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There are more than seven million premature deaths every year linked to air pollution effects. The critical hazards of exposure to air pollution
are the increased risk of respiratory and cardiovascular diseases, which can boost morbidity and mortality. Besides, ingested pollutants can
cause gastrointestinal (GI) diseases. Functional GI disorders (FGIDs) are called gut-brain interaction disorders that influence approximately
one out of every four people and have negative effects on life quality, work productivity, and medical costs. Intestinal inflammation, gut
microbiota, and GI motility are the three important factors in the pathogenesis pathways of these disorders. This literature aimed to clarify the
link between air pollution exposure and the pathophysiology of FGIDs. This study was conducted based on published studies in English using
scientific databases, such as PubMed, Embase, Web of Science, and Google Scholar, from 1990 to 2023. We used various combinations of
relevant keywords, such as air pollution, air pollutant, FGID, gut microbiota, and gut inflammation. The findings indicated that air pollution
can contribute to the etiology of FGIDs through dysbiosis and intestinal inflammation. In addition, air pollution may alter the composition
and diversity of gut microbiota, which in turn can play major roles in the development of these disorders. In addition to the steps taken by
the government to tackle air pollution, there are some recommendations to prevent the negative effects of air pollution exposure, such as the
consumption of biotics in a diet.
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INTRODUCTION respiratory tract based on their size. In this manner, larger and
smaller particles are placed in the upper respiratory tract and
alveolar spaces, respectively.l® It is widely accepted that air
pollution can increase the risk of respiratory and cardiovascular
diseases, which can boost morbidity and mortality.” Studies
have shown that air pollution can cause inflammation as an

A complex heterogeneous mixture of solids, liquids, and
gases is defined as air pollution,!!! which is an important
environmental issue around the world related to anthropogenic
activities, such as traffic in urban areas.) Air pollution
is an environmental stress, which can be divided into
primary (directly released) and secondary (produced in the
atmosphere).!"! There are different types of air pollutants Address for correspondence: Prof. Peyman Adibi,
including particulate matter (PM), volatile organic compounds, Isfahan Gastroenterology and Hepatology Research Center, Isfahan
d ¢ h it dioxide (NO University of Medical Sciences, Isfahan, Iran.
and gaseous components, such as nitrogen dioxide (NO,), E-mail: payman.adibi@gmail.com
sulfur dioxide (SO,), carbon monoxide (CO), and ozone.*’ PM
is defined as liquid droplets and solid particles with sources
of organic and inorganic, including metals, nitrates, sulfates This is an open access journal, and articles are distributed under the terms of the
. . ’ . i > 4 5} Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
ions, and polycyclic aromatic hydrocarbons (PAHs).!*

allows others to remix, tweak, and build upon the work non-commercially, as long
After the inspiration, the respiratory particles localize in the as appropriate credit is given and the new creations are licensed under the identical

terms.
Access this article online For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com
Quick Response Code:
Website: How to cite this article: Heidarian M, Boroujeni MH, Amin MM, Adibi P.

wwwijehe.org The possible effects of common air pollutants on the pathophysiology of

functional gastrointestinal disorders: A narrative review. Int J Env Health
DO Eng 2023;12:26.

10.4103/ijehe.ijehe 32 23 Received: 12-06-2023, Revised: 29-07-2023,
Accepted: 30-07-2023, Published: 21-11-2023

.@ 2023 International Journal of Environmental Health Engineering | Published by Wolters Kluwer - Medknow




8L+AWAOANOMNBAAAAYO/FIAEIDVIHSALLIAIPOOAEIEAHIONI/AOAU

MY TXOMADYOINXOHISABZIAYTC+eyNIOITWNOTZTARY HRSHA AU Ad yall/wod mm| sfeuinol//:dny woiy papeojumoq

G202/0€/¥0 uo

Boroujeni, ef al.: Air pollution and FGIDs

oxidative stress factor and affect airway epithelium. The
relation between air pollution and nonpulmonary diseases,
such as colon cancer and rheumatoid arthritis indicates that
not only air pollution can develop pulmonary diseases, but
also contribute to nonrespiratory diseases due to systemic
inflammation.’® Besides, short-term exposure to various air
pollutants can be related to gastrointestinal (GI) diseases. In
this regard, the relationships between PM, , and gastric ulcers,
ozone and appendicitis, CO, and gastroenteric disorders have
been suggested.”

