
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Pediatric inflammatory bowel disease
Monitoring, nutrition and surgery
Diederen, K.

Publication date
2018
Document Version
Other version
License
Other

Link to publication

Citation for published version (APA):
Diederen, K. (2018). Pediatric inflammatory bowel disease: Monitoring, nutrition and surgery.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
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), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/pediatric-inflammatory-bowel-disease(540abcd5-b282-44c4-a7a9-557b3976b287).html


CHAPTER

THE PREvALENCE Of IRRITAbLE bOwEL 

syNDROmE-TyPE symPTOms IN PEDIATRIC 

INfLAmmATORy bOwEL DIsEAsE AND THE 

RELATIONsHIP wITH bIOCHEmICAL mARkERs Of 

DIsEAsE ACTIvITy

Kay Diederen*, Daniël R. Hoekman*, Thalia Z. Hummel 
Tim G. de Meij, Bart G.P. Koot, Merit M. Tabbers 

Arine M. Vlieger, Marc A. Benninga, Angelika Kindermann

*both authors contributed equally

3

Alimentary Pharmacology & Therapeutics (2016). doi: 10.1111/apt.13636



72

ABSTRACT

BACKGROUND: A large proportion (25−46%) of adults with inflammatory bowel 
disease in remission has symptoms of irritable bowel syndrome (IBS), which are 
thought to reflect ongoing inflammation. Data on pediatric inflammatory bowel 
disease patients are lacking. Therefore, we aimed to investigate (i) the prevalence 
of IBS-type symptoms in pediatric inflammatory bowel disease patients in remission 
and (ii) the relationship of IBS-type symptoms with biochemical markers of disease 
activity.

METHODS: This cross-sectional study included all patients (<18 years) with 
Crohn’s disease or ulcerative colitis attending the outpatient clinic of one of three 
Dutch hospitals between March 2014 and June 2015. Clinical disease activity was 
determined using the abbreviated-PCDAI or PUCAI. Biochemical disease activity 
was assessed using fecal calprotectin and serum CRP. IBS-symptoms were assessed 
using physician-administered Rome III-questionnaires. 

RESULTS: We included 184 patients (92 female; mean age: 14.5 years) (Crohn’s 
disease: 123, ulcerative colitis: 61). The prevalence of IBS-type symptoms in 
children with inflammatory bowel disease in clinical remission was 6.4% (95%CI 
2.5−11.1%; Crohn’s disease: 4.5%; ulcerative colitis: 10.8%). Prevalence of IBS-
type symptoms in children with fecal calprotectin <250 µg/g was 16.1% (95%CI 
7.6−25.8%; Crohn’s disease: 16.7%; ulcerative colitis: 10.8%). No difference in 
fecal calprotectin or CRP was found between patients in clinical remission with 
or without IBS-type symptoms (fecal calprotectin: IBS+ median 58 µg/g, IBS- 221 
µg/g, p=0.12; CRP: IBS+ median 1.4 mg/L, IBS- 1.1 mg/L, p=0.63).

CONCLUSIONS: The prevalence of IBS-type symptoms in children with 
inflammatory bowel disease is highly dependent on the definition of remission. 
Nonetheless, the prevalence is much lower than previously reported in studies 
in adult inflammatory bowel disease patients. IBS-type symptoms appear to be 
unrelated to gastrointestinal inflammation.
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INTRODUCTION

A challenge in the care for patients with inflammatory bowel disease is to differentiate 
between gastrointestinal symptoms that result from inflammation, and functional 
gastrointestinal symptoms. It has been shown that 25–46% of adult inflammatory bowel 
disease patients in clinical remission have symptoms compatible with irritable bowel 
syndrome (IBS)1. It has been suggested that these IBS-type symptoms result from (mild) 
ongoing inflammation2. However, results to date have not been unequivocal3.

