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Abstract

Objectives—Increasing prevalence of asthma in developing countries has been a significant
challenge for public health in recent decades. A number of studies have suggested that ambient air
pollution can trigger asthma attacks. Biomass and solid fuels are a major source of indoor air
pollution, but in developing countries the health effects of indoor air pollution are poorly
understood. In this study we examined the effect of cooking smoke produced by biomass and solid
fuel combustion on the reported prevalence of asthma among adult men and women in India.

Methods—The analysis is based on 99,574 women and 56,742 men aged between 20 and 49
years included in India’s third National Family Health Survey conducted in 2005-2006. Effects of
exposure to cooking smoke, determined by the type of fuel used for cooking such as biomass and
solid fuels versus cleaner fuels, on the reported prevalence of asthma were estimated using
multivariate logistic regression. Since the effects of cooking smoke are likely to be confounded
with effects of tobacco smoking, age, and other such factors, the analysis was carried out after
statistically controlling for such factors.

Results—The results indicate that adult women living in households using biomass and solid
fuels have a significantly higher risk of asthma than those living in households using cleaner fuels
(OR: 1.26; 95%Cl: 1.06-1.49; p=.010), even after controlling for the effects of a number of
potentially confounding factors. Interestingly, this effect was not found among men (OR: 0.98;
95%Cl: 0.77-1.24; p = .846). However, tobacco smoking was associated with higher asthma
prevalence among both women (OR: 1.72; 95%Cl: 1.34-2.21; p< .0001) and men (OR: 1.35;
95%Cl: 1.49-2.25; p < .0001). Combined effects of biomass and solid fuel use and tobacco smoke
on the risk of asthma were greater and more significant in women (OR: 2.16; 95%Cl: 1.58-2.94; p
<.0001) than they were in men (OR: 1.34; 95%ClI: 1.04-1.72; p=.024).

Conclusions—The findings have important program and policy implications for countries such
as India, where large proportions of the population still rely on polluting biomass fuels for cooking
and heating. Decreasing household biomass and solid fuel use and increasing use of improved

"Corresponding author: Sutapa Agrawal, Ph.D., Epidemiologist, South Asia Network for Chronic Disease, Public Health Foundation
of India, C1/52, First Floor, Safdurjung Development Area, New Delhi 110016, India; Tel: +91 11 2651 3099; Fax: +91 11 2653 4593;
sutapaiips@rediffmail.com.

Declaration of Interest

The author reports no conflicts of interest. The author alone is responsible for the content and writing of this article.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Agrawal Page 2

stove technology may decrease the health effects of indoor air pollution. More epidemiological
research with better measures of smoke exposure and clinical measures of asthma is needed to
validate the findings.
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Introduction

The increase in incidence, prevalence, morbidity, and economic burden of noncommunicable
respiratory diseases such as asthma over recent decades presents a significant challenge to
public health (1-8). Approximately 300 million people worldwide currently have asthma (8).
Asthma is a chronic respiratory disease characterized by sudden attacks of labored

breathing, chest tightness, and coughing, particularly at night or in the early morning (9). It
is a complex multifactorial disease with both genetic and environmental components (10).
However, the rapid increase in asthma in recent decades cannot be ascribed to changes in
genetic factors. Rather, the focus of interventions for combating the increased prevalence of
asthma should be on environmental factors. International variations in asthma prevalence
(11), together with recent increases in many countries, have focused the attention on the role
of air pollution. Asthma in poor rural communities in less-developed countries has been little
studied, and the relationship between asthma and environment is still less.

Much of the research on factors affecting asthma has been conducted in urban areas of
developed countries where a number of studies have suggested that ambient air pollution can
trigger asthma attacks (12, 13). Also exposure to several specific air pollutants, such as
respirable particulate matter such as PMqq (inhalable material <10 mm in aerodynamic
diameter), CO, O3, SO,, and NO,, has been related with increased asthma symptoms (14—
19). In many homes in rural areas and urban slums in developing countries, a major source
of indoor air pollution is cooking smoke, when people rely on unprocessed biomass fuels
such as wood, crop residues, and dung cakes for cooking and space heating even where
cleaner and more sophisticated fuels are available (20). Although the proportion of global
energy derived from biomass fuels fell from 50% in 1900 to around 13% in 2000, there is
evidence that their use is now increasing among the poor (21). According to some estimates,
more than half of the world’s population still relies on unprocessed biomass fuels for
cooking and heating (22). In the developing countries of South Asia and sub-Saharan Africa,
this proportion is as high as 80% or more (23).