Functional GI disorders (FGIDs) are a group of disorders
that include variable combinations of chronic, recurrent GI
manifestations in the absence of identifiable organic causes
or biochemical abnormalities.!'” It is estimated that these
disorders have a global prevalence of 10%—45%."1 Common
subtypes of FGIDs include irritable bowel syndrome (IBS),
functional dyspepsia (FD), gastroesophageal reflux disease,
functional dysphagia, gastroparesis, functional constipation,
diarrhea, and fecal incontinence.['?’ However, IBS and FD
are the most frequent subtypes of FGIDs.["¥! It is thought
that FGIDs are a group of complex and multifactorial
disorders without distinct pathophysiology.l'¥ On the other
hand, genetic, gut-brain dysfunction, low-grade mucosal
inflammation, intestinal microbiota, GI motility alterations,
and environmental factors, such as diet and stress may be the
key factors in the development of these disorders.!'> Figure 1
illustrates some etiologies of FGID. Moreover, bacterial,
protozoal, or viral gastroenteritis and the pathogens, such as
Campylobacter jejuni, Shigella sonnei, Salmonella enterica,
and Escherichia coli may play roles in the postinfectious
FGIDs.'!'"l The diagnosis of these disorders is based on
patient-reported symptoms. Different criteria illustrate the
recognized subtypes of FGIDs with obvious symptom profiles.
However, there is considerable overlap between the symptom
profiles in clinical practice.''® In addition to GI symptoms,
patients with these disorders exhibit nonspecific symptoms,
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Figure 1: Etiology of functional gastrointestinal disorders. FGIDs:
Functional gastrointestinal disorders, Gl: Gastrointestinal

such as poorer sleep and sexual dysfunction. Consequently,
these disorders can increase medical costs,!'¥ and reduce the
quality of life, particularly psychological health and physical
activities.!'” Of note, the total direct cost for every patient with
IBS is approximately USD 348—8750 per year. Furthermore,
IBS is a common cause of patients’ absence from work. In this
regard, the average number of sick leave per year by the cause
of IBS was about 8.5-21.6.1'9

According to the World Health Organization, approximately
90% of people around the world are exposed to air pollution
due to urbanization.®! Notably, the daily intake of PM in a
typical Western diet is predicted to be between 10'? and 10
particles per person.l' Moreover, gaseous pollutants can affect
the GI tract via promotion of systemic inflammation. Hence,
the GI tract is likely an essential organ system in which air
pollution can cause dysbiosis and intestinal diseases along
with alterations in the gut flora diversity.® Several studies
have been conducted on the impact of air pollution on human
health, particularly its impact on respiratory and cardiovascular
diseases. However, the role of air pollution in the pathogenesis
of GI diseases, such as FGIDs, is still largely unknown and
needs more studies. The studies included in this narrative
review reveal that air pollution can also be associated with
FGIDs. In the current study, we reviewed the possible impact
of air pollution on two common types of FGIDs (IBS and FD)
from the perspective of intestinal inflammation, gut microbiota,
and GI motility.

We concentrated on the research studies on the link between
common air pollutants and the pathophysiology of FGIDs.
Studies were excluded if they were not related, or were carried
out on other GI diseases, in the process of reading the titles
and abstracts (MH, BD).

Studies were included that were available in English,
published between 1990 and 2023, full-text available, and
having a distinct correlation with the subject of the study. All
qualitative, quantitative, or combined research methodologies
were selected. Studies were excluded if they did not meet the
mentioned criteria.

