
 

 

 University of Groningen

Inflammatory Bowel Diseases
van der Sloot, Kimberley W. J.; Amini, Marzyeh; Peters, Vera; Dijkstra, Gerard; Alizadeh,
Behrooz Z.
Published in:
Inflammatory Bowel Diseases

DOI:
10.1097/MIB.0000000000001217

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
van der Sloot, K. W. J., Amini, M., Peters, V., Dijkstra, G., & Alizadeh, B. Z. (2017). Inflammatory Bowel
Diseases: Review of Known Environmental Protective and Risk Factors Involved. Inflammatory Bowel
Diseases, 23(9), 1499-1509. https://doi.org/10.1097/MIB.0000000000001217

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 28-04-2023

https://doi.org/10.1097/MIB.0000000000001217
https://research.rug.nl/en/publications/fc8e97cb-ae23-44be-b38e-d0aeaf1ff0b0
https://doi.org/10.1097/MIB.0000000000001217


CLINICAL REVIEW ARTICLE

Inflammatory Bowel Diseases: Review of Known Environmental
Protective and Risk Factors Involved
Kimberley W. J. van der Sloot, BSc,*,† Marzyeh Amini, MSc,* Vera Peters, BSc,*,† Gerard Dijkstra, MD, PhD,†

and Behrooz Z. Alizadeh, MSc, MD, PhD*

Abstract: Inflammatory bowel diseases consisting of Crohn’s disease and ulcerative colitis are chronic inflammatory diseases of the gastrointestinal
tract. In addition to genetic susceptibility and disturbances of the microbiome, environmental exposures forming the exposome play an important role.
Starting at birth, the cumulative effect of different environmental exposures combined with a predetermined genetic susceptibility is thought to cause
inflammatory bowel disease. All these environmental factors are part of a Western lifestyle, suiting the high incidence rates in Europe and the United
States. Whereas receiving breastfeeding, evidence of a Helicobacter pylori infection and vitamin D are important protective factors in Crohn’s disease as
well as ulcerative colitis, increased hygiene, experiencing a bacterial gastroenteritis in the past, urban living surroundings, air pollution, the use of
antibiotics, nonsteroidal anti-inflammatory drugs, and oral contraceptives are likely to be the most important risk factors for both diseases. Current
cigarette smoking yields a divergent effect by protecting against ulcerative colitis but increasing risk of Crohn’s disease, whereas former smoking
increases chances of both diseases. This review gives a clear overview of the current state of knowledge concerning the exposome. Future studies should
focus on measuring this exposome yielding the possibility of combining all involved factors to one exposome risk score and our knowledge on genetic
susceptibility.

(Inflamm Bowel Dis 2017;23:1499–1509)

Key Words: environmental risk factors, environmental protective factors, exposome, environmental exposure

I nflammatory bowel disease (IBD), consisting of ulcerative coli-
tis (UC) and Crohn’s disease (CD), is a gastrointestinal disease

characterized by chronic inflammation. UC affects only the colon
and inflammation is mostly superficial, whereas CD affects the
entire gastrointestinal tract and leads to transmural inflammation,
strictures, fistulas, and abscess formation.1 Incidence rates of IBD
are highest in industrialized countries affecting up to 2.4 million
persons in Europe and 1.3 million persons in the United States.2

Etiology is complex with a dynamic interaction of genetics,
microbiome, and environmental influences (Fig. 1).3

The role of genetics is evident. A positive family history of
IBD is the most important risk factor for development of IBD, as
a concordance rate of 19% and 50% has been shown in
monozygotic twins for UC and CD, respectively.4,5 Genome-
wide association meta-analyses have identified 201 independent
loci contributing to an increased risk of IBD. Most of these loci
were associated with both CD and UC, indicating common
pathways for both diseases. However, 37 CD-specific and 27

UC-specific loci have also been identified.6,7 But known loci
account for only a third of risk for either disease. To depict the
overall spectrum of disease pathogenesis, the unprecedented accu-
mulating body of evidence on the genetic component of disease
should be integrated with all so far known environmental risk
factors.8,9 These environmental factors directly influence the
microbiome; the third entity in IBD development. An unbalanced
microbial community composition is associated with dysregula-
tion of the gut immune response, and therefore associated with
IBD.1,10 Species richness decreases while some taxa seem to over-
grow.11 Lastly, environmental factors are also directly involved in
IBD pathogenesis though numerous different pathways.

