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Abstract

Indoor pollution is a risk factor for several diseases, especially those affecting the respiratory system. In Brazil,
the use of solid fuels for cooking is still very present. The smoke emitted in the environment by the burning of
solid fuels is causing such pollution, and the poorest families are the most affected. The objective of this research
was to study the association between respiratory diseases (bronchitis and asthma) and the use of solid fuels
among inhabitants of rural areas of the North and Northeast regions of Brazil. The database used was the 2008
National Household Sample Survey (PNAD/IBGE), and the analyzes involved estimations through the Logistic
regression. The results showed that women exposed to indoor pollution had a higher odd of having bronchitis or
asthma. This effect was not significant in the case of men. This work indicates a path for the implementation of
public policies aimed at raising public awareness about the health damages caused by the use of solid fuels and
facilitating access to a cleaner source of energy for the low-income population.

Keywords: indoor air pollution, respiratory diseases, bronchitis, asthma, Brazil
1. Introduction

Air pollution is usually associated with large urban centers. Images of factory chimneys and exhaust pipes are
the first to be remembered when it comes to this theme. However, a large part of the world's population is
exposed to another type of pollution that is as serious as that of large centers and most of the time unknown to
people: indoor pollution.

In 2012, the early deaths around the world caused by external air pollution were 3.7 million and by indoor
pollution were 4.3 million (WHO, 2014). Of these latest deaths, 3.8 million were caused by Noncommunicable
Diseases (NCDs). In low- and middle-income countries (LMICs) it is estimated that indoor pollution causes 25%
of all deaths from strokes, 15% of all deaths from ischemic heart disease, 17% of all lung cancer deaths, and
more than 33% of all deaths from chronic obstructive pulmonary disease (COPD). In addition, women and
children are particularly at high risk of becoming ill because they spend more time inside the house: 60% of all
early deaths associated with indoor pollution occurs among them (WHO, 2016).

One of the main causes of indoor pollution is the smoke produced in the burning of solid fuels, which produces a
large amount of harmful chemicals in the environment (Torres-Duque et al., 2008; WHO, 2016). Low-income
families, mainly residents of rural areas, use this source of energy in the basic home needs, such as cooking,
boiling water, heating the environment and even lighting. Solid fuels include coal and biofuels (wood, charcoal,
manure and crop residues). About 3 billion people in the world cook or heat their homes using solid fuels (WHO,
2016).

The smoke produced by the burning of solid fuels, whether in internal or external environments, is the pollutant
that presents greater toxicity and is associated with numerous diseases, mainly respiratory (WHO, 2016). Acute
respiratory infections in children, chronic obstructive pulmonary disease (COPD), pneumoconiosis, cataract and
blindness, pulmonary tuberculosis and adverse impacts on pregnancy are well documented effects in developing
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countries (Arbex et al., 2004; Cancado et al., 2006; Laumbach & Kipen, 2012; Perez-Padilla et al., 2010; WHO,
2014).

The health damage caused by exposure to this type of pollution depends not only on the levels of pollutants in
the environment, but also on the persistence of such exposure. Women, who usually cook and do household
chores, are the most affected by indoor pollution. Children and the elderly are also greatly impaired by spending
most of their time inside households (Breysse et al., 2010; WHO, 2016).

Developing countries, where biomass burning is the largest domestic source of energy, are those with the highest
incidence of diseases associated with domestic pollution. The high cost of accessing and maintaining a more
suitable source of energy, such as electricity and gas, leads the lower-income population to use the solid fuels
that are the cheapest source of energy, and in many places the only affordable one (Bruce et al., 2000, 2002;
Fullerton et al., 2008; WHO, 2016).

Data from the 2012 Brazilian Energy Balance (Enérgetica EDP, 2012), released by the Ministry of Mines and
Energy, show that firewood is the second main source of residential energy in Brazil, accounting for 27.8% of
the total consumption. The main source is electricity (41.7%), and the third is liquefied petroleum gas, 27.2%
(Enérgetica EDP, 2012).

The North and Northeast regions of Brazil have the highest proportion of people living in rural areas and with a
higher incidence of poverty. Considering that a large part of the population of these regions may still be exposed
to air pollution inside their homes, the objective of this research is to study the association between respiratory
diseases and the use of solid fuels as residential energy source among adults in rural areas of Brazil in the North
and Northeast regions, based on data from the 2008 National Household Sample Survey.

