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Abstract

People living with HIV (PLWH) are at increased risk of airway abnormalities and exacerbation of several lung diseases.
Several diseases such as primary lung cancer, chronic obstructive pulmonary disease (COPD), asthma, pulmonary arterial
hypertension, bronchial hyper responsiveness and sleep-disordered breathing can be exacerbated by environmental
factors such as second-hand cigarette smoke, diesel exhaust, etc. In the United States, HIV smokers outnumber HIV
nonsmokers by a 3-fold margin. Moreover, use tobacco is one of emerged as a leading cause of death and comorbidities in
the highly active antiretroviral therapy (HAART) era. For pulmonary diseases in particularly, smoking is the most
prevalent but preventable causes of morbidity and mortality affecting PLWH. Incidence of acute exacerbation of chronic
obstructive pulmonary disease (AECOPD) is already elevated in HIV-infected compared to uninfected patients and
current smoking and alcohol abuse further substantially increases the risk of AECOPD. Several studies have also reported
a link between high exposure levels of air pollution and the development of airflow obstruction as well as prevalence of
COPD. Some other environmental factors due to rapid urbanization and industrialization may also contribute to COPD in
HIV, This is possibly due to increased occupational dust exposure. This review will discuss the current highly risk of HIV-
associated pulmonary disease by environmental factors such as tobacco smoke and air pollution (includes outdoor and

indoor air pollutant).
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Health Organization; CS: Cigarette Smoke; EPA:
Environmental Protection Agency; MCC: Mucociliary
clearance; CFTR: Cystic Fibrosis Transmembrane
conductance Regulator.

Introduction
Impact of Environmental Air Pollution
Associated on Lung Diseases

Environmental air pollution comprises pollutants
directly emitted from construction sites, unpaved roads,
smokestacks or fires. It also includes some other particles
composed of highly reactive chemicals emitted from
power plants, industries and automobiles. In indoor
settings, Furthermore, it is a consequence of cooking,
smoking, vacuuming and dusting. A number of reports
have shown that exposure to fine particle pollutants
causes respiratory problems such as asthma
exacerbations, reduced lung development in children, and
increased respiratory symptoms such as coughing,
wheezing, shortness of breath, and lung cancer [1,2].
Globally more than two million deaths occur every year as
a direct consequence of air pollution through damage to
the lungs and the respiratory system [3]. Around 2.1 and
0.47 million deaths are caused by fine particulate matter
(PM) and ozone respectively [3,4]. In addition, biological
substances such as allergens and microbial compounds
are also considered hazardous pollutants because of their
potential health hazards as PM. Inhaling particulate
matter results in a number of health effects including
exacerbation of chronic respiratory, cardiovascular
diseases, decreased lung function which consequently
results in increased hospital admissions, emergency room
visits and premature mortality. In addition, mild
problems associated with inhaling PM2.5 are found to
include shortness of birth (dyspnea), chest discomfort
and pain, coughing and wheezing [5-7]. The American
Lung Association reported [8] that people with lung
disease such as asthma, chronic pulmonary disease,
chronic bronchitis and emphysema are at increased risk
of morbidity and mortality due to PM.

Impact of Outdoor Air Pollutants Associated
with Lung Diseases

The outdoor pollutants mainly constitute particulate
matter (PM), ozone and sulfur dioxide. Automobile
exhaust, fuel burning (including wood stoves and
fireplaces), forest fires, industrial activity, construction,
etc., constitutes the main source of PM. Ozone is primarily
produced in the atmosphere when nitrogen oxides from
vehicle exhauster acts with volatile organic compounds
(VOC) chemically upon exposure to sunlight. Sulfur
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dioxide is produced from industrial sites such as smelters,
paper mills, power plants and steel manufacturing plants
[9]. The major consequences of outdoor pollutants lead to
several lung diseases including increased infant mortality,
increased exacerbations in asthmatics, and hospitalization
due to respiratory distress, clinic visits for lower
respiratory tract diseases, and decreased lung growth and
function.

Impact of Indoor Air Pollutants Associated with
Lung Diseases

The major indoor air pollutants come from allergens
(e.g. dust mites, animal allergens, cockroaches, moulds)
and irritants (e.g. tobacco smoke, perfumes, cleaning
agents, nitrogen oxides). In addition, coal, biomass fuel,
carbon monoxide and second-hand smoke is a major
sources of indoor air pollution. Allergens due to house
dust mite allergens induce IgE-mediated sensitization
which leads to the development of bronchial hyper
responsiveness (BHR) and asthma [10]. Improper
management of asthma can lead to emphysema thereby
decreasing lung function [11]. Approximately 700 million
of the world’s children breathe air polluted air by tobacco
smoke, particularly at home. The World Health
Organization (WHO) considers the effects of urban
outdoor and indoor air pollution as a critical public health
problem, resulting in more than 2 million premature
deaths every year [12].

