
Received: 5 June 2022 - Accepted: 17 September 2022

DOI: 10.1002/ueg2.12319

R EV I EW AR T I C L E

Environmental risk factors for inflammatory bowel disease

Noreen Singh1 | Charles N. Bernstein2

1Department of Internal Medicine, Max Rady

College of Medicine, Rady Faculty of Medicine,

University of Manitoba, Winnipeg, Manitoba,

Canada

2University of Manitoba IBD Clinical and

Research Centre, Winnipeg, Manitoba, Canada

Correspondence

Charles N. Bernstein, University of Manitoba,

804‐715 McDermot Avenue, Winnipeg, MB

R3E3P4, Canada.

Email: Charles.bernstein@umanitoba.ca

Abstract

Inflammatory bowel disease (IBD) is a chronic, progressive immune‐mediated in-

flammatory condition of the gastrointestinal tract. Environmental risk factors play a

role in developing either type of IBD, Crohn's disease and ulcerative colitis;

although the exact mechanism is still unknown. Herein, we review environmental

risks from early life exposures, lifestyle and hygiene, vaccinations, surgeries, expo-

sure to drugs and gastrointestinal pathogens that may increase the risk of devel-

oping IBD.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic immune‐mediated

disease characterized by inflammation of the gastrointestinal

tract. Crohn's disease (CD) and ulcerative colitis (UC) are the two

main types. Although the exact cause of IBD is unknown, it has

been hypothesized that IBD may develop in persons with a genetic

predisposition, who experience yet‐to‐be defined environmental

factors, an altered gut microbiome and a dysregulated immune

response.1 The purpose of this review is to explore the environ-

mental risk factors for developing IBD such as early life exposures,

lifestyle and hygiene, vaccinations, surgeries, exposure to drugs

and gastrointestinal pathogens that may increase the risk of

developing IBD.

LIFESTYLE AND HYGIENE

There are many hypotheses suggesting that exposures during pre-

natal life to 5‐years of age, described as “early life” is a period of

susceptibility thereby events in this period increase the risk of IBD. A

systematic review by Agrawal et al. found that prenatal exposure to

antibiotics within the first year of life (OR 1.8; 95% CI: 1.2–2.5),

passive tobacco smoke (OR 1.5; 95% CI: 1.2–1.9) and early life otitis

media (may be a proxy for antibiotic use) (OR 2.1; 95% CI: 1.2–3.6)

were associated with a higher risk of IBD.2 Chicken pox infection (OR

3.89; 95% CI: 1.61–9.4) was associated with a higher risk of CD.3 A

meta‐analysis from Xu et al. found that breastfeeding was protective

for CD (OR 0.71; 95% CI: 0.59–0.85) and UC (OR 0.78 [95% CI: 0.67–

0.91]).4 This protection was seen greater among Asians (OR 0.31;

95% CI: 0.20–0.48) than Caucasians (OR 0.78; 95% CI: 0.66–0.93;

p = 0.0001).4 Furthermore, this meta‐analysis showed a dose‐
dependent association with at least 12‐months of breastfeeding for

CD (OR 0.20; 95% CI: 0.008–0.50) and UC (OR 0.21, 95% CI: 0.10–

0.43) compared to 3‐or 6‐months.4 On the other hand, Agrawal et al.

found no association of IBD with mode of delivery, maternal age,

perinatal factors, vaccinations, socioeconomic or hygiene‐related
factors (although the specifics of “hygiene‐related factors” were left

undefined).2

Urban living is a risk factor for developing CD and UC with an OR

1.17 (95% CI: 1.03, 1.32) and 1.42 (95% CI: 1.26, 1.60), respectively.5

There is a stronger association during childhood for the development

of CD.6 In fact, a Canadian study found a protective effect of rural

living in childhood onset IBD.7
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A retrospective study by Cholapranee et al. found a protective

association between IBD with lower environmental hygiene: bed

sharing (OR 0.66; 95% CI: 0.46–0.87), exposure to farm animals

(OR 0.45; 95% CI: 0.31–0.65) and pets (OR 0.76; 95% CI: 0.63–

0.88).8 Having pets as a child was a protective effect in UC.3 The

strength of association with farm animals was statistically stronger

in non‐white cohorts (OR 0.27; 95% CI: 0.02–0.53) than white

cohorts (OR 0.55; 95% CI: 0.45–0.65) (p = 0.028).8 Paradoxically,

access to toilet (OR 0.71; 95% CI: 0.56–0.85) and hot water (OR

0.67; 95% CI: 0.44–0.89) had a protective association with UC in

non‐white cohorts.8 Hence, poor hygiene may not be an issue but

rather differential exposures, some considered less hygienic (like

farm animal exposure) and some considered more hygienic (like

flushed toilets).

