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Chapter

Chronic Obstructive Pulmonary 
Disease Related to Wood and 
Other Biomass Smoke: A Different 
Phenotype or Specific Diseases?
Carlos A. Torres-Duque, Felipe Severiche-Bueno  
and Mauricio González-García

Abstract

Around 41% of the world’s population continue using solid fuels, including 
wood and other types of biomass, for cooking or heating their homes. Long-term 
indoor exposure to wood smoke, and biomass smoke in general, is a risk factor 
for developing chronic obstructive pulmonary disease (COPD). In some regions 
of the world, biomass exposure is a more frequent cause of COPD than exposure 
to cigarette smoke. Recently it has been described notable differences between 
COPD associated with wood smoke (WS-COPD) and that caused by tobacco 
smoking (TS-COPD): significantly less emphysema and more airway inflammation 
in WS-COPD. Recognizing these differences, some authors have suggested that 
WS-COPD should be considered a new COPD phenotype. This chapter summarizes 
the differences between WS-COPD and TS-COPD. The information about the char-
acteristics of COPD caused by other types of biomass fuels, different from wood, 
is very scarce. Accepting that the smoke derived from wood burning and tobacco 
smoking have some differences (etiology), the inhalation patterns are different 
(pathogenesis) and the physiopathological mechanisms they induce may also differ, 
we analyze if the disease caused by indoor chronic exposure to wood smoke should 
be considered as another COPD phenotype or a distinct nosological entity.

Keywords: chronic obstructive pulmonary disease (COPD), wood smoke, biomass, 
tobacco, phenotype, emphysema, chronic bronchitis, bronchial anthracofibrosis, 
indoor air pollution

1. Introduction

Solid and biomass fuels are the most important global environmental risk 
factor. Around 41% of the world’s population, over 2.8 billion people, particularly in 
developing countries, still use solid fuels, whether coal or biomass (wood, vegetable 
remains and dung), for cooking or heating their homes [1, 2]. In some countries, 
these fuels are the main source of energy for over 70% of the rural population. In 
countries where migration from rural areas to cities is high, the population of urban 
dwellers over the age of 40 years frequently has a significant history of exposure 
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to biomass fuels. One example is Colombia, where 39% of the population over 
40 years of age living in the five main cities had cooked using wood as fuel for more 
than 10 years before relocating [3].

Between 1980 and 2010, the population exposed to household air pollution 
(HAP) increased from 333 million to 646 million in sub-Saharan Africa and from 
162 million to 190 million in the eastern Mediterranean. In south-east Asia, it 
remained stable during the same period at around 1 billion people [1].

Biomass fuels are usually burnt in open fires and inefficient traditional cook-
stoves, often in poorly ventilated cooking spaces, resulting in indoor high levels of 
air pollutants including carbon monoxide (CO) and particulate matter (PM). The 
people most exposed are women who are routinely responsible for cooking and 
their young children [4].

HAP is responsible for nearly 5% of the global disease burden, making it globally 
the single most important environmental risk factor [5]. In 2017, it has been esti-
mated that HAP contributed to 1.8 million (95% CI, 1.1–2.7) deaths and 60.9 million 
(95% CI, 34.6–93.3) disability-adjusted life-years (DALYs) globally [6]. Respiratory 
disease was the leading cause of these deaths and DALYs attributable to HAP 
accounting for 38% of all deaths (0.7 million [0.4–1.0]) and 75% of all DALYs (45.7 
million [26.8–68.8] [6]. Among the premature deaths related to HAP, 20% are due to 
chronic obstructive pulmonary disease (COPD) [2].

Biomass fuels and COPD. Several systematic reviews, meta-analyses and reviews 
of evidence confirm that individuals chronically exposed to solid fuels at home have 
a higher risk of developing COPD [6–13]. In addition, people chronically exposed 
to biomass smoke also have a high risk of chronic bronchitis [10, 14, 15]. The pooled 
analysis of the Pathak’s study [7] showed that, globally, exposure to indoor air pol-
lution due to solid biomass fuels increased risk of COPD by 2.65 (95% CI, 2.13–3.31) 
and chronic bronchitis by 2.89 (95% CI, 2.18–3.82) times more compared to non-
biomass fuels. The risk of COPD was higher in Africa region (odds ratio [OR]: 3.19), 
Asia (OR: 2.88), South America (OR: 2.15), Europe (OR: 2.30) and North America 
(OR: 2.14). This distribution confirms that although the risk is higher in developing 
regions [16], the high risk is also present in developed countries, as some studies have 
shown [17, 18].

In some highly populated countries, like India and China, the exposure to 
biomass smoke is a significant risk factor for COPD, mainly in women living in 
rural zones [15, 19–24]. In some areas of India and China, this exposure is the most 
important risk factor of COPD [20–22, 25–30]. In Latin America, the PREPOCOL 
[3], the CRONICAS [31] and the PUMA [32] studies have confirmed that the use of 
biomass fuels, frequently wood, for cooking is a significant and independent risk 
factor for COPD, stronger in women from rural areas.

Although the risk of COPD from long-term indoor exposure to biomass fuels is 
particularly high in women [23, 33–36], a population study (n = 5539) showed that, 
after adjusting for age, smoking, educational level and occupational exposure, men 
exposed to wood smoke for more than 10 years had a higher risk of COPD (OR: 
1.50) [37]. The risk of COPD increases significantly with the length of exposure to 
wood smoke and with simultaneous exposure to tobacco smoke [37].

This evidence supports that HAP from burning solid fuels, including biomass, 
is the biggest worldwide risk factor for COPD [38–40]. However, the prevalence of 
biomass-related COPD has not been precisely defined. The PREPOCOL study found 
a prevalence of 6.7% in people exposed to wood smoke and not to cigarette smoke 
compared to 7.8% in people exposed to cigarette smoke and not to wood smoke [37]. 
In rural Puno, Peru, daily use of biomass fuel for cooking among women was associ-
ated with COPD (prevalence ratio: 2.22, 95% CI: 1.02–4.81) and the population 
attributable risk of COPD due to daily exposure to biomass fuel smoke was 55% [31].
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Some populational studies, however, found no association between exposure 
to biomass fuels and COPD [41, 42]. Most of the people evaluated in these stud-
ies lived near sea level, where cooking is usually done outdoors or with better 
ventilation. In contrast, many of the studies which document this association 
have included areas situated at high or intermediary altitudes, where, due to low 
temperatures, cooking is done all year round inside poorly ventilated homes as it 
occurs in winter in regions that have seasons. There is lack of standardization of 
questionnaires or other tools for evaluating the exposure to biomass smoke derived 
from cooking or heating. A recent study, from Kyrgyzstan, evaluated the preva-
lence of COPD associated with indoor contamination at different altitudes and 
found a higher prevalence of COPD at high altitude versus at low altitude (36.7% 
vs. 10.4%; p < 0.001) associated with exposure to a greater indoor contamination 
at high altitude [43].

2. Differences between WS-COPD and TS-COPD

Although the risk of COPD has been proven for all types of biomass fuels, 
studies which best characterize COPD due to this type of exposure have focused on 
COPD caused by inhalation of wood smoke (WS-COPD). Therefore, this chapter 
also focuses on the differences of WS-COPD and TS-COPD.

Core differences. A growing body of evidence supports that WS-COPD, unlike 
TS-COPD, is predominantly and markedly a disease of the airways with mild or 
minimum emphysema [44–54]. Although recent publications have focused on the 
compromise of the small airways in biomass COPD [46, 50, 52], different from 
TS-COPD, in WS-COPD there is also a notorious compromise of the central airway 
due to carbon deposition (bronchial anthracofibrosis) with plaque formation and 
reduction in the caliber of the lobar bronchi [55–57]. In addition to this fundamen-
tal pathological difference between WS-COPD and TS-COPD, there are many other 
differences that we summarize in Table 1 and review it below.