Epidemiological research has led to important clues in
identifying important environmental risk factors. Whereas the
incidence of IBD in developed countries has stabilized, inci-
dences in developing countries in Asia, Eastern Europe, and
Northern Africa are rising as they change their lifestyle and
living environment.12 The hypothesis that these environmental
factors play an important role in these increases is further sup-
ported by the finding that migration from a developing to a devel-
oped country leads to an increased risk of IBD in migrants.13,14

Continuous exposure to the collective effect of dynamic
environmental factors seems to be affecting the incidence of IBD.
Christopher Wild was the first to describe “the exposome” as
a way to map a life course of environmental exposures, starting
in the neonatal period.15,16 To create an IBD exposome, a clear
overview of important environmental factors and their estimated
effect size is crucial. Hereby, it is crucial to divide exposures
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based on their time of influence. Early childhood exposures con-
tribute to formation of the immune system, whereas adulthood
exposures might alter established pathways. Many have reviewed
IBD and its causes before, but while some focus on a wider
perspective than the exposome alone, others lack important envi-
ronmental factors or specific effect sizes. Also, to the best of our
knowledge, stage of life was not taken into account before.9,17–21

In this review, we therefore describe all so-far known risk
and protective factors for IBD, based on the time of possible
exposure in life and including effect sizes and possible
biological background.

In this review, we aim to give an overview of current
knowledge on the role of environment and lifestyle in IBD.
Therefore, a literature search was performed to identify primary
studies and systematic reviews examining potentially involved
factors. Next, a qualitative review of each of these factors was
carried out, and studies with the highest quality of evidence,
evaluating study limitations, inconsistency, indirectness, impreci-
sion, and the possibility of publication bias based on the Grading
of Recommendations Assessment, Development, and Evaluation
(GRADE) approach were included in this review.22 All environ-
mental exposures are ordered by the time in life exposure most
often starts, providing the opportunity to make a distinction in
pathways of effect. For instance, childhood exposures are more

likely to affect immunologic development, whereas adulthood
exposures are involved through modification of the already exist-
ing immunologic system.

Childhood Exposures
Starting at birth, exposures to numerous environmental

factors occur, of which some may have a considerable impact on
disease development, IBD in particular, later in life. Figure 2
shows childhood environmental exposures based on effect type
and size for UC and CD separately. The most important child-
hood exposures include breastfeeding, use of antibiotics, child-
hood hygiene, and Helicobacter pylori infection, which we
discuss below.

Receiving breastfeeding is shown to hold a protective effect
for development of IBD, whereas other factors had a more neutral
or a subtle risk-increasing effect. Meta-analysis by Klement et al23

has shown a 1.8-fold (95% confidence interval: 1.2–2.6) and
a 2.2-fold (1.3–3.9) risk decrease for UC and CD, respectively.
This falls in line with other reports showing a comparable pro-
tective effect of breastfeeding in other immune-mediated diseases
such as bronchial asthma, atopic dermatitis, allergic rhinitis, and
type 1 diabetes mellitus.24–27 This protective effect may possibly be
explained by induction of immune tolerance to specific food anti-
gens and microbiota, transfer of maternal antibodies in breast milk

FIGURE 1. Overview of environmental exposures involved in IBD susceptibility.
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to the infant, and changing of microbiota of the gut flora from
pathogenic to nonadherent bacteria, as shown in a mice study.28–30

On the same line of evidence, the use of antibiotics during
childhood for a variety of reasons may influence the microbiome,
and therefore affect the susceptibility to IBD. Nevertheless, the
use of antibiotics seems to hold an interesting divergent effect on
IBD. Although it showed no effect on development of UC, the
risk of developing CD increases in a dose-dependent manner,
especially when antibiotics are used in the first year of life by an
odds increase of 5.3 (1.6–17.4).31 This effect tends to decrease
(1.6, 1.4–1.8) when antibiotics are used later in childhood
(between 6 and 15 yr old), but remains significant.32 The risk-
increasing effect varies across different types of antibiotics, with
the strongest risk increase reported for broad-spectrum penicillin
(3.1, 1.3–7.4), followed by penicillin V (2.9, 1.2–7.0), and ceph-
alosporin (1.9, 1.4–2.6).32–34 Though epidemiological studies
show support for a role of antibiotics in IBD, biological under-
standing is insufficient to explain this relationship. One specula-
tion suggests that neonates are born with germ-free bowels, and
formation and colonization of their microbiota start immediately
through interactions with external factors in the first years of
life.35,36 A disruption, or perhaps better to say derailing, in the
formation and composition of the microbiome by using antibiotics
within this period may possibly lead to a long-lasting effect and
an increased risk of CD.37 By alternating the microbiome com-
position, antibiotics may pave the way for pathogenic bacteria to
colonize while the normal process of tolerance, crucial for devel-
opment of the mucosal immune system, could be disrupted.11,35,38

