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ABSTRACT

Air pollution has been associated with respira-
tory diseases such as chronic obstructive pul-
monary disease (COPD) and lung malignancies.
The aim of this narrative review is to analyze the
current data on the possible association
between air pollution and interstitial lung dis-
ease (ILD). There are multiple studies showing
the association of ILD with air pollution but the
mechanism remains unclear. Although some of
the environmental factors have been associated
with idiopathic pulmonary fibrosis (IPF),
hypersensitivity pneumonitis (HP), and pneu-
moconiosis, data about other ILDs are scarce
and not well known. Air pollution as an etiol-
ogy for ILD may act in multiple ways, leading to
disease pathogenesis or exacerbation of under-
lying ILD. Clinical implications of this associa-
tion are manifold; limiting the exposure to
poor-quality air could possibly reduce the fall in
lung functions and the risk of acute exacerba-
tions of the underlying ILD.

PLAIN LANGUAGE SUMMARY

Air pollution is a major problem worldwide.
Pollutants are vented out in the ambient air by
sources like vehicular fume exhaust, factory
pollution, combustion by burning of biomass
fuels, and indoor pollution. The probable con-
stituents responsible for respiratory diseases are
particulate matter 2.5 and 10, nitrogen dioxide
(NO2), and ozone present in polluted air. The
role of these pollutants in pathogenesis of
interstitial lung disease (ILD) is complex. The
probable pathways include: oxidative stress,
inflammation, and telomere shortening. ILD is
a heterogeneous group of diseases, and the
effect of pollution on various types is also var-
ied. Air pollution has been associated with poor
lung function and exacerbations in idiopathic
pulmonary fibrosis (IPF), increased prevalence
of hypersensitivity pneumonitis (HP), and
presence of pulmonary fibrosis in healthy adults
and children. The incidence rate of IPF has also
been associated with pollutant levels such as
NO2. Thus, patients with ILD should be cau-
tious during bad-quality air days and they are
advised to avoid outdoor activities and use
facemasks during this period.
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Key summary points

Particulate matter, NO2, and O3 are the
culprit pollutants leading to respiratory
diseases.

HP: The proportion of HP cases increased
with higher levels of air pollution in
several Indian cities.

IPF: Air pollution has been associated with
lower FVC, accelerated decline of FVC,
and acute exacerbations in patients with
IPF.

ILA: Also associated with increased risk of
having ILA in both adults and children.

Possible mechanism: Air pollution ?
oxidant stress, inflammatory response and
telomere shortening ? fibrotic pathway.

Exposome should be evaluated to
ascertain the cause of pulmonary fibrosis.

Patients with ILD should avoid strenuous
exercise during bad-quality air days and
use facemasks.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13656821.

INTRODUCTION

Interstitial lung diseases (ILD) are a heteroge-
nous group of diseases that have varied etiolo-
gies, presentations, and treatment strategies.
The diseases presenting as ILDs have diverse
causes but often trigger irreversible fibrosis
leading to hypoxemia, respiratory failure, and
death. Causal association should be sought after
in ILD, as removal from inciting antigen is vital

to stop disease progression. Various environ-
mental factors have been held responsible for
specific types of ILD such as hypersensitivity
pneumonitis (HP), idiopathic pulmonary fibro-
sis (IPF), and pneumoconiosis (asbestosis, sili-
cosis) [1]. The causes of HP include microbes,
molds, animal proteins, plant proteins, and
organic and sometimes small molecular weight
inorganic chemicals [1]. Pneumoconiosis com-
prises diseases caused by inhalation of different
dusts for e.g., silica particles in silicosis, asbestos
particles in asbestosis, and cotton fiber dust
particles in byssinosis [1]. Though IPF has an
unknown etiology, environmental risk factors
such as cigarette smoking and exposure to metal
or wood dust and viral infections have been
known to predispose to IPF [2, 3].

