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Air pollution is associated with effects on human health, especially on respiratory and
cardiovascular system, and more recently, the relation with gastrointestinal diseases is highlighted.
Evidence of increased incidence of inflammatory bowel disease following exposure to a polluted
environment was emphasized in the few epidemiological studies. There are also studies that have not
found a positive correlation between environmental factors and the pathogenesis of inflammatory bowel
disease. With both epidemiological evidence confirming this, suggesting a link between air pollution
and intestinal diseases, and epidemiological evidence contradicting this, it is clear this field is open to
further research, that will highlight or demonstrate the mechanisms of environmental factors influence
on the human gut microbiota causing inflammatory bowel disease.
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INTRODUCTION

Ambient air pollution as one of the most
detrimental risk factors for human health has
become an emerging public health issue. In 2019,
more than 90% of the global population lived in
areas where concentrations exceeded the threshold
values of the 2005 World Health Organization
(WHO) air quality guideline for long term exposure
to PM..s!, and according to WHO, over 4 million
deaths can be attributed each year to outdoor air
pollution?,

Previous studies concerning air pollution
focused primarily on the effects on the respiratory
and cardiovascular systems. Recently, evidence of
increased incidence of inflammatory bowel disease
(1BD) following exposure to a polluted environment
was emphasized in the few epidemiological studies.
IBD is a chronic immune-mediated digestive
disease with an yet incompletely elucidated
etiology®. According to Li et al., IBD is affecting
over 2 million people in Europe and 1.5 million
people in North America®.

Airborne particles is a mixture of several
components and may contain: biological
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components — microbial particles (bacteria,
lipopolysaccharide and spores), pollen, organic
carbon, sulphates, nitrates, polycyclic aromatic
hydrocarbons and metals. Thus, the composition of
air depends very much on the local sources of air
pollution: burning fossil fuels (local traffic — cars,
factories, household ovens), “emissions” from
animals etc. >

Among the atmospheric pollutants, particles in
suspension in the air or particulate matter — PM
(PMz5and PMyo) are of special interest in relation
with digestive pathology. PMs come mainly from
pollutant emissions generated by industry, traffic
and home heating. Once inhaled, airborne particles
may reach the intestine via the bloodstream®. PMs
can also enter the gastrointestinal tract after
ingestion of contaminated food and water or by a
mucociliary transport that remove them from the
lungs after deposition during breath. Reaching the
intestine they modify the intestinal microbiota,
inducing acute and chronic inflammatory reactions
in the intestine, including diseases such as
appendicitis, colonorectal cancer, and inflammatory
bowel disease. 1°-12
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The gastrointestinal tract comprises several
microbial entities, with the greatest diversity and
abundance of microorganisms being found in the
large intestine. A series of external and internal
factors can lead to the disruption of the gut
microbiota resulting in a change of abundance, but
also of its function. Dysbiosis means the decrease in
the number, diversity and action of healthy
“friendly” bacteria and the increase of potentially
pathogenic ones. 314

The human intestinal microbiota can be considered
an independent organ, with over 1000 species of
microorganisms, being 10 times larger compared to
the total number of cells in the human body. Despite
the numerical multitude of bacteria in the microbiota,
there is a limited phylogenetic core, common and
prevalent in most people, consisting of a small number
of operational taxonomic units:  Firmicutes,
Bacteroidetes, Actinobacteria, Proteobacteria and
Verrumicrobia. *°

Firmicutes and Bacteroidetes represent the two
important taxonomic units (representing over 90%
of intestinal bacteria of healthy adults), changing
the ratio between them could draw the balance
between normal and pathological. Firmicutes is
composed of over 200 different genera, such as
Lactobacillus, Bacillus, Clostridium, Enterococcus
and Ruminococcus. Clostridium genera represent
95% of Firmicutes. Bacteroidetes consist of
predominant genera such as Bacteroides and
Prevotella. Actinobacteria phylum is less abundant
and is mainly represented by the genus
Bifidobacterium, 1416