In this reasoning, CD could rise as the consequence of either an

increase of pathogenic bacteria or by an aberrant response of the
host immune system to its microflora.39

A comparable reasoning involves the role of the hygiene
hypothesis in incidence of IBD.40 Hygiene is generally measured
by using proxies such as living area (urban versus rural area),
number of siblings, access to hot water, and animal contact. Over-
all, a high hygiene level increases the risk of IBD. Meta-analysis
has shown an increased risk by living in an urban environment of
1.2-fold (1.0–1.3) for UC and a 1.4-fold (1.3–1.6) for CD.41 Like-
wise, having a smaller number of siblings leads to a 2.6-fold
(1.5–4.6) risk increase of IBD and in contrast, sharing a bedroom
decreases risk of UC 2.1-fold (1.1–3.9) and CD 2.3-fold
(1.3–4.4).42 Having a hot water tap at home increased odds of
CD 5-fold (1.4–17.3) and having a separate bathroom 3.3-fold
(1.3–8.3), whereas no effect was found for UC.43 Animal contact,
an indicator of less hygiene, on the other hand, might decrease
risk of UC and CD in migrants.44 The hygiene hypothesis is not
limited to IBD, as similar effects are seen in eczema and asthma.40

Evidence to explain the association of a higher hygiene level and
IBD (and other inflammatory diseases) proposes that increased
hygiene leads to less exposure to harmless microorganisms such
as helminthes, predominantly found in areas of poor hygiene,
leading to less induction of dendritic cell maturation and ability
to drive the T-cell regulatory system, as is shown in animal mod-
els and studies in patients with CD and UC.45–49

Further underscoring the importance of hygiene in disease
pathogenesis is the finding that early childhood H. pylori infection
is inversely associated with the incidence of IBD. The overall
infection rate is lower in patients with IBD when compared with

FIGURE 2. Environmental exposures based on effect type (protective or risk increasing) and effect size. *Effect sizes are based on either odds ratios
(ORs) or hazard ratios (HRs). Please see accompanied text and original papers for confidence intervals and more detail.
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controls (27.1% versus 40.9%), with a 1.7-fold (1.4–2.0) and 1.3-
fold (1.1–1.6) protective effect for CD and UC, respectively.50 Of
note, a similar effect is described for asthma.51,52 While the under-
lying mechanism remains to be explored, H. pylori leads to an
increase of mucosal Foxp3 expression, the transcription factor of
T-regulatory cells, which might be able to explain this protective
effect by downregulation of the inflammatory process.53,54 Vac-
cination is another way by which our immune system is exposed
to bacterial antigens, and as vaccinations clearly influence the
immune system as well, their role in IBD was studied. In contrast
to past expectations, recent findings show no support for a causa-
tive or protective effect for measles infection, or vaccination
against smallpox, diphtheria, tetanus, and poliomyelitis.55–57

As with the hygiene hypothesis, living environment seems
to play a more decisive role in IBD. While overall, air pollution
seems to have no effect on IBD development, early-onset disease
seems to be affected. Living in regions with high sulfur dioxide
(SO2) before the age of 25 increases chances of UC 2-fold
(1.1–3.7), whereas a high nitrogen dioxide (NO2) before the age
of 23 increases chances of CD 2.3-fold (1.3–4.3).58 Total pollut-
ant emissions also correlate significantly with an increased risk of
hospitalization in established IBD.59 Similar effects are seen for
development of other inflammatory diseases, such as rheumatoid
arthritis and relapses of multiple sclerosis.60,61 Previous studies
have shown an increased sensitivity of children to pollution,
partly because of more time outside, partly because of a higher
gastrointestinal absorption of pollutants with younger age, ex-
plaining these findings.62,63 Once absorbed, pollutants may incite
the inflammatory process characteristic for IBD, but exact path-
ways remain unclear.64

Examination of all these childhood exposures has shown
the long-term effect single factors might have on developing
disease later in life by influencing the basis on which the immune
system and microbiota are formed. Overall, a high level of
hygiene may increase chances of IBD while breastfeeding
protects against disease development.