To our knowledge, only one study has evaluated the prevalence of functional gastrointestinal 
symptoms in pediatric inflammatory bowel disease. In a study of 307 children with Crohn’s 
disease in remission, the reported prevalence of functional gastrointestinal symptoms was 
6%4. However, this may be an underestimation, since a restrictive definition of clinical 
remission was used. Patients were only considered to be in remission if they fulfilled all of 
the following: remission according to the treating gastroenterologist’s global assessment; 
normal laboratory findings; the absence of clinical signs/symptoms of active disease; no 
strictures; no concurrent steroid treatment; no escalation in medical therapy or clinical 
relapse for ≥6 months; no signs of active inflammation in relevant investigations in the 
past 6 months. Considering the frequent relapsing nature of inflammatory bowel disease 
and the overlap of symptoms of inflammatory bowel disease and IBS, these criteria may 
have resulted in an overestimation of the proportion of patients with active disease. 
Furthermore, no standardized instrument was used to assess the presence of FAP and 
Rome III criteria could not be used. We hypothesize that the prevalence of IBS-type 
symptoms in children is higher than the reported prevalence of functional gastrointestinal 
symptoms of 6%. 

Primary aim of this study was to investigate the prevalence of IBS-type symptoms in 
pediatric inflammatory bowel disease patients in remission. Furthermore, we aimed to 
investigate the potential relationship of IBS-type symptoms with biochemical disease 
activity and to compare clinical characteristics of patients with and without IBS-type 
symptoms. 

MATERIALS AND METHODS

Patients

In this cross-sectional, observational study, we included all children (aged ≥4 and <18 
years) with an established diagnosis of Crohn’s disease or ulcerative colitis according to the 
revised Porto criteria5, who visited the outpatient pediatric gastroenterology clinic of one 
of two academic hospitals and one district hospital in the Netherlands (Emma Children’s 
Hospital, VU University Medical Center, Medical Spectrum Twente, respectively) between 
March 2014 and June 2015. Children with a known organic gastrointestinal comorbidity 
were excluded. Approval from the local Medical Ethics Review Committee was obtained. 
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Data collection

The following characteristics were abstracted from patients’ medical records: age, 
sex, number of months since diagnosis of inflammatory bowel disease, current use of 
inflammatory bowel disease related medication, previous inflammatory bowel disease 
related surgery, age at diagnosis, disease location and behavior, and the presence of 
(previous) growth impairment. Inflammatory bowel disease phenotype was classified 
according to Paris classification6. Clinical disease activity was determined by the treating 
physician using the abbreviated Pediatric Crohn’s Disease Activity Index (aPCDAI)7 or 
Pediatric Ulcerative Colitis Activity Index (PUCAI)8, for Crohn’s disease and ulcerative 
colitis, respectively. Clinical remission was defined as an aPCDAI or PUCAI score <10. For 
the assessment of biochemical disease activity serum C-reactive protein (CRP) and fecal 
calprotectin were determined. Biochemical remission was defined as a fecal calprotectin 
level <250 µg/g The physician-administered Rome III-questionnaire was used to determine 
the presence of functional gastrointestinal symptoms compatible with Rome III criteria for 
IBS or functional abdominal pain (FAP)9. Patients fulfilled Rome III criteria for IBS if they 
had at least once per week for ≥2 months abdominal discomfort or pain associated with 
at least 25% of the time two or more of the following: (i) improvement with defecation; (ii) 
onset associated with a change in frequency of stool; (iii) onset associated with a change 
in form of stool. Patients fulfilling IBS criteria were classified as constipation-predominant 
IBS, diarrhea-predominant IBS, mixed-type IBS or unsubtyped IBS according to their 
bowel pattern. Patients fulfilled Rome III criteria for FAP if they had at least once per week 
for ≥2 months episodic or continuous abdominal pain with insufficient criteria for other 
Rome III diagnoses.

 
Sample size

We hypothesized that the prevalence of IBS-type symptoms in children in clinical remission 
is higher than the previously reported prevalence of functional gastrointestinal symptoms 
in children of 6% (95% confidence interval [CI] 3.3−8.5%)4, but lower than the 35% (95%CI 
25.0−46.0%) that was found in a systematic review of 11 studies in adults1. Sample size 
calculation was based on the hypothesized prevalence of IBS-type symptoms in children 
of 16.75% (i.e. the mean of the respective upper and lower limit of the previously reported 
95%CIs of the prevalence of respectively functional gastrointestinal symptoms and IBS-
type symptoms in pediatric and adult inflammatory bowel disease patients [8.5 and 
25.0%]). 

We aimed to include at least 80 patients with inflammatory bowel disease in clinical 
remission in order to obtain a two-sided 95%CI within the respective upper and lower limit 
of the previously reported 95%CIs of the prevalence of IBS-type symptoms