This literature seeks to illuminate the link between air
pollution and FGIDs based on information collected using
scientific databases, such as PubMed, Embase, Web of
Science, and Google Scholar, from 1990 to 2023. In this
narrative review literature, the following set of keywords
have been used: air pollution, air quality, air pollutant, air
contaminant, air pollutant substance, FGIDs, functional bowel
disorder, intestine flora, gut bacteria, gut microbe, human gut
microbe, intestinal bacteria, GI flora, bowel microbiota, gut
inflammation, intestinal inflammation, and metabolome. All
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English articles (500) were investigated. Eventually, an amount
of 44 documents were cited. The complete search strategies are
presented in Table 1. The search process covered the terminal
date until March 2023. Literature searches were performed by
two authors (MH, BD).

Table 1: Scientific database search strategies
PubMed

(CCCCCCC(((AIr Pollution[MeSH Terms]) OR (Air Pollution*[Title/
Abstract])) OR (Air Quality[Title/Abstract])) OR (Air
contaminant*[Title/Abstract])) OR (air pollutant substanc*[Title/
Abstract])) OR (air pollutant*[Title/Abstract])) OR (air particul*®
matter*[Title/Abstract])) OR (air chemical*[Title/Abstract])) OR (air
contamina*[Title/Abstract])) OR (air pollut*[Title/Abstract]))

OR (pollut* atmosphere[Title/Abstract])) OR (airborne particulate
matter|[Title/Abstract])) OR (particulate air pollutant[Title/
Abstract])) AND ((((((((((((((Trritable Bowel Syndrome[MeSH
Terms]) OR (Irritable Bowel Syndrome*[Title/Abstract]))

OR (Irritable Colon[Title/Abstract])) OR (functional bowel
disorder[Title/Abstract])) OR (intestine flora[ Title/ Abstract]))

OR (gut bacteria[ Title/Abstract])) OR (gut microb*[Title/
Abstract])) OR (human gut microb*[Title/Abstract])) OR (intestinal
bacteria[ Title/Abstract])) OR (gut inflammation[ Title/Abstract]))
OR (metabolome[Title/Abstract])) OR (intestinal microbe*[Title/
Abstract])) OR (bowel microbiota[ Title/Abstract])) OR (gastro
intestinal flora[ Title/Abstract]))

Embase

(““air pollution” OR “air pollution*”:ti, ab OR “air quality” OR
“air quality”:ti, ab OR “air contaminant*”:ti, ab OR “air pollutant
substanc*”:ti, ab OR “air pollutant” OR “air pollut*”:ti, ab OR
“air particul* matter*”:ti, ab OR “air chemical*”:ti, ab OR “air
contamina*”:ti, ab OR “pollut* atmosphere™:ti, ab OR “atmospheric
particulate matter” OR “airborne particulate matter”:ti, ab OR
“particulate air pollutant™:ti, ab) AND (“irritable bowel syndrome*”:ti,
ab OR “irritable colon” OR “irritable colon™:ti, ab OR “functional bowel
disorder” OR “functional bowel disorder’:ti, ab OR “intestine flora”
OR “intestine flora™:ti, ab OR “gut bacteria”:ti, ab OR “gut microb*”:ti,
ab OR “human gut microb*”:ti, ab OR “intestinal bacteria”:ti, ab OR
“gut inflammation” OR “gut inflammation’:ti, ab OR “metabolome”
OR “metabolome”:ti, ab OR “intestinal microbe*’”:ti, ab OR “bowel
microbiota”:ti, ab OR “gastro intestinal flora™:ti, ab)

