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ABSTRACT
Background Around 2.4 billion people use traditional
biomass fuels for household cooking or heating. In
2006, the International Agency for Research on Cancer
(IARC) concluded emissions from household coal
combustion are a Group 1 carcinogen, while those from
biomass were categorised as 2A due to epidemiologic
limitations. This review updates the epidemiologic
evidence and provides risk estimates for the 2010 Global
Burden of Disease study.
Methods Searches were conducted of 10 databases to
July 2012 for studies of clinically diagnosed or
pathologically confirmed lung cancer associated with
household biomass use for cooking and/or heating.
Findings Fourteen eligible studies of biomass cooking
or heating were identified: 13 had independent estimates
(12 cooking only), all were case-control designs and
provided 8221 cases and 11 342 controls. The ORs for
lung cancer risk with biomass for cooking and/or heating
were OR 1.17 (95% CI 1.01 to 1.37) overall, and 1.15
(95% CI 0.97 to 1.37) for cooking only. Publication bias
was not detected, but more than half the studies did not
explicitly describe a clean reference category. Sensitivity
analyses restricted to studies with adequate adjustment
and a clean reference category found ORs of 1.21
(95% CI 1.05 to 1.39) for men (two reports, compiling
five studies) and 1.95 (95% CI 1.16 to 3.27) for women
(five reports, compiling eight studies). Exposure–response
evidence was seen for men, and higher risk for women in
developing compared with developed countries, consistent
with higher exposures in the former.
Conclusions There is now stronger evidence for
biomass fuel use causing lung cancer, but future studies
need better exposure assessment to strengthen exposure–
response evidence.

INTRODUCTION
Around 2.8 billion people globally still cook using
solid fuels in open fires and simple stoves,1 a major-
ity (2.4 billion, 86%) of whom use biomass fuels,
with the remainder using coal. These fuels are typ-
ically burned in open fires and traditional, poorly
ventilated stoves, leading to high levels of house-
hold air pollution (HAP) exposure.2

In 2006, the International Agency for Research
on Cancer (IARC) reviewed the evidence on the
carcinogenicity of household solid fuel combus-
tion,3 concluding that indoor emissions from coal
combustion are carcinogenic to humans (IARC

Group 1). For household biomass combustion emis-
sions, however, the IARC Working Group con-
cluded that there was limited evidence for risk of
lung cancer from epidemiologic studies, although
evidence for the carcinogenicity of wood-smoke
extracts in experimental animals was sufficient.3 In
addition, they noted the presence of polycyclic aro-
matic hydrocarbons and other carcinogenic com-
pounds in wood smoke; evidence of mutagenicity
of wood smoke; and multiple studies showing cyto-
genetic damage in humans exposed to wood
smoke. Four studies from Taiwan,4 Europe,5 Japan6

and Mexico7 did suggest that smoke from wood
combustion is associated with an increased lung
cancer risk, however the results on exposure, dur-
ation and intensity were difficult to interpret. It
was concluded that indoor emissions from house-
hold combustion of biomass are probably carcino-
genic to humans (Group 2A).
In developing the comparative risk assessment for

the 2010 Global Burden of Disease (GBD) study,8 a
new systematic review was conducted, the subject of
this report. This had the following objectives: (1) to
update the human epidemiological evidence on lung
cancer risk with household use of biomass fuel; (2)
to derive risk estimates, including for cooking (the
exposure risk used for the GBD-2010 study) and
separately for men and women; and (3) to evaluate
the strength of evidence for causal inference.

Key messages

What is the key question?
▸ Does exposure to smoke from biomass fuel use

in the home cause lung cancer, and if so, what
is the risk?

What is the bottom line?
▸ The available evidence strongly supports a

causal relationship, almost doubling the risk in
women, somewhat less so for men, reflecting
their generally lower exposures.

Why read on?
▸ Around 2.4 billion people worldwide rely on

biomass fuels in the home for cooking and
heating, so these findings have important
implications for public health.
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METHODS
Systematic review
We carried out a systematic review and meta-analysis, following
PRISMA reporting guidelines9 (protocol available on request).
Inclusion criteria were human studies that reported household
biomass fuel use for cooking and/or heating; differentiated
between risk of lung cancer associated with biomass fuels and
coal; and provided an effect estimate or sufficient data to calcu-
late one with a 95% CI, together with information on adjust-
ment procedures. We defined biomass fuel as including wood,
straw, grass, crop waste or residue, animal dung and charcoal.
We defined lung cancer as primary cancer of any histological
type emanating from the lung, trachea or bronchus. All epide-
miologic study designs were eligible, and methodological limita-
tions were explored through sensitivity analysis.

We searched 10 databases (seven English, two Spanish and one
Chinese language), box 1, covering articles published between
1966 and July 2012 and search terms are listed in table 1.