Adulthood Exposures
By aging, the pattern of environmental exposures changes.

Passed through the maturation of the immune system, lifestyle
becomes a more apparent player, when more freedom of choice is
gained and diversity among individuals increases. A few particular
environmental exposures from this period in life have been linked
to IBD development. Figure 2 shows adulthood environmental
exposures based on effect type and size for UC and CD separately.
These effect sizes are based on studies selected after a qualitative
review of literature using the GRADE approach. The most impor-
tant adulthood exposures are smoking and the use of nonsteroidal
anti-inflammatory drugs (NSAIDs) and oral contraceptives.

One of the most apparent effects of western lifestyle is the
diet and subsequent clear rise of obesity. The influence of diet has
been reviewed elsewhere. An increased body mass index (BMI)
might lead to an increased risk of CD, but not UC, although
results are inconsistent. In regard to the proinflammatory effect of

obesity, 2 large European and American cohort studies have
examined this association.65–67 However, only the American
cohort shows a 2.5-fold (1.2–5.0) risk-increasing effect for CD
in obese women (BMI $30 kg/m2) when compared with women
with a normal BMI (20.0–24.9 kg/m2).66 Conflicting results of
these different studies have led to the hypothesis that not total
BMI, but visceral adiposity specifically, might be a better mea-
surement to predict disease risk. This hypothesis is supported by
our findings describing a higher visceral adiposity at disease diag-
nosis and a more complicated disease course.68–71

Physical activity might also be related to obesity and shows
a reverse effect on disease development with a protective role for
risk of CD, but not UC, although reported results are inconsis-
tent.67,72 Prospective analyses have shown a risk reduction of 36
percent (6.0%–56.0%) when comparing high- and low-activity
groups, which is supported by findings from other studies.73–75

Animal studies have confirmed this effect by demonstrating a pro-
tective effect against inflammatory diseases, and also insulin resis-
tance, cancer, neurodegenerative disorders, infections, aging, and
heart disease by inducing an autophagy pathway; a lysosomal cell
destruction pathway which allows cells to adapt to changing nutri-
tional and energy demands, and therefore contributes to beneficial
effects of exercise.76–80

Another lifestyle-associated factor is stress. When asked,
70% of patients have the perception that a flare of their disease is
associated with stressful life events, and stress is perceived to be
the leading causative agent in their disease.81,82 This hypothesis
was examined by different researchers, and findings are inconsis-
tent.83,84 Experiencing depressive feelings, however, was associ-
ated with a 2.4-fold (1.4–4.0) increased risk of CD, but not UC
(1.1, 0.7–1.9) in a large prospective cohort study by Ananthak-
rishnan et al.85 Knowing the adverse effect of stress on sleep, the
latter might also be a good determinant in terms of IBD risk.86

Patients with IBD have an increased risk of sleep disturbances,
leading to a 2-fold increase of disease flare.87,88 Up to 83 percent
of underlying mucosal inflammation can be predicted by an
abnormal Pittsburg Sleep Quality Index (PSQI).89 A possible
explanation for this effect is activation of the immune cascade
by sleep deprivation because a normal sleeping pattern is crucial
for maintaining health and a proper regulation of immune func-
tion.90,91 Therefore, the assessment of sleep disturbances in these
patients could play an important role in optimal treatment.92

The same line of reasoning may be used for examining the
role of smoking in IBD. Cigarette smoke might be the most
widely studied lifestyle-associated (environmental) factor in IBD
with a protective effect of current smoking on UC, but risk-
increasing effect on CD. Meta-analysis has shown that current
smoking yields a 1.7-fold (1.3–2.2) risk reduction for UC, while
being a former smoker increases risk of UC 1.8-fold (1.4–2.3),
suggesting that smoking might only postpone the arise of UC.93

Smoking also leads to a more benign disease course in UC with
fewer flares, less need for steroids, and lower colectomy
rates.94–96 The effect of current smoking on CD is more contro-
versial because not all studies display the same trend. However,
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combining results of 9 different studies showed a 1.76-fold
(1.4–2.2) risk increase of CD.93 Former smoking also showed
a risk increase, although less strong, of 1.3-fold (1.0–1.8).93 These
risk-increasing effects enlarged with increasing pack-years.97 Pas-
sive smoke exposure during childhood and prenatal smoke expo-
sure due to maternal smoking during pregnancy showed no
association with the development of IBD.98 Reasons behind the
different effects of smoking on both diseases still remain vague
because nicotine and smoking both have numerous effects.99

