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Study &
Location

Study design and numbers Measure of exposure Measure of health
outcome

Findings Comments confounding etc.

Dossing et al.
(1994)
Saudi Arabia

Case (n=50) control (n=71)
study. Cases were of COPD
(FEV1<70% predicted,
FEV1/FVC<0.70, non
reversible. Healthy controls

Questionnaire, type of
stove

Spirometry Association in non smoking women with
indoor wood fire (OR=49: 95% CI ).
COPD not associated with incense
burning.

Passive smoking and occupational
expossure to dust “equally
distributed” among cases and
controls. No other comments on
control of confounding.

Menezes et al.
(1994)
Urban Pelotas,
Brazil

Cross-section study of 1053
adults aged over 40 years.
Chronic bronchitis in 12.7%

Questionnaire Symptoms by
questionnaire

Increased risk of CB with higher indoor
pollution, OR=1.9 (1.2-3.0).

Multivariate analysis used. Low
family income, no education,
smoking, and respiratory illnesses
in infancy also risk factors.

Qureshi (1994)
Rural Kasmir,
Pakistan

Cross-sectional study of all
residents over 15 years in 2
villages, one biomass using,
the other using mainly
kerosene, LPG and
electricity. Alt 1600 m.

Interview and
observation of
ventilation, smoking,
fuel type and average
time per day near
fireplace.

Symptoms of CB
and asthma by
questionnaire,
spirometry

7.7% with CB, 2.0 with asthma. Higher
prevalence in women and in biomass
using village. CB in women positively
associated with time spent near fire
(p<0.01), but asthma not associated (small
numbers). Association between lung
function and exposure not reported.

CB associated with smoking, but
very few women smoked. CB also
associated with quality of housing
and ventilation, but these factors
not adjusted for.

Dennis et al.
(1996)
Colombia

Hospital based case (n=104)
control (n=104) study. Cases
had COPD, FEV1/FVC<70,
FEV1<70% predicted.
Controls

Questionnaire, type of
stove

Spirometry Crude OR for wood smoke 3.4, adjusted
3.9. Also significant for tobacco 2.6 and
ETS 2.0

Stratified analysis by age, hospital,
smoking, use of alcohol,
ocupational exposures.
Multivariate analysis with
smoking, passive smoking, age,
hospital.

Perez Padilla et
al. (1996)
Mexico

Hospital based case (n=127)
control (n=375) study. Cases
were CB or COPD
(FEV1<70% predicted).
Controls (4 groups) had ILD,
ENT and TB as diagnoses,
and visitors.

Questionnaire, type of
stove

Spirometry for
COPD and
questionnaire to
define CB

Crude OR 3.9 for CB, 9.7 for CB+COPD
and 1.8 for pure COPD. Adjusted ORs
similar to unadjusted.

Control of confounding by
stratified analysis and logistic
regression which iIncluded age,
smoking, place of birth and
residence, SE status, level of
education.

Dutt et al. (1996)
Urban slum,
Pondicherry,
India

Stratified random sample of
1117 women, drawn from
1560 subjects identified in a
survey. Included 105 using
biofuels, 105 kerosene, and
(number) LPG.

Questionnaire, type of
fuel

Questionnaire,
spirometry

Respiratory symptoms in 26% of those
using biofuels, 13% for kerosene and 8%
for LPG. Lung function lower in biomass
users as well. No RR reported

No adjustment for confounding
reported.
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Study &
Location

Study design and numbers Measure of exposure Measure of health
outcome

Findings Comments confounding etc.

Ellegard (1996)
Suburbs of
Maputo,
Mozambique

Cross sectional study in
1188 women, 218 with
monitoring of air pollution

Questionnaire on fuel
type use and
measurement of
particulates

Questionnaire of
symptoms (cough
symptom index),
PEF with Wright
mini peak flow.

Particulates in wood users 1200 µg/m3,
charcoal 540, gas and electricity 200-380.
After adjustment, wood use and time
cooking significantly associated with
cough symptom index. Kitchen
ventilation and time in house (but not fuel
type) associated with PEF. No association
with wheeze.

Adjustment for a range of socio-
economic and environmental
variables.

Regalado et al.
(1996)
Highland
(2500m) Mexico

Cross sectional study of 871
of women aged over 38. Alt
2500 m.

Type of fuel used
from questionnaire.
Kitchen particulate
concentration while
cooking measured
with nephelometer

Symptoms by
questionnaire,
spirometry

Biomass stove associated with increase in
phlegm and 4% reduction in FEV1/FVC.
Mild effect on FEV1 in homes with
higher PM10 . At levels of PM10 above
2000 µg/m3, an increase in 1000 µg/m3

was associated with a reduction of 2% in
FEV1.