We screened the selected titles and abstracts to identify poten-
tially relevant articles, with two authors independently reviewing
titles, abstracts and then full-text articles to reject studies not
meeting inclusion criteria, and reviewing reference lists (figure 1).
We assessed study quality using Liverpool Quality Assessment
Tools (developed to provide quantitative and narrative summaries
of quality for the main epidemiologic study designs) (Pope D et al,
personal communication, 2014). For case-control studies, this
covered four key areas: case-control selection, outcome definition,
exposure assessment and adjustment for confounding, with each
paper being graded as strong, moderate or weak in these four
areas. Two reviewers carried out data extraction and quality assess-
ment independently, with disagreements resolved with a third
reviewer. When necessary, we contacted study authors to clarify
methodological issues.

Meta-analysis
We carried out meta-analysis using RevMan V.5 to calculate
pooled ORs,10 contacting authors of two studies for sex-specific
effect estimates.5 11 To assess heterogeneity, we used Cochrane’s
Q and I2 statistics, and employed a conservative approach to
using fixed or random effects meta-analysis (for an I2 value of
more than 20%, random effects values were presented if the
results were different between the two approaches). We used the
generic inverse variance-weighted method for fixed effect
meta-analysis, and the method of Der Simonian and Laird for
random effects meta-analysis.12 To test for publication bias, we

visually inspected funnel plots, and carried out Egger’s and
Begg’s tests for asymmetry using Stata V.10.0.13

RESULTS
The searches returned 19 833 results (figure 1). Filtering of
titles and abstracts led to 81 potentially relevant journal articles.
Full review identified 21 manuscripts with information on
biomass use; seven, however, combined biomass and other solid
fuels into one category such as ‘traditional’ or ‘solid fuels’ and
were excluded (see online supplementary file).

Of the remaining 14 studies, 13 provided independent esti-
mates (one study—Lissowska et al5—was included in the pooled
analysis of Hosgood et al14). All 13 studies were case-control
designs, four providing independent estimates for men,5 11 14–16

and 12 for women;4–7 11 14–21 one other study provided an esti-
mate for heating or cooking for men and women combined
(table 2).22

Twelve studies provided separate estimates for cooking with
biomass fuel.4–7 11 15–21 The majority of the studies (10) were
conducted in Asia (table 2), one in Mexico, and one other mul-
ticentre study combining biomass data from Europe, USA and
Canada. The study by Lissowska et al5 was included in the ana-
lysis of cooking only and of exposure–response relationships,
following reanalysis by one of the coauthors. Table 2 provides
details of study location and methods, including the adequacy
of adjustment that was assessed as strong in five, moderate in
seven and weak in two. In total, the 13 independent studies
included data from 8221 cases and 11 342 controls.

Box 1 Databases searched

▸ MEDLINE
▸ EMBASE
▸ Cochrane Controlled Trials Register (CCTR)
▸ Cumulative Index to Nursing and Allied Health Literature

(CINAHL)
▸ Global Health
▸ Database of Abstracts of Reviews of Effects (DARE)
▸ African Index Medicus (AIM)
▸ Scientific Electronic Library Online (SciELO)
▸ Latin American and Caribbean Health Sciences Information

System (LILACS)
▸ China National Knowledge Infrastructure (CNKI)

Table 1 Search terms for systematic review of household biomass
use and lung cancer

Anatomical site Cancer Exposure

1. ‘lung’
2. ‘bronchus’
3. ‘bronchial’
4. ‘bronchogenic’
5. ‘pulmonary’
6. ‘lower respiratory

tract’
7. ‘trachea’
8. ‘1 OR 2 OR 3 OR

4 OR 5 OR 6 OR
7’

9. ‘cancer’
10. ‘cancers’
11. ‘carcinoma’
12. ‘carcinomata’
13. ‘neoplasm’
14. ‘neoplasms’
15. ‘tumor’
16. ‘tumors’
17. ‘tumours’
18. ‘tumour’
19. ‘adenocarcinoma’
20. ‘adenocarcinomata’
21. ‘*small-cell’
22. ‘9 OR 10 OR 11 OR 12 OR

13 OR 14 OR 15 OR 16 OR
17 OR 18 OR 19 OR 20 OR
21’

23. ‘IAP’
24. ‘Indoor air’
25. ‘pollution’
26. ‘pollutant’
27. ‘fuel’
28. ‘fuels’
29. ‘dung’
30. ‘agricultural waste’
31. ‘crop waste’
32. ‘crop residue’
33. ‘biomass’
34. ‘wood’
35. ‘stove’
36. ‘stoves’
37. ‘chula’
38. ‘chulla’
39. ‘oven’
40. ‘ovens’
41. ‘smoke’
42. ‘smoky’
43. ‘heat*’
44. cook*
45. light*
46. burn*
47. ‘23 OR 24 OR 25 OR

26 OR 27 OR 28 OR
29 OR 30 OR 31 OR
32 OR 33 OR 34 OR
35 OR 36 OR 37 OR
38 OR 39 OR 40 OR
41 OR 42 OR 43 OR
44 OR 45 OR 46’

Combined terms
‘8 AND 22 AND 47’
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Ten studies used hospital controls, two population controls
and two used both. One study included a number of conditions
known or suspected to be associated with exposure to biomass
smoke, including TB, interstitial lung disease, asthma and mis-
cellaneous pulmonary conditions.7

All studies used exposure to biomass fuel as a proxy for
HAP, and none carried out air quality or exposure measure-
ment. All but one included wood as a cooking fuel in the
definition. Two studies,6 20 combined wood with grass or
straw in the biomass exposure category, while a further two
defined biomass fuel as use of wood or charcoal.4 19 One
study used the term biomass without further description of
fuels used.17 A major concern was that eight of the studies
did not specify the type of cooking fuel used in the unex-
posed group (table 2). Several used ever versus never used
wood for cooking, so that it was unclear whether wood was
always being compared with clean fuel, as opposed to
another solid fuel such as coal. These eight studies were
judged to be weak in terms of exposure assessment quality.
Lung cancer has a long latent period, so historical and life-
time exposure patterns are important.