Web of Science

(TS=(“Air Pollution*” OR “Air Quality*” OR “Air Contaminant” OR
“Air Pollutant Substance*” OR “Air Pollutant” OR “Air Chemical”
OR “Ultrafine Particle*””) OR TI=(*Particulate Matter*”” OR “Ultrafine
Fiber*” OR “Airborne Particulate Matter” OR “Particulate Air
Pollutant®” OR “Ambient Particulate Matter” OR “Ultrafine Particulate
Matter” OR “Ultrafine Particle*””) OR AB=(‘Particulate Matter*”” OR
“Ultrafine Fiber*” OR “Airborne Particulate Matter” OR “Particulate
Air Pollutant*” OR “Ambient Particulate Matter” OR “Ultrafine
Particulate Matter” OR “Ultrafine Particle*””)) AND (TS=("Irritable
Bowel Syndrome*” OR “Irritable Colon” OR “functional bowel
disorder” OR “intestine flora” OR “gut bacteria” OR “gut microb*” OR
“human gut microb*” OR “intestinal bacteria” OR “gut inflammation”
OR metabolome OR “intestinal microbe*” OR “bowel microbiota”

OR “gastro intestinal flora” OR “gastrointestinal motilit*””) OR
TI=(“Irritable Bowel Syndrome*” OR “Irritable Colon” OR “functional
bowel disorder” OR “intestine flora” OR “gut bacteria” OR “gut
microb®*” OR “human gut microb*” OR “intestinal bacteria” OR “gut
inflammation” OR metabolome OR “intestinal microbe*” OR “bowel
microbiota” OR “gastro intestinal flora” OR “gastrointestinal motilit*”)
OR AB=(“Irritable Bowel Syndrome*” OR “Irritable Colon” OR
“functional bowel disorder” OR “intestine flora” OR “gut bacteria”

OR “gut microb*” OR “human gut microb*” OR “intestinal bacteria”
OR “gut inflammation” OR metabolome OR “intestinal microbe*” OR
“bowel microbiota” OR “gastro intestinal flora”))

Study selection

Two authors separately screened the titles and abstracts based
on the inclusion and exclusion criteria to determine relevant
studies. Secondly, the full text of potentially eligible studies
was reviewed. For studies that did not consist of abstracts
available, the total publications were investigated to find out
eligibility. If full papers were not available even after trying
to contact the first author, they were excluded from the study.

ResuLts anD Discussion

Effective factors in the pathophysiology of functional
gastrointestinal disorder

Intestinal inflammation

The intestinal mucosal immune system is developed as a
well-organized barrier against foreign pathogens as well as a
beneficial environment to keep gut tolerance to food antigens
and microbiota.?” Chronic immune changes and low-grade
mucosal inflammation have been proposed in FGID patients.
The inflammatory reaction in these patients is accompanied by
the release of inflammatory cytokines, like Interleukin (IL)-13
and IL-5. Of note, IL-6, tumor necrosis factor (TNF)-o, and
IL-1 B may have significant roles in the development and
progression of IBS. Intestinal inflammation can increase
gut permeability and cause diarrhea due to decreasing the
absorption of water and sodium.?!

Gut microbiota

The term gut microbiota is a group of bacteria, archaea, and
eukarya that live in the GI tract and have many benefits to
the host. The normal gut microbiome is mainly comprised
of two major phyla, namely Bacteroidetes, and Firmicutes.
Host immune system, genetic, and environmental factors,
such as diet, smoking, location, and living in urban or rural
areas contribute to the composition and diversity of gut
microbiota. These beneficial microorganisms help with
nutrient, xenobiotic, and drug metabolism, maintaining
gut integrity, developing the immune system, and giving
protection against pathogenic microorganisms. Studies have
revealed that the gut microbiota regulates the release of
immunoglobulin A on the mucosal surface of the GI tract,
which prevents the adhesion of pathogens to the intestinal
epithelium and their penetration into the gut barrier. Besides,
Bacteroides and Clostridium species play an important role in
preventing gut inflammation via increasing the concentration
of immune mediators that maintain GI tract hemostasis, called
regulatory T-cells.!18-22-24]