2. Literature Review

The literature that seeks to analyze the effects of indoor pollution on the health of the population focuses mainly
on the members of households that are most exposed to this type of pollution, women and children. The
literature is extensive; acute respiratory infections in children, chronic obstructive pulmonary disease (COPD),
pneumoconiosis, cataract and blindness, pulmonary tuberculosis and adverse impacts on pregnancy are well
documented effects in developing countries (Arbex et al., 2004; Cancado et al., 2006; Laumbach & Kipen, 2012;
Perez-Padilla et al., 2010; WHO, 2014). One of the research lines of this literature focuses specifically on the
effect of indoor pollution on respiratory diseases (Dherami et al., 2008; Kurmi et al., 2010; Po et al., 2010; Wong
etal., 2013; Gordon et al., 2014).

Dherami et al. (2008) point to the importance of reducing exposure to internal pollution caused by solid fuels for
the prevention of childhood pneumonia. Through a meta-analysis, the authors investigated the association
between the etiologic agent and the severity of pneumonia in 5-year-old children who are exposed to
unprocessed solid fuels. The results showed that the risk of pneumonia in young children is increased by
exposure to unprocessed solid fuels by a factor of 1.8.

Kurmi et al. carry out a systematic review to analyze the impact of using different solid fuels in the development
of chronic obstructive pulmonary disease (COPD) and chronic bronchitis. The authors observed positive
associations between the use of solid fuels and COPD and chronic bronchitis. The evidence indicates that
exposure to wood smoke is the form of solid fuel that presents greater risk to the development of the diseases.

Also through a systematic review, Po et al. (2010) analyze the association between the use of biomass fuels and
respiratory outcomes in women and children living in rural areas. The results show that exposure to indoor
pollution is associated with several respiratory diseases. Grouped odds ratios indicated significant associations
with acute respiratory infection in children and chronic bronchitis and chronic obstructive pulmonary disease in
women. However, no significant association was observed for asthma.

Wong et al. (2013) investigate the association between asthma and the use of a variety of cooking fuels
throughout the world. The study analyzed two age groups, children from 6 to 7 years old and from 13 to 14 years
old. The results show a higher risk of presenting symptoms or diagnosis of asthma in children living in
households that use open fire for cooking in both age groups. As for the use of gas as cooking fuel, the authors
did not observe evidence of significant association.

Gordon et al. (2014) review the evidence for the association between exposure to indoor air pollution and
respiratory infections, respiratory tract cancers, and chronic lung diseases. The authors find significant
associations for the three groups of diseases. According to their observations, respiratory infections, including
infections of the upper and lower respiratory tract, were statistically associated with indoor pollution. Cancers
were strongly associated with coal burning pollution and chronic lung diseases, including chronic obstructive
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pulmonary disease and bronchiectasis in women, were associated with the use of solid fuel for cooking.

Even though they are pointed out in the literature as an important risk factor for respiratory diseases, a large part
of the world population still uses solid fuels for cooking, and although it is a highly present problem in
low-income countries and poor areas, a good part of the studies was carried out in high-income countries. This
article contributes with the aforementioned literature when analyzing the particular case of the poor areas of a
middle-income country, Brazil.

2. Methodology

The data were taken from the National Household Sample Survey (PNAD), conducted in 2008 by the Brazilian
Institute for Geography and Statistics (IBGE). PNAD is a national survey and it aims to produce basic
information for the study of the country’s socioeconomic development. The research presents periodical
supplements on specific topics. In 2008, one of the addressed topics was the population’s health, our reason for
choosing this database. The PNAD sampling plan is carried out through three-stage clusters (municipalities,
census tracts and residence). The sample design guarantees representativeness for the country, macroregions,
states and some metropolitan regions. A total of 391,868 people and 150,591 households were surveyed in all
Federal Units.

Only individuals from the rural area of the North and Northeast regions were selected for this study. Two reasons
led to this choice: (1) as shown in Table 1, these two regions have the highest proportions of people living in the
rural area (28.67% in the Northeast and 27.26% in the North), with values well above the national average of
18.77%; (2) according to Table 2, among the people in these regions using solid fuels, a large portion is in the
first quartile of income in rural Brazil (43.64% in the Northeast and 34.47% in the North), indicating that they
are individuals with low purchasing power and who possibly have an inadequate stove. In other words,
considering the type of fuel and this part of the population, a large amount of pollutants is possibly produced in
the home environment.

