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Abstract

Background and Aims: Multiple genetic and environmental factors are involved in the aetiology of 
inflammatory bowel disease [IBD] including Crohn’s disease [CD] and ulcerative colitis [UC], but 
data on these exposome factors are difficult to identify. Several exposome factors such as smoking 
have been shown to be involved; as for other environmental factors, eg stress, results have been 
conflicting.
Methods: We performed a case-control study including 674 IBD patients of the 1000IBD cohort, 
frequency-matched based on sex and age with 1348 controls from the population-based Lifelines 
Cohort Study. Exposome data were obtained using the validated Groningen IBD Environmental 
Questionnaire [GIEQ], capturing exposome factors through different stages of life using 844 items, 
of which 454 were applicable to study the role of 93 exposome factors in disease aetiology. Logistic 
regression [LR] modelling with Bonferroni correction for multiple testing was applied to estimate 
the multivariable-adjusted effect of each exposome factor.
Results: For IBD, we identified four novel factors: stressful life events (CD odds ratio [OR] 2.61/UC 
OR 2.92), high perceived stress [2.29/2.67], alcohol use [0.40/0.43], and bronchial hyper-reactivity 
[3.04/2.36]. Four novel factors were associated with only CD: prenatal smoke exposure [1.89], 
having a bed partner [0.53], allergies [2.66], and cow’s milk hypersensitivity [5.87]; and two solely 
with UC: carpet flooring [0.57] and neuroticism [1.32]. Nine factors were replicated.
Conclusions: In this study we identified 10 novel, and replicated nine previously reported, exposome 
factors associated with IBD. Identifying these factors is important for both understanding disease 
aetiology and future prevention strategies to decrease the development of IBD in genetically 
susceptible persons.
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1.  Introduction 

Inflammatory bowel disease [IBD], including Crohn’s disease [CD] 
and ulcerative colitis [UC], has a complexa etiology with a role 
for the genome, microbiome, and exposome.1,2Whereas disease 
incidence in Western countries has stabilised, incidence rates in 
Westernizing countries are rising, making IBD a global disease and 
further emphasising the importance of the so-called exposome.3 The 
exposome is a measure of environmental exposures from conception 
to death, of which some exposures within the Western lifestyle are be-
lieved to cause chronic, metabolic inflammation [metaflammation].4 
Identifying the role of the exposome is difficult, but is needed in 
order to understand the gene-environment interactions and to de-
crease the incidence of IBD.

Cigarette smoking is probably the best known exposome 
factor involved in IBD aetiology, with an divergent effect in CD 
and UC.5 In the past years however, many studies have examined 
the role of other exposome factors in IBD aetiology, leading to 
the identification of a large number of possibly involved fac-
tors.2 One example is formed by the hygiene hypothesis, in 
which increased hygiene decreases exposure to microorganisms 
and an subsequent increase of auto-immune disorders, studied 
through proxies such as living environment [urban versus rural], 
household pets, and family size during childhood.6,7 Though im-
portant steps in examining the role of the exposome have been 
made by well-designed previous studies, often questionnaires 
used are not validated or only a single exposome factor is exam-
ined.8–11 To further increase our knowledge of the exposome 
and the mechanism of action of these factors, a universal study 
method is needed.

In this study, we report results of a case-control study in The 
Netherlands using a validated questionnaire, examining a wide 
scope of exposome factors in different stages of life prior to diag-
nosis of IBD.

2.  Materials and Methods

2.1.  Study population
2.1.1.  Cases
All patients from the 1000IBD cohort of the University Medical 
Center Groningen [UMCG], The Netherlands, were invited to par-
ticipate in this study. As part of this cohort, patients are prospectively 
followed while detailed information is collected concerning clinical 
characteristics as well as extensive phenotype and ‘omics’ data, de-
scribed in more detail elsewhere.12An overview of the inclusion of 
participants in this study is shown in Figure 1. Patients were initially 
recruited for this study through a letter and upon no response, pa-
tients were contacted through a phone call or during their visit at the 
infusion clinic of the UMCG.13

2.1.2.  Controls 
We obtained population-based controls from the Lifelines Cohort 
Study. Lifelines is a multidisciplinary prospective population-based 
cohort study examining, in a unique three-generation design, the 
health and health-related behaviours of 167 729 persons living in 
the North of The Netherlands. It employs a broad range of inves-
tigative procedures in assessing the biomedical sociodemographic, 
behavioural, physical, and psychological factors which contribute 
to the health and disease of the general population, with a special 
focus on multimorbidity and complex genetics.14 Participants with 

self-reported IBD or irritable bowel syndrome [IBS] were excluded 
from this study.

2.2.  Questionnaire
The web-based Groningen IBD Environmental Questionnaire 
[GIEQ] was used to obtain environmental data from patients with 
IBD.13 This questionnaire was previously validated by our group, 
and detailed information about the development of the GIEQ and 
its validation is published elsewhere.13 In short, the GIEQ evaluates 
a wide range of environmental factors, concerning childhood-related 
exposures [60 items], or exposures during adulthood [361 items], 
or lifelong exposures [423 items], often split to evaluate time before 
diagnosis as well as the current situation, giving its users the oppor-
tunity to study factors involved in disease aetiology as well as in 
disease course. For patients without access to a computer, a paper 
version of the GIEQ was made available [n: 82, 11.3%]. Participants 
in the Lifelines Cohort Study were asked to fill a similar question-
naire upon inclusion.14 A total of 454 [53.5%] items of the GIEQ, 
comprising 93 different exposome factors concerning exposures be-
fore diagnosis or lifelong exposures, were available for both cases 
and controls and therefore included in this study. 

2.2.1.  Data analysis
All participating patients were frequency-matched with controls 
from the Lifelines Cohort Study in a 1:2 ratio twice: 1] once based 
on age at diagnosis and gender, to study exposures during child-
hood and before diagnosis; and 2] once based on age at study inclu-
sion and sex to study personality traits, as these reflect the current 
situation.

