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Abstract

AIM: Advances in genetics and immunology have
contributed to the current understanding of the patho-
genesis of inflammatory bowel diseases (IBD).

METHODS: The current opinion on the pathogenesis
of IBD suggests that genetically susceptible individuals
develop intolerance to dysregulated gut microflora
(dysbiosis) and chronic inflammation develops as a result
of environmental insults. Environmental exposures are
innumerable with varying effects during the life course of
individuals with IBD. Studying the relationship between
environmental factors and IBD may provide the missing
link to increasing our understanding of the etiology
and increased incidence of IBD in recent years with
implications for prevention, diagnosis, and treatment.
Environmental factors are heterogeneous and genetic
predisposition, immune dysregulation, or dysbiosis do
not lead to the development of IBD in isolation.

RESULTS: Current challenges in the study of en-
vironmental factors and IBD are how to effectively
translate promising results from experimental studies
to humans in order to develop models that incorporate
the complex interactions between the environment,
genetics, immunology, and gut microbiota, and limited
high quality interventional studies assessing the effect
of modifying environmental factors on the natural
history and patient outcomes in IBD.

CONCLUSION: This article critically reviews the current
evidence on environmental risk factors for IBD and
proposes directions for future research.

Key words: Environmental factors; Inflammatory bowel
disease; Exposomes
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Core tip: Environmental factors are heterogeneous
with varying effects during the life course of individuals
with inflammatory bowel diseases (IBD). Studying
the relationship between environmental factors and
IBD may provide the missing link to increasing our
understanding of the etiology and increased incidence
of IBD in recent years with implications for prevention,
diagnosis, and treatment. However, the impact of
modifying specific environmental factors on causation
and established disease remain poorly studied with
limited high quality data from interventional studies to
guide clinical practice.

Abegunde AT, Muhammad BH, Bhatti O, Ali T. Environmental
risk factors for inflammatory bowel diseases: Evidence based
literature review. World J Gastroenterol 2016; 22(27): 6296-6317
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INTRODUCTION

Ulcerative colitis (UC) and Crohn’s disease (CD) are
chronic idiopathic inflammatory bowel diseases (IBD).
Although the exact pathogenesis of IBD remains
unknown, part of the underlying mechanism is a
deregulated host immune response to intestinal flora,
in genetically susceptible individuals™?, The greatest
risk for developing IBD is having a family history of
the disease!®. The greatest risk is seen in monozygotic
twins and if both parents suffer from IBD"!. The
estimated relative risk to a sibling of a patient with IBD
is 13-36 and 7-17 for CD and UC respectively™¥. The
first CD susceptibility gene, NOD2 gene within the IBD
1 locus, was a major discovery in 2001, Hugot et
al® found independent associations with CD for three
different polymorphisms of the NOD2 gene. The risk
of IBD varies depending on whether a subject has one
copy (heterozygous) or both copies (homozygous) of
the defective allele™, However, genetic susceptibility
does not completely explain the variance in disease
incidence, suggesting a strong role for environmental
factors*. Environmental factors such as smoking,
infection, drugs, stress, air pollution, water pollution,
diet, and food additives have been investigated in IBD
and other autoimmune diseases. These factors have
been collectively referred to as exposomes™. The
term exposome refers to all possible environmental
exposures on a human being from conception to
death™!, Factors contributing to the exposome of
humans are multifarious. Therefore, the study of
the impact of exposomes on human health provides
a complete view of human health and disease.
Combining the study of exposomes with advances in
genetics and immunology may unravel the etiology
of diseases such as IBD, diabetes, and cancer, thus
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Table 1 Commonly studied environmental factors in inflam-

matory bowel diseases

Environmental factor

Lifestyle
Smoking
Sleep
Stress
Diet
Breastfeeding
Pharmacologic agents
Non-steroidal anti-inflammatory drugs
Antibiotics
Oral contraceptives
Vaccination
Gut Microbiome
Dysbiosis
Ecological factors
Air Pollution
Water Pollution
Low Vitamin D
Surgery
Appendectomy

enabling the development of preventive interventions
against specific exposomes'®. This article critically
reviews the most commonly studied environmental risk
factors associated with IBD and proposes directions for
future research on environmental factors in IBD.

MATERIALS AND METHODS

A systematic literature search was conducted in PubMed,
EMBASE, and Cochrane Library from 1965 through May
2016. The search terms: “environmental factors” and
“inflammatory bowel disease”; “exposomes” and “IBD";
“environment” and “crohn’s disease”; “environment”
and “ulcerative colitis”; were used to identify relevant
studies. In addition, bibliographies of the retrieved
articles were searched to identify additional relevant
articles on the most commonly studied environmental
risk factors in IBD (Table 1). The 2009 Oxford Centre for
Evidence-based Medicine (OCEBM) levels of Evidence
(LOE) was used to assess the strength of evidence!”
(Table 2). The 2009 OCEBM LOE was chosen because
it evaluates what type of evidence is likely to provide
the strongest support from studies assessing etiology,
prevention, therapy, harm and prognosis without
explicitly making definitive recommendations unlike
GRADE which is intended for appraising systematic
reviews used in developing guidelines”, Moreover,
OCEBM LOE can be applied in situations where there
are no systematic reviews available!”.

RESULTS

Hygiene

Strachan'™ proposed the hygiene hypothesis in 1989
to explain the dramatic rise in atopic diseases. The
central principle of this hypothesis is that abnormal
immune responses such as autoimmunity and allergy
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Table 2 Oxford Centre for Evidence-Based Medicine evidence
levels of evidence scale

Level Study questions on therapy/prevention, etiology/harm

la Systematic review (with homogeneity of RCTs)

1b Individual RCT (with narrow confidence intervals)

1c All or none studies

2a Systematic review (with homogeneity) of cohort studies

2b Individual cohort study (including low quality RCT, e.g., <
80% follow-up)

2c Outcomes research: ecological studies

3a Systematic review (with homogeneity) of case control studies)

3b Individual case control study

4 Case-series (and poor quality cohort an case control studies ++)

5 Expert opinion without explicit critical appraisal or based on

physiology, bench research or first principles

u

Users can add a minus-sign “-” to denote the level of evidence that
fails to provide a conclusive answer because: either a single result with
a wide confidence interval, or a systematic review with troublesome
heterogeneity. Provided by Ref. [7].

are the result of improvements in personal hygiene
and smaller family sizes which have reduced exposure
to microbial stimulation®, An expansion of this
hypothesis is the “microflora” or altered microbiota
hypothesis proposed by Noverr and Huffnagle and the
IBD hygiene hypothesis®®?, The microflora hypothesis
proposes that changes in the gut microbiota due to
dietary changes and antibiotic use in western countries
have altered microbial mediated mechanisms of
immunological tolerance™. Taken together, these
hypotheses suggest that environmental changes can
impact the composition of gut microbiota and lead
to disease®'?l. However, recent evidence suggests
that the hygiene hypothesis is not applicable to all
populations worldwide, and it may be most relevant
in countries experiencing increasing affluence or fol-
lowing migration from resource poor to more affluent
countries'.,

Smoking

Cigarette smoking is the earliest environmental
risk factor that has been consistently shown to
be associated with IBD!"***), The mechanism by
which smoking exerts its effect in IBD is poorly
understood. However, putative mechanisms by which
smoking modulates the immune system in UC may
involve the reduction in tumor necrosis factor (TNF
alpha) production via the action of nicotine on the
nicotinic acetylcholine receptor a7 subunit, increased
production IL-10 in response to carbon monoxide in
cigarette smoke, increased mucin synthesis, decrease
in IL-8 expression, hypoperfusion of the rectum and
acutely damaged colonic tissue!*?. In CD, increased
carbon monoxide from cigarette smoke may cause
impairment in vasodilation capacity in chronically
inflamed micro vessels, resulting in ischemia, and
perpetuating ulceration and fibrosis!*?. Decreased
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total radical-trapping antioxidant potential and
abnormalities of the microvasculature, and a defect
in bacterial clearance or macrophage deficiency may
also play a role!*,

Smoking and Crohn’s disease risk of disease:
Smoking increases the risk of developing CD among
current smokers [HR = 1.90 (95%CI: 1.42-2.53)]"".
The increased risk is associated with the number of
pack years smoked (P trend < 0.0001), whereas
smoking cessation is associated with a reduction in
the risk [HR = 1.35 (95%CI: 1.05-1.73)]"*".. Passive
smoking exposure in childhood is no longer considered
a risk factor for incident CD™* (LOE 3A, 2B).

