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Abstract

Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and mortality worldwide. Tobacco smoking is established as a major risk factor.
However, especially in the last 15 years, there are studies have shown that long-term exposure to biomass fuel smoke to cook and heat homes, also carries a high risk
for the development of COPD. This occurs particularly in developing countries, and women and children have the highest exposure rates and are therefore more likely
to develop the disease. It is estimated that 25-45% of patients with COPD have never smoked and the burden of COPD not associated with smoking is possibly
higher than previously believed. Although exposure to biomass is the major risk factor for COPD not associated with smoking, there are other associated factors such
as occupational exposure to dust and gases, history of pulmonary tuberculosis, HIV/AIDS, lower respiratory tract infection (particularly in the childhood), chronic
asthma, external pollution and poverty. This review exposes the evidence of this association, and some clinical, functional, anatomopathological and therapeutic

aspects and particularly the need for preventive interventions to face this other side of the entity that seems to be increasing.

Introduction

COPD is characterized by progressive airway flow obstruction and
destruction of lung parenchyma, due to an inflammatory response and
tissue damage, caused by chronic exposure to environmental factors
in genetically susceptible individuals [1]. Susceptibility to COPD may
depend on genetic reprogramming, inherent genetic susceptibility or
intrinsic differences in lung structure [2-4]. Tobacco smoking was
associated with risk of COPD as early as in 1950s [5,6]; smoking was
established as a causal risk factor by the work of Fletcher and Peto in
a prospective study of 729 men [7] and then confirmed by the larger
and longer Framingham study [8]. Smokers lose at least one decade of
life expectancy, as compared with those who have never smoked, and
cessation before age 40 years reduces the risk of death associated with
continued smoking by about 90% [9]. Smoking causes 25% of all deaths
among men and women between 35-69 years in the United States of
America (US) [10]. COPD is a high prevalent disease, with prevalence
in people over 40 years of 10.1% worldwide and it will become the third
cause of death in the world in 2020 and will become the seventh largest
burden in 2030 [11,12]. It is estimated that in 2010 number of COPD
globally amounted to 384 million, with 3 million deaths annually.
With the increase in smoking in developing countries, and with the
increase in life expectancy in high-income countries, the prevalence of
COPD is expected to increase over the next 30 years and to exceed 4.5
million deaths per year in both COPD and related conditions [13]. In
the US, COPD is the second cause of death [14]. Consequently, many
of the COPD prevalence studies have been conducted and continue to
be carried out mainly in cigarette smokers, and many clinical studies
recruit only smokers with at least 10-20 packets-year of exposure to
smoking [11,15,16].

However, in the last three decades and particularly in the past 15
years, the number of publications about other risk factors associated
with COPD has increased, such as exposure to indoor and outdoor air
pollution, occupational exposure to dust and fumes, history of repeated
lower respiratory tract infections during childhood, HIV / AIDS,
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pulmonary tuberculosis, asthma, intrauterine growth retardation,
malnutrition and poverty [17]. This monograph is therefore intended
to update the topic of COPD in non-smokers.

Evidence of COPD in non-smokers

Fairbairn in 1958 and Phillips in 1963 had already reported that
other risk factors, besides tobacco, were associated with COPD
[18,19]. In 1987, Husman associated COPD with work in farms in
a study with Finnish farmers [20]. The NHANES III study reported
a 6.6% prevalence of COPD in non-smokers and with a spirometric
diagnosis of COPD, unlike the previous studies NHANES I, NAHNES
I and HHANES in which the diagnosis was based on self-supervised
physician diagnosis [21]. The study findings also suggested that 25% of
COPD cases in the US occurred in non-smoking patients, which was
similar to those reported in the United Kingdom (UK) and Spain [22-
24]. In 2009, Salvi and Barnes presented 21 well-consolidated reports
in different parts of the world about the prevalence of COPD in non-
smokers and a broad casuistry of the proportion of patients with COPD
not associated with smoking worldwide [17]. Since then, work on the
topic has been growing and it is possible that the prevalence of this
entity is different from that reported by strictly epidemiological studies,
as shown by the works of China, Korea, Japan, Uganda, South Africa,
Brazil, Chile, Mexico, Uruguay, Venezuela, Colombia and Asia-Pacific
to use only a few examples [25-32].