Table 1. Number and proportion of people by census tract and living region (National Household Sample Survey
— PNAD/IBGE, 2008)

REGION
CENSUS TRACT .

North Northeast Southeast South Midwest TOTAL
Urban 38,908 53,096 46,148 14,093 11,075 163,320
72.74% 71.33% 91.91% 85.30% 91.32% 81.23%

Rural 10,368 16,081 4,182 1,970 1,004 33,605
27.26% 28.67% 8.09% 14.70% 8.68% 18.77%
TOTAL 49,276 69,177 50,330 16,063 12,079 196,925

100% 100% 100% 100% 100% 100%

Table 2. Number and proportion of rural population using solid cooking fuels belonging to the 1st income
quintile of the Brazilian rural area, separated by living region

BELONGING TO THE 1ST REGION
QUANTILE North Northeast Southeast South Midwest TOTAL
No 1,904 6,875 2,467 2,380 737 14,363
68.96% 59.36% 82.83% 89.99% 88.63% 69.04%
Ves 1,054 4,526 506 271 93 3,983
31.04% 40.64% 17.17% 10.01% 11.37% 30.60%

Thus, our sample was concentrated in the poorest regions of Brazil, rural areas of the North and Northeast
macroregions, where there is greater use of firewood/coal. After filtering and excluding observations with
missing data for the variables of interest, the sample resulted in 22,485 individuals.

In this study, the outcome variable refers to the individual having bronchitis or asthma, information obtained
through the following question: “Did any doctor or health professional say that you have bronchitis or asthma?”.
The answer is dichotomized in yes/no. These diseases are only two among a number of existing respiratory
problems, but they were the only ones reported in the 2008 PNAD.

The main explanatory variable of interest was whether the individual was exposed to indoor pollution or not. In
order to get this information, we used the answer on the main fuel used in the stove through the following

68



ijef.ccsenet.org International Journal of Economics and Finance \ol. 11, No. 1; 2019

question: “Is the stove in this house used predominantly?”. The answers on canister gas, piped gas, electric
power and other fuel were grouped into the category of clean fuels and the firewood and coal answers were
grouped into the category of solid fuels. If the individual used solid fuel in the stove s/he was considered to be
exposed to indoor pollution.

The control variables included in this study were divided into characteristics of household, place of residence,
demographic and socioeconomic and health characteristics. Household characteristics included a variable that
indicates the number of rooms, which was dichotomized in houses with only one room and in houses with two or
more rooms. In households with just one room, pollution is more concentrated because there is no division
between kitchen and dorms, what may not occur where there are more rooms. Sousa et al. (2012) have shown
that having fewer rooms is associated with respiratory diseases, including bronchitis. A variable for overcrowded
rooms was also included. It is well known that overcrowding is one of the risk factors for respiratory diseases
(Prietsch et al., 2003). The variable was divided into households with less than three people per room and three
or more people per room. In order to control geographical and cultural differences between the North and
Northeast regions, a dummy was created that identifies the living region of each individual.

Demographic and socioeconomic characteristics included skin color (dichotomized as follows:
white/yellow/indigenous and black/multirracial), age (grouped into seven categories: 18-29, 30-39, 40-49, 50-59
and 60 years old or older), education in years of study (grouped into five categories: 0 or <1, 1-3, 4-7, 8-10, 11 or
more) and monthly per capita household income (separated in quintiles, the first quartile being the lowest
income). The variables of income and education were included because, in addition to reflecting the person’s
socioeconomic position (which may influence the stove quality), they are correlated with access to and use of
medicines, health services and more information about preventive measures, that is, with better health (Andrade
etal., 2013).

The perception of the person's state of health is correlated with the presence of chronic diseases(Almeida et al.,
2002). The self-assessed health status was dichotomized in good (very good/good) and bad (regular/bad/very
bad).

One of the factors associated with the presence of respiratory diseases is the contact with smoking (Menezes,
1997; Menezes et al., 1994). People who reported smoking daily and currently some tobacco product were
classified as active smokers. People who live in the same household with some active smoker and do not smoke
were considered passive smokers.