Smoking has been described as an environmental risk factor

since the 1980s. Moreover, smoking has a protective effect of

developing UC with a meta‐analysis showing that smokers have an

OR of 0.58 (95% CI: 0.45–0.75) of developing UC compared to non‐
smokers.9–11 A meta‐analysis showed increased risk of CD in

smokers in non‐Jewish Whites (RR 1.95; 95% CI: 1.69–2.24; mod-

erate evidence).12 Not only does smoking increase the risk of CD by

2‐fold, it is associated with more severe, refractory disease.10,11

Multiple studies have shown that current smokers were more likely

to have perianal (29.5% vs. 26.2%; p < 0.05) and stricturing disease

(22.5% vs. 19.3%; p < 0.05) than non‐smokers.11,13 The mechanism

by which smoking impacts IBD is unclear. There are over 4500

components of cigarette smoke with 150 that are potentially carci-

nogenic. It is unclear which specific component is protective in UC

and detrimental in CD. Further, assessing smoking is not just about

cigarette smoking since there may be effects of e‐cigarettes, vaping,
and smokeless tobacco.

VACCINATIONS

A meta‐analysis studying the risk of vaccination and IBD found

seven childhood vaccines (BCG, diphteria, tetanus, smallpox, polio-

myelitis, measles‐containing vaccines) had no association of devel-

oping IBD.14 However, a sub‐group analysis established a risk of

developing either CD (RR 2.28, 95% CI: 1.12–4.63) or UC (RR 3.48,

95% CI: 1.2–9.71) from the poliomyelitis vaccine but this should be

cautiously considered due to study heterogeneity.14 There was also

a trend of a risk of developing IBD with the H1N1 vaccine (RR 1.13;

95% CI: 0.97–1.32) but the authors emphasized that they do not

support that childhood vaccinations or H1N1 increase the risk of

developing IBD.14 A recent multivariate analysis of 70 Southeast

Asian children found that being vaccinated for rotavirus reduced

the odds of developing IBD (OR 0.1)15; however, this is contrary to

the American study by Liles et al. of 333 cases of pediatric IBD

(diagnosed before the age of 10), which found no association of

rotavirus vaccine and IBD.16 Lastly, there was no increased risk of

IBD within 2 years of receiving the human papillomavirus

vaccination.17

EXPOSURE TO DRUGS

Antibiotics can potentially contribute to the dysbiosis and dysregu-

lated immune response in IBD.18 A meta‐analysis including 7208

patients found that antibiotic exposure increased the risk of CD (OR

1.74; 95% CI: 1.35–2.23) but not for UC (OR 1.08; 95% CI: 0.91–

1.27).19 This association was strongly seen in children having an

increased risk of CD (OR 2.75; 95% CI: 1.72–4.38).19 Furthermore, all

antibiotics with the exception of narrow‐spectrum penicillins

increased the risk of IBD; with exposure to metronidazole (OR 5.01;

95% CI: 1.65–15.25) or fluoroquinolones (OR 1.79 95% CI: 1.03–

3.12) being the most strongly associated with developing new IBD.19

The timing of antibiotic introduction may be important especially in

the first year of life when the infants' gut microbiome and enteric

immune system are maturing into a more permanent state.20 Further,

childhood antibiotic use has the strongest association with IBD onset

at younger ages.21 Oral contraceptives (OCP) use has been shown to

increase the risk of IBD by 30% (OR 1.32, 95% CI: 1.17–1.49,

p < 0.001, I2 = 14%), CD by 24% (OR 1.24, 95% CI: 1.09–1.40,

p < 0.001, I2 = 38%) and UC by 30% (OR 1.30, 95% CI: 1.13–1.49,

I2 = 26%).22–24 Longer exposures to OCP were also associated with

an increased risk with each additional month of OCP increasing the

risk of CD by 6.4% (5.1%–7.7%) and UC by 3.3% (2.1%–4.4%).23,25

Progesterone‐only pills had no risk of developing CD (OR 1.09; 95%

CI: 0.84–1.40) but a modest association with UC (OR 1.35; 95% CI:

1.12–1.64).25 Lastly, parenteral contraceptives were associated with

a borderline increased risk of CD (OR 1.15; 95% CI:0.99–1.47) and

UC (OR 1.17; 95% CI:0.98–1.39). These findings are consistent with

the hypothesis that estrogen has immune‐mediator properties.26

SURGERIES

Surgical risk factors have been shown to have a relationship with

IBD. A meta‐analysis by Koutroubkis et al. revealed that appendec-

tomy offered a 69% reduction in developing UC (95% CI: 62%–

75%).27 This finding was consistent with a study by Deng and Wu by

which an appendectomy had a protective effect on developing UC

(OR 0.44; 95% CI: 0.30, 0.64).28 On the other hand, an increase risk

of developing CD (RR 1.61) was seen following an appendectomy.29

Interestingly, a meta‐analysis of 17 studies found that there was a

positive effect of developing CD following a tonsillectomy (OR 1.37;

95% CI: 1.16–1.62) and no association of developing UC (OR 0.94;

95% CI: 0.84–1.05).30 However, when adjusted for smoking, the risk

of developing CD increased to 1.66 (95% CI: 1.03–2.68) while with

UC it was still not significantly associated (OR = 1.03; 95% CI: 0.74–

1.44), perhaps owing to the protective effect of smoking.30 The

tonsils, appendix and Peyer's patches belong to the mucosa‐
associated lymphoid tissues, which may be associated with IBD.30

Interestingly, developing CD following a tonsillectomy or appendec-

tomy has been shown but not with UC, unless smoking is involved.