The detail with these studies is that they are fundamentally
epidemiological. Unlike cigarette-induced COPD, where researchers
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can choose the type of cigarette (or the chemical constituent to be
investigated), such as the 1R6F available from the Center for Tobacco
Reference Products produced by the University of Kentucky, there are
no references biomass fuels available specifically made for research
purposes. Exposure to biomass from in vitro and in vivo studies has alot
of variability in exposure time, exposure to bacteria and other inhaled
materials, temperature, origin of the biomass, device used for exposure,
etc. Very recently Capistrano et al. have described a method used for 5
years at the School of Life Sciences, University of Sydney, Australia, to
try to standardize the research technique of biomass exposure [1,33].

Indoor air pollution

Biomass

Indoor fuels include solid fuels, liquids and gases. The solid fuels
are biomass and coal. Globally 50% of all households and 90% of rural
households use biomass as fuel. Biomass refers to materials of vegetable
or animal origin used as fuels and include wood, twigs, charcoal (a
product of incomplete combustion of wood), grass, crop residues
(e.g. corn husk, straw, bagasse-biomass remaining after processing
sugar-cane) and animal dung [34]. Coal, as distinct from charcoal, is a
fossil fuel that occurs naturally formed of organic material preserved,
metamorphosed and compressed. Liquid fuel includes kerosene and
liquefied petroleum gas (LPG). Gas fuel includes methane and natural
gas. Biomass smoke is the leading environmental risk factor worldwide.
About 3 million people, half of the world’s population, are exposed to
biomass smoke compared to 1.01 million people who smoke tobacco,
which suggests that exposure to biomass smoke may be the biggest risk
factor for COPD globally [24]. Approximately 2 billion kg of biomass
per day are burned in developing countries [17], mainly associated with
COPD and acute lower respiratory tract infection and responsible for 4
million deaths annually around the globe [35]. The fundamental reason
for the use of biomass as a fuel is poverty since it is cheaper than LPG or
electricity which are the cleanest sources of energy and it is predictable
that the domestic consumption of biomass fuels will increase or remain
substantially elevated in the decades future, particularly in rural areas
[36,37].

In developing countries, women and children are the most exposed
due to cultural reasons and the fact that they cook inside poorly
ventilated houses without chimneys or pipes, which lead to the particles
of combustion, catch and diffuse in closed or badly ventilated spaces
[38]. During the incineration of these fuels, people who remain indoors
are exposed to levels of up to 30,000 pg/m? of particulate matter (PM)
of <10 pum in diameter, and the average levels throughout the day are
of 300-5,000 pg/m? [39], when the WHO recommendation for PM10
is to be <50 ug/m?® for 24 hours [35]. Since more than a decade ago, it
was reported that around 50% of COPD deaths in developing countries
were attributable to biomass smoke, of which 75% occurred in women
[40]. The Global Burden of Disease 2010 study found that air pollution
in homes is the second highest risk factor for disease in women and
girls [41]. More than 80% of households in China, India and sub-
Saharan Africa use biomass fuels for cooking, and in rural areas of
Latin America, the proportion varies between 30-75%.

Even in some developed countries, such as Canada, Australia and
the western states of the US, the persistent increase in energy costs has
promoted the increase in the number of households that use wood and
other types of biomass products to heat the home [42]. In developed
countries the use of biomass increases during periods of recession
[43], however, it is more seasonal because the main use is to heat
homes and children’s exposure is lower since they are in schools, and
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fundamentally at the rural level. The use of interior wood as fuel is seen
as cheaper, renewable, and possibly more “natural” and therefore an
alternative to electricity in developed countries increasing exposure
to biomass smoke [44]. There are also significant differences between
the stoves used in developed and developing countries. In developed
countries the use of the stove is mainly to heat the stay, there is low
exposure, both sexes exposed, basically wood is used and generally only
one material and the stoves have a chimney. In developing countries the
original objective is to cook, there are high levels of exposure, generally
more than one fuel, women and children are more exposed, and stoves
have no chimneys [45]. With regard to cooking, in developed countries,
biomass is used to flavor foods during the process (barbecues, smoked
meats or wood-fired pizza). Outside of homes, some occupations such
as firefighters involve high exposures to biomass smoke as well as the
attention of forest fires [46].