Risk of disease progression: Smoking increases the
risk for advanced and difficult to treat to disease; It
increases the risk of penetrating intestinal complications,
strictures or fistulae, and need for surgical resections
(first or second surgery)!**>'¢!, Smoking cessation
results in decreased risk of CD, decreased risk of flares,
decreased need for steroids and immunosuppressive
therapy(IST)"**'7*% (LOE 3b, 2b).

Risk of relapse: Current smoking is associated
with higher relapse rates™*'*'”1, Smoking cessation
is associated with a 32% reduction in the risk of a
relapse as compared with continued smokers**,
Smoking cessation can be achieved in IBD patients
by utilizing appropriate counselling services, nicotine
replacement therapy and pharmacologic agents such
as bupropion and varenicline™*****! (LOE 2b).

Smoking and ulcerative colitis risk of disease: In
contrast to CD, current smoking is protective against
UC, however the mechanism by which smoking
exerts its protective effect in UC has not been clearly
defined™. A case-control study of the effect of smoking
on the risk of acquiring UC among 212 individuals
showed that the relative risk of UC among former
smokers increased in proportion to the cumulative
number of cigarettes smoked before the onset of
disease, suggesting a causal relationship between
smoking and disease occurrence®, Analysis of 400
incident cases from the nurses’ health study showed
that current smoking had a protective effect on the
development of UC [multivariate HR = 0.86 (95%CI:
0.61-1.20)], whereas smoking cessation increased the
risk of UC [HR = 1.56 (95%CI: 1.26-1.93)]"*!\. The
risk of UC was significantly increased 2-5 years after
smoking cessation [HR = 3.06 95%CI: (2.00-4.67) and
remained elevated over 20 years™! (LOE 2b, 3a).

Risk of disease progression: Current smoking
is associated with benign disease course, low
hospitalization rates, decreased need for steroids in
UC suggesting a less severe clinical presentation and
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a better long term prognosis than in nonsmokers.,

However, both hospitalization and colectomy occurred
more frequently among smokers who quit before
disease onset®!. Furthermore, hospitalization and
colectomy occurred most frequently in the heaviest
smokers who quit before disease onset!*.

Risk of relapse: Current smoking is associated
with lower relapse and colectomy rates than
nonsmokerst???4, Overall, there is robust evidence
from observational studies and meta-analyses on the
association of smoking with IBD. Although smoking
has been identified as a modifiable environmental
risk factor for IBD, the specific mechanism by which
it exacts its effect in UC and CD remains unclear (LOE
3b, 2b).

Environment, sanitation, industrialization and socio-
economic status

Public health strategies such as vaccination and
environmental sanitation as well as the increasing
use of antibiotics has led to changes in the interaction
between humans and microbes in the environment.
Consequently, improvements in hygiene and health
care can alter the composition of the gut microbiota
and lead to a state of disequilibrium between pro-
tective and pathogenic bacteria (dysbiosis)®*'.

Risk of disease: A population based cohort study
of 2144660 Canadian immigrants showed that
younger age at arrival to Canada was associated with
increased risk of IBD in immigrants™!. Canadian-
born children of immigrants from Sub-Saharan
Africa, Middle East/North Africa, South Asia, North
America/Western Europe had a similar risk of IBD as
children of nonimmigrants®®. However, the incidence
of IBD remained lower among children of immigrants
from East Asia and the Pacific, indicating that the
underlying risk is activated with earlier life exposure
to the Canadian environment in certain groups™..
A systematic review of case-control and cohort
studies found a positive association between urban
environment and both CD and UC [pooled IRRs for
urban vs rural environment for UC and CD studies were
1.17 (1.03, 1.32) and 1.42 (1.26, 1.60), respectively],
however differences in study design, study quality
and lack of data from low prevalence regions (i.e.,
developing world) limit the generalizability of the
results”®®!. Data on the association of socio-economic
status and risk of IBD is mixed; a population-based
study from Canada reported that IBD patients are
not of a higher socioeconomic status®®”’. A study from
France reported that the relative risk (RR) for CD
and UC was higher in rural and peri-urban areas with
no association with socio-economic status™® while
another study from France reported that RR of CD was
higher in urban areas and areas with poor sanitary
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equipment®. However, no significant association
was found between socioeconomic variables and
incidence of UC*’!. Recent data from China, a rapidly
industrializing nation with a historically low prevalence
of IBDP% showed that the incidence of CD was
significantly higher in affluent areas than less affluent
areas suggesting that high socio-economic status was
associated with increased incidence of IBD™Y. Data
are lacking on the effect of urbanization and socio-
economic status on the risk of disease progression and
relapse (LOE 2a, 2b, 2¢).

Air pollution

Air pollution has dramatically increased in recent
years, particularly in developing countries in Asia that
are experiencing rapid industrialization and the highest
increase in IBD incidence®*%, Exposure of the gut
to air pollutants can occur via inhalation of gaseous
pollutants, mucociliary clearance of particulate matter
(PM) from the lungs and contamination of food and
water sources (LOE 4, 2c).

Risk of disease: Kaplan et al®*® showed that resi-
dential exposures to Sulphur dioxide (SO2) and Nitric
oxide (NO2) may increase the risk of early-onset UC
and CD respectively. It has been hypothesized that
the effect of air pollution and PM on the incidence of
IBD is mediated by the intestinal microbiota; however,
conclusive scientific evidence is lacking™ (LOE 2c, 5).

Risk of disease progression: Ananthakrishnan et
al*" showed that an increase in the density of pollutant
emission by 1-log was associated with a 40% increase
in the rate of IBD hospitalizations (incidence RR = 1.40;
95%CI: 1.31-1.50) for both UC and CD hospitalization).
Data are lacking on the effect of air pollution on relapse
in patients with quiescent IBD (LOE 2c).

Water pollution

Risk of disease: Ingestion of pollutants and PM
via water sources may induce systemic effects that
may impact the incidence, frequency of flares, and
success of therapy in IBD™ %, Antagonists of steroid
receptors that may interfere with treatment have
been found in bottled water™®®. Endocrine-disrupting
chemicals(EDCs) such as pthalic acid( used as
plasticizers for polyvinyl chloride, polystyrene, and
many other polymers) and nonylphenols (used in
manufacturing antioxidants, lubricating oil additives,
laundry and dish detergents, emulsifiers, and
solubilizers) may modify glucocorticoid action by
altering steroid hormone metabolism through the
pregnane X receptor(PXR)?*., EDCs can influence
several steroid receptor proteins such as the
glucocorticoid receptor, androgen receptor, AHR,
peroxisome proliferator-activated receptor gamma
(PPAR-y) as well as cytochrome P450 enzymes'>.
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In-vitro studies suggest that the glucocorticoid
receptor and PPAR-y may play an important role in
the pathogenesis of IBD®>*"). However, there are no
supporting in-vivo studies on the effect of EDCs on the
risk of incident IBD, disease progression and relapse
(LOE 5).

Vitamin D

Vitamin D has immuno-regulatory properties in several
autoimmune diseases via its genomic actions on the
vitamin D receptor (VDR)®**!, There is accumulating
evidence that vitamin D may play an integral role in
the incidence and disease activity in IBD**? (LOE 5).