Since all participants with available comparable exposome data 
within the Lifelines Cohort Study are ≥18 years and older, only pa-
tients with an age at diagnosis of ≥16 years were included in this 
study. Baseline characteristics were compared between participating 
patients and non-responding patients from the 1000IBD cohort 
using univariate analysis; for categorical variables, chi square tests 
were used, and for continuous variables, based on variable distri-
bution, either Mann-Whitney U tests or one-way analysis of vari-
ance [ANOVA] tests were used [Supplementary Table 1, available 
as Supplementary data at ECCO-JCC online]. As part of the GIEQ, 
personality traits are also measured. To examine the role of person-
ality, principal components analysis [PCA] was run on eight sum 
scores based on the 64-item personality questionnaire within the 
GIEQ. The suitability of PCA was assessed before analysis. This ana-
lysis led to the formation of two components from the Five Factor 
Model of personality, ‘Neuroticism’ and ‘Conscientiousness’, to-
gether explaining 66.81% of total variability.15 Details of the used 
PCA method and component loadings are in Supplementary Table 2, 
available as Supplementary data at ECCO-JCC online.

Next, all exposures were evaluated using multivariate [MV]-
adjusted logistic regression modelling [using the enter method] to 
estimate the odds ratio [OR] and 95% confidence interval [95% CI] 
for each independent exposure, while adjusting for the possible con-
founding effect of gender, age [in years], and smoking status at diag-
nosis [never/former/current], as a role for cigarette smoking in IBD 
aetiology was shown repeatedly in past studies.5 A  p-value <0.05 
was considered nominally significant. The Bonferroni method, 
based on the evaluation of 93 exposome factors, was used to de-
termine a significance threshold corrected for multiple testing 
[p-value <5.38 × 10-4]. To analyse a possible effect modification of 
gender, all factors statistically significantly associated were analysed 
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for risk of IBD stratified by gender [Supplementary Table 3, available 
as Supplementary data at ECCO-JCC online]. Statistical analyses 
were performed using SPSS statistical software package [SPSS Inc., 
Chicago, IL, USA].

2.3.  Ethical considerations
The study protocol conforms to the ethical guidelines of the 1975 
Declaration of Helsinki, as reflected in approval by the medical eth-
ical review board of the University Medical Center Groningen, The 
Netherlands [approval no.: 2017.138], for whom a returned ques-
tionnaire was considered as an informed consent.

3.  Results

In total, 1682 patients were invited to participate in this study, after 
which 728 patients [completion rate 40.1%] completed the GIEQ 

[Figure 1]. In total, 674 patients aged ≥16 years at diagnosis were 
matched twice, to two sets of 1348 population-based controls, 
as previously described. Baseline characteristics are described in 
Table 1. When compared with non-responding patients, participants 
were more often female and of Western origin, had a higher age and 
longer disease duration [all p-values <0.05]. There were no baseline 
differences in educational level [p-value 0.47] nor smoking status 
[p-value 0.23]; details are shown in Supplementary Table 1.

3.1.  Childhood exposures
After examination of 36 childhood-related exposome factors, seven 
nominally significant associations were found, of which four re-
mained significant after correction for multiple testing [Figure  2]. 
Prenatal smoke exposure was shown to significantly increase risk 
of CD [MV-adjusted LR model OR 1.89; 95% CI 1.38–2.59], and 
nominally significant for UC [OR 1.61; 95% CI 1.16–2.23], as 

Study invite by letter
N:1682

No response:
N:1.074 (63,9%)

Contacted by phonecall:
N:723 (43,0%)

Study participation:
N:512 (30,4%)

GIEQ completed:
N:423 (25,1%)

GIEQ completed:
N:287 (17,1%)

GIEQ completed:
N:18 (1,1%)

Exclusion if age at
diagnosis <16 yrs.:

N:54 (3,2%)

Total participants:
N:674 (40,1%)

No participation:
N:52 (3,1%)

Study participation:
N:569 (33,8%)

No participation:
N:149 (8,9%)

Study participation:
N:19 (1,1%)

IBD infusion center:
N:40 (2,4%)

No contact obtained:
N:360 (21,4%)

No participation:
N:21 (1,2%)

Figure 1. Overview of study inclusion strategies and participation.

Table 1. Baseline characteristics of inflammatory bowel disease [IBD] cases and matched controls.

Cases Controls

Total included N 674 1348
Crohn’s disease N [%] 323 [47.9] -
Ulcerative colitis N [%] 321 [47.6] -
IBD-unclassified N [%] 30 [4.5] -
Age at diagnosis, in years Mean [SD] 33.6 [12.9] 33.8 [12.8]
Age at study inclusion, in years Mean [SD] 50.4 [13.8] 50.3 [13.8]
Gender, female N [%] 415 [61.6] 830 [61.6]

SD, standard deviation.
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shown in Table 2a. Having siblings was not associated with CD nor 
with UC [both p-values >0.34], but other hygiene markers showed 
a clear pattern, with an nominally significant increased risk of CD 
with urban living [OR 1.67; 95% CI 1.19–2.36] during the first 
years of life. Having household pets during childhood showed a sig-
nificant protective association, being the strongest effect for pets in 
the first year of life for CD [OR 0.30; 95% CI 0.22–0.40] as well 
as UC [OR 0.32; 95% CI 0.24–0.44], but still significant later on 
in childhood for both CD [OR 0.56; 95% CI 0.42–0.76] and UC 
[OR 0.47; 95% CI 0.36–0.63], with a comparable effect for different 
types of pets [Supplementary Table 4]. Birth-related factors showed 
less association with development of IBD. Whereas a nominal pro-
tective effect was seen for receiving breastfeeding in CD alone [OR 
0.56; 95% CI 0.37–0.87], no associations were found for birth 
through caesarian section, preterm birth, birthweight or birth length 
[all p-values >0.15, Supplementary Table 4]. Finally, being born a 
first-generation non-Western immigrant [birth in a non-Western 
country] was associated with an increased risk of CD [OR 3.02; 

95% CI 1.33–6.38], but not UC [OR 0.58; 95% CI 0.13–2.56], al-
though not significant after correction for multiple testing.

