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It is estimated that up to one-half of the world’s
population burns biomass fuel (i.e., wood, crop resi-
dues, animal dung, and coal) for indoor uses such as
cooking, lighting, and heating. As a result, a large
proportion of women and children are exposed to
high levels of household air pollution. The short-
and long-term effects of these exposures on the
respiratory health of this population are not clearly
understood. On May 9 to 11, 2011, the National
Institutes of Health held an international workshop
on the Health Burden of Indoor Air Pollution on
Women and Children, in Arlington, Virginia,
USA. To gather information on the knowledge
base on this topic and identify research gaps, ahead
of the meeting, we conducted a literature search
using PubMed to identify publications that related
to household air pollution, asthma, and chronic
obstructive pulmonary disease. Abstracts were all
analyzed and we report on those considered by the
respiratory substudy group at the meeting to be
most relevant to the field. Many of the studies pub-
lished are symptom-based studies (as opposed to
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objective measures of lung function or clinical exam-
ination, etc.) and measurement of household air
pollution was not done. Many found some associa-
tion between indoor exposures to biomass smoke as
assessed by stove type (e.g., open fire vs. liquid
propane gas [LPG]) and respiratory symptoms
such as wheeze and cough. Among the studies
that examined objective measures (e.g., spirometry)
as a health outcome, the data supporting an associ-
ation between biomass smoke exposure and chronic
obstructive pulmonary disease in adult women are
fairly robust, but the findings for asthma are mixed.
If an association was observed between the expo-
sures and lung function, most data seemed to
demonstrate mild to moderate reductions in lung
function, the pathophysiological mechanisms of
which need to be investigated. In the end, the group
identified a series of scientific gaps and opportuni-
ties for research that need to be addressed to better
understand the respiratory effects of exposure to
indoor burning of the different forms of biomass
fuels.
s University School of Medicine, Baltimore, MD, USA; �IIA, Universidad
of CaliforniadBerkeley, Berkeley, CA, USA; §Department of Medicine,

ment of Medicine Oregon Health and Science University, Portland, OR,

mental Hazards and Health Effects, National Center for Environmental

ency for Toxic Substances and Disease Registry, National Center for Envi-

, USA; ��Respiratory Medicine, Liverpool School of Tropical Medicine,

of Medicine, Moi Teaching and Referral Hospital, Eldoret, Kenya; kkAir
ental Health, Centers for Disease Control and Prevention, Atlanta, GA,

iratorias, Mexico City, Mexico; ***Food and Fuel Consultants, Eschborn,

Institute of Allergy and Infectious Diseases, National Institutes of Health,

ung Diseases, National Heart, Lung, and Blood Institute, National Insti-

tional Heart, Lung, and Blood Institute, National Institutes of Health,

mailto:KileyJ@mail.nih.gov
http://dx.doi.org/10.1016/j.gheart.2012.06.016


Diette et al. G L O B A L H E A R T , V O L . 7 , N O . 3 , 2 0 1 2

HAP and Obstructive Lung Disease
S e p t e m b e r 2 0 1 2 : 2 6 5 e2 7 0

266
The leading environmental cause of death world-
wide is household air pollution (HAP), and a major
contributor to HAP is the use of biomass and coal
as fuels for cooking and heating [1]. For example,
meta-analyses of global epidemiologic studies
suggest that HAP from solid fuel use in China is
responsible for approximately 420,000 premature
deaths annually, more than the approximately
300,000 attributed to urban outdoor air pollution
in the country [2]. The combined current rates of
smoking and solid fuel use are predicted to be
responsible for 65 million deaths from chronic
obstructive pulmonary disease (COPD) between
2003 and 2033 in China [3]. Here, the prevalence
of COPD was significantly higher in rural residents;
elderly patients; smokers; in those with lower body
mass index, less education, poor ventilation in their
homes, and occupational exposures to dusts or
biomass fuels; and in those with pulmonary prob-
lems in childhood and family history of pulmonary
diseases [4].