Among other things, smoking affects the immune system through
the cellular and humeral pathways by altering synthesis of proin-
flammatory cytokines.100–102 Other effects include changes of gut
permeability, reduction of smooth muscle tone and contractility due
to nitric oxide, and changes in microcirculation of the gut.103–105

Gut permeability is also influenced by the use of NSAID use.
Using NSAIDs at least 15 days per month increases risk of UC
1.9-fold (1.2–3.0) and risk of CD 1.6-fold (1.0–2.6). These risks
increase with a higher frequency of use, greater weekly dosages,
and a longer duration of use.106 These findings can be explained by
the pharmacokinetics of NSAIDs, as they inhibit cyclooxygenase
(COX) leading to a decrease of protective prostaglandins in the gut
mucosa, and after undergoing hepatic circulation, this ensures,
among other things, an increase in mucosal permeability, and there-
fore intestinal barrier function disturbance.107,108

Besides these analgesics, the use of hormone containing
medication is likely to play a role in IBD development. The risk-
increasing effect of using the oral contraceptive pill (OCP) on
IBD seems clear, whereas the effect of postmenopausal hormone
replacement therapy is more controversial. Current use of OCP
leads to a 1.3-fold (1.1–1.5) risk increase of UC.109 Risk of devel-
oping CD with current OCP use increases 1.5-fold (1.3–1.7), and
this effect might remain visible in former users (1.4, 1.1–1.9),
when compared with never-users.109,110 Postmenopausal hormone
replacement therapy also leads to a 1.7-fold (1.1–2.7) increase of
risk on UC, after correcting for earlier OCP use and increasing
with duration of use, whereas no effect is seen in CD.111 A dif-
ferent study found reverse findings; an association with CD
instead of UC, but used a very small number of cases.112 Estrogen
promotes the humeral immune system, cellular proliferation and
mediates the effect of Th2-related cytokines, and because UC is
a Th2-mediated disease, this could explain the increased risk. The
same effect has also been described in other Th2-mediated dis-
eases such as rheumatoid arthritis and systemic lupus erythema-
tous.113,114 However, this hypothesis does not hold ground for CD
because this is a Th1-mediated disease, and further research
should focus on the role of oral contraceptives in this specific
pathogenesis.115 Modification of the colonic barrier function, as
described for NSAID use, potentially plays a role.116,117

A final medication that has been associated with develop-
ment of IBD is isotretinoin, commonly used for treatment of
severe nodulocystic acne, but its association with risk of IBD
development is most likely due to an association with acne
itself.118–120 Reported risk-increasing effects of isotretinoin are
weak (1.1, 0.9–1.4) and described for topic acne medication use

as well, supporting the hypothesis of acne as a causative agent.121

Acne should be seen as a systemic inflammatory condition, and
was earlier described as part of systemic inflammatory syndromes,
although its role remains uncertain.122

Differing from the role childhood exposures play in IBD
development, adulthood exposures seem to be involved by changing
the already developed immune system, and their cumulative effect is
likely to be an important step in progression to disease development.

Lifelong Exposures
At last, several (novel) environmental factors have been

identified to play a role in IBD development independent of stage
of life. Although its effects might differ in size over the years, it is
thought that these factors play a role independently of age.
Figure 2 shows lifelong environmental exposures based on effect
type and size for UC and CD separately. These effect sizes are
based on studies selected after a qualitative review of literature
using the GRADE approach. The most important exposures are
previous development of an acute bacterial gastroenteritis, geo-
graphical variation, and vitamin D.

After living through a bacterial gastroenteritis, the risk of
developing of UC and CD increases significantly (2.4, 1.7–3.3), espe-
cially within the first year (4.1, 2.2–7.4). The largest effect is seen for
CD (2.9, 1.5–5.6) compared with UC (2.1, 1.4–3.4).123–125 This same
effect has also been seen for development of Guillain–Barré syn-
drome and Reiter’s syndrome, suggesting a triggering role for gas-
troenteritis on inflammation. The type of chronic inflammatory
disease that develops afterward may be dependent of genetics and
other risk factors.124,126,127 In IBD, the increased risk may be ex-
plained by IL-6 production, nonspecific blockage of regulatory
T-cells, and activation of self-reactive T-cells as a result of pathogenic
infection, leading to a chronic inflammatory response.128

Another way the immune system can be influenced is
through exposure to harmless microorganisms as discussed in the
childhood exposures section above.