76% of women cooked with gas
but also with biomass, 10% only
biomass. Control for age, cigarette
smoking, socioeconomic status.

Albalak et al.
(1999)
Rural highland
Bolivia

Cross sectional study of all
residents (total n=241) from
2 villages, one cooking
indoors and the other
outdoors. Alt 4100 m.

Questionnaire to
assess time activity
patterns. Sampling for
area PM10
measurements in 12
randomly selected
homes in each village.

Questionnaire for
symptoms of CB

Prevalence of CB was 22% and 13% in
indoor and outdoor cooking villages
respectively. OR=2.5 (95% CI ) for
indoor cooking. Estimates exposures for
women (based on time activity and PM10
measurements) were about double in
village cooking indoors.

Communities similar in SE status,
climate, altitude, access to health
care. Adjustment for age and sex in
logistic regression.
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Appendix Table C: Studies reporting interstitial and pneumoconiosis like lung changes in subjects exposed to biomass smoke.

Author Setting N Description Proposed pathogenesis Findings
Master (1974) Highlands in New

Guinea
98 Chronic pulmonary

disease
Wood smoke, poor sanitation, endemic
infectious diseases, tobacco smoking

Obstructive and restrictive disease

Restrepo et al.
(1983)

 Mountain areas of
Colombia

22 Pneumoconiosis,
features of bronchitis
and lung fibrosis

Inhalation of wood smoke fly ash with
silicates in cold areas using biomass
smoke with poor ventilation

Functional pattern obstructive and restrictive.
In biopsy fibrosis and anthracosis with
crystals under the polarized light

Grobbelar
(1991)

Xhosas from Transkei,
grind dry maize
producing a fine dust

25 Hut lung Domestically acquired pneumoconiosis
due to wood smoke, plus exposure to
dust containing quartz

17 non smokers, 7 previous TB 12 simple
anthracosis, 6 macula formation, 7 fibrosis or
mixed dust pneumoconiosis. BAL with
macrophages laden with particles. Cases with
PMF and coalescent nodules

Dhar (1991) Gujjar community,
Kashmir altitude,
closed environment

46 Gujjar lung Severe exposure to wood smoke Anthracosis, 27/36 biopsies with fibrotic
reaction, no particles by polarized light. PFT
with obstruction and restriction. Cases with
coalescent nodules

Saiyed (1991) 3 villages, Ladakh,
India

449 Pneumoconiosis,
including silicosis in
2%, 20% and 45%

Dust storms and smoke from domestic
fuels

Cases of progressive massive fibrosis and
egg-shell calcification

Norboo ET
AL. (1991b)

Villages in Ladakh, N
Indian Himalaya

20 men and
20 women
> 50 years

Silicosis Dust storms, quartz demonstrated in
dust and lung. Also exposed to biomass
smoke [see Norboo 91(a)]

Cases with progressive massive fibrosis.
Silicosis in 8/20 men and 16/20 women

Sandoval
(1993)

Rural Mexico, women 22 Lung disease associated
with wood smoke
exposure

Wood smoke Anthracosis with fibrotic reation

*All patients had micronodular or reticular opacities in chest X-rays and several had reduced lung volumes in addition to airflow obstruction and symptoms of
airways disease.
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Appendix Table D: Published studies from developing countries reporting on associations between exposure to polluting household
fuels which include biofuels, and wheeze and/or asthma. Listed by year of publication.

Study &
Location

Study design/numbers Measure of exposure Measure of wheeze or
asthma

Findings Comments

Guneser ET AL.
(1994) Adana,
Southern
Turkey

Cross-sectional survey of
9-12 year olds (n=617)

Reported fuel and stove type
used at home.
Annual mean (outdoor) smoke
level (1988) 26 µg/m3.

Reported symptoms
including day and night
cough. Spirometry: FVC,
FEV1, PEFR, FEF25

Coal using group reported
more day/night cough than
kerosene, oil, electricity users
(p<0.05).  Lowest values of
FVC, FEV1, PEFR, FEF 25 in
wood stove group (p<0.05)

No adjustment for
confounding reported

Mohamed et al.
(1995)
Urban Nairobi,
Kenya

Community matched
case (n=77) control
(n=77) study, with cases
from a prevalence survey
in 9-11 year old
schoolchildren. Matched
for age and gender

Type of stove and fuel, “visible”
indoor pollution observed at
home visit

Doctors diagnosis, history
of wheeze or >10%FEV1
decline after exercise.

22% (17) of cases using wood
and charcoal versus 10% (8) of
controls. Use of other fuels
similar. Main analysis based on
subjective assessment of indoor
air pollution not on fuel, with a
crude OR 3 (1.4-6.3). Adjusted
OR for pollution 2.5 (2.0-6.4).

Adjusted for air pollution
outside home, passive
smoking, mud floors.
Fuel type not associated
with asthma.