Indoor air pollution emanating from traditional fuels and cooking stoves and high exposure
to the air pollutants in biomass smoke are a potentially large health threat. The burning of
solid fuels indoors in open fires or traditional cooking stoves (chulhas) results in high levels
of toxic pollutants in the kitchen area (20, 24). As such, the use of these fuels is considered
to be a major risk factor for lung cancer as well as for cardiovascular and noncommunicable
respiratory diseases such as chronic obstructive pulmonary disease and asthma (9, 24-28)
and other respiratory diseases such as acute respiratory infections (20), chronic bronchitis
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(21, 29-30), chronic obstructive pulmonary disease (31, 32), and tuberculosis (33, 34). Poor
ventilation in kitchens may worsen the adverse health effects of asthma (35-40). Findings
from India’s third National Family Health Survey (NFHS-3, 2005-2006) showed that 90%
of rural and 32% of urban households (all India total is 71%) in India use biomass and solid
cooking fuels that generate smoke and unhealthy conditions when inhaled (41). Smith
reported between 410,000 and 570,000 premature deaths among adult women and children
aged less than 5 years arising from exposure to indoor air pollution on the basis of the data
on risk and exposure derived principally from studies carried out in India (26).

The biomass fuels are typically burned indoors in simple household cooking stoves, such as
a pit (a hole in the ground), three pieces of brick, or a U-shaped construction made from
mud, which burn these fuels inefficiently and are often not vented with flues or hoods to take
the pollutants to the outside (10). Even when the cooking stoves are vented to the outside,
combustion of unprocessed solid fuels produces enough pollution to significantly affect the
local “neighborhood” pollution levels, with implications for total exposures (25). Under such
conditions, high volumes of a number of health-damaging airborne pollutants are generated
indoors. Because cooking stoves are usually used for several hours each day and at times
when people are present indoors, their exposure effectiveness is high; that is, the percentage
of their emissions that reaches people’s breathing zones is much higher than for outdoor
sources. The individual peak and mean exposures experienced in such settings are often
much greater than the safe levels recommended by the World Health Organization (42). In
biomass-burning households, PM1 or PM> 5 often exceeds guideline levels of mean 24 h
concentration and severely more so during cooking (30, 43, 44). The mean CO
concentrations in homes that use biomass fuel are typically in the range of 2-50 ppm but can
be as high as 500 ppm during cooking (45), which is significantly higher than the EPA 8-h
safety standard for CO (<9 ppm).

The poorest and the most vulnerable populations in developing countries are the most
exposed to indoor air pollution from biomass and solid fuel combustion for cooking and
heating. Often households cannot afford alternative fuels or energy-efficient fuels such as
kerosene, liquefied petroleum gas (LPG), and electricity (46) because of poverty, which is
one of the main barriers to the adoption of cleaner fuels (47). Besides poverty, population
growth and the rising price of alternative fuels increase the use of biomass fuels in
developing countries (48). The slow pace of development in many countries suggests that
biomass fuels will continue to be used by the poor for many decades (22). Exposure levels
are usually much higher among women, who tend to do most of the cooking (49), and
among young children, who are often held on their mother’s back or lap during cooking
times (21).

High exposures to the air pollutants in biomass smoke have been associated with a host of
respiratory diseases (20, 21, 30—-34) but the evidence on the effect of cooking smoke on
asthma is mixed (22, 50-53), even though it contains some of the same pollutants that are
found in ambient air pollution or tobacco smoke, both of which have been associated with
asthma. Anecdotal association of asthma with cooking smoke is common, but few
epidemiologic studies seem to have been done (25). Of the limited research that does exist
on this issue, some studies have found a positive association between biomass fuel exposure
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and asthma (10, 54-58), whereas others found no significant relationship (48, 59, 60-61) or
found a protective effect (62, 63).

Various studies have suggested that exposure to tobacco smoke can also increase the risk of
developing asthma (56, 59, 64—68). Several studies have found that exposure to tobacco
smoke can increase the frequency and severity of asthmatic attacks (69-71), but some fail to
link tobacco smoking to onset of asthma in adults (72, 73). Smoking has been associated
with airway hyperresponsiveness in a number of surveys as well as in clinical studies (27,
73-76). Exposures to tobacco smoke lead to an increase in severity of asthma, decreased
response to treatment, and accelerated decline in lung functions (77, 78).

It is seen from the above discussion that biomass and solid fuels are a major source of indoor
air pollution, but in less-developed countries the health effects of indoor air pollution are
poorly understood. In this article, the effect of exposure to cooking smoke from biomass and
solid fuel combustion on the prevalence of self-reported asthma has been examined using
data from a large-scale cross-sectional nationally representative sample of adult men and
women in India.

Materials and Methods

Study Population

Data from NFHS-3 conducted in 2005-2006 were used for this article. Briefly, NFHS-3
collected demographic, socioeconomic, and health information from a nationally
representative probability sample of 124,385 women aged 15-49 years and 74,369 men aged
15-54 years residing in 109,041 households. All states of India are represented in the sample
(except the small Union Territories), covering more than 99% of the country’s population.
The sample is a multistage cluster sample with an overall response rate of 98%. All eligible
respondents were geo-coded to the primary sampling unit, district, and state to which they
belong (79). The primary sampling units were villages or groups of villages in rural areas,
and wards or municipal localities in urban areas. Details of sample design, including
sampling frame and sample implementation, are provided in the basic all India survey report
(41). The analysis presented in this study is based on 99,574 women and 56,742 men aged
20-49 years who lived in the sample households.