Air pollution leads to death in one in eight
people worldwide, and half of these are attrib-
uted to outdoor pollution (urban and rural) [4].
Around 92% of the world’s population resides
in areas that are more polluted than the World
Health Organization’s (WHO’s) pollution target
of PM2.5\10 lg/m3 [5]. It has been estimated
that worldwide around 69.7 million disability-
adjusted life years (DALY’s) are lost to outdoor
air pollutant exposure [6]. Air pollution has
been associated with various respiratory and
non-respiratory diseases such as stroke, asthma,
pneumonia, heart diseases, dementia, and dia-
betes [7–10]. Respiratory ailments such as
obstructive airway diseases and non-respiratory
ailments including cardiovascular diseases and
brain hemorrhage have been associated with air
pollution [9, 10]. New evidence has emerged
with regards to the etiological role of air pollu-
tion in the pathogenesis of ILD [11].

Aim

We aim to do a narrative review of the literature
regarding the association of various types of
ILDs with ambient air pollution levels and the
air pollutants leading to ILD. The possible
pathogenesis the clinical and future research
implications would be analyzed.
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METHODS OF LITERATURE SEARCH

Studies analyzing the effect of exposure to air
pollution have been conducted by following up
the subjects with lung radiology and spirome-
try. Multicenter prospective longitudinal cohort
studies have also shown an association of par-
ticulate matter with exacerbation and mortality
in patients with IPF. We searched PubMed using
the terms ‘‘air pollution’’ or ‘‘pollution’’ and
‘‘interstitial lung diseases’’ or ‘‘pulmonary fibro-
sis’’ or ‘‘diffuse parenchymal lung disease’’ or
‘‘idiopathic pulmonary fibrosis’’ or ‘‘IPF’’ or
‘‘hypersensitivity pneumonitis’’ for articles
published up to August 5, 2020 in the English
language. We did a narrative review of the lit-
erature of the search results obtained. This
article is based on previously conducted studies
and does not contain any studies with human
participants or animals performed by any of the
authors.

CONSTITUENTS OF AIR POLLUTION

Air pollution consists of hazardous biological,
chemical, and particulate matter (PM) present
in the air. Rural air is contaminated by burning
biomass (either wood or dung for cooking or
burning crops in fields) and urban air is con-
taminated by vehicular exhaust. Combustion of
fossil fuels (petrol, gasoline, diesel) in engines
and coal in power stations form the major
components of urban air pollution. These nox-
ious gases get mixed with particles generated
from construction, rubber tires, molds, pollen,
bacteria, drilling of sand or salt, and metals.
This process eventually leads to the production
of PM comprising of an amalgam of solids, liq-
uids, and vapors. The air pollutants associated
with significant health adverse effects include
PM, nitrogen dioxide (NO2), other oxides of
nitrogen, ozone (O3), sulfur dioxide, carbon
monoxide, and lead [12].

The PM adversely affects human health,
ecosystems, the weather, and the visibility [13].
It is postulated that inhalation of fine PM leads
to increased morbidity and mortality [14].
There are numerous particles which remain
suspended in air and can be grouped as ‘‘total

suspended particles (TSP)’’. These particles have
an aerodynamic diameter, ‘‘d’’, of less than
100 lm [15]. The depth of absorption into the
human body varies according to the PM size
and can be further divided into fractions
according to the diameter d: PM10, fine PM,
and ultra-fine PM. PM larger than 10 lm gets
deposited in the nose and upper airways. PM-10
or coarse PM has a diameter of\10 lm,
implying that it can pass through a filter with
pores 10 lm in size, and settle in the bronchi.
Fine PM (PM2.5) with a particle size\2.5 lm
can pass through a filter with 2.5-lm pores and
can reach up to the alveoli. The ultra-fine PM
has particle size\0.1 lm and reach to the
alveoli and may cross over to the bloodstream
[16].

The PM exert their toxicity both directly and
indirectly by initiating free radical reactions in
the cells and tissues. Prolonged exposure also
leads to oxidative stress, telomere erosions
leading to chronic diseases, and increased
mortality. Their toxicity is enhanced by con-
comitant pollutants such as NO2, O3, and host
factors determining the site of deposition. NO2

is produced by fossil fume combustion pre-
dominantly from vehicular exhaust and is used
as a surrogate marker to quantify exposure to
the same. It reacts with other innocuous com-
pounds to form toxic compounds. It can com-
bine with moisture and ammonia to form a
particle that can penetrate deep in the respira-
tory system and activate an active inflammatory
response in the lungs [17–19]. It can also com-
bine with heat, organic compounds, and ultra-
violet (UV) radiation to produce O3. O3 induces
airway inflammation, hyper reactivity, and
modifications in the immunoregulatory pro-
teins [20–23]. It increases the risk of asthma
exacerbations. Sulphur dioxide is generated
predominantly from combustion of contami-
nated fossil fuels, especially coal-fired power
factories.