The risk related to appendectomy or tonsillectomy may be secondary

to the use of antibiotics for treatment of appendicitis or tonsillitis as
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opposed to any specific risk posed by appendiceal or tonsillar tissue.

A possible explanation can be due to the interplay between genetic

predisposition, gastrointestinal bacteria and gut immunity.30

PSYCHOLOGICAL FACTORS

A prospective study of 95,000 European adults found that work‐
related stress is not a major risk factor for development for CD or

UC, HR of 0.83 (95% CI: 0.48, 1.43) and 1.06 (95% CI: 0.76, 1.48),

respectively.31 Two different studies from Manitoba reported that

psychiatric disorders were significantly increased in persons with IBD

for at least 5‐years prior to diagnosis of IBD.32,33 This data suggests

either shared risk factors for mood disorders and IBD or that the

presence of mood disorders alters systemic immune response or gut

microbiome or both.

DIETARY INTAKE AND NUTRIENTS

Over the last several years, IBD has increased in previously low

incidence areas (i.e. Asia) and it has been hypothesized due to the

Westernization of local diets including a high composition of proteins,

saturated fats, sweets and additives.34 An animal study by Laudisi

found that mice given food additives (emulsifiers carboxymethylcel-

lulose, polysorbate 80, maldodextrin) induces stress and can increase

the host susceptibility of developing colitis.34 In fact, a prospective

cohort study with 116,097 adults from 21 countries in seven

geographical regions found that higher intake of ultra‐processed food

was associated with a higher risk of IBD for ≥5 servings/day (HR

1.82, 95% CI: 1.22–2.72) and 1–4 servings/day (HR 1.67, 95% CI:

1.18–2.37).35

A review of nine studies with 966 UC cases and 171,589 controls

did not find a dose‐response between fat intake and UC risk with the

relative risk for 30 g increment/day was 1.023 (95% CI: 0.963–1.087,

n = 6) for total fat intake.36 This finding is similar in patients with CD

as a review of nine studies found a lack of association between total

carbohydrate, fat and protein intake with the relative risks for every

10 g increment/day were 0.991 (95% CI: 0.978–1.004) for total

carbohydrate intake, 1.018 (95% CI: 0.969–1.069) for total fat intake

and 1.029 (95% CI: 0.955–1.109) for total protein intake.37 Zeng

et al. found an association that high sucrose might increase the risk of

CD. These findings are inconsistent with the study by Racine et al.

that found that there was no association of consuming “high sugar

and soft drinks” and “animal fats, seafood, potatoes and alcohol” with

CD risk with the relative risks of 1.48 (95% CI: 0.60–3.61) and 0.71,

(95% CI: 0.29–1.73), respectively.38 On the contrary, soft drink

consumption was associated with a higher risk of UC (RR: 1.69, 95%

CI: 1.24–2.30) and tea consumption with a lower risk (RR: 0.69, 95%

CI: 0.58–0.83).39 These findings remain controversial as it was widely

believed that macronutrients contribute to the development of CD

however, it is unknown as to when dietary ingestion over the lifespan

would trigger the risk for IBD.

Vegetables and fruit are rich in nutrients including mono-

unsaturated and polyunsaturated fatty acids, n‐3 fatty acids, fiber,

vitamins and minerals thus have a protective effect against cardio-

vascular disease and cancer.40 A meta‐analysis of 14‐case controlled

studies found that higher consumption of fruit was inversely asso-

ciated with the risk of UC (OR 0.69; 95% CI: 0.49–0.96) and CD (OR

0.57; 95% CI: 0.44–0.74).40 A higher consumption of vegetables had a

protective effect with UC (OR 0.71; 95% CI: 0.58–0.88) but not a

statistically significant effect in CD (OR 0.66; 95% CI: 0.40–1.09).40

This finding was consistent with two studies. Firstly, a retrospective

study by Niewiadomski et al. found high fruit intake to be protective

in UC (OR 0.59; 95% CI: 0.4–0.88, p = 0.003).3 Secondly, a pro-

spective cohort study of 116,087 patients found that white meat, red

meat, dairy, starch, fruit, vegetables and legumes were not associated

with IBD.35 This protective effect is hypothesized because vegetables

and fruit are abundant in fiber, micronutrients (Vitamin C and E,

folate) and phytochemicals that have been shown to reduce mucosal

inflammation and maintain intestinal barrier function.40

Increasing fiber intake has been shown to have a protective ef-

fect in CD.37 A meta‐analysis by Liu et al. found that the intake of

dietary fiber reduced the risk of CD by 13% (p < 0.05) for every 10 g/

d increment.40 Although, there have been no studies of statistical

significance showing an association of fiber with UC.41 Fiber has been

shown to have an influence on the gut microbiome and contains

butyrate (an anti‐inflammatory effect).40

While IBD can lead to impaired nutritional absorption and post‐
diagnosis deficiencies, causation has not been made regarding