COPD and biomass

In the last three decades many studies have identified exposure to
biomass smoke as a primary risk factor for COPD. These studies have
shown the increased prevalence of respiratory symptoms in women
who use biomass for cooking and the greater decline in lung function
with respect to women who are not exposed [47-53]. Pérez-Padilla
and collaborators showed that the adjusted odd ratio for exposure to
100 hours-year (is an index of exposure to domestic wood smoke in
which the number of hours per day of exposure is multiplied by the
years) was 9.3 and 15 for a 200-hour-year exposure in Mexican women
[54]. Koksal and colleagues in a study of 51 women from Turkey, non-
smokers, found a greater fall in FEV1 at higher hours-year exposure to
wood smoke (province of Middle Anatolia and Dead Sea) and to dung
(Eastern Anatolia) [55]. Sood and co-workers studied the association
between exposure to wood smoke and the prevalence of COPD
(spirometric criteria) in 2012 adults living in New Mexico, USA. They
reported that exposure to wood smoke was associated with 70% (95%
CI 30-220) increased risk of having COPD in both men and women.
Therefore, even in developed countries such as the US could have a
substantial burden of COPD associated with biomass fuel [56].

Biomass smoke

The efficiency of the combustion of biomass as a fuel is very low,
leading to high concentrations inside homes of substances dangerous to
health. The most efficient domestic fuels have decreased pollution but
are the most expensive. Electricity is the most efficient. Dried animal
dung, twigs, and grass are the cheapest, the least efficient and those
that produce more pollution. Crop residues, wood, and charcoal are
intermediate efficiency and kerosene, coal, and bottled or piped gas are
the most efficient combustible, although below electricity [57]. Biomass
smoke contains around 200 different components, which include a
significant number of toxics such as CO, PM10, sulfur dioxide and
nitrogen, polycyclic aromatic hydrocarbons (PAH), aldehydes, free
radicals and non-radical oxidizing species, volatile organic compounds,
formaldehyde, chlorinated dioxins and endotoxins (particularly when
burning maize crop residue and cow dung) [58]. The exposure to toxic
doses of these substances during the combustion of biomass is more
than proven. Previously, we explained what happens with PM <10.
Another example, the US Environmental Protection Agency (EPA)
defines as a safety standard that exposure to CO should not be greater
than 10 parts per million (ppm) in 8 hours. In households where
biomass is used as a fuel, the exposure in 24 hours can be 2-50 ppm,
and when cooking it is 10-500 ppm [59]. It is estimated that contribute
to the annual deaths of 2 million women and children [60-63].
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Risk for babies and children

In underdeveloped or developing countries women are the most
exposed because traditionally they are responsible for cooking, and
infants and small children too, as they often carry them on their backs
during domestic chores. Typically exposure to high concentrations
of domestic pollution ranges from 1-7 hours per day for many years,
initiating exposure at very early ages and even in utero [60]. Children
of mothers exposed to biomass in open stoves have birth weights 60-
70 g lower than those exposed to stovepipe pollution, electricity or gas
[59]. Low weight is an independent risk factor for COPD that has been
associated with poor growth and lung function during childhood and
adolescence [61].

Indoor air pollution from the use of wood, animal dung and other
fuels is a risk factor for acute lower respiratory tract infection. In 2008,
pneumonia was reported as the leading cause of death in children
under 5 years of age, with 1.8 million deaths annually, mainly in
developing countries [62]. Children who survive these infections are
more likely to have dysfunctional lungs that predispose, in the future,
to the development of COPD. Malnutrition and low socioeconomic
status are also risk factors for COPD in this population.

