% (53.1, 53.1)

30–44 41.1 58.8% (58.8, 58.8)

45–59 20.0 59.9% (59.8, 59.9)

60 and above 4.6 62.4% (62.4, 62.5)

Gender
Male 83.9 56.4% (56.4., 56.4)

Female 16.1 61.7% (61.6, 61.7)

Residence
Rural 49.7 49.0% (48.9, 49.0)

Urban 50.3 65.4% (65.4, 65.4)

Geographical Regions

North 7.3 49.2% (49.1, 49.2)

Central 22.2 42.4% (42.3, 42.4)

East 17.5 47.0% (46.9, 47.0)

North-East 4.1 40.1% (40.0, 40.1)

West 19.1 61.2% (61.2, 61.2)

South 29.8 76.1% (76.1, 76.1)

Smoking status
Current Smoker 17.7 28.8% (28.8, 28.8)

Current non-smoker 82.3 63.4% (63.4, 63.4)

Smokeless Tobacco use
Current user 25.4 38.8% (38.8, 38.9)

Current non-user 74.6 63.5% (63.5, 63.5)

Education

No formal education 11.4 39.1% (39.1, 39.1)

Primary school completed 19.6 47.1% (47.1, 47.2)

Secondary school completed 35.0 57.6% (57.6, 57.6)

Higher secondary school completed 11.3 62.3% (62.3, 62.3)

College/University and above 22.8 71.8% (71.8, 71.9)

Occupation
Employee 58.9 58.7% (58.7, 58.7)

Self-employed 41.1 55.1% (55.1, 55.1)
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Table 2

Predictors of smoke-free home (multivariate logistic regression analysis)

Adjusted Odds Ratio 95% CI P-value VIF

Smoke-free at workplace 2.07 (1.64, 2.62) 0.0005 1.13

Age 1.02 (1.01, 1.03) 0.0005 1.05

Gender (male as reference group)

 Female 0.66 (0.55, 0.79) 0.0005 1.13

Residence (rural as reference group)

 Urban 1.54 (1.29, 1.85) 0.0005 1.18

Geographical Regions (North as reference group)

 Central 0.97 (0.41, 2.27) 0.942 1.28

 East 1.44 (0.61, 3.40) 0.407 1.36

 Northeast 1.13 (0.48, 2.62) 0.783 1.68

 West 1.69 (0.68, 4.20) 0.261 1.43

 South 4.27 (1.45, 12.60) 0.009 1.57

Smoking status (current non-smoker as reference group)

 Current smoker 0.22 (0.16, 0.31) 0.0005 1.28

Smokeless tobacco use (Current non-user as reference group)

 Current user 0.56 (0.46, 0.68) 0.0005 1.19

Education (secondary school completed as reference group)

 No formal education 0.52 (0.37, 0.73) 0.0005 1.25

 Primary school 0.75 (0.59, 0.96) 0.024 1.30

 Higher secondary school 1.23 (0.96, 1.56) 0.101 1.22

 College/University and above 1.51 (1.29, 1.75) 0.0005 1.47

Occupation (employee as reference group)

 Self-employed 1.03 (0.86, 1.22) 0.776 1.12

Number of people in household 0.96 (0.94, 0.99) 0.001 1.05
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