Most studies used pathological confirmation for lung cancer
diagnosis. Two studies relied on clinical diagnosis, one for all
cases,20 the other with 32% having pathological confirmation,16

and were assessed as weak in this regard. The majority did not
differentiate between histological types of lung cancer; one
study restricted outcome to adenocarcinoma of the lung,7

another provided separate estimates for adenocarcinoma and
small cell lung cancer.4

Most studies made adjustments for potential confounders
such as age, sex and active smoking. However, two studies made
no adjustment,16 20 and were assessed as weak on this quality
criterion. Some also adjusted for other potential confounders,
such as socio-economic status and environmental tobacco smoke
(ETS), and were quality assessed as strong. All other studies
were assessed as moderate.

Meta-analysis
The summary OR for all persons for cooking or heating with
biomass was 1.17 (95% CI 1.01 to 1.37), figure 2, using
random effects due to heterogeneity (I2=43%, p=0.02). The
funnel plot showed no clear evidence of publication bias overall,

Figure 1 Flow diagram.
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Table 2 Summary of 14 case-control studies included in the systematic review; Lissowska et al5 was included in the pooled analysis by Hosgood et al14

Author and study location
Study design (all case-control); numbers of
cases and controls; outcome assessment

Cooking fuel type(s);
assessment of duration
of use

Reference
category clearly
using clean
fuel(s)

Adequacy of
adjustment

Non-smoker
analysis*

Results: adjusted
OR (95% CI)

Behera,
India17

Hospital-based
cases: 67 (F);
pathologically confirmed controls: 46 (F)

Biomass for cooking;
duration: current fuel use

YEs: use of LPG Moderate Not reported Women: use of biomass for cooking:
OR=3.59 (1.07 to 11.97)

Gupta, India15 Hospital-based
cases: 235 (M), 30 (F); pathologically confirmed
controls: 525 (2 per case)

Wood for cooking and for
heating;
duration: <45 and >45 years
of use

No: never used
wood

Moderate Not reported Use of wood for cooking:
Men: 1–45 years: OR=0.94 (0.58 to 1.54)
>45 years: OR=0.87 (0.58 to 1.30)
Women: 1–45 years: OR=0.74 (0.20 to 2.65)
>45 years: OR=1.11 (0.34 to 3.60)
Use of wood for heating:
Men: 1–45 years: OR=2.62 (0.47 to 14.5)
Women: 1–45 years: OR= 2.78 (0.97 to 7.98)

Sapkota, India11 Hospital-based
cases: 793 (88% M); 80% cases pathologically
confirmed
controls: 718

Wood for cooking;
duration: always used wood

Yes: always used
modern cooking
fuel†

Moderate Only for all solid
fuels (biomass and
other solid fuels)

Use of wood for cooking:
Men: OR=1.30 (0.90 to 1.87)
Women: OR=1.01 (0.42 to 2.41)
Men and women non-smokers: OR=0.75 (0.45 to 1.24)

Gao, China18 Population-based
cases: 672 (F) 80%; pathologically confirmed
controls: 735

Wood for cooking;
duration: current wood use

No: not currently
using wood

Moderate Not reported Women:
Use of wood for cooking:
OR=1.0 (0.6 to 1.8)

Liu China16 Hospital-based
cases: 224 (M) and 92 (F); 32% pathologically
confirmed
controls: 224 (M) and 92 (F)

Wood for cooking;
duration: current wood use

No: not currently
using wood

Weak Not reported Use of wood for cooking:
Men: estimated (unadjusted) OR=1.39 (0.44 to 4.42)
Women: estimated (unadjusted) OR=0.84 (0.14 to 5.0)

Ko, Taiwan19 Hospital-based
cases: 105 (F); pathologically confirmed
controls: 105 (F)

Wood or charcoal for
cooking; duration: cooking
before 20 years of age, 20–
40 and after 40

Yes: no cooking/
gas

Moderate Cases are
non-smoking women

Women: use of wood/charcoal for cooking:
OR=2.7 (0.9 to 8.9)

Koo, Hong Kong20 Population-based (poorly described)
cases: 200 (F); no information on histology
controls: 200 (F)

Wood or grass for cooking;
duration: ever used wood/
grass

No: never used
wood/grass

Weak Not reported Women: use of biomass for cooking: OR=0.74 (95% CI
not reported), p=0.50

