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Abstract

This ECCO Topical Review of the European Crohn’s and Colitis Organisation [ECCO] focuses on
the role of environmental factors with respect to the development of inflammatory bowel disease
[IBD] as well as their influence on the course of established IBD.The objective was to reach expert
consensus to provide evidence-based guidance for clinical practice.
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The aim of this paper was to investigate the strength of associa-
tions between environmental factors and IBD incidence and relapse.

1. Introduction

Within recent years there has been increasing evidence to support the

role of the exposome in inflammatory bowel disease [IBD] patho-
genesis: a shift from earlier work that highlighted genetic factors.
Indeed, the rise in the incidence of IBD far outweighs that which can
be explained by genetic drift.!?

Identifying modifiable environmental factors is challenging.
Prospective studies and controlled trials are scarce. Whereas, in sum-
mation, environmental factors are crucial, each individual factor may
confer only a modest risk. This is likely why none of the major gas-
troenterology societies have clear guidance on environmental factors.

2. Method

The ECCO Environmental Factors Working Group was selected
from applications following response to an ECCO call. A literature
search was undertaken by members of the group. The search was
conducted via PubMed. Drafting of text and statements was divided
between members of the Working Group. Statements were voted
upon anonymously. Statements with > 80% agreement from all
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members were included within the paper in accordance with ECCO
standards.

3. Results

3.1. Prenatal and perinatal risk factors for IBD

ECCO Current Practice Position 1

The increased rate of caesarean section parallels the inci-
dence of IBD in Western countries

With the increased incidence of IBD, the rate of caesarean section has
more than doubled during the past 20 years.?

The composition of the intestinal microbiota is directly related to the
environment encountered at birth.*’ Caesarean section [CS]-born babies
acquire skintype microbiota, whereas babies delivered vaginally acquire a
vaginal microbiota. A study assessing microbiota composition of 7-year-old
children showed children born by CS had significantly fewer Clostridiae.®

Studies investigating relationship between method of delivery and
IBD incidence have yielded conflicting results.”'® A questionnaire-
based study from Germany reported that prematurity was associated
with IBD, but not delivery method,'" and another questionnaire-based
study from Germany found no association.!? The pooled results of a
meta-analysis suggested CS delivery was a risk factor for adult- and
paediatric-onset Crohn’s disease [CD] (95% confidence interval [CI]
1.12-1.70; p = 0.003) but not ulcerative colitis [UC]."* A population-
based study using the Danish National Patient Registry determined
that CS was associated with an increased risk of developing IBD
before the age of 36 years (incidence rate ratio [IRR] 1.14, 95% CI
1.06-1.22), with the highest risk in children aged under 15 years
[IRR 1.29, 95% CI 1.11-1.49].® Subanalysis showed the associa-
tion to be entirely with emergency CS. In contrast, the Norwegian
Medical Birth Registry data demonstrated that IBD patients were less
likely to have been born by CS [OR 0.27,95% CI 0.10-0.73].°

ECCO Current Practice Position 2

Smaller families and being the older sibling increase the
risk of developing IBD; however, data are equivocal

Overall, population-based studies provide evidence that higher
birth order and smaller families increase the risk of developing IBD.
However, other studies have reported conflicting or equivocal data
which casts uncertainty.

Family size in childhood is significantly associated with UC but
not CD" [OR 0.81 per person of the family, 95% CI 0.68-0.98].
A Canadian study also reported that having a larger family is protective
against CD [95% CI 0.79-0.96]." These observations are supportive
of the ‘hygiene hypothesis’, as discussed later. However, another study
found no association between sibling number and IBD.'¢

3.2. Effects of breastfeeding

ECCO Current Practice Position 3

There is lower incidence of paediatric-onset IBD among
those who have been breastfed, with a more pronounced
effect in CD and a duration-dependent response

The current evidence relating breastfeeding with IBD is largely based
on two meta-analyses. The first'” included 17 studies published until

2003. The pooled OR were 0.67 [95% CI 0.52-0.86] for CD and
0.77 [0.61-0.96] for UC.

A well-conducted study from northern France,'* which was not
included in the above meta-analysis, paradoxically found breastfeed-
ing to increase the risk of Crohn’s disease [OR 2.1, 95% CI 1.3-3.4,
p = 0.01]. When meta-analysis was re-calculated,'” the particular
study reduced the beneficial effect of breastfeeding on CD [0.62,
95% CI 0.27-0.43] but it significantly increased the heterogeneity
of published studies.

The second meta-analysis [2009] included 7 of the 79 articles
focusing on paediatric IBD' and showed breastfeeding had a signifi-
cant protective effect in early-onset IBD [OR 0.69, 95% CI 0.51-
0.94; p = 0.02] but differences for UC [OR 0.72,95% CI 0.51-1.02;
p = 0.06] or Crohn’s disease [OR 0.64, 95% CI 0.38-1.07; p = 0.09]
separately were not statistically significant. However, again authors
question the quality of data.

Since 2009, several other population studies have been published
showing discrepant results.?*-?

Studies have indicated that breastfeeding might have a duration-
response effect, with a minimum 3 months required to influence
risk.2627 A Slovak case control study found that breastfeeding for less
than 6 months increased the risk of both CD and UC." The notion
is supported by a recent multinational, multicentre population case-
control study from Asia, which demonstrated the strongest effect yet
observed: breastfeeding for more than 12 months decreased the risk
for both CD [OR 0.10, 95% CI 0.04-0.30] and UC [adjusted OR
0.16,95% CI 0.08-0.31].25

Breastfeeding may reduce the need for surgery in CD [0.42, 95%
C10.25 - 0.68] and UC [0.21, 95% CI 0.09 — 0.46]2°

3.3. Other perinatal risk factors

Baron et al. conducted a population-based questionnaire-based study
to assess the association between paediatric-onset IBD and disease
during pregnancy, gestational age at birth, birthweight and length,
vaccination, infection, and hospitalisation during the first month of
life.'® Multivariate analyses revealed no association between prenatal
factors and CD, whereas disease during pregnancy was associated
with increased risk of UC [OR 8.9, 95% CI 1.5-52]. A lack of asso-
ciation between paediatric IBD and similar factors was also declared
in another study.?* Hutfless assessed a wide range of pre- and perina-
tal environmental factors and demonstrated significant increased risk
of IBD in Caucasians and nonsignificant trends for increased risk in
maternal age < 20 years, respiratory infection during pregnancy, or
hypertension.’® Another study examined similar factors in the peri-
natal period and found no associations with IBD with preeclampsia,
birthweight, gestational age, and Apgar score.” However, investiga-
tors found significant associations between CD and maternal smok-
ing during pregnancy [OR 2.04, 95% CI 1.06-3.92] and maternal
age > 35 at delivery [OR 4.81,95% CI 2.32-9.98].

3.4. Childhood vaccinations and the development
of IBD

ECCO Current Practice Position 4

There is no support for the hypothesis that vaccinations
in childhood predispose to the later development of IBD

There is no evidence that vaccination predisposes to IBD. In a case-
control study, neither vaccination with measles, mump,s and rubella
[MMR] nor the timing of childhood vaccination influenced future
IBD incidence.?! The analysis of vaccination and the acute onset of
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symptoms of IBD revealed no cases of IBD in individuals who were
vaccinated in the 2-4 month period preceding the first symptoms.

In a prospective long-term case-cohort study based on the
Copenhagen School Health Records Register, it has been shown that
Bacillus Calmette-Guérin [BCG] and smallpox vaccination do not
cause IBD later in life.>? BCG given before 4 months of age has even
been shown to decrease the risk of IBD [hazard ratio = 0.43; 95%
confidence interval, 0.20-0.93].

A recent meta-analysis of 10 studies investigating 10 vaccine
types [BCG, diphtheria, tetanus, poliomyelitis, smallpox, pertussis,
measles, rubella, mumps, and MMR vaccine] investigated the associ-
ation between vaccination and the risk for IBD in 2399 IBD patients
and 33 747 controls® and found no association between childhood
immunisation and IBD.

Environmental factors, including vaccinations before the devel-
opment of IBD, were assessed also by EpiCom investigators®;
although reports of vaccination were higher in Eastern European
patients, univariate and multivariate regression did not show vac-
cination to be a risk factor for CD or UC.

3.5. The hygiene hypothesis

ECCO Current Practice Position 5

There is insufficient evidence to support or refute the
hygiene hypothesis

The hygiene hypothesis comes from the observation that the increase
in incidence of IBD is coincident with improvements in sanitation.
According to this theory, growing up in an environment with limited
exposure to microbes results in impaired immune response later in life.*

An early-life hygiene-related factor could be behind the obser-
vation of a decreasing incidence in intestinal tuberculosis and an
increasing incidence of IBD in migrant populations translocated to
industrialised countries.*

Assessing the influence of early-life hygiene factors is very difficult.
Until recently, risk factors were assessed with non-standard question-
naires.” More recent data are largely derived from case-control retro-
spective studies that are subject to potentially relevant recall and selection
bias. Finally, many factors have been proposed which are usually present
together and could have been additive or confounding factors [Table 1].

The association with improved sanitary facilities was not confirmed
by the majority of the studies published during the past 15 years.*® The
role of infection is discussed elsewhere in this review.

The association of refrigeration with IBD incidence is known as the
cold chain hypothesis.*” This theory also fits conceptually with the role
of altered microbiota composition in IBD pathogenesis and, indeed,
the mechanisms of action of the innate immune system.***!' However,
whereas the theory is compelling, hard evidence to support it is lacking.

3.6. Diet

3.6.1. Animal models and cell lines

Numerous observational studies have attempted to identify dietary
patterns that contribute to the risk for IBD. In general, however,
studies of the effects of food are limited by the difficulty in accurately
capturing dietary intake, as well as the potential for complex inter-
actions between foods.*? Dietary ingredients with the best evidence

47 oluten,* maltodextrin,* and emulsi-

so far include dietary fats,
fiers.*%’! Meat has been implicated in UC, as have animal proteins
and emulsifiers in CD.?

Rodent models and cell lines have provided additional insight. High-

fat, high-sugar diet induced inflammation with dysbiosis, decreased

ECCO Current Practice Position 6

Dietary patterns characterised by high animal fat and
animal proteins, food additives, and low fibre have been
associated with increased incidence of IBD

Conversely, omega-3 fatty acids, medium-chain triglycer-
ides, and fermentable carbohydrates may be protective

mucin expression, and increased intestinal permeability. In a pivotal
study, wild type and IL10-/- mice exposed to milk fat suffered more
severe colitis due to induced taurine conjugation of bile acids. Dietary
fat accelerated ileitis, whereas gluten induced inflammation via increased
intestinal permeability in a TNFAAre/wt mouse model.* Maltodextrin
was shown to alter the function of adherent invasive E. coli [AIEC]¥
whereas emulsifiers deplete the mucous layer, affect AIEC transloca-

S0-52 and increase mucosa-associated bacteria. Roberts et al.’!

tion,
demonstrated that certain dietary fibres [plantain, broccoli] might be
beneficial in preventing translocation of AIEC across M cells.

Le Leu ef al. demonstrated that dietary red meat aggravates
dextran sulphate sodium-induced colitis in mice, whereas resistant
starch [a substrate for short-chain fatty acid production] attenuated
inflammation.*® Using the same model, another group demonstrated
that exposure to soy protein appeared to be beneficial.*

In summary, in several animal models, high-fat/high-sugar diet,
gluten, red meat, maltodextrin, and emulsifiers may induce or accel-
erate intestinal inflammation. Certain dietary fibres and soy protein
might be beneficial.

3.6.2. Epidemiology and human data
Diet is considered as an essential exposomal factor potentially tar-
geting inflammation-related mechanisms in the host directly via
changes to the microbiome.*® Most studies point to an increased risk
of IBD among people who consume greater amounts of meat and
fats, particularly polyunsaturated fatty acids [PUFAs] and omega-6
[n-6] fatty acids, and lower risk among people with diets high in
fibre, fruits, and vegetables.’®*” Hou reviewed 19 case-control studies
demonstrating a positive association with fat consumption and IBD
onset.*® An extensive review of literature by Spooren et al.’® identi-
fied 35 studies investigating onset of IBD. Several studies reported
high intake of sugar or sugar-containing foods [z = 7 UC, n = 12
CD], and low intake of fruits and/or vegetables [z = 5 UC, n = 10
CD] associated with an increased onset risk. However, a similar high
number of other studies did not confirm these findings. A possible
protective role was found for grain-derived products in CD onset,
but results were inconsistent for dietary fibre in UC and CD and
grain-derived products in UC.’®

Findings from the European Investigation into Cancer and
Nutrition [EPIC] Study and the Nurses’ Health Study [NH] are
particularly noteworthy because of their prospective design.**-°!
The EPIC study associated greater consumption of linoleic acid
[an n-6 PUFA present in high concentrations in red meat, cooking
oils, and margarine] with a higher incidence of UC.*° In contrast,
people who consumed higher levels of omega-3 [n-3] PUFA doco-
sahexanoic acid were less likely to be diagnosed with UC. In the
NH study, greater consumption of long-chain n-3 PUFAs and a
higher ratio of n-3:n-6 PUFAs again appeared to protect against
development of UC.?2 The NH study has also examined the
association between fibre intake and incident IBD. Nurses con-
suming large amounts of fibre, particularly fruits, were approxi-
mately 40% less likely to be subsequently diagnosed with CD,
although no association was observed for UC.%? Similar findings
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Table 1. Early life hygiene factors and risk of inflammatory bowel disease.