AIR POLLUTION AND LUNG
TRANSPLANTATION

In a cohort study of patients who underwent
lung transplantation, it was found that
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proximity to roads with high traffic air pollu-
tion levels was associated with raised inflam-
matory markers, increased incidence of
bronchiolitis obliterans syndrome, and death
[24]. Long-term exposure to air pollution from
traffic has been associated with higher risk of
chronic lung allograft dysfunction (CLAD) in
patients not taking macrolides [25]. A cohort of
5707 patients was formed from 13 lung trans-
plant centers in ten countries in Europe. They
used land-use regression models to quantify
PM10 levels at residential areas of patients and
also the traffic exposure by quantifying the
distance of place of residence to major road. The
CLAD and mortality of these patients was also
associated with distance from major roads.
However, the study was limited by missing
variables and modeled PM data with varied time
frame from the point of residence for the
patients. Another study was conducted on a
cohort of 520 lung transplant recipients. The
lung function of these patients was measured
every 6 months [26]. It was found that lower
FVC% predicted was associated with exposure
to higher levels of PM10, PM2.5, and NO2 in the
past year. This adverse effect was stronger in
cases of patients not taking macrolides. PM10
levels were also associated with lower FEV1.

INTERSTITIAL LUNG DISEASES
(ILDS)

Similarly, it has been postulated that air pollu-
tion increases the risk of developing interstitial
fibrosis (Table 1). Environmental exposure to
organic antigens or dust has been involved in
the etiopathogenesis of few ILDs. These include
HP, silicosis, asbestosis, berylliosis, and smok-
ing-related ILDs. Factory work and metal and
wood dust exposure have been associated with
the development of IPF [27–30]. Furthermore,
cigarette smoking has been conclusively found
to be associated with IPF through induction of
profibrotic pathways in the body [27–30]. The
organic and chemical agents present in occu-
pational exposures and tobacco smoke have
similarities to the PM present in ambient air
pollution. There is a possibility that PM of air
pollution also causes inflammation, deranged
immune reactions, and subsequently fibrosis.
Air pollution and cigarette smoke both have
similar compositions and are sources of PM and
inflammable organic compounds, which may
be responsible for adverse health outcomes.

Table 1 Association of various lung diseases with air pollutants

S. no Disease Air pollutant Parameter

1 Idiopathic pulmonary fibrosis (IPF) Ozone, NO2, PM2.5, PM 10 Fall in FVC

Acute exacerbations

2 Hypersensitivity pneumonitis (HP) PM2.5 Incidence

3 Interstitial lung abnormality (ILA) PM 2.5, ozone Incidence

4 Lung transplant PM10, PM2.5, NO2 Graft rejection

Bronchiolitis obliterans

Fall in FVC

Death

5 COVID-19 PM2.5, NO2 Death

NO2 nitrogen dioxide, PM particulate matter, FVC forced vital capacity, COVID-19 coronavirus disease of 2019
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AIR POLLUTION AND IPF

