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BACKGROUND: The evidence indicates that risk factors other than smoking are important in the
development of COPD. It has been postulated that less traditional risk factors (eg, exposure to coal
and/or biomass smoke) may interact with smoking to further increase COPD risk. This analysis
evaluated the effect of exposure to biomass and smoking on COPD risk in a primary care setting
in Latin America. METHODS: Subjects attending routine primary care visits, >40 y old, who were
current or former smokers or were exposed to biomass smoke, completed a questionnaire and
performed spirometry. COPD was defined as post-bronchodilator FEV1/FVC < 0.70 and the lower
limit of normal. Smoking was defined by pack-years (< 20, 20–30, or > 30), and biomass exposure
was defined as an exposure to coal or wood (for heating, cooking, or both) for > 10 y. RESULTS:
One thousand seven hundred forty-three individuals completed the questionnaire, and 1,540 per-
formed spirometry. Irrespective of COPD definition, approximately 40% of COPD subjects re-
ported exposure to biomass versus 30% of those without COPD. A higher proportion of COPD
subjects (post-bronchodilator FEV1/FVC < 0.70) than those without COPD smoked > 30 pack-
years (66% vs 39%); similar results were found with the lower limit of normal definition. Analysis
of exposure to biomass > 10 y plus smoking > 20 pack-years (reference was no exposure) found
that tobacco smoking (crude odds ratio [OR] 4.50, 95% CI 2.73–7.41; adjusted OR 3.30, 95% CI
1.93–5.63) and biomass exposure (crude OR 3.66, 95% CI 2.00–6.73; adjusted OR 2.28, 95% CI
1.18–4.41) were risk factors for COPD, with smoking a possible confounder for the association
between biomass and COPD (post-bronchodilator FEV1/FVC < 0.70); similar results were found
with the lower limit of normal definition. CONCLUSIONS: Subjects with COPD from primary care
had a higher exposure to biomass and smoking compared with non-COPD subjects. Smoking and
biomass are both risk factors for COPD, but they do not appear to have an additive effect. Key
words: COPD; smoke; biomass exposure; primary care. [Respir Care 0;0(0):1–•. © 0 Daedalus
Enterprises]

Introduction

COPD is a disease of high prevalence, morbidity, and
mortality worldwide and is associated with exposure to
toxic particles and smoke.1-9 Although smoking (tobacco

consumption) is widely recognized as the most impor-
tant risk factor for COPD, it is now also recognized that
a substantial proportion of COPD cases (one quarter to
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one third of all cases) cannot be explained only by
smoking, and the disease also occurs in non-smokers. A
statement by the American Thoracic Society on novel
risk factors and the global burden of COPD reported
that the population-attributable fraction for smoking as
a cause of COPD was � 80% of those involved in most
clinical studies, indicating that other risk factors in ad-
dition to cigarette smoking are important in the devel-
opment of the disease.10

The Latin American Project for the Investigation of Lung
Disease (PLATINO) population-based study showed that
among 5,315 subjects studied, 2,278 had never smoked,
and 3,036 were current or ex-smokers. COPD was ob-
served in 3.5% of those who had never smoked and in
7.5% of those who had smoked.11 The prevalence of COPD
in those who have never smoked has also been reported in
other population-based studies.12-15

The results of these population-based studies suggest
that predictors of COPD in those who have never smoked
include older age, female sex, a prior diagnosis of asthma
or tuberculosis, lower education level, increased body
mass index, exposure to environmental tobacco smoke
or coal and/or biomass smoke, poor ventilation in the
kitchen, a family history of respiratory disease, and child-
hood respiratory diseases.11-13 However, it has been sug-
gested that some of these less traditional COPD risk
factors, in particular biomass exposure, may interact
with smoking to further increase the risk of COPD.
Moreover, Lopez-Campos et al16 showed that subjects
with COPD who were exposed to both tobacco and
biomass smoke had increased oxygen usage and de-
creased quality of life.