Response Variable

Several questions were asked in the survey relating to the current health status of the
respondents, including whether the respondent suffered from asthma. The question was, “Do
you currently have Asthma?” The survey was conducted using an interviewer-administered
questionnaire in the native language of the respondent using a local, commonly understood
term for asthma. A total of 18 languages were used in the survey with back translation to
English to ensure accuracy and comparability. However, no effort was made to clinically test
for the disease. In our analysis, this reported prevalence of asthma is the response variable.
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Predictor Variables

Exposure to cooking smoke is determined indirectly by the type of fuel used for cooking in
the household. The survey used a 10-item classification of cooking fuel: electricity, LPG/
natural gas, biogas, kerosene, coal/lignite, charcoal, wood, straw/shrubs/grass, agricultural
crop waste, dung cakes, and a residual category of other fuels (unknown). The question
asked was, “What type of fuel does your household mainly use for cooking?,” followed by
the above list of fuels. We used information from the above questions to group households
into two categories representing the extent of exposure to cooking smoke: high- and
medium-exposure group (households using either biomass fuels—such as, wood, straw/
shrubs/grass, agricultural crop waste, dung cakes, or others—or solid fuels—such as coal/
lignite and charcoal); and low-exposure group (households using only cleaner fuels—such
as kerosene, LPG/natural gas, biogas, or electricity). This two-category classification of
fuels—that is, cleaner fuel and biomass and solid fuel—is the principal predictor variable in
this study.

The survey also collected information on use of tobacco directly by asking respondents to
report on their own tobacco use. Four specific questions (“Do you currently smoke cigarettes
or bidis?,” “In the last 24 h how many cigarettes or bidis did you smoke?,” “Do you
currently smoke or use tobacco in any other form?,” and “In what other form do you
currently smoke or use tobacco?”) on current use of tobacco (smoke and nonsmoke variants)
were asked to all eligible men and women who were interviewed. The information from
these four questions was used to ascertain exposure to tobacco smoke—active smoking
(person currently smokes) and no smoking (the person does not smoke). However, question
on past smoking is not ascertained in the data.

Because the effects of exposure to cooking smoke as well as tobacco smoke on the
prevalence of asthma are likely to be confounded with the effects of other risk factors, it is
necessary to statistically control, or adjust, for such factors. Control variables included in
this study were age, marital status, education, religion, caste/tribe status, house type, place
for cooking, crowding, wealth status of the household, urban/rural residence, and geographic
regions. For definition of variables, see Table 1.

Statistical Analysis

Because our response variable, that is, prevalence of self-reported asthma, is dichotomous,
we use logistic regression to estimate the effects of cooking smoke (biomass and solid fuel
use vs. cleaner fuel use) and tobacco smoke (current smoking vs. not smoking) on asthma
prevalence, with the other 12 socioeconomic and demographic variables mentioned above as
controls. Because of large sex differentials in the exposure to cooking smoke and tobacco
smoke, the analysis is carried out separately for women and men. Results are presented in
the form of odds ratios (ORs) with 95% confidence intervals (95%CI). The estimation of
confidence intervals takes into account design effects due to clustering at the level of the
primary sampling unit. All analyses including the logistic regression models were done
using the SPSS statistical software package Version 16.

J Asthma. Author manuscript; available in PMC 2017 August 17.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Agrawal

Page 6

Before carrying out the multivariate models, we tested for the possibility of multicollinearity
between the predictor variables. In the correlation matrix of predictor variables, all pairwise
Pearson correlation coefficients were <0.5, suggesting that multicollinearity is not a
problem. In the survey, certain states and certain categories of households were
oversampled. In all our analysis, weights are used to restore the representativeness of the
sample (41).

Ethical Consideration

Results

The survey got ethical clearance from the International Institute for Population Science’s
Ethical Review Board. The analysis presented in this study is secondary analysis of existing
survey data with all identifying information removed. The survey personnel had obtained
informed consent from each respondent before asking questions.

Profile of the Sample Population

Table 1 shows the sample distribution by selected characteristics. Women and men
populations are almost equally distributed in most of the parameters. Almost 70% of the
sample population lives in households which use biomass and solid fuels, and only about
30% lives in households using cleaner fuels. As expected, the proportion of women and men
declines by age. Of the sample, 87% of women and 76% of men were currently married, and
almost one-fourth of the men were not married or were single at the time of the survey. Two
out of three of the sample population lives in rural areas. More than two-fifth of the women
and more than one-fifth of the men are illiterate, and only 15% of men have high school
complete or above education. Religion and caste/tribe distribution shows that over four out
of five of the sample population belong to Hindu religion and one out of four belongs to a
scheduled caste or scheduled tribe. Two out of five of the sample population live in
households with the lowest wealth quintile, and one out of four lives in a household with the
highest wealth quintile. About half of the sample population lives in pucca (higher-quality)
houses, and 29% of women and 45% men live in houses where the place for cooking is
inside the house, without a separate room.