Demographic differences. Women and their children are the most exposed 
population to indoor air pollution from biomass fuels because of women are usually 
responsible for cooking meals, particularly in developing countries, spending sev-
eral hours a day in frequently poor ventilated kitchens, and keeping their children 
close to them [4, 16, 23, 30, 58, 59].

Most of the studies show that women with WS-COPD are consistently shorter 
in height and have higher body mass index (BMI) than women with TS-COPD  
[37, 44, 49, 54, 60–66]. There is not a clear explanation for this difference. In 
general, women with WS-COPD were born and have lived in rural areas as their 
ancestry, while women with TS-COPD have lived in urban areas for many years 
and many of them have urban ancestry. Therefore, it is possible that some ethnic, 
nutritional and socioeconomics conditions could be part of the explanation of the 
difference, but there is not consistent information about this.

Moreover, women with WS-COPD are older, suggesting that patients with 
this type of exposure need more time to develop the disease or are diagnosed 
later [30, 37, 44, 51, 61, 63–65, 67].

Clinical differences. Several studies have shown a high frequency of respiratory 
symptoms (cough, expectoration, and dyspnea) and chronic bronchitis in subjects 
exposed to biomass smoke [9, 10, 14, 61]. However, comparative studies between 
WS-COPD and TS-COPD have found no consistent differences. Some studies 
show that symptoms, not only cough and phlegm but dyspnea, are more frequent 
or have more impact in WS-COPD than TS-COPD [48, 61, 68, 69] but other not 
[63, 65, 70]. Rhonchus and wheezing are more frequent in WS-COPD [68].  
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Characteristics WS-COPD TS-COPD

Demographic data

Sex Predominantly women Predominantly men

Age Higher Lower

Height Lower Higher

BMI Higher Lower

Clinical characteristics

Cough and expectoration Very common Common

Chronic bronchitis Common Common

Rhonchus and wheezing Common Less common

Lung function tests

PaCO2 Higher (some studies) Less high

PaO2 and SaO2 Lower Less low

Obstruction (FEV1/FVC 
reduced)

Mild More severe

Reduced FEV1 Lower Higher

Bronchial hyperresponsiveness Higher Lower

DLco and DLco/VA Normal or mildly reduced More reduced

Radiography-tomography

Emphysema Uncommon and mild Common and more severe

Bronchial thickening Common Less common

Bronchiectasis Common Uncommon

Atelectasis Common Uncommon

Histology

Emphysema Mild More severe

Anthracosis Common Less common

Airway fibrosis Common Less common

Thickening of arteriole intima Common Less common

Outcomes and clinical phenotypes

Pulmonary hypertension More common Less common

Quality of life Symptoms and activities more 
compromised or similar

Similar or symptoms and 
activities less compromised

Survival Similar after adjusting for age.
Less after adjusting for age

Similar

Exacerbator phenotype Similar Similar

Asthma-COPD overlap 
phenotype

More common Less common

Emphysema phenotype Uncommon More common

WS: wood smoke; TS: tobacco smoke; BMI: body mass index; DLCO: carbon monoxide diffusing capacity; FEV1: 
forced expiratory volume in 1 second; FVC: forced vital capacity; PaCO2: carbon dioxide arterial pressure; PaO2: 
oxygen arterial pressure; SaO2: oxygen saturation; VA: alveolar volume.

Table 1. 
Differences between wood smoke COPD and tobacco smoke COPD.
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The greater bronchial compromise in WS-COPD documented in several publica-
tions which use functional and tomographic evaluations supports the studies 
which show more frequent cough, expectoration, rhonchus and wheezing in 
WS-COPD.

Differences in quality of life. Using the Saint George’s Hospital Questionnaire, 
Camp et al. found worse symptoms and more impaired activity indices in women 
with WS-COPD [48]. González-Garcia et al., in 138 women with COPD, showed 
that, at the same degree of obstruction, women with WS-COPD had a worse 
health status (poorer quality of life and worse dyspnea) than those with TS-COPD, 
without differences in comorbidities (Figure 1) [68]. Some studies have not shown 
differences in quality of life between these two groups of patients [65].

Differences in lung function. Airflow obstruction, both overall and adjusted 
by age, is milder [37, 48, 54, 60–63, 65] and the FEV1 decline is slower and more 
homogeneous in WS-COPD [54, 62] than in TS-COPD. Ocakli et al. described a 
more significant compromise of FVC with higher FEV1/FVC ratio in people with 
COPD related to biomass smoke suggesting restrictive ventilatory alteration, but 
lung volumes were not measured [71]. The chronic airflow limitation in patients with 
WS-COPD is possibly due not only to the small airways compromise [46, 50, 52, 54], 
but to anthracofibrosis of the large airways [55–57].

A recent study, aimed to evaluate the lung volumes and the resistance and con-
ductance of the airways using plethysmograhy, showed that residual volumes (RV), 

Figure 1. 
Quality of life. Comparison between WS-COPD and TS-COPD. WS-COPD: wood-smoke COPD; 
TS-COPD: tobacco smoke COPD. SGRQ: Saint George Respiratory Questionnaire. S: Symptoms; A: Activity; I: 
Impact; T: Total. From: González-García M, et al. Arch Bronconeumol. 2014; 50 (ALAT congress): 59 (ref. 68).
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total lung capacities (TLC) and RV/TLC ratios were significantly increased among 
both TS-COPD and non-smoking COPD (including biomass smoke COPD) sub-
jects compared to healthy subjects (p < 0.0001), with no differences between the 
two COPD groups [54]. The same study showed that patients with COPD related 
to biomass smoke had significantly higher airway resistance (sRaw values) than 
TS-COPD patients (p = 0.005) and significantly lower conductance (sGaw values) 
in biomass COPD than in TS-COPD (p = 0.010) [54].

Some studies have showed that carbon dioxide arterial pressure (PaCO2) is higher 
(lower ventilation) and oxygen arterial pressure (PaO2) and oxygen hemoglobin 
saturation (SaO2) are lower in WS-COPD than in TS-COPD [48, 61, 62, 65, 69]. 
Interestingly, Olloquequi et al. described that COPD patients who have had mixed 
exposure to tobacco smoke as well as biomass smoke had lower oxygen saturation 
than those who were exposed only to cigarette smoke or biomass smoke [72]. The 
lower oxygenation rates observed in WS-COPD may be explained by the compro-
mise of the small airways and/or by hypoventilation. It remains to be determined if 
the higher BMI in these patients, most of whom are women over 50 years of age, is 
involved in this behavior.

One of most consistent differences between WS-COPD and TS-COPD is the 
significantly lower compromise of the diffusion capacity (DLCO) in WS-COPD. 
DLCO and DLCO/alveolar volume (DLCO/VA) ratio are normal or mildly altered 
in WS-COPD patients compared to TS-COPD patients, in who these parameters 
are significantly reduced [49, 60, 61], and occurs at all levels of COPD sever-
ity (Figure 2A and B) [61]. This finding correlates well with the lower grade of 
emphysema found on computed tomography (CT) in patients with WS-COPD in 
comparison with TS-COPD [48, 49, 54, 73]. The mildly reduced DLCO with normal 
DLCO/VA found in women with WS-COPD has been described in patients with 
significantly compromised small airways with little emphysema (pseudophysi-
ological emphysema) [74]. The correlation between the level of decrease of FEV1 
and the level of DLCO reduction is significantly better in women with TS-COPD 
than in those with WS-COPD, highlighting the greater contribution of emphysema 
to airflow obstruction in TS-COPD (Figure 3) [61].

Differences in bronchial hyperresponsiveness. Women with WS-COPD have 
greater bronchial hyperresponsiveness than women with TS-COPD (Figure 4) [64]. 