nutrient deficiency as a risk factor for the development of IBD. Del

Pinto et al. found that 64% of patients with IBD had a vitamin D

deficiency when compared to controls (OR 1.64; 95% CI: 1.30, 2.08,

I2 = 7%, p < 0.0001) and UC had double the odds of a vitamin D

deficiency (OR 2.28; 95% CI: 1.18, 4.41, I2 = 41%, p < 0.01). Latitude

did not have an influence (p = 0.34).42

Dietary composition has been suggested to alter the microbiome

composition therefore it can affect its inflammatory response.43

Ninety percent of the gastrointestinal microbiota consist of four

types: Firmicutes, Bacteroidetes, Proteobacteria and Actinobacteria.44

Dietary changes, if drastic, can alter the intestinal microbiome in

24hours.45 In fact, animal‐based diet can have increased abundance

of bile‐tolerant bacteria, Alistipes, Bilophila and Bacteroides species

and decrease in Firmicutes.45 On the other hand, plant‐based diets

can lead to an increased abundance of Firmicutes.45

GASTROINTESTINAL PATHOGENS

Development of IBD may be caused by a defective intestinal barrier

causing increased intestinal gut permeability, allowing pathogenic

microbes to trigger an aberrant immune response. A systematic re-

view by Axelrad et al. studied the association of gastrointestinal in-

fections and IBD (Table 1, reproduced with permission from the

publishers).46 Several bacteria have been found to have an increased

risk of IBD.46 Helicobacter pylori has been consistently shown in the
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literature to have a decreased risk in IBD and a recent meta‐analysis
by Castano‐Rodriguez et al. found that H.pylori exposure has a 57%

lower odds of developing IBD (pOR 0.43; 95% CI: 0.36–0.50).47 Vi-

ruses and fungi increase the risk of IBD.46 Lastly, amoeba/Entameba

histolytica and Toxoplasma gondii have been associated with an

increased risk of IBD whereas Trichuris suis, Hymenolepis diminuta,

Schistosoma species and Nector americanus have been associated with

a decreased risk of IBD.46 The above species can be cultured how-

ever, only 30% of the microbial diversity in the gut can be cultured.48

Kotlowski et al. studied 84 biopsies from the cecum, rectum, or right

colon distal to ileocolonic anastomosis (if previous cecal resection) by

ribosomal intergenic spacer analysis to culture Enterobacteriacceae.48

It was found that Enterobacteriacceae species were 3–4 logs higher in

tissues with IBD and the B2+D phylogenetic groups are more prev-

alent in patients with UC and CD.48

CONCLUSION

The exact mechanism by which IBD is developed remains unknown;

however, there is an interaction between environmental risk factors

that can either increase or act as protective in its development

TAB L E 1 Pathogens associated with Inflammatory Bowel Disease (IBD) (reproduced with permission from the publishers)

Risk of developing inflammatory bowel disease Increased Decreased

Bacteria � Campylobacter species � Helicobacter species

� Clostridioides difficile

� Citrobacter species

� Enterohepatic Helicobacter species

� Escherichia coli

� Klebsiella pneumonia

� Listeria monocytogenes

� Mycobacterium avium paratuberculosis

� Proteus mirabilis

� Salmonella species

� Yersinia enterocolitica

Viruses � Adenovirus

� Cytomegalovirus

� Epstein‐Barr virus

� Human herpes virus 3

� Human herpes virus 6

� Human herpes virus 8

� Measles virus

� Mumps virus

� Norovirus

� Rotavirus

� Rubella virus

Fungi � Aspergillus species

� Candida species

� Cryptococcus neoformans

Parasites � Amoeba/Entamoeba histolytica � Trichuris suis

� Toxoplasma gondii � Hymenolepsis diminuta

� Schistosoma species

� Nector americanus
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(Table 2). Further studies will need to identify environmental triggers

of IBD but also must define the timing in the lifecycle these risk

factors may be operative.

CONFLICT OF INTEREST

The authors have no conflicts of interest to declare.

DATA AVAILABILITY STATEMENT

No data are available.

ORCID

Charles N. Bernstein https://orcid.org/0000-0001-8041-3574

REFERENCES

1. Zhao M, Feng R, Ben‐Horin S, Zhuang X, Tian Z, Li X, et al. Sys-

tematic review with meta‐analysis: environmental and dietary dif-

ferences of inflammatory bowel disease in Eastern and Western

populations. Aliment Pharmacol Ther. 2022;55(3):266–76. https://

doi.org/10.1111/apt.16703

2. Agrawal M, Ao Sabino J, Frias‐Gomes C, Hillenbrand CM, Soudant

C, Axelrad JE, et al. Early life exposures and the risk of

inflammatory bowel disease: systematic review and meta‐analyses.
Clin Med. 2021;36(100884):1–13. https://doi.org/10.1016/j.eclinm.