Risk of Tobacco Smoke Associated with Lung
Diseases

Tobacco smoke causes many diseases other than
cancer in the lower respiratory tract affecting the bronchi
and the alveoli. In addition, cigarette smoking promotes
lung cancer, chronic bronchitis, emphysema as well as
increases the risk of mortality from pneumonia. Cigarette
smokers are at increased risk of pneumonia. In people
living with HIV, lung infections are exacerbated due to
smoking [13]. Many individual components of cigarette
smoke (CS) such as nitrogen dioxide, carbon monoxide
and various metals are considered toxic enough to be
highly regulated by the environmental protection agency
(EPA). CS is the most common causes of chronic
bronchitis followed by long-term exposure to air
pollution, dust and fumes from the environment.
Moreover, cigarette smoke further enhances the
inflammation of the bronchial tubes due to infections by
viruses and bacteria. Chronic bronchitis often predisposes
to pneumonia. Chronic inflammation due to inflammation
is the primary cause of COPD, chronic airway obstruction,
emphysema, leading to a progressive and irreversible
decline of lung function [14]. Mucociliary clearance (MCC)
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is a play an important innate defense mechanism of the
airways and protects against inhaled microbes, irritants
and is essential for the clearance of respiratory
pathogens. MCC is impaired in chronic airway diseases
like COPD, chronic bronchitis and asthma and is
particularly suppressed in smokers due to mucus hyper
secretion and compromised ciliary beating. In people
living with HIV MCC suppression, a consequence of HIV
infection as well, is further exacerbated in by smoking
tobacco or abusing illicit drugs. One of the principal
targets of cigarette smoke in the airway is Cystic fibrosis
transmembrane conductance regulator (CFTR). CFTR is
suppressed by HIV proteins and this is exacerbated by
smoke [15-19].

In our recent study, we demonstrate that CS
potentiates HIV infection of bronchial epithelial cells by
increased expression of canonical HIV receptors CD4 and
chemokine receptor type 5 (CCR5)on bronchial epithelial
cells. In addition to enhancing HIV infection of bronchial
epithelial cells, CS individually and additively suppresses
CFTR biogenesis and function, possibly explaining the
increased incidence of lung infections in HIV patients and
its exacerbation in HIV smokers [16, 17]. Diaz, et al. [20]
reported that 114 HIV-infected persons compared with
44 age-, sex-, and smoking-matched HIV-uninfected
control persons, 15% of the HIV-infected persons had
emphysema on CT scan when compared with only 2%
observed in non-infected people (p = 0.025). Likewise,
another study demonstrated that HIV infection was
associated with 50 to 60% increased odds of COPD
diagnosis [21]. The findings by Bigna, et al. [22] suggest a
high prevalence of COPD in the global population with
HIV, COPD was significantly higher in HIV-positive
patients than in HIV-negative controls, even after
adjustment for tobacco consumption. In another study on
people living with HIV in the US, smokers aged 40 years
lose more than 6 years of life expectancy from smoking,
possibly outweighing the loss from HIV infection itself
[23]. CS is also hazardous in HIV-positive pregnant
women in the US. Cigarette smoking is associated with a
high increase in risk of pregnancy loss among HIV-
positive than HIV-negative women even in the presence of
potent highly active antiretroviral therapy [24].

Conclusion

Taken together, our review emphasizes that HIV acts
as crucial risk factor in several pulmonary diseases and is
associated with increased morbidity and mortality when
exposed to environmental insults like tobacco smoke and
air pollution (includes outdoor and indoor air pollutants).
Additionally, tobacco smoking and other environmental
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insults constitute a significant risk of lung cancer
development and deaths in people living with HIV. Other
pulmonary diseases prevalent in people living with HIV
namely chronic bronchitis, emphysema, asthma and
pulmonary arterial hypertension are further exacerbated
on account of tobacco smoke or environmental pollution.
Health organizations across the world have to focus
future research and attention on mitigating
environmental pollution not only for people living with
HIV but also for the general population on the whole.
More resources will have to be devoted to address
tobacco smoking or restricting smokers to specific areas
to minimize exposure to second hand tobacco smoke.
These steps will increase the life expectancy and quality
of life of the global population as a whole and people
living with HIV in particular. New therapeutic
interventions will also need developing to reduce the
morbidity and mortality due to HIV-associated pulmonary
diseases in children and young adults.
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