In low- and middle-income countries especially,
women and children have the highest exposures to
HAP. To determine the research needs to under-
stand risks of HAP for women and children, the
National Institutes of Health convened a workshop,
Health Burden of Indoor Air Pollution on Women
and Children, of international experts on May 9 to
11, 2011, to review the existing evidence base and to
make recommendations to guide future research
efforts. Working subgroups were organized themat-
ically (e.g., cardiovascular effects, cancer, ocular
injury), and 1 group was tasked with evaluating
evidence for links between HAP and obstructive
lung diseases (COPD and asthma).

METHODS

In preparation for the international workshop, we
conducted a literature search combining terms for
exposures: “indoor air pollution, biomass smoke,
and cooking fuel smoke” with disease “COPD,
asthma, and chronic lung disease.” More than
1,450 publications were found covering literature
from the early 1990s to the current time, and their
content and significance were discussed among the
participants of the respiratory committee at the
meeting. Most of the relevant studies examined
were from low- and middle-income countries, where
the widespread use of biomass fuel, such as wood,
charcoal, crop residues, and dried animal excrements,
leads to the release and accumulation in the indoor
environment of multiple compounds similar to those
present in tobacco smoke [5e9]. In the process of
evaluating the publications, we found that there
were relatively few papers providing high-quality
causal evidence for biomass effects in low- and
middle-income countries. For that reason, we also
considered some evidence from high-income coun-
tries and from nonbiomass fuel types, where lessons
could be drawn about pollutants that generally result
from combustion (e.g., nitrogen oxides).