There is a relative lack of information from the pri-
mary care setting regarding the history of smoking and
biomass exposure in patients with and without COPD as
well as on the possible additive effect among these ex-
posures to increase the risk of COPD. Recently, the
PUMA (Prevalence Study and Regular Practice, Diag-
nosis, and Treatment Among General Practitioners in
Populations at Risk of COPD in Latin America) study,
conducted in a primary care setting, evaluated the prev-
alence of air flow limitation in a population at risk for
COPD.17,18 This study offered a good opportunity to
assess different aspects of the disease in a large inter-
national primary care sample from Latin America. There-
fore, the aims of the present study were to: (1) describe
the history of smoking and biomass exposure in this
primary care population; (2) analyze the exposure to
biomass and smoking in COPD (using different spiro-
metric definitions) and non-COPD subjects; and (3) mea-
sure the association between biomass exposure and to-
bacco smoking (pack-years) and COPD (using different
spirometric definitions).

Methods

The PUMA study was conducted in primary care set-
tings in Argentina, Colombia, Venezuela, and Uruguay.
The complete methodology has been published else-
where.17-20 Briefly, this was a multi-center, multinational,
cross-sectional, non-interventional study including primary
care centers without direct connection with respiratory med-
icine specialists that were selected to reflect national pri-
mary care practice in terms of geographical distribution
and health-care sector. Subjects were recruited during rou-
tine spontaneous or scheduled medical appointments un-
related to the study (with or without symptoms). The study
was approved by the ethics committees for each site. All
subjects provided written informed consent.

At-risk subjects were included if they were �40 y of
age, current or ex-smokers (� 10 pack-years, � 50 pipes/y,
or � 50 cigars/y), and/or exposed to biomass smoke (wood
or coal for cooking or heating; exposure � 100 h/y). Par-
ticipants completed a modified version of the PLATINO
study questionnaire1 for information on factors potentially
associated with COPD; these included demographics,
smoking habits, biomass exposure, education, employment,
respiratory symptoms, use of respiratory medication, and
prior spirometric testing. Data on prior medical diagnosis
of tuberculosis, asthma, chronic bronchitis, emphysema,
COPD, self-reported exacerbations, and hospitalizations

QUICK LOOK

Current knowledge

COPD is associated with exposure to toxic particles and
smoke. Although smoking (tobacco consumption) is
widely recognized as the most important risk factor for
COPD, it is now also recognized that a substantial pro-
portion of COPD cases cannot be explained only by
smoking. It has been suggested that the interaction of
some less traditional COPD risk factors, such biomass
exposure, with smoking might further increase the risk
of COPD.

What this paper contributes to our knowledge

In a primary care setting in 4 Latin American countries,
approximately 40% of subjects with COPD reported
exposure to biomass versus 30% of those without COPD.
A higher proportion of subjects with COPD than those
without COPD smoked � 30 pack-years (66% vs 39%).
Biomass exposure (� 10 y) and tobacco smoking (� 20
pack-years) (no exposure as reference) were risk factors
for COPD, but they do not appear to have an additive
effect.
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were also obtained. Spirometry was performed using the
portable, battery-operated ultrasound Easy One spirometer
(ndd Medical Technologies, Zurich, Switzerland). Spirom-
etry tests were performed at baseline and 15 min after the
administration of 400 �g of salbutamol, according to the
American Thoracic Society criteria of acceptability and
reproducibility.

The definition of COPD proposed by the Global Initia-
tive for Chronic Obstructive Lung Disease was used: post-
bronchodilator FEV1/FVC � 0.70.21 The post-bronchodi-
lator lower limit of normal for FEV1/FVC criteria was also
used. Smoking was defined by pack-years (� 20, 20–30,
or � 30), and biomass exposure was defined as the history
of exposure to coal or wood (for heating, cooking, or both)
at for � 10 y.