Drinking tap water on a regular basis seems to lower risk of
CD, while UC is unaffected. Tap water decreases risk of CD by
2-fold (1.3–3.3), although its association is weak and needs fur-
ther research. A possible explanation for this finding is that
because of the presence of harmless environmental species in
tap water, regulatory T-cells are triggered, as also suggested in
the hygiene hypothesis.129,130 A similar association is seen for
asthma and allergies, emphasizing the importance of further research
into its exact role in IBD pathogenesis.131 But while exposure to
harmless microorganisms is likely to protect against IBD as also
expressed by the hygiene hypothesis, pathogenic infection is a risk
factor. Meanwhile, infection by Mycobacterium avium subspecies
paratuberculosis (MAP) and its role in IBD remain controversial.
Although MAP infection rates are higher in patients with CD, a caus-
ative role remains controversial, and no data are available evaluating
the role of MAP in UC. Ever since similarities between MAP-caused
Johne’s disease in cattle and CD were noticed, the same association
has been suggested for CD.132 Meta-analysis has shown a 7-fold
increased chance of MAP infection in patients with CD, but because
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of study design timing of infection is unknown.133 Next, a small
follow-up study failed to show MAP infection in early disease devel-
opment.134 Because its role in disease course also remains unclear,
MAP might only be a bystander in CD.

Whereas developing gastroenteritis seems like a clear risk
factor for IBD, undergoing an appendectomy, also immune
associated, yields a divergent effect. Although a protective effect
for UC is seen, risk of CD increases. Meta-analysis has shown
a 3.3-fold (2.7–4.0) risk reduction for development of UC accom-
panied by a decrease of relapse risk in established disease (57.1%
versus 78.6%), while risk of colectomy seems unchanged. This
effect is largest when appendectomy is performed before the age of
20, independently of its cause.135–139 Mouse models have shown
appendectomy to suppress the development of inflammation,
whereas tonsillectomy does not show the same protective effect.140

The most probable explanation for this protective effect states that
by the removal of the appendix, which belongs to the gut-
associated lymphoid tissues, imbalance of T-cell helper and inducer
cells is altered.136,141,142 The risk-increasing effect of an appendec-
tomy in CD is controversial and seems most likely caused by
diagnostic bias in patients with incipient CD with symptoms mim-
icking appendicitis.143 Risk increase being highest within 1 year
after surgery and faded after 5 years supports this theory.144

Finally, like the role of living environment as described in
childhood exposures, living geography and altitude also seem to play
a role. Novel research has shown an increased risk of disease flare
after high-altitude flights or traveling more than 2000 m above sea
level.145 The mild hypoxia this leads to causes increases of inflam-
matory markers such as IL-1 receptor antagonist, IL-6, and CRP and
may therefore worsen disease course, but its role in disease devel-
opment is unclear and cohort-based evidence is needed for further
evaluation.146 Also, the weather is associated with IBD. A warm
summer, for example, yields a protective effect for UC, and although
unconfirmed, the same is suggested for CD. An increase of 18C
yields a protective effect for UC of 1.1 (1.0–1.2).147 This same pro-
tective pattern is seen in other inflammatory diseases such as multiple
sclerosis, allergies, rheumatoid arthritis, and systemic lupus
erythematosus.148–151 It is thought that an increase of summer tem-
perature accompanies an increase of microbial species richness, and
knowing the role of balance disruption between gut flora and
immune regulation in UC pathogenesis, microbial richness might
counterbalance this part of disease etiology.47,152

Besides summer temperature, living in southern latitudes
is also shown to be protective of IBD. When compared with
northern latitudes, a protective effect of 1.6 (1.1–2.4) for UC and
2.1 (1.3–3.3) for CD is seen in U.S. women living in southern

TABLE 1. Level of Evidence of Environment and Lifestyle in UC

Exposure Sample Size Effecta Qualityb Type of Study Author

Year of

Publication

Breastfeeding 17 studies Protective Meta-analysis Klement et al23 2004
Hygiene hypothesis

Urban environment 25 studies Risk Meta-analysis Soon et al41 2012

Bedroom sharing 768 cases, cohort size 3,99,251 Protective Cross-sectional study Klement et al42 2008