2021.100884

3. Niewiadomski O, Studd C, Wilson J, Williams J, Hair C, Knight R,

et al. Influence of food and lifestyle on the risk of developing in-

flammatory bowel disease. Intern Med J. 2016;46(6):669–76.

https://doi.org/10.1111/imj.13094

4. Xu L, Lochhead P, Ko Y, Claggett B, Leong RW, Ananthakrishnan AN.

Systematic review with meta‐analysis: breastfeeding and the risk of

Crohn’s disease and ulcerative colitis. Aliment Pharmacol Ther.

2017;46(9):780–9. https://doi.org/10.1111/apt.14291

5. Soon IS, Molodecky NA, Rabi DM, Ghali WA, Barkema HW, Kaplan

GG. The relationship between urban environment and the inflam-

matory bowel diseases: a systematic review and meta‐analysis.
BMC Gastroenterol. 2012;(1):12. https://doi.org/10.1186/1471‐
230X‐12‐51

6. Song C, Yang J, Ye W, Zhang Y, Tang C, Li X, et al. Urban–rural

environmental exposure during childhood and subsequent risk of

inflammatory bowel disease: a meta‐analysis. Expet Rev Gastro-

enterol Hepatol. 2019;13(6):591–602. https://doi.org/10.1080/

17474124.2018.1511425

7. Benchimol EI, Kaplan GG, Otley AR, Nguyen GC, Underwood FE,

Guttmann A, et al. Rural and urban residence during early life is

associated with a lower risk of inflammatory bowel disease: a

TAB L E 2 Potential risk and protective environmental factors for

Crohn's disease Ulcerative colitis Inflammatory bowel disease

Risk factors Lifestyle and hygiene � Chicken pox infection � Antibiotics within the 1st year of life

� Smoking � Passive tobacco smoke

� Early life otitis media

� Urban living

Vaccinations l � Poliomyelitis vaccine � H1NI vaccine

Exposure to drugs � Antibiotics � Progesterone‐only pills � Antibiotics (metronidazole, fluroquinolones)

except for narrow‐spectrum penicillins

� Oral contraceptive pills

� Parenteral contraception

Surgeries � Appendectomy

� Tonsillectomy

Psychological factors � Psychiatric disorders (mood disorders)

Dietary intake and nutrients � High sucrose � Soft drink � Ultra‐processed food

� Fruit

Gastrointestinal pathogens See Table 1 for full details

Protective factors Lifestyle and hygiene � Pets as a child � Breastfeeding

� Access to toilets � Rural living

� Smoking � Bed sharing

� Exposure to farm animals and pets

Surgeries � Appendectomy

Dietary intake and nutrients � Fiber � Tea consumption

� Vegetables

Gastrointestinal pathogens � Helicobacter species

SINGH AND BERNSTEIN - 1051

https://orcid.org/0000-0001-8041-3574
https://orcid.org/0000-0001-8041-3574
https://doi.org/10.1111/apt.16703
https://doi.org/10.1111/apt.16703
https://doi.org/10.1016/j.eclinm.2021.100884
https://doi.org/10.1016/j.eclinm.2021.100884
https://doi.org/10.1111/imj.13094
https://doi.org/10.1111/apt.14291
https://doi.org/10.1186/1471-230X-12-51
https://doi.org/10.1186/1471-230X-12-51
https://doi.org/10.1080/17474124.2018.1511425
https://doi.org/10.1080/17474124.2018.1511425
https://orcid.org/0000-0001-8041-3574


population‐based inception and birth cohort study. Am J Gas-

troenterol. 2017;112(9):1412–22. https://doi.org/10.1038/ajg.

2017.208

8. Cholapranee A, Ananthakrishnan AN. Environmental hygiene and

risk of inflammatory bowel diseases: a systematic review and meta‐
analysis. Inflamm Bowel Dis. 2016;22(9):2191–9. https://doi.org/10.

1097/MIB.0000000000000852

9. Ananthakrishnan AN, Nguyen DD, Sauk J, Yajnik V, Xavier RJ. Ge-

netic polymorphisms in metabolizing enzymes modifying the asso-

ciation between smoking and inflammatory bowel diseases. Inflamm

Bowel Dis. 2014;20(5):783–9. https://doi.org/10.1097/MIB.000000

0000000014

10. Mahid SS, Minor KS, Soto RE, Hornung CA, Galandiuk S. Smoking

and inflammatory bowel disease: a meta‐analysis. Mayo Clin Proc.

2006;81(11):1462–71. https://doi.org/10.4065/81.11.1462

11. Parkes GC, Whelan K, Lindsay JO. Smoking in inflammatory bowel

disease: impact on disease course and insights into the aetiology of

its effect. J Crohn’s Colitis. 2014;8(8):717–25. https://doi.org/10.

1016/j.crohns.2014.02.002

12. Piovani D, Pansieri C, Kotha SRR, Piazza AC, Comberg CL, Peyrin‐
Biroulet L, et al. Ethnic differences in the smoking‐related risk of

inflammatory bowel disease: a systematic review and meta‐analysis.
J Crohn's Colitis. 2021;15(10):1658–78. https://doi.org/10.1093/

ecco‐jcc/jjab047
13. Nunes T, Etchevers MJ, Domènech E, Garcia‐Sanchez V, Ber Y,

Penalva M, et al. Smoking does influence disease behaviour and

impacts the need for therapy in Crohn0s disease in the biologic era.