Risk of disease: Vitamin D3 (1, 25(0OH) D3) de-
creases production of regulatory Th17 cells and
influences the function of natural killer T cells™"*],
Experimental studies in VDR and IL-10 knockout mice
have shown increased expression of inflammatory
cytokines in the colon and increased susceptibility
to experimental models of colitis****”), Subsequent
administration of 1,25(0H)2D3 ameliorated colitis and
suppressed tumor necrosis factor alpha-related gene
expression in the colon of the mice!***®, However,
genome-wide association studies (GWAS) of VDR
polymorphisms and IBD have yielded conflicting
results; some studies support a positive association
while others do not™****®], Epidemiologic data suggests
that the incidence of IBD is higher in residents of
northern latitudes compared with southern latitudes,
possibly explained by differences in ultraviolet light
exposurel**4%331 However, other studies report no
geographic/latitudinal difference!?. Evidence from
the Nurses’ Health Study showed that women in the
highest quartile of predicted vitamin D level had a 40%
reduction in the risk of CD over 22 years of follow-up
compared with those in the lowest quartile (HR = 0.54,
95%CI: 0.30-0.99)?!. However, there was no effect
on the risk of UC*?! (LOE 2a, 3b).

Risk of disease progression: Evidence in support
of the association of vitamin D deficiency with greater
disease activity is more compelling!*®>!>°7>%%  Tiyo
small open label studies showed that supplementation
with Vitamin D was associated with lower CDAI
scores®®%, Recently, a large prospective cohort study
showed that low vitamin D was associated with higher
morbidity and disease severity in patients with UC and
CD" (LOE 2b).

Risk of relapse: One RCT showed that Vitamin D
supplementation was associated with a reduced risk
of relapse over the subsequent 12 mo of follow-up
compared with those receiving placebo™"!. A meta-
analysis of 14 case-control studies showed that IBD
was significantly associated with having higher odds of
vitamin D deficiency™.

On balance, the effect of vitamin D on the in-
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cidence of IBD is unclear. Vitamin D deficiency has
been associated with several chronic diseases and
the association with IBD is not causal®*®. What
we do know is that Vitamin D deficiency is common
in IBD patients and long-standing deficiency
has been associated with reduced bone mineral
density™®. There is robust evidence that deficiency
is associated with disease activity’>*>° and vitamin
D supplementation appears to improve CDAI and
QOLP'>257%% | arge, prospective, double-blinded RCTs
are necessary to define the role of vitamin D therapies
in prevention and treatment of IBD. However, in the
absence of such studies it is prudent to screen for and
treat vitamin D deficiency or insufficiency in patients
with IBD (LOEl1a, 2a).

Gut microbiome

The gut microbiome consists of a vast humber of
microorganisms belonging to over 1000 species®®,
The human gut is sterile at birth; bacterial colonization
occurs within the first hours of life and increases in
number and diversity, depending on the mode of
delivery, type of infant feeding, and environmental
exposure!®, Microbial diversity quickly increases
in early childhood and leads to the development of
the adult gut microbiome'®*. Composition of the gut
microbiota is influenced by numerous factors such
as antibiotic use, host genetics, diet, phylogeny of the
host and intestinal inflammation®*, The majority of
the bacteria in the adult gut belong to three phyla,
Firmicutes, Proteobacteria, and Bacteriodetes®. Over
time, humans have co-evolved with gut microbes
to exist in a symbiotic relationship. The human gut
provides the optimal environment for the microbiota to
thrive while the microbiota provide physiological benefits
such as fermentation of indigestible carbohydrates;
synthesis of short chain fatty acids (SCFA) and certain
vitamins; biotransformation of conjugated bile acids;
degradation of dietary oxalates and resistance to
colonization by pathogenic micro-organisms®®1,
Studies have demonstrated that the gut microbiota
have a significant effect on the development of the
immune system!®*°! (LOE 1a, 2b, 5).

Risk of disease: Animal studies have shown that
bacterial colonization of the gut is critical for the
development of intestinal inflammation in IBD®%%,
Additionally, GWAS have identified 163 genetic risk
loci associated with IBD, including 28 shared between
CD and UCP7, Although host genetics play a critical
role in disease pathogenesis, non-genetic factors
also play a substantial role in the development of
IBD"?!. Many of the genetic risk alleles associated
with IBD are involved in regulation of the innate or
adaptive immune system®’®, Taken together, the
accruing evidence supports the notion that IBD is
due to an abnormal immune response to microbial
stimulation in genetically susceptible individuals® 7",
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Clinical observations also support the role of gut
microbiota in IBDY?7¥. First, IBD typically affects
intestinal regions with the highest concentration of
bacteria and the use of antibiotics can be effective
in the management of IBD'?!. Second, studies of
fecal diversion revealed recurrence of colitis with
reintroduction of the fecal stream™ ¥, Furthermore,
significant alterations of the gut microbiota have
been associated with IBD, leading to the notion that
dysbiosis leads to disease pathogenesis”>”>7”), A case
control study using metagenomic analysis of microbial
community structure showed a statistically significant
difference in temporal stability and microbial diversity
between the microbial compositions of IBD patients
and non-IBD controls””. Furthermore, the authors
reported that microbiota of IBD patients displayed
a reduction in the levels of two phyla of bacteria,
Firmicutes and Bacteriodetes, compared with non-IBD
controls””). New sequencing technologies may provide
opportunities to increase our understanding of how
dysbiosis may affect IBD”7!, However, factors that
trigger this change in the delicate balance of the gut
microbiota are poorly understood. Prospective studies
are required to determine if the loss of certain classes
of bacteria can predict individuals with a greater risk of
developing IBD (LOE 1a, 3b, 4, 3b, 5).

Risk of disease progression: Dysbiosis has been
associated with active disease and relapse in a limited
number of studies. Sokol et a/'®' demonstrated
that Fecalibacterium prausnitzii (Firmicutes) and
Bifidobacteria are underrepresented in patients with
active IBD and infectious colitis. Reduction in the
numbers of F. prausnitzii was associated with a higher
risk of postoperative recurrence of ileal CD™" Lower
numbers of F. prausnitzii on resected ileal mucosa
of CD patients was associated with endoscopic
recurrence at 6 mo'®'. A decrease in F prausnitzii
was also associated with the time to relapse after
infliximab withdrawal in another study™®. In patients
with UC, quantities of different species of lactobacillus
were significantly lower in patients with active
inflammation compared with patients in remission™?.
These studies imply that a reduction in intestinal F.
prausnitzii, Bifidobacteria, and Lactobacillus species
may be important in the initiation of CD or UC
respectively (LOE 2b).

Risk of relapse: A cohort study of CD patients
demonstrated lower rates of Firmicutes in relapsers
compared with non-relapsers®®, A low rate of F.
prausnitzii and a low rate of Bacteroides independently
predicted relapse in CD patients®?. Furthermore, a
decrease in Firmicutes was shown to correlate with
the time-to-relapse after infliximab withdrawal®, A
cohort study of UC patients showed that low levels of
F. prausnitzii was associated with a four-fold increase
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in the risk of relapse®. The recovery of the F.
prausnitzii population after relapse was associated with
maintenance of clinical remission in a cross-sectional
study of UC patients™" (LOE 2b).

Infection

The gut bacterial composition of patients with IBD
significantly differs from that of non-IBD controls!®%8!],
However, studies to identify microbial pathogens that
cause IBD has met with limited success’®. Although
various pathogenic organisms have been suggested, no
pathogen has been consistently implicated in IBD"",
Pathobionts are symbiotic organisms within the gut
that typically do not elicit an inflammatory response,
however, under specific environmental conditions,
pathobionts have the potential to cause inflammation
leading to disease”®”®, This has led to the notion that
the etiologic agents for dysbiosis in IBD patients are
not necessarily pathogens, but rather disproportionate
populations of pathobionts!”®’>’®!, Animal and human
studies have shown that deficiencies in T-regulatory-
cell (T-Reg-cell) populations or function are central
to the pathogenesis of rheumatoid arthritis, asthma,
type 1 diabetes and IBD®*®*, Pro-inflammatory TH17
cells have been shown to antagonize FOXP3+ Treg-
cells and the numbers and function of certain TReg-
cell populations are reduced in germ-free animals™®,
Dysbiosis involves an abnormal change in the com-
position of the gut microbiota whereby either the
numbers of symbionts are reduced and/or pathobionts
are increased. The various causes for this change in
microbiota are not entirely clear, however, the result
is non-specific gut inflammation, which can trigger
IBD in genetically susceptible individuals. This gut
inflammation can be exacerbated by opportunistic
organisms such as viral, bacterial and fungal infections.
Thus, prior infections may lead to chronic IBD in
patients with a genetic predisposition while coexisting
IBD may predispose patients to enteric infections (LOE
3b, 5).