Worldwide, IPF constitutes the most common
and severe form of ILD with a median survival
of 24–36 months [31]. The two outcome mea-
sures deciding survival in IPF include the lung
function that is forced vital capacity (FVC) and
acute exacerbations. Acute exacerbation is
defined as worsening dyspnea with concomi-
tant new parenchymal shadows (including
ground glass shadows or consolidation) on
high-resolution computed tomography (HRCT)
and is an event associated with poor outcomes.
There have been few studies postulating the role
of air pollution in either the pathogenesis of IPF
or exacerbation of pre-existing IPF [11, 32]. A
significant association between PM10 levels and
the rate of decline in their FVC was documented
in 135 patients with IPF in a single-center
cohort study [11]. A 1-unit increase in PM10
leads to 46 cc/year additional decline in FVC
(p\ 0.05). However, the study was limited by
selection bias, environmental confounders, and
reliance on regional pollutant monitoring cen-
ters. Both O3 and PM 2.5 have been found to
accelerate the natural course of the disease as
well as exacerbations [32]. Another study
showed a positive correlation of acute exacer-
bations with short-term exposure of environ-
mental O3 levels [33]. They studied data from a
South Korean group of 436 IPF patients and
found a positive correlation between increased
levels of O3 and NO2 (including mean levels,
maximum levels, and the number of excee-
dances above accepted standards) and acute
exacerbations of underlying IPF [33]. However,
this was a retrospective analysis of data and the
pollutants data again were collected from
regional monitoring stations. Thus, the indi-
vidual exposure to pollutants varied depending
on the time the subject spent indoors or trav-
eled to other places. Mortality in IPF patients
has been found to be significantly associated
with long-term exposure to PM10 and PM2.5
levels (p\ 0.01). Pre-publication recent data of
325 patients of IPF found that lung function
decline was evident in those patients exposed to
air pollution [34]. The degree of lung function
decline varied according to the type of air

pollutant, possibly suggesting the varied path-
ways adopted by different pollutants to mani-
fest diseases. A more recent systematic review
even analyzed studies regarding the effect of air
pollution on ILD. They found that outcomes of
IPF and fibrotic ILD like mortality and exacer-
bations in all the studies were associated with
ambient air pollutant levels [35]. The review
admitted that there was heterogeneity in the
study designs. Also, the exposure quantification
was not accurate in the studies, as data about
pollutants were captured through regional
monitoring centers with varied distances from
the residence. Conti et al., in their retrospective
analysis of data from Lombardy, Italy, studied
the correlation of air pollution with the inci-
dence of IPF [36]. They found a positive signif-
icant correlation between air pollution levels
and incident cases of IPF. The study relied on
hospital records for documenting the incident
cases, thus errors in disease coding could have
occurred. Moreover, IPF patients who did not
present to hospitals would have been missed
from the study pool. In a small prospective
study of 25 IPF patients, home spirometry was
used to follow up the patients [37]. It was
observed that lower FVC levels were associated
with higher NO2 levels, but the weekly changes
in FVC did not depend on air pollution expo-
sure. The small sample size and limited follow-
up of the study failed to capture the acute
exacerbations of IPF; thus, remained the limi-
tations of the study.

Though IPF is essentially an idiopathic dis-
ease with no known cause, the possible link
with air pollution may help in better under-
standing the pathogenesis of this complex dis-
ease. There are a few caveats in this possible
association. Other ILDs are often misdiagnosed
as IPF, so the association of air pollution with
IPF may be spurious. Second, air pollution may
exacerbate all ILDs irrespective of their
subtypes.

AIR POLLUTION AND HP

Data to decipher the possible association
between HP and ambient air pollution are scant.
HP is a multifactorial disease with
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environmental factors being the foremost cau-
sative agents. The first and second hit hypoth-
esis has been proposed to explain the
etiopathogenesis of HP [38]. ‘‘First hit’’ is the
genetic framework of a person that predisposes
the individual to develop the disease. ‘‘Second
hit’’ is the environmental exposure that triggers
the development of HP in individuals with the
inherent first hit. The term ‘‘facilitators’’ has
been proposed for agents that predispose to the
second hit such as viral infections, pesticide
exposures, and possibly air pollution. Air pol-
lutants, particularly PM, may cause an inflam-
matory response in the smaller airways leading
to retention of the inciting antigen in the
alveoli leading to the disease and its
manifestations.

The incidence of HP varied from 2.6 to 6.4%
depending on the country, region, and type of
study [39–41]. The high prevalence of cases of
HP in India (47%), led the authors of the ILD
India registry to correlate the number of HP
cases with the ambient air pollution levels,
which were much higher in the country as
compared to the rest of the world [42]. The data
from patients living in urban areas from 19
centers across 11 cities from ILD India Registry
were retrospectively analyzed [43]. The PM2.5
and 10 levels were obtained from the data pro-
vided by state pollution boards to WHO. A
strong positive correlation was found between
the PM2.5 levels and number of HP cases in
these cities (r = 0.64, p = 0.03). A 1-unit increase
in PM2.5 level was found to be associated with a
7% increased risk of developing HP as compared
to other ILDs. The implications of this are
manifold, as HP is a reversible disease in the
early stages, reduced exposure to the inciting
antigen as well as polluted air could possibly
prevent disease progression. However, the lim-
itations of the study included retrospective
study design, missing data, and distance of
patient residence from the monitoring centers.