Aliment Pharmacol Ther. 2013;38(7):752–60. https://doi.org/10.

1111/APT.12440

14. 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(8):1405–15.

https://doi.org/10.1016/j.cgh.2015.04.179

15. Lee WS, Song ZL, Wong SY, Gan CW, Koay ZL, Em JM, et al. Envi-

ronmental risk factors for inflammatory bowel disease: a case con-

trol study in Southeast Asian children. J Paediatr Child Health.

2021;58(5):782–90. https://doi.org/10.1111/JPC.15830

16. Liles E, Irving SA, Dandamudi P, Belongia EA, Daley MF, DeStefano

F, et al. Incidence of pediatric inflammatory bowel disease within the

Vaccine Safety Datalink network and evaluation of association with

rotavirus vaccination. Vaccine. 2021;39(27):3614–20. https://doi.

org/10.1016/J.VACCINE.2021.05.032

17. Martín‐Merino E, Castillo‐Cano B, Martín‐Pérez M, Llorente‐García
A, Montero‐Corominas D. Evaluation of the risk of inflammatory

bowel disease after the HPV vaccination in primary care in Spain: a

time‐varying cohort analysis of around 390, 000 girls. Drug Saf.

2021;44(4):455–66. https://doi.org/10.1007/s40264‐020‐01040‐0
18. Gevers D, Kugathasan S, Denson LA, Vazquez‐Baeza Y, Van Treuren

W, Ren B, et al. The treatment‐naïve microbiome in new‐onset
Crohn’s disease. Cell Host Microbe. 2014;15(3):382–92. https://

doi.org/10.1016/j.chom.2014.02.005

19. Ungaro R, Bernstein CN, Gearry R, Hviid A, Kolho KL, Kronman MP,

et al. Antibiotics associated with increased risk of New‐Onset

Crohn’s disease but not ulcerative colitis: a meta‐analysis. Am J

Gastroenterol. 2014;109(11):1728–38. https://doi.org/10.1038/ajg.

2014.246

20. Shaw SY, Blanchard JF, Bernstein CN. Association between the use

of antibiotics in the first year of life and pediatric inflammatory

bowel disease. Am J Gastroenterol. 2010;105(12):2687–92. https://

doi.org/10.1038/ajg.2010.398

21. Bernstein CN, Burchill C, Targownik LE, Singh H, Roos LL. Events

within the first year of life but not the neonatal period affect

risk for later development of inflammatory bowel diseases.

Gastroenterology. 2019;156(8):2190–7. https://doi.org/10.1053/j.

gastro.2019.02.004

22. Godet PG, May GR, Sutherland LR. Meta‐analysis of the role of oral

contraceptive agents in inflammatory bowel disease. Gut.

1995;37(5):668–73. https://doi.org/10.1136/gut.37.5.668

23. Cornish JA, Tan E, Simillis C, Clark SK, Teare J, Tekkis PP. The risk of

oral contraceptives in the etiology of inflammatory bowel disease: a

meta‐analysis. Am J Gastroenterol. 2008;103(9):2394–400. https://

doi.org/10.1111/j.1572‐0241.2008.02064.x
24. Ortizo R, Lee SY, Nguyen ET, Jamal MM, Bechtold MM, Nguyen DL.

Exposure to oral contraceptives increases the risk for development

of inflammatory bowel disease: a meta‐analysis of case‐controlled
and cohort studies. Eur J Gastroenterol Hepatol. 2017;29(9):

1064–70. https://doi.org/10.1097/MEG.0000000000000915

25. Pasvol TJ, Bloom S, Segal AW, Rait G, Horsfall L. Use of contra-

ceptives and risk of inflammatory bowel disease: a nested case–

control study. Aliment Pharmacol Ther. 2022;55(3):318–26.

https://doi.org/10.1111/APT.16647

26. Piovani D, Danese S, Peyrin‐Biroulet L, Nikolopoulos GK, Lytras T,

Bonovas S. Environmental risk factors for inflammatory bowel

diseases: an umbrella review of meta‐analyses. Gastroenterology.
2019;157(3):647–59. https://doi.org/10.1053/j.gastro.2019.04.016

27. Koutroubakis IE, Vlachonikolis IG. Appendectomy and the develop-

ment of ulcerative colitis: results of a metaanalysis of published

case‐control studies. Am J Gastroenterol. 2000;95(1):171–6. https://

doi.org/10.1111/j.1572‐0241.2000.01680
28. Deng P, Wu J. Meta‐analysis of the association between appendiceal

orifice inflammation and appendectomy and ulcerative colitis. Rev

Esp Enferm Dig. 2016;108(7):401–10. https://doi.org/10.17235/

reed.2016.4176/2015

29. Kaplan GG, Jackson T, Sands BE, Frisch M, Andersson RE, Korzenik

J. The risk of developing Crohn’s disease after an appendectomy: a

meta‐analysis. Am J Gastroenterol. 2008;103(11):2925–31. https://

doi.org/10.1111/j.1572‐0241.2008.02118.x
30. Sun W, Han X, Wu S, Yang C. Tonsillectomy and the risk of inflam-

matory bowel disease: a systematic review and meta‐analysis.
J Gastroenterol Hepatol. 2016;31(6):1085–94. https://doi.org/10.