Hygiene factor

Studies endorsing the
hygiene theory

Studies not confirming
hygiene theory

Studies against the hygiene theory

Family size and birth
order

Sanitary facilities

Pets and farm animals

Han DY, 2010.

CD, being only child: OR 1.54 [1.09-2.16]
Klement E, 2008.

Small number of siblings: OR 2.63
[1.49-4.62]

Montgomery SM, 2002.

UC, older siblings: OR 1.15 [1.07-1.24]
CD, younger siblings: OR 0.83 [0.76-0.90]
Hampe J, 2003.

Higher birth rank [> = 3]: OR 0.68
[0.51-0.91]

Chu KM, 2013.

CD, shared housing: OR 0.1 [0.04-0.4]

UC, shared housing: OR 0.1 [0.01-0.4]
Bernstein CN, 2006.

Having larger families: OR 0.87 [0.76-0.96]
Hlavaty T, 2013.

UC, having larger families: OR 0.82
[0.68-0.98]

KoY, 2015.

CD, Middle Eastern migrants in Australia;
bedroom sharing during childhood: OR 0.36
[0.16-0.80]

CD, Caucasian Australians; bedroom sharing
during infancy: OR 0.43 [0.23-0.80]
Pugazhendi S, 2011.

Safe drinking water: OR 1.59, 1.02-2.47

Hlavaty T, 2013.

CD, cats: OR 0.6 [0.4-0.9]

Ng SC, 2015.

CD, dogs: OR 0.54 [0.35 to 0.83]

Ko, 2015.

CD, Middle Eastern migrants in Australia; pet
during infancy: OR 0.12 [0.03-0.43]

CD, Middle Eastern migrants in Australia; farm

animals during infancy: OR 0.12 [0.03-0.43]
Timm S, 2014.

Raised on a livestock farm: OR 0.54
[0.31-0.94]

Bernstein CN, 2006.

CD, cats: OR 0.66 [0.46-0.96]
Radon K, 2007.

CD, farm animals: OR 0.5 [0.3-0.9]
UC, farm animals: OR 0.4 [0.2-0.8]
UG, cats: OR 0.5 [0.3-0.8]

Van Kruiningen HJ, 2005.

CD, bird: OR 0.45 [0.22-0.93]CD,
dog: OR 0.49 [0.270.02]

CD, cat: OR 0.13 [0.06-0.29]

Castiglione F, 2012.

< 1 sibling, UC: OR 0.95
[0.71-1.15]

< 1 sibling, CD: OR 1.02
[0.76-1.37]

Firstborn, UC: OR 0.91
[0.65-1.27]

Firstborn, CD: OR 0.73
[0.52-1.02]

Sicilia B, 2008.

OR not available.
Thompson NP, 2000 [*].
CD, first child: OR 0.92
[0.34-2.47)

UC, first child: OR 1.34
[0.57-3.17]

Radon K, 2007.

> 2 older siblings: CD 10.1,
UC 14.5, controls 16.9%
[p > 0.05]

> 2 younger siblings: CD 12%,
UC 5.3, control 12.9 [p > 0.05]

Thompson NP, 2000 [*].

CD, poor amenities: OR 1.25
[0.44-3.47)

UC, poor amenities: OR 0.61
[0.21-.1.61]

Hansen TS, 2011.

Running water: OR 0.5
[0.15-1.66]

Castiglione F, 2012.

CD, animals in childhood: OR
0.96 [0.75-1.24]

UC, animals in childhood: OR
1.08 [0.85-1.37]

Boneberger SF, 2011.

UC, pets: IBD 65 %, controls
73.6%,p =0.25

UC, farm animals: IBD 36.5%,
controls 40.8%, p = 0.58
Hafner S, 2008.

Pets: CD 77%, UC 75%, controls

81% [p > 0.05]

KoY, 2015.

Australian Caucasians; farm
animals in infancy: OR 0.95
[0.48-1.89]

Baron S, 2005.

UG, increased risk in bedroom
sharing: OR 7.1 [1.9-27.4]
Jakobsen C, 2013.

Increased risk in bedroom sharing:
OR 2.1 [1.0-4.3]

Sood A, 2014.

UC, private bedroom: OR 0.37
[0.26-0.53]

Amre DK, 2006.

CD, less crowded families: OR 0.3
[0.2-0.9]

Klement E, 2008.

Increased risk in younger siblings: OR
2.35[1.47-3.77]

Boneberger SE, 2011.

UC, having older siblings: OR 2.2
[1.1-4.4]

Baron S, 2005.

Regular drinking of tap water: OR
0.56 [0.31]

Sood A, 2014.

Flush toilet: OR 0.47 [0.27-0.81]
Van Kruiningen H]J, 2005.

Tap water: OR 0.34 [0-18-0.66]

Han DY, 2010.

CD, pets, 6-11 years old: OR 1.98
[1.28,3.06]

Amre DK, 2006.

CD, pets: OR 2.0 [0.9-4.5]

Sood A, 2014.

UG, pets: OR 2.54 [1.53-4.21]
Ko Y, 2015.

Australian Caucasians; pet during
childhood: OR 2.87 [1.58-5.21]

Associations [when available] shown as: OR [95% confidence interval].

IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; OR, odds ratio.

[*], nested case-control study in a cohort study.
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were reported by the EpiCom inception cohort.** Presumably
diet alone is inadequate to cause IBD, but there is evidence for
a gene/diet interaction, in which variants in genes for fatty acid
metabolism affect the relationship between IBD risk and PUFA
consumption.®

Another aspect is the growing evidence that dietary changes,
most notably high-fat and high-sugar Western diets, have had sub-
stantial effects on taxonomic, genetic, and metabolic features of our
microbiota.®*%¢ Long-term dietary habits determine distinct micro-
biota patterns as demonstrated in children in Europe and Burkina
Faso, although other differences such as housing, sanitation, and
medication also are involved.” More specifically, diets enriched in
fat, phosphatidylcholine, and L-carnitine and animal proteins might
promote inflammation. Conversely, other dietary factors such as
carbazoles or tryptophan-enriched proteins have anti-inflammatory
properties [Table 2].6

3.7. Coffee and caffeine

There is no clear evidence that coffee or caffeine alter the likelihood
of developing IBD. The possible exception are patients with pri-
mary sclerosing cholangitis [PSC]; a large retrospective cohort study
showed patients with PSC were more likely to have never consumed
coffee than healthy controls.®” Questionnaire-based studies of coffee
consumption among IBD sufferers are difficult to interpret. A signifi-
cant group of IBD sufferers, especially CD patients, avoid coffee as
they believe it worsens symptoms.”

A small double-blind trial suggests that a combination of myrrh,
caffeine, and camomile protects against remission of UC. The protec-
tion offered is not significantly different from that associated with
mesalazine.”

3.8. Alcohol

Data regarding alcohol intake are conflicting. One case-controlled
study of 384 subjects showed alcohol use to be protective against
UC onset with an odds ratio of 0.57 [95% CI 0.37-0.86].7
However, this trend has not been replicated in all cohorts; a sepa-
rate case-controlled study of 177 UC subjects showed no correla-
tion,”® whereas a prospective evaluation of dietary risk factors for

relapse in UC identified an association between alcohol consump-
tion and relapse.”

3.9. Microbiome

ECCO Current Practice Position 7

Dysbiosisisassociated with IBD phenotype. Environmental
factors including diet and antibiotics may be associated
with dysbiosis; however, causation is not proven

Recent advances in culture-independent techniques have improved
our understanding of the gut microbiota as well as the importance
of its interaction with the mucosal immune system in the pathogen-
esis of IBD.” Dysbiosis—the decrease in the diversity and stability of
both mucosa-associated bacteria and faecal bacteria reported in IBD
patients—is likely to be the result of environmental factors, including
antibiotics and various intestinal micro-organisms that cause imbal-
ance in the interplay between the gut microflora and the immune
system, thereby functioning as causative or triggering agents for IBD.

Over the years, many different micro-organisms have been pro-
posed as aetiological agents for IBD. Mycobacterium avium sub-
species paratuberculosis [MAP] causes Johne’s disease, a chronic
granulomatous ileitis in cattle similar to CD, and has been inten-
sively studied. Several studies have found a higher prevalence of
MAP in CD patients compared with controls’®*" but many have
found no association.$?-%*

Other studies have shown that gastrointestinal infections,>:%
especially with Campylobacter and Salmonella,’” are associated with
developing IBD in the first year after infection. A meta-analysis of
nine studies found a significant association between Campylobacter
spp. and IBD (pooled OR 3.0 [95% CI 1.3-6.6]).%® A subset of
Escherichia coli with adherent and invasive properties (adherent-
invasive Escherichia coli [AIEC]) has been found to be highly preva-
lent in CD.#-! AEIC are able to adhere to intestinal epithelial cells
and to penetrate the epithelial barrier, as well as to replicate within
both epithelial cells and macrophages.”>?* Helicobacter pylori infec-
tion, on the other hand, is associated with a reduced risk for IBD
with a pooled OR of 0.4 [95% CI 0.4-0.5] regardless of age, type of
IBD, and ethnicity.”*

Table 2. Effect of different food components on microbiota and gut immune system [adapted fromTilg et al.].

Effect Food components Interaction with Immunological effect
microbiota
Inflammatory Red meat, eggs, milk, animal proteins Yes [decrease of SCFA-producing bacteria] 1 Pro-inflammatory cytokines

High-fat diet
[saturated fats]
Milk-derived fat
[saturated fats]
Omega-6 PUFA Yes
Long-chain triglycerides Unknown
Anti-inflammatory  Cruciferous vegetables [carbazoles]  Yes
Vegetables, fish [tryptophan] Yes

Soluble fibre [complex carbohydrates] Yes + generation of SCFA

Mediterranean diet [enriched in Unknown
omega-3]
Medium-chain triglycerides Unknown

Yes + increased intestinal permeability

Yes [expansion of pathobionts]

Endotoxaemia

1 Intestinal cytokine expression

1 Pro-inflammatory cytokines,
Th1-driven

1 Pro-inflammatory cytokines
Stimulation of inflammatory T cells
1 IL-22, mucosal protection

1 Production of mucus and IgA|
Proinflammatory cytokines, 1 Tregs

| Pro-inflammatory cytokines

Reduce inflammation

PUFA, polyunsaturated fatty acids; SCFA, short-chain fatty acids.
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Dysbiosis of gut microbiota and aberrant function of the intes-
tinal epithelial barrier and innate and acquired immune system pre-
dispose to the development of IBDs. Mutual relationship between
gut microbiota, intestinal epithelial cells, and intestinal immune cells
provides a homeostatic environment in the intestine.” IBD patients
have lower microbial diversity and Firmicutes and Bacteroidetes
phyla.¢ Many studies have shown an association with IBD-gene
risk loci that regulate sensing and response to microbiota [NOD2,
ATG16L1, IRGM, IL23R, JAK2, IL12B, IL10, MUC19, SLC22A5,
GPR35, 1L27, ECM1, PTPN22, IKBL].”” Studies profiling the gut
microbiota in patients with IBD compared with controls have con-
sistently shown changes in microbiota composition as well as reduc-
tion in overall biodiversity. Disease state is associated with a drop in
abundance of several taxa. Faecalibacterum prausnitizi is decreased
in ileal CD and it is increased during the recovery phase of UC.%%*
Other studies showed increased numbers of adherent-invasive E. coli,
Enterobacteria, Fusobacteria, MAP, and Clostridium difficile aside
from Bacteroides, Clostridia, Bifidobacteria, and Ruminococcaceae
in IBD patients.”’

Metagenomic studies revealed more stability of functional-
ity than microbiota at phylogenetic level. One study identified
only nine bacterial classes associated with UC patients compared
with controls, but 21 differences in functional and metabolic
pathways, with similar findings for CD patients.'® By system-
atically sampling both mucosa- and lumen-associated microbiota,
Lavella et al. found significant differences in both UC and control
patients.'"!

Apart from bacteria, there are fungi and viruses in the microbi-
ome. Few studies investigated the role of fungal signatures in IBD
patients.'?>1% Two decades ago, S. cerevisia mannan [ASCA] was
found in the sera of CD patients. Fungi and C. albicans are particu-
larly prevalent in CD patients, as in first-degree healthy relatives of
them.'™ Paediatric IBD is associated with reduced diversity in both
fungal and bacterial gut microbiota. Specific Candida taxa were
found to be increased in abundance in the IBD samples.®!