Outdoor air pollution

The contribution of outdoor air pollution to COPD was
investigated in 1958 in the UK in postmen, in whom it was shown that
the prevalence of COPD was higher in those who worked in areas with
greater pollution than in those who worked in less polluted areas, and
the association was independent of smoking [18], which was confirmed
in a later study, also by mail carriers [64], and then in the general
population in the UK and US, in people who lived near roads with
high vehicular traffic [65-68]. In the last three decades, air pollution
has decreased substantially in many cities in developed countries, but
has increased in developing countries (e.g., Asia, Africa and South
America), due to the growing industry and traffic congestion.

It is obvious that, as in COPD associated with smoking, prevention
is essential to reduce the impact of exposure to inhalants, as shown by
the recent work of Gaudeman and collaborators in Los Angeles (USA).
By reducing environmental and photochemical pollution (NO2,
PM<2.5 and PM<10) there were beneficial, statistically significant
effects on the growth of lung function in children born after the decline
of contamination [69]. The reduced pulmonary function is a powerful
predictor not only of chronic respiratory disease, but also of chronic
cardiovascular disease and mortality [70]. Throughout the globe
the intentional use of fire as part of agricultural practices is another
source of biomass smoke, and the same is true of forest fires. With the
undeniable march of climate change, the risk of forest fires has increased
around the planet, with fires occurring in areas as diverse as Chile,
Indonesia, Canada, Portugal, Pakistan, Russia, Australia and USA. The
population is exposed mainly to PM and CO with forest fires, and to a
lesser degree to acrolein, benzene and formaldehyde [71]. Exposure to
airborne pollutants in Asian countries, which predominates in urban
and industrialized areas compared to rural and agricultural areas, has
been considered a contributor to chronic cough in the continent [72].

There is an association between exacerbations of COPD and
exposure to not only internal pollutants but also to external pollution
and an increase in hospital admissions [73,74].

Occupational exposures

The fraction of the population with COPD attributable to
occupational exposure varies between 9-31%, but the real risk is
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not clearly known, particularly in developing countries, given that
the epidemiological definition of this type of COPD has not been
adequately standardized [75]. Epidemiological studies should be
complemented with experimental studies to provide a mechanism to
explain the findings of epidemiological studies. Initial observations
in this field strongly associated COPD with exposure to toxic gases,
grain dust in farms, and dust and fumes in factories [76,77]. Already
in 2003 the American Thoracic Society reported that 15% of COPD
cases could be attributed to occupational exposure in the workplace,
and subsequent follow-up yielded similar results [78,79].

Lamprecht et al, reported that the risk of COPD attributable to
agriculture was 7.7%, and that 30% of the farmers in their study had
COPD, at least minimal; and Edward and colleagues at a work in
Norway, found that those exposed to livestock had a 40% higher risk
than those who worked with crops, which was attributed to the high
concentrations of ammonium, hydrogen sulphide and organic and
inorganic dusts [80,81]. Other occupational exposures that have been
associated with the risk of COPD are: coal mining, rock-hard mining,
tunnel workers, concrete fabricators, exposure to silica in buildings,
brick manufacturing, gold mining, iron and steel smelters [82,83].

Behrendt identified in the NHANES III other occupations
associated with high prevalence of COPD such as manufacturing of
plastics, textiles, rubber and leather as well as transport and trucking,
manufacturing of food products, repair of automobiles and beauty
care [22]. There has also been an increased prevalence of COPD in
occupations associated with chronic exposure to diesel exhausts (eg,
garages and mines) and other irritant gases and vapours [84].