Lee, Taiwan4 Hospital-based
cases: 236 (M) and 291 (F); pathologically
confirmed
controls: 805 (M and F)

Wood or charcoal for
cooking; duration: asked
about habitual cooking
practice age 20–40 years

YEs: no cooking
or gas

Strong Not reported Women: use of wood/charcoal for small-cell carcinoma:
OR=3.5 (0.9 to12.9);
use of wood/charcoal for adeno-carcinoma: OR=3.3
(1.4 to 8.0)

Sobue, Japan6 Hospital-based
cases: 144 (F); pathologically confirmed
controls: 731 (F)

Wood or grass for cooking;
duration: asked about fuel
use at both 15 and 30 years
of age

No: not wood or
grass

Moderate Cases are
non-smoking women

Women: use of biomass for cooking:
OR=1.77 (1.08 to 2.91)

Malats, 6 European; Brazil22 Hospital-based
cases: 17 (M) and 105 (F); pathologically
confirmed
controls: 34 (M) and 87 (F)

Wood for cooking or heating;
duration: more than 20 years
use

No: not stated Strong Cases are
non-smoking (M/F
combined)

Men and women:
use of wood for heating or cooking:
OR=2.50 (1.00 to 6.25)

Hernandez-Garduno,
Mexico7

Hospital-based
cases: 113 (F) pathologically confirmed
controls‡: 273 (F)

Wood for cooking;
duration: 1–20, 21–50 and
>50 years of use

No: never used
wood

Strong Cases are
non-smoking women

Women: use of wood for cooking: 1–20 years: OR=0.6
(0.3 to 1.2); 21–50 years: OR=0.6 (0.3 to 1.3);
>50 years: OR=1.9 (1.1 to 3.5)
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or by sex (see online supplementary figure S1) and there was no
statistically significant evidence of asymmetry overall (Begg’s test
p=0.398; Egger’s test p=0.48), for women (Begg’s test
p=0.59; Egger’s test p=0.46); or for men (Begg’s test p=0.46;
Egger’s test p=0.59).

Men
The four estimates for men had a pooled OR of 1.15 (95% CI
1.01 to 1.31), using fixed effect meta-analysis (I2=0%), figure 2.
Given the small number of studies, sensitivity analysis was
limited to excluding one study with weak adjustment and
without a clean reference group,16 and another not specifying a
clean reference group;15 this yielded an OR of 1.21 (95% CI
1.05 to 1.39) and I2=0%. One of the remaining studies included
kerosene in the comparison fuel group.11 Exclusion of this study
left one report (combining four North American and European
studies) with an OR of 1.19 (95% CI 1.02 to 1.39).14

Women
Twelve studies provided estimates for women, with a summary
OR of 1.20 (95% CI 0.95 to 1.52) (figure 2) and significant het-
erogeneity (I2=51%, p=0.008). Only four reported significant
ORs, which lay in the range of 1.8–3.6.4 6 7 17 Sensitivity ana-
lysis was conducted to investigate the heterogeneity, presented
in table 3 and discussed further in the online supplementary
information. For the majority of sub-analyses heterogeneity
remained, but considerably larger and significant effect estimates
were found. Restriction to studies reporting a clean fuel refer-
ence group (n=5 reports, combining eight studies, all with
strong or moderate adjustment) increased the effect to 1.95
(95% CI 1.16 to 3.27).

Cooking
Twelve studies provided estimates for cooking, the exposure
measure used for the GBD-2010 study. These findings, includ-
ing sensitivity analysis and results for heating with biomass, are
discussed further in the online supplementary information. In
summary, the OR for all subjects cooking with biomass was
1.15 (95% CI 0.97 to 1.37, p=0.01), with similar but non-
significant results for men and women. Restriction to studies
with at least moderate adjustment and a clean fuel reference
group resulted in an OR of 1.95 (95% CI 1.14 to 3.34),
p=0.02 for women (five studies) and of 1.26 (95% CI 1.04 to
1.52), p=0.02 for men (two studies).

Exposure–response evidence
Only five studies included information on exposure duration,
which can be used as a proxy for lifetime dose. Two examined
biomass use during different time periods in the subjects’
lives,6 19 while three examined the duration of use.5 7 11 These
studies are discussed further in the online supplementary infor-
mation, but overall provided little evidence of consistent or reli-
able exposure–response relationships. Stronger evidence comes
from re-analysis of data from the European case–control study,5

which included data on duration of exposure to biomass fuel in
four categories (never solid fuel; 0–25% lifetime use wood;
25–50% lifetime use wood; and >50% lifetime use wood).
There was a statistically significant trend for men (p<0.01): OR
1.06 (<25% lifetime); OR 1.13 (25–50% lifetime); and OR
1.37 (95% CI 1.03 to 1.81), but not for women. The finding
for women of higher ORs in the developing country studies
(table 3) when restricted to those with at least moderate adjust-
ment and a clean fuel reference group is consistent with the
higher exposures observed in developing country homes.23
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DISCUSSION
This systematic review updates the epidemiologic evidence
linking HAP from household biomass fuel use and risk of lung
cancer as reported by IARC,3 and meta-analysis provides sex-
specific risk estimates for heating and/or cooking with biomass,
as well as for cooking only. It provided the risk estimates used
for cooking with biomass in the GBD-2010 study.8 There were
insufficient studies to derive a separate effect estimate for house-
hold heating with biomass fuel.