Role of Bacterial infections: Bacterial infections
have been implicated as triggers of relapse in
IBD™® %), Clostridium difficile infection (CDI) in
patients with IBD is associated with significant
morbidity®®>®*! Hospitalized patients with CDI-IBD
have a 4-fold greater mortality risk than patients
who do not have IBD-CDI®™*, However, there is
no evidence to suggest that prior CDI predisposes
patients to the development of IBD. Enteric infections
such as adherent-invasive E-coli, Salmonella and
Campylobacter, Mycobacterium avium species have
been hypothesized to increase the risk of development
of CDI and IBDY°*%% However, the apparent
increase in IBD risk after enteric infections, particularly
in the year after the diagnosis of infection, may be
due to a detection bias (LOE 2c, 2c, 5).
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Role of viral infections: Cytomegalovirus, ebstein
barr virus and human herpes virus have been im-
plicated in exacerbations of IBD or superimposed
infection in IBD***”), Human papillomavirus has been
linked with squamous cell carcinoma in patients with
IBD™®!, However there is no conclusive evidence of
a causal link between viruses and IBD. In a recent
study using metagenomic analysis, patients with
herpes viridae sequences in their colon demonstrated
increased expression of human endogenous viral
sequences and differences in the diversity of their
microbiome!*®!. Although the study provided a pro-
mising approach to better understand virus-host and
phage-bacteria interactions in IBD, further studies are
needed to define the contribution of viral infections in
the etiopathogenesis of IBD (LOE 3b, 3c, 4, 5).

Role of Parasitic infections: Parasites such as
helminths are thought to play an immunomodulatory
role in IBD and loss of helminth infections has been
proposed as a possible explanation for the reduced
incidence and prevalence of IBD in developing
countries; the “IBD hygiene hypothesis™®!. Animal,
clinical and epidemiological studies support this
hypothesis and several distinct immuno-regulatory
mechanisms have been described™®'*?, Helminths
promote IL10 secretion, a regulatory cytokine that
down regulates Thl responses and colitis in murine
models of IBD™'®, Helminths increase the number
of Treg-cells in MLNs and the intestinal lining, and
promote lamina propria T cells to make more IL10
and TGFg™*?!. Helminths promote the growth of IL4-
producing, Th2 cells which inhibit Thl responses
supporting the importance of worm-induced Th2
cytokines for disease control™®!, Helminths have also
been shown to increase the number of Treg-cells that
help maintain the gut lining in a state of immune
tranquility and limit the potential for IBD"'"'*?,
Recently, an elegant experimental study showed that
helminth infection protected mice deficient in the CD
susceptibility geneNod2 from intestinal inflammation
by inhibiting colonization with Bacteroides species
via a TH-2 dependent pathway, which promoted the
establishment of protective microbiota enriched in
Clostridiales™™!, Additionally, that study showed that
individuals from helminth-endemic regions harbored
a similar protective microbiota, and that dewor-
ming treatment reduced Clostridiales and increased
Bacteroidales, further supporting the role of parasitic
infection in the IBD -hygiene hypothesis whereby
certain individuals are genetically susceptible to
changes in the gut microbiome™®,

One RCT assessed the safety and efficacy of
modified Trichuris Suis in patients with CD and reported
no significant treatment-related side effects™**. A
subsequent systematic review concluded that there
was insufficient evidence to allow any firm conclusions
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regarding the efficacy and safety of helminths for
treating IBD™'*. Further RCTs are required to assess the
efficacy and safety of helminth therapy in IBD.

Diet

The human diet is influenced by environmental
and cultural practices. Diet can influence intestinal
inflammation via several pathways, such as, altering
the gut microbiome, affecting gastrointestinal
permeability, and direct effect of dietary constituents
acting as food antigenst** (LOE 5).

Risk of disease: Evidence from animal™*'""? and
epidemiologic studies™"*"*® suggests that dietary factors
play an important role in gut inflammation and the risk
of developing IBD (LOE 2b,33a,5).

Fats

Risk of disease: A systematic review of 19 studies
(18 case-control and one cohort; n = 2609; 1340
UC and 1269 CD patients) reported increased
risk of developing UC with high intake of total fat,
polyunsaturated fatty acid (PUFAs), omega-6 fatty
acids, and increased risk of CD with high intake
of PUFAs, omega-6 fatty acids, saturated fats!**®l,
Consumption of high-fat diet worsened dextran sodium
sulfate-induced colitis in mice, possibly by increasing
colonic epithelial non classical natural killer T cells, and
reducing circulating Treg-cells'”’. A high saturated
fat diet altered bile acid composition, and increased
expansion of sulfate-reducing bacteria (Bilophilia
wadsworthia), which in-turn can produce greater
amounts of mucosally toxic hydrogen sulfide and
induce colitis in IL-10 deficient mice™®. The results
of these animal studies have not been translated to
humans (LOE 2b, 5).

Fiber

Risk of disease: A study using IL-10 deficient mice
showed that consumption of soluble fibers reduced
intestinal inflammation™*!. In humans, high intake
of dietary fiber, particularly fruits and cruciferous
vegetables was associated with decreased risk of
CD, but not UC (HR = 0.59; 95%CI: 0.39-0.90)™2%,
The protective effect of fiber was observed to be
statistically significant in those consuming more than
22.1 g/d in another study™®, Additionally, high intake
of fruits was associated with a 73%-80% decreased
risk of CD in the same study™® (LOE 2b, 2b, 5).

Risk of disease progression: Plantago ovata seeds
(soluble fiber) were shown to have anti-inflammatory
activity in HLA-B27 transgenic mice!*?!, This animal
model was further tested in a RCT that showed that
Plantago ovata may be as effective as mesalamine
for maintenance of remission in patients with UC!**%,
However, the result of that study has not been validated
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by other RCTs (LOE 1b, 2b).

Carbohydrates Risk of disease: A systematic
review showed no consistent association between
total carbohydrate intake and IBD risk, even in studies
reporting greater than double the recommended daily
intake (130 mg total carbohydrates per day)"*®! (LOE 3a).

Animal protein (red meat, processed meat, poultry, dairy
products)

Risk of disease: The association between high meat
intake and IBD is unclear, majority of studies show
a positive association of total protein intake and IBD
(87% to 148% increased risk)!"'®). However, the
association between meat intake and risk of IBD was
statistically significant in only two studies (LOE 2b).

Risk of disease progression and relapse: The
amino acid tryptophan supplies a crucial interme-
diate metabolite for the action of aryl hydrocarbon
receptor (AhR) which suppresses immune responses
in dendritic cells. A deficiency in AhR increases
production of proinflammatory Th17 cells!***%, High
tryptophan availability causes lactobacilli to switch
their metabolism and produce an AhR ligand-indole-
3-aldehyde that contributes IL-22 induction and
subsequent IL-22 mediated attenuation of colitis***
Similarly, indole-3-carbinol present in fruits and
vegetables (such as cauliflower, broccoli, cabbage),
activates the AhR and ameliorates colitis in mice™”.
Thus animal proteins may modulate inflammation in
IBD via the actions of specific amino-acids or their
metabolites on immune function. However, diet-based
interventions to maintain remission in CD and UC
have shown limited benefit in maintaining remission or
preventing relapse'***® (LOE 1b, 3b, 5).

Food antigens

Risk of disease: Food antigens may act as important
stimuli of the mucosal immune system leading to
the pathogenesis of IBD. Patients with IBD report
intolerance to several food items!***!. However, the
abundance of different potential food antigens and
lack of high quality evidence on the effect of specific
food antigens on the risk of disease in IBD make the
association difficult to characterize (LOE 4).