H. pylori infection 23 studies Protective Meta-analysis Luther et al50 2010

Air pollution (SO2) 591 cases, 2,962 controls Risk Case–control Kaplan et al58 2010

Cigarette smoking

Current 13 studies Protective Meta-analysis Mahid et al93 2006

Former 13 studies Risk Meta-analysis Mahid et al93 2006
Use of NSAIDs 117 cases, cohort size 1,21,700 Risk Cohort study Ananthakrishnan et al106 2012

Current use of OCP 14 studies Risk Meta-analysis Cornish et al109 2008

Use of HRT 392 cases, cohort size 2,32,452 Risk Cohort study Khalili et al111 2013

Acute gastroenteritis 95 cases, cohort size 93,013 Risk Cohort study Garcia Rodriguez et al124 2006

Appendectomy 13 studies Protective Meta-analysis Koutroubakis and
Vlachonikolis135

2000

Warm summer
temperature

370 cases, cohort size 80,412 Protective Cohort study Aamodt et al147 2013

Living in southern
latitudes

313 cases, cohort size 1,75,912 Protective Cohort study Khalili et al153 2012

a“Protective” indicated a decreased chance of developing IBD, and “Risk” indicates increased chance of developing IBD.
bQuality of papers based on the GRADE approach evaluating limitations, inconsistency, indirectness, imprecision, and publication bias, indicating high quality,

moderate quality, low quality, very low quality.
HRT, hormone replacement therapy.
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latitudes, possibly because of an increase of UV radiation expo-
sure and higher vitamin D level.153 An increase of vitamin D
level has also been shown to be protective in IBD. When com-
paring high and low predicted vitamin D groups, a protective
effect of 1.9 (1.0–3.3) is seen for CD, but not UC. Each 1 ng/mL
increase of plasma 25(OH)D level seems to decrease risk of UC
and CD but does not reach statistical significance.154 This protec-
tive association is also seen in other chronic immune-mediated
diseases, such as multiple sclerosis and type 1 diabetes.155 Vitamin
D is known to play a role in the regulation of the innate immune
system. Through activation of the vitamin D receptor on TH1
lymphocytes and monocytes, the inflammatory response is down-
regulated.156 These findings have been confirmed by mice studies;
vitamin D receptor deficiency leads to an increase of severity of
colitis. A low plasma vitamin D level might lead to a comparable
outcome.157,158

Next to vitamin D, diet is a lifelong exposure that cannot be
ignored. The relation between diet and etiology and treatment of
IBD is apparent for patients as well as their physicians, but is
difficult to prove scientifically.159,160 Because of the complexity
of diet, it is often classified as an independent etiologic factor in
IBD development and will therefore only be discussed shortly in
this review.161 Whereas sugar and fat, forming important compo-
nents of a Western diet, have been identified as risk factors for
IBD development, fruits and vegetables seem to hold a protective
effect.162–167 However, results are inconclusive, and no firm con-
clusion can be drawn given current understandings.

DISCUSSION
In our working hypothesis, environmental exposures either

as a part of a Western lifestyle or living surroundings play an

TABLE 2. Level of Evidence of Environment and Lifestyle in CD

Exposure Sample Size Effecta Qualityb Type of Study Author

Year of

Publication

Breastfeeding 17 studies Protective Meta-analysis Klement et al23 2004

Use of antibiotics

First yr of life 27 cases, 360 controls Risk Case–control Shaw et al31 2010

Between 6 and 15 yr old 449 cases, cohort size 10,72,426 Risk Cohort study Kronman et al32 2012

Hygiene hypothesis

Urban environment 30 studies Risk Meta-analysis Soon et al41 2012

Bedroom sharing 768 cases, cohort size 3,99,251 Protective Cross-sectional study Klement et al42 2008

H. pylori infection 23 studies Protective Meta-analysis Luther et al50 2010
Air pollution (NO2) 367 cases, 1,833 controls Risk Case–control Kaplan et al58 2010

Obesity 153 cases, cohort size 1,11,498 Risk Cohort study Khalili et al66 2015

Physical activity 284 cases, cohort size 1,94,711 Protective Cohort study Khalili et al73 2013

Depressive feelings 170 cases, cohort size 1,52,461 Risk Cohort study Ananthakrishnan
et al85