Figure 2. 
Comparison of diffusion capacity between WS-COPD and TS-COPD according to degree of 
obstruction. A. DLCO (%) and B. DLCO/VA (%). In TS-COPD, DLCO and DLCO/VA are more significantly 
compromised than in WS-COPD. DLCO/VA is normal in WS-COPD at all levels of severity. WS: wood smoke; 
TS: tobacco smoke; DLCO: carbon monoxide diffusing capacity; VA: alveolar volume.From: González-García 
M, et al. Acta Med Colomb. 2004; 29: 17–25 (Ref. 61).
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This finding could be correlated to the higher frequency of the asthma-COPD overlap 
phenotype described in biomass-related COPD [63].

Differences in exercise tolerance. Some studies which included the 6-minute walk-
ing test found no significant differences in distances walked between patients with 
WS-COPD and TS-COPD [48, 65, 68]. However, the study carried out by Zhao et al. 
found that patients exposed to biomass smoke walked fewer meters in the 6-minute 
walk than those with TS-COPD [46].

Tomography and histological differences. Patients with WS-COPD have con-
sistently less emphysema and more airway changes (bronchial and peribronchial 
thickening and fibrosis, bronchiectasis, segmental and laminar subsegmental atel-
ectasis, mosaic perfusion pattern, parenchymal bands) than patients with TS-COPD 
on both chest tomography and histological studies [48–50, 52, 60, 69, 73] (Figure 5). 
Bronchial and lung biopsies from patients with WS-COPD show significant inflam-
mation and thickening of the bronchial wall, mainly of its basal membrane, squamous 
cell metaplasia with a remarkable anthracotic pigment deposition in the bronchi and 
pulmonary interstitium [60, 75–77].

Differences in the distribution of clinical phenotypes. Golpe et al. evaluated 
the frequency of clinical phenotypes defined by the 2014 Spanish COPD guidelines 
[78] in patients with COPD caused by biomass or tobacco smoke. They found a 
greater frequency of emphysema phenotype in TS-COPD and a more common 
asthma-COPD overlap phenotype in biomass COPD, but the difference disappeared 
after adjusting for sex [63]. These differences fit perfectly with the findings of the 
studies reported so far in this chapter. No difference was found in the frequencies of 
chronic bronchitis or exacerbator phenotypes [63].

Differences in pulmonary hypertension. Sertogullarindan et al. found that 
pulmonary hypertension (PH) on echocardiography was more common in 
WS-COPD than in TS-COPD patients [79]. In previous studies, our group, based 

Figure 3. 
Correlation between FEV1 (%) and DLCO by exposure. Greater correlation is observed between FEV1 
and DLCO in TS-COPD (P < .001, r = 0.599) than in WS-COPD (P = .014, r = 0.320). WS: Wood smoke; 
TS: Tobacco smoke; DLCO: carbon monoxide diffusing capacity; FEV1: forced expiratory volume in 1 s.From: 
González-García M, et al. Acta Med Colomb. 2004; 29: 17–25 (ref. 61).
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on radiographic evaluation, suggested the same higher frequency of PH in patients 
with severe WS-COPD [61], and Sandoval et al. showed a high rate of PH and cor 
pulmonale among patients with long-term domestic exposure to wood smoke [80]. 
It has been posed that the PH observed in WS-COPD could be associated not only 
to airflow obstruction and hypoxemia, but to a direct inflammatory effect of the 
inhaled smoke. It has been described that mice exposed to biomass exhibited more 
perivascular inflammation than those exposed to cigarette smoke [81].

Differences in the frequency of bronchial anthracofibrosis. The incidence of 
bronchial anthracofibrosis and its severity in individuals exposed to wood smoke 
or tobacco smoke has not been evaluated in prospective studies, and no differences 
are known. However, marked anthracofibrosis is commonly encountered in the 
airway of subjects exposed to wood smoke [16, 55–57], sometimes accompanied 
by bronchial stenosis, and it seems more frequent and severe than in tobacco 
smoke exposed. A significant proportion of these patients have chronic airflow 
limitation and meet the functional criteria of COPD [55] possibly due to the small 
airways compromise aggravated by anthracofibrotic central airway stenosis. It is 
currently impossible to ascertain if bronchial anthracofibrosis is another feature 
of WS-COPD that appears more commonly and in a more severe form than in 
TS-COPD, or if it is a specific entity accompanied by obstruction.

Differences in survival and frequency of exacerbations. After adjusting for 
age, sex, and disease severity, no differences have been found in survival between 
WS-COPD and TS-COPD [65, 82].

Recently, Cho et al., among 1033 patients with COPD, have shown that patients 
with COPD associated with biomass smoke and those with COPD associated 
with tobacco smoke had a similar risk of exacerbations [67], confirming previous 
observations [63].

Figure 4. 
Bronchial hyperresponsiveness evaluated by PC20 by exposure. PC20: methacholine concentration 
causing ≥ 20% reduction in FEV1. White circles: WS-COPD; black circles: TS-COPD. PC20 geometric mean: 
WS-COPD versus TS-COPD: 0.39 (0.06–5.13) versus 1.24 (0.34–9.39), P = .028. WS: wood smoke; TS: tobacco 
smoke. From: Gonzalez-Garcia M, et al. Int J Chron Obstruct Pulmon Dis. 2012; 7: 367–373 (Ref. 64).
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Differences in inflammatory profile and pathophysiological ways. It is 
expected that the greater airway inflammatory involvement and the lower rate of 
emphysema in biomass COPD, including WS-COPD, compared to TS-COPD have 
an etiological, pathogenic and physiopathological basis. However, although there is 
a growing information about the pathogenic mechanisms in COPD due to biomass 
smoke exposure [83], it is not clear what are the reasons explaining its differences 

Figure 5. 
Tomographic differences between smoking and non-smoking COPD. Differences between smoker COPD 
(S-COPD) (n = 38) and non-smoker COPD (NS-COPD) (n = 70) on inspiratory-expiratory high resolution 
computerized tomography (HRCT) imaging (A) Showing HRCT classification of smoker and non-smoker 
COPD, including airway disease (black bars), emphysema (open bars) and interstitial lung abnormality 
(ILA) predominance (gray bars); (B) dot plot for emphysema and decreased attenuation of expiratory CT 
in S-COPD (■) and NS=COPD (△) compared to healthy subjects (●), where bars indicate median and 
interquartile rages and * p < 0.05, (C) Representative HRCT images of Smoker-COPD showing extensive 
centrilobular emphysema in the upper lobes and non-smoker COPD showing generalized decreased attenuation 
and some bronchial wall thickening. From: Salvi SS, et al. phenotypic comparison between smoking and non-
smoking chronic obstructive pulmonary disease. Respiratory Research. 2020; 21: 50 [64].
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with TS-COPD. Some studies have focused on looking for differences in the type of 
inflammation and the proteolytic activity, and recently the gene expression.

The exposure to biomass smoke induces pulmonary macrophages and mononu-
clear and polynuclear cells to generate numerous inflammatory mediators, includ-
ing interleukin-6 (IL-6), interleukin-8 (IL-8), monocyte chemoattractant protein 
1 (MCP-1), macrophage inflammatory protein 2 (MIP2) and tumoral necrosis 
factor (TNF) [83, 84]. These can generate a second wave of mediators that include 
enzymes, such as matrix metalloproteinase 9 (MMP-9) and matrix metalloprotein-
ase 12 (MMP-12) involved in proteolysis and tissue remodeling typical of COPD. 
A recent study explored differences in chemokine and cytokine concentrations 
among biomass-COPD versus TS-COPD and exposed controls without COPD. The 
author identified CCL27 and CXCL13 as putative, plausibly homeostatic/protective 
biomarkers for biomass COPD [85].

Golpe et al. found that serum IL-6, IL-8, IL-5 were significantly higher in 
TS-COPD patients than in biomass COPD without differences in serum IL-13, 
periostin, surfactant protein-P, TNF-α, IgE, erythrocyte sedimentation rate, 
C-reactive protein and fibrinogen [86]. The level of exhaled nitric oxide (FeNO) 
was higher in biomass COPD (39.0 ± 14.6 ppb) than in TS-COPD (27.6 ± 16.3 ppb); 
although the difference did not reach the statistical significance level, it was 
borderline (p: 0.056) and it could be related to a small sample size [86].