3.2.  Adulthood exposures
The role of adulthood exposures was examined through 42 
exposome factors. After the initial association of 15 factors, nine 
remained significant after correction for multiple testing [Figure 2]. 
A high socioeconomic status was more often seen in controls, with 
a significant protective association and dose-dependent effect for 
a high monthly household income in both CD [OR 0.19; 95% CI 
0.12–0.29, ptrend 4.37 × 10-13] and UC [OR 0.31; 95% CI 0.20–
0.49, ptrend 1.90 × 10-7], as shown in Table  2b. A moderate educa-
tional level was significantly associated with UC alone [OR 0.43; 
95% CI 0.29–0.64], but lost significance when analyses were cor-
rected for the potential confounding effect of household income.

Different aspects of adult lifestyle were examined next. A sig-
nificant risk-increasing association was shown for active cigar-
ette smoking at diagnosis [OR 2.59; 95% CI 1.95–3.44] as well 
as former smoking [OR 1.51; 95% CI 1.04–2.22], with a dose-
dependent effect for the amount of smoked pack-years [ptrend 
1.01 × 10-7] for CD, whereas only a history of heavy smoking 
according to pack-years was nominally significant in UC [OR 
1.66; 95%CI 1.05–2.61]. A significant protective association with 
dose-dependent effect was seen for the consumption of alcohol 
in CD [OR 0.40; 95% CI 0.27–0.60, ptrend 5.18 × 10-7] as well as 
UC [OR 0.43; 95% CI 0.30–0.64, ptrend 6.00 × 10-6]. Stratification 
for smoking status did not alter these findings [data not shown]. 
When examining alcohol use in more detail, a nominally signifi-
cant beneficial association was seen for regular consumption of 
red [OR 0.44; 95% CI 0.25–0.79] and white wine [OR 0.34; 
95% CI 0.17–0.68] in CD, but an opposite effect was seen for 
consumption of beer in UC [OR 1.65; 95% CI 1.12–2.45]. No 
association was seen for the consumption of other alcoholic bever-
ages nor for the use of different kinds of drugs [all p-values >0.05, 
Supplementary Table 4].

An active lifestyle, as measured by leisure-time sports activities, 
showed a significant protective effect in CD [OR 0.52; 95% CI 
0.40–0.68], with a dose-dependent significant trend for duration of 
weekly sports activity [ptrend 2.58 × 10-4]. In UC, a similar trend was 
seen [OR 0.74; 95% CI 0.57–0.96], although significance was lost 
after correction for multiple testing. In contrast, sedentary lifestyle 
habits, such as a prolonged duration of daily television watching, 
were nominally associated with a risk increase of UC alone [OR 
1.51; 95% CI 1.02–2.24]. Whereas a mean daily sleeping duration 
of ≥8 h was nominally associated with CD [OR 1.39; 95% CI 1.01–
1.92] as well as UC [OR 1.45; 95% CI 1.06–2.00], no effect was 
seen for sleeping <7 h per night [both p-values >0.52]. Stress, as ex-
pressed by living through stressful life events [SLE] as well as by 
a perceived long-term stress score, was shown to be a significant 
risk for development of IBD. Compared with experiencing 0–1 SLE, 
having experienced more than three SLE before diagnosis increased 
the risk of CD and UC almost 3-fold [OR 2.60; 95% CI 1.70–3.99 
and OR 2.92; 95% CI 1.92–4.46, respectively]. A similar significant 
effect was seen for those with a high perceived long-term stress score 
in CD [OR 2.29; 95% CI 1.53–3.43] and in UC [OR 2.67; 95% CI 
1.79–3.98].

Unlike during childhood, hygiene-related factors during adult-
hood show less effect. In contrast to the strong association described 
for early-childhood pets, no protective association is seen for pets 
beforediagnosis [p-values ≥0.10], but a nominal risk-increasing ef-
fect was seen for having a bird [OR 1.77; 95% CI 1.05–3.01] in CD 
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High income

High educational level

Smoking status

Sleeping >8 h per night

Stressfull life events

High perceived stress score

Watching TV >4 h per day
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Red wine

White wine

Beer

Leisure sports

Having a roommate/bedpartner

Carpet �ooring
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Appendectomy

Tonsillectomy
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Protective association, Bonferroni corrected
Risk increasing association, Bonferroni corrected
Protective association, P-value < 0.05
Risk increasing association, P-value < 0.05

Legend:

CD UC

Figure 2. Heat map of associated exposome factors.
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but not in UC. Other markers of hygiene did show a significant pro-
tective association, such as carpet flooring in UC [OR 0.57; 95% CI 
0.43–0.75] and having a roommate/bed partner at time of diagnosis 
in CD [OR 0.53; 95% CI 0.41–0.70].

Finally, hormonal factors such as age at menarche and the ever 
use of hormonal contraception, as well as duration of use, showed 
no association with development of IBD [Supplementary Table 4].

3.3.  Lifelong exposures
As not all exposures are bound to a certain stage of life, lifelong ex-
posures possibly involved in IBD were examined as well [Table 2c]. 
In total, 15 exposures were studied, of which seven showed a sig-
nificant association [Figure  2]. A  history of appendectomy before 
diagnosis of IBD showed a divergent effect for CD and UC. In CD, a 
significant risk-increasing association was seen after appendectomy 
[OR 2.32; 95% CI 1.53–3.51], and a nominally significant 2.70-fold 
protective association [OR 0.37; 95% CI 0.17–0.81] was shown in 
UC. A history of tonsillectomy was significantly associated with both 
risk of CD [OR 2.51; 95% CI 1.91–3.29] and UC [OR 2.05; 95% CI 
1.56–2.68]. When only patients with late onset of disease, ≥50 years 
at diagnosis, were evaluated, a similar effect was seen. CD patients 
were also significantly more prone to cow’s milk intolerance [OR 
5.87; 95% CI 2.72–12.68], and all IBD patients experienced more 
allergy-associated conditions such as pollen hypersensitivity and 
bronchial hyper-reactivity [all p-values <0.001]. Experiencing mul-
tiple allergies was also associated with an increased risk of CD [OR 
2.66; 95% CI 1.47–4.80, ptrend 8.85 × 10-7], whereas no clear effect 
was seen in UC. When allergies were analysed stratified by gender, 
significance remained only in females [p-value 1.63 × 10-7], as shown 
in Supplementary Table 3.

Finally, examining personality traits Neuroticism and 
Conscientiousness, a high neuroticism score was associated with 
CD [OR 2.03; 95% CI 1.38–3.02] as well UC [OR 1.84; 95% 
CI 1.28–2.63] but no effect was seen for conscientiousness [all 
p-values > 0.57].

4.  Discussion

This study shows the importance of environmental risk factors 
during different stages of life in the development of IBD, in a well-
described Dutch cohort of IBD patients and matched population-
based controls. In all, 93 factors during different stages of life were 
systematically evaluated, leading to the identification of 10 novel 
exposome risk factors as well as the confirmation of nine previously 
described factors. An overview of all [nominal] significant associ-
ations is shown in Figure 3.

To our knowledge, this is the first study describing the risk-
increasing association of prenatal smoke exposure in CD especially, 
while correcting for the potential confounding effect of smoking 
later in life,16 although an exact biological pathway underlying this 
association remains unclear. However, a role for altered DNA methy-
lation patterns, as described in asthma, was hypothesised previously, 
just as changes in the infant gut microbiota have been described after 
exposure to prenatal smoke in the general population.17,18 Further 
studies are needed to confirm these findings as well as study the ef-
fect of early postnatal smoke exposure. Other prenatal- and birth-
related factors were not found to be associated with development 
of CD or UC, in line with previous findings.19,20 Although a clear 
protective effect of breastfeeding has been described in the past, this 
study only showed a nominal significant beneficial effect in CD.21 
The exact reason behind these different findings is unknown; studies 
from industrialised countries studies suggest strongest effect of 
breastfeeding in paediatric IBD, whereas the clear dose-dependent 
effect shown in Asian studies might form an example of the differ-
ences of the exposome between East and West.11,19

As mentioned previously, the hygiene hypothesis has been de-
scribed repeatedly in relation to IBD.2,6 In this study, the protective 
effect of childhood pets as previously described in a Slovakian study 
was confirmed.22As animal contact is argued to be protective for 
IBD, due to exposure to harmless micro-organisms, the shown op-
posite effect for urban living can be viewed within the same line of 
reasoning and is in line with previous studies. 23,24 This study has also 

Table 2a. Childhood-related environmental risk factors in inflammatory bowel disease.

Crohn’s disease Ulcerative colitis

 OR 95% CI p-value OR 95% CI p-value

Prenatal smoke exposure 1.89 1.38 2.59 8.40 × 10-5 1.61 1.16 2.23 0.004
Having ≥1 sibling 0.75 0.41 1.37 0.34 0.84 0.45 1.55 0.57
Receiving breastfeeding         
 Never 1.00 Ref. group 0.34* 1.00 Ref. group 0.95*
 <3 months 0.56 0.37 0.87 0.01 0.84 0.54 1.31 0.45
 >3 months 0.84 0.57 1.23 0.36 0.98 0.65 1.48 0.93
Non-Western migration         
 Native Dutch 1.00 Ref. group 0.01* 1.00 Ref. group 0.71*
 2nd generation migrant 1.20 0.38 3.78 0.76 1.42 0.46 4.38 0.54
 1st generation migrant 3.02 1.33 6.83 0.008 0.59 0.13 2.56 0.48
Living area first years of life         
 Rural 1.00 Ref. group 0.14* 1.00 Ref. group 0.08*
 Large village/small city 0.61 0.44 0.84 0.026 1.08 0.80 1.45 0.61
 Urban 1.67 1.19 2.36 0.034 1.42 0.98 2.05 0.06
Household pets         
 During first year of life 0.30 0.22 0.40 4.07 × 10-16 0.32 0.24 0.44 1.03 × 10-13

 During 15th year of life 0.37 0.29 0.49 1.20 × 10-12 0.33 0.25 0.43 4.62 × 10-15

 During 515th year of life 0.56 0.42 0.76 1.40 × 10-4 0.47 0.36 0.63 2.37 × 10-7

All associations significant after Bonferroni correction are shown in bold.
OR, odds ratio; 95% CI, 95% confidence interval. 
*p-trend.
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Table 2b. Adulthood-related environmental risk factors in inflammatory bowel disease.

Crohn’s disease Ulcerative colitis

 OR 95% CI p-value OR 95% CI p-value

Educational level      
 Lower level 1.00 Ref. group 0.72* 1.00 Ref. group 0.91*
 Moderate level 0.55 0.37 0.81 0.003 0.43 0.29 0.64 3.40 × 10-5

 High level 0.72 0.48 1.08 0.11 0.71 0.48 1.05 0.08
Monthly income         
 Low income 1.00 Ref. group 4.37 × 10-13* 1.00 Ref. group 1.90 × 10-7*
 Average income 0.42 0.29 0.62 1.40 × 10-5 0.63 0.43 0.94 0.024
 High income 0.19 0.12 0.29 4.49 × 10-13 0.31 0.20 0.49 3.63 × 10-7