Microbiota also have a predictive value for disease recurrence
in IBD. Presence of R. gnavus, B. vulgatus, and C. perfringens and
absence of Blautia and Roseburia in faecal samples of patients with
UC before surgery are associated with a higher risk of pouchitis.'®
Early endoscopic Crohn’s recurrence was associated with high
counts of E. coli, Bacteroides, and Fusobacteria.'® A lower propor-
tion of E prausnitzii on resected ileal Crohn’s mucosa was associated
with endoscopic recurrence at 6 months [p = 0.03], suggesting that
there may be a microbial signature, detectable at the time of resec-
tion, that can inform about disease behaviour and the risk of recur-

rence postoperatively.'”

3.10. Pollution

ECCO Current Practice Position 8

A positive association between urban air pollution and
IBD has been described. However, it is difficult to interpret
whether this is a direct consequence of pollution

The main sources of air pollution are derived from transportation and
industry.'”® Composition depends on the exact source. Air pollution is
composed of a number of components: volatile organic compounds
and particulate matter [PM]. PM includes pollen, biological compo-
nents, sulphates, nitrates, organic carbon, mineral dust, polycyclic
aromatic hydrocarbons, metals, and ions. PM is classified according

to size, as either fine particles [diameter < 2.5 pm] or coarse [diameter
<10 pm].1°

Pollutants enter the gastrointestinal tract either through the
mucociliary clearance of inhaled pollutants from the lungs or via
contaminated food.'”” These may activate or exacerbate inflamma-
tory pathways. However, there is no direct evidence of how pollut-
ants contribute towards IBD.?!10

In a case-control study, Kaplan et al. examined the association
between pollution and IBD."" Overall there was no such associa-
tion for newly diagnosed cases of IBD. However, an association was
revealed in some subgroups. Individuals under 23 years of age were
more likely to be diagnosed with CD if they lived in regions of higher
pollution [OR 2.31], with a linear association between risk and
increased air nitrogen oxide [NO] levels. There was a trend towards
more CD diagnosis with increasing PM exposure [OR 1.73]. UC
was associated with higher sulphur dioxide [SO2] levels for indi-
viduals under 235 years of age [OR 2.0]. Patients who developed CD
between 44 and 57 years of age were less likely to have lived in
areas of elevated NO [OR 0.56].""! These findings may suggest that
traffic-related pollutants and industrial-based pollutants may have
age-specific effects on the development of IBD.

In most nations, urban regions are associated with higher air pol-
lution levels. Some studies demonstrated that an urban household was
associated with a higher incidence of IBD.!5112113 A gystematic review
and meta-analysis demonstrated a positive association between the
urban environment and both CD and UC."* Li et al. demonstrated
that the standardised incidence ratio for adults employed in ‘driving’
occupations showed that they were at an increased risk of develop-
ing CD.'"

Clustering of IBD cases, above all in CD, occur occasionally.
Exposure to contaminated surface water with bacteria has been sug-
gested as a possible cause.!'®

Although these studies correlate air pollutants and IBD, they
must be interpreted with caution as they are subject to a number of
biases and further studies are required. There is no evidence correlat-
ing water pollution with IBD.

3.11. Smoking

ECCO Current Practice Position 9

Smoking is a risk factor for CD. Continuing smoking after
diagnosis is a risk factor for a more severe disease course.
Smoking cessation improves disease outcome

Smoking is protective against UC. Smoking cessation has
a negative influence on disease course. However, due to
the increased risk of death associated with smoking, start-
ing or continuing smoking is not a treatment option

is 4- i i va-

CD is 4-fold more common in smokers and also has increased preva
in ex- 7 v i v

lence in ex-smokers."7""” Conversely, UC is relatively rare amon,

smokers.'"” Smoking cessation is a risk factor for UC, incurring a

greater risk than never smoking.!2%12!

3.11.1. Smoking and disease course
Smokers with CD experience more strictures and fistulae, perianal

involvement,'?? hospital admissions, surgery,'?!>* postoperative

125 126

complications,'? and extraintestinal manifestations.

Smoking is also known to impact on response to treatment.
Although meta-analysis suggests that smoking does not impact on

127

initial tumour necrosis factor [TNF] response,'?’ it is a risk factor for
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subsequent relapse.!?® The PRECISE study showed smoking to be a
risk factor for loss of response to certolizumab.!?

Studies on the impact of smoking on established UC have yielded
mixed results. Smokers are prescribed fewer courses of steroids.’*! Some
studies demonstrated less hospitalisation and lower rates of colectomy,
whereas others showed no differences.!*!?"12> One study found smok-
ing to be protective against pouchitis'** and PSC.!*! However, a system-
atic review of 16 studies on the impact of smoking on colectomy, disease
activity, proximal disease extension, and development of pouchitis
found that smoking does not alter the natural history of UC.'*

3.11.2. Smoking cessation
Smoking cessation benefits smokers with CD but can be detrimental
to smokers with UC.

An interventional study investigated the impact of intensive
smoking cessation advice in 474 smokers with CD.'* After 1 year,
disease patterns within the ex-smoking group were those of non-
smokers. Disease flare and hospitalisation rates were significantly
decreased in ex-smokers, with a benefit comparable to azathioprine
as maintenance therapy.'*

Recent ex-smokers with UC are more likely to have active disease

135

and require medical therapy,'*’ and have higher rates of hospitalisation.

Patients with IBD are often unaware of the impact of smoking. 3613

3.12. Cannabis

Population-based studies have shown that IBD patients are more
likely to use cannabis than those without IBD."** Chronic analgesia
requirements, surger and low quality of life scores are all predictors
of cannabis use among IBD patients.'*® Both retrospective and small
prospective studies have shown cannabis use to be associated with
improved quality of life, weight gain, and symptom control. Cannabis
has even been positively associated with the ability to work.!*
However, there is no compelling evidence that cannabis improves
disease outcome. In fact, a case-controlled study showed long-term
cannabis use was associated with a 5-fold higher rate of surgery
[OR 5.03, 95% CI 1.45-17.46], although the authors themselves

note that the study was not designed to prove causality.'*!

3.13 Medication
3.13.1. NSAIDS and aspirin

studies on the impact of NSAIDS and aspirin, which drew different
conclusions. The first was a long-term follow-up of medication and
health of nurses within the USA. This study showed a moderately
increased risk of incident CD (HR 1.59 [95% CI 0.99-2.56]) and
UC (HR 1.87,[95% CI 1.16-2.99]) following frequent NSAID use,
and no association with aspirin.'* The second involved a European
cohort study looking exclusively at aspirin use and showed a 6-fold
increase in the incidence of CD, with no additional incidence of UC.'¥”

The evidence linking NSAIDs and disease flare is also conflicting.
Two studies, one case-controlled and one retrospective cohort, did
not demonstrate an association.'**'* There has been one challenge
study investigating the administration of paracetamol, aspirin, or a
variety of NSAIDs to patients with quiescent IBD.!*° No patients tak-
ing aspirin, paracetamol, or nimesulide had a flare of disease within
the 4 weeks. In those taking non-selective NSAIDs [naproxen, indo-
methacin, diclofenac, nabumetone], 17-28% experienced a relapse,
with symptoms starting within days of taking the drug.

3.13.2. Oral contraceptives and hormone replacement therapy

ECCO Current Practice Position 11

Oral contraception is a risk factor for the development of CD
and UC. However, once CD or UC is established, the use of
hormonal contraception does not increase the risk of flare

ECCO Current Practice Position 10

There is evidence linking long-term non-steroidal anti-
inflammatory drug use with future IBD onset. However,
the evidence to support such an association with aspirin
is conflicting

The evidence linking non-steroidal anti-inflammatory
drug [NSAID] use with IBD flare is inconsistent; it is
unlikely that a short-term use is detrimental

A meta-analysis comparing the rate of IBD between subjects exposed
and not exposed to the combined oral contraceptive [COC] pill showed
an increased risk of both CD and UC in the exposed group (hazard ratio
1.46[95% CI1.26-1.70] and 1.28 [95% CI 1.06-1.54] respectively).'s!

A meta-analysis of five studies did not demonstrate an increased
risk of flare in current COC users.'? Indeed, a recent retrospec-
tive questionnaire-based study suggested 20% women noticed an
improvement in cyclical IBD symptoms, whereas only 5% felt that

oral contraception worsened symptoms. >3

3.13.3. Hormone replacement therapy

Studies investigating a link between hormone replacement therapy
[HRT] and IBD in postmenopausal women are limited. In a prospec-
tive cohort study, HRT was associated with an increased incidence of
UC (odds ratio 1.71 [95% CI 1.07-2.74]) but not of CD."**

3.13.4. Isotretinoin

ECCO Current Practice Position 12

There is no evidence for a causal relationship between
isotretinoin and IBD onset

The evidence that acetylsalicylic acid and NSAIDs are risk factors
for IBD is conflicting.

Several studies show a positive association between NSAID use
and disease onset.'*>!* A study of IBD incident cases demonstrated
high rates of current and recent NSAID use [respective ORs 2.96
and 2.51, CIs 1.32-6.64 and 1.13-5.55].'* A case-controlled study
of newly diagnosed colitis demonstrated substantially higher NSAID
and aspirin use in comparison with hospital controls [OR 6.2, CI
3.2-13.5].'% Subsequently there have been two large prospective

Isotretinoin is a vitamin A analogue used for the treatment of mod-
erate to severe acne vulgaris. A potential association of isotreti-
noin with inflammatory bowel disease has been proposed by case
reports and small case series.!”'** Indeed, Reddy ez al. assessed
causality of isotretinoin use with IBD in 85 cases filed with the
Food and Drug Administration [FDA] [1997-2002] and concluded
that isotretinoin might trigger IBD in some patients.'®' Although
positive associations have been found most frequently with UC,!¢?
a meta-analysis of published epidemiological studies [1990-2014]
found an increased risk with isotretinoin use for developing CD
but not UC.'®> However, the most recent large, population-based
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case-control studies from Canada'¢*'%® and France'®”'*® and a

169

meta-analysis'®® of these studies have cast doubts on the proposed

association.

ECCO Current Practice Position 13

Within Europe and North America, exposure to antibiot-
ics is positively associated with the development of IBD,
especially CD.This association is even stronger in paediat-
ric-onset IBD and almost exclusively seen in CD

3.13.5. Antibiotics

In a Canadian nested case-control analysis including 2234 IBD
subjects and 22 346 controls, antibiotic dispensations were associ-
ated with both CD and UC; the association was stronger for UC
and paralleled the number of antibiotic dispensations.'”® However,
a recent meta-analysis of eight case-control and three cohort stud-
ies encompassing 7208 subjects suggested that previous antibiotic
use was positively associated with newly diagnosed CD [OR 1.74,
95% CI 1.35-2.23] but not with UC [OR 1.08, 95% CI 0.91-1.27].
The strength of this association was greatestest among paediatric-
onset IBD. Metronidazole and fluoroquinolones were most strongly
associated.!”!

A recent prospective population-based case-control study in
eight Asian countries and Australia suggested that antibiotic use
prevented the development of CD [adjusted OR 0.19, 95% CI 0.07-
0.52] and UC [adjusted OR 0.48, 95% CI 0.27-0.87] in Asians.?
However, this study may suffer recall bias as the population con-
sisted of patients older than 25 years.

In children with paediatric-onset IBD, antibiotic use within
the first year of life was 19% higher than in age-matched con-
trols without IBD."”? Nationwide Finnish!'”® and Danish!'”* case-
control studies showed that the risk of paediatric CD but not UC
is increased with the number of antibiotic purchases from birth to
the index date.

3.14. Appendectomy and tonsillectomy

ECCO Current Practice Position 14

Appendectomy appears to be protective against UC onset.
In contrast, appendectomy might be a risk factor for CD
Previous tonsillectomy is associated with CD. There is no
such association with UC onset

Appendectomy when performed for true appendicitis appears pro-
tective against UC. A Swedish population study confirmed that the
incidence of UC following appendectomy is lower than in controls
[OR 0.74, 95% CI 0.64-0.86].'7° This is consistent with an earlier
meta-analysis of the association between appendectomy and UC
incidence.'”® Until recently, appendectomy was associated with a less
severe course of colitis and lower rates of colectomy among UC suf-
ferers [OR 0.4, 95% CI 0.2-0.78]."”” However, a recent study from
the IBD Genetics Consortium database of UC patients found the
opposite; appendectomy was positively associated with colectomy
[OR 2.2,95% CI 1.14.5].17

With CD, results have been conflicting. A Swedish population
study showed appendectomy to be positively associated with devel-
opment of CD for up to 20 years following surgery [OR 1.85,95%
CI 1.10-3.18].'” Meta-analysis of risk of CD following appen-
dectomy also supported this association, despite heterogeneity

between studies [OR 1.61, 95% CI 1.26-2.02].'%° However, this
risk is particularly high within a year of surgery, and indeed one
study which attempted to remove bias of appendectomy at diag-
nosis actually showed appendectomy to be protective [OR 0.34,
95% CI 0.23-0.51]."8! Thus it is possible that a proportion of CD
sufferers may undergo appendectomy before IBD diagnosis, due
to clinicians mistaking ileocaecal CD for an acute appendicitis.?’
A case-controlled study of a Danish inception cohort showed ton-
sillectomy to be protective against IBD [OR 0.49, 95% CI 0.31-0.78]
but this finding has not been replicated in other cohorts.'$>1%* A recent
meta-analysis of 23 observational studies involving 19569 patients
demonstrated [after adjustment for smoking] that tonsillectomy was
associated with an increased risk of developing CD [pooled OR 1.66,
95% CI 1.03-2.68] but was not with UC [OR 1.03, 95% CI 0.74-
1.44].'% Interestingly, previous tonsillectomy among Middle Eastern
migrants within Australia was strongly associated with both CD and
UC, but the association was weak amongst Caucasians residents.