A study by Solleiro-Villavicencio et al., done in women with COPD and healthy 
controls, found that IL-4 and TH2 cells were significantly higher in biomass COPD 
than in TS-COPD [87]. Frequency of TH17 cells in patients with TS-COPD was 
significantly higher than in patients with biomass COPD. They suggested that a TH2 
cytokine inflammatory profile could predominate in biomass COPD [87]. Although 
the majority the authors have not found differences in blood eosinophils counts 
between biomass COPD and TS-COPD, Fernandes et al., using a cutoff of ≥3%, 
found more frequent sputum eosinophilia in biomass COPD than in TS-COPD [88]. 
In the same way of the responses TH2, Olloquequi et al. found higher levels of total 
IgE in patients with biomass smoke COPD than in TS-COPD (Figure 6) [72].

It seems clear that the development and clinical course of COPD depend on an 
interaction between genetic and environmental factors. The gene regulation and 
expression are fundamentally involved in the pathophysiology of COPD and it is 
known that microRNAs (miRNAs) participate in the control of post-transcriptional 
regulation in TS-COPD. Recently, Velasco-Torres et al. have described the dif-
ferential role of miR-34a (downregulated) [89] and of the axis miR-22 - histone 
deacetylase activity (HDAC4) – IL-17 [90]. This axis has been linked to the devel-
opment of emphysema in rats. Serum miR-22-3p was downregulated in biomass 
COPD-BS relative to COPD-TS. In contrast, the concentration of HDAC4 was higher 
in biomass and exhibited a significant positive correlation with DLCO% [90]. This 
mechanism could be involved in the lower expression of emphysema in WS-COPD.

In summary, inflammation in biomass COPD, including WS-COPD, could be 
different from that in TS-COPD with a possible predominance of TH2 profile, and 
the lower generation of emphysema could be related to a particular and different 
response to biomass smoke.

Differences in therapeutic interventions. Almost all the studies on pharmaco-
logical interventions in COPD supporting clinical guidelines and strategies [91] 
have been done in developed countries and use the exposure to tobacco smoke as 
inclusion criteria. So, the derived evidence could not be extrapolated to other causes 
of COPD. Taking into account the different type of inflammation, higher bronchial 
hyperresponsiveness and higher frequency of the asthma-COPD overlap pheno-
type, it is expected a benefit role of inhaled corticosteroids. To our best knowledge, 
there is only one study in a small sample of patients that showed better results in 
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reducing the exacerbation frequency and improving lung function in patients with 
WS-COPD with the use of ICS [92]. So, there is a lack of information regarding the 
efficacy and safety of pharmacological interventions in patients with WS-COPD, 
particularly on the potential benefits of the use of ICS in these patients.

3. COPD related to biomass fuels different from wood smoke

Biomass fuels used for cooking include mainly wood, charcoal, agricultural 
residues, and animal dung. The composition of these types of biomass and the 
smoke derived from burning it significantly differ [93]. There is growing informa-
tion about the different animal and human responses to the exposures to different 
kind of the biomass fuels. As we have presented in this chapter, probably the most 
studied biomass smoke and the responses to its inhalation is wood [94, 95]. Animal 
manure contains greater diversity and greater quantities of microorganisms and 
the inflammatory response could be different [81, 96, 97]. Dung biomass smoke 
[96] activates inflammatory responses in human epithelial cells from airways. Cow 
dung exposure, but not wood smoke exposure, mediated a measurable increase in 
non-tipeable Haemophilus influenzae adhesion to airway epithelial cells.

Most of the epidemiologic, systematic reviews and meta-analysis group these 
types of fuels as the generic term “biomass” studies. The distribution of the types 
of biomass fuels used for cooking differ depending on the country and region. In 
certain regions, wood or wood and charcoal are the only or most used fuel but in 
other ones it could predominate animal dung or agricultural residues. One study 
in Tanzania shows that 99.5% of participants had exposure to biomass: 92.4% used 
wood, 14.9% used charcoal, 1.5% used crop residues and 0.6% used animal dung 
for cooking and heating purposes [98].

Studies that have characterized COPD, this means that have described the 
clinical, functional, radiographic and histopathological characteristics, have been 
done in wood smoke exposed, and those that have grouped patients under “biomass” 

Figure 6. 
IgE levels in COPD due to tobacco smoke, wood smoke or both. α: Different from control subjects 
(p < 0.05).β: Different from TS COPD group (p < 0.05). TS: Tobacco smoke; WS: Wood smoke. From: 
Olloquequi J, et al. Respiratory Research (2018) 19:13 [72].
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exposed or “non-smokers” have included mainly people exposed to wood smoke. 
Therefore, it is possible that the COPD related to dung or crop residues be different 
and it is not recommendable to generalize the observations done in WS-COPD and 
described in this chapter to other types of biomass fuels.

4.  Respiratory disease due to indoor chronic exposure to wood smoke: a 
different phenotype of COPD or a separable disease?

COPD is defined using a functional criterion and an unspecific exposure. So, 
under this term can be included a very numerous and heterogenous pathologic 
conditions. Accepting the weakness of the definition of COPD as a disease (it is 
more a syndrome), the WS-COPD (it is not sure if all type of biomass COPD) 
could be accepted as a phenotype of COPD. However, if we assume that etiology is 
different (wood smoke is not cigarette smoke), the inflammatory responses and the 
pathophysiologic could be different, and the clinical, functional and histopatho-
logic expression are also different, the chronic respiratory disease due to long-term 
indoor exposure to wood smoke is better understood as a separate nosology entity. 
Most importantly the actions for prevention significantly differ and the therapeutic 
interventions could be also different.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



13

Chronic Obstructive Pulmonary Disease Related to Wood and Other Biomass Smoke: A Different…
DOI: http://dx.doi.org/10.5772/intechopen.96485

References

[1] Bonjour S, Adair-Rohani H, Wolf J, 
Bruce NG, Mehta S, Pruss-Ustun A, 
Lahiff M, Rehfuess EA, Mishra V, 
Smith KR. Solid fuel use for household 
cooking: country and regional estimates 
for 1980-2010. Environmental Health 
Perspectives 2013; 121: 784-790.

[2] WHO. World Health Organization. 
Household air pollution and health. 
2018. https://www.who.int/news-room/
fact-sheets/detail/household-air-
pollution-and-health. (Accessed on: 
December 13, 2020). 2018.

[3] Caballero A, Torres-Duque CA, 
Jaramillo C, Bolivar F, Sanabria F, Osorio P, 
Orduz C, Guevara DP, Maldonado D. 
Prevalence of COPD in five Colombian 
cities situated at low, medium, and high 
altitude (PREPOCOL study). Chest 
2008; 133: 343-349.

[4] Amegah AK, Jaakkola JJK. 
Household air pollution and the 
sustainable development goals. Bulletin 
of the World Health Organization 2016; 
94: 215-221.

[5] Smith KR, Bruce N, Balakrishnan K, 
Adair-Rohani H, Balmes J, Chafe Z, 
Dherani M, Hosgood HD, Mehta S, 
Pope D, Rehfuess E. Millions dead: how 
do we know and what does it mean? 
Methods used in the comparative risk 
assessment of household air pollution. 
Annual Review of Public Health 2014; 35: 
185-206.

[6] Lee KK, Bing R, Kiang J,  
Bashir S, Spath N, Stelzle D,  
Mortimer K, Bularga A, Doudesis D,  
Joshi SS, Strachan F, Gumy S, 
Adair-Rohani H, Attia EF, Chung MH, 
Miller MR, Newby DE, Mills NL, 
McAllister DA, Shah ASV. Adverse 
health effects associated with household 
air pollution: a systematic review, 
meta-analysis, and burden estimation 
study. The Lancet Global Health 2020; 8: 
e1427-e1434.