In 13 case-control studies, the overall OR for biomass use for
heating and/or cooking was 1.17 (95% CI 1.01 to 1.37). For
cooking, 12 studies provided an OR of 1.15 (95% CI 0.97 to
1.37), with similar effect sizes stratified by sex. Overall, these
studies were subject to methodological limitations, the most

important being that more than half did not explicitly
compare biomass with a clean fuel. Analysis restricted to
studies making a clean fuel comparison, and carrying out at
least moderately complete adjustment for confounding, found
larger risk estimates among both men and women of 1.21
(95% CI 1.05 to 1.39), p=0.01 and 1.95 (95% CI 1.16 to
3.27), p=0.01, respectively. The estimate was further
increased among women with exclusion of one study with
kerosene in the clean fuel group to 2.33 (95% CI 1.23 to
4.42). p=0.01, consistent with the tentative evidence of
cancer risk from the use of this fuel, especially in wick stoves
that have been in common use in India.24 Similar sub-analysis
of the cooking-only estimates provided comparable results,
although higher for women.

Figure 2 Forest plot of 13 studies (23 estimates) reporting risk of lung cancer with use of biomass fuel in the household, stratified by sex.
Notes on studies with more than one estimate (see table 2 for details):

Gupta et al 2001(a)15

Gupta et al 2001(b)15
Use of wood for cooking >45 years
Use of wood for cooking 1–45 years

Hernandez et al 2004(a)7

Hernandez et al 2004(b)7

Hernandez et al 2004(c)7

Use of wood for cooking 1–20 years
Use of wood for cooking 21–50 years
Use of wood for cooking >50 years

Lee et al 2001(a)4

Lee et al 2001(b)4
Use of wood or charcoal for risk of small cell carcinoma
Use of wood or charcoal for risk of adenocarcinoma

Tang et al 2010(a)21

Tang et al 2010(b)21
Use of wood for cooking in current/ex-smokers
Use of wood for cooking in never smokers
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Further sensitivity analysis carried out among studies with
estimates for women (too few available for men) did not reveal
other important effects relating to study features, with the
exception of geographical location. Among studies with clean
fuel comparisons and at least moderate adjustment, those from
lower-income settings (Asia and Mexico) showed substantially
higher risk than those from more developed countries, consist-
ent with higher exposure levels in the former.23

These results provide compelling evidence of an important
association between biomass fuel use and lung cancer in both
men and women. The Hill viewpoints25 provide a useful frame-
work for assessing causal evidence, and are still seen as valid in
most regards.26 An assessment of these is summarised in table 4.

Although the strength of the summary association is quite
weak for all studies combined, when restricted to women (the
group with highest exposures), at least moderate adjustment and
clean fuel reference, significant ORs in the range from 1.6 to
more than 2 were found, indicating that the true effect may be
stronger than that seen in the effect estimates for all studies.
Studies with estimates for men were consistent, with no hetero-
geneity. By contrast, there was a general lack of consistency
between the studies of women, which may be explained by dif-
ferences in exposure levels (eg, developed vs developing coun-
tries) and aspects of methodology (eg, fuel used in comparison
group). Thus, the four higher quality studies from Asia and
Mexico had much reduced heterogeneity, and the I2 was zero
with further exclusion of the study using kerosene in the com-
parison group, table 3.

Regarding temporality, there is good reason to expect that
cases with exposure to biomass would have experienced this
many years prior to the development of cancer, and it is more
likely that cases reporting clean fuel use would have had prior

exposure to biomass, at least in developing countries, resulting
in some exposure misclassification.

Although an exposure–response relationship was found for
men in re-analysis of the Lissowska dataset, little convincing evi-
dence of this was reported from other studies: this may reflect
in part the generally poor assessment of exposure, and confu-
sion about use of clean versus solid fuels at various times in sub-
jects’ lives. The finding that risks were higher among women in
the developing compared with developed country settings is
consistent with there being higher exposure in the former.

Data on mechanisms of carcinogenicity were reviewed in the
IARC Monograph;3 there is good mechanistic evidence of the
carcinogenicity of biomass smoke, which includes several known
carcinogens including polyaromatic hydrocarbons.28–30 A recent
study of young (range 27–42 years), non-smoking women from
rural India has shown higher levels of metaplastic and dysplastic
changes in airway epithelial cells in those habitually cooking
with biomass in comparison with age-matched women cooking
with LPG.31 There was also evidence of greater upregulation of
phosphorylated Akt (protein kinase B), and of higher levels of
oxidative stress, both of which are implicated in tumourigenesis.
These differences between biomass and LPG cooking groups
were associated with substantially higher levels of kitchen PM10,
PM2.5, Benzo (a) pyrene and NO2, and of a benzene metabolite
measured in the women’s urine.