Together with the liver and adipose tissue, the
intestine plays an important role within the lipid
metabolism, and the intestinal redox lipids may be
firmly connected with the intestinal and systemic
inflammation. The gut microbiota modulates lipid
metabolism and contributes to the initiation and
development of intestinal disease including
inflammatory bowel disease. Recent studies
support the micro biome implication and intestinal
dysbiosis in numerous diseases: allergies, asthma,
cancer, obesity, diabetes, depression, autism
spectrum  disorders, autoimmune  diseases,
intestinal bacterial overpopulation, cardiovascular
diseases and others, 141718

In this review, the associations between air
pollution and intestinal diseases, and the alterations
of intestinal lipidome and gut microbiota by air
pollution are highlighted. The potential mechanistic
aspects underlying air pollution-mediated intestinal
pathology will also be discussed.

MATERIAL AND METHODS

We conducted a systematic review of the
literature, searching for research on the relationship
between air pollution, especially exposure to
particulate matter (PM.s and PMy), and
inflammatory  bowel disease, following the
PRISMA-ScR guidelines: PUBMED and EMBASE.

DATA SOURCES, SEARCH STRATEGIES
AND STUDY SELECTION

To achieve the objectives of this research, we
used the following search keywords: (1) “air
pollution” AND “inflammatory bowel disease”; (2)
“PM1” AND “inflammatory bowel disease”; (3)
“PM25” AND “inflammatory bowel disease”.

We used the PRISMA Flowchart®*%,
explaining: initial selection, which included
database searches; screening, document eligibility
and final selection — see Figure 1.
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Figure 1 — Search and selection in scientific databases.

Subsequently, we decided on the selection of
materials and considered only those scientific
articles that were directly related to the proposed
purpose. PRISMA helped and guided us as much as
to be able to properly report our results, conduct and
communicate our research.
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The information we used as references for the
development of this paper was selected based on the
answers to several questions (used as inclusion
criteria): (Qa) is there a direct link between “air
pollution” AND “inflammatory bowel disease”?
(Q2) is there a direct link between exposure to
“PM2s” and/or “PM1o” AND “inflammatory bowel
disease? (Qs) Which population groups are most
commonly affected? (Qs) what are the costs of
treatment for inflammatory diseases that may be
directly related to air pollution and exposure to
PMz5 and/or PMyo?

All the results selected from the search were
assessed both qualitatively and on their relevance in
order to develop the paper; thus, only articles that
we considered relevant and answered the screening
guestions were used; other articles were excluded
from our research.

The databases returned 66 scientific articles,
published between 2018 and 2024, in which we
found general information and specific, quantifiable
information that answered our questions, following
the use of key terms. Of these, only a subset —
comprising 51 articles, was retrived for the 1%
search, 6 articles were used as references for the 2"
search and 9 articles for the 3" search, following
verification and selection against the inclusion
criteria. All duplicate studies were eliminated after
the first selection stage.

In the end, we selected 31 publications for our
analysis in order to describe the link between air
pollution, exposure to “PMzs” and/or “PMy” and
inflammatory bowel diseases.

RESULTS AND DISCUSSIONS

The selected studies included information on air
pollution in urban areas through increased numbers
of particulate matter (PM2s, PMio) and intestinal
pathology, i.e. inflammatory bowel diseases. Air
pollution determined by increased urbanization,
contributes to incidence rates of inflammatory
bowel diseases?.

Epidemiological studies have investigated the
main pollutants considered important in causing
adverse effects on human health, namely:
particulate matter — PM,s, PM1o (causing significant
biological effects and adverse human health effects
when associated with increased air pollution);
nitrogen dioxide — SO (causing adverse human
health effects but not shown to have biological
activity) and ozone (causing inflammation and
airway damage; resulting in increased cell

permeability and damage to the integrity of tight
junctions)?2,

The majority of selected studies have
investigated the influence of polluted air, including
particulate matter (PMzs, PMy), classified as
irritant pollutants, on lung function in apparently
healthy individuals, children/adolescents/ young
adults, pregnant women and people with co-
morbidities (exacerbation of existing lung disease
or cardiovascular disease)?*%’.

In this area, inflammatory bowel diseases have
been much less studied compared to respiratory
diseases or cardiovascular diseases, although a large
proportion of air pollutants that are inhaled reach the
digestive tract. In addition, gaseous pollutants —
which are also irritant pollutants — can cause
systemic inflammation and have a significant
impact on the gut.