Prevalence of Self-Reported Asthma among Adult Women and Men

Table 2 shows that the prevalence of asthma is higher among women (1.9%) than among
men (1.8%) and higher in rural areas (2.0%) than in urban areas (1.8%). Prevalence of
asthma in urban and rural India is depicted in Figures 1 and 2, respectively. Prevalence of
asthma increases with increasing age both among women and men. By type of cooking fuel,
women and men living in households using biomass and solid fuels are more likely to suffer
from asthma (2.0% each) than are those living in households using cleaner fuels. Women
(3.9%) and men (2.3%) who currently smoke are also much more likely to suffer from
asthma than are those who currently does not smoke. The prevalence of asthma is somewhat
higher among women who live in houses with fewer than two persons per room (2.3%) and
who live in a nuclear family (2.0%). Women (2.9%) and men (5.0%) who are widowed/
divorced/separated or deserted are more likely to suffer from asthma than are those who are
not married or are currently married. Illiterate women and men are more likely to suffer
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from asthma than those with high school complete or above education. The prevalence of
self-reported asthma is considerably higher among women and men living in households
where cooking is done in a separate building and the highest among men belonging to
households with a lowest wealth quintile. The prevalence of asthma among women/men is
also higher among those living in semi-pucca/kachcha houses. Region wise, the prevalence
of self-reported asthma is the highest in the eastern region and the lowest in the central
region of India among both women and men.

Effects of Cooking Smoke, Tobacco Smoke, and Control Variables on Self-Reported
Asthma among Women

Table 3 shows the estimated effects of cooking smoke, tobacco smoke, and selected
socioeconomic and demographic factors on the prevalence of asthma among women in
alternative models. Model 1 in Table 3 shows that unadjusted odds of suffering from asthma
are almost 1.2 times higher among women living in households using biomass and solid
fuels for cooking than among those living in households using cleaner fuels for cooking
(OR: 1.17; 95%CI: 1.05-1.29). Controlling for exposure to tobacco smoke (in Model 2)
reduces the effect of biomass fuel use on asthma prevalence slightly (OR: 1.14; 95%Cl:
1.03-1.27). The effect of biomass fuel use remains virtually unchanged (OR: 1.17; 95%Cl:
1.05-1.29) when age is additionally controlled in Model 3. Even when the 12
socioeconomic control variables are included in Model 4, cooking with biomass and solid
fuels still has a large and statistically significant effect (OR: 1.26; 95%CI: 1.06-1.49) on the
risk of asthma among women.

Women who currently smoke tobacco are at a considerably higher risk of suffering from
asthma (OR: 2.10; 95%Cl: 1.65-2.68) than are those who currently does not smoke in the
unadjusted Model 1 (Table 3). This effect is reduced somewhat when the effect of cooking
smoke is controlled (OR: 2.03; 95%Cl: 1.59-2.59) and reduced further when women’s age
is additionally controlled in Model 3 (OR: 1.61; 95%Cl: 1.26-2.05). In the full model
(Model 4), when the effects of cooking fuel type and 12 other variables are controlled, the
odds of suffering from asthma are 1.7 times (95%Cl: 1.34-2.21) higher among women who
are current smokers than among the nonsmoking women.

The discussion of the adjusted effects of the control variables focuses on the full model
(Model 4) in Table 3. With other variables controlled, age has a positive and statistically
significant effect on the prevalence of asthma among women. Women living in households
where the place for cooking is in the house with no separate kitchen have a higher
prevalence of asthma than do those living in households with a separate kitchen. Women
living in households belonging to the highest wealth quintile have higher risk of asthma than
those living in households belonging to the lowest wealth quintile, but the effect is not
statistically significant. By geographic region, women residing in the eastern region have
higher risk of asthma than do those in other regions. The likelihood of asthma among
women does not vary significantly by other characteristics.
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Effects of Cooking Smoke, Tobacco Smoke, and Control Variables on Self-Reported
Asthma among Men

Table 4 shows the estimated effects of cooking smoke, tobacco smoke, and selected
socioeconomic and demographic variables on the prevalence of asthma among men in
alternative models. Model 1 in Table 4 shows that unadjusted odds of suffering from asthma
are almost 1.4 times higher among men living in households using biomass and solid fuels
for cooking than among those living in households using cleaner fuels for cooking (OR:
1.39; 95%Cl: 1.21-1.61). Controlling for exposure to tobacco smoke (in Model 2) reduces
the effect of biomass fuel use on asthma prevalence slightly (OR: 1.30; 95%Cl: 1.13-1.51).
The effect of biomass fuel use remains virtually unchanged (OR: 1.32; 95%Cl: 1.14-1.51)
when age is additionally controlled in Model 3. However, when the 12 socioeconomic
control variables are included in Model 4, cooking with biomass and solid fuels does not
have a statistically significant effect (OR: 0.98; 95%ClI: 0.77-1.24) on the prevalence of
asthma among men.