3.15. Stress, anxiety, and depression

ECCO Current Practice Position 15

Stress, anxiety, and depression have not been proven to
be risk factors for later development of IBD. However, all
have shown to worsen the course of IBD. Managing these
conditions optimally has been associated with a positive
outcome

The relationship between psychiatric illness and IBD is bi-direc-
tional.'® Concurrent medical illness worsens depression, and is
associated with treatment resistance.'*!s” IBD suffers are known to
have a greater incidence of both anxiety and depression.'$%!%° Both
are linked with increased rates of IBD flare,'”* as well as negative
symptom perception and worse impact of IBD on lifestyle.""

A Canadian prospective longitudinal study suggested a causal
relationship; self-reports of stress preceded increased disease activ-
ity."> However, a single study suggests that faecal calprotectin does
not correlate with perceived stress.'”

Managing psychological comorbidities pharmacologically is

associated with a positive IBD outcome,'**

195

with fewer relapses and
reduced steroid use.

It is difficult to ascertain whether psychiatric illness is a risk fac-
tor for IBD onset. Rates of psychiatric illness, in particular anxiety
and depression, are consistently higher amongst IBD patients. Walker
et al. found that the majority of their cohort with mood disorders or
anxiety suffered psychological morbidity 2 years prior to IBD diagno-

sis.’? Other studies have drawn conflicting conclusions.”-1*

3.16. Exercise

ECCO Current Practice Position 16

Data on the protective effect of exercise on later develop-
ment of IBD are inconclusive. However, regular exercise
in patients with quiescent or mild disease may improve
outcome

A meta-analysis?® and systematic review?"! yielded no conclusive
evidence that exercise reduced IBD onset. However, a more recent
prospective study of women [the Nurses’ Health Study] showed
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an inverse relationship between exercise and CD incidence, and no
relationship with UC.2*> A longitudinal follow-up of male military
workers recruited in adolescence showed exercise at the time of
recruitment was indeed protective of future IBD.2%

Regular exercise in patients with quiescent or mild disease may

improve outcome.?*4205

3.17. Occupation

ECCO Current Practice Position 17

White-collar occupations as well as sedentary occupa-
tions are associated with IBD onset. However, prospec-
tive epidemiological studies are missing, and as such
data must be interpreted with caution

In a retrospective database analysis, sedentary occupations were
associated with a 2-fold increase in IBD incidence. However, indi-
viduals with IBD were also twice as likely to be out of the labour
force.?’® Furthermore, a retrospective survey of a Chinese population
found that the increase in UC prevalence was paralleled by higher
socioeconomic status.?”” The limited number of studies prevents
definitive conclusions.

3.18. Seasonal variation

ECCO Current Practice Position 18

Data regarding the impact of seasonality on IBD onset
and flare are conflicting

An earlier Scandinavian population-based study, published in 1991,
of 845 CD and 1330 UC patients born between 1924 and 1957,
provided evidence for clustering by birth for CD and to a lesser
extent UC.2% In a cohort of 844 Jewish IBD patients an increased
risk to develop CD was found in patients born in winter; the risk
was reduced for patients born in spring. No association with seasonal
variations was noted for UC.?*” Two additional studies from Italy
and China, respectively, have found an increasing risk of onset of CD
in spring and summer.?'**"" A further retrospective controlled obser-
vational study from Switzerland demonstrated an increased risk of
IBD flares at times of heatwaves.?!? In a recent Canadian case-control
study, men with CD had significantly more often been born between
April and June [OR 1.13, 95% CI 1.03-1.25].2"3 In contrast, in a
Belgian cohort, being born in June was associated with a significantly
reduced risk of developing CD [OR = 0.636, 95% CI 0.447-0.906;
p = 0.012].2"* Furthermore an English study, comparing the months
of birth of 634 patients with CD with those of the general population,
could not find a statistically significant association.?!s

Ulcerative colitis showed a peak incidence in winter/early spring
in a study from Turkey.?' In a retrospective study of a Korean cohort
of 727 IBD patients, birth in January and February was associ-
ated with increased risk of IBD with a nadir in autumn, though in
a subgroup analysis this was only significant for UC but not CD
[)(2[3 df] = 9.668, p = 0.022].?"7 In a Norwegian cohort of 420 UC
patients and 142 CD patients, there was monthly seasonality
[p = 0.028] in onset of symptoms from December through January
for UC but not for CD.*'® Finally, other studies have not found any
association between seasonality and onset of IBD. These discrepan-
cies may be attributed to methodological differences.

Data on seasonality in established IBD are also conflicting.

3.19. Vitamin D

ECCO Current Practice Position 19

Vitamin D deficiency may influence the pathogenesis
and disease course of IBD but the mechanisms are not
understood

Vitamin D influences the immune system at various levels, including
regulation of innate and adaptive immunity, antibacterial response,
and antigen presentation.

A recent meta-analysis of 12 studies reporting on vitamin D
deficiency in CD showed that 570 participants with CD had sig-
nificantly higher odds of vitamin D deficiency compared with 778
controls [OR 1.63,95% CI 1.24-2.13; p = 0.0004]. A meta-analysis
of seven studies reporting on prevalence of vitamin D deficiency in
UC showed that 177 participants with UC had more than double the
odds of vitamin D deficiency compared with 362 controls [OR 2.28,
95% CI 1.18-4.41; p = 0.01].2¥

Several studies, in both established and newly diagnosed IBD,
have reported high prevalence of vitamin D deficiency, especially in
CD. However, vitamin D deficiency is also common in other chronic
diseases and even in healthy subjects.??%??! Several factors contrib-
ute to vitamin D deficiency in IBD, including inadequate sunlight
exposure, inadequate dietary intake, smoking, impaired absorp-
tion, impaired conversion to active vitamin D metabolites, increased
catabolism, and increased excretion. In a prospective study from the
USA in women, higher predicted levels of 25[OH]D significantly
reduced the risk of CD [OR 0.54, 95% CI 0.30-0.90].222223

There are limited clinical data supporting an association between
low levels of vitamin D and increased disease activity, especially in CD.

Data on the therapeutic use of vitamin D supplementation in
patients with IBD are scarce. Only two small open-label trials and
one randomised controlled trial [RCT] have shown a positive effect
on disease activity in patients with CD.?**

3.20. Geographical gradients

ECCO Current Practice Position 20

Geographical gradients correlating with the incidence of
IBD have been found in various studies, though a proof of
association is still missing

In a prospective study in women enrolled in the Nurses’ Health
Study I [NHS I] and in the NHS II, increasing latitude of residence
was associated with a higher incidence of CD and UC. This north-
south gradient hypothesis might in part be explained by different
levels of sun exposure. Thus, the incidence of CD is higher in the
northern part of the USA; compared with women residing in north-
ern latitudes at age 30, the multivariate-adjusted HR for women
residing in southern latitudes was 0.48 [95% CI 0.30-0.77] for
CD and 0.62 [95% CI 0.42-0.90] for UC.?* Increased ultraviolet
light exposure has been associated with a reduced risk of inpatient
surgery in CD patients.”?® In a French study, higher levels of resi-
dential sun exposure were related to significantly decreased risk of
CD when adjusted for vitamin D intake [0.29, 95% CI 0.11-0.80],
with no association regarding UC.??’ In a recent systematic review of
high-quality population-based studies published from 2003 to 2013,
Holmes et al. reported only a modest increase in the incidence of
paediatric CD with higher latitude.?*
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3.21. Moving to areas of different IBD incidence

ECCO Current Practice Position 21

Moving to areas of high-incidence increases the risk of
IBD, particularly UC. It is not known whether moving to
low-incidence areas protects against IBD

The IBD incidence varies between countries.

Migration studies support a strong environmental component in
disease onset, especially with UC.?2%23% A large population study of
South Asian immigrants to the UK showed IBD incidence among
first-generation immigrants to be much higher than that among
South Asians within Asia.?' Subsequent follow-up showed incidence
rates in the second generation to be even higher.?*> Disease pheno-
type among first-generation immigrants was often milder than in
Caucasians; however, by the second generation it was as severe, with
additional studies showing more severe disease with increased peri-
anal involvement in patients with CD.?3

In contrast, a Canadian population study showed lower disease
incidence in first-generation immigrants.”** However, second-gen-
eration immigrants had IBD incidence [as children] comparable to
that of non-immigrant Canadians. A Swedish study of IBD in immi-
grant populations showed lower IBD rates compared with the native
populations; however, rates were in fact higher in those who had
migrated from developing nations.?*

Little is known as to whether migration from areas of high preva-
lence to low prevalence is protective.

3.22. Travel and altitude
3.22.1. Impact of travel on IBD incidence

ECCO Current Practice Position 22

There is no evidence that short-term travel is an inde-
pendent risk factor for IBD onset. The data on the impact
of travel on established disease are conflicting

Travel poses at least a theoretical risk of IBD onset. Travel to an
endemic area may expose to local environmental factors. It is known
that changes to the microbiota occur relatively quickly in response
to dietary changes.®

A study of newly diagnosed colitis showed that of the 61
patients subsequently confirmed to have IBD, 10/61 initially devel-
oped symptoms while abroad.?* That said, there have been no
large-scale prospective or population-based studies which demon-
strate a clear link.

3.22.2. Impact of travel on established disease

A case-controlled study comparing those IBD patients with at least
one relapse in the past year, with those in remission, showed a
positive association of journey to high altitude with relapse (21/52
[40.4%] vs 8/51 [15.7%]; p = 0.005).%%” A recent case-controlled
study of environmental factors did not show a link between travel
and disease activity [31.8% flares vs 29.4% controls; p = 0.85, OR
1.12,95% CI 0.537-2.336].2%

Working Groups

WG1: Early life events, e.g. breast feeding, vaccination: leader, Ebbe Langholz,
Denmark; Y-ECCO, Eduards Krustins, Latvia; members, Vicent Hernandez
Ramirez, Spain, Konstantinos Katsanos, Greece, Elif Saritas Yuksel, Turkey.

WG2: Gut-environment interface, e.g. diet, microbiome: leader, Vito Annese,
Italy, Y-ECCO, Johan Burisch, Denmark; members, Pierre Ellul, Malta, Tarkan
Karakan, Turkey, Arie Levine, Israel.

WG3: Lifestyle, e.g. smoking, appendectomy: leader, Christian Maaser,
Germany; Y-ECCO, Hannah Gordon, UK; members, Gerassimos John
Mantzaris, Greece, Hans Strid, Sweden, Colm O’ Morain, Ireland.

Reviewers on behalf of GuiCom: Andreas Sturm, Germany, Stephan Vavricka,
Switzerland.

Conflict of Interest

ECCO has diligently maintained a disclosure policy of potential conflicts of
interests [Col]. The conflict of interest declaration is based on a form used by
the International Committee of Medical Journal Editors [ICMJE]. The Col
statement is not only stored at the ECCO Office and the editorial office of
JCC, but also is open to public scrutiny on the ECCO website [https://www.
ecco-ibd.eu/about-ecco/ecco-disclosures.html] providing a comprehensive
overview of potential conflicts of interest of authors.

Disclaimer

The ECCO Topical Review projects are based on an international consensus
process. Any treatment decisions are a matter for the individual clinician and
should not be based exclusively on the content of the ECCO Topical Reviews.
The European Crohn’s and Colitis Organisation and/or any of its staff members
and/or any consensus contributor may not be held liable for any information
published in good faith in the ECCO Topical Reviews. This manuscript is a joint
expert consensus activity. Hence all authors participated sufficiently, intellectu-
ally and/or practically, in the work to take public responsibility for the content
of the article, including the concept, design, data interpretation and writing of
the manuscript. The final version of the manuscript was approved by all authors.

References

1. Kaplan GG. The global burden of IBD: from 2015 to 2025. Nat Rev Gas-
troenterol Hepatol 2015;12:720-7.

2. Hammer T, Nielsen KR, Munkholm P, Burisch J, Lynge E. The Faroese
IBD study: incidence of inflammatory bowel diseases across 54 years of
population-based data. | Crohns Colitis 2016;10:934-42.

3. Cole DS, Dayal AK, Chazotte C. Elective primary cesarean delivery.
N Engl ] Med 2003;348:2364-5; author reply 2364-5.

4. Gronlund MM, Lehtonen OP, Eerola E, Kero P. Fecal microflora in
healthy infants born by different methods of delivery: permanent changes
in intestinal flora after cesarean delivery. | Pediatr Gastroenterol Nutr
1999;28:19-25.

5. Guarner F, Malagelada JR. Gut flora in health and disease. Lancet
2003;361:512-9.

6. Salminen S, Gibson GR, McCartney AL, Isolauri E. Influence of mode of
delivery on gut microbiota composition in seven year old children. Gut
2004;53:1388-9.