Statistical Analysis

We performed descriptive analysis using relative fre-
quencies for the variables and comparison of the groups
with and without COPD using a chi-square test for heter-
ogeneity. Also, the mean duration of tobacco exposure
(smoked pack-years) and of biomass exposure were ob-
tained.

For the crude and adjusted models, we used a logistic
regression analysis to determine odds ratios (ORs) and the
respective 95% CIs. For the adjusted model, we used as
confounders the following variables: sex (male/female),
age (complete years), skin color (white/non-white), school-
ing (complete years of formal education), body mass index
(kg/m2), modified Medical Research Council scale, cough
(yes/no), and phlegm (yes/no). For the analysis of a pos-
sible association of tobacco smoking plus biomass with
COPD, these measures were mutually adjusted. All anal-
yses were performed using Stata release 13 (StataCorp,
College Station, Texas). P values � .05 were considered
statistically significant.

Results

Participation rates in the PUMA study have been pub-
lished previously.17-20 Among the 1,743 subjects who com-
pleted interviews, 1,540 had acceptable spirometry. Based
on post-bronchodilator FEV1/FVC � 0.70 criteria, COPD
was present in 309 subjects and was present in 226 sub-
jects using lower limit of normal criteria.

Baseline demographics and characteristics of subjects
with or without COPD in the PUMA population, accord-
ing to post-bronchodilator FEV1/FVC � 0.70 and lower
limit of normal criteria, are shown in Table 1. As expected,
subjects with COPD (defined using either criteria) were
older, predominantly male, had a lower body mass index
(� 25 kg/m2), reported more respiratory symptoms (dys-
pnea, cough, and phlegm), had more self-reported asthma,

and had a modified Medical Research Council score of
� 2 compared with those without COPD.

Exposure to biomass for � 10 y and to tobacco smoke
for � 10 pack-years in subjects with COPD according to
post-bronchodilator FEV1/FVC � 0.70 criteria and lower
limit of normal criteria are shown in Figures 1 and 2,
respectively. Irrespective of the COPD definition used, a
greater proportion of subjects with COPD (approximately
40%) reported exposure to biomass in comparison with
subjects without COPD (approximately 30%) (Fig. 1). A
greater proportion of subjects with COPD, defined by post-
bronchodilator FEV1/FVC � 0.70, compared with subjects
without COPD, smoked � 30 pack-years (66% vs 39%);
similar results were found for COPD according to the
lower limit of normal criteria (Fig. 2).

The mean number of pack-years smoked and the mean
years of biomass exposure in subjects with COPD, using
either definition of COPD, were higher than in those with
COPD than in those without the disease (Fig. 3). Subjects
with COPD, for both definitions, had an average of 44
pack-years of tobacco smoking and 12 y of biomass ex-
posure (Fig. 3).

The association between biomass exposure and tobacco
smoking (pack-years smoked) with COPD is shown in
Table 2. Biomass exposure (� 10 y) was found to be a risk
factor for COPD (defined using both criteria) in the crude
analysis, with the risk of COPD increasing with increased
exposure (Table 2); however, this did not reach statistical
significance in the adjusted analysis (subjects who were
exposed to biomass could be also smokers; therefore, they
could be exposed to both biomass and smoke). The lack of
statistical significance in the adjusted analysis could be
due to the concomitant presence of smoking. Smoking
� 20 pack-years was found to be a risk factor for COPD
(defined using both criteria) in both the crude and adjusted
analysis, with increased smoking further increasing the
risk of COPD (Table 2). In the analysis of exposure to
biomass and/or smoking, it would appear that whereas
both tobacco smoking and biomass exposure are risk
factors for COPD (the unique effects of those only ex-
posed to biomass or to smoking are significant), the
adjusted OR might suggest that smoking is a possible
confounding factor for the association between biomass
and COPD (Table 2).