[7] Pathak U, Gupta NC, Suri JC. Risk 
of COPD due to indoor air pollution 
from biomass cooking fuel: a systematic 
review and meta-analysis. International 
Journal of Environmental Health Research 
2019: 1-14.

[8] Hu G, Zhou Y, Tian J, Yao W, 
Li J, Li B, Ran P. Risk of COPD from 
exposure to biomass smoke: a 
metaanalysis. Chest 2010; 138: 20-31.

[9] Po JY, FitzGerald JM, Carlsten C. 
Respiratory disease associated with solid 
biomass fuel exposure in rural women 
and children: systematic review and 
meta-analysis. Thorax 2011; 66: 232-239.

[10] Kurmi OP, Semple S, Simkhada P, 
Smith WC, Ayres JG. COPD and chronic 
bronchitis risk of indoor air pollution 
from solid fuel: a systematic review and 
meta-analysis. Thorax 2010; 65: 221-228.

[11] Torres-Duque C, Maldonado D, 
Pérez-Padilla R, Ezzati M, Viegi G. 
Biomass fuels and respiratory diseases: 
a review of the evidence. Proceedings of 
the American Thoracic Society 2008; 5: 
577-590.

[12] Gordon SB, Bruce NG, Grigg J,  
Hibberd PL, Kurmi OP, Lam KB,  
Mortimer K, Asante KP,  
Balakrishnan K, Balmes J, Bar- 
Zeev N, Bates MN, Breysse PN, 
Buist S, Chen Z, Havens D, Jack D, 
Jindal S, Kan H, Mehta S, Moschovis P, 
Naeher L, Patel A, Perez-Padilla R, 
Pope D, Rylance J, Semple S, Martin WJ, 
2nd. Respiratory risks from household 
air pollution in low and middle income 
countries. The Lancet Respiratory 
Medicine 2014; 2: 823-860.

[13] Capistrano SJ, van Reyk D, Chen H, 
Oliver BG. Evidence of Biomass Smoke 
Exposure as a Causative Factor for the 
Development of COPD. Toxics 2017; 5.

[14] Gonzalez-Garcia M, Caballero A, 
Jaramillo C, Torres-Duque CA. Chronic 



Chronic Obstructive Pulmonary Disease - A Current Conspectus

14

bronchitis: High prevalence in never 
smokers and underdiagnosis- A 
population-based study in Colombia. 
Chronic Respiratory Disease 2018: 
1479972318769771.

[15] Panigrahi A, Padhi BK. Chronic 
bronchitis and airflow obstruction is 
associated with household cooking fuel 
use among never-smoking women: a 
community-based cross-sectional study 
in Odisha, India. BMC Public Health 
2018; 18: 924.

[16] Siddharthan T, Grigsby MR,  
Goodman D, Chowdhury M, 
Rubinstein A, Irazola V, Gutierrez L, 
Miranda JJ, Bernabe-Ortiz A, Alam D, 
Kirenga B, Jones R, van Gemert F, 
Wise RA, Checkley W. Association 
between Household Air Pollution 
Exposure and Chronic Obstructive 
Pulmonary Disease Outcomes in 13 
Low- and Middle-Income Country 
Settings. American Journal of Respiratory 
and Critical Care Medicine 2018; 197: 
611-620.

[17] Orozco-Levi M, Garcia-Aymerich J, 
Villar J, Ramírez-Sarmiento A, Antó JM, 
Gea J. Wood smoke exposure and risk of 
chronic obstructive pulmonary disease. 
The European Respiratory Journal 2006; 
27: 542-546.

[18] Raju S, Keet CA, Paulin LM, 
Matsui EC, Peng RD, Hansel NN, 
McCormack MC. Rural Residence and 
Poverty Are Independent Risk Factors 
for Chronic Obstructive Pulmonary 
Disease in the United States. American 
Journal of Respiratory and Critical Care 
Medicine 2019; 199: 961-969.

[19] Kalkana T, Moitra S, Jindal SK, 
Moitra S. Increasing burden of COPD 
in rural India: an example why India 
warrants primary healthcare reforms. 
ERJ Open Research 2016; 2: 00032-02016.

[20] McKay AJ, Mahesh PA, Fordham JZ, 
Majeed A. Prevalence of COPD in 

India: a systematic review. Primary 
Care Respiratory Journal : Journal of the 
General Practice Airways Group 2012; 21: 
313-321.

[21] KalagoudaMahishale V, Angadi N, 
Metgudmath V, Lolly M, Eti A, Khan S. 
The Prevalence of Chronic Obstructive 
Pulmonary Disease and the 
Determinants of Underdiagnosis in 
Women Exposed to Biomass Fuel in 
India- a Cross Section Study. Chonnam 
Medical Journal 2016; 52: 117-122.

[22] Liu S, Zhou Y, Wang X, Wang D, 
Lu J, Zheng J, Zhong N, Ran P. Biomass 
fuels are the probable risk factor for 
chronic obstructive pulmonary disease 
in rural South China. Thorax 2007; 62: 
889-897.

[23] Sana A, Somda SMA, Meda N,  
Bouland C. Chronic obstructive 
pulmonary disease associated with 
biomass fuel use in women: a systematic 
review and meta-analysis. BMJ Open 
Respiratory Research 2018; 5.

[24] Smith M, Li L, Augustyn M, 
Kurmi O, Chen J, Collins R, Guo Y, 
Han Y, Qin J, Xu G, Wang J, Bian Z, 
Zhou G, Peto R, Chen Z. Prevalence and 
correlates of airflow obstruction in ∼317 
000 never-smokers in China. 2014; 
44: 66-77.

[25] Wang C, Xu J, Yang L, Xu Y, 
Zhang X, Bai C, Kang J, Ran P, Shen H, 
Wen F, Huang K, Yao W, Sun T, Shan G, 
Yang T, Lin Y, Wu S, Zhu J, Wang R, 
Shi Z, Zhao J, Ye X, Song Y, Wang Q, 
Zhou Y, Ding L, Yang T, Chen Y, Guo Y, 
Xiao F, Lu Y, Peng X, Zhang B, Xiao D, 
Chen CS, Wang Z, Zhang H, Bu X, 
Zhang X, An L, Zhang S, Cao Z, Zhan Q, 
Yang Y, Cao B, Dai H, Liang L, He J. 
Prevalence and risk factors of chronic 
obstructive pulmonary disease in China 
(the China Pulmonary Health [CPH] 
study): a national cross-sectional study. 
Lancet (London, England) 2018; 391: 
1706-1717.



15

Chronic Obstructive Pulmonary Disease Related to Wood and Other Biomass Smoke: A Different…
DOI: http://dx.doi.org/10.5772/intechopen.96485

[26] Yang Y, Mao J, Ye Z, Li J, Zhao H, 
Liu Y. Risk factors of chronic obstructive 
pulmonary disease among adults in 
Chinese mainland: A systematic review 
and meta-analysis. Respiratory Medicine 
2017; 131: 158-165.

[27] Zhang JJ, Smith KR. Household air 
pollution from coal and biomass fuels in 
China: measurements, health impacts, 
and interventions. Environmental Health 
Perspectives 2007; 115: 848-855.

[28] Zhu B, Wang Y, Ming J, Chen W, 
Zhang L. Disease burden of COPD in 
China: a systematic review. International 
Journal of Chronic Obstructive Pulmonary 
Disease 2018; 13: 1353-1364.

[29] The burden of chronic respiratory 
diseases and their heterogeneity across 
the states of India: the Global Burden 
of Disease Study 1990-2016. The Lancet 
Global Health 2018; 6: e1363-e1374.

[30] Chan KH, Kurmi OP, 
Bennett DA, Yang L, Chen Y, Tan Y, 
Pei P, Zhong X, Chen J, Zhang J, Kan H, 
Peto R, Lam KBH, Chen Z. Solid Fuel 
Use and Risks of Respiratory Diseases. 
A Cohort Study of 280,000 Chinese 
Never-Smokers. American Journal of 
Respiratory and Critical Care Medicine 
2019; 199: 352-361.