7. Roberts SE, Wotton CJ, Williams JG, Griffith M, Goldacre M]. Perinatal
and early life risk factors for inflammatory bowel disease. World | Gastro-
enterol 2011;17:743-9.

8. Bager P, Simonsen ], Nielsen NM, Frisch M. Cesarean section and off-
spring’s risk of inflammatory bowel disease: a national cohort study.
Inflamm Bowel Dis 2012;18:857-62.

9. Bengtson MB, Solberg IC, Aamodt G, Jahnsen ], Moum B, Vatn MH;
IBSEN Study Group. Relationships between inflammatory bowel disease
and perinatal factors: both maternal and paternal disease are related to
preterm birth of offspring. Inflamm Bowel Dis 2010;16:847-55.

10. Ponsonby AL, Catto-Smith AG, Pezic A, et al. Association between early-
life factors and risk of child-onset Crohn’s disease among Victorian children
born 1983-1998: a birth cohort study. Inflamm Bowel Dis 2009;15:858-66.

11. Sonntag B, Stolze B, Heinecke A, et al. Preterm birth but not mode of
delivery is associated with an increased risk of developing inflammatory
bowel disease later in life. Inflamm Bowel Dis 2007;13:1385-90.

$20Z yoJe 8| uo Jasn ejel 1o Austeaiun Agq 9609522/S06/8/1 L/o[onie/o0(-0008/Wwo0o dno olwapeoe)/:sdny Wwolj papeojumo(


https://www.ecco-ibd.eu/about-ecco/ecco-disclosures.html﻿
https://www.ecco-ibd.eu/about-ecco/ecco-disclosures.html﻿

Environmental Factors in IBD

915

12.

13.

14.

1S5.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Decker E, Engelmann G, Findeisen A, et al. Cesarean delivery is associated
with celiac disease but not inflammatory bowel disease in children. Pediat-
rics 2010;125:¢1433-40.

Li Y, Tian Y, Zhu W, et al. Cesarean delivery and risk of inflammatory
bowel disease: a systematic review and meta-analysis. Scand | Gastroen-
terol 2014;49:834-44.

Hlavaty T, Toth J, Koller T, et al. Smoking, breastfeeding, physical inac-
tivity, contact with animals, and size of the family influence the risk of
inflammatory bowel disease: A Slovak case-control study. United Euro-
pean Gastroenterol ] 2013;1:109-19.

Bernstein CN, Rawsthorne P, Cheang M, Blanchard JE. A population-
based case control study of potential risk factors for IBD. Am | Gastroen-
terol 2006;101:993-1002.

Feeney MA, Murphy F, Clegg AJ, Trebble TM, Sharer NM, Snook JA. A
case-control study of childhood environmental risk factors for the devel-
opment of inflammatory bowel disease. Eur | Gastroenterol Hepatol
2002;14:529-34.

Klement E, Cohen RV, Boxman J, Joseph A, Reif S. Breastfeeding and risk
of inflammatory bowel disease: a systematic review with meta-analysis.
Am ] Clin Nutr 2004;80:1342-52.

Baron S, Turck D, Leplat C, et al. Environmental risk factors in paediatric
inflammatory bowel diseases: a population based case control study. Gut
2005;54:357-63.

Barclay AR, Russell RK, Wilson ML, Gilmour WH, Satsangi J, Wilson DC.
Systematic review: the role of breastfeeding in the development of pediat-
ric inflammatory bowel disease. | Pediatr 2009;155:421-6.

Vind 1, Riis L, Jespersgaard C, et al.; DCCD study group. Genetic and
environmental factors as predictors of disease severity and extent at time
of diagnosis in an inception cohort of inflammatory bowel disease, Copen-
hagen County and City 2003-05. ] Crohns Colitis 2008;2:162-9.
Spehlmann ME, Begun AZ, Saroglou E, et al. Risk factors in German twins
with inflammatory bowel disease: results of a questionnaire-based survey.
J Crobns Colitis 2012;6:29-42.

Castiglione F, Diaferia M, Morace F, et al. Risk factors for inflammatory
bowel diseases according to the ‘hygiene hypothesis’: a case-control, multi-
centre, prospective study in Southern Italy. | Crobns Colitis 2012;6:324-9.
Amre DK, Lambrette P, Law L, et al. Investigating the hygiene hypothesis
as a risk factor in pediatric onset Crohn’s disease: a case-control study. Am
J Gastroenterol 2006;101:1005-11.

Han DY, Fraser AG, Dryland P, Ferguson LR. Environmental factors in the
development of chronic inflammation: a case-control study on risk factors
for Crohn’s disease within New Zealand. Mutat Res 2010;690:116-22.
Khalili H, Ananthakrishnan AN, Higuchi LM, Richter JM, Fuchs CS,
Chan AT. Early life factors and risk of inflammatory bowel disease in
adulthood. Inflamm Bowel Dis 2013;19:542-7.

Jakobsen C, Paerregaard A, Munkholm P, Wewer V. Environmental factors
and risk of developing paediatric inflammatory bowel disease—a popula-
tion based study 2007-09. | Crohns Colitis 2013;7:79-88.

Ko Y, Kariyawasam V, Karnib M, et al.; IBD Sydney Organisation. Inflam-
matory bowel disease environmental risk factors: A population-based
case-control study of Middle Eastern migration to Australia. Clin Gastro-
enterol Hepatol 2015;13:1453-63.¢1.

Ng SC, Tang W, Leong RW, et al.; Asia-Pacific Crohn’s and Colitis Epide-
miology Study ACCESS Group. Environmental risk factors in inflamma-
tory bowel disease: a population-based case-control study in Asia-Pacific.
Gut 2015;64:1063-71.

Guo AY, Stevens BW, Wilson RG, et al. Early life environment and natural
history of inflammatory bowel diseases. BMC Gastroenterol 2014;14:216.
Hutfless S, Li DK, Heyman MB, Bayless TM, Abramson O, Herrinton
LJ. Prenatal and perinatal characteristics associated with pediatric-onset
inflammatory bowel disease. Dig Dis Sci 2012;57:2149-56.

Davis RL, Kramarz P, Bohlke K, et al.; Vaccine Safety Datalink Team. Mea-
sles-mumps-rubella and other measles-containing vaccines do not increase
the risk for inflammatory bowel disease: a case-control study from the Vac-
cine Safety Datalink project. Arch Pediatr Adolesc Med 2001;155:354-9.
Villumsen M, Jess T, Serup S, et al. Risk of inflammatory bowel disease fol-
lowing Bacille Calmette-Guérin and smallpox vaccination: a population-
based Danish case-cohort study. Inflamm Bowel Dis 2013;19:1717-24.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53

54.

Pineton de Chambrun G, Dauchet L, Gower-Rousseau C, Cortot A,
Colombel JF, Peyrin-Biroulet L. Vaccination and risk for developing
inflammatory bowel disease: a meta-analysis of case-control and cohort
studies. Clin Gastroenterol Hepatol 2015;13:1405-15.

Burisch ], Pedersen N, Cukovic-Cavka S, et al.; EpiCom-group. Environ-
mental factors in a population-based inception cohort of inflammatory
bowel disease patients in Europe—an ECCO-EpiCom study. ] Crobns Coli-
tis 2014;8:607-16.

Bloomfield SF, Stanwell-Smith R, Crevel RW, Pickup J. Too clean, or not
too clean: the hygiene hypothesis and home hygiene. Clin Exp Allergy
2006;36:402-25.

Tsironi E, Feakins RM, Probert CS, Roberts CS, Rampton DS, Phil D.
Incidence of inflammatory bowel disease is rising and abdominal tuber-
culosis is falling in Bangladeshis in East London, United Kingdom. Am |
Gastroenterol 2004;99:1749-55.

Halfvarson J, Jess T, Magnuson A, et al. Environmental factors in inflam-
matory bowel disease: a co-twin control study of a Swedish-Danish twin
population. Inflamm Bowel Dis 2006;12:925-33.

Koloski NA, Bret L, Radford-Smith G. Hygiene hypothesis in inflamma-
tory bowel disease: a critical review of the literature. World | Gastroen-
terol 2008;14:165-73.

Malekzadeh F, Alberti C, Nouraei M, et al. Crohn’s disease and early expo-
sure to domestic refrigeration. PLoS One 2009;4:e4288.

Forbes A, Kalantzis T. Crohn’s disease: the cold chain hypothesis. Int |
Colorectal Dis 2006;21:399-401.

Merga Y, Campbell BJ, Rhodes JM. Mucosal barrier, bacteria and inflam-
matory bowel disease: possibilities for therapy. Dig Dis 2014;32:475-83.
Lee D, Albenberg L, Compher C, et al. Diet in the pathogenesis and treat-
ment of inflammatory bowel diseases. Gastroenterology 2015;148:1087-
106.

Martinez-Medina M, Denizot J, Dreux N, et al. Western diet induces dys-
biosis with increased E coli in CEABAC10 mice, alters host barrier func-
tion favouring AIEC colonisation. Gut 2014;63:116-24.

Gruber L, Kisling S, Lichti P, ez al. High fat diet accelerates pathogenesis
of murine Crohn’s disease-like ileitis independently of obesity. PLoS One
2013;8:¢71661.

Devkota S, Wang Y, Musch MW, et al. Dietary-fat-induced taurocholic
acid promotes pathobiont expansion and colitis in I110-/- mice. Nature
2012;487:104-8.

Séderholm JD, Oman H, Blomquist L, Veen ], Lindmark T, Olaison G.
Reversible increase in tight junction permeability to macromolecules in rat
ileal mucosa in vitro by sodium caprate, a constituent of milk fat. Dig Dis
Sci 1998;43:1547-52.

Suzuki T, Hara H. Dietary fat and bile juice, but not obesity, are respon-
sible for the increase in small intestinal permeability induced through the
suppression of tight junction protein expression in LETO and OLETF rats.
Nutr Metab [Lond] 2010;7:19.

Wagner SJ, Schmidt A, Effenberger M], Gruber L, Danier J, Haller D. Sem-
isynthetic diet ameliorates Crohn’s disease-like ileitis in TNFAARE/WT
mice through antigen-independent mechanisms of gluten. Inflamm Bowel
Dis 2013;19:1285-94.

Nickerson KP, McDonald C. Crohn’s disease-associated adherent-invasive
Escherichia coli adhesion is enhanced by exposure to the ubiquitous die-
tary polysaccharide maltodextrin. PLoS One 2012;7:52132.

Roberts CL, Keita AV, Duncan SH, et al. Translocation of Crohn’s disease
Escherichia coli across M-cells: contrasting effects of soluble plant fibres
and emulsifiers. Guz 2010;59:1331-9.

Swidsinski A, Ung V, Sydora BC, et al. Bacterial overgrowth and inflamma-
tion of small intestine after carboxymethylcellulose ingestion in genetically
susceptible mice. Inflamm Bowel Dis 2009;15:359-64.

Chassaing B, Koren O, Goodrich JK, et al. Dietary emulsifiers impact the
mouse gut microbiota promoting colitis and metabolic syndrome. Nature
2015;519:92-6.

. Leu RK Le, Young GP, Hu Y, et al. Dietary red meat aggravates dextran

sulfate sodium-induced colitis in mice whereas resistant starch attenuates
inflammation. Dig Dis Sci 2013;58:3475-82

Jiang H, Przybyszewski ], Mitra D, et al. Soy protein diet, but not Lac-
tobacillus rhamnosus GG, decreases mucin-1, trefoil factor-3, and tumor

$20Z yoJe 8| uo Jasn ejel 1o Austeaiun Agq 9609522/S06/8/1 L/o[onie/o0(-0008/Wwo0o dno olwapeoe)/:sdny Wwolj papeojumo(



916

C. Maaser et al.

55.

S6.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

necrosis factor-a in colon of dextran sodium sulfate-treated C57BL/6
mice. | Nutr 2011;141:1239-46.

Rogler G, Vavricka S. Exposome in IBD: recent insights in environmental
factors that influence the onset and course of IBD. Inflamm Bowel Dis
2015;21:400-8.

Hou JK, Abraham B, El-Serag H. Dietary intake and risk of developing
inflammatory bowel disease: a systematic review of the literature. Am |
Gastroenterol 2011;106:563-73.

Dixon LJ, Kabi A, Nickerson KP, McDonald C. Combinatorial effects of
diet and genetics on inflammatory bowel disease pathogenesis. Inflamm
Bowel Dis 2015;21:912-22.

Spooren CE, Pierik MJ, Zeegers MP, Feskens EJ, Masclee AA, Jonk-
ers DM. Review article: the association of diet with onset and relapse
in patients with inflammatory bowel disease. Aliment Pharmacol Ther
2013;38:1172-87.

Tjonneland A, Overvad K, Bergmann MM, et al. Linoleic acid, a dietary
n-6 polyunsaturated fatty acid, and the aetiology of ulcerative colitis: a
nested case-control study within a European prospective cohort study. Gut
2009;58:1606-11.