On the other hand, the gut microbiome plays an essential
role in the development of human diseases including IBS,
inflammatory bowel disease (IBD), and metabolic diseases,
like diabetes and obesity.?>?] On the whole, the intestinal
microbiota consists of useful bacteria, such as Bifidobacterium
and Lactobacillus, and pathogenic bacteria, such as
Streptococcus, Enterobacteriaceae, Clostridium, Escherichia,
and Staphylococcus. When the healthy balance between the
symbionts and pathobionts is disturbed, alterations in the
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diversity and composition of the gut microbiota (dysbiosis)
can occur, which may lead to GI disease susceptibility.['!]

The intestinal epithelium includes epithelial cells and tight
junctions (TJ) proteins. These structures act as a barrier
between the intestinal microbiome and systemic environmental
factors as well as mucin secretion and protection against
inflammatory response.*”!

GI hemostasis is defined as cooperation between the intestinal
epithelial layer, gut microbiota, and immune system. When
the intestinal hemostatic balance is disturbed, it may lead to
FGIDs.l'®

Role of air pollution in the pathophysiology of functional
gastrointestinal disorders

Air pollution and intestinal inflammation

Air pollution can cause dysbiosis and intestinal inflammation,!
which is illustrated in Table 2. Association between air
pollution and intestinal diseases, such as IBD, appendicitis, and
colorectal cancer, due to increased inflammatory conditions
by air pollution, have been shown in previous studies.!®
Intestinal inflammation may also be a possible mechanism in
the development or progression of FGIDs.

The GI tract exposure to air pollution can be direct or indirect.
Air pollutants may enter into the GI tract via ingestion of

contaminated food and water or are swallowed in the GI
tract through the pulmonary system due to mucociliary
transport of respiratory pollutants. In the GI tract, ingested
pollutants may affect the intestinal epithelium via the
production of intestinal oxidative lipids and reactive oxygen
species (ROS), which can cause intestinal inflammation
and increase gut permeability.”) The role of air pollution in
intestinal inflammatory conditions may be due to interference
in the normal metabolism of intestinal lipids. In this regard,
studies demonstrated that diesel exhaust particles (DEP),
which consist of numerous PMs with a diameter <100 nm,
can develop intestinal disease through several mechanisms.
Exposure to these pollutants can boost infiltration of immune
cells, such as neutrophils and macrophages in the intestine
due to increasing pro-inflammatory cytokines and oxidative
lipids, like hydroxyeicosatetraenoic acids, prostaglandin
D,, and hydroxyoctadecadienoic acids. Moreover, DEP
exposure can decrease the activities of anti-inflammatory
and anti-oxidant factors, such as high-density lipoprotein
and apolipoprotein A-I mimetic peptide (D-4F).[ Exposure
to PM can also develop TJ proteins disruption, and increase
the nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-kB). These findings likely play an essential role
in gut inflammation." Interestingly, evidence from in vitro
studies indicated that air pollution exposure can increase gut