[31] Jaganath D, Miranda JJ, Gilman RH,  
Wise RA, Diette GB, Miele CH,  
Bernabe-Ortiz A, Checkley W, 
Group CCS. Prevalence of chronic 
obstructive pulmonary disease and 
variation in risk factors across four 
geographically diverse resource-limited 
settings in Peru. Respiratory Research 
2015; 16: 40-40.

[32] Montes de Oca M, Zabert G, 
Moreno D, Laucho-Contreras ME, 
Lopez Varela MV, Surmont F. Smoke, 
Biomass Exposure, and COPD Risk in 
the Primary Care Setting: The PUMA 
Study. Respiratory Care 2017; 62: 
1058-1066.

[33] Perez-Padilla R, Regalado J, 
Vedal S, Pare P, Chapela R, Sansores R, 
Selman M. Exposure to biomass smoke 
and chronic airway disease in Mexican 
women. A case-control study. American 
Journal of Respiratory and Critical Care 
Medicine 1996; 154: 701-706.

[34] Regalado J, Perez-Padilla R, 
Sansores R, Paramo Ramirez JI, 
Brauer M, Pare P, Vedal S. The effect 
of biomass burning on respiratory 
symptoms and lung function in rural 
Mexican women. American Journal of 
Respiratory and Critical Care Medicine 
2006; 174: 901-905.

[35] Dennis RJ, Maldonado D, Norman S, 
Baena E, Martinez G. Woodsmoke 
exposure and risk for obstructive 
airways disease among women. Chest 
1996; 109: 115-119.

[36] Kiraz K, Kart L, Demir R, Oymak S, 
Gulmez I, Unalacak M, Ozesmi M. 
Chronic pulmonary disease in rural 
women exposed to biomass fumes. 
Clinical and Investigative Medicine 
Medecine Clinique et Experimentale 
2003; 26: 243-248.

[37] Torres-Duque C, Caballero A,  
González-García M, Jaramillo C, 
Maldonado D. Chronic obstructive 
pulmonary disease in people exposed to 
Wood smoke. PREPOCOL: a population 
based study. Am J Respir Crit Care Med 
2013; 187: A364.

[38] Salvi S, Barnes PJ. Is exposure to 
biomass smoke the biggest risk factor 
for COPD globally? Chest 2010; 138: 3-6.

[39] Mortimer K, Gordon SB, 
Jindal SK, Accinelli RA, Balmes J, 
Martin WJ, 2nd. Household air pollution 
is a major avoidable risk factor for 
cardiorespiratory disease. Chest 2012; 
142: 1308-1315.

[40] Bellou V, Belbasis L, Konstantinidis AK, 
Evangelou E. Elucidating the risk factors 



Chronic Obstructive Pulmonary Disease - A Current Conspectus

16

for chronic obstructive pulmonary 
disease: an umbrella review of meta-
analyses. The International Journal of 
Tuberculosis and Lung Disease : The 
Official Journal of the International 
Union against Tuberculosis and Lung 
Disease 2019; 23: 58-66.

[41] Menezes AM, Perez-Padilla R,  
Jardim JR, Muiño A, Lopez MV,  
Valdivia G, Montes de Oca M, 
Talamo C, Hallal PC, Victora CG. 
Chronic obstructive pulmonary disease 
in five Latin American cities (the 
PLATINO study): a prevalence study. 
Lancet (London, England) 2005; 366: 
1875-1881.

[42] Lamprecht B, McBurnie MA, 
Vollmer WM, Gudmundsson G, 
Welte T, Nizankowska-Mogilnicka E, 
Studnicka M, Bateman E, Anto JM, 
Burney P, Mannino DM, Buist SA. 
COPD in never smokers: results from 
the population-based burden of 
obstructive lung disease study. Chest 
2011; 139: 752-763.

[43] Brakema EA, Tabyshova A,  
Kasteleyn MJ, Molendijk E,  
van der Kleij R, van Boven JFM,  
Emilov B, Akmatalieva M, 
Mademilov M, Numans ME, Williams S, 
Sooronbaev T, Chavannes NH. High 
COPD prevalence at high altitude: does 
household air pollution play a role? The 
European Respiratory Journal 2019; 53.

[44] Pérez-Padilla R, Ramirez-Venegas A, 
Sansores-Martinez R. Clinical 
Characteristics of Patients With 
Biomass Smoke-Associated COPD and 
Chronic Bronchitis, 2004-2014. Chronic 
Obstructive Pulmonary Diseases: Journal 
of the COPD Foundation 2014; 1: 23-32.

[45] Torres-Duque CA, Garcia- 
Rodriguez MC, Gonzalez-Garcia M. Is 
Chronic Obstructive Pulmonary Disease 
Caused by Wood Smoke a Different 
Phenotype or a Different Entity? 
Archivos de Bronconeumologia 2016; 52: 
425-431.

[46] Zhao D, Zhou Y, Jiang C, Zhao Z, 
He F, Ran P. Small airway disease: A 
different phenotype of early stage 
COPD associated with biomass smoke 
exposure. Respirology (Carlton, Vic) 
2018; 23: 198-205.

[47] Perret JL, Abramson MJ. Biomass 
smoke COPD: A phenotype or a 
different disease? Respirology (Carlton, 
Vic) 2018; 23: 124-125.

[48] Camp PG, Ramirez-Venegas A, 
Sansores RH, Alva LF, McDougall JE, 
Sin DD, Pare PD, Muller NL, Silva CI, 
Rojas CE, Coxson HO. COPD phenotypes 
in biomass smoke- versus tobacco 
smoke-exposed Mexican women. The 
European Respiratory Journal 2014; 43: 
725-734.

[49] Gonzalez-Garcia M, Maldonado 
Gomez D, Torres-Duque CA, Barrero M, 
Jaramillo Villegas C, Perez JM, Varon H. 
Tomographic and functional findings 
in severe COPD: comparison between 
the wood smoke-related and smoking-
related disease. Jornal Brasileiro de 
Pneumologia : Publicacao Oficial da 
Sociedade Brasileira de Pneumologia e 
Tisilogia 2013; 39: 147-154.

[50] Fernandes L, Gulati N, 
Fernandes Y, Mesquita AM, Sardessai M, 
Lammers JJ, Mohamed Hoesein FA, 
Ten Hacken NHT, van den Berge M, 
Galban CJ, Siddiqui S. Small airway 
imaging phenotypes in biomass- and 
tobacco smoke-exposed patients with 
COPD. ERJ Open Res 2017; 3.

[51] Assad NA, Balmes J, Mehta S, 
Cheema U, Sood A. Chronic obstructive 
pulmonary disease secondary to 
household air pollution. Seminars in 
Respiratory and Critical Care Medicine 
2015; 36: 408-421.

[52] Ramirez-Venegas A, Torres- 
Duque CA, Guzman-Bouilloud NE, 
Gonzalez-Garcia M, Sansores RH. Small 
airway disease in COPD associated 
to biomass exposure. Revista de 



17

Chronic Obstructive Pulmonary Disease Related to Wood and Other Biomass Smoke: A Different…
DOI: http://dx.doi.org/10.5772/intechopen.96485

Investigacion Clinica; Organo del Hospital 
de Enfermedades de la Nutricion 2019; 
71: 70-78.

[53] Jindal S, Jindal A. COPD in Biomass 
exposed nonsmokers: a different 
phenotype. Expert Review of Respiratory 
Medicine 2020: 1-8.

[54] Salvi SS, Brashier BB, 
Londhe J, Pyasi K, Vincent V, Kajale SS, 
Tambe S, Mandani K, Nair A, Mak SM, 
Madas S, Juvekar S, Donnelly LE, 
Barnes PJ. Phenotypic comparison 
between smoking and non-smoking 
chronic obstructive pulmonary disease. 
Respiratory Research 2020; 21: 50.