Experimental studies on cancer in animals were also reviewed
in the IARC Monograph.3 No experimental or other
intervention-based evidence in human populations is available
to date. The reported risks associated with analogous exposures,
notably the effects of active smoking, emissions from coal used
for heating and cooking fuel,27 ETS 32 and outdoor air pollu-
tion,33 on lung cancer are now well established.

Table 3 Sensitivity analyses of risk of lung cancer for cooking and/or heating with biomass fuels for women

Sensitivity analysis

Group # Sub-group
Number
of studies

Heterogeneity
(I2; p-value)

OR (95% CI)
FE=fixed effects p Value References

All 1 All studies 12 51%
(p=0.008)

1.20 (0.95 to 1.52) 0.12 4 6 7 11 14–22

2 Clean fuel comparison 5 56% (p=0.04) 1.95 (1.16 to 3.27) 0.01 4 11 14 17 19

Design 3 Hospital 9 57%
(p=0.005)

1.31 (0.95 to 1.80) 0.10 4 6 7 11 15–17 19 21

4 Population 2 0% 0.89 (0.58 to 1.37) (FE) 0.59 18 20

5 Mixed* 1 N/A 1.19 (0.94 to 1.51) 0.15 14

Strong or moderate
adjustment

6 All 11 51% (p=0.01) 1.23 (0.98 to 1.55) 0.07 4–7 11 14 15 17–19 21

7 Clean fuel comparison† 5 56% (p=0.04) 1.95 (1.16 to 3.27) 0.01 4 11 14 17 19

8 Clean fuel comparison,
excluding
kerosene in comparison group

4 64% (p=0.03) 2.33 (1.23 to 4.42) 0.01 4 14 17 19

Asia and Mexico 9 All 11 53%
(p=0.006)

1.22 (0.93 to 1.61) 0.16 4 6 7 11 15–21

10 Clean fuel comparison 4 21% (p=0.28) 2.33 (1.46 to 3.72) (FE) 0.0004 4 11 17 19

11 Clean fuel comparison,
excluding
kerosene in comparison group

3 0% 3.26 (1.88 to 5.65) (FE) <0.0001 4 17 19

Europe, North
America, Brazil

12 All (all clean fuel)* 1 N/A 1.19 (0.94 to 1.51) 0.15 14

Non-smokers only‡ 13 All 4 66%
(p=0.007)

1.14 (0.78 to 1.67) 0.50 6 7 19 21

14 Clean fuel comparison 1 N/A 2.75 (0.85 to 8.86) 0.09 19

Pooling was carried out with random effects unless specified (FE).
*This report14 is a pooled analysis of four separate studies from Europe and North America (see table 2 for details).
†This sub-analysis includes the same studies as sub-analysis #2.
‡All results in this sensitivity analysis are women only.
Bold results identify those significant at (or below) the 0.01 level.
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A second systematic review of solid fuel use and lung cancer
was published by Kurmi et al34 and included seven studies (nine
estimates) for biomass. The review included all study designs,
biomass use for cooking and/or heating, but only incorporated
adjusted estimates.34 The pooled OR was somewhat higher than
for the current review at 1.50 (1.17 to 1.94), with I2=41.2%
(p=0.092); Eggar’s test for publication bias was non-significant.
The results for men were 1.78 (0.46 to 6.93) and for women
1.98 (1.44 to 2.71). Sensitivity analysis examining studies that
adjusted for smoking found an OR of 1.36 (0.99 to 1.86), and
an OR of 1.42 (1.04 to 1.94) for those with a higher quality
score. In summary, the findings for studies with better adjust-
ment and quality are consistent with similar restricted sensitivity
analysis in the current review.

CONCLUSION
Taken as a whole, this review provides stronger evidence than
was previously available on the association between household
use of biomass fuel for cooking and the risk of lung cancer. For
women, sub-analysis of higher quality studies with clean fuel
reference groups report moderately strong effects, support
causal inference (table 4), notwithstanding the limited expos-
ure–response and absence of evidence from intervention-based
studies. For men, although there are few studies (five in total,
only two with clean fuel comparisons), these are consistent and
include one with a significant exposure–response relationship.
Higher risk estimates in women than in men, and in studies
carried out in developing compared with developed country
populations, are also findings consistent with higher average
exposures leading to higher risk.

It is therefore concluded that the epidemiologic evidence for risk
of lung cancer with exposure to biomass fuel use in the household
setting is consistent with the observed associations being causal.

The most relevant estimates of effect for cooking and/or
heating with biomass fuels are those derived from the studies
with clean fuel reference groups and at least moderate adjust-
ment, namely 1.21 (95% CI 1.05 to 1.39), p=0.01 for men,
and 1.95 (95% CI 1.16 to 3.27), p=0.01 for women. It can be
expected that future studies will modify these estimates, in
particular those employing improved exposure assessment,
providing a clearer contrast between lifetime biomass and clean
fuel exposure as well exposure–response analysis. Given the
continuing, extensive use of biomass as a household fuel
throughout the developing world, this evidence adds further to
concerns about the resulting disease burden.
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Viewpoint Explanation

1 Strength of association The strength of association for all studies combined is weak, for men and women. When restricted to studies among women (the
majority) with at least moderate adjustment and explicit clean fuel reference group, larger ORs are seen, in the range 1.6–>2,
depending on the sub-analysis criteria. When restricted to studies in developing countries where exposure is expected to be
higher, an effect >2 is also seen for studies with at least moderate adjustment and a clean fuel reference group.

2 Consistency across populations,
study designs

All studies used a case-control design, although control selection and exposure definitions varied substantially. Findings for
studies overall are consistent for men (five estimates; I2=0), but not for women among whom high levels of statistical
heterogeneity are seen overall and for most sub-analyses. Heterogeneity was, however, much reduced with analysis stratified by
developed vs developing country settings, particularly with the latter restricted to studies with at least moderate adjustment and a
clean fuel reference group.

3 Specificity Biomass smoke exposure is linked to a wide range of outcomes; specificity is a viewpoint that is no longer considered useful.26

4 Temporality (exposure precedes
outcome)

Although studies were retrospective case-control designs, subjects exposed at the time of data collection would almost certainly
have been exposed in the past for many years, and duration of exposure was assessed in some. Bias (towards the null) is also
possible in reference groups reporting current use of clean fuel, as at least some of these subjects may well have had prior
exposure to biomass fuel during the latent period for the development of lung cancer.

5 Biological gradient (dose–response) A dose–response relationship was reported only from the re-analysis of European data in the Lissowska et al study5 and only
statistically significant for men.

6 Biological plausibility Strong evidence is available on biological plausibility. Evidence on mutagenicity and other mechanisms was summarised in the
International Agency for Research on Cancer (IARC) monograph review, and noted (1) the presence of polycyclic aromatic
hydrocarbons and other established carcinogenic compounds at levels in wood smoke that are known to be carcinogenic, (2)
evidence of mutagenicity of woodsmoke, and (3) multiple studies that show cytogenetic damage in humans who are exposed to
wood smoke.3

7 Coherence with natural history,
animal studies

Globally, rates of lung cancer incidence and mortality are driven primarily by smoking, and where studied within China for
household fuel by the use and type of coal.27 This review has found evidence of higher risk in studies from parts of the world
expected to have higher exposure to biomass smoke. Evidence from animal studies was summarised by the IARC monograph
review, and described as limited for the carcinogenicity of emissions from combustion of wood, but sufficient for the
carcinogenicity of wood smoke extracts.

8 Experiment No experimental or intervention-based epidemiologic evidence for biomass and lung cancer is available.
9 Analogy Evidence from other combustion sources, including active and second-hand tobacco smoking, and ambient air pollution, is well

established.
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1. Selection of eligible studies 
 

During the study selection process, it was found that, of the 21 manuscripts with information on 

biomass use, seven combined biomass and other solid fuels into one category such as ‘traditional’ or 

‘solid fuels’. Since these studies would not allow an assessment of the health risks of biomass fuel 

per se, these were excluded.1-7  

2. Analysis of publication bias 
 

2.1 Funnel plot 
 
Figure S1: Funnel plot of 14 studies (25 estimates) of biomass and lung cancer, stratified by sex. See 
main text for statistical tests of funnel plot asymmetry. 

 

 

 

2.2 Statistical tests of funnel plot asymmetry 
 

 All studies: Begg’s test p = 0.398; Egger’s test p = 0.48 

 Women: Begg’s test p=0.59; Egger’s test p=0.46 

 Men: Begg’s test p=0.46; Egger’s test p=0.59.   
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3. Sensitivity analysis 
 

3.1 Women 
Nine of the studies used hospital controls, so there was little opportunity to study the effect of this 
aspect of design.  Studies using population (n=2) and mixed (n=1 report, pooling 4 studies) controls 
did have lower ORs, but differences were small. 
 
The majority (n=10) had strong or moderate adjustment for confounding, with a summary OR of 
1.25 (0.98, 1.61).  Restriction to studies with a clean fuel reference group resulted in an OR of 1.95 
(1.16, 3.27) (sub-analysis #2, Table 3 in main text), further increasing to 2.33 (1.23, 4.42) on 
exclusion of the one study with kerosene in the reference group. 
 
There was some evidence of a larger effect in studies from less-developed countries, consistent with 
higher exposure, but only apparent when restricted to studies reporting a clean fuel reference 
group.  In studies with a clean reference group, those from Asia had an OR of 2.33 (1.46, 3.72), 
p<0.001, compared to an OR of 1.19 (0.94, 1.51), p=0.15 for the pooled study carried out in Europe 
and North America. 
 
Four studies with results for non-smoking women had an OR of 1.14 (0.78, 1.67), p=0.5, but only one 
of these reported a clean fuel comparison with an OR of 2.75 (0.85, 8.86), p=0.09.  
 

Table S1: Results for meta-analysis of studies reporting estimates for cooking with biomass fuel, 
stratified by sex. 