Table 2: Summary of some studies on air pollution and intestinal inflammation

Author, Country Study population, sample  Type of Concentration  Exposure Finding Reference
year of origin size and methodology pollutant time
Salim Canada  An experimental design, in PM,, 9 ng/g, g=Mouse 10, 14, and  PM, exposure had important effects [26]
etal., 2014 IL-10 deficient mice, n=6 weight 20 weeks  on the gut epithelium, gut barrier
function, and TNF-a release, which
may result in intestinal disease
Fitch et al., United An experimental study, in PM mixed 300 pg/m’ air  For 6 h/day, Inhalation exposure to [25]
2020 States 8 weeks old male, Apo E diesel and 7 days/week, environmental pollutants increased
knockout mice gasoline for 50 days ROS, rearranged TJ proteins, and
engine developed intestinal inflammation
emissions
Mutlu United  An experimental design, in Urban PM 200 pg for each 48 h PM exposure increased stress [27]
etal., 2011 States male, C57BL/6 mice mouse oxidative damage, TJ protein
dysfunction, gut permeability, and
gut inflammation in epithelial cells
Lietal, United An experimental study, in Atmospheric 360 pg/m? 5 h/day, Exposure to ultrafine particles [28]
2015 States Ldlr-null mice, at the age of ultrafine 3 days/week increased HETEs, HODEs,
90 days and an average weight particles for 10 weeks and PGD,, which may lead to
of 24.8£1.5 g, n=6/group inflammation in the small intestine
Mutlu United An experimental design, in PM, 135.4+6.4 pg/m*> 8 h/day for PM exposure altered the gut [29]
etal.,2018 States male 8—12 weeks old mice, 5 days a microbiota and increased
n=10 week for  inflammation in the GI tract which
3 weeks  may lead to dysbiosis
Phillippi United An experimental study, in DEPs 35 g 30 days DEP exposure increased TNF-a, [30]
etal., 2022 States 4-6 weeks old male, C57BL/6 altered gut flora diversity, and
mice increased systemic inflammation
Zhao et al., China Prospective study, in 76 PM, 57.11 pg/m? 72h PM, ; exposure decreased the [31]
2022 healthy seniors (age=60—-69) level of IL-6 and changed the

concentrations of proinflammatory
and anti-inflammatory cytokines

ROS: Reactive oxygen species, TJ: Tight junction, SCFA: Short-chain fatty acid, PM: Particulate matter, TNF-a: Tumor necrosis factor, HETE: Hydroxy
eicosatetraenoic acids, HODE: Hydroxy octadecadienoic acids, PGD,: Prostaglandin D,, GI: Gastrointestinal, IL: Interleukin, DEP: Diesel exhaust particle,

Apo: Apolipoprotein
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permeability. In this regard, exposure to >10 ug PM/cm? for 4 h
is related to higher activation of NF-kB, and exposure to >5 ug
PM/cm? can increase ROS in Caco-2 epithelial cells. Besides,
exposure to 5 ug PM/cm? for 4 days can increase TNF-o. Last
but not least, studies showed that exposure to >100 pg/cm? for
1 week or exposure to >50 ug/cm? for 2 weeks is associated
with increased intestinal levels of the lipid peroxidation
mediator 4-hydroxynonenal.l*]

Air pollutants are likely associated with decreased expression
of factors that play roles in gut barrier integrity and increased
inflammatory mediators, such as IL-1 B, TNF-a., and toll-like
receptor-4. For instance, PM exposure can increase ROS and
rearrange TJ proteins.* Long-term PM, , exposure can also
increase gut permeability and intestinal inflammation due to
the expression of genes involved in inflammation, like IL-6
and TNF-o.. Moreover, PAH exposure is associated with the
expression of IL-1 B, which can increase infiltration of mast
cells, neutrophils, and macrophages.’**!

It is claimed that air pollution can decrease the concentration
of regulatory T-cells induced by Clostridia, Gram-Positive
bacterial species belonging to the family of Firmicutes, which
may result in asthma attacks. This may be due to the fact that
there is an important communication between the lung and
gut through the lymphatic and cardiovascular systems, which
is called the gut-lung axis. Consequently, lung inflammation
due to air pollution exposure can cause gut dysbiosis through
the transportation of inflammatory cytokines and immune cells
from the lung to the gut.™

Short-chain fatty acids (SCFAs) are the main metabolites
of gut microbiota that can suppress inflammation. Air
pollution can decrease SCFA levels and increase systemic

inflammation through the interruption of the lung-gut axis and
the development of gut microbiota dysbiosis.>

Nonspecific abdominal pain is one of the important symptoms
of IBS. Animal studies showed that the exposure of mice to air
pollution can increase pain response. Additionally, previous
studies in the youth age group (between the ages of 15 and
24 years) with the predominance of the woman indicated
that the occurrence of nonspecific abdominal pain is likely
correlated with air pollution, such as NO,, SO,, CO, and PM, .
According to these studies, releasing IL-8 from the small
intestine and oxidative stress damage of colonic mucosa due to
air pollution exposure may be the key factors in the prevalence
of IBS symptoms.[!'?]