Discussion

The main findings of this study on tobacco smoke, bio-
mass exposure, and COPD risk in a primary care setting
were as follows. First, a higher proportion of subjects with
COPD reported exposure to biomass and tobacco smoke
compared with those without COPD, and the most fre-
quent source of biomass exposure was cooking. Second,
increased tobacco smoking and biomass exposure further
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increased the risk of COPD, but smoking appeared to be a
confounding factor for the association of biomass and
COPD.

The major effects of smoking in COPD have been ex-
tensively documented for many years. Several population-
based studies in primary care settings have reported the
smoking pattern in subjects with and without COPD.22-24

In the PLATINO study, tobacco smoking was higher in

subjects with COPD compared with those without COPD
(19.4 vs 9.1 pack-years). The proportions of current smok-
ers and ex-smokers were also higher in those with COPD
than in those without the disease (current smokers: 36.0%
vs 28.8%; ex-smokers: 32.5% vs 26.8%).22 In addition,
both females and males with COPD reported higher to-
bacco smoking compared with persons without COPD (fe-
males: 11.6 pack-years vs 6.0 pack-years; males: 26.5 pack-

Table 1. Baseline Demographics and Characteristics of Subjects With and Without COPD, According to Post-Bronchodilator FEV1/FVC � 0.70
and Lower Limit of Normal Criteria

Variable

Post-Bronchodilator
FEV1/FVC � 0.70

Lower Limit of Normal

No COPD,
% (n � 1,231)

COPD,
% (n � 309)

P
No COPD,

% (n � 1,314)
COPD,

% (n � 226)
P

Sex .006 .057
Female 52.7 44.0 52.0 45.1
Male 47.3 56.0 48.0 54.9

Age, y (complete) �.001 �.001
40–49 23.8 2.2 21.8 5.8
50–59 38.3 23.0 36.9 25.2
60� 37.9 74.8 41.3 69.0

Skin color .66 .21
White 55.3 53.9 55.7 51.1
Non-white 44.7 46.1 44.3 48.9

Schooling, y (complete) of formal education .12 .14
0–8 48.4 53.4 48.6 54.0
9� 51.6 46.6 51.4 46.0

BMI, kg/m2 �.001 �.001
�25.0 24.8 44.7 25.3 49.1
25.0–29.9 40.4 34.6 40.4 32.7
�30 34.8 20.7 34.3 18.1

mMRC dyspnea scale �.001 �.001
No 58.5 36.4 57.9 32.7
1 19.9 19.9 19.8 20.6
2 10.8 17.8 11.4 16.8
3 9.2 18.2 9.1 21.5
4 1.7 7.7 1.9 8.4

Cough �.001 �.001
No 70.6 56.3 69.7 56.2
Yes 29.4 43.7 10.3 43.8

Phlegm �.001 �.001
No 74.0 55.0 72.9 54.4
Yes 26.0 45.0 27.1 45.6

Self-reported asthma �.001 �.001
No 87.9 73.5 87.2 72.1
Yes 12.1 26.5 12.8 27.9

Self-reported tuberculosis .13 .57
No 98.9 97.7 98.7 98.2
Yes 1.1 2.3 1.3 1.8

Self-reported lung cancer .83 .84
No 99.6 99.7 99.6 99.6
Yes 0.4 0.3 0.4 0.4

BMI � body mass index
mMRC � modified Medical Research Council
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years vs 14.1 pack-years).23 Data from a primary care
study of subjects at least 45 y of age and with a history of
smoking showed that subjects with COPD have a higher
smoking index than those without COPD (52.6 pack-years
vs 32.1 pack-years).24 The results of the present analysis
indicate that a larger proportion of subjects with COPD

than those without COPD smoked � 30 pack-years (66%
vs 39%). The proportion of subjects who smoked � 20
pack-years was only 18% in the group with COPD (de-
fined as post-bronchodilator FEV1/FVC � 0.70) and 37.5%
in those without the disease. Our results, therefore, are
consistent with previous reports and argue in favor of smok-

Fig. 1. Exposure to biomass (defined using lower limit of normal criteria [A] and post-bronchodilator FEV1/FVC � 0.70 [B]) in subjects with
and without COPD.