The regressions were stratified by the sex variable because, especially in poor families, the woman is responsible
for cooking and taking care of the children, being more exposed to indoor air pollution while the man goes out to
work. Skin color categories were included to control the effects of culture and customs. Respiratory diseases like
bronchitis and asthma are more common in children and in the elderly (Filho et al., 2004; Melsom et al., 2001;
Mohamed et al., 1995; S. I. V. Sousa et al., 2012). In addition, children and the elderly stay longer at home and
are more affected by indoor pollution (Breysse et al., 2010). Age categories were included to try to neutralize
these differences. Moreover, children were seen to have a very specific health production function depending, for
example, on indicators such as parental education, were removed, thus limiting the sample to adults (aged 18 or
over).

The persistence of bronchitis/asthma and its respective 95% confidence intervals were estimated according to
household, demographic and socioeconomic characteristics, place of residence and health. A Pearson’s
Chi-Squared test was carried out to determine whether the differences between the categories were statistically
significant.

In the multivariate analysis, odds ratios (OR) of bronchitis/asthma, according to the characteristics described
above, were calculated with a Logistic regression model through an adjusted analysis.

All analyzes were carried out in the statistics software STATA 15.0. In order to consider the complexity of the
PNAD sample plan, the survey module available in the package was used. The svyset command defined the
sample weights and conglomerates, and the svy prefix was used in all the analyzes to contemplate the sample
design.

3. Results

The persistence of bronchitis/asthma among individuals living in rural areas of the North and Northeast Brazil
involved in the analysis was 2.6% (95%CI 2.3%-2.8%). It was observed that the proportion of people in our
sample who used solid materials as the main fuel for the stove and possibly were exposed to indoor pollution
was 38.6%. Table 3 presents the prevalence of the studied outcome according to characteristics of the household,
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place of residence, demographic, socioeconomic and health. A chi-square test was carried out to determine
whether the differences between the categories were statistically significant.

For women, the prevalence of bronchitis/asthma was 3.52% among those who were exposed to indoor pollution,
a higher value in relation to people using clean fuels (2.65%), and this difference was statistically significant.
However, the difference among men was not statistically significant, while the overcrowding variables at home,
living region and skin color were not statistically significant for either men or women.

In terms of age, the persistence was higher among the elderly (60 years or older) with a statistically significant
difference in the two samples (men and women). As for education, in the sample of women there was no
statistical significance, but for men the prevalence of bronchitis/asthma was in the brackets of the uneducated or
under 1 year of study and for those who were 11 or older.

Regarding income, the first quintile had the lowest persistence of this outcome for men and the second lowest for
women, differences in persistence were significant among quintiles, a fact observed for both sexes.

Individuals who consider their health status as regular, bad or very bad (bad self-assessed health) had a higher
persistence of bronchitis/asthma than those reporting a good or very good health status (good self-assessed
health). For example, the respective persistences for women were 5.05% and 1.52%, with the difference between
them being statistically significant.

Women who had contact with smoking in the home environment, either actively or passively, presented a higher
persistence of bronchitis/asthma in relation to those who did not, but for men there was no statistically
significant difference.

Table 3. Persistence of bronchitis/asthma according to individual characteristics of the rural population in the
North and Northeast Brazil (National Household Sample Survey — PNAD/IBGE, 2008)