AIR POLLUTION AND INTERSTITIAL
LUNG ABNORMALITY (ILA)

Interstitial lung abnormality (ILA) refers to
asymptomatic patients with pulmonary fibrosis

documented on HRCT performed for ancillary
reasons. Large community-based studies have
been conducted on healthy individuals to
understand the effect of air pollution on the
airways and lung parenchyma. A cross-sectional
study conducted on 249 healthy children (230
children residing in highly polluted areas in
southwest Mexico City, 19 residing in lower
polluted areas in Tlaxcala) found a significant
association between interstitial markings and
hyperinflation on chest radiography with
PM2.5 and O3 levels (p\ 0.001 and p\ 0.001,
respectively) [44]. The Mexico children were
chronically exposed to O3 levels above the set
target of air quality for an average of 4.7 h per
day and also to PM2.5 above the annual stan-
dard. The most common abnormalities seen on
chest radiograph and HRCT were hyperinfla-
tion, reticular shadow, air trapping, and nodu-
lar shadows. They concluded that higher PM2.5
and O3 exposures were associated with abnor-
mal chest radiographic and spirometric find-
ings. However, follow-up of these children was
not performed to assess whether they had
become symptomatic over subsequent years.
Analysis of the pathological specimens such as
bronchoalveolar lavage fluid or biomarkers in
the blood was not studied to validate the find-
ings. HRCT was also available for limited num-
ber of children rather than the whole cohort of
subjects.

The Multi-Ethnic Study of Atherosclerosis
(MESA) Air-Lung Study included 6813 commu-
nity residents that were followed up for 10 years
[45]. In this prospective cohort study, a 40 parts
per billion (ppb) increase in NO2 was associated
with 1.62-fold increase in ILA and a 5-unit
increase in PM2.5 was associated with 0.54% per
year increase in high attenuation areas on
HRCT. A study on Framingham Heart Study
participants found that an increase in elemental
carbon of 0.14 lg/m3 was associated with 1.27
(95% CI 1.04 to 1.55) times greater odds of ILA
and 1.33 (95% CI 1.00 to 1.76) times greater
odds of ILA progression [46]. Both of these
cohort studies were thwarted with confounder
bias. ILA on CT scan is often a finding of car-
diogenic pulmonary edema, obesity, infection,
and atelectasis. Thus, essentially it may have
not been ILD but secondary manifestation of
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other diseases. The second limitation is the lack
of follow-up of these patients on whether they
developed clinical ILD in the future. Despite
these limitations, pollution was associated with
ILA, which could be a pre-clinical stage of ILD.

Thus, not only is air pollution associated
with documented cases of ILD, but it may be
associated with subclinical or antecedent cases
of pulmonary fibrosis, which occur much before
the development of actual symptoms.

PATHOPHYSIOLOGICAL
MECHANISMS

The pathogenetic mechanism of air pollution
leading to ILD is complex (Fig. 1). ILD is not a
single disease but a group of diseases, and thus
the pleiotropic effects of air pollutants would be
varied depending on the genetic predisposition,
concomitant exposures, and other socio-demo-
graphic variables. In vitro studies have shown
that rats and monkeys exposed to high O3 have
increased collagen deposition in their lungs
[47, 48]. Studies conducted in healthy volun-
teers exposed to intermittent air pollutants like
NO2 and O3 showed both respiratory and sys-
temic inflammation [18, 19]. A similar pattern
has been observed in epidemiological studies in
healthy subjects with short-term exposures to
high air pollutant levels [49, 50].

Exposure to air pollution produces oxidative
stress, which triggers production of reactive
oxygen species (ROS) such as hydroxide radical
and superoxide anions [50–52]. These oxidants
are counter-balanced by antioxidants. In ILD,
the increased levels of ROS overwhelm the
antioxidants stores and in turn the antioxidants
cannot eradicate them, thereby leading to
inflammation and fibrosis in the lung par-
enchyma. It has also been seen that patients of
IPF have deficient levels of antioxidant glu-
tathione in their lower respiratory tract, pre-
disposing them to oxidative stress [53]. Despite
this hypothesis, the role of antioxidant drug N-
acetyl cysteine (NAC) has not been proven in
ILD. Randomized control trials have failed to
show any benefit in terms of reducing the
annual decline of FVC by NAC versus placebo in
patients with IPF [54].