Ananthakrishnan AN, Khalili H, Konijeti GG, et al. Long-term intake
of dietary fat and risk of ulcerative colitis and Crohn’s disease. Gut
2014;63:776-84.

Riboli E, Hunt KJ, Slimani N, et al. European Prospective Investigation
into Cancer and Nutrition [EPIC]: study populations and data collection.
Public Health Nutr 2002;5:1113-24.

Ananthakrishnan AN, Khalili H, Konijeti GG, et al. A prospective study of
long-term intake of dietary fiber and risk of Crohn’s disease and ulcerative
colitis. Gastroenterology 2013;145:970-7.

Costea I, Mack DR, Lemaitre RN, et al. Interactions between the
dietary polyunsaturated fatty acid ratio and genetic factors deter-
mine susceptibility to pediatric Crohn’s disease. Gastroenterology
2014;146:929-31.

Turnbaugh PJ, Ridaura VK, Faith JJ, Rey FE, Knight R, Gordon JI. The
effect of diet on the human gut microbiome: a metagenomic analysis in
humanized gnotobiotic mice. Sci Transl Med 2009;1:6ral14.

David LA, Maurice CF, Carmody RN, e al. Diet rapidly and reproducibly
alters the human gut microbiome. Nature 2014;505:559-63.

Schaubeck M, Haller D. Reciprocal interaction of diet and microbiome
in inflammatory bowel diseases. Curr Opin Gastroenterol 2015;31:464—
70.

Filippo C De, Cavalieri D, Paola M Di, et al. Impact of diet in shaping gut
microbiota revealed by a comparative study in children from Europe and
rural Africa. Proc Natl Acad Sci U S A 2010;107:14691-6.

Tilg H, Moschen AR. Food, immunity, and the microbiome. Gastroenter-
ology 2015;148:1107-19.

Lammert C, Juran BD, Schlicht E, et al. Reduced coffee consumption
among individuals with primary sclerosing cholangitis but not primary
biliary cirrhosis. Clin Gastroenterol Hepatol 2014;12:1562-8.

Barthel C, Wiegand S, Scharl S, et al. Patients’ perceptions on the impact
of coffee consumption in inflammatory bowel disease: friend or foe?—a
patient survey. Nutr | 2015;14:78.

Langhorst J, Varnhagen I, Schneider SB, et al. Randomised clinical
trial: a herbal preparation of myrrh, chamomile and coffee charcoal
compared with mesalazine in maintaining remission in ulcerative
colitis—a double-blind, double-dummy study. Aliment Pharmacol Ther
2013;38:490-500.

Nakamura Y, Labarthe DR. A case-control study of ulcerative colitis with
relation to smoking habits and alcohol consumption in Japan. Am J Epi-
demiol 1994;140:902-11.

Jiang L, Xia B, Li ], et al. Risk factors for ulcerative colitis in a Chinese
population: an age-matched and sex-matched case-control study. | Clin
Gastroenterol 2007;41:280-4.

Jowett ]B, Elliott KS, Curran JE, et al. Genetic variation in BEACON influ-
ences quantitative variation in metabolic syndrome-related phenotypes.
Diabetes 2004;53:2467-72.

Kostic AD, Xavier R], Gevers D. The microbiome in inflammatory
bowel disease: current status and the future ahead. Gastroenterology
2014;146:1489-99.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Bull TJ, McMinn EJ, Sidi-Boumedine K, et al. Detection and verification
of Mycobacterium avium subsp. paratuberculosis in fresh ileocolonic
mucosal biopsy specimens from individuals with and without Crohn’s dis-
ease. | Clin Microbiol 2003;41:2915-23.

Naser SA, Ghobrial G, Romero C, Valentine JE. Culture of Mycobacte-
rium avium subspecies paratuberculosis from the blood of patients with
Crohn’s disease. Lancet 2004;364:1039-44.

Romero C, Hamdi A, Valentine JF, Naser SA. Evaluation of surgical
tissue from patients with Crohn’s disease for the presence of Myco-
bacterium avium subspecies paratuberculosis DNA by in situ hybridi-
zation and nested polymerase chain reaction. Inflamm Bowel Dis
2005;11:116-25.

Sechi LA, Scanu AM, Molicotti P, et al. Detection and isolation of Myco-
bacterium avium subspecies paratuberculosis from intestinal mucosal
biopsies of patients with and without Crohn’s disease in Sardinia. Am |
Gastroenterol 2005;100:1529-36.

Autschbach F, Eisold S, Hinz U, et al. High prevalence of Mycobacterium
avium subspecies paratuberculosis IS900 DNA in gut tissues from indi-
viduals with Crohn’s disease. Gut 2005;54:944-9.

Feller M, Huwiler K, Stephan R, et al. Mycobacterium avium subspecies
paratuberculosis and Crohn’s disease: a systematic review and meta-anal-
ysis. Lancet Infect Dis 2007;7:607-13.

Juste RA, Elguezabal N, Garrido JM, et al. On the prevalence of
M. avium subspecies paratuberculosis DNA in the blood of healthy
individuals and patients with inflammatory bowel disease. PLoS One
2008;3:e2537.

Parrish NM, Radcliff RP, Brey BJ, et al. Absence of mycobacterium
avium subsp. paratuberculosis in Crohn’s patients. Inflamm Bowel Dis
2009;15:558-65.

Bernstein CN, Blanchard JF, Rawsthorne P, Collins MT. Population-based
case control study of seroprevalence of Mycobacterium paratuberculosis
in patients with Crohn’s disease and ulcerative colitis. | Clin Microbiol
2004;42:1129-3S.

Porter CK, Tribble DR, Aliaga PA, Halvorson HA, Riddle MS. Infectious
gastroenteritis and risk of developing inflammatory bowel disease. Gastro-
enterology 2008;135:781-6.

Garcia Rodriguez LA, Ruigémez A, Panés . Acute gastroenteritis is fol-
lowed by an increased risk of inflammatory bowel disease. Gastroenterol-
ogy 2006;130:1588-94.

Gradel KO, Nielsen HL, Schenheyder HC, Ejlertsen T, Kristensen B,
Nielsen H. Increased short- and long-term risk of inflammatory bowel dis-
ease after salmonella or campylobacter gastroenteritis. Gastroenterology
2009;137:495-501.

Castafio-Rodriguez N, Kaakoush NO, Lee WS, et al. Dual role of Helico-
bacter and Campylobacter species in IBD: a systematic review and meta-
analysis. Gut 2015, Oct 27. doi: 10.1136/gutjnl-2015-310545. [Epub
ahead of print.].

Darfeuille-Michaud A, Boudeau ], Bulois P, et al. High prevalence of
adherent-invasive Escherichia coli associated with ileal mucosa in Crohn’s
disease. Gastroenterology 2004;127:412-21.

Martinez-Medina M, Aldeguer X, Lopez-Siles M, et al. Molecular diversity
of Escherichia coli in the human gut: new ecological evidence supporting
the role of adherent-invasive E. coli [AIEC] in Crohn’s disease. Inflamm
Bowel Dis 2009;15:872-82.

Martin HM, Campbell BJ, Hart CA, et al. Enhanced Escherichia coli
adherence and invasion in Crohn’s disease and colon cancer. Gastroenter-
ology 2004;127:80-93.

Darfeuille-Michaud A, Neut C, Barnich N, et al. Presence of adherent
Escherichia coli strains in ileal mucosa of patients with Crohn’s disease.
Gastroenterology 1998;115:1405-13.

Sasaki M, Sitaraman SV, Babbin BA, et al. Invasive Escherichia coli are a
feature of Crohn’s disease. Lab Invest 2007;87:1042-54.

Vire PO, Heikius B, Silvennoinen JA, et al. Seroprevalence of Heli-
cobacter pylori infection in inflammatory bowel disease: is Heli-
cobacter pylori infection a protective factor? Scand | Gastroenterol
2001;36:1295-300.

Goto Y, Kurashima Y, Kiyono H. The gut microbiota and inflammatory
bowel disease. Curr Opin Rheumatol 2015;27:388-96.

$20Z yoJe 8| uo Jasn ejel 1o Austeaiun Agq 9609522/S06/8/1 L/o[onie/o0(-0008/Wwo0o dno olwapeoe)/:sdny Wwolj papeojumo(



Environmental Factors in IBD

917

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Frank DN, St Amand AL, Feldman RA, Boedeker EC, Harpaz N, Pace
NR. Molecular-phylogenetic characterization of microbial community
imbalances in human inflammatory bowel diseases. Proc Natl Acad Sci
U S A2007;104:13780-5.

Sheehan D, Moran C, Shanahan F. The microbiota in inflammatory
bowel disease. | Gastroenterol 2015;50:495-507.

Varela E, Manichanh C, Gallart M, et al. Colonisation by Faecalibacte-
rium prausnitzii and maintenance of clinical remission in patients with
ulcerative colitis. Aliment Pharmacol Ther 2013;38:151-61.

Sokol H, Pigneur B, Watterlot L, et al. Faecalibacterium prausnitzii is
an anti-inflammatory commensal bacterium identified by gut micro-
biota analysis of Crohn disease patients. Proc Natl Acad Sci U S A
2008;105:16731-6.

Morgan XC, Tickle TL, Sokol H, et al. Dysfunction of the intestinal
microbiome in inflammatory bowel disease and treatment. Genome Biol
2012;13:R79.

Lavelle A, Lennon G, O’Sullivan O, et al. Spatial variation of the colonic
microbiota in patients with ulcerative colitis and control volunteers. Gut
2015;64:1553-61.

Richard ML, Lamas B, Liguori G, Hoffmann TW, Sokol H. Gut fungal
microbiota: the Yin and Yang of inflammatory bowel disease. Inflamm
Bowel Dis 2015;21:656-65.

Chehoud C, Albenberg LG, Judge C, et al. Fungal signature in the gut
microbiota of pediatric patients with inflammatory bowel disease.
Inflamm Bowel Dis 2015;21:1948-56.

Standaert-Vitse A, Sendid B, Joossens M, et al. Candida albicans colo-
nization and ASCA in familial Crohn’s disease. Am | Gastroenterol
2009;104:1745-53.

Machiels K, Sabino ], Vandermosten L, et al. Specific members of the
predominant gut microbiota predict pouchitis following colectomy and
IPAA in UC. Gut 2017;66:79-88.

Neut C, Bulois P, Desreumaux P, et al. Changes in the bacterial flora of
the neoterminal ileum after ileocolonic resection for Crohn’s disease. Am
J Gastroenterol 2002;97:939-46.

Wright EK, Kamm MA, Teo SM, Inouye M, Wagner J, Kirkwood CD. Recent
advances in characterizing the gastrointestinal microbiome in Crohn’s dis-
ease: a systematic review. Inflamm Bowel Dis 2015;21:1219-28.

Beamish LA, Osornio-Vargas AR, Wine E. Air pollution: an environmental
factor contributing to intestinal disease. ] Crobns Colitis 2011;5:279-86.
Frolkis A, Dieleman LA, Barkema HW, et al.; Alberta IBD Consortium.
Environment and the inflammatory bowel diseases. Can | Gastroenterol
2013;27:e18-24.

Martin TD, Chan SS, Hart AR. Environmental factors in the relapse and
recurrence of inflammatory bowel disease: a review of the literature. Dig
Dis Sci 2015;60:1396-405.

Kaplan GG, Hubbard J, Korzenik J, et al. The inflammatory bowel dis-
eases and ambient air pollution: a novel association. Am | Gastroenterol
2010;105:2412-9.

Green C, Elliott L, Beaudoin C, Bernstein CN. A population-based eco-
logic study of inflammatory bowel disease: searching for etiologic clues.
Am ]| Epidemiol 2006;164:615-23; discussion 624-8.

Juillerat P, Pittet V, Bulliard JL, et al. Prevalence of inflammatory bowel
disease in the canton of Vaud [Switzerland]: a population-based cohort
study. ] Crohns Colitis 2008;2:131-41.

Soon IS, Molodecky NA, Rabi DM, Ghali WA, Barkema HW, Kaplan
GG. The relationship between urban environment and the inflammatory
bowel diseases: a systematic review and meta-analysis. BMC Gastroen-
terol 2012;12:51.

Li X, Sundquist J, Sundquist K. Educational level and occupation as risk
factors for inflammatory bowel diseases: A nationwide study based on
hospitalizations in Sweden. Inflamm Bowel Dis 2009;15:608-15.
Pickup RW, Rhodes G, Arnott S, et al. Mycobacterium avium subsp.
paratuberculosis in the catchment area and water of the River Taff in
South Wales, United Kingdom, and its potential relationship to clustering
of Crohn’s disease cases in the city of Cardiff. Appl Environ Microbiol
2005;71:2130-9.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Birrenbach T, Bocker U. Inflammatory bowel disease and smoking: a
review of epidemiology, pathophysiology, and therapeutic implications.
Inflamm Bowel Dis 2004;10:848-59.

Higuchi LM, Khalili H, Chan AT, Richter JM, Bousvaros A, Fuchs CS.
A prospective study of cigarette smoking and the risk of inflammatory
bowel disease in women. Am | Gastroenterol 2012;107:1399.