% (1C) p-value % (IC) p-value
\Women Men
Stove fuel
Clean fuels 2.65 (2.31-3.04) 0,006 2.19 (1.83-2.63)
Solid fuels 3.52 (2.96-4.19) 2.18 (1.65-2.87) 0.956
Household overcrowding
Less than 3 persons per room 2.95 (2.62-3.32) 2.21(1.87-2.60)
3 or more persons per room 4.36 (1.79-10.24) 0.381 0.64 (0.00-4.42) 0.187
Living region
North 3.29 (2.79-3.88) 2.28 (1.50-3.43)
Northeast 2.89 (2.50-3.35) 0.251 2.16 (1.81-2.58) 0.822
Skin color
White/Yellow/Indigenous 3.05 (2.69-3.45) 2.17 (1.77-2.67)
Black/Multirracial 2.76 (2.09-3.65) 0.517 2.23(1.71-2.90) 0.883
Age
18to0 29 2.41(1.92-3.01) 1.64 (1.24-2.16)
30t039 3.22 (2.51-4.12) 1.69 (1.23-2.32)
40 t0 49 2.61 (1.91-3.56) 1.73 (1.11-2.72)
50 to 59 3.10 (2.33-4.12) 2.13(1.55-2.92)
60 or over 3.98 (3.06-5.15) 0.040 4.44 (3.47-5.67) 0.000
Education (years)
Oor<1l 3.32(2.63-4.17) 2.82(2.27-3.50)
1to3 3.10 (2.47-3.88) 1.84 (1.32-2.54)
4t07 2.57 (2.01-3.30) 1.61 (1.10-2.36)
81010 3.44 (2.46-4.81) 1.49 (0.98-2.26)
11 or over 2.39 (1.73-3.30) 0.299 2.89 (1.90-4.36) 0.006
Income in quartiles
1 (lower) 2.75 (2.29-3.29) 1.62 (1.27-2.06)
2 3.24 (2.61-4.01) 2.56 (1.97-3.34)
3 2.40 (1.77-3.26) 2.72 (2.13-3.46)
4 3.50 (2.56-4.78) 2.61 (1.69-4.01)
5 5.53 (3.63-8.34) 0.010 2.24 (1.17-4.26) 0.016

70



ijef.ccsenet.org International Journal of Economics and Finance \ol. 11, No. 1; 2019

Health
Self-assessed health
Regular. bad and very bad 5.05 (4.36-5.84) 4.52 (3.79-5.38)
Good and Very good 1.52 (1.25-1.84) 0.000 0.95 (0.74-1.22) 0.000
Contact with smoking (active or passive smoker)

No 2.67 (2.29-3.10) 2.08 (1.70-2.56)

Yes 3.54 (2.93-4.26) 0.020 2.35(1.93-2.87) 0.315
N (observations) 10.721 11.764

Table 4 presents the results of the multivariate analysis. The adjusted odds ratios were estimated using a logistic
regression model. The results show that women possibly exposed to indoor pollution present a 43% higher odd
of having bronchitis/asthma in relation to the unexposed ones. The effect for men is not statistically significant at
5%.

Income was significant only for women and the last quintile. where they are more likely to have
bronchitis/asthma compared to women in the first income quintile. Education was significant only for men who
had 11 years of schooling or more. who presented higher chances of having bronchitis/asthma than those without
education.

Among individuals who have declared their health to be very good or good, the odds of having bronchitis/asthma
is 72.9% lower compared to people who declare their health as regular, bad or very bad. Contact with smoking
(active or passive) was shown to have significant effect only for women. The other variables were not
statistically significant.

Table 4. Odds ratios of factors associated with bronchitis/asthma in the population living in the rural area of the
North and Northeast of Brazil (PNAD/IBGE. 2008)

ODDS RATIOS (OR)
VARIABLES

Adjusted P-value Adjusted P-value
Women Men

Stove fuel

Solid fuels 1.429%** 0.004 1.023 0.899
Household overcrowding

3 or more persons per room 1.412 0.467 0.317 0.252
Living region

Northeast 0.876 0.269 0.890 0.611
Skin color

Black/Multirracial 0.909 0.553 1.010 0.953
Age

30to 39 1.129 0.535 0.902 0.644

401049 0.781 0.307 0.728 0.258

50 to 59 0.840 0.400 0.778 0.278

60 or over 1.061 0.811 1.306 0.223
Education (years)

1to3 1.042 0.802 0.799 0.260

4t07 0.986 0.946 0.862 0.533

81010 1.536* 0.079 0.946 0.816

11 or over 1.090 0.738 1.839** 0.031
Income in quintiles

2 1.210 0.231 1.369* 0.094

3 0.810 0.328 1.229 0.245

4 1.307 0.219 1.189 0.516

5 (higher) 2.614** 0.000 1.045 0.916
Self-assessed health

Good/Very good 0.271*** 0.000 0.205*** 0.000
Contact with smoking (active or passive smoker)

Yes 1.291** 0.047 1.137 0.346
N (observations) 10,721 11,764

Note, *** p<0.01. ** p<0.05. * p<0.1.
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5. Discussion

In 2008, the use of solid fuels as an energy source represented a large share of residential energy in Brazil. with
the sum of fuels such as firewood and coal accounting for more than a third of the total (Enérgetica EDP, 2009).
As the historical evolution of energy consumption in Brazil shows, the trend is to decrease the use of such fuels,
but there are still many families with possible exposure to air pollution inside their homes. Indoor air pollution
was identified as a major challenge in the early 21st century for being one of the major environmental and public
health problems in developing countries (Bruce et al., 2000).