Men who currently smoke tobacco are at a considerably higher risk of suffering from asthma
(OR: 1.64; 95%Cl: 1.45-1.86) than are those who currently does not smoke, in unadjusted
Model 1. This effect is somewhat reduced when the effect of cooking smoke is controlled
(OR: 1.59; 95%Cl: 1.40-1.80) in Model 2 and reduced further when respondent’s age is
additionally controlled (OR: 1.42; 95%CIl: 1.25-1.61) in Model 3. In the full model (Model
4), when the effects of cooking fuel type and the 12 other variables are controlled, the odds
of suffering from asthma are 1.4 times (95%CI: 1.49-2.25) higher among the men who are
current smokers with reference to men who do not smoke.

The discussion of the adjusted effects of the control variables focuses on the full model
(Model 4) in Table 4. With other variables controlled, age has a positive and statistically
significant effect on the prevalence of asthma among men. A higher wealth status of the
household was associated with lower asthma risk among men. By geographic region, men
residing in the western region have significantly higher prevalence of asthma than do those
in other regions. The likelihood of the risk of asthma among men does not vary significantly
by other characteristics.

Combined Effect of Cooking Smoke and Tobacco Smoke on Self-Reported Asthma

The combined effect of cooking smoke and tobacco smoke on the risk of asthma among both
women and men was found more profound even after controlling for socioeconomic and
demographic characteristics (Tables 5 and 6). The odds of suffering from asthma is more
than 2 times higher among women (OR: 2.16; 95%Cl: 1.58-2.94; p < .0001) and 1.3 times
higher among men (OR: 1.34; 95%Cl: 1.04-1.72; p=.024) when they are exposed to
biomass and solid fuel use and tobacco smoke combined, with reference to those women and
men who are not exposed to biomass and solid fuel and do not smoke.

Discussion

Findings from this study suggest that exposure to cooking smoke is strongly associated with
the prevalence of self-reported asthma among adult women in India but not among men, and
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this association is significant and is independent of exposure to tobacco smoke, age, and
other factors. Current tobacco smoking also has a substantial effect. However, the combined
effects of both cooking smoke and tobacco smoke on self-reported asthma are greater and
more significant for women than for men.

The finding that the effect of cooking smoke is greater for women and nonexistent for men is
consistent with expectation, because women are more exposed than men to cooking smoke.
The magnitude of association between exposure and asthma in women is consistent with that
found in other studies (10, 49, 80-82). Because of women’s customary involvement in
cooking, their exposure is much higher than men’s; and also due to sex differences in
nutritional status, women’s compromised respiratory system from cooking smoke, and
access to treatment and care, the effects of cooking smoke and tobacco smoking on asthma
are likely to be higher among women (10).

The estimate of asthma prevalence in this study may be somewhat biased because of the fact
that the effect of cooking smoke on asthma is collective over time and people might have
shifted their cooking fuel use from biomass and solid fuels to cleaner fuels (10). There could
be another reason for the estimate being biased, as asthma seemed more likely to be
underreported by persons from households that use biomass and solid fuels. Conversely, the
estimated effect of asthma may be again biased because households that use biomass and
solid fuels are more likely to report some other disease condition such as chronic bronchitis
or chronic obstructive pulmonary disease with similar symptoms as asthma. In cases where
asthma might have been confused with some other chronic respiratory disorder, it is not
possible from our data to separate the effect of asthma from the effect of some other
condition with similar symptoms. Moreover, we could not control for the extent of use of
medical services in connection with asthma directly in this study, although our set of control
variables includes several measures of socioeconomic status correlated with access to and
use of medical services.

It is also important to recognize here that self-report of asthma is not as accurate as clinical
measures of asthma, but as there is no such golden standard in asthma diagnosis, validated
questions perhaps are more accurate than the clinical measures of asthma. There is a risk of
under-reporting of mild asthma in self-reporting as well. Hence, though respiratory health
can be assessed through standardized questionnaires—a simple and relatively inexpensive
method for collecting data—it should be complemented whenever and wherever possible
with objective measurements (e.g. spirometry) (47). Smoking behavior of the respondents in
this study was also assessed by self-report obtained during personal interview. It may be
possible that the use of self-reported smoking histories and lack of information on past
smoking have resulted in nondifferential misclassification of smoking status, which might
have produced an underestimate of the association of smoking with self-reported asthma in
this study.