Smoking status at diagnosis         
 Never smoked 1.00 Ref. group 6.43 × 10-11* 1.00 Ref. group 1.00*
 Former smoker 1.51 1.04 2.22 0.032 1.36 0.97 1.92 0.08
 Active smoker 2.59 1.95 3.44 5.55 × 10-11 0.94 0.68 1.31 0.72
Pack-years of smoking         
 Never smoked 1.00 Ref. group 1.01 × 10-7* 1.00 Ref. group 0.12
 Light smoking history 1.49 1.01 2.21 0.047 0.78 0.50 1.22 0.27
 Mild smoking history 2.18 1.41 3.36 4.14 × 10-4 0.92 0.55 1.52 0.73
 Moderate smoking history 2.46 1.63 3.72 2.10 × 10-5 1.08 0.68 1.69 0.75
 Heavy smoking history 2.61 1.59 4.28 1.48 × 10-4 1.66 1.05 2.61 0.03
Alcohol use per day         
 <0.65 g 1.00 Ref. group 5.18 × 10-7* 1.00 Ref. group 6.00 × 10-6*
 0.653.95 g 0.57 0.41 0.81 0.002 0.57 0.40 0.82 0.002
 3.9512.63 g 0.43 0.30 0.62 8.00 × 10-6 0.47 0.32 0.68 5.90 × 10-5

 >12.63 g 0.40 0.27 0.60 5.00 × 10-6 0.43 0.30 0.64 2.20 × 10-5

Type of alcohol often used:         
 Beer 1.01 0.67 1.51 0.98 1.65 1.12 2.45 0.012
 Red wine 0.44 0.25 0.79 0.006 0.70 0.41 1.20 0.19
 White wine 0.34 0.17 0.68 0.003 1.34 0.85 1.12 0.21
Watching television         
 ≤2 h per day 1.00 Ref. group 0.19* 1.00 Ref. group 0.09*
 24 h per day 0.99 0.70 1.41 0.95 0.94 0.65 1.35 0.73
 ≥4 h per day 1.37 0.92 2.05 0.12 1.51 1.02 2.24 0.039
Sleeping habits         
<7 h versus 7–8 h 1.09 0.73 1.64 0.66 1.13 0.77 1.66 0.53
>8 h versus 7–8 h 1.39 1.07 1.92 0.044 1.51 1.02 2.24 0.039
Having a room-mate/bed partner 0.53 0.41 0.70 6.00 × 10-6 0.67 0.51 0.89 0.005
Leisure sports activity 0.52 0.40 0.68 1.00 × 10-6 0.74 0.57 0.96 0.025
Duration of sports activity         
 Never 1.00 Ref. group 2.58 × 10-4* 1.00 Ref. group 0.24*
 ≤1 h per week 0.48 0.30 0.76 0.002 0.71 0.46 1.10 0.13
 12 h per week 0.59 0.39 0.89 0.012 0.64 0.41 0.98 0.04
 23 h per week 0.20 0.10 0.43 2.60 × 10-5 0.52 0.31 0.89 0.017
 ≥4 h per week 0.63 0.45 0.87 0.006 0.90 0.65 1.24 0.50
Stressful life events         
 0–1 life event 1.00 Ref. group 2.30 × 10-5* 1.00 Ref. group 7.00 × 10-6*
 2–3 life events 1.32 0.98 1.76 0.07 1.25 0.93 1.69 0.14
 >3 life events 2.61 1.70 3.99 1.00 × 10-5 2.92 1.92 4.46 6.24 × 10-7

Perceived long-term stress score         
 0–1 points 1.00 Ref. group 0.017* 1.00 Ref. group 0.001*
 1.5–3 points 0.84 0.63 1.12 0.22 0.91 0.68 1.21 0.51
 >3 points 2.29 1.53 3.43 6.10 × 10-5 2.67 1.79 3.98 1.00 × 10-6

Use of hormonal contraception 0.75 0.39 1.44 0.39 0.68 0.37 1.28 0.23
Household pets at diagnosis 1.24 0.96 1.61 0.10 0.97 0.75 1.25 0.79
Having a bird as household pet 1.77 1.05 3.01 0.03 0.98 0.52 1.85 0.94
Carpet flooring 0.65 0.50 0.86 0.002 0.57 0.43 0.75 5.90 × 10-5

All associations significant after Bonferroni correction are shown in bold.
OR. odds ratio; 95% CI, 95% confidence interval; ref., reference. 
*p-trend.
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identified three novel markers of hygiene during adulthood: with 
having a bed partner as well as carpeting during adulthood showing 
a protective association and the opposite is shown for bird owner-
ship. Although it is impossible to adjust for all potential confounders 
regarding these associations, the potential immune-modulating ef-
fect of hygiene during adulthood cannot be ruled out and needs fur-
ther exploration.

As IBD was first shown in Western countries, a role for 
socioeconomic status [SES] has been suggested. In line with previous 
studies, this study has shown an increased risk of CD after immi-
gration from a non-Western country.25–27 As shown in a previous 
Swedish study, a high SES was more prevalent in controls.28 Since 
the protective association of educational level in this study was likely 
due to the confounding effect of income status, one might hypothe-
sise that the latter is most important, allowing for healthy lifestyle 
choices. 

Even though 75% of patients themselves indicate stress as a 
major factor in the development of IBD, past research has mainly 
focused on stress in regards to risk of relapse.29 To our know-
ledge, this is the first study describing the important role of stress 
and personality in IBD aetiology, whereas previous studies failed 
to show an association when focused on a specific stressor or 
only indicated risk-increasing trend.30,31 As with stress, previous 
studies examining sleep mostly focus on its role in disease ac-
tivity.32 However, one study has shown a U-shaped role for sleep 
in disease aetiology, implicating a risk-increasing effect for short-
ened as well as prolonged sleeping duration in UC.33 Whereas 
no association for shortened sleeping duration was shown in this 
study, a nominally significant risk-increasing effect was seen for 
UC as well as CD for prolonged sleep. Biologically, these find-
ings seem plausible, as an increased sleeping duration as well as 
stress were previously shown to lead to a pro-inflammatory state, 
including an 8% increase of C-reactive protein along with a 7% 
increase of interleukin-6.34 With the potential risk-increasing ef-
fect of a sedentary lifestyle, the opposite effect of physical ac-
tivity was confirmed in the current study, showing a protective 
association strongest for CD and nominally significant for UC.35 
Whereas stress and sleep might augment a pro-inflammatory 
state, regular physical activity was shown to increase autophagy 
and reduce chronic inflammation. 36

The role of cigarette smoking might be the best known exposome 
factor in IBD.5 Whereas the clear risk-increasing association of 
smoking in CD was confirmed, in the current study the divergent 
effect in UC was not shown, possibly due to a lack of power on 
account of the lowering incidence rates of smoking in IBD popula-
tions globally, as well as in our cohort.37 

Since alcohol is associated with direct mucosal injury and in-
creased bacterial translocation, a risk-increasing effect of alcohol 
was assumed.38 However, whereas previous epidemiological studies 
found no association for alcohol in IBD aetiology, this is the first 
study describing a potential beneficial effect.39–41 Although it is pos-
sible that cases underestimate their alcohol use or tend to provide 
‘desired’ answers, one would expect the same behaviour in other 
factors, eg in the evaluation of drug use. Together with average al-
cohol consumption, this study first described the potential beneficial 
effect of wine in CD, whereas the opposite is shown for beer in UC. 

In contrast to previous findings, our study did not show an asso-
ciation between the use of oral contraceptive pills [OCP] and devel-
opment of IBD.42,43 These differences can potentially be explained by 
the high ever usage of OCP in The Netherlands when compared with 
the previously studied US cohort [86.7% versus 65.2%], although 
differences due to different methods used cannot be ruled out.44 

The previously divergent effect of an appendectomy before 
diagnosis was confirmed, together with the novel description of a 
risk-increasing association for a tonsillectomy in both CD and UC. 
45,46 As an immune-unbalancing role has been described for the ap-
pendix, potentially explaining the protective association for UC after 
removal, the risk-increasing effect in CD is often attributed to diag-
nostic bias although a more causal effect cannot be ruled out. 46,47 
Contrary to the appendix, the tonsils are thought to have a immune-
regulating function which, together with the suggested microbiome 
composition changes after removal, forms the hypothesised pathway 
of a risk-increasing association of tonsillectomy in both CD and UC, 
in line with a recent Danish cohort study.48–50 

Finally, this study has described strong associations for atopy-
related comorbidities in CD as well as UC. Unlike a small Slovakian 
study previously reported, different types of allergies have been as-
sociated with especially CD in our population.22 Remarkably, self-
reported cow’s milk intolerance is strongly associated with CD 
but not UC, in line with a small paediatric study.51 The effect of 

Table 2c. Lifelong environmental risk factors in inflammatory bowel disease. 

Crohn’s disease Ulcerative colitis

 OR 95% CI p-value OR 95% CI p-value

Appendectomy 2.32 1.53 3.51 7.40 × 10-5 0.37 1.17 0.81 0.013
Tonsillectomy 2.51 1.91 3.29 3.27 × 10-11 2.05 1.56 2.68 1.85 × 10-7

Bronchial hyper-reactivity 3.04 2.07 4.48 1.50 × 10-8 2.36 1.60 3.50 1.70 × 10-5

Allergies       
 No allergies 1.00 Ref. group 8.85 × 10-7* 1.00 Ref. group 0.09*
 1 allergy 1.76 1.26 2.45 0.001 1.30 0.95 1.79 0.11
 2–3 allergies 2.18 1.51 3.15 3.60 × 10-5 1.22 0.82 1.81 0.32
 >3 allergies 2.66 1.47 4.80 0.001 1.53 0.81 2.90 0.19
Cow’s milk intolerance 5.87 2.72 12.68 7.00 × 10-6 1.86 0.76 4.58 0.18
Hayfever 1.09 0.80 1.48 0.58 0.74 0.53 1.02 0.07
Character traits:         
 Neuroticism 1.30 1.11 1.51 0.001 1.32 1.14 1.54 2.09 × 10-4

 Conscientiousness 1.03 0.88 1.20 0.72 1.00 0.86 1.16 0.99

All associations significant after Bonferroni correction are shown in bold. 
OR, odds ratio; 95% CI. 95% confidence interval. 
*p-trend.
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diet including milk consumption is currently studied in this cohort. 
Future studies using universal study methods are needed to validate 
the described findings. Therefore, the GIEQ is available for use in 
other IBD cohorts worldwide.

Like all questionnaire-based studies, this study is at risk of re-
call bias. Although recall bias can never be prevented entirely, sev-
eral steps were undertaken to limit its effect: 1] due to the smart 
design of the web-based questionnaire, incorrect answers are 

limited by the unfolding of follow-up questions only when appro-
priate based on previous answers; 2] a ‘Don’t know’ option was 
available for every item to prevent incorrect answering when un-
certain; and 3] sections of the GIEQ previously shown to be of low 
validity were excluded in the current study.13 As participants were 
shown to have a longer disease duration than non-participants, the 
risk of recall bias might be further increased. However, median dis-
ease duration of participants was shorter [median 14 years] than 
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Figure 3. Overview of exposome factors associated with development of Crohn’s disease and ulcerative colitis, stratified by stage of life.
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that of the IBD patients within the validation study of the GIEQ 
[median 19 years].13 

To our knowledge, this is the first study examining over 90 dif-
ferent exposome factors in association with IBD. The use of the val-
idated GIEQ for this purpose forms a key strength of this study, as 
previous studies have almost exclusively used invalidated measure-
ment tools.13 Also, the use of population-based controls from the 
Lifelines Cohort Study allowed random selection out of 167  729 
healthy participants from the same geographical region as cases, 
limiting the potential bias of differences due to geography-based cul-
tural differences.14 As patients of the 1000IBD cohort are all treated 
at a tertiary referral centre, it is possible that more severe pheno-
types of disease are over-represented in the current study. However, 
studying patients enrolled in this cohort also has the great advantage 
of including only patients with a confirmed IBD diagnosis and strict 
follow-up by IBD specialists, hindering misclassification due to the 
use of ICD codes.

Following studies in the field of genetics, future studies fo-
cused on the role of the exposome in IBD should be directed to-
wards the use of validated questionnaires, large patient cohorts, 
and standardised statistical strategies correcting for multiple 
testing when evaluating a large scope of exposures. These steps 
would lead to more generalisable results and the opportunity to 
compare and combine findings between different patient cohorts 
worldwide.

In this study, we identified 10 novel and replicated nine previ-
ously reported exposome factors associated with IBD. Identifying 
these factors is important for both understanding disease aetiology 
and decreasing the development of IBD in genetically susceptible 
persons.

Funding
KWJS is supported by a JSM MD-PhD trajectory grant [16–22] from 
the Junior Scientific Masterclass of the University of Groningen, The 
Netherlands. The Lifelines Cohort Study initiative has been made pos-
sible by funds from FES [Fonds Economische Structuurversterking], 
SNN [Samenwerkingsverband Noord Nederland], and REP [Ruimtelijk 
Economisch Programma].

Conflict of Interest
The authors declare that they have no conflict of interest. RKW has re-
ceived unrestricted research grants from Takeda, Johnson and Johnson, 
Tramedico, and Ferring Pharmaceutical Company, has consulted for Takeda 
Pharmaceuticals, and has received speaker’s fees from MSD, Boston Scientific, 
Abbvie, and Janssen Pharmaceuticals. GD has received unrestricted research 
grants from Abbvie and Takeda, has joined advisory boards for Mundipharma 
and Pharmacosmos, and has received speaker’s fees from Takeda and Janssen 
Pharmaceuticals

Acknowledgements
The authors wish to acknowledge all patients of the University 
Medical Center Groningen who made this study possible, as well as 
the services of the Lifelines Cohort Study. The Lifelines Cohort Study 
initiative has been made possible by subsidy from the Dutch Ministry 
of Health, Welfare and Sport, the Dutch Ministry of Economic affairs, 
the University Medical Center Groningen [UMCG, The Netherlands], 
University of Groningen and the Northern Provinces of the Netherlands. 
The authors wish to acknowledge the services of the Lifelines Cohort 
Study, the contributing research centres delivering data to Lifelines, and 
all the study participants.

Author Contributions
KWJS: study design, data collection, data analysis, writing first draft of manu-
script. RKW: collection of clinical data, critical revision of the manuscript. 
BZA: study design, critical revision of the manuscript. GD: collection of clin-
ical data, study design, critical revision of the manuscript.

Preliminary results were presented at the United European 
Gastroenterology Week in Barcelona, October 2019.

Supplementary Data
Supplementary data are available at ECCO-JCC online.

References
 1. Ananthakrishnan  AN. Epidemiology and risk factors for IBD. Nat Rev 

Gastroenterol Hepatol 2015;12:205–17.
 2. van  der  Sloot  KWJ, Amini  M, Peters  V, Dijkstra  G, Alizadeh  BZ. 

Inflammatory bowel diseases: review of known environmental protective 
and risk factors involved. Inflamm Bowel Dis 2017;23:1499–509.

 3. Molodecky NA, Soon IS, Rabi DM, et al. Increasing incidence and preva-
lence of the inflammatory bowel diseases with time, based on systematic 
review. Gastroenterology 2012;142:46–54.e42; quiz e30.

 4. Christ  A, Latz  E. The Western lifestyle has lasting effects on 
metaflammation. Nat Rev Immunol 2019;19:267–8.

 5. Mahid  SS, Minor  KS, Soto  RE, Hornung  CA, Galandiuk  S. Smoking 
and inflammatory bowel disease: a meta-analysis. Mayo Clin Proc 
2006;81:1462–71.

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

 7. Klement E, Lysy J, Hoshen M, Avitan M, Goldin E, Israeli E. Childhood 
hygiene is associated with the risk for inflammatory bowel disease: a 
population-based study. Am J Gastroenterol 2008;103:1775–82.

 8. Burisch J, Pedersen N, Cukovic-Cavka S, et al. Environmental factors in a 
population-based inception cohort of inflammatory bowel disease patients 
in Europe—An ECCO-EpiCom study for the EpiCom-group. J Crohns 
Colitis 2014;8:607–16.

 9. Jakobsen C, Paerregaard A, Munkholm P, Wewer V. Environmental fac-
tors and risk of developing paediatric inflammatory bowel disease—A 
population-based study 2007–2009. J Crohns Colitis 2013; 7:79–88.

 10. Gearry RB, Richardson AK, Frampton CM, Dodgshun AJ, Barclay ML. 
Population-based case-control study of inflammatory bowel disease risk 
factors. J Gastroenterol Hepatol 2010;25:325–33.

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

 12. Imhann F, Van der Velde KJ, Barbieri R, et al. Correction to: The 1000IBD 
project: multi-omics data of 1000 inflammatory bowel disease patients; 
data release 1. BMC Gastroenterol 2019;19:44.

 13. van der Sloot KWJ, Weersma RK, Dijkstra G, Alizadeh BZ. Development 
and validation of a web-based questionnaire to identify environmental risk 
factors for inflammatory bowel disease: the Groningen IBD Environmental 
Questionnaire [GIEQ]. J Gastroenterol 2019;54:238–48.

 14. Scholtens S, Smidt N, Swertz MA, et al. Cohort Profile: LifeLines, a three-
generation cohort study and biobank. Int J Epidemiol 2015;44:1172–80.

 15. Ohi K, Shimada T, Nitta Y, et al. The Five-Factor Model personality traits 
in schizophrenia: A meta-analysis. Psychiatry Res 2016;240:34–41.

 16. Roberts SE, Wotton CJ, Williams JG, Griffith M, Goldacre MJ. Perinatal 
and early life risk factors for inflammatory bowel disease. World J 
Gastroenterol 2011;17:743–9.

 17. Fragou D, Pakkidi E, Aschner M, Samanidou V, Kovatsi L. Smoking and 
DNA methylation: Correlation of methylation with smoking behavior and 
association with diseases and fetus development following prenatal ex-
posure. Food Chem Toxicol 2019;129:312–27.

1670 K. W. J. van der Sloot et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/14/12/1662/5861037 by U

niversity Library user on 06 January 2021



 18. McLean C, Jun S, Kozyrskyj A. Impact of maternal smoking on the infant 
gut microbiota and its association with child overweight: a scoping review. 
World J Pediatr 2019;15:341–9.

 19. Maaser C, E, H, et al. European Crohn's and Colitis Organisation Topical 
Review on Environmental Factors in IBD. J Crohns Colitis 2017;11:905–20.

 20. 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.

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

 22. Hlavaty  T, Toth  J, Keller  T, et  al. Smoking, breastfeeding, physical in-
activity, contact with animals, and size of the family influence the risk 
of inflammatory bowel disease: A  Slovak case-control study. United 
European Gastroenterol J 2013;1:109–19.

 23. Ko  Y, Kariyawasam  V, Karnib  M, et  al.; IBD Sydney Organisation. 
Inflammatory bowel disease environmental risk factors: a population-
based case-control study of Middle Eastern migration to Australia. Clin 
Gastroenterol Hepatol 2015;13:1453–63.e1.

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

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

 26. Carr  I, Mayberry  JF. 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 J Gastroenterol 
1999;94:2918–22.

 27. Barreiro-de  Acosta  M, Alvarez Castro A, SoutoR, et  al. Emigration to 
Western industrialised countries: A risk factor for developing inflamma-
tory bowel disease. . Crohns Colitis 2011;5:566–9.

 28. Wardle RA, Wardle AJ, Charadva C, Ghosh S, Moran GW. Literature re-
view. Eur J Gastroenterol Hepatol 2017;29:879–84.

 29. Maunder RG, Levenstein S. The role of stress in the development and clin-
ical course of inflammatory bowel disease: epidemiological evidence. Curr 
Mol Med 2008;8:247–52.

 30. 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 J Gastroenterol 2007;102:122–31.

 31. Li  J, Nørgard  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 J Gastroenterol 2004;99:1129–33.

 32. Kinnucan  JA, Rubin  DT, Ali  T. Sleep and inflammatory bowel disease: 
exploring the relationship between sleep disturbances and inflammation. 
Gastroenterol Hepatol [N Y] 2013;9:718–27.

 33. Ananthakrishnan AN, Khalili H, Konijeti GG, et al. Sleep duration affects 
risk for ulcerative colitis: a prospective cohort study. Clin Gastroenterol 
Hepatol 2014;12:1879–86.

 34. Patel SR, Zhu X, Storfer-Isser A, et al. Sleep duration and biomarkers of 
inflammation. Sleep 2009;32:200–4.

 35. Wang Q, Xu KQ, Qin XR, Wen-Lu, Yan-Liu, Wang XY. Association be-
tween physical activity and inflammatory bowel disease risk: A  meta-
analysis. Dig Liver Dis 2016;48:1425–31.

 36. He  C, Bassik  MC, Moresi  V, et  al. Exercise-induced BCL2-regulated 
autophagy is required for muscle glucose homeostasis. Nature 
2012;481:511–5.

 37. Thomas T, Chandan JS, Li VSW, et al. Global smoking trends in inflamma-
tory bowel disease: A systematic review of inception cohorts. PLoS One 
2019;14:e0221961.

 38. Wang  HJ, Zakhari  S, Jung  MK. Alcohol, inflammation, and gut-liver-
brain interactions in tissue damage and disease development. World J 
Gastroenterol 2010;16:1304–13.

 39. Yang XY, Wei WB, Zeng LR, He JH, Chen PF. Controversial role of al-
cohol consumption in the development of inflammatory bowel diseases. 
Eur J Clin Nutr 2018;72:304.

 40. Nie  JY, Zhao  Q. Beverage consumption and risk of ulcerative colitis: 
Systematic review and meta-analysis of epidemiological studies. Medicine 
[Baltimore] 2017;96:e9070.

 41. Bergmann MM, Hernandez V, Bernigau W, et  al. No association of al-
cohol use and the risk of ulcerative colitis or Crohn’s disease: data 
from a European Prospective cohort study [EPIC]. Eur J Clin Nutr 
2017;71:512–8.

 42. Khalili H. Risk of inflammatory bowel disease with oral contraceptives 
and menopausal hormone therapy: current evidence and future directions. 
Drug Saf 2016;39:193–7.

 43. 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;103:2394–400.

 44. Khalili H, Neovius M, Ekbom A, et al. Oral contraceptive use and risk 
of ulcerative colitis progression: a nationwide study. Am J Gastroenterol 
2016;111:1614–20.

 45. Koutroubakis IE, Vlachonikolis IG. Appendectomy and the development 
of ulcerative colitis: results of a metaanalysis of published case-control 
studies. Am J Gastroenterol 2000;95:171–6.

 46. 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;103:2925–31.

 47. Frisch M, Johansen C, Mellemkjaer L, et  al. Appendectomy and subse-
quent risk of inflammatory bowel diseases. Surgery 2001;130:36–43.

 48. Powrie  F, Read  S, Mottet  C, Uhlig  H, Maloy  K. Control of Immune 
Pathology by Regulatory T Cells. Chichester, UK: Wiley, 2008. 
doi:10.1002/0470871628.ch7

 49. Sun W, Han X, Wu S, Yang C. Tonsillectomy and the risk of inflamma-
tory bowel disease: A systematic review and meta-analysis. J Gastroenterol 
Hepatol 2016;31:1085–94.

 50. Bager P, Gørtz S, Feenstra B, et al. Increased risk of inflammatory bowel 
disease in families with tonsillectomy: A Danish National Cohort Study. 
Epidemiology 2019;30:256–62.

 51. Wasielewska  Z, Dolińska  A, Wilczyńska  D, Szaflarska-Popławska  A, 
Krogulska A. Prevalence of allergic diseases in children with inflammatory 
bowel disease. Postepy Dermatol Alergol 2019;36:282–90.

Environmental Risk Factors for IBD 1671

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/14/12/1662/5861037 by U

niversity Library user on 06 January 2021