The second possible mechanism of air pol-
lution leading to pulmonary fibrosis involves
the telomeres. Telomeres are non-coding
genetic sequences present at the end of the
chromosomes; their role is to protect the
genetic information carrying DNA rather than
coding. They are susceptible to oxidative stress
[52, 55]. They withstand acute oxidative stress
but shorten on chronic exposures. Shortened
telomeres have been noted in IPF but shorten-
ing of telomeres was not genetic in these stud-
ies, thereby implying environmental causes
[56, 57].

The third mechanism, of air pollution lead-
ing to parenchymal involvement, is inflamma-
tory. Studies have shown that the transforming
growth factor beta (TGF-b) pathway in the
human fibroblasts gets deregulated in ILD due
to exposure to organic matter in ambient air
pollution [58]. There is a complex relation
between the PM and TGF-b; the latter is sus-
pected to be responsible for disordered protein
synthesis, which in turn leads to ILD. TGF-b is
the target molecule for various drugs studied for
the treatment of IPF.

Each of these three mechanisms may work
singly or in conjugation to bring out the man-
ifestations of ILD; which would also depend on
the genetic and environmental predispositions
of the person. More research and data are nee-
ded to understand the pathophysiology and
association of air pollution with each individual
subtype of ILD.

The term ‘‘exposome’’ has been used to
denote the lifetime of exposures including in-
utero exposures. A similar concept was used
earlier to study the risk factors associated in
causation of cancer in patients. The term ‘‘ex-
posome’’ was coined to supplement the genetic
make-up of a patient to study the risk factors
present in malignancy patients [59]. It consti-
tuted a collective term to denote all the envi-
ronmental risk factors a person comes in
contact with during their entire lifetime. Sub-
sequently, the term exposome has been used in
determining a patient’s risk factors leading to
various diseases like diabetes mellitus and psy-
chiatric illnesses [60–64]. Ideally, exposome
constitutes all the exposures a person encoun-
ters from his or her birth to death. The
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cumulative effect of lifetime exposures is more
likely seen in IPF, as this disease is seen in
elderly [65]. It is difficult to evaluate the expo-
some of a patient directly; it may be gauged
indirectly with the help of biomarkers. The
identification of suspected exposures and
assessing for the associated biomarkers should
be an integral part of evaluation of ILD patients.
Biomarkers that are used as the telltale signs of
exposure to air pollution include exhaled nitric
oxide, induced sputum samples for microRNA,
buccal mucosa cell examination for micronuclei
frequency, serum IL-6 levels, and searching for
exhaled breath condensate malondialdehyde
[66–68]. However, more novel biomarkers need
to be studied to assess the exposures a patient
has over their lifetime.

CONCLUSIONS AND FUTURE
DIRECTIONS

Exposure to air pollution exists from in utero,
therefore discovering the environmental causes
and searching for their biomarkers is thus nee-
ded. Population-based studies for the identifi-
cation and measurement of exposome linked to
IPF and other ILDs should be sought. More data
are required to study the gene–environment
interaction in order to apply this scientific data
to clinical practice. Furthermore, studies are
also required to depict if removal of the envi-
ronmental factors affects the prognosis of the
patients. This is particularly relevant in the
clinical context of genetically susceptible indi-
viduals who are exposed to varied environ-
mental agents including air pollution. As air
pollution is quantifiable and its exposure is
present throughout life, it is essential to docu-
ment the association of markers of air pollution
with ILD. Limiting exposure to poor quality air,
which is a modifiable risk factor, can possibly
prevent a reversible disease progressing to an
irreversible and fibrotic form. These findings
have significant public health impact. Efforts in
the direction to control it both at the govern-
ment and individual levels need to be insti-
tuted. Certain precautions should be followed
in patients with ILDs to limit the exposure to air
pollutants such as the use of facemasks, limiting

outdoor activities, and limiting exercises on bad
air-quality days [69].
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