Nevertheless, in India, where clinical data on asthma are mostly unavailable or very weak,
this reported prevalence of asthma in a nationally representative sample of adult women and
men provided an important estimate of the effect of biomass and solid fuel exposure on
asthma risk. However, well-designed epidemiologic studies with better measures of smoke
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exposure and clinical measures of asthma are needed to validate these findings and to better
understand the pathogenesis of asthma among adult women and men in India.

Conclusions

The findings from this study suggest that there is an urgent need for public information
campaigns designed to inform people about the risks of exposure to cooking smoke and
programs to promote improved cooking stoves designed to reduce exposure to smoke by
means of improved combustion and improved venting (10). Interventions that reduce the
burden of biomass smoke exposure also are urgently required in India (31). Feasible low-
cost measures that could reduce the devastating health outcomes of exposure to indoor
biomass smoke include cooking outdoors, cooking for shorter periods, improving ventilation
by adding more windows around cooking areas or by building chimneys above stoves,
improving stove construction and technology, and using cleaner or energy-efficient fuels
such as LPG, ethanol, or biogas (32). Substitution of traditional open fires with locally
produced improved stoves has been shown to have significant health benefits (83-85). For
making community development programs effective, local needs and community
participation should be given high priority (10). Also, programs to reduce exposure to
tobacco smoke should be promoted, in addition to strengthening asthma prevention and
treatment programs. Further, it is also important to increase awareness about the health
effects of solid fuel smoke inhalation among physicians and health administrators as well
(31), which may improve diagnosis and treatment of affected patients and trigger preventive
actions through education, research, and policy change. A focus on community education on
the harmful effect of biomass fuel smoke exposure may mobilize demand for improved stove
installations and better household ventilation. These findings may also motivate more
community development programs and, specifically, strategies for poverty reduction, which
are currently underway in India.
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Figure 1.
Urban prevalence of asthma in India, 2005-2006.
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J Asthma. Author manuscript; available in PMC 2017 August 17.



syduosnuelA Joyiny sispun4 DA @doing ¢

syduasnuel Joyiny sispund JINd adoin3 ¢

Agrawal Page 17

Table 1

Percentage distribution of sample aged 20-49 years by selected characteristics in India, 2005-2006.

Characteristics Women Men

Cooking smoke4

Cleaner fuels 29.8 31.8

Biomass and solid fuels 70.2 68.2
Tobacco smoke

No smoking 98.2 62.4

Currently smoking 18 37.6
Age (years)

20-29 434 40.3

30-39 33.7 33.6

40-49 23.0 26.2

Marital status

Currently married 86.7 76.0
Widowed/divorced/separated/deserted 5.7 17
Not married 7.5 223
Education?
Iliterate 453 20.5
Below middle school 145 17.7
Middle school complete 31.8 47.2
High school complete or above 8.4 14.7
Religion
Hindu 81.1 82.4
Muslim 13.0 121
Others® 59 56

Casteftribes?

Scheduled castes 19.0 19.5

Scheduled tribes 8.2 8.6

Other backward class 40.6 40.1

Others 321 31.8
House type€

Pucca 48.6 50.2

Semi-pucca/Kachcha 51.4 49.8
Place for cooking

In the house, separate room 45.9 30.1

In the house, no separate room 28.5 45.3

In a separate building 8.7 8.7

Outdoor/other 16.7 15.9
Crowding

<2 persons per room 215 225
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Characteristics Women  Men
2-4 persons per room 48.1 47.9
4 or more persons per room 30.3 29.6

Household structure
Nuclear 52.8 48.5
Joint 47.2 48.3

Wealth index”

Lowest 174 16.0
Second 18.6 18.0
Middle 19.8 203
Fourth 21.0 22.3
Highest 23.2 23.4
Residence
Urban 335 36.6
Rural 66.5 63.4
Regiond
North 133 222
Northeast 4.0 41
Central 22.3 22.9
East 22.0 20.8
West 15.1 16.4
South 232 13.7
Number”? 99,574 56,742

a_. . . _—
Biomass fuels: wood, straw/shrubs/grass, agricultural crop waste, dung cakes, and others; solid fuels: coal/lignite or charcoal; and cleaner fuels:
kerosene, liquefied petroleum gas/natural gas, biogas, or electricity.

bEducation: illiterate (O years of education), below middle school complete (1-5 years of education), middle school complete (6-8 years of
education), and high school complete or above (9+ years of education).

cOthers include Sikh, Buddhist, Christian, Jain, Jewish, and Zoroastrian.