Fig. 2. Exposure to pack-years smoked (defined using lower limit of normal criteria [A] and post-bronchodilator FEV1/FVC � 0.70 [B]) in
subjects with and without COPD.
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ing as a strong risk factor for COPD, with higher COPD
risk with increased smoking, although this population al-
ready has a moderate-to-high tobacco use.

Although cross-sectional and cohort studies have con-
sistently shown that smoking is one of the most important
risk factors for COPD, a wide variation in the population-
attributable fraction for smoking as a cause of COPD has
been reported (ranging from 9.7 to 97.9%).10 The evidence
indicates that a substantial proportion of COPD cases can-

not be attributed to smoking and that other risk factors are
important in the development of COPD.11-13,25,26 In the
PLATINO study, age, current smoking status, indoor ex-
posure to coal, and exposure to dust in the workplace were
the risk factors presenting the highest etiological fractions
for COPD.1 Attributable risk for COPD was 52% for being
�60 y of age, and for modifiable risk factors, the risk was
27% for being a current smoker, 11% for exposure to coal
for � 10 y, and 9% for exposure to dust in the workplace

Fig. 3. Exposure to biomass (mean years) and pack-years smoked (defined using post-bronchodilator FEV1/FVC � 0.70 [A] and lower limit
of normal criteria [B]) in subjects with and without COPD.

Table 2. Association of Biomass Exposure and Tobacco Smoking With COPD

Variable

Post-Bronchodilator FEV1/FVC � 0.70 Lower Limit of Normal

Crude
OR (95% CI)

P
Adjusted

OR (95% CI)
P

Crude
OR (95% CI)

P
Adjusted

OR (95% CI)
P

Biomass, y exposed �.001 .26 .003 .62
0 1.00 1.00 1.00 1.00
�0–10 1.57 (1.10–2.24) 1.27 (0.84–1.93) 1.18 (0.78–1.77) 0.90 (0.56–1.44)
�10 2.02 (1.50–2.73) 1.34 (0.92–1.96) 1.75 (1.26–2.44) 1.15 (0.76–1.74)

Biomass, y exposed �.001 .25 .001 .57
0–10 1.00 1.00 1.00 1.00
�10 1.75 (1.33–2.30) 1.23 (0.87–1.74) 1.67 (1.23–2.26) 1.19 (0.81–1.75)

Pack-years smoked �.001 �.001 �.001 �.001
�20 1.00 1.00 1.00 1.00
�20–30 1.44 (0.94–2.23) 1.41 (0.87–2.29) 1.33 (0.82–2.16) 1.27 (0.75–2.17)
�30 3.67 (2.62–5.19) 2.63 (1.80–3.84) 3.13 (2.15–4.56) 2.25 (1.48–3.40)

Pack-years smoked �.001 �.001 �.001 .001
�20 1.00 1.00 1.00 1.00
�20 2.84 (2.04–3.95) 2.21 (1.54–3.18) 2.48 (1.72–3.57) 1.91 (1.28–2.85)

Biomass (� 10 y) and/or
pack-years (� 20)

�.001 �.001 �.001 .006

No exposure 1.00 1.00 1.00 1.00
Only biomass 3.66 (2.00–6.73) 2.28 (1.18–4.41) 3.23 (1.66–6.27) 2.14 (1.05–4.36)
Only pack-years 4.50 (2.73–7.41) 3.30 (1.93–5.63) 3.73 (2.16–6.43) 2.80 (1.56–5.03)
Both 6.94 (4.08–11.80) 3.43 (1.87–6.29) 5.50 (3.08–9.79) 2.77 (1.42–5.39)