1111/jgh.13273

31. Heikkilä K, Madsen IEH, Nyberg ST, Fransson EI, Ahola K, Alfredsson

L, et al. Job strain and the risk of inflammatory bowel diseases:

individual‐participant meta‐analysis of 95 000men and women. PLoS

One. 2014;9(2):1–7. https://doi.org/10.1371/journal.pone.0088711

32. Walker JR, Ediger JP, Graff LA, Greenfeld JM, Clara I, Lix L, et al. The

Manitoba IBD cohort study: a population‐based study of the prev-

alence of lifetime and 12‐month anxiety and mood disorders. Am J

Gastroenterol. 2008;103(8):1989–97. https://doi.org/10.1111/j.

1572‐0241.2008.01980
33. Marrie RA, Walld R, Bolton JM, Sareen J, Walker JR, Patten SB, et al.

Rising incidence of psychiatric disorders before diagnosis of

immune‐mediated inflammatory disease. Epidemiol Psychiatr Sci.

2019;28(3):333–42. https://doi.org/10.1017/S2045796017000579

34. Laudisi F, Stolfi C, Monteleone G. Impact of food additives on gut

homeostasis. Nutrients. 2019;11(2334):1–12. https://doi.org/10.

3390/nu11102334

35. Narula N, Wong ECL, Dehghan M, Mente A, Rangarajan S, Lanas F,

et al. Association of ultra‐processed food intake with risk of in-

flammatory bowel disease: prospective cohort study. BMJ.

2021;374:1–11. https://doi.org/10.1136/bmj.n1554

36. Wang F, Lin X, Zhao Q, Li J. Fat intake and risk of ulcerative colitis:

systematic review and dose–response meta‐analysis of epidemio-

logical studies. J Gastroenterol Hepatol. 2017;32(1):19–27. https://

doi.org/10.1111/jgh.13416

37. Zeng L, Hu S, Chen P, Wei W, Tan Y. Macronutrient intake and risk

of Crohn’s disease: systematic review and dose–response meta‐

1052 - UNITED EUROPEAN GASTROENTEROLOGY JOURNAL

https://doi.org/10.1038/ajg.2017.208
https://doi.org/10.1038/ajg.2017.208
https://doi.org/10.1097/MIB.0000000000000852
https://doi.org/10.1097/MIB.0000000000000852
https://doi.org/10.1097/MIB.0000000000000014
https://doi.org/10.1097/MIB.0000000000000014
https://doi.org/10.4065/81.11.1462
https://doi.org/10.1016/j.crohns.2014.02.002
https://doi.org/10.1016/j.crohns.2014.02.002
https://doi.org/10.1093/ecco-jcc/jjab047
https://doi.org/10.1093/ecco-jcc/jjab047
https://doi.org/10.1111/APT.12440
https://doi.org/10.1111/APT.12440
https://doi.org/10.1016/j.cgh.2015.04.179
https://doi.org/10.1111/JPC.15830
https://doi.org/10.1016/J.VACCINE.2021.05.032
https://doi.org/10.1016/J.VACCINE.2021.05.032
https://doi.org/10.1007/s40264-020-01040-0
https://doi.org/10.1016/j.chom.2014.02.005
https://doi.org/10.1016/j.chom.2014.02.005
https://doi.org/10.1038/ajg.2014.246
https://doi.org/10.1038/ajg.2014.246
https://doi.org/10.1038/ajg.2010.398
https://doi.org/10.1038/ajg.2010.398
https://doi.org/10.1053/j.gastro.2019.02.004
https://doi.org/10.1053/j.gastro.2019.02.004
https://doi.org/10.1136/gut.37.5.668
https://doi.org/10.1111/j.1572-0241.2008.02064.x
https://doi.org/10.1111/j.1572-0241.2008.02064.x
https://doi.org/10.1097/MEG.0000000000000915
https://doi.org/10.1111/APT.16647
https://doi.org/10.1053/j.gastro.2019.04.016
https://doi.org/10.1111/j.1572-0241.2000.01680
https://doi.org/10.1111/j.1572-0241.2000.01680
https://doi.org/10.17235/reed.2016.4176/2015
https://doi.org/10.17235/reed.2016.4176/2015
https://doi.org/10.1111/j.1572-0241.2008.02118.x
https://doi.org/10.1111/j.1572-0241.2008.02118.x
https://doi.org/10.1111/jgh.13273
https://doi.org/10.1111/jgh.13273
https://doi.org/10.1371/journal.pone.0088711
https://doi.org/10.1111/j.1572-0241.2008.01980
https://doi.org/10.1111/j.1572-0241.2008.01980
https://doi.org/10.1017/S2045796017000579
https://doi.org/10.3390/nu11102334
https://doi.org/10.3390/nu11102334
https://doi.org/10.1136/bmj.n1554
https://doi.org/10.1111/jgh.13416
https://doi.org/10.1111/jgh.13416


analysis of epidemiological studies. Nutrients. 2017;9(5):1–11.

https://doi.org/10.3390/nu9050500

38. Racine A, Carbonnel F, Chan SSM, Hart AR, Bueno‐de‐Mesquita

HB, Oldenburg B, et al. Dietary patterns and risk of inflamma-

tory bowel disease in Europe: results from the EPIC study.