R E SU L T S

Because of the tight connection of biomass fuel
indoor burning with domestic daily activities, we
found substantial evidence that the populations sub-
jected to the highest exposure are children and
women [8,10e16]. When measured, pollutant con-
centrations were typically high. For example, the
particulate matter (PM) released by burning solid
biomass fuel reached several milligrams per cubic
meter [8,17e19].
Association of COPD and household air
pollution. Several case-control and cross-sectional
studies have found a consistent association between
biomass burning and respiratory symptoms. Studies
showed that subjects exposed to biomass fumes
experience chronic bronchitis and chronic airflow
obstruction [20e24], and 1 study found a link
between chronic domestic wood smoke inhalation
and the development of cor pulmonale [25]. A recent
publication from Brazil evaluated the correlation of
exposure to fine PM (<2.5 mm in aerodynamic
diameter or PM2.5) emitted from partial combustion
of biomass fuel and lung function compared with
a group from the same community that was using
liquefied petroleum gas. The data showed that ex-
posure to biomass alone was associated with in-
creased prevalence of respiratory symptoms, reduced
lung function, and development of COPD. More-
over, these effects were associated with the duration
and magnitude of exposure and are exacerbated by
tobacco smoke [26]. A recent meta-analysis of 15
epidemiologic studies covering a wide range of
countries found that people exposed to biomass
smoke had combined odds ratio (OR) of 2.44 for
developing COPD as assessed by lung function
measurements or symptom-diagnosed chronic
bronchitis, and that this was true for both women
and men. Moreover, cigarette smoking appeared to
have a synergistic effect with biomass smoke,
increasing the OR for COPD development to 4.39
[27]. Importantly, another observational study
showed, retrospectively, that homes where people
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had undertaken simple ventilation measures had a
lower incidence of COPD [28]. Because this retro-
spective analysis did not measure exposures after
changes in ventilation, it is not possible to determine
the efficacy of specific interventions such as simply
adding a chimney versus more complex modernized
bioenergy programs. This needs to be carefully
assessed and can have an impact only with coordi-
nated support from governmental and commercial
sectors [29].
Association of asthma and household air pollu-
tion. There are several studies that address whether
or not indoor cooking methods or certain cooking
fuels affect the risk of developing asthma, and
separately, whether these exposures can aggravate
existing disease. The study designs include survey,
cross-sectional, and case-control. Multiple defini-
tions of asthma were used across studies and most
exposure measures were reported by survey, though
a few studies included physical measures of particles
and gases. Most studies included either adults or
children, whereas a few included both adults and
children. The studies represented here originated
from a wide range of countries in various stages of
socioeconomic developments: China, Iran, India,
Guatemala, Nepal, Poland, the United States, Great
Britain, Australia, and the Netherlands.
Evidence of asthma risk in adults. Studies exam-
ining biomass and adult asthma are not uniformly
positive and the associations with specific fuel type
are inconsistent. In a cross-sectional study of more
than 4,000 adults in rural China, a history of asthma
was less common when improved stoves or “tradi-
tional biomass” was used for cooking rather than
coal, though the values did not reach statistical
significance [30].When specific fuels were examined
inmultivariate models, there was an increased risk for
the development of asthma when coal rather than
wood was used. Other surveys in China found an
increased risk of asthma diagnosis when coal was
used for cooking [31,32]. Though the first of these 2
studies only examined men, a survey of 508 adults in
Southeastern Kentucky found a significant associa-
tion with asthma when wood and coal were both used
in cooking, but there was no additional risk when just
wood or just coal was used [33]. A recent population
survey study from India indicates 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% confidence interval: 1.06 to 1.49; p¼ .010),
even after controlling for the effects of a number of
potentially confounding factors [34].
When other fuels, such as gas, are considered, the
findings are mixed. Studies performed in Copenha-
gen [35] and New York state [36], for example,
showed no association between asthma and use of
gas stoves. A survey that included adults and children
was conducted in Iran where traditional Persian
stoves are used. This study reported that current
asthma was associated with bread baking and the
use of kerosene or gas as fuels [37]. In a Polish study
that only included women over 65 years of age,
increased frequency and duration of gas cooking
were each associated with asthma diagnosis [38].
Thus, these studies do not provide a clear positive
association for specific cooking fuels and risk of
asthma in adults.
Interaction of asthma risk by sex. In 2 studies, anal-
yses were stratified by sex, which demonstrated
greater risks for women than for men. A survey in
East Anglia found evidence of an interaction by
sex, with asthma attacks and use of asthma medica-
tions higher in women who cooked with gas stoves,
but that risk was not found for men [39]. A similar
interaction was found in a cross-sectional study from
India that examined asthma rates by type of fuel used
in cooking [40]. Compared with use of cleaner fuels
(e.g., LPG), use of biomass or a mixture of fuels were
each associated with asthma in women, and similar
findings emerged from another, more recent, study
[34]. In men, the risks were lower than for women
and, in the case of a mixture of fuels, were not
statistically significant. Thus, the small number of
studies that considered adult sex difference suggests
that the risk of biomass for asthma in adults, if any
exist, may be confined to women, among the reasons
possibly being type of exposure, its duration, and
respiratory system anatomical differences.
Evidence of asthma risk in children. Children may
be more vulnerable to the effects of air pollution
and several studies have examined the use of fuels
and asthma prevalence in children. As with adults,
though, the evidence is mixed. A single study in
1,505 children in eastern India showed a strong
association of asthma with use of biomass as fuel
[41]. Furthermore, this study showed that mea-
sured pollutants [CO, CO2, NO, NO2, SO2, O3,
and PM] were higher in the homes using biomass
compared with those using LPG. On the other hand,
a study performed in 4 Chinese cities of 7,058 chil-
dren examined lifetime exposure to cooking coal
smoke [30] and when categorized as light, moderate,
or heavy exposure, there was no differential associa-
tion with asthma. Finally, 2 recent studies, 1 in
Guatemala and 1 in Peru, compared cooking
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methods (open fire vs. improved stoves) or
biomass exposure and did not show a significant
association with prevalence or severity of asthma
symptoms [42,43].