[55] Kim YJ, Jung CY, Shin HW, Lee BK. 
Biomass smoke induced bronchial 
anthracofibrosis: presenting features 
and clinical course. Respiratory Medicine 
2009; 103: 757-765.

[56] Gupta A, Shah A. Bronchial 
anthracofibrosis: an emerging 
pulmonary disease due to biomass fuel 
exposure. The International Journal 
of Tuberculosis and Lung Disease : The 
Official Journal of the International 
Union against Tuberculosis and Lung 
Disease 2011; 15: 602-612.

[57] Kim H, Cha SI, Shin KM, Lim JK, 
Oh S, Kim MJ, Lee YD, Kim M, Lee J, 
Kim CH. Clinical relevance of bronchial 
anthracofibrosis in patients with 
chronic obstructive pulmonary 
disease exacerbation. Tuberculosis and 
Respiratory Diseases 2014; 77: 124-131.

[58] Duan JX, Cheng W, Zeng YQ, 
Chen Y, Cai S, Li X, Zhu YQ, Chen M, 
Zhou ML, Ma LB, Liu QM, Chen P. 
Characteristics of Patients with Chronic 
Obstructive Pulmonary Disease 
Exposed to Different Environmental 
Risk Factors: A Large Cross-Sectional 
Study. Int J Chron Obstruct Pulmon Dis 
2020; 15: 2857-2867.

[59] Moreira M, Barbosa M, Jardim J, 
Queiroz M, Inácio L. Doença pulmonar 

obstrutiva crônica em mulheres 
expostas à fumaça de fogão à lenha. . 
Revista da Associação Médica Brasileira 
2013; 59: 607-613.

[60] Moran-Mendoza O, Perez- 
Padilla JR, Salazar-Flores M, 
Vazquez-Alfaro F. Wood smoke-
associated lung disease: a clinical, 
functional, radiological and pathological 
description. The International Journal 
of Tuberculosis and Lung Disease : The 
Official Journal of the International 
Union against Tuberculosis and Lung 
Disease 2008; 12: 1092-1098.

[61] González M, Páez S, Jaramillo C, 
Barrero M, Maldonado D. Enfermedad 
pulmonar obstructiva crónica (EPOC) 
por humo de leña en mujeres. Acta Med 
Colomb 2004; 29: 17-25.

[62] Ramirez-Venegas A, Sansores RH, 
Quintana-Carrillo RH, Velazquez-Uncal M, 
Hernandez-Zenteno RJ, Sanchez-Romero C, 
Velazquez-Montero A, Flores-Trujillo F. 
FEV1 decline in patients with chronic 
obstructive pulmonary disease 
associated with biomass exposure. 
American Journal of Respiratory and 
Critical Care Medicine 2014; 190: 
996-1002.

[63] Golpe R, Sanjuan Lopez P, Cano 
Jimenez E, Castro Anon O, Perez de 
Llano LA. Distribution of clinical 
phenotypes in patients with chronic 
obstructive pulmonary disease caused 
by biomass and tobacco smoke. Archivos 
de Bronconeumologia 2014; 50: 318-324.

[64] Gonzalez-Garcia M, Torres- 
Duque CA, Bustos A, Jaramillo C,  
Maldonado D. Bronchial 
hyperresponsiveness in women with 
chronic obstructive pulmonary disease 
related to wood smoke. Int J Chron 
Obstruct Pulmon Dis 2012; 7: 367-373.

[65] Ramirez-Venegas A, Sansores RH,  
Perez-Padilla R, Regalado J, 
Velazquez A, Sanchez C, Mayar ME. 
Survival of patients with chronic 



Chronic Obstructive Pulmonary Disease - A Current Conspectus

18

obstructive pulmonary disease due to 
biomass smoke and tobacco. American 
Journal of Respiratory and Critical Care 
Medicine 2006; 173: 393-397.

[66] Pérez-Bautista O, Montaño M,  
Pérez-Padilla R, Zúñiga-Ramos J,  
Camacho-Priego M, Barrientos- 
Gutiérrez T, Buendía-Roldan I, 
Velasco-Torres Y, Ramos C. Women 
with COPD by biomass show different 
serum profile of adipokines, incretins, 
and peptide hormones than smokers. 
RESPIRATORY RESEARCH 2018; 
19: 239.

[67] Cho J, Lee C-H, Hwang S-s, 
Kim KU, Lee SH, Park HY, Park SJ, 
Min KH, Oh Y-M, Yoo KH, Jung K-S, 
on behalf of the K, Investigators K. 
Risk of acute exacerbations in chronic 
obstructive pulmonary disease 
associated with biomass smoke 
compared with tobacco smoke. BMC 
Pulmonary Medicine 2019; 19: 68.

[68] González-García M GV, Perlaza I, 
Casas A. Diferencias en el impacto sobre 
el estado de salud entre la EPOC por 
cigarrillo y por humo de leña. Archivos 
de Bronconeumologia 2014; 50 (Numero 
Especial Congreso ALAT): 59.

[69] Meneghini AC, Koenigkam- 
Santos M, Pereira MC, Tonidandel PR, 
Terra-Filho J, Cunha FQ, Menezes MBd, 
Vianna EO. Biomass smoke COPD 
has less tomographic abnormalities 
but worse hypoxemia compared with 
tobacco COPD %J Brazilian Journal 
of Medical and Biological Research. 
2019; 52.

[70] Moreira MAC, Moraes MRd, 
Silva DGST, Pinheiro TF, Vasconcelos 
Júnior HM, Maia LFdL, Couto DVd. 
Estudo comparativo de sintomas 
respiratórios e função pulmonar em 
pacientes com doença pulmonar 
obstrutiva crônica relacionada à 
exposição à fumaça de lenha e de tabaco 
%J Jornal Brasileiro de Pneumologia. 
2008; 34: 667-674.

[71] Ocakli B, Acarturk E, Aksoy E,  
Gungor S, Ciyiltepe F, Oztas S,  
Ozmen I, Agca MC, Salturk C, 
Adiguzel N, Karakurt Z. The impact 
of exposure to biomass smoke versus 
cigarette smoke on inflammatory 
markers and pulmonary function 
parameters in patients with chronic 
respiratory failure. Int J Chron Obstruct 
Pulmon Dis 2018; 13: 1261-1267.

[72] Olloquequi J, Jaime S, Parra V,  
Cornejo-Córdova E, Valdivia G,  
Agustí À, Silva O R. Comparative 
analysis of COPD associated with 
tobacco smoking, biomass smoke 
exposure or both. Respiratory Research 
2018; 19: 13.

[73] Moreira MA, Barbosa MA, 
Queiroz MC, Teixeira KI, Torres PP, 
Santana Junior PJ, Montadon Junior ME, 
Jardim JR. Pulmonary changes on HRCT 
scans in nonsmoking females with 
COPD due to wood smoke exposure. 
Jornal Brasileiro de Pneumologia : 
Publicacao Oficial da Sociedade Brasileira 
de Pneumologia e Tisilogia 2013; 39: 
155-163.

[74] Gelb AF, Zamel N, Hogg JC, 
Müller NL, Schein MJ. Pseudophysiologic 
emphysema resulting from severe 
small-airways disease. American Journal 
of Respiratory and Critical Care Medicine 
1998; 158: 815-819.

[75] Rivera RM, Cosio MG, Ghezzo H, 
Salazar M, Perez-Padilla R. Comparison 
of lung morphology in COPD secondary 
to cigarette and biomass smoke. The 
International Journal of Tuberculosis and 
Lung Disease : The Official Journal of the 
International Union against Tuberculosis 
and Lung Disease 2008; 12: 972-977.

[76] Palacios DM, Méndez O. 
NeumopatÍa por humo de leña Un 
estudio en autopsias. Biomédica 1998; 18: 
153-160.