Inflamm Bowel Dis. 2016;22(2):345–54. https://doi.org/10.1097/

MIB.0000000000000638

39. Nie JY, Zhao Q. Beverage consumption and risk of ulcerative colitis.

Medicine. 2017;96(49):1–6. https://doi.org/10.1097/MD.0000000

000009070

40. Li F, Liu X, Wang W, Zhang D. Consumption of vegetables and fruit

and the risk of inflammatory bowel disease: a meta‐analysis. Eur J

Gastroenterol Hepatol. 2015;27(6):623–30. https://doi.org/10.

1097/MEG.0000000000000330

41. Hou JK, Abraham B, El‐Serag H. Dietary intake and risk of devel-

oping inflammatory bowel disease: a systematic review of the

literature. Am J Gastroenterol. 2011;106(4):563–73. https://doi.org/

10.1038/ajg.2011.44

42. Del Pinto R, Pietropaoli D, Chandar AK, Ferri C, Cominelli F. Associ-

ation between inflammatory bowel disease and vitamin D deficiency:

a systematic review and meta‐analysis. Dig Liver Dis. 2016;48(2).

e161. https://doi.org/10.1016/s1590‐8658(16)30227‐4
43. Aleksandrova K, Romero‐Mosquera B, Hernandez V. Diet, gut

microbiome and epigenetics: emerging links with inflammatory

bowel diseases and prospects for management and prevention.

Nutrients. 2017;9(9):1–13. https://doi.org/10.3390/nu9090962

44. Mentella MC, Scaldaferri F, Pizzoferrato M, Gasbarrini A, Miggiano

GAD. Nutrition, IBD and gut microbiota: a review. Nutrients.

2020;12(4):1–20. https://doi.org/10.3390/nu12040944

45. Glassner KL, Abraham BP, Quigley EMM. The microbiome and in-

flammatory bowel disease. J Allergy Clin Immunol. 2020;145(1):

16–27. https://doi.org/10.1016/j.jaci.2019.11.003

46. Axelrad J, Cadwell KH, Colombel J.‐F, Shah S. The role of gastro-

intestional pathogens in inflammatory bowel disease: a systematic

review. Ther Adv Vaccines. 2021;14:1–17. https://doi.org/10.1177/

17562848211004493

47. Castaño‐Rodríguez N, Kaakoush NO, Lee WS, Mitchell HM. Dual

role of Helicobacter and Campylobacter species in IBD: a systematic

review and meta‐analysis. Gut. 2017;66(2):235–49. https://doi.org/
10.1136/gutjnl

48. Kotlowski R, Bernstein CN, Sepehri S, Krause DO. High prevalence

of Escherichia coli belonging to the B2+D phylogenetic group in

inflammatory bowel disease. Gut. 2007;56(5):669–75. https://doi.

org/10.1136/gut.2006.099796

How to cite this article: Singh N, Bernstein CN.

Environmental risk factors for inflammatory bowel disease.

United European Gastroenterol J. 2022;10(10):1047–53.

https://doi.org/10.1002/ueg2.12319

SINGH AND BERNSTEIN - 1053

https://doi.org/10.3390/nu9050500
https://doi.org/10.1097/MIB.0000000000000638
https://doi.org/10.1097/MIB.0000000000000638
https://doi.org/10.1097/MD.0000000000009070
https://doi.org/10.1097/MD.0000000000009070
https://doi.org/10.1097/MEG.0000000000000330
https://doi.org/10.1097/MEG.0000000000000330
https://doi.org/10.1038/ajg.2011.44
https://doi.org/10.1038/ajg.2011.44
https://doi.org/10.1016/s1590-8658(16)30227-4
https://doi.org/10.3390/nu9090962
https://doi.org/10.3390/nu12040944
https://doi.org/10.1016/j.jaci.2019.11.003
https://doi.org/10.1177/17562848211004493
https://doi.org/10.1177/17562848211004493
https://doi.org/10.1136/gutjnl
https://doi.org/10.1136/gutjnl
https://doi.org/10.1136/gut.2006.099796
https://doi.org/10.1136/gut.2006.099796
https://doi.org/10.1002/ueg2.12319

	Environmental risk factors for inflammatory bowel disease
	INTRODUCTION
	LIFESTYLE AND HYGIENE
	VACCINATIONS
	EXPOSURE TO DRUGS
	SURGERIES
	PSYCHOLOGICAL FACTORS
	DIETARY INTAKE AND NUTRIENTS
	GASTROINTESTINAL PATHOGENS
	CONCLUSION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT


