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Use of wood stoves and risk of cancers of the
upper aero-digestive tract: a case-control study
Javier Pintos,a Eduardo L Franco,a Luiz P Kowalski,b Benedito V Oliveirac and Maria P Curadod

Background Incidence rates for cancers of the upper aero-digestive tract in Southern Brazil are
among the highest in the world. A case-control study was designed to identify
the main risk factors for carcinomas of mouth, pharynx, and larynx in the region.
We tested the hypothesis of whether use of wood stoves is associated with these
cancers.

Methods Information on known and potential risk factors was obtained from interviews
with 784 cases and 1568 non-cancer controls. We estimated the effect of use of
wood stove by conditional logistic regression, with adjustment for smoking,
alcohol consumption and for other sociodemographic and dietary variables
chosen as empirical confounders based on a change-in-estimate criterion.

Results After extensive adjustment for all the empirical confounders the odds ratio (OR)
for all upper aero-digestive tract cancers was 2.68 (95% confidence interval
[CI] : 2.2-3.3). Increased risks were also seen in site-specific analyses for mouth
(OR = 2.73; 95% CI: 1.8-4.2), pharyngeal (OR = 3.82; 95% CI: 2.0-7.4), and
laryngeal carcinomas (OR = 2.34; 95% CI: 1.2^i.7). Significant risk elevations
remained for each of the three anatomic sites and for all sites combined even
after we purposefully biased the analyses towards the null hypothesis by adjust-
ing the effect of wood stove use only for positive empirical confounders.

Conclusions The association of use of wood stoves with cancers of the upper aero-digestive
tract is genuine and unlikely to result from insufficient control of confounding.
Due to its high prevalence, use of wood stoves may be linked to as many as 30%
of all cancers occurring in the region.
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Cancers of the upper aero-digestive tract (UADT) are among the
most common neoplasms worldwide. Incidence rates of cancer
of the oral cavity and pharynx are rising in most areas.1 The
UADT cancers rank as the third most frequent group of neo-
plasms among males and the fourth most frequent among
females in developing countries.2 Incidence rates in Southern
Brazil are among the highest in the world; the combined annual
age-standardized rates for oral, pharyngeal, and laryngeal cancer
are 49.7 and 36.1 per 100 000 males in Sao Paulo and Porto
Alegre, respectively.2'3

Several epidemiological studies have identified tobacco
and alcohol consumption, and their joint effect, as the most
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important risk factors for the development of UADT cancers.4"6

Diets low in carotenes and vitamin A have also been identified
as determinants of these neoplasms.7"9 Other regionally specific
dietary factors, such as consumption of mati or chimarrSo, have
been found consistently associated with increased risks for
UADT cancers in temperate South America.10'11

Indoor air pollution has been postulated as a potential risk
factor for head and neck neoplasms. Kodama and Dollar12

suggested that the high incidence of cancers of the UADT in
Southeastern Asia could be related to chronic exposure to the
smoke from indoor fires. A main difficulty in evaluating the risk
of UADT cancers due to indoor fires is the appropriate control of
confounding, mainly tobacco smoking, alcohol consumption,
and dietary factors. Incomplete adjustment for these variables
may leave residual confounding, manifested as spuriously
elevated risks attributable to indoor air pollution.

We analysed the data from a case-control study to assess
whether use of wood stoves for cooking and heating is asso-
ciated with an increased risk of UADT cancer in Southern Brazil.
To circumvent the confounding problem by prominent risk
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factors we used a very conservative approach to adjust the
analysis of the association between use of wood stove and
UADT cancer risk for an extensive list of empirical confounders.

Subjects and Methods
Study subjects
The investigation followed a hospital-based, case-control study
design. AH patients with newly diagnosed squamous cell car-
cinoma of the mouth (International Classification of Diseases,
9th revision rubrics [ICD-9] 140-145), pharynx (ICD-9 146-
149), and larynx (ICD-9 161) referred to three head-and-neck
surgery services in Sao Paulo (Heliopolis Hospital), Curitiba
(Erasto Gaertner Hospital), and Goiania (Araujo Jorge Hospital)
between January 1987 and January 1989, were considered
eligible for the study. Patients with tumours of the salivary
gland (ICD-9 142) or of the nasopharynx (ICD-9 147) were
excluded from the investigation. All diagnoses were confirmed
histopathologically and the anatomical site was ascertained
post-surgically.

Control subjects were selected among inpatients from the
same hospitals where cases had been identified or from another
general hospital with the same catchment area as the index
hospital. Two control patients were matched to each case on the
basis of gender, 5-year age group, and trimester of hospital
admission. Patients with neoplastic diseases (ICD-9 140-239) or
mental disorders (ICD-9 290-319) were not eligible as controls.

Risk factor information
Nurses, who had been specially trained for this study, conducted
questionnaire-based, structured interviews with all subjects
to elicit information on sociodemographic variables, health
conditions, environmental and occupational exposures, tobacco
and alcohol consumption, diet, and oral hygiene. Interviews were
carried out before treatment was initiated and were interrupted
if patients experienced difficulty communicating due to pain
or speech problems. Altogether, there were nine cases elimin-
ated from the study: one refusal, seven due to physical con-
ditions, and one due to our inability to identify suitable controls.
There were no refusals to participate among controls.

Methods of analysis
The odds ratio (OR) was the measure of association used to
estimate the relative risk of disease due to each study factor.
The OR and their respective 95% confidence intervals (CI) were
calculated by conditional logistic regression, which maintained
the matching used in the design of the study.13 Analyses were
done with MULTLR, a public domain software for both uncon-
ditional and conditional logistic regression (available at hup://
www.epi.mcgill.ca).14 Adjustment for tobacco and alcohol con-
sumption was based on the lifetime cumulative exposure using
the pack-years equivalent of dgarette smoking and the sum
over all beverage types in kg of ethanol consumption. The variable
subsuming cumulative tobacco consumption included other
tobacco types, besides cigarettes. For the computation of pack-
years of consumption we assumed the following equivalence:
20 manufactured cigarettes = 4 hand-rolled, black tobacco
cigarettes = 4 cigars = 5 pipes with pipe tobacco. A pack-year
was defined as the cumulative exposure equivalent to smoking
one pack of cigarettes daily during one year. Likewise, the

lifetime alcohol consumption variable included individual
beverages reported during interview. The ethanol content was
assumed to be 5% in beer, 10% in wine, and 50% in hard liquor.

Since residual confounding was a major concern in the inter-
pretation of the association between use of wood stove and risk
of UADT cancer, control of confounding was done by extending
covariate adjustment to other variables that were considered
empirical confounders. Following a change-in-estimate con-
founder selection criterion,15'16 we identified all potential
confounders based on their ability to alter the point estimates of
the OR for wood stove exposure. We defined as empirical
confounders any variables that, when included in the models,
changed the point estimate of the crude or of the adjusted (for
tobacco and alcohol consumption) OR by 2% or more. We
arbitrarily defined the cutoff at this conservative level to select
all variables that could confound the association either in-
dividually or jointly, even at the expense of a probable loss in
precision when examining the wood stove-risk association.
This process was repeated for all sites combined and for mouth,
pharynx, and larynx, independently.

In addition to the tobacco and alcohol consumption variables
defined above, we considered the following factors as potential
empirical confounders: (i) Sociodemographic variables: ethnicity,
rural residency, schooling level, household income; (ii) Diet:
past frequency of consumption of chimarrao, coffee, tea, and
drinking temperature of these beverages, smoked or cured
meat, barbecued or broiled meat, orange, lemon, tomato, carrot,
pumpkin, papaya, pequi (a fibrous fruit common in central
Brazil), leafy and green vegetables, pickles, pepper, eggs, milk,
pinh&o (the fruit of a coniferous tree common in Southern
Brazil), manioc, corn; (iii) History of employment in specific
industries: textile, wood and paper, mining, leather, metallurgy,
sugar and alcohol refining, and rubber. In the interest of
'capturing' the confounding effect, variables with multiple
categories were preserved as such when added to models as sets
of dummy regressors; we made no attempt to use simplified
dichotomous forms of any of the potential confounders. All
models adjusted for smoking and alcohol contained at least four
dummy factors for each of these variables to accommodate five
ordinal categories of exposure.

The statistical assessment of interaction (effect modification)
was based on a multiplicative scale by fitting models containing
main effect variables and their cross-product terms, inference
was based on the statistic representing the ratio of the estimated
coefficient to its standard error assuming a standard normal
distribution.

Results
A total of 784 cases and 1568 controls were included in the
study. Case accrual by city was as follows: 213 (27.2%) in
Sao Paulo, 380 (48.5%) in Curitiba, and 191 (24.4%) in Goiania.
There were 373 (47.6%) patients with cancer of the mouth,
217 (27.7%) with pharyngeal cancer, and 194 (24.7%) with
laryngeal cancer. The underlying causes of hospitalization
among control patients could be grouped into 13 diagnostic
categories of the ICD-9, of which the most common were:
digestive system diseases (26.0%), cardiovascular system
diseases (24.9%), ill-defined diagnostic conditions (8.6%), and
genito-urinary tract conditions (7.5%).