According to information from selected studies,
air pollutants can have a direct effect on the
intestinal epithelium by affecting the oxidation of
intestinal redox lipids, which contributes to
disruption of the gut microbiota and intestinal
inflammation through the production of oxygen free
radical species and pro-inflammatory oxidative
lipids?.

In addition, air pollutants can also alter the
composition of the gut microbiome: either by
decreasing the abundance of beneficial microbial
entities (which maintain the gut barrier and inhibit
inflammation) or by increasing the abundance of
pro-inflammatory species. They may also alter the
diversity of the gut microbiota®.

a. Studies that have demonstrated a causal link
between air pollution and the development of
intestinal diseases

Experimental and epidemiological studies to
date suggest that ingested particulate matter (PMzs,
PMj) can trigger and accelerate the development of
inflammatory bowel disease, particularly in
genetically susceptible individuals. It is a
combination of multiple factors (increased intestinal
permeability, decreased colonic motility, altered
colonic clearance, altered intestinal microbial
composition and metabolic function) that are
associated with these changes in the gut?-°,

In addition to atmospheric air pollution, other
environmental factors that influence the micro
biome and lead to inappropriate immune response
and chronic inflammation include: smoking, poor
personal hygiene, certain diets or contaminated
drinking water3!,
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Most studies showing associations between air
pollution and inflammatory bowel disease are
retrospective, case-control or cohort, population-
based studies that may not take into account factors
such as activity (including time spent outdoors),
occupation and diet.

Current publications analyze the relationship
between air pollution and inflammatory bowel
disease in several categories of people: groups of
people considered at risk (children, adolescents,
pregnant and breastfeeding women, the elderly), but
also groups of apparently healthy people.

I.1. Inflammatory bowel disease with onset in
childhood/adolescence/young adulthood and air
pollution

The results of these studies consider that
various adverse effects occur following exposure
to air pollution in children. In this case,
environmental stressors are considered to promote
non-communicable inflammatory diseases in early
life32-2%,

Kaplan and colleagues believe that the early
years of life are the most vulnerable: environmental
exposure (children and young adults tend to spend
more time outdoors) may trigger a genetic
predisposition for the development and increased
incidence of childhood-onset IBD*,

Particulate matter (PM2s, PMao) ingested by
children is an important route of exposure to air
pollution in urban environments where dust is
abundant (in streets and other public spaces).

Microbial exposure of young people is thought
to be increased, which may modulate the immune
system and increase the pathogenic microbial load
in the intestinal tract. Ingested particulate matter
(PM25, PM1g), which contains important bacterial
communities, may play an important role in the
onset of inflammatory bowel disease in childhood
or young people.

A UK case-control study on chronic exposure to
air pollution found that younger people were more
prone to inflammatory bowel disease (Crohn's
disease) if they lived in areas with high levels of
NO; or SO.. However, at the end of the study, it was
concluded that there was no overall association
between exposure to air pollutants and the risk of
inflammatory bowel disease?.

1.2. Inflammatory bowel disease in adults/seniors
and air pollution

In the UK Biobank, a population-based cohort
study of approximately 0.5 million persons, aged

40-69 from United Kingdom, living within 40 Km
of one of 22 assessment centers across England,
Scotland and Walles, authors found that higher
levels of PM and NOx both were associated with an
increase risk of ulcerative colitis, but not Chron's
disease. The excess risk of ulcerative colitis was
associated mainly with PM2.5.4

Adami et al., 2022 conducted a cohort study in
Italy, which was based on a population of 81,363
people (data collection period 2013-2019). Data
collection found a 7% increase in the risk of
autoimmune diseases for every 10 pg/m? increase in
airborne particulate matter (i.e. PM1o). Exposure to
PM2.5 was associated with an increased risk of
inflammatory bowel disease®.

Both increased incidence and hospitalization
rates were revealed in Crohn’s disease patients
living in New York City, possibly indicating the
implication of air pollutants in triggering
inflamation®®.