Scheduled castes and scheduled tribes are identified by the Government of India as socially and economically backward and needing protection
from social injustice and exploitation. Other backward class is a diverse collection of intermediate castes that were considered low in the traditional
caste hierarchy but are clearly above scheduled castes. “Others” is thus a default residual group that enjoys a higher status in the caste hierarchy.

ePucca houses are made from high-quality materials (bricks, tiles, cement, and concrete) throughout, including roof, walls, and floor; kachcha
houses are made from mud, thatch, or other low-quality materials. Semi-pucca houses are made from a combination of high- and low-quality
materials.

trhe wealth index is based on the following assets in the household: household electrification, type of windows, drinking water source, type of
toilet facility, type of flooring, material of exterior walls, type of roofing, house ownership, ownership of a bank or post office account, and
ownership of a mattress, a pressure cooker, a chair, a cot/bed, a table, an electric fan, a radio/transistor, a black and white television, a color
television, a sewing machine, a mobile telephone, any other telephone, a computer, a refrigerator, a watch or clock, a bicycle, a motorcycle or
scooter, an animal-drawn cart, a car, a water pump, a thresher, and a tractor.

gRegion: North: Delhi, Haryana, Himachal Pradesh, Jammu and Kashmir, Punjab, Rajasthan, Uttaranchal; Northeast: Assam, Arunachal Pradesh,
Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, Tripura; Central: Chhattisgarh, Madhya Pradesh, Uttar Pradesh; East: Bihar, Jharkhand, West
Bengal, Orissa; West: Maharashtra, Goa, Gujarat; South: Andhra Pradesh, Karnataka, Kerala, Tamil Nadu.

hNumber of men and women varies slightly for individual variables depending on the number of missing values.
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Table 2

Self-reported asthma prevalence among adult women and men aged 20-49 years by selected characteristics in
India, 2005-2006.

Woman Man
Characteristics Asthma prevalence (%) AZp-value Asthmaprevalence (%) A2p-value
Cooking smoke .002 <.0001
Cleaner fuels 1.7 14
Biomass and solid fuels 2.0 2.0
Tobacco smoke <.0001 <.0001
No smoking 1.9 14
Currently smoking 3.9 23
Age <.0001 <.0001
20-29 11 1.0
30-39 21 1.8
40-49 3.1 31
Marital status <.0001 <.0001
Currently married 19 19
Widowed/divorced/separated/deserted 2.9 55
Not married 11 11
Education <.0001 <.0001
Illiterate 21 2.6
Below middle school 21 23
Middle school complete 1.7 15
High school complete or above 14 0.9
Religion .012 .002
Hindu 19 1.7
Muslim 2.2 2.3
Others 2.0 1.6
Caste/tribe .0001 <.0001
Scheduled castes 1.7 1.9
Scheduled tribes 1.9 23
Other backward class 1.7 14
Others 2.2 1.9
House type 131 <.0001
Pucca 1.9 15
Semi-pucca/Kachcha 2.0 2.0
Place for cooking <.0001 <.0001
In the house, separate room 1.7 18
In the house, no separate room 1.9 1.6
In a separate building 25 25
Outdoor/other 1.9 1.9
Crowding <.0001 731
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Woman Man
Characteristics Asthmaprevalence (%) AZp-value Asthmaprevalence (%) AZ2p-value
<2 persons per room 2.3 1.7
2-4 persons per room 1.9 1.8
4 or more persons per room 1.7 18
Household structure .033 <.0001
Nuclear 2.0 2.0
Joint 18 15
Wealth index .256 <.0001
Lowest 1.9 2.7
Second 21 1.9
Middle 1.9 1.6
Fourth 1.9 1.7
Highest 1.8 1.3
Residence .083 <.0001
Urban 18 14
Rural 2.0 2.0
Region <.0001 <.0001
North 14 15
Northeast 21 1.8
Central 13 13
East 2.6 2.5
West 19 21
South 21 15
Total prevalence 1.9 1.8
Number 99,574 56,742

For definition of variables see Table 1.
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Table 3

Unadjusted and adjusted effects (odds ratio (OR) and 95% confidence interval (Cl)) of cooking smoke,
tobacco smoke, and other factors on asthma among adult women in India, 2005-2006.
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Characteristics

Model 1

Model 2

Model 3

Model 4

Cooking smoke

Cleaner fuels”
Biomass and solid fuels

Tobacco smoke

No smokingR

Currently smoking
Age

20-29R

30-39

40-49

Place for cooking

In the house, separate room”?
In the house, no separate room
In a separate building
Outdoor/other

Wealth index

Lowest”?
Second
Middle
Fourth
Highest
Region
North
Northeast
Central
East
West

South”

Number of women

1.00 [reference]

1.17 [1.05-1.29]

1.00 [reference]

2.10 [1.65-2.68]

100,382

1.00 [reference]

1.14[1.03-1.27]

1.00 [reference]

2.03 [1.59-2.59]

100,382

1.00 [reference]

1.17 [1.06-1.30]

1.00 [reference]

1.61 [1.26-2.05]

1.00 [reference]

1.90 [1.69-2.14]
2.76 [2.45-3.10]

100,382

1.00 [reference]

1.26 [1.06-1.49]

1.00 [reference]

1.72 [1.34-2.21]

1.00 [reference]

1.77 [1.56-2.01]
2.55 [2.24-2.91]

1.00 [reference]