It is argued that gut microbiota may play significant roles in
the pathophysiology of FGIDs. As a result, investigating the
factors that alter the gut microbes’ composition and function
can help to comprehend disease pathogenesis.>

The impact of air pollution on intestinal microbiota has been
increasingly noticed in recent years.[) Table 3 illustrates a
summary of some studies on air pollution and gut microbiota.
The history of studies on the relationship between air pollution
and human gut microbiome dates back to 1989. This study
depended on bacterial species culturing, which indicated that
occupational exposure to heavy metals was associated with
increasing mercury-resistant Enterobacteriaceae in the gut
microbiome.’! Moreover, other studies have shown that the
gut microbiota can metabolize ingested particles into toxic
metabolites. As a result, these metabolites are released into
the circulation. For example, gut microbiota metabolizes
the PAHs to metabolites that imitate the estrogen hormone

Table 3: Summary of some studies on air pollution and gut microbiota

Author, Country Study population, sample Type of Concentration Exposure Finding Reference
year of origin size, and methodology pollutant time
Zordao  Brazil An experimental design, PM, 600 pg/m? 13 weeks Lower quantities of the Bacteroidetes [37]
etal., in 8 weeks old male and for24h  phylum and higher quantities of the
2023 female, C57BL/6J mice Verrucomicrobia were observed in

PM-exposed mice
Dutta United An experimental design, Traffic-related  15.6+3.7 pg/m*® 14 months Exposure to traffic-related air pollution [38]
etal., States in male and female, air pollution was associated with an increase in
2022 Tg344-AD rats, (n=5-6) the Turicibacter and Ruminococcus

gnavus. The concentrations

of Desulfovibrionacceae and

Lachnospiraceae decreased in rats
Kish Canada An experimental study, in ~ PM 18 ng/g/day 14 days  PM exposure increased inflammatory [39]
etal., wild-type 129/SvEv mice cytokines, and altered the quantities of
2013 Verrucomicrobia
Lietal., United An experimental design, in ~ Ultrafine 40 pg/mouse/ 3 daysa Exposure to ultrafine particles increased [40]
2017 States Ldlr-null mice, (n=11-12)  particle week for  the number of Verrucomicrobia and

10 weeks decreased the number of Actinobacteria,

Cyanobacteria, and Firmicutes

Mutlu  United An experimental design, PM, 135.4+6.4 ug/ 8 h/day for Ambient particle exposure increased [29]

etal., States in 8-12 weeks old male,
2018 C57BL/6 mice

PM: Particulate matter
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activity. Moreover, gut microbiota converts inorganic arsenic
in contaminated soils, into toxic metabolites.*! Remarkably,
Zhang et al. indicated that PAH exposure can alter the gut
microbiota composition. Unlike the phyla Bacteroidales,
Bacteroidetes, and Bacteroidia, the study suggested that
PAH exposure was positively associated with the phyla
Actinobacteria, Firmicutes, and Proteobacteria.[*?