Although some studies in children examined
exposure to fuels other than biomass, there was
mixed support of an association with asthma. A
few studies reported a positive association of gas
cooking with childhood asthma [44e46], but several
others demonstrated the absence of a significant
association [36,41,47,48]. In one of the studies
showing a positive association of gas cooking with
asthma [45], the NO2 concentrations in the home
were not associated with asthma, which suggests
the possible alternative role of an unmeasured
confounder. A cross-sectional study in Hong Kong
compared the effect of cooking with gas in areas
with high versus low outdoor pollution. Frequency
of cooking with gas was significantly associated
with asthma only in the area with low outdoor pollu-
tion, which suggests an important interaction [49].
Thus, there is not a consistent signal to implicate
indoor biomass, or other fuels, as a cause for child-
hood asthma. One study suggested the role of indoor
cooking fuel may only be relevant in regions where
the outdoor air is relatively cleaner [49].
Evidence for asthma exacerbation in adults. There
is a lack of evidence for whether or not indoor
biomass use contributes to worse morbidity and
exacerbations in adults with asthma. The evidence
from 5 studies is mixed for use of other fuels and
exacerbations in adults. In a panel study of 164
adults with asthma in California, gas stove use was
significantly associated with nocturnal symptoms,
physician or emergency room visits, and missing
work [50]. Other studies, including a cohort [51],
and cross-sectional surveys [52,53] have not shown
associations with gas stove use and lung function,
symptoms, and quality of life. In a study of 100
women with asthma in India, peak flow was shown
to be lower after cooking, compared with before
cooking, when the fuel of LPG or biomass was used
[54]. Taken together, though, the evidence is
lacking to demonstrate the impact of biomass and
other fuels on exacerbations of asthma in adults.
Evidence for asthma exacerbation in child-
ren. Although it is not possible to find evidence for
the effects of indoor biomass on asthma exacerba-
tions in children, there is consistent evidence for an
impact by other types of fuels. For example, a
cross-sectional study of children under 12 years
old with active asthma in Connecticut showed that
NO2 was higher in homes with a gas stove [55].
Furthermore, exposure to gas stoves and higher NO2

were both associated with more frequent respiratory
symptoms. A panel study of 2- to 6-year-old children
in Baltimore examined presence of a gas stove and
in-home NO2 [56] and found that higher NO2

concentrations were associated with greater asthma
symptoms, including cough and nighttime awak-
ening. This study also demonstrated that higher
NO2 was associated with use of the gas stove. A
cross-sectional study of 8- to 16-year-olds in the
United States examined gas stove use and lung
function [57]. In asthmatic girls, use of a gas stove
was associated with lower lung function when not
using prescription respiratory medication. Among
girls who used respiratory medication and among
boys, regardless of whether or not they used respi-
ratory medications, there was no association of gas
stove use and lower lung function. Thus, overall there
is supportive evidence for exacerbation of asthma in
children by gas stove use, though there is no direct
evidence to implicate indoor biomass fuel burning.

HOUS EHO LD A I R PO L LU T I ON ,
A S THMA , COPD , AND E XAC E R BA T I ON S
SUMMARY

To date, there is moderately strong and consistent
evidence to support associations between domestic
use of solid biomass fuels (i.e., wood, crop residues,
animal dung, and coal) and the development of
COPD. Studies have shown links between these
indoor exposures with the diagnosis of COPD as
well as symptoms of the disease. However, whether
indoor air pollution is associated with COPD
progression or worse morbidity including exacerba-
tions among patients with COPD remains unclear.
On the other hand, studies provide conflicting
evidence of an association between cooking fuels
and methods and development of asthma whether
in children or adults [15,26]. With regard to asthma
exacerbations, conflicting results have been reported
for biomass in children and adults. Gas stoves,
though, have been shown to cause asthma exacerba-
tions in pediatric populations.

R E COMMENDAT I ON S FOR FU TUR E
R E S E A R CH : GA P S AND SC I E N T I F I C
O P POR TUN I T I E S

The expert group considered not only amount, but
also the quality of the available evidence. Given
the great importance of potential links between
indoor biomass use and obstructive lung disease,
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we concluded that additional research is needed,
especially utilizing enhanced methodologies. Future
studies considerations should include:

d Large cohort studies (longitudinal) with sufficient sample
size and follow-up time to establish potentially causative
relationships between HAP and obstructive lung disease.

d Use of direct measures of pollutant exposures, ideally
at the level of the individual study subject as question-
naires may not bear strong reliability.

d Studies that examine the long-term effects of in utero
exposures to determine the effect of HAP on early life
origin of disease.

d Surveillance for asthma and COPD prevalence and
incidence to assess whether disease patterns are
changing over time and geographic region in associa-
tion with variations of fuel use.

d Use of objective measures of disease (such as spirom-
etry) to complement reports of symptoms.

d Longitudinal assessments including spirometry to
demonstrate whether or not any observed changes
are variable, reversible, or progress to lung diseases.

d Development of biomarkers of exposure that could
make large-scale studies more feasible to conduct.

d Collection of robust data on potential confounding
factors and effect modifiers.

d Attention to inclusion of most relevant and vulnerable
populations, including women and children.

d Field intervention trials that demonstrate that modifi-
cation of exposures can prevent or reverse disease.
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