Chronic bronchial asthma

Published reports indicate that there is a considerable number of
patients >50 years of age who have obstructive airway disease with
characteristics of asthma and COPD [85]. In 1961, Orie and colleagues
postulated that asthma and COPD share a common background
and the differentiation towards each of them could be modulated by
environmental and host factors (Dutch hypothesis) [86]. The debate
continues about whether COPD develops from asthma or whether
both entities are completely independent (British hypothesis). Poorly
treated chronic persistent asthma or severe asthma can cause changes
in the lungs that are similar to those resulting from smoking, and
the pattern of airway inflammation is similar to that in COPD, with
increased in neutrophils, Interleukin-8, proteases and oxidative stress
(87,88]. In a study in which 3099 patients were prospectively evaluated
for 20 years, those with active asthma were 10 times more likely to
develop symptoms of chronic bronchitis and 17 times more likely to
be diagnosed with emphysema than those without asthma. Asthma
was the strongest risk factor for subsequent COPD, more than even
tobacco smoking (hazard ratio 12.5% vs 2.9%, attributable risk 18.5%
vs 6.7%) [87]. Therefore, poor treatment of chronic and severe asthma
worldwide, particularly in underdeveloped or developing countries,
might substantially contribute to the burden of COPD.

Recently, in a joint effort of GINA and GOLD the term ACOS was
developed as an overlap syndrome between asthma and COPD. ACOS
definition is purely descriptive; it refers to a subgroup of patients with
persistent airflow limitation that concomitantly shows several features,
usually associated with asthma and several features usually associated
with COPD. The fundamental point of identifying and appropriately
treating these patients is that they seem to have a poorer prognosis [89].
ACOS patients frequently have exacerbations, poor quality of life, fast
decline in lung function, increased mortality and they also consume
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more health resources than patients with asthma or COPD alone. In
the sputum of these patients there are neutrophils and eosinophils and
there is an urgent need to investigate in what extent this syndrome is the
result of a change in the pathogenesis of asthma towards COPD over
time (and should be titled only as ACO and not give it the character
of a syndrome) or the entity has a different molecular biology and
immunopathogenesis [90]. Around 25% of asthmatic patients smoke
and these patients have a more severe asthma and a more rapid decline
in lung function, which adds a higher risk factor to the probability of
progressing to COPD [91]. It is likely that the exposure of asthmatics
to biomass smoke carries the same risk although there are no studies
that clarify this aspect.

Pulmonary tuberculosis (PTB)

PTB, a scourge since prehistoric times, affects more than 9 million
people and kills 1.5 million people each year [92]. Prevalence of airflow
obstruction varies from 28% to 68% of patients with PTB and the
association occurs mainly with the COPD phenotype, at the diagnosis,
during treatment and several years after treatment has ended [17].
Such infection is associated with airway fibrosis, and the immune
response to mycobacteria can result in airway inflammation, which is
characteristic of COPD. The degree of airflow obstruction is correlated
with the extent of the disease.

In a nationwide survey of 13,826 adult in South Africa, results
suggested that the strongest predictor of COPD was history of PTB:
odds ratio 4.9 for men (95% CI 2.6-9.2) and 6.6 (3.7-11.9) for women
[29]. Furthermore, the risk of COPD was more strongly associated with
PTB than with tobacco smoking or exposure to smoke from biomass
fuel. The PREPOCOL study in 5 cities in Colombia reinforced the
strong association of COPD with history of PTB (2.9, 1.6-5.5) [31] and
the PLATINO study conducted in 5 in Latin American cities with a
sample of 5571 patients also showed that the prevalence of COPD was
30.7% for patients with a history of PTB compared to 13.9% for those
without [30]. History of PTB increased the risk of COPD by 4.1 times
for men and 1.7 times for women.

More than 2 billion people (approximately one third of the world’s
population) are infected with mycobacterium tuberculosis and 80% of
people infected live in 22 countries, with a particularly high burden in
Asian, African and Latin American countries [93]. Therefore, it is likely
that the cumulative burden of COPD associated with PTB is much
greater than previously believed, particularly in developing countries.
Whether this phenotype of COPD behaves similarly to COPD from
smoking or biomass and what is the appropriate pharmacotherapy
should be are has yet unknown.

HIV/AIDS

Pulmonary complications have been a major cause of morbidity and
mortality in patients with HIV infection [94]. With the development
of combination antiretroviral therapy (ARV) and improvement in
prophylaxis for Pneumocystis pneumonia and other opportunistic
infections, the incidence of infectious pulmonary complications has
decreased drastically in patients with HIV infection [95]. Changes in
non-infectious pulmonary complications, such as COPD and asthma,
are less clear, and these diseases may actually be increasing. Studies
before the introduction of combination ARV showed that people with
HIV infection had a high prevalence of impaired diffusing capacity
for carbon monoxide (DLCO), emphysema, accelerated airway
obstruction and small airways disease, and more frequent respiratory
symptoms than those not infected with HIV [96]. In the pre-ARV
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era, smoking and IV drug use were the major risk factors associated
with pulmonary function symptoms and abnormalities, but the use
of ARVs is associated with persistent and non-reversible obstruction
of the airway as an independent risk factor Respiratory function
tests are underutilized in these patients. Airway obstruction may the
result of direct effects of the ARV drug. For example, ARV-associated
cardiovascular disease and metabolic syndrome are thought because
of ARV associated decreased expression of peroxisome-proliferator-
activated receptor. This receptor is an important transcription factor
in lipid and cytokine metabolism and provides an anti-inflammatory
effect in the lungs and airways, therefore, decreased levels might
contribute to development of airway obstruction after ARV initiation
[97]. Abnormal immune restoration similar to that in the immune
reconstitution inflammatory syndrome may result in response to
occult infection or colonization in the respiratory tract and lead to
airway obstruction. Individuals with HIV infection are noted to have
organ-specific autoimmune complications with ARV therapy, and
another possibility is that autoimmune may occur in response to lung
antigens after ARV treatment [97]. In 2015, 37 million people were
reported alive with HIV infection worldwide and 4 million of them
with COPD, with a prevalence of 10.2%, the same as that of COPD in
the general population associated primarily with high viral load (no
CD4 +), smoking and high income. The presence of viral protein at
the pulmonary levels might stimulate the recruitment of leucocytes
into the respiratory tract. This stimulation could lead to the production
of inflammatory cytokines and chemokines, as well as proteases that
cause tissue destruction, airway thickening, and clinical expression
of COPD. The absence of an association between CD4 cell count and
COPD can be explained by the fact that tissue inflammation count in
COPD is characterized by the predominance of neutrophils, CD8 cells,
and macrophages infiltration, rather than CD4 cell count [98].

Other significant associations

Poor socioeconomic status is an independent risk factor associated
with COPD, and seems to be an indicator of other possible factors
such as intrauterine growth retardation, poor nutritional status (low
antioxidant intake), respiratory tract infection in childhood, passive
exposure to smoke of tobacco and biomass, and other indoor pollutants.
These factors can contribute collectively to the risk of COPD [99].

Bronchopulmonary dysplasia is the most common chronic
complication of extremely preterm birth, and the rate of this
complication has remained stable or increased among extremely
preterm infants in the past two decades. This complication is
associated with high mortality rates, and among survivors it confers a
predisposition to cardiovascular and chronic respiratory impairment,
growth failure, and neurodevelopmental delay [100].

Pathogenic mechanisms

In COPD associated with cigarette smoking, the major pathogen
that leads to inflammation is stress. Each inhalation of cigarette
smoke contains about 10" reactive oxygen species (ROS), which
initiate the inflammatory response by stimulating macrophages and
epithelial cells which in turn release chemotactic factors that attract
other inflammatory cells to the lung and airway such as fibroblasts,
neutrophils and T cells. They release mediators of inflammation
creating a spiral that increases, amplifies and chronify the reaction
[101]. Other types of stress are recognized as contributory to the
pathogenesis of COPD such as inflammatory stress, endoplasmic
reticulum stress, apoptotic stress, and nitrative stress. Oxidative stress

Volume 4(2): 4-8



Alvarado A (2018) Chronic obstructive pulmonary disease in non-smokers: An Update

can lead to the production of reactive carbonyls (carbonyl stress)
which, when carbonyl proteins, make them immunogenic, generating
an autoimmune process [102]. With biomass smoke, this ROS load
can be derived both from the smoke as well as from the inflammatory
cells recruited in the lung and airway. However, the information on the
pathogenesis of the various types of COPD stress in non-smokers is not
as clear or as abundant as in cigarette smokers, and studies are needed to
demonstrate that interventions that increase endogenous antioxidant
reserves may reduce or erase the toxic effects of ROS in the functions
investigated [1]. However, if there are studies that have explored the
association between oxidative stress and chronic exposure to biomass.
Dutta and colleagues found increased production of ROS by exposure
to biomass and decreased activity of superoxide dismutase (SOD) (an
antioxidant enzyme) in epithelial cells and sputum leukocytes collected
from chronically exposed rural women in India; findings that have
been reproduced by Banerjee and Mukherjee [103-105]. Notably,
generation of ROS was positively correlated, and SOD activity was
inversely correlated with PM10 and PM2.5 levels in women’s blood
and also showed evidence suggestive of ROS attack to DNA from
sputum isolated cells from rural women in India chronically exposed
to biomass. The DNA attack test lies in the breaking of the acid bands.
Ceylan and colleagues found significantly higher levels of DNA bands
and an increase in serum levels of malondialdehyde and carbonylated
proteins (used as markers of lipid and protein oxidation, respectively)
[106]. However, other studies have not reproduced these conclusions
and most probably this is related to the lack of standardization of the
assays, the characteristics of the exposure to biomass and the cells and
tissues examined. The axis: stress, autoimmunity and mitochondrial
dysfunction already clearly involved in the pathogenesis of COPD
associated with smoking has not been investigated in the COPD
phenotype associated with biomass [107,108].

Comparing the two types of COPD

Very few studies have investigated the non-smoking phenotype
of COPD or made comparisons with the smoking phenotype.
Moran-Mendoza and colleagues found in their work that the clinical,
functional, radiological and pathological findings are similar [109],
however, Camp and colleagues found that exposure to biomass smoke
was associated with less emphysema but with more air trapping than
the associated smoking of tobacco, that is, a predominance of airway
obstruction [110]. It should be taken into account that although it is
true that many of the toxic products are common to both exposures
such as the emissions of particulate matter and gases, there are also
some substantial differences. For example, biomass from maize crop
residue and animal dung can have bacterial endotoxins that amplify the
toxic inflammatory process of gases and particles of matter. In addition,
the inhalation pattern of both is usually very different. Inhalation of
biomass smoke occurs with the spontaneous respiratory pattern of the
patient, while cigarette smoke has two phases: first the smoke reaches
the mouth without inhaling directly into the lung, and after a pause
is inhaled with volume of approximately 25% of the vital capacity,
that is twice the volume of the current air volume [110]. The higher
inhalation volume of cigarette smoke compared to biomass smoke
can deposit more tobacco smoke in the lung parenchyma leading to
the predominantly emphysematous phenotype. The results in terms
of survival are also dissimilar. Ramirez-Venegas and collaborators
reported that Mexican women with COPD due to biomass had the
same mortality as those who had COPD due to tobacco smoking
[111], however, Shavelle and others showed that in US patients with
COPD the reduction in the expectation of life was lower for those who
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had never smoked tobacco than those with COPD due to smoking
[112]. Rivera and colleagues reported in necropsy studies of women
with COPD that biomass smoke produced more pulmonary fibrosis,
pigment deposit and thicker pulmonary artery intimas than those with
COPD associated with smoking, which had greater emphysema and
epithelial damage, which agrees with radiological findings and inhaling
dynamics [113].

Preventive interventions

Studies that modify adverse respiratory outcomes from exposure
to fuel smoke are limited. The most obvious way to eliminate exposure
would be to turn to clean fuels such as electricity, but it is also obvious
that this is not possible particularly in poorer and less educated
countries. Some aid interventions reported mainly in developing
countries are:

Replace the kitchens on the outside of the house. Women who cook
outside of houses are exposed to a lower level of particulate matter than
those who cook indoors [114]. Placing the kitchens in a space apart
from the rest of the house decreases the exposure of other members
in the home, although not the exposure of the kitchen [114], as well
as adding additional windows to the space where cooking can reduce
adverse respiratory effects [115].