Adjusted analyses were made using sex, age, skin color, schooling, body mass index, self-reported asthma diagnosis, Modified Medical Research Council scale for dyspnea, cough, and phlegm as
confounding variables. All analyses were mutually adjusted for smoking and biomass.
OR � odds ratio

SMOKE, BIOMASS EXPOSURE, AND COPD RISK

6 RESPIRATORY CARE • ● ● VOL ● NO ●

RESPIRATORY CARE Paper in Press. Published on May 30, 2017 as DOI: 10.4187/respcare.05440

Copyright (C) 2017 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



for � 10 y. Other factors, including male sex, poor edu-
cation, exposure to biomass, history of tuberculosis, low
body mass index, and childhood admission due to respi-
ratory problems, presented an attributable risk � 10%.1

A sub-analysis of the BOLD program assessed the risk
factors for COPD, and it found significant associations
between COPD and smoking, environmental tobacco ex-
posure, age, education, tuberculosis, hospitalization for re-
spiratory illness before the age of 10 y, a family history of
COPD, and working in dusty jobs.26 Additional evidence
for the contribution of other risk factors besides smoking
results from the occurrence of COPD in those who have
never smoked, with a prevalence ranging from 3 to 15% in
different populations.12,13,25,27 The PLATINO study re-
ported a COPD prevalence of 3.5 and 7.5% in those who
had never smoked and current/ex-smokers, respectively.11

Terzikhan et al25 found that COPD prevalence was 17.8%
in smokers and 6.4% in non-smokers. The overall preva-
lence of COPD among non-smokers was 5.2% in a large
Chinese population-based study12 and 6.4% in a Canadian
study (representing 27% of all COPD subjects).27 Using
Global Initiative for Chronic Obstructive Lung Disease
criteria to define COPD, the BOLD study reported an
overall prevalence of 5.2% in those who had never smoked,
which represented 27.7% (523 of 1,889) of all COPD
cases.13 They identified that female sex, increased age,
prior diagnosis of asthma, childhood infections, organic
dust, and lower education levels were all associated with
increased risk for COPD among those who had never
smoked.13

The relationship between exposure to indoor biomass
smoke and the development of COPD continues to be an
area of controversy. The results of a meta-analysis showed
that persons exposed to biomass smoke have an OR of
2.44 (95% CI 1.90–3.33) for the development of COPD
compared with those unexposed.28 The study also reported
that exposure to tobacco smoke was a risk factor for the
development of COPD in both sexes, although whether an
interaction exists between these risk factors remains un-
clear.28 Another meta-analysis established that biomass ex-
posure is associated with risk of COPD, but smoking sta-
tus was not taken into account.29 In the BOLD study,
biomass exposure was not different between those with or
without COPD; however, when subjects with COPD were
grouped by air-flow limitation severity, those with mod-
erate to severe COPD reported more frequently a history
of biomass exposure than control subjects.13 Zhong et al30

showed that biomass exposure was associated with an in-
creased risk of developing COPD among a Chinese pop-
ulation, and the CanCOLD study showed that the relation-
ship between biomass exposure and COPD remained when
the analysis was adjusted for sex.27

Our findings are consistent with most of the previous
studies in that biomass exposure is a risk factor for devel-

oping COPD. Moreover, a higher proportion of our COPD
subjects reported exposure to biomass than those without
COPD. A possible explanation for the discrepancies with
other studies (BOLD or CanCOLD) could be the result of
differences in the population studied (primary care setting
vs population-based) and the source of biomass exposure
(heating vs indoor cooking).