2013

Cigarette smoking

Current 9 studies Risk Meta-analysis Mahid et al93 2006
Former 9 studies Risk Meta-analysis Mahid et al93 2006

Use of NSAIDs 123 cases, cohort size 1,21,700 Risk Cohort study Ananthakrishnan
et al106

2012

Use of OCP

Current 14 studies Risk Meta-analysis Cornish et al109 2008

Former 315 cases, cohort size 2,32,452 Risk Cohort study Khalili et al110 2013

Acute gastroenteritis 54 cases, cohort size 93,013 Risk Cohort study Garcia Rodriguez
et al124

2006

Tap water consumption 222 cases, 222 controls Protective Case–control study Baron et al129 2005

Living in southern latitudes 257 cases, cohort size 1,75,912 Protective Cohort study Khalili et al153 2012

Vitamin D level 122 cases, cohort size 72,719 Protective Cohort study Ananthakrishnan
et al154

2012

a“Protective” indicated a decreased chance of developing IBD, and “Risk” indicates increased chance of developing IBD.
bQuality of papers based on the GRADE approach evaluating limitations, inconsistency, indirectness, imprecision, and publication bias, indicating high quality,

moderate quality, low quality, very low quality.
HRT, hormone replacement therapy.
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important role in IBD pathogenesis. Therefore, in this review, we
aimed to give a complete overview of environmental exposures
possibly involved, as known to date and summarized in Tables 1
and 2. However, with the interpretation of these results, the qual-
ity of evidence should be taken in consideration, and results
should be interpreted with caution. For a large number of possibly
involved environmental factors, meta-analyses are not available
yet. Novel factors thought to be involved are often identified in
very well carried-out large cohort or case–control studies, but
remain to be reproduced and validated by independent research
groups. Also, results are not always adjusted for known confound-
ing factors. In comparison to meta-analyses, therefore, the level of
evidence provided by individual studies remains low, and one
should be cautious with firm conclusions and recommendations
concerning adaptation of lifestyle and living environment to pre-
vent and/or treat IBD. Therefore, further research is necessary to
further study the exact complex etiology of IBD.

Whereas breastfeeding, increased hygiene, H. pylori infec-
tion, urban living environment, and the use of antibiotics are
important childhood exposures affecting either UC, CD, or both,
smoking, physical activity, depressive feelings and the use of oral
contraceptives, hormone replacement therapy, and NSAIDs form
the most prominent adulthood exposures. Moreover, we have
identified several lifelong exposures, some defined by location
of residence such as living in southern latitudes, vitamin D level,
summer temperature, air pollution, and tap water consumption,
whereas others reflect medical history such as a previous appen-
dectomy or bacterial gastroenteritis. As seen for genetic suscep-
tibility, some environmental factors only affect UC or CD,
whereas others affect both (Fig. 1).

Everyone is born with a certain genetic susceptibility for IBD,
we believe the following exposure to environmental risk factors in
a Western lifestyle and living environment can reach a certain
threshold, after which IBD is developed. This can also explain the
relatively low concordance rate in twin studies. In this theory, the
coherent effect of all environmental exposures from neonatal period
to death, named as the exposome by Wild, plays an important role.15

Future studies should focus on measuring this exposome, either
through biomarkers or questionnaires in a longitudinally manner,
yielding the possibility of combining all involved environmental risk
and protective factors in an exposome risk score. This way, coher-
ence of different factors is used, offering a more complete model of
exposures. Also, the exposome risk score could now be combined
with the already existing genetic risk score, for a more comprehen-
sive model of disease than ever before.6,7 Also, the role of the ex-
posome in disease course remains mostly unclear and should be
explored next.

In contrast to genetic susceptibility, environmental expo-
sures can be influenced actively. Therefore, the exposome is also
of clinical value in multiple ways. First of all, as a preventive tool.
Families with known genetic IBD susceptibility could be educated
about the role of the exposome and its factors, because adaptation
of lifestyle might delay or even prevent IBD development, as our
suggested exposure threshold might not be reached. Secondly,

knowing which environmental exposures are not only involved in
development, but also course of disease by increasing chances of
disease flare and development of complications, gives you the
opportunity to not only treat patients with established disease by
medication, but also by environmental exposure changes, leading
to a more personalized treatment plan and possibly less need of
medications in the future.8 Extensive studies are needed to com-
pare the incidence of environmental exposures between patients
with IBD and healthy controls, as well as to determine its role in
disease course.
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