Risk of disease progression and relapse: The
role of food antigens on disease progression was
studied in 40 patients with CD!"**!, Food specific 1gG4
levels were used to select which foods to exclude
in the intervention diet. The daily stool frequency
significantly decreased by 11% in patients randomized
to the intervention diet compared with the sham
diet"*, Additionally, patients on the intervention diet
had reduced abdominal pain and improved general
well-being™. The results of this study should to be
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interpreted with caution because of the presence of
several confounders and a high dropout rate.

Food additives

Risk of disease: Food additives such as Aluminum,
titanium dioxide (TiO2), and Microparticles/nan-
oparticles have been implicated in murine models
of colitis'****", Aluminum is a component of several
processed foods, toothpaste, deodorants, and
cosmetics. Oral administration of aluminum at toxic
levels worsened intestinal inflammation in mice with
2,4,6-trinitrobenzene sulfonic (TNBS) acid- and dextran
sodium sulfate (DSS)-induced colitis and chronic colitis
in interleukin 10 deficient mice™". Aluminum impaired
intestinal barrier function and enhanced intestinal
bacterial translocation, favoring development of
granulomas in mice!*"! (LOE 5, 5).

Risk of disease progression and relapse: Micro-
particles are used as food additives, anticaking agents,
or food colorants and accumulation of microparticles
have been demonstrated in Peyer’s patches'*"’. NLRP3
is a multiprotein complex containing caspase-1,
which activates the proinflammatory cytokines IL-1b
and IL-18. TiO2 particles were shown to activate the
NLRP3 inflammasome™®. Thus, TiO2 can be absorbed
by intestinal epithelial cells and may aggravate
inflammation in susceptible individuals™*®. The
aforementioned evidence suggests that food additives
and microparticles may worsen intestinal inflammation
and contribute to disease progression or relapse in
individuals with IBD (LOE 5).

Diet and the gut microbiome: There is increasing
evidence demonstrating an association between diet
and the gut microbiome™* ™%, Analysis of fecal 16S
rRNA sequences from 60 mammalian species revealed
clustering according to diet (herbivore, carnivore, and
omnivore) and host phylogeny™®. The functional
evolution of the gut microbiome in relation to the human
diet was demonstrated in another study by using
shotgun metagenomics sequencing**.. Differences in
microbial genes that encode for enzymes involved in
carbohydrate and amino acid metabolism have been
demonstrated between herbivores and carnivores™®.,
This suggests that long-term co-evolution of humans
and gut microbiota has modified the composition of the
human gut microbiome™** (LOE 4).

Risk of disease: De Filippo et al**! examined the
fecal microbiome of Italian children (age 1-6 years)
compared to that of children (age 1-6 years) from
rural sub-Saharan Africa (Burkina Faso) and showed
that there were similarities in the genera of gut
bacteria present in the gut among children aged 1-2
years from both groups, possibly explained by breast
feeding. However, there were considerable differences
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in the gut microbiome between the African children,
fed a traditional high-fiber diet, and the European
children, fed a modern Western diet among children
older than 2 years!**), African children showed a
significant enrichment in Bacteroidetes and depletion
in Firmicutes (P < 0.001), with abundance of bacteria
from the genus Prevotella and Xylanibacter (known
to contain a set of bacterial genes for cellulose and
xylan hydrolysis), completely lacking in the European
children. In addition, significantly more SCFAs (P <
0.001) were found in African children than European
children. Also, Enterobacteriaceae (Shigella and
Escherichia) were significantly underrepresented in
African children compared with European children
(P < 0.05)™*, Wu et al"**" demonstrated that long-
term agrarian dietary patterns are associated with
an enterotype dominated by Prevotella, a genus
frequently observed in people from rural Africa,
underscoring the impact of diet on the microbiome
in healthy human patients. Wu et al*® also demon-
strated that a long-term diet high in animal protein
and fats and low in carbohydrates, similar to a
“Westernized” diet, is associated with high quantities
of Bacteroides and low quantities of Prevotella, further
supporting the impact of diet on the gut microbiome.
Further studies on the link between diet, gut micro-
biota, and the development of IBD are needed to
provide important insights into the association of a
“westernized diet” with the increasing incidence of IBD
(LOE 4).

Non-steroidal anti-inflammatory drugs

Cyclooxygenase (COX) is an important enzyme that is
found in two isoforms in the body COX-1 and COX-2.
COX-1 is present at constant levels in some tissues,
whereas COX-2 is an inducible enzyme that can
be up regulated by inflammation. COX-1 produces
prostaglandins (PG) in the intestine to maintain the gut
epithelial barrier and COX-2 mediates inflammation.
Prostaglandins (PGs) promote inflammation, mucus
production, and vascular flow in the gut. non-steroidal
anti-inflammatory drugs (NSAIDS)’s inhibit both COX-1
and COX-2, whereas COX-2 inhibitors selectively inhibit
COX-2.

Risk of disease: Inflammation of the colon leads to
an increase in PG synthesis and upregulation of COX-2.
Thus it would seem logical that COX-2 inhibition could
have a protective role in IBD. However, the role of
other mediators has not yet been defined and the true
effect of COX-2 inhibition has not been fully elucidated.
It can also be argued that since COX-1 protects the
gut epithelium, NSAIDS could cause or worsen IBD
by breaking down the barrier between the immune
system and intestinal luminal antigens. However, no
causal relationship between NSAID use and incident
IBD has been established.
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Risk of disease progression: High-dose NSAIDs
have been associated with an increase in disease
activity in patients with CD or UC, while low-doses
of NSAIDs were not associated with a higher disease
activity index (DAI) score among CD patients**",
In contrast, another study reported no association
between NSAID use and increased disease activity
in IBD, suggesting that NSAID use in IBD deserves
further study before recommending that patients
refrain from their use under all circumstances**®.,

Risk of relapse: Nonselective NSAIDs were associated
with a 17%-28% relapse rate within 9 days of
ingestion in patients with quiescent IBD!**°!, In another
study, the adjusted odds ratio between NSAID use and
relapse was 6.31 (95%CI, 1.16-34.38, P = 0.03)™,
Similarly, Cox-2 inhibitors have been associated with
relapse in patients with CD and UC suggesting that
the all classes of NSAIDs are associated with relapse
in IBD patients!****?!, However, other studies have
reported no increase in flares and a beneficial safety
profile during short-term treatment of IBD-associated
arthritis and arthralgia***** (LOE 2b, 4).

Antibiotics

Risk of disease: Antibiotic use can induce selection
pressure and alter the gut microbiome!***'*1, A case-
control study showed that treatment for pneumonia
before the first 5 years of life increased the risk for
childhood and adult-onset CD"*!. Another study
found that individuals diagnosed with IBD were more
likely to have been prescribed antibiotics 2-5 years
before their diagnosis™*®!. A recent meta-analysis
showed that exposure to antibiotics was significantly
associated with newly diagnosed CD (OR = 1.74,
95%CI: 1.35-2.23) but not UC (OR = 1.08, 95%CI:
0.91-1.27)")(LOE 2a, 3b, 3b).

Risk of disease progression: In a systematic
review of RCTs, antibiotics were superior to placebo at
inducing remission in patients with active CD (RR of
CD not in remission = 0.85; 95%CI: 0.73-0.99, P =
0.03)"4, Antibiotics were also superior to placebo for
reducing fistula drainage in CD patients with perianal
fistulae (RR = 0.8, 95%CI: 0.66-0.98)""., In active
UC, antibiotics were superior to placebo for inducing
remission (RR of UC not in remission = 0.64, 95%CI:
0.43-0.96)"1,

Risk of relapse: Antibiotics were superior to placebo
(RR of relapse = 0.62, 95%CI: 0.46-0.84) for
preventing relapse in patients with quiescent CD"".
Nitroimidazoles (metronidazole and ornidazole)have
been shown to be effective in preventing post-
operative recurrence of CD'"**'*’], The evidence on the
effect of antibiotics on disease activity and relapse in
IBD is limited because a diverse number of antibiotics
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with different spectra of activity were grouped
together making interpretation and generalizability
difficult. However, despite the absence of robust data,
antibiotics are widely used therapy in IBD.

Oral contraceptives

Risk of disease: Oral contraceptive pills (OCPs)
were positively associated with UC and CD in a
meta-analysis of 14 case control studies™™*™. The
pooled RR for women currently taking OCPs was
1.46 (95%CI: 1.26-1.70, P < 0.001, adjusted for
smoking) and 1.28 (95%CI: 1.06-1.54, P = 0.011,
adjusted for smoking) for CD and UC respectively!**".
The risk of CD was greater with prolonged exposure
to OCPs and women who discontinued OCPs were
no longer at a significantly increased risk for CD™%,
Similarly, OCPs were shown to increase the risk of
UC and CD in another study, however the risk of
UC was only increased in patients with a history of
smoking, suggesting that smoking was a confounding
variable™™!, Hormone replacement therapy (HRT) in
post-menopausal women was shown to increase the
risk of UC but not CD!"*?,

Risk of disease progression: A case control study
showed that OCPs have no effect on disease activity
in CD™**), In contrast, Kane et a/*** showed that
HRT was protective against disease activity in post-
menopausal women with IBD (HR = 0.18, 95%CI:
0.04-0.72). A dose-response effect was noted with
longer duration of HR, however the results should be
interpreted with caution because it was a small single
center retrospective study with limited generalizability.

Risk of relapse: A prospective cohort study showed
that women who continued to take OCPs were at a
threefold increased risk of developing a relapse of
CD; this effect was stronger among women who were
prescribed OCPs and smoked, suggesting that smoking
was a confounding variable™*!, The mechanism by
which OCPs increase the risk of IBD is unknown,
estrogen enhances humoral immunity and proliferation
of macrophages, while progesterone suppresses
immune responsest**®, Therefore, it is conceivable that
estrogen enhances inflammation and progesterone
suppresses inflammation in patients with IBD.

Stress

Stress is defined as a state of disharmony or threatened
homeostasis™’). The hypothalamo-pituitary-adrenal
(HPA) axis and the immune system work closely
together when the body is confronted with a stressful
response. When stimulated by a stress event, the
immune system activates the HPA axis by producing
cytokines that ultimately result in the production of
powerful anti-inflammatory agents such as gluco-
corticoids™**”), Disruptions of the HPA axis and immune
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system loop could potentially lead to diseases with
an inflammatory and behavioral component due to
abnormal responses to stressful stimuli. The loop that
connects the immune system to the HPA is complex
and disruptions at different levels could lead to different
manifestations of disease*®.

Risk of disease: A few studies have shown that
stress is associated with increased relapse in patients
with UC and CD™****!, However, there is no evidence
that stress is associated with increased risk of incident
IBD (LOE 2b).

Risk of disease progression: An interventional study
evaluated the effects of the Breath-Body-Mind Workshop
(BBMW) (breathing, movement, and meditation) vs
an educational seminar on psychological symptoms,
physical symptoms and inflammatory biomarkers of
IBD™, The BBMW group had significant improvement
on Brief Symptom Inventory 18, Beck Anxiety Inventory,
Beck Depression Inventory, IBD Questionnaire, and
Perceived Stress Questionnaire. Interestingly, median
C-reactive protein (CRP) values decreased significantly
in the BBMW group but no significant change in CRP
values were seen in the educational seminar group™®"
(LOE 1b).

Risk of relapse: Low stress was associated with
reduced relapse in a cohort study of 101 patients with
quiescent CD followed for one year™®, The INSPIRE
study evaluated the role of stress management
psychotherapy in active IBD patients with high scores
(> 60) on the perceived stress questionnaire!®,
One hundred and fourteen patients were divided into
two groups, the first group received usual treatment
and the second group received usual treatment and
psychotherapy. The intervention did not improve
disease or reduce relapse; however, there was a
small increase in the IBDQ score (P = 0.009, mean
differences 16.3 % 6.1 in patients with UC!*®*. Similarly
a Cochrane review of 21 studies and 1745 patients
did not show any improvement in IBD relapse or
remission rates with psychological interventions aimed
at reducing stress** (LOE 1b).

Sleep

Sleep disturbances have been strongly associated with
IBD and other chronic inflammatory diseases such as
Rheumatoid arthritis and Lupus'®®, Sleep disturbances
in these diseases are due to cytokines produced by
chronic inflammation that are also known to affect
sleep. Inflammation plays a role in regulating sleep and
the interplay of inflammatory cytokines and the sleep
cycle is complex. In animal studies, increased levels of
Interleukin-1 (IL-1) and TNF-a were associated with
an increase in NREM sleep™®*'®!, IL-1 at low levels
induces NREM sleep and at higher levels, can cause
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NREM suppression and sleep fragmentation!*®®¢”],

Interleukin-6 (IL-6) mediates the acute-phase res-
ponse. IL-6 has been shown to suppress REM sleep
and promote wakefulness in patients with IBD¢¥%],
Nocturnal diarrhea also disturbs sleep in IBD patients;
therefore the high prevalence of sleeping disorders in
IBD patients is not surprising (LOE 5).

Risk of disease: It has been hypothesized that sleep
disturbances are not merely an outcome, but rather
a cause of chronic inflammatory diseases, and there
is some evidence to support this hypothesis. Sleep
is divided in to two parts, REM and Non REM sleep.
NREM sleep accounts for 80% of total sleep time
and is broken down into 4 stages. Stages 3 and 4 of
NREM sleep are often referred to as slow-wave sleep
(SWS) and are considered the most restorative stages
of sleep where the greatest impact from immune
regulation occurs. The effects of SWS can lead to a
decrease in colon contractility, which is considered the
“rest period” for the colon, so alterations in this stage
of sleep can have direct effects on GI physiology such
as diminished mucosal integrity!’’*'’*), When sleep
is disturbed in healthy young volunteers, Interleukin
(IL)-1 (beta), TNF- (alpha), and IL-6, the 3 major
proinflammatory cytokines that are important in IBD
are increased!’""?,

Risk of disease progression: Sleep deprivation was
shown to worsen inflammation and delay healing in
a murine model of colitis™”®!. IBD patients have poor
sleep quality, prolonged sleep latency, and increase
use of sleeping pills when compared with healthy
controls!’*'”], patients with clinically active IBD have
significantly worse sleep than patients with inactive
disease’*'"*'""1 (LOE 2b, 3,5).

Risk of relapse: A cohort study of 3173 subjects
showed that poor sleep increases the risk of relapse
in patients with inactive CD but not UC™®. In another
cohort study, IBD patients in clinical remission but with
abnormal sleep were at increased risk of relapse at six
months when compared to patients in clinical remission
with good sleep™. Currently, the evidence is not
strong enough to mandate treating sleep disorders in
patients with IBD solely for the purpose of improving
IBD outcomes, nevertheless, it is worth noting that
sleep disorders can be a significant quality of life issue
and all patients with IBD should be screened. In the
future screening and treatment of sleep disorders
might have therapeutic implications in the treatment
of IBD (LOE 2b, 2b).

Vaccinations

The effect of vaccinations on the incidence of IBD
is controversial. It was previously thought that vac-
cinations decreased early childhood infections which in
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turn may favor the onset of immunologic diseases!’®!.

Viral or bacterial components and chemical adjuvants
(e.g., Aluminum) contained in many vaccines were also
considered risk factors for incident IBD because of the
potential risk of stimulating the immune system leading
to a deregulated inflammatory response!®” (LOE 3b, 5).

Risk of disease: It was first reported in 1995 that the
measles vaccine increased the risk of developing IBD.
Subsequent studies have not shown any association
between measles vaccination and IBD. Epidemiologic
studies that investigated other vaccines such as
BCG, diphtheria, tetanus, poliomyelitis, smallpox,
pertussis, rubella, and mumps, have reported
conflicting results!®*®*!, A large meta-analysis that
included 11 studies (2400 IBD patients and 34000
controls) did not find any significant increased risk
of developing IBD after childhood immunization
with BCG, diphtheria, tetanus, smallpox, pertussis,
measles, mumps, and rubella-containing vaccines™®,
Interestingly, there was an increased risk of IBD after
poliomyelitis vaccination, however the studies included
in the meta-analysis had significant heterogeneity
amongst them, which limits the generalizability of the
results™®! (LOE 3b, 3a).

Breast feeding

IBD incidence peaks in early adulthood and therefore
early environmental exposures are likely to have
a profound effect on future IBD susceptibility.
Breastfeeding is an early environmental exposure
that affects the development of the immune system
and the gut microbiome!*®!, Breastfeeding plays a
very important role in protecting against early enteric
infections!®*). Human milk contains (1) lactoferrin that
prevents the multiplication of bacteria by chelating
iron; (2) IgA that prevents the binding of bacteria to
the epithelium and also neutralizes toxins; and (3)
Lactadherin that prevents the binding of rotavirus; the
latter is the leading cause of gastroenteritis in infants.
Other components of human milk that are protective
against infections are lysozyme, MUC1, C3, defensins
and fibronectin™*®®!, The gut microbiome is regulated by
breastfeeding as it inhibits the growth of some bacteria
due to its anti-bacterial components and promotes the
growth of certain bacteria such as Bifidobacterium and
Lactobacillus by producing growth factors™®¥. Breast
milk has anti-inflammatory properties, lactoferrin binds
to bacterial toxins such as LPS, PAF-acetyl hydrolase
and breaks down inflammatory mediators, IL-10,
and TGF-1 modulate inflammatory leucocytes™®®. A
meta-analysis of case-control studies with significant
heterogeneity found that breastfeeding was protective
for both CD and UC™®), However, other studies have
shown that breastfeeding is either a risk factor or
has no association with IBD™®'®°!, Further research
is needed to clarify the direction of the association
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Figure 1 Schematic representation of risk factors contributing to the
development of inflammatory bowel diseases. IBD: Inflammatory bowel
diseases.

between breastfeeding and IBD (LOE 2b, 3a, 3b).

Appendectomy

Risk for Crohn’s disease: The association between
appendectomy and CD is conflicting and there has
been no consistent association between both entities.
Some studies have shown that appendectomy is
a risk factor for the development of CD!"**"", In
contrast, other studies have shown no association
with CD"*?. A meta-analysis showed an increased risk
of CD following an appendectomy, however the risk
decreased to baseline after 5 years!*** (LOE 3a, 3b).

Risk for ulcerative colitis: Murine models have
suggested that removal of the appendix could have
an immune modulating effect that protects against
uUC™¥. Observational studies in humans have shown
that appendectomy is inversely related to UC!*>*%°),
The exact mechanism by which appendectomy
protects against UC is unclear. A case-control study
showed that patients who had an appendectomy had
a significantly lower incidence of UC than matched
controls™™®). It is interesting to note that this held true
only for patients who had an appendectomy done
for appendicitis or mesenteric lymphadenitis'**!. The
relationship did not hold true for appendectomies done
for non-specific abdominal pain (i.e., appendix is found
to be normal on post-operative pathology). Moreover,
the inverse relationship of appendectomy to the risk of
UC was only seen when the surgeries were done prior
to the age of 20 years'* (LOE 2b, 2b, 5).

DISCUSSION

The available evidence suggests that environmental
exposures have variable effects on individuals with
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IBD. Advances in genetics and immunology have
contributed to our understanding of the pathogenesis
of IBD. Environmental exposures or exposomes are
believed to be the possible missing link to increasing
our understanding of the etiology and increased
incidence of IBD in recent years. However, the picture
is incomplete. Human studies are extremely limited in
their ability to test isolated environmental exposures
to demonstrate causation or to assess mechanisms
of disease. Given the heterogeneity of environmental
factors and the fact that none of the other risk factors
(genetic predisposition, immune dysregulation, and
dysbiosis) can cause IBD on their own; the challenge
is how to effectively translate promising results from
animal studies to humans, in order to develop models
that incorporate the complex interactions between
the environment, genetics, gut microbiota, and the
immune system (Figure 1). Recent studies on the
incidence of IBD in immigrant populations in western
countries further support the role of environmental
exposures on the incidence of IBD by suggesting
that recent immigrants to western countries from
countries with a low risk of IBD acquire the risk of IBD
in their adopted country rather than their country of
origin™®*®!, However, the impact of modifying specific
environmental factors on causation and established
disease remain inadequately studied with limited
high quality data from interventional studies to guide
clinical practice (Tables 3 and 4)™*°7*'%, Prospective
quantification of environmental exposures in patients
at risk of IBD (e.g., first degree relatives) at different
time points from birth to adulthood may be useful to
predict the natural history of IBD. GWAS of SNP-based
Gene (G) x Environment (E) analysis using either the
case-only test or standard case-control interaction
test under different statistical assumptions has been
suggested as a means to further study G x G and G x
E interactions in IBD'*'*?*?, Specifically, the case-only
analysis is more statistically powerful and tests the
association between the environmental exposure and
the SNP of interest in the cases'***). Additionally, omics
technologies (genomics, transcriptomics, epigenomics
and metabolomics) have provided the opportunity to
analyze large population-based databases and their
associated biobanks to detect metabolites in blood
or urine®®®, Epigenetics is the study of modifications
in regulation of gene expression that occur without
changes to the DNA sequence at the interface between
environment and heritable molecular and cellular
phenotypes™**!. Epigenetic studies have identified
MicroRNAs (miRNAs) as regulators of autophagy and
intracellular bacterial processing in IBD™'¥. Quantifying
epigenetic changes and further sequencing of the
gut microbiome to determine if specific “dysbiotic
signatures” are consistent with future development
of an IBD phenotype could extend our understanding
of the etiopathogenesis of IBD with implications for
prevention, diagnosis, and treatment. There is a need
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Table 3 Effect of environmental factors in Crohn’s disease and impact of interventional studies to modify specific environmental factors