Fraga XF, Vergara M, Medina C, Casellas F, Bermejo B, Malagelada JR.
Effects of smoking on the presentation and clinical course of inflam-
matory bowel disease. Eur | Gastroenterol Hepatol 1997;9:683-7.
Mahid SS, Minor KS, Soto RE, Hornung CA, Galandiuk S. Smok-
ing and inflammatory bowel disease: a meta-analysis. Mayo Clin Proc
2006;81:1462-71.

Boyko EJ, Perera DR, Koepsell TD, Keane EM, Inui TS. Effects of ciga-
rette smoking on the clinical course of ulcerative colitis. Scand | Gastro-
enterol 1988;23:1147-52.

Parkes GC, Whelan K, Lindsay JO. Smoking in inflammatory bowel dis-
ease: impact on disease course and insights into the aetiology of its effect.
J Crobns Colitis 2014;8:717-25.

Lunney PC, Kariyawasam VC, Wang RR, et al. Smoking prevalence and
its influence on disease course and surgery in Crohn’s disease and ulcera-
tive colitis. Aliment Pharmacol Ther 2015;42:61-70.

Lawrance IC, Murray K, Batman B, et al. Crohn’s disease and smoking:
is it ever too late to quit? | Crobns Colitis 2013;7:¢665-71.

Kulaylat AN, Hollenbeak CS, Sangster W, Stewart DB Sr. Impact of
smoking on the surgical outcome of Crohn’s disease: a propensity-score
matched National Surgical Quality Improvement Program analysis.
Colorectal Dis 2015;17:891-902.

Ott C, Takses A, Obermeier F, Schnoy E, Miiller M. Smoking increases
the risk of extraintestinal manifestations in Crohn’s disease. World | Gas-
troenterol 2014;20:12269-76.

Inamdar S, Volfson A, Rosen L, Sunday S, Katz S, Sultan K. Smoking and
early infliximab response in Crohn’s disease: a meta-analysis. | Crohns
Colitis 2015;9:140-6.

Gisbert JP, Marin AC, Chaparro M. Systematic review: factors associated
with relapse of inflammatory bowel disease after discontinuation of anti-
TNF therapy. Aliment Pharmacol Ther 2015;42:391-405.

Sandborn W], Melmed GY, McGovern DP, et al. Clinical and demo-
graphic characteristics predictive of treatment outcomes for certoli-
zumab pegol in moderate to severe Crohn’s disease: analyses from
the 7-year PRECISE 3 study. Aliment Pharmacol Ther 2015;42:
330-42.

Merrett MN, Mortensen N, Kettlewell M, Jewell DO. Smoking may pre-
vent pouchitis in patients with restorative proctocolectomy for ulcerative
colitis. Gut 1996;38:362—4.

Andersen IM, Tengesdal G, Lie BA, Boberg KM, Karlsen TH, Hov JR.
Effects of coffee consumption, smoking, and hormones on risk for pri-
mary sclerosing cholangitis. Clin Gastroenterol Hepatol 2014;12:1019—
28.

Ford AC, Gracie DJ. Systematic review with meta-analysis: the effect
of tobacco smoking on the natural history of ulcerative colitis. Aliment
Pharmacol Ther 2016;44:117-26.

Cosnes J, Beaugerie L, Carbonnel F, Gendre JP. Smoking cessation and
the course of Crohn’s disease: an intervention study. Gastroenterology
2001;120:1093-9.

Johnson GJ, Cosnes J, Mansfield JC. Review article: smoking cessation as
primary therapy to modify the course of Crohn’s disease. Aliment Phar-
macol Ther 2005;21:921-31.

Beaugerie L, Massot N, Carbonnel F, Cattan S, Gendre JP, Cosnes ]J.
Impact of cessation of smoking on the course of ulcerative colitis. Am |
Gastroenterol 2001;96:2113-6.

Saadoune N, Peyrin-Biroulet L, Baumann C, et al. Beliefs and behaviour
about smoking among inflammatory bowel disease patients. Eur | Gas-
troenterol Hepatol 2015;27:797-803.

De Bie C, Ballet V, Hendriks N, et al. Smoking behaviour and knowledge
of the health effects of smoking in patients with inflammatory bowel
disease. Aliment Pharmacol Ther 2015;42:1294-302.

$20Z yoJe 8| uo Jasn ejel 1o Austeaiun Agq 9609522/S06/8/1 L/o[onie/o0(-0008/Wwo0o dno olwapeoe)/:sdny Wwolj papeojumo(



918 C. Maaser et al.

138. Weiss A, Friedenberg F. Patterns of cannabis use in patients with inflam- 160. Martin P, Manley PN, Depew WT, Blakeman JM. Isotretinoin-associated
matory bowel disease: A population based analysis. Drug Alcohol proctosigmoiditis. Gastroenterology 1987;93:606-9.

Depend 2015;156:84-9. 161. Reddy D, Siegel CA, Sands BE, Kane S. Possible association between

139. Ravikoff Allegretti J, Courtwright A, Lucci M, Korzenik JR, Levine J. isotretinoin and inflammatory bowel disease. Am ] Gastroenterol
Marijuana use patterns among patients with inflammatory bowel dis- 2006;101:1569-73.
ease. Inflamm Bowel Dis 2013;19:2809-14. 162. Crockett SD, Porter CQ, Martin CF, Sandler RS, Kappelman MD.

140. Vu MP, Melmed GY, Targan SR. Weeding out the facts: the reality about Isotretinoin use and the risk of inflammatory bowel disease: a case-con-
cannabis and Crohn’s disease. Clin Gastroenterol Hepatol 2014;12:898- trol study. Am | Gastroenterol 2010;105:1986-93.

9. 163. Dai C, Jiang M, Sun M]. Isotretinoin and risk of inflammatory bowel

141. Storr M, Devlin S, Kaplan GG, Panaccione R, Andrews CN. Cannabis disease. Am | Gastroenterol 2014;109:1493—-4.
use provides symptom relief in patients with inflammatory bowel disease 164. Bernstein CN, Nugent Z, Longobardi T, Blanchard JF. Isotretinoin is not
but is associated with worse disease prognosis in patients with Crohn’s associated with inflammatory bowel disease: a population-based case-
disease. Inflamm Bowel Dis 2014;20:472-80. control study. Am | Gastroenterol 2009;104:2774-8.

142. Meyer AM, Ramzan NN, Heigh RI, Leighton JA. Relapse of inflamma- 165. Etminan M, Bird ST, Delaney JA, Bressler B, Brophy JM. Isotretinoin
tory bowel disease associated with use of nonsteroidal anti-inflammatory and risk for inflammatory bowel disease: a nested case-control study
drugs. Dig Dis Sci 2006;51:168-72. and meta-analysis of published and unpublished data. JAMA Dermatol

143. Felder JB, Korelitz BI, Rajapakse R, Schwarz S, Horatagis AP, Gleim G. 2013;149:216-20.

Effects of nonsteroidal antiinflammatory drugs on inflammatory bowel 166. Alhusayen RO, Juurlink DN, Mamdani MM, Morrow RL, Shear NH,
disease: a case-control study. Am | Gastroenterol 2000;95:1949-54. Dormuth CR; Canadian Drug Safety and Effectiveness Research Net-

144. Evans JM, McMahon AD, Murray FE, McDevitt DG, MacDonald TM. work. Isotretinoin use and the risk of inflammatory bowel disease: a
Non-steroidal anti-inflammatory drugs are associated with emergency population-based cohort study. J Invest Dermatol 2013;133:907-12.
admission to hospital for colitis due to inflammatory bowel disease. Gut 167. Racine A, Cuerq A, Bijon A, et al. Isotretinoin and risk of inflamma-
1997;40:619-22. tory bowel disease: a French nationwide study. Am ]| Gastroenterol

145. Gleeson MH, Davis AJ. Non-steroidal anti-inflammatory drugs, aspirin 2014;109:563-9.
and newly diagnosed colitis: a case-control study. Aliment Pharmacol 168. Racine A, Boutron-Ruault MC, Carbonnel F. Response to Dai et al. Am |
Ther 2003;17:817-25. Gastroenterol 2014;109:1494-5.

146. Ananthakrishnan AN, Higuchi LM, Huang ES, et al. Aspirin, nonsteroi- 169. Lee SY, Jamal MM, Nguyen ET, Bechtold ML, Nguyen DL. Does expo-
dal anti-inflammatory drug use, and risk for Crohn disease ulcerative sure to isotretinoin increase the risk for the development of inflam-
colitis. Ann Intern Med 2012;156:350. matory bowel disease? A meta-analysis. Eur | Gastroenterol Hepatol

147. Chan SS, Luben R, Bergmann MM, et al. Aspirin in the aetiology of 2016;28:210-6.

Crohn’s disease and ulcerative colitis: a European prospective cohort 170. Shaw SY, Blanchard JF, Bernstein CN. Association between the use of
study. Aliment Pharmacol Ther 2011;34:649-55. antibiotics and new diagnoses of Crohn’s disease and ulcerative colitis.

148. Bonner GE, Walczak M, Kitchen L, Bayona M. Tolerance of nonsteroidal Am | Gastroenterol 2011;106:2133-42.
antiinflammatory drugs in patients with inflammatory bowel disease. Am 171. Ungaro R, Bernstein CN, Gearry R, et al. Antibiotics associated with
] Gastroenterol 2000;95:1946-8. increased risk of new-onset Crohn’s disease but not ulcerative colitis: a

149. Bonner GF, Fakhri A, Vennamaneni SR. A long-term cohort study of non- meta-analysis. Am | Gastroenterol 2014;109:1728-38.
steroidal anti-inflammatory drug use and disease activity in outpatients 172. Shaw SY, Blanchard JF, Bernstein CN. Association between the use of
with inflammatory bowel disease. Inflamm Bowel Dis 2004;10:751-7. antibiotics in the first year of life and pediatric inflammatory bowel dis-

150. Takeuchi K, Smale S, Premchand P, et al. Prevalence and mechanism ease. Am | Gastroenterol 2010;105:2687-92.
of nonsteroidal anti-inflammatory drug-induced clinical relapse in 173. Virta L, Auvinen A, Helenius H, Huovinen P, Kolho KL. Association
patients with inflammatory bowel disease. Clin Gastroenterol Hepatol of repeated exposure to antibiotics with the development of pediatric
2006;4:196-202. Crohn’s disease—a nationwide, register-based Finnish case-control study.

151. Cornish JA, Tan E, Simillis C, Clark SK, Teare ], Tekkis PP. The risk of Am ] Epidemiol 2012;175:775-84.
oral contraceptives in the etiology of inflammatory bowel disease: a 174. Hviid A, Svanstrom H, Frisch M. Antibiotic use and inflammatory bowel
meta-analysis. Am | Gastroenterol 2008;103:2394-400. diseases in childhood. Gut 2011;60:49-54.

152. Zapata LB, Paulen ME, Cansino C, Marchbanks PA, Curtis KM. Contra- 175. Andersson RE, Olaison G, Tysk C, Ekbom A. Appendectomy and protec-
ceptive use among women with inflammatory bowel disease: A system- tion against ulcerative colitis. N Engl ] Med 2001;344:808-14.
atic review. Contraception 2010;82:72-85. 176. Koutroubakis IE, Vlachonikolis IG. Appendectomy and the development

153. Gawron LM, Goldberger A, Gawron AJ, Hammond C, Keefer L. The of ulcerative colitis: results of a metaanalysis of published case-control
impact of hormonal contraception on disease-related cyclical symp- studies. Am | Gastroenterol 2000;95:171-6.
toms in women with inflammatory bowel diseases. Inflamm Bowel Dis 177. Cosnes ], Carbonnel F, Beaugerie L, Blain A, Reijasse D, Gendre JP. Effects
2014;20:1729-33. of appendicectomy on the course of ulcerative colitis. Gut 2002;51:803—

154. Khalili H, Higuchi LM, Ananthakrishnan AN, et al. Hormone therapy 7.
increases risk of ulcerative colitis but not Crohn’s disease. Gastroenterol- 178. Parian A, Limketkai B, Koh ], et al. Appendectomy does not decrease
ogy 2012;143:1199-206. the risk of future colectomy in UC: results from a large cohort and meta

155. Shale M, Kaplan GG, Panaccione R, Ghosh S. Isotretinoin and intestinal analysis. Gut 2016, Apr 13. doi: 10.1136/gutjnl-2016-311550. [Epub
inflammation: what gastroenterologists need to know. Gut 2009;58:737— ahead of print.]

41. 179. Andersson RE, Olaison G, Tysk C, Ekbom A. Appendectomy is

156. Bankar RN, Dafe CO, Kohnke A, Babu PS. Ulcerative colitis probably followed by increased risk of Crohn’s disease. Gastroenterology
associated with isotretinoin. Indian | Gastroenterol 2006;25:171-2. 2003;124:40-6.