[77] Restrepo J, Reyes P, de Ochoa P, 
Patino E. Neumoconiosis por inhalación 



19

Chronic Obstructive Pulmonary Disease Related to Wood and Other Biomass Smoke: A Different…
DOI: http://dx.doi.org/10.5772/intechopen.96485

del humo de leña. Acta Med Colomb 
1983; 8: 191-204.

[78] Miravitlles M, Soler-Cataluña JJ, 
Calle M, Molina J, Almagro P, Quintano JA, 
Riesco JA, Trigueros JA, Piñera P, 
Simón A, Rodríguez-Hermosa JL, Marco E, 
López D, Coll R, Coll-Fernández R, 
Lobo MÁ, Díez J, Soriano JB, Ancochea J. 
Guía española de la EPOC (GesEPOC). 
Actualización 2014. Archivos de 
Bronconeumologia 2014; 50: 1-16.

[79] Sertogullarindan B, 
Gumrukcuoglu HA, Sezgi C,  
Akil MA. Frequency of pulmonary 
hypertension in patients with  
COPD due to biomass smoke and 
tobacco smoke. International Journal of 
Medical Sciences 2012; 9: 406-412.

[80] Sandoval J, Salas J,  
Martinez-Guerra ML, Gómez A, 
Martinez C, Portales A, Palomar A, 
Villegas M, Barrios R. Pulmonary arterial 
hypertension and cor pulmonale 
associated with chronic domestic 
woodsmoke inhalation. Chest 1993; 
103: 12-20.

[81] Mehra D, Geraghty PM, 
Hardigan AA, Foronjy R. A comparison 
of the inflammatory and proteolytic 
effects of dung biomass and cigarette 
smoke exposure in the lung. PloS one 
2012; 7: e52889.

[82] Golpe R, Mengual-Macenlle N, 
Sanjuan-Lopez P, Cano-Jimenez E, 
Castro-Anon O, Perez-de-Llano LA. 
Prognostic Indices and Mortality 
Prediction in COPD Caused by Biomass 
Smoke Exposure. Lung 2015; 193: 
497-503.

[83] Silva R, Oyarzún M, Olloquequi J. 
Pathogenic mechanisms in chronic 
obstructive pulmonary disease due to 
biomass smoke exposure. Archivos de 
Bronconeumologia 2015; 51: 285-292.

[84] Dutta A, Roychoudhury S, 
Chowdhury S, Ray MR. Changes in 

sputum cytology, airway inflammation 
and oxidative stress due to chronic 
inhalation of biomass smoke during 
cooking in premenopausal rural Indian 
women. International Journal of Hygiene 
and Environmental Health 2013; 216: 
301-308.

[85] Vishweswaraiah S, Thimraj TA, 
George L, Krishnarao CS, Lokesh KS, 
Siddaiah JB, Larsson K, Upadhyay S, 
Palmberg L, Anand MP, Ganguly K. 
Putative Systemic Biomarkers of 
Biomass Smoke-Induced Chronic 
Obstructive Pulmonary Disease 
among Women in a Rural South Indian 
Population. Disease Markers 2018; 
2018: 4949175.

[86] Golpe R, Martín-Robles I,  
Sanjuán-López P, Pérez-
de-Llano L, González-Juanatey C, 
López-Campos JL, Arellano-Orden E. 
Differences in systemic inflammation 
between cigarette and biomass smoke-
induced COPD. Int J Chron Obstruct 
Pulmon Dis 2017; 12: 2639-2646.

[87] Solleiro-Villavicencio H, 
Quintana-Carrillo R, Falfan-Valencia R, 
Vargas-Rojas MI. Chronic obstructive 
pulmonary disease induced by exposure 
to biomass smoke is associated with 
a Th2 cytokine production profile. 
Clinical Immunology (Orlando, Fla) 
2015; 161: 150-155.

[88] Fernandes L, Rane S, Mandrekar S, 
Mesquita AM. Eosinophilic Airway 
Inflammation in Patients with Stable 
Biomass Smoke- versus Tobacco 
Smoke-Associated Chronic Obstructive 
Pulmonary Disease. Journal of Health & 
Pollution 2019; 9: 191209.

[89] Velasco-Torres Y, Ruiz- 
López V, Pérez-Bautista O, 
Buendía-Roldan I, Ramírez-Venegas A, 
Pérez-Ramos J, Falfán-Valencia R, 
Ramos C, Montaño M. miR-34a in 
serum is involved in mild-to-moderate 
COPD in women exposed to biomass 
smoke. BMC Pulm Med 2019; 19: 227.



Chronic Obstructive Pulmonary Disease - A Current Conspectus

20

[90] Velasco-Torres Y, Ruiz V,  
Montaño M, Pérez-Padilla R,  
Falfán-Valencia R, Pérez- 
Ramos J, Pérez-Bautista O, Ramos C. 
Participation of the miR-22-HDAC4-
DLCO Axis in Patients with COPD 
by Tobacco and Biomass. Biomolecules 
2019; 9.

[91] Vogelmeier CF, Criner GJ, 
Martinez FJ, Anzueto A, Barnes PJ, 
Bourbeau J, Celli BR, Chen R, Decramer M, 
Fabbri LM, Frith P, Halpin DM, Lopez 
Varela MV, Nishimura M, Roche N, 
Rodriguez-Roisin R, Sin DD, Singh D, 
Stockley R, Vestbo J, Wedzicha JA, 
Agusti A. Global Strategy for the 
Diagnosis, Management, and Prevention 
of Chronic Obstructive Lung Disease 
2017 Report. GOLD Executive 
Summary. American Journal of 
Respiratory and Critical Care Medicine 
2017; 195: 557-582.

[92] Deb A, Agarwal M, Reddy V, 
Kodgule R, Hemalatha V, Awasthi A, 
al. e. Effects of a fixed dose once-daily 
triple drug combination in smokers 
and non-smokers with COPD. . The 
European Respiratory Journal 2016; 
48: PA654.

[93] Chen J, Li C, Ristovski Z, Milic A,  
Gu Y, Islam MS, Wang S, Hao J, 
Zhang H, He C, Guo H, Fu H, Miljevic B, 
Morawska L, Thai P, Lam YF, Pereira G, 
Ding A, Huang X, Dumka UC. A review 
of biomass burning: Emissions and 
impacts on air quality, health and 
climate in China. Science of The Total 
Environment 2017; 579: 1000-1034.

[94] Naeher LP, Brauer M, Lipsett M, 
Zelikoff JT, Simpson CD, Koenig JQ, 
Smith KR. Woodsmoke health effects: 
a review. Inhalation Toxicology 2007; 
19: 67-106.

[95] Zelikoff JT, Chen LC, Cohen MD, 
Schlesinger RB. The toxicology of 
inhaled woodsmoke. Journal of 
Toxicology and Environmental Health 
Part B, Critical Reviews 2002; 5: 269-282.

[96] McCarthy CE, Duffney PF,  
Gelein R, Thatcher TH, Elder A, 
Phipps RP, Sime PJ. Dung biomass 
smoke activates inflammatory signaling 
pathways in human small airway 
epithelial cells. American Journal of 
Physiology Lung Cellular and Molecular 
Physiology 2016; 311: L1222-l1233.

[97] Kc R, Hyland I, Smith J,  
Shukla S, Hansbro P, Zosky G, 
Karupiah G, O'Toole R. Cow Dung 
Biomass Smoke Exposure Increases 
Adherence of Respiratory Pathogen 
Nontypeable Haemophilus influenzae 
to Human Bronchial Epithelial Cells. 
Exposure and Health 2020; 12.

[98] Magitta NwF, Walker RW, 
Apte KK, Shimwela MD, Mwaiselage JD, 
Sanga AA, Namdeo AK, Madas SJ, 
Salvi SS. Prevalence, risk factors and 
clinical correlates of COPD in a rural 
setting in Tanzania. 2018; 51: 1700182.