Ingested pollutants can compromise the gut barrier integrity
due to affecting the gut microbiota. Ingested pollutants
likely alter the composition of the intestinal microbiome. In
other words, absorbed pollutants may reduce the abundance
of beneficial microorganisms, such as Lactobacillus and
Bifidobacterium that play vital roles in protecting the intestinal
barrier and suppressing inflammation. Furthermore, consumed
pollutants can boost the abundance of pro-inflammatory
microorganisms and change microbial diversity.! For instance,
increasing bacterial species from the Bacteroidaceae family
is related to higher O, levels. Besides, a higher population of
Coriobacteriaceae is correlated with higher NO, concentrations.
It is worth noting that traffic-related air-pollution exposure
can reduce the abundance of Bacteroidaceae and increase
the abundance of Coriobacteriaceae. Exposure to PM,
and PM, ; may also reduce the quantity of Profeobacteria,
Firmicutes, and Verrucomicrobia. Finally, various air
pollutants, like ozone, SO,, NO,, and PM can alter the number
of Phascolarctobacterium, Eggerthella, and Clostridium.™

These alterations in the gut microbiota reduce the concentration
of butyrate, the vital fatty acid for gut mucosal cells and
colonocytes. A diminished concentration of butyrate may lead
to impairment of the gut barrier and mucosal inflammation.
Besides, changes in microbiota composition can increase the
production of branched-chain fatty acids, such as isobutyrate
and isovalerate. Increasing isobutyrate and isovalerate
concentrations originating from the degeneration of amino
acids, can shift the intestinal environment from a carbohydrate
to a protein fermentation, which in turn contributes to the
alterations in gut microbiota composition.?%4!!

These findings, such as intestinal inflammation, increased gut
permeability, disruption of the gut epithelial barrier, and gut
microbiome alteration have been suggested in both FD and IBS.

Changed GI motility is an important pathobiological
mechanism of FGIDs. Fast or slow colonic motility can alter
the composition of intestinal microbiota. Gut microbiota can
also affect colonic motility through alteration of SCFAs and
bile acid concentration in the colon.*! Animal studies have
shown that air pollution can affect GI motility. In this regard,
exposure to PM and gaseous pollutants, such as ozone, NO,,
and CO can cause disturbance in the contraction of the GI
tract. Furthermore, constipation-predominant IBS can be
accompanied by CH, exposure. Interestingly, long-term
exposure to gaseous pollutants is associated with childhood
IBS.®

Probiotics are a group of live microorganisms that, if
administered in sufficient amounts, have beneficial effects
on the host. The role of probiotics in the treatment of
GI diseases, such as IBS, which can be accompanied by
exposure to air pollution, has been suggested. In this regard,
studies indicated that consumption of supplementations
containing Bifidobacterium can decrease abdominal pain
and increase the quality of life in patients with IBS. Unlike
exposure to air pollution, which can have harmful effects
on the intestinal microbiome, the consumption of biotics in
diet can modulate the composition of the gut microbiota.
Moreover, studies showed that biotics may play a significant
role in oxidative stress. In fact, they can help to eliminate
free radicals and peroxides. Besides, biotics may have
immunomodulating and anti-inflammatory effects. Indeed,
they can have an impact on T-cell differentiation and
decrease pro-inflammatory cytokines, such as TNF-a and
IL-6 in contrast to increasing anti-inflammatory factors,
like IL-10.44

The purpose of this narrative review was the investigation
of available evidence regarding the possible impact of air
pollution exposure on FGIDs. To the best of our knowledge,
air pollution may play an important role in the pathophysiology
of FGIDs due to its effect on gut microbiota and the intestinal
immune system. Air pollutants can decrease beneficial
microorganisms and increase pro-inflammatory factors in
the intestine. Moreover, air pollution exposure can alter GI
motility, which in turn contributes to the alterations of gut
microbiota composition and diversity.

Air pollution is an important environmental issue and
public health emergency. To tackle the air pollution
problem, the government should encourage people to use
public transportation. Another effective solution is using
alternative energies, such as solar, wind, and hydropower. The
consumption of biotics can be useful to prevent the negative
effects of air pollution exposure on FGID patients.

The evidence that reveals the link between air pollution
and FGIDs is very limited. As a result, this narrative review
suggests future studies should be conducted on this subject,
particularly investigating factors that can connect air pollution
with FGIDs, such as diet, psychological stress, and enteric
nervous system.
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