Improving the design of the kitchens increases the efficiency in
the thermal conversion, raises heat transfer radius and increases
combustion (decreasing the emission of gases). Adding chimney to
the stove improves the removal of smoke. Work done in highlands in
Guatemala has shown that adding chimney to the kitchen, the plancha
in Guatemala (chinamaste in Nicaragua and fogén in Costa Rica),
reduces up to 50% exposure to CO and the incidence of pneumonia in
children (45) and Chapman and others in a retrospective analysis, in
China, have reported how the risk of COPD is reduced by improving
the design of the kitchens [116]. Zhou and colleagues in a prospective
study, also in China, showed that the use of biogas to cook and heat
homes together with the improvement in the ventilation of kitchens
can lead to reduce the global burden of COPD associated with the use
of biomass. Biogas is a clean fuel produced by bacterial digestion of
biodegradable materials [117].

Future Directions

The burden of COPD is increasing in both developed and
underdeveloped and developing countries. In the US, 9% of young
people between 12-17 years have used tobacco at some time and 28%
of adults use it habitually. Smoking is responsible for more annual
deaths than alcohol, illegal drugs, traffic accidents murders and
suicides combined [118]. In Africa, the COPD prevalence defined
spirometrically is 16.2% for the population in general and particularly
high (39%) between 20-39 years. That is, a high prevalence in the young
population. The mortality in the continent due to COPD exceeds the
combined mortality due to malaria, tuberculosis and HIV/AIDS [28].
Therefore, while it is true that resources must be invested in designing
strategies to reduce exposure to biomass, education should also be a
priority for the population regarding the lethal effects of both exposures.

For ethical reasons there is no human model of controlled
chronic exposure to biomass smoke and when analyzing the effect of
environmental pollution, biomass smoke is only one of the constituents
at risk, so there are errors of bias in some studies. There are also only
some longitudinal and intervention works and usually the population
samples are small, the evaluation of the results is inadequate, there are
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no adjustments for key covariates, inadequate knowledge of the basic
mechanisms of production and the role of genetics and epigenetics
affecting individual susceptibility in this COPD phenotype [34]. Little
research has been done into the interaction of the various risk factors
for COPD [17]. Therefore, these areas require future research. In vitro
studies, studies in animals and in humans should be standardized
so that the results are reliable and reproducible in non-smokers
COPD. With respect to the markers of the various types of stress as
a mechanism of COPD production in non-smokers, there are many
in the literature. They should define future research which are best
indicators of pathophysiological events.

The true burden for the different developing countries is not known
as well as whether the prognosis is the same as for the COPD associated
with smoking. It is not known if the cellular and immune profile is
identical and finally if the treatment is the same. Almost all large trials
of COPD have excluded non-smoking patients. All these aspects must
be defined to adopt health policies that aim to reduce the burden of
COPD not associated with smoking.

Conclusions

EPOC behaves like an adult pandemic, affecting more than 10%
of the world’s population, whether due to tobacco use in developed
countries and the use of tobacco and/or pollution and other non-
smoking factors, in underdeveloped and developing countries. It is
known the sub-registration of this entity in countries where spirometric
diagnosis is not easily available, so this percentage could be higher on
the planet.

The prevalence and mortality of the entity are increasing at a
time when paradoxically we believe we know better the underlying
inflammatory process and the factors that generate it. Several facts
seem to be involved in this behavior but one of them may be COPD in
non-smokers, an event that has increased and will continue to increase
in the future related to low income and poor education.

The mechanisms, the cellular and immunological profile, the
prognosis and the long-term complications as well as the best treatment
for COPD in non-smokers are not clearly known, so resources should
be invested in research in these areas

Intervention programs should be designed to modify the use of
biomass fuels to control exposure. Given the projected increase in
future mortality due to COPD, the weight of the evidence of what
should be done is not available.

In the most affected countries, as well as educating the population
on reducing smoking and vaccination against influenza viruses and
pneumococcus, simple educational strategies should be designed to
inform the population about the risk and how to reduce emissions and
indoor and outdoor exposition.
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