It has been postulated that some of the less traditional
risk factors may interact with smoking to further increase
the risk of COPD. However, few studies have compared
the 2 smoke-related risk factors in the same population,
and even fewer studies have tried to assess the interaction
between these 2 factors for developing COPD. There are
some important limitations when exploring this relation-
ship, which include the different patterns of smoke expo-
sure and measurement of the magnitude of each exposure.
Most exposure estimations cannot predict the dose of con-
taminant and generally only estimate exposure time.31,32

The main exception is tobacco smoking, because pack-
years has been validated for cumulative smoking exposure
as a risk factor for many diseases. This level of validation,
without air quality measurement (particle pollution) or ex-
posure biomarkers (eg, CO in exhaled air), is still in de-
velopment or is lacking for exposure to other types of
smoke (eg, biomass or other smoking, such as water-pipe
or marijuana). Despite this limitation, some reports have
explored these relationships.

Sood et al33 determined whether wood smoke exposure
was a risk factor for COPD in a current smoker population
and whether aberrant gene promoter methylation in spu-
tum modified this association. Their findings indicate that
wood smoke exposure was independently associated with
a lower FEV1 and a higher prevalence of air-flow obstruc-
tion and chronic bronchitis, and these associations were
stronger among current tobacco smokers. In addition, smok-
ers who expressed aberrant promoter methylation of the
p16 and GATA4 genes in sputum demonstrated stronger
associations of wood smoke exposure and lower lung func-
tion than those without these epigenetic changes.33 An-
other relevant finding in the study was that New Mexican
non-Hispanic white persons were at greater risk for wood
smoke-associated COPD than Hispanic persons in general.
The authors concluded that exposure to wood smoke and
gene promoter methylation synergistically increased the
risk of reduced lung function in cigarette smokers, which
supports an additive effect between current cigarette smok-
ing and wood smoke exposure on some COPD pheno-
types.33 Other authors also reported a significant negative
correlation between biomass exposure and lung function,
as well as a significant synergistic effect between smoking
history and biomass exposure in terms of loss of lung
function in a population �18 y of age.34

In contrast, a case-control Chinese study showed an
increased risk of developing COPD associated with to-
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bacco smoking but not with biomass exposure nor with
both risk factors.35 However, a major limitation was that
the authors did not explain the biomass exposure time
estimation or the tobacco index.

Although our findings showed that tobacco smoking
and biomass exposure are risk factors for COPD, they also
indicate that smoking seemed to be a confounding factor
for biomass. Therefore, they do not allow us to support a
possible synergistic or additive effect between these risk
factors that further increases the risk of COPD. One pos-
sible explanation for this is that the PUMA study evalu-
ated an older population located in major cities in Latin
America, whereas, for example, da Silva et al34 studied a
younger, rural population, whereas Sood et al33 evaluated
a New Mexican population. Overall, the lack of similar
information from other multinational studies in a primary
care setting from our region makes it difficult to compare
results with the PUMA study.

This study has some limitations that should be high-
lighted. We acknowledge that the findings from this study
cannot be extrapolated to all Latin American countries,
because the study was only performed in 4 countries; this
was the result of limited resources within the countries and
the availability of centers to participate. Nevertheless, the
study procedure used was the most sensible, given the
operational possibilities in each country. Another limita-
tion is that this was a transversal study and so was only
designed to evaluate the characteristics of the subjects, and
there was no follow-up; we did not assess any pathophys-
iological link for risk factors and COPD that could help to
explain the findings. The difficulties in measuring expo-
sure to biomass (self-reported history) could be another
limitation when measuring the impact of this risk factor in
the development of COPD. The associations between ex-
posure to biomass and COPD tend to nullity due to the
way biomass was measured. Unfortunately, more detailed
information on biomass exposure was not collected, and
further studies need to address this important issue for a
better understanding of the real effect of biomass on COPD.
Finally, due to the design of the PUMA study, there were
no subjects without exposure to risk factors in the study
population.

Conclusions

The results of the present study indicate that subjects
with COPD from primary care in Latin America had a
higher exposure to biomass and tobacco smoke compared
with those without the disease. Smoking and biomass ex-
posure are both risk factors for COPD, but they do not
seem to have an additive effect on the risk of COPD.
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