Ref. Disease onset  Disease Study population Intervention and Outcome
(Incident CD) progression and design comparison group
Lifestyle
Smoking"""! 1 1 Cohort study current Smoking cessation Decreased risk of flares, need for
(LOE 2b, 2a) smokers with CD (12 = 474)"" counselling surgery and immunosuppressive
(LOE 2b) therapy""”
Cohort study current Quitters vsnon-  Continuing smokers had more disease
smokers with CD (1 = 408)"" quitters relapses, and patients who quit
(LOE 2b) smoking had similar relapse incidence
compared with non-smokers!"*!
Sleep!”"™! (LOE 2b) No data T None None No data
Stress™*'*! (LOE 2b) No data 1? Adult and adolescent Multi-modality No evidence for efficacy of
patients with IBD psychotherapy  psychological therapy in adult patients
Systematic review of RCTs with IBD
and quasi-RCTs (1 = 1745)"*” In adolescents, psychological
(LOE 1a) interventions may be beneficial, but the
evidence is limited
Diet
Dietary fat" n-6 PUFAT l CD in remission Fish oil n-3 (PUFA)  Non-significant trend towards lower
(LOE 3a) n-3 PUFA| Systematic review of RCTs or placebo risk of relapse at 1 yr in fish oil group
(n =1039)™" (LOE 1a) compared with placebo
Dietary protein™***! Animal «? Mild- moderate CD Restricted diet (red Radiologic and endoscopic
(LOE 3a, 2b) protein( meat meat + spelt bread) improvement in restricted diet group
and fish) or control diet (low-  (interpret with caution; small study
Vegetable and RCT (1 = 18)™ (LOE 2b) fiber, low-fat, and with limited generalizability)
diary | high-carbohydrate )
Dietary fiber"*" Fruit and ! Inactive or mildly active CD,  High fiber diet vs No difference in disease activity,
(LOE 3a, 2b) vegetable RCT (n = 352)*" (LOE 1b) low fiber surgery or hospitalizations
fiber|
Food additives High MP-diet High-MP Active CD Low -MP-diet vs Decrease in CDAI in smaller trial™!
[Microparticles (MP)"***! 1 diet? RCT (1 = 20)*” (LOE 1b) control diet No difference in larger trial®”
(LOE 5)] RCT(n = 83)*" (LOE 1b)
Fruits and vegetables""” ! 1? CD in remission Semi-vegetarian diet Maintenance of remission rates higher
(LOE 3a) RCT (n=22)"* (LOE1b)  or omnivorous diet on semi-vegetarian diet compared to
omnivorous diet
Food antigens" (LOE 4) No data T Active and inactive CD Elimination diet Daily stool frequency significantly
RCT (n = 40)"*' (LOE 2b) based on IgG decreased by 11% during a specific diet
Active CD positivity to cheese compared with a sham diet. Abdominal
Systematic review and yeast or sham  pain reduced and general well-being
RCTs (n = 334)”'" (LOE 1a) diet improved!”
Elemental vs non-  No difference in the efficacy between
elemental diet elemental and non-elemental diet*"”
Enteral nutrition No data “ Active CD Enteral nutrition s~ Enteral nutrition less effective than
Systematic review corticosteroids corticosteroids for induction of
(n =192)""" (LOE 1a) remission
Breastfeeding"""*” o No data None None No data
(LOE 3a, 3b, 2b)
Pharmacologic agents
Nsaids"**"* (LOE2b) 1?2 1 Inactive IBD with arthralgia. Rofecoxib25mgor  41% responded with reduction in
125mgx20d arthralgia scores. P < 0.05. No IBD
flares
Open label trial (n = 32)" 9% developed GI side effects
(LOE 2b)
Oral contraceptives!™**'*">! - - None None No data
(LOE 3a, 2b)
Antibiotics"* ™" (LOE 3b, 3a) Early l Active CD Antibiotic or placebo  Antibiotics superior to placebo at
exposure Systematic review of RCTs inducing remission
(n=1160)""! (LOE 1a-)
Vaccination™ (LOE 3a) No effect  No effect None None None
Gut microbiome
Dysbiosis®*? (LOE 4) 1 1 Mild-moderate CD Probiotics, prebiotics  Insufficient data to recommend
Systematic review of RCTs  and synbiotics or probiotics for use in CD
(n = 746)"" (LOE 1a) placebo
Ecological (Abiotic)
Air pollution™** il 1? None None No data
(LOE 2c, 3b)
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None
CD in remission

RCT (1 = 94)°" (LOE 1a)

Water pollution®* (LOE 5) 1? 12
Low Vitamin D!*>**7* 1 1
(LOE 2b, 3a, 2b)

Surgery
Appendectomy!”"*! o No data
(LOE 3b, 3a)

Mild-moderate CD
Cohort study (1 = 18)""
(LOE 2b)

None

None
Vitamin D3 or

No data
Lower relapse rates in patients

placebo randomized to vitamin D3 1200 TU/d"™"!
No comparison 24 wk of vitamin D3 (up to 5000 IU/d)
group reduced mean CDAI scores by 112
+ 81 points from 230 + 74 to 118 + 66
(P < 0.0001). Quality-of-life scores
also improved following vitamin D
supplementation®”
None No data

1 : Increased risk; «> : Equivocal risk; | : Decreased risk; ? : Questionable risk. LoE: Levels of Evidence; CD: Crohn's disease; IBD: Inflammatory bowel

diseases; PUFA: Polyunsaturated fatty acid.

Table 4 Effect of environmental factors on ulcerative colitis and impact of interventional studies to modify specific environmental

factors
Ref. Disease onset Disease Study population and Intervention and Outcome
(incident UC) Activity design comparison group
Lifestyle
Smoking™***! Current smoking ! Mild-moderate UC Nicotine or placebo No evidence for efficacy for
(LOE 2b, 3b, 2a) l Systematic review nicotine preparations in inducing
Smoking cessation (n = 233)*™ (LOE 1a) Nicotine or remission in UC
T (n =81 (LOE 1a) corticosteroids
Sleep!*'™ (LOE 2b) No data il None None No data
Stress"™*"* (LOE 5, 2b) No data 1? Adult and adolescent Multi-modality No evidence for efficacy of
patients with IBD psychotherapy psychological therapy in adult
patients with IBD
Systematic review of In adolescents, psychological
RCTs and quasi-RCTs interventions may be beneficial,
(n =1745)"" (LOE 1a) but the evidence is limited
Diet
Dietary fat™ (LOE 3a) n-3 PUFA n-3 PUFA UC in remission fish oil (n-3 PUFA) or  No difference in risk of relapse
l l Systematic review of placebo between n-3 PUFA compared
n-6 PUFA RCTs (n = 148)*™ with placebo
T (LOE 1a)
Dietary milk™*"”! (LOE 5) 1 No data Active UC Milk-free diet or sham  Fewer relapses on milk-free diet
RCT (n = 77)* (LOE 2b) diet than on sham diet
Dietary protein® (LOE 3a) T T None None No data
Dietary fiber"*" (LOE 2b) o o UC in remission Germinated barley Prolonged maintenance of
Open label RCT food stuff (GBF) + remission in GBF group””
(n=59)*(LOE2b)  conventional therapy or
conventional therapy
UC in remission Plantago ovata or Plantago ovata as effective as
Open label RCT Mesalamine Mesalamine in maintenance of
(n =105)" (LOE 2b) remission!
Food antigens"*! (LOE 4) 1?2 No data None None No data
Food additives"" (LOE 5) 1?2 No data None None No data
Breastfeeding"""®” o No data None None No data
(LOE 3a, 3b, 2b)
Medication
Nsaids™""* (LOE 2b) 1? 1 Quiescent to mild Rofecoxib 25 mg or 12.5  41% responded with reduction
UC and CD with mg x20d in arthralgia scores. P < 0.05. No
arthralgia IBD flares 9% developed GI side
Prospective Open label effects
trial (n = 32)
Oral contraceptives*'>"*1%%! T “ None None No data
(LOE 3a, 2b)
Antibiotics""* (LOE 3b, 3a)  Early exposure ! Active UC Antibiotic or placebo  Antibiotics superior to placebo at
> Systematic review of inducing remission
RCTs (1 = 9 studies)”"
(LOE 1a)
Vaccination (LOE 3a) No effect No data None None No data
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Gut microbiome

Dysbiosis®***! (LOE 4) T 1 Mild-moderate UC Probiotics + Probiotics effective for induction
Systematic review of ~ conventional treatment and maintenance of remission in
RCTs (1 = 650)"* or placebo UC and pouchitis"”!
(LOE 1a)
Active UC Fecal microbiota FMT induced remission in a
RCT (1 = 70)*™ transplant (FMT) or significantly greater percentage
(LOE 1b) Placebo of patients with active UC than
placebo (24% vs 5%)*"
Active UC, RCT Ciprofloxacin + E-coli No benefit in the use of E. coli
(n=100)*"' (LOE1b)  Nissle or placebo + E-coli Nissle as an add-on treatment to
Nissle conventional therapies for active
ucC
Ecological (Abiotic)
Air pollution™*" (LOE 2c, 3b) 1 1 None None No data
Water pollution®* (LOE 5) 1 1 None None No data
Low Vitamin D" 1 1 Active UC Vitamin D3 or No Reduction in health-care
(LOE 2a, 2b) Cohort study (1 = 368)"™ treatment utilization in the vitamin D
(LOE 2b) treatment group
Surgery
Appendectomy!*"*! l No data None None No data
(LOE 2b, 3b)

1 : Increased risk; <> : Equivocal risk; | : Decreased risk; ? : Questionable risk. LoE: Levels of Evidence; CD: Crohn's disease; IBD: Inflammatory bowel
diseases; PUFA: Polyunsaturated fatty acid; UC: Ulcerative colitis.

for high quality interventional studies that assess the
impact of modifying environmental exposures on the
natural history and patient outcomes in IBD (LOE 2b, 5).
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