1.15 [1.01-1.30]
1.18[0.98-1.41]
1.01[0.87-1.17]

1.00 [reference]

1.05 [0.89-1.23]
0.97 [0.82-1.16]
1.06 [0.85-1.31]
1.08 [0.81-1.42]

0.61[0.51-0.73]
0.94 [0.72-1.23]
0.62 [0.53-0.73]
1.15 [1.00-1.32]
0.86 [0.73-1.01]

1.00 [reference]

95,501

Notes: Model 1 unadjusted. Model 2 adjusted for tobacco smoke only. Model 3 adjusted for tobacco smoke and age. Model 4 adjusted for variables
in Model 3 and other characteristics: marital status, education, religion, caste/tribe, house type, crowding, household structure, and residence. For

definition of variables see Table 1.

R
Reference category.
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Table 4

Characteristics

Model 1

Model 2

Model 3

Model 4

Cooking smoke

Cleaner fuel®
Biomass and solid fuels

Tobacco smoke

1.00 [reference]

1.39 [1.21-1.61]

1.00 [reference]

1.30 [1.13-1.51]

1.00 [reference]

1.32 [1.14-1.51]

1.00 [reference]

0.98 [0.77-1.24]

No smoking”? 1.00 [reference] ~ 1.00 [reference]  1.00 [reference]  1.00 [reference]

Currently smoking 1.64 [1.45-1.86] 159 [1.40-1.80] 1.42[1.25-1.61] 1.35[1.19-2.25]
Age

20-29R 1.00 [reference]  1.00 [reference]

30-39 1.41[152-2.15] 1.83[1.49-2.25]

40-49 3.13[2.65-3.68]  3.13 [2.55-3.84]

Place for cooking
In the house, separate room”?
In the house, no separate room

In a separate building

1.00 [reference]

1.04 [0.88-1.23]
1.13[0.89-1.45]

Outdoor/other 1.03 [0.84-1.25]
Wealth index
Lowest” 1.00 [reference]
Second 0.69 [0.56-0.85]
Middle 0.67 [0.52-0.84]
Fourth 0.72 [0.53-0.96]
Highest 0.57 [0.39-0.84]
Region
North 0.97 [0.76-1.24]
Northeast 1.21[0.82-1.78]
Central 0.75 [0.59-0.97]
East 1.23 [0.98-0.56]
Wiest 1.45 [1.14-1.84]
South® 1.00 [reference]

Number of men

56,739

56,739

56,739

54,476

Page 22

Unadjusted and adjusted effects (OR and 95% CI) of cooking smoke, tobacco smoke, and other factors on
asthma among adult men in India, 2005-2006.

syduasnuel Joyiny sispund JINd adoin3 ¢

Notes: Model 1 unadjusted. Model 2 adjusted for tobacco smoke. Model 3 adjusted for tobacco smoke and age. Model 4 adjusted for variables in
Model 3 and other characteristics: marital status, education, religion and caste/tribe, house type, crowding, household structure, and residence. For
definition of variables see Table 1.

R
Reference category.
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Table 5

Adjusted effect (OR and 95% CI) of combination of cooking smoke and tobacco smoke on asthma among
adult women in India, 2005-2006.

Predictors Number of cases  Distribution (%) Asthma prevalence (%)  adjusted OR® (95% ClI)
Biomass and solid fuel use and tobacco 1752 1.8 3.9 2.16 [1.58-2.94]
smoke combined p<.0001

Either biomass and solid fuel use or tobacco 68,246 68.5 1.9 1.26 [1.06-1.50]
smoke p<.0001

Neither biomass and solid fuel use nor 29,563 29.7 1.7 1.00 [reference]

tobacco smoke’?

RReference category.

a, . - . . . . . .
Adjusted for all background characteristics: age, marital status, education, religion, caste/tribe, house type, place for cooking, crowding,
household structure, wealth index, residence, and regions.

J Asthma. Author manuscript; available in PMC 2017 August 17.



syduosnuelA Joyiny sispun4 DA @doing ¢

syduasnuel Joyiny sispund JINd adoin3 ¢

Agrawal

Page 24

Table 6

Adjusted effect (OR and 95% CI) of combination of cooking smoke and tobacco smoke on asthma among

adult men in India, 2005-2006.

Predictors

Number of cases  Distribution (%) Asthma prevalence (%)  adjusted OR® (95% ClI)

Biomass and solid fuel use and currently
smoking combined

Either biomass and solid fuel use or
currently smoking

Neither biomass and solid fuel use nor
tobacco smoke’?

16,254 28.7 2.6 1.34[1.04-1.72]
p=.024

27,521 48.5 15 0.93[0.75-1.17]
p=.554

12,955 22.8 13 1.00 [reference]

RReference category.

aAdjusted for all background characteristics: age,

marital status, education, religion, caste/tribe, house type, place for cooking, crowding,

household structure, wealth index, residence, and regions.
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