 
Group 
 

Number 
of 
studies  

Heterogeneity  
(I

2
; p-value) 

OR (95% CI) 
FE=Fixed 
Effects 

p-
value 

References 

All (men and women) 
 

12 41% (0.02) 1.15 (0.97, 
1.37) 

0.10 
8-19

; IARC (personal 
communication) 

Women All 12 50% (0.009) 1.20 (0.93, 
1.54) 

0.15 
8-19

; IARC (personal 
communication) 

At least moderate 
adjustment and clean fuel 
reference group 

5* 52% (p=0.06) 1.95 (1.14, 
3.34) 

0.02 
9 11 13 15 17

; IARC 
(personal 
communication) 

At least moderate 
adjustment and clean fuel 
reference group, 
excluding one study with 
kerosene in the reference 
group 

4 57% (p=0.06) 2.30 (1.22, 
4.36) 

0.01 
11 13 15 17

; IARC 
(personal 
communication) 

Men All 4 0% 1.15 (0.98, 
1.35) FE 

0.08 
9-12

; IARC 

At least moderate 
adjustment and clean fuel 
reference group 

2* 0% 1.26 (1.04, 
1.52) FE 

0.02 
9 11

; IARC (personal 
communication) 

*One of these studies includes kerosene in the reference group
9
 

 

3.2 Heating and mixed use of biomass fuel 
Lissowska et al11 reported a non-significant effect for risk of lung cancer in both men and women 
who used wood for heating compared to those who had never used solid fuels; men OR 1.2 (0.97, 
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1.49) and women OR 0.97 (0.62, 1.52). However most subjects were Eastern Europeans whose 
exposure to HAP will have been very different to those in developing country homes using open fires 
and traditional stoves.  Gupta10 also examined biomass fuel for heating in a case control study from 
Chandigarh, India, but the observed effects were non-significant for men and women.  
 
Malats et al20 reported an increased risk for lung cancer among men and women (combined) 
associated with biomass use for either heating or cooking after adjustment for age, sex, ETS, 
residential history and coal use among non-smokers with an OR of 2.5 (1.0, 6.2).  The pooled analysis 
of four European and North American studies21 found an elevated odds ratio among men and 
women of 1.21 (1.06, 1.38) for wood use for heating and/or cooking. 

4. Exposure-response evidence 
Five studies included information on exposure duration, which can be used a proxy for lifetime dose, 
and the evidence relating to exposure-response relationships for biomass fuel use and risk of lung 
cancer is considered here. 
 
One Japanese study18 retrospectively asked non-smoking women if they had used wood/straw for 
cooking at ages of 15 and 30 years. Use of wood/straw at age 30 was associated with an unadjusted 
OR for lung cancer of 1.89 (1.16-3.06) when compared with those who did not use biomass.  Use of 
wood/straw at age 15 was associated with an odds ratio of 1.24 (0.86, 1.81). Ninety percent of 
women who were using wood at age 30 had also been using wood for cooking when they were 15 
years old, implying a longer duration of use and consistent with a dose-response effect. These effect 
estimates were not adjusted, however, and the higher effect seen at age 30 might be accounted for 
by confounding from other factors, including ETS.  
 
A study from Taiwan22 investigated the risk of lifetime exposure to wood or charcoal by analysing 
fuel use in three discrete periods of life; before 20 years of age, ages from 20 to 40 and after the age 
of 40. The ORs (age-matched, and adjusted for socio-demographic variables) for the first two periods 
were 2.5 (1.3, 50.1) and 2.5 (1.1, 5.7), when compared to matched controls who did no cooking or 
used gas for cooking. Only four women cooked with wood beyond the age of 40 and this was not 
associated with an increased risk of lung cancer. Further interpretation of these results is difficult as 
the women lived through each of the cooking-period categories (each includes the full sample of 
cases and controls), and information is not given on the total number of years each woman cooked 
with biomass. 
 
Three studies constructed the exposure variable to take into account the duration of exposure. A 
multi-centre case-control study from India9 categorised subjects into those who had always used 
modern fuels and those who had used wood for fuel for <30, 30- 50 and >50 years; although the <30 
year group had the lowest OR, there was no evidence of a significant trend in risk (P trend = 0.86). It is 
worth noting that 88% of the subjects in this study were men who may have had lower exposures to 
cooking smoke than women. 
 
A study of women in Chandigarh India10 reported a higher risk of lung cancer associated with wood 
used for cooking for more than 45 years [OR 1.11 (0.34, 3.60)], compared to use for less than 45 
years [OR 0.74 (0.2, 2.65)]. Although adjusted for age, education and cumulative tobacco smoking, 
the numbers of female cases was small (n=30) and the results non-significant.  Larger numbers of 
cases were available for men, but analysis by duration of exposure to wood for cooking showed no 
evidence of a trend.  
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The case-control study from Mexico City with 113 female lung adenocarcinoma cases 14 divided 
exposure to cooking with wood into four categories; none, 1-20 years, 21-50 years and >50 years of 
cooking. An increased risk was only found in women who had used wood for cooking for > 50 years 
(adjusted OR 1.9, 1.1, 3.5)(Table 2).  
 
See main text for discussion on the contributions to evidence on exposure-response relationships of 
findings from (i) re-analysis of Lissoswska et al (2005), and (ii) geographical variations in risk. 
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