157. Passier JL, Srivastava N, van Puijenbroek EP. Isotretinoin-induced 180. Kaplan GG, Jackson T, Sands BE, Frisch M, Andersson RE, Korzenik ]J.
inflammatory bowel disease. Neth | Med 2006;64:52—4. The risk of developing Crohn’s disease after an appendectomy: a meta-

158. Papageorgiou NP, Altman A, Shoenfeld Y. Inflammatory bowel disease: analysis. Am | Gastroenterol 2008;103:2925-31.
adverse effect of isotretinoin. Isr Med Assoc ] 2009;11:505-6. 181. Radford-Smith GL, Edwards JE, Purdie DM, et al. Protective role of

159.

Reniers DE, Howard JM. Isotretinoin-induced inflammatory bowel dis-
ease in an adolescent. Ann Pharmacother 2001;35:1214-6.

appendicectomy on onset and severity of ulcerative colitis and Crohn’s
disease. Gut 2002;51:808-13.

$20Z yoJe 8| uo Jasn ejel 1o Austeaiun Agq 9609522/S06/8/1 L/o[onie/o0(-0008/Wwo0o dno olwapeoe)/:sdny Wwolj papeojumo(



Environmental Factors in IBD

919

182.

183.

184.

185.

186.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

Mitchell SA, Thyssen M, Orchard TR, Jewell DP, Fleming KA, Chapman
RW. Cigarette smoking, appendectomy, and tonsillectomy as risk factors
for the development of primary sclerosing cholangitis: a case control
study. Gut 2002;51:567-73.

Firouzi F, Bahari A, Aghazadeh R, Zali MR. Appendectomy, tonsillec-
tomy, and risk of inflammatory bowel disease: a case control study in
Iran. Int | Colorectal Dis 2006;21:155-9.

Sun W, Han X, Wu S, Yang C. Tonsillectomy and the risk of inflammatory
bowel disease: a systematic review and meta-analysis. | Gastroenterol
Hepatol 2016;31:1085-94.

Bonaz BL, Bernstein CN. Brain-gut interactions in inflammatory bowel
disease. Gastroenterology 2013;144:36-49.

Keitner GI, Ryan CE, Miller IW, Kohn R, Epstein NB. 12-month outcome
of patients with major depression and comorbid psychiatric or medical
illness [compound depression]. Am | Psychiatry 1991;148:345-50.

. Tosifescu DV, Nierenberg AA, Alpert JE, et al. The impact of medical

comorbidity on acute treatment in major depressive disorder. Am | Psy-
chiatry 2003;160:2122-7.

Kurina LM, Goldacre MJ, Yeates D, Gill LE. Depression and anxiety
in people with inflammatory bowel disease. | Epidemiol Community
Health 2001;55:716-20.

Fuller-Thomson E, Sulman J. Depression and inflammatory bowel dis-
ease: findings from two nationally representative Canadian surveys.
Inflamm Bowel Dis 2006;12:697-707.

Mittermaier C, Dejaco C, Waldhoer T, et al. Impact of depressive mood
on relapse in patients with inflammatory bowel disease: a prospective
18-month follow-up study. Psychosom Med 2004;66:79-84.

Porcelli P, Zaka S, Centonze S, Sisto G. Psychological distress and levels
of disease activity in inflammatory bowel disease. Ital | Gastroenterol
1994;26:111-S5.

Bernstein CN, Singh S, Graff LA, Walker JR, Miller N, Cheang M. A
prospective population-based study of triggers of symptomatic flares in
IBD. Am ]| Gastroenterol 2010;105:1994-2002.

Targownik LE, Sexton KA, Bernstein MT, et al. The relationship among
perceived stress, symptoms, and inflammation in persons with inflamma-
tory bowel disease. Am | Gastroenterol 2015;110:1001-12; quiz 1013.
Mikocka-Walus AA, Turnbull DA, Moulding NT, Wilson IG, Andrews
JM, Holtmann GJ. Antidepressants and inflammatory bowel disease: a
systematic review. Clin Pract Epidemiol Ment Health 2006;2:24.
Goodhand JR, Greig FI, Koodun Y, et al. Do antidepressants influence
the disease course in inflammatory bowel disease? A retrospective case-
matched observational study. Inflamm Bowel Dis 2012;18:1232-9.
Walker JR, Ediger JP, Graff LA, et al. The Manitoba IBD cohort study: a
population-based study of the prevalence of lifetime and 12-month anxi-
ety and mood disorders. Am | Gastroenterol 2008;103:1989-97.
Ananthakrishnan AN, Khalili H, Pan A, et al. Association between
depressive symptoms and incidence of Crohn’s disease and ulcerative
colitis: results from the Nurses’ Health Study. Clin Gastroenterol Hepa-
tol 2013;11:57-62.

Lerebours E, Gower-Rousseau C, Merle V, et al. Stressful life events as
a risk factor for inflammatory bowel disease onset: A population-based
case-control study. Am | Gastroenterol 2007;102:122-31.

Li J, Norgard B, Precht DH, Olsen J. Psychological stress and inflam-
matory bowel disease: a follow-up study in parents who lost a child in
Denmark. Am | Gastroenterol 2004;99:1129-33.

Marri SR, Buchman AL. The education and employment status of patients
with inflammatory bowel diseases. Inflamm Bowel Dis 2005;11:171-7.
Narula N, Fedorak RN. Exercise and inflammatory bowel disease. Can |
Gastroenterol 2008;22:497-504.

Khalili H, Ananthakrishnan AN, Konijeti GG, et al. Physical activity and
risk of inflammatory bowel disease: prospective study from the Nurses’
Health Study cohorts. BMJ 2013;347:f6633.

Melinder C, Hiyoshi A, Hussein O, Halfvarson J, Ekbom A, Montgomery
S. Physical fitness in adolescence and subsequent inflammatory bowel
disease risk. Clin Transl Gastroenterol 2015;6:e121.

Ng V, Millard W, Lebrun C, Howard J. Low-intensity exercise improves qual-
ity of life in patients with Crohn’s disease. Clin | Sport Med 2007;17:384-8.

205.

206.

207.

208.

209.

210.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

Jones PD, Kappelman MD, Martin CF, Chen W, Sandler RS, Long MD.
Exercise decreases risk of future active disease in patients with inflam-
matory bowel disease in remission. Inflamm Bowel Dis 2015;21:
1063-71.

Bernstein CN, Kraut A, Blanchard JF, Rawsthorne P, Yu N, Walld R. The
relationship between inflammatory bowel disease and socioeconomic
variables. Am | Gastroenterol 2001;96:2117-25.

Jiang L, Xia B, Li J, et al. Retrospective survey of 452 patients with
inflammatory bowel disease in Wuhan city, central China. Inflamm
Bowel Dis 2006;12:212-7.

Ekbom A, Zack M, Adami HO, Helmick C. Is there clustering of inflam-
matory bowel disease at birth? Am | Epidemiol 1991;134:876-86.
Chowers Y, Odes S, Bujanover Y, Eliakim R, Bar Meir S, Avidan B. The
month of birth is linked to the risk of Crohn’s disease in the Israeli popu-
lation. Am | Gastroenterol 2004;99:1974-6.

Peng JC, Ran ZH, Shen J. Seasonal variation in onset and relapse of
IBD and a model to predict the frequency of onset, relapse, and sever-
ity of IBD based on artificial neural network. Int | Colorectal Dis
2015;30:1267-73.

. Aratari A, Papi C, Galletti B, et al. Seasonal variations in onset of symp-

toms in Crohn’s disease. Dig Liver Dis 2006;38:319-23.

Manser CN, Paul M, Rogler G, Held L, Frei T. Heat waves, incidence of
infectious gastroenteritis, and relapse rates of inflammatory bowel dis-
ease: a retrospective controlled observational study. Am | Gastroenterol
2013;108:1480-S5.

Shaw SY, Nugent Z, Targownik LE, Singh H, Blanchard JF, Bernstein
CN. Association between spring season of birth and Crohn’s disease. Clin
Gastroenterol Hepatol 2014;12:277-82.

Van Ranst M, Joossens M, Joossens S, et al. Crohn’s disease and month
of birth. Inflamm Bowel Dis 2005;11:597-9.

Card TR, Sawczenko A, Sandhu BK, Logan RF. No seasonality in month
of birth of inflammatory bowel disease cases: a prospective population
based study of British under 20 year olds. Gut 2002;51:814-5.
Basaranoglu M, Sayilir A, Demirbag AE, Mathew S, Ala A, Senturk H.
Seasonal clustering in inflammatory bowel disease: a single centre experi-
ence. Expert Rev Gastroenterol Hepatol 2015;9:877-81.

Jung YS, Song CS, Kim ER, ez al. Seasonal variation in months of birth
and symptom flares in Korean patients with inflammatory bowel disease.
Gut Liver 2013;7:661-7.

Moum B, Aadland E, Ekbom A, Vatn MH. Seasonal variations in the
onset of ulcerative colitis. Gut 1996;38:376-8.

Del Pinto R, Pietropaoli D, Chandar AK, Ferri C, Cominelli E. Association
between inflammatory bowel disease and vitamin D deficiency: a systematic
review and meta-analysis. Inflamm Bowel Dis 2015;21:2708-17.

Leslie WD, Miller N, Rogala L, Bernstein CN. Vitamin D status and bone
density in recently diagnosed inflammatory bowel disease: the Manitoba
IBD Cohort Study. Am | Gastroenterol 2008;103:1451-9.

de Bruyn JR, van Heeckeren R, Ponsioen CY, et al. Vitamin D deficiency
in Crohn’s disease and healthy controls: a prospective case-control study
in The Netherlands. ] Crohns Colitis 2014;8:1267-73.

Rosen CJ. Clinical practice. Vitamin D insufficiency. N Engl | Med
2011;364:248-54.

Ananthakrishnan AN, Khalili H, Higuchi LM, et al. Higher predicted
vitamin D status is associated with reduced risk of Crohn’s disease. Gas-
troenterology 2012;142:482-9.

Hlavaty T, Krajcovicova A, Payer J. Vitamin D therapy in inflammatory
bowel diseases: who, in what form, and how much? | Crohns Colitis
2015;9:198-209.

Khalili H, Huang ES, Ananthakrishnan AN, et al. Geographical variation
and incidence of inflammatory bowel disease among US women. Gut
2012;61:1686-92.

Govani SM, Higgins PD, Stidham RW, Montain SJ, Waljee AK.
Increased ultraviolet light exposure is associated with reduced risk of
inpatient surgery among patients with Crohn’s disease. ] Crohns Colitis
2015;9:77-81.

Nerich V, Jantchou P, Boutron-Ruault MC, et al. Low exposure to sunlight is
a risk factor for Crohn’s disease. Aliment Pharmacol Ther 2011;33:940-5.

$20Z yoJe 8| uo Jasn ejel 1o Austeaiun Agq 9609522/S06/8/1 L/o[onie/o0(-0008/Wwo0o dno olwapeoe)/:sdny Wwolj papeojumo(



920

C. Maaser et al.

228. Holmes EA, Xiang F, Lucas RM. Variation in incidence of pediatric
Crohn’s disease in relation to latitude and ambient ultraviolet radiation:
a systematic review and analysis. Inflamm Bowel Dis 2015;21:809-17.

229. Walker DG, Williams HR, Kane SP, et al. Differences in inflammatory
bowel disease phenotype between South Asians and Northern Europeans
living in North West London, UK. Am | Gastroenterol 2011;106:1281-9.

230. Goodhand JR, Kamperidis N, Joshi NM, ez al. The phenotype and course
of inflammatory bowel disease in UK patients of Bangladeshi descent.
Aliment Pharmacol Ther 2012;35:929-40.

231. Probert CS, Jayanthi V, Pinder D, Wicks AC, Mayberry JE. Epidemio-
logical study of ulcerative proctocolitis in Indian migrants and the indig-
enous population of Leicestershire. Gut 1992;33:687-93.

232. Carr I, Mayberry JE The effects of migration on ulcerative colitis: a
three-year prospective study among Europeans and first- and second-
generation South Asians in Leicester (1991-1994). Am | Gastroenterol
1999;94:2918-22.

233.

234.

236.

237.

Benchimol EI, Mack DR, Guttmann A, et al. Inflammatory bowel disease
in immigrants to Canada and their children: a population-based cohort
study. Am | Gastroenterol 2015;110:553-63.

Li X, Sundquist J, Hemminki K, Sundquist K. Risk of inflammatory
bowel disease in first- and second-generation immigrants in Sweden:
a nationwide follow-up study. Inflamm Bowel Dis 2011;17:1784-
91.

. Schumacher G, Kollberg B, Sandstedt B, et al. A prospective study of first

attacks of inflammatory bowel disease and non-relapsing colitis. Micro-
biologic findings. Scand | Gastroenterol 1993;28:1077-85.

Vavricka SR, Rogler G, Maetzler S, et al. High altitude journeys and
flights are associated with an increased risk of flares in inflammatory
bowel disease patients. ] Crohns Colitis 2014;8:191-9.

Feagins LA, Igbal R, Spechler SJ. Case-control study of factors that
trigger inflammatory bowel disease flares. World ]| Gastroenterol
2014;20:4329-34.

$20Z yoJe 8| uo Jasn ejel 1o Austeaiun Agq 9609522/S06/8/1 L/o[onie/o0(-0008/Wwo0o dno olwapeoe)/:sdny Wwolj papeojumo(