Duan et al. in 2021 observed a clear
concentration — response relationship between daily
visits of patients with ulcerative colitis and PM2s
concentrations. The response of the human body to
increased PMs concentrations indicated the
following: (1) there was no threshold concentration
below which PM2s was not directly related to the
risk of ulcerative colitis; (2) there was no saturation
effect to PMys air pollution that significantly
reduced the medical burden related to ulcerative
colitis®’.

A conclusion of the study was that investigating
the potential effects of changing individual
characteristics is useful for identifying susceptible
individuals in a population and implementing a
more locally targeted intervention. It was observed
that: associations were significant in all subgroups
(by sex) and in all seasons; there were no
differences in male and female patients.

The association was considered positive in
patients aged < 65 years and negative in patients
aged > 65 vyears (the difference was not
significant).

By Mendelian randomization, Fu et. al. in 2024
demonstrated the causal link between particulate
matter (PMzs, PMig) and the onset/onset of
ulcerative colitis. Unlike randomized controlled
trials, Mendelian randomization is considered an
analysis with several advantages, including the
ability to address potential co-founders, as well as
the ability to reduce reverse causality effects and
maximize the use of time and resources®,
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1.3. Inflammatory bowel disease with onset
during pregnancy and air pollution

An epidemiological study by Gan et al., 2022
reported positive associations between urban air
ollution and bacterial indices: exposure to
particulate matter (PM2s, PMuo) during pregnancy
was positively associated with Shannon diversity
(only PM25s), abundance-based coverage estimator
(ACE) and number of operational taxonomic units
(OTU) observed®,

b. Studies that have not demonstrated a causal
link between air pollution and the occurrence of
intestinal diseases

In contrast to all the above results, four other
human studies reported, after exposure to urban air
pollution with particulate matter (PM2,5 and PM10)
and possible bacterial changes resulting in the
development of inflammatory bowel disease: (1)
either a negative association, or (2) no association.

In one of these studies, exposure to particulate
matter (PMzs, PMig) over a 2-year period prior to
stool sampling was negatively associated with the
number of operational taxonomic units (OTUS)
observed, the Chaol richness index, the Shannon
diversity index, and the whole-tree phylogenetic
diversity (PD) index*.

Consistent with these findings, a negative
association between long-term exposure to
particulate matter (PM2s) and intestinal bacterial
changes has been reported in another study**.

Similarly, Fouladi et al. in 2020 found no
correlation between exposure to particulate matter
(PM25, PM1o) and bacterial uniformity or Shannon
diversity index*2.

Finally, Kim et al. in 2022 reported that
exposure to particulate matter (PMi) during
pregnancy and early intrauterine life was not
associated with Chaol richness and Shannon or
Simpson diversity indices®.

However, important limitations of
epidemiological studies should be taken into
account. They are based on regional estimates, not
personal monitoring; the exposure assessment is not
calculated on the basis of actual (person-to-person)
monitoring, but on the basis of regional estimates of
air pollutant levels. Thus, there is a practical
possibility of misclassification of exposures.

Assessment is done by monitoring exposure to
air pollution either immediately, before or during
the determinations, but not on a long-term basis.
Long-term exposures are considered more likely to

contribute to chronic diseases such as inflammatory
bowel diseases (Crohn's disease and ulcerative
colitis).

Gastrointestinal diseases are identified on the
basis of administrative data, which may contain
classification errors and may support false positive
associations with certain air pollutants. There is also
the possibility of bias due to confounding factors.

CONCLUSIONS

The number of studies conducted so far on the
relationship between air pollution and inflammatory
bowel disease is still limited and their results are
contradictory.

Some of these epidemiological studies confirm
the causal relationship between air pollution and
inflammatory  bowel disease in  children,
adolescents, adults and the elderly, highlighting that
pollution affects children and young adults more
than the elderly.

Epidemiological studies also suggest that air
pollution may affect the diversity and abundance of
the resident gut microbiota, but these studies are
limited in terms of the causal relationship between
dysbiosis and air pollution.

Another part of these epidemiological studies
does not result in a causal relationship between air
pollution and inflammatory bowel diseases.

More studies that can explain the effects of
certain air pollutants on gastrointestinal function
should be considered for the future.
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