The results indicate that women from rural areas of the North and Northeast regions exposed to indoor pollution
are more susceptible to having bronchitis or asthma. which is in agreement with several studies (Kiraz et al.,
2003; Mohamed et al., 1995; Pandey, 1984). It is worth noting that the results indicated statistical significance of
firewood/charcoal use only for women. The literature shows controversial results: several studies point out that
women are the most affected by indoor pollution and thus are at higher risk of getting diseases, but there are also
studies that indicate men as the most affected (Arbex et al., 2004; Melsom et al., 2001). Discrimination between
the sexes has been decreasing in every way. It is possible that by entering the labor market, women are no longer
at home and thus less exposed to pollution.

People living in single-room households with three or more residents per room were not significantly associated
with persistence of bronchitis/asthma. One study found that people living in households with a separate kitchen,
that is, with more than one room, had a lower relative chance of having tuberculosis and found no relation to
overcrowding (Mishra et al., 1999). Another study found a relation between overcrowding and bronchitis in a
study carried out for S&o Paulo (Sousa et al., 2012). One of the reasons we did not find the relation between the
studied diseases and those variables could be the small number of people living in households with those
characteristics in our sample.

Some groups of the variables that represent the socioeconomic position, education and income showed a positive
association with the persistence of bronchitis/asthma in some categories, different from those found in the
literature. With improvements in socioeconomic conditions, individuals tend to choose more efficient and safer
sources of energy (Bruce et al., 2000). The literature shows that this relationship is negative, that is, with
increased income and education the persistence of bronchitis and asthma decreases (Menezes et al., 1994;
Stankovi¢ et al., 2011). However, we should point out that in general the sample population has a low level of
income, with 59% having a per capita household income below half a minimum wage and 84% below a
minimum wage. It should be noted that one of the World Health Organization's bulletins in 2005 showed that
there is a strong association between poverty and the use of solid fuels (Blakely et al., 2005).

Men and women who assessed their health status as regular, bad, and very bad had a higher persistence of
bronchitis or asthma. A study analyzing the 1998 PNAD data shows that the persistence of chronic diseases
(including bronchitis and asthma) is associated with bad self-assessed health status (Almeida et al., 2002).

As for the contact with smoking, it is already well documented in the literature its association with the studied
diseases, mainly with bronchitis (Macedo et al., 2007; Menezes, 1997). Smoking is pointed out as the main cause
of the development of chronic bronchitis (Menezes, 1997).

Therefore, this study showed that indoor pollution is associated with the persistence of bronchitis and asthma for
women in rural areas of the North and Northeast regions of Brazil. The results show a significant and positive
impact of the use of firewood/coal on the persistence of these diseases.

Low-income people are the most exposed because they do not have access to a cleaner source of energy and
because they have less efficient combustion stoves. No associations of diseases with low-income people were
found; on the contrary, the lowest socioeconomic status was shown in some cases as a protection factor. However,
several studies show that people with higher income and more education have a lower risk of having diseases
and the relationship of indoor pollution with various health problems is already well documented in the literature.
In future research a more in-depth analysis should be carried out in this regard.

Therefore, the implementation of public policies can be important in order to eliminate damages to health,
especially to women, from the use of solid fuels and to facilitate access to a cleaner source of energy.

One limitation of the work is that most of today's wood stoves have a system that does not pollute the home
environment and therefore even the person using solid fuels does not suffer from the presence of air pollution
inside the house. An example of this is the clean burning wood stove (Borges, 1994). Another limitation is that
the self-reporting of the studied diseases is not the best method to know whether the individual really has the
disease. With clinical analyzes the results would be more precise. However. several studies also used
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self-reported diseases and pointed out the association with pollution (Mishra et al., 1999; Mustapha et al., 2011).
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