Azizi et al.
(1995)
Kuala Lumpur

Hospital based case
(n=158) control (n=201)
study of children 1
month to 5 years.
Controls age matched
non-respiratory
admissions.

Type of stove and fuel used at
home reported by mothers at
interview.

First hospitalised episode of
acute asthma, with
physician diagnosis.
Excluded acute
bronchiolitis, pneumonia,
stridor and other respiratory
conditions.

Unadjusted OR for asthma with
wood stove was 1.4 (0.6-3.6).
Also NS in multivariate model.
For mosquito coil smoke
adjusted OR = 1.73 (1.02-
2.93).

(Multivariate analysis
used).

Noorhassim et
al. (1995)
Rural Malaysia

Cross-sectional study of
1000 children aged 1-12
years

Questionnaire How was asthma defined
and cases ascertained?

No association. Is OR (95%
CI) given?

Gharaibeh
(1996) Jordan

Cross-sectional survey of
7-13 year olds (n=1905).
72% of sample urban,
28% rural.

Reported fuel and stove type
used at home, divided into
exposed (wood or kerosene),
and unexposed (electricity or
modified kerosene stove which
expels fumes outside)

Symptoms not reported.
Spirometry: FVC, FEV1 ,
PEFR, FEF25-75

Values of FVC, FEV1, PEFR,
FEF25 all lower in exposed
children (p<0.005).

No adjustment for
confounding, but children
exposed to polluting fuels
at home, and to smoking,
were excluded.
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Study &
Location

Study design/numbers Measure of exposure Measure of wheeze or
asthma

Findings Comments

Xu et al. (1996)
Rural China

Cross-sectional study of
28,946 adults aged 15
years and over.

Interview questionnaire on
environmental exposures,
including dust, fumes, outdoor
and indoor air pollution. 93% of
population used wood/hay for
cooking, so occupational
exposures used to study effect
of biomass on asthma, but
cooking exposures for effects of
coal on asthma.

Interview questionnaire
using “standard questions”
for asthma symptoms, and
for recall of physician
diagnosed asthma.

Adjusted Ors for occupational
exposure to wood/hay smoke:
wheezing 1.36 (1.14-1.61);
asthma 1.27 (1.02-1.58)
Coal for cooking: wheezing
1.47 (1.09-1.98); asthma 1.51
(1.05-2.17)

Adjustment made for
gender, age, area.
Education, smoking and
ambient air pollution.

Lopez-Bravo et
al. (1997)
Santiago, Chile

Cohort study of 437
children followed from
birth to 18 months.
Neonates with birth
weigh <2,500 gms
excluded.

Type of stove and fuel used at
home reported by mothers at
interview. Defined groups as
polluted (use of wood, kerosene
or coal for cooking or heating)
and non-polluted (use of gas)

Cases seen in clinic and
referred to hospital for
physician diagnosis of ARI.
Three groups defined:
bronchitis, obstructive
bronchitis syndrome
(presumed to include
wheeze or other evidence of
asthma), pneumonia.

Percent children with >2
episodes of obstructive
bronchitis syndrome: 47.3% for
polluted homes, 34.2 for non-
polluted (p<0.01). Difference
for pneumonia (20.6% vs
15.7%) not significant.

97% homes used gas for
cooking, but 81% used
kerosene, wood or coal
for heating.
No adjustment for
confounding reported.

Melsom et al
(2001), urban
and rural Nepal

Case-control study of
121 children aged 11-17
years with asthma and
126 controls

Interview questionnaire on type
of fuels used in the home.

Standard ISAAC core
questionnaire and video
questionnaire

Adjusted OR for asthma
associated with smoking by 2
or more family members 1.9
(1.0-3.9), for use of open
fire/stove without flue 2.2 (1.0-
4.5) compared to stove with
flue or cleaner fuels.

Stratification by sex
showed results for
smoking and smoky fuels
only significant for boys.

Schei et al
(2002), rural
Guatemala

Cross-sectional study of
4-6 year olds in 1058
homes

Interview questionnaire and
observation of type of fire and
fuel used: open fire (38.1%),
chimney stove using wood
(51.5%), gas/open fire
combination (10.4%)

Standard ISAAC
questionnaire to assess ever
wheezed, wheezing in last
12 months, speech limiting
symptoms, exercise-
induced wheezing, asthma
diagnosis

Overall prevalence of ever
wheezing 7.3%, and 3.4% for
last 12 months.  In logistic
regression, adjusted OR for
open fire was 1.81 (1.04-3.12)
for ever wheezed, and 2.35
(1.08-5.13) for wheeze in last
12 months.

Regression model
included family history
of wheeze (independently
associated with all
asthma symptoms in this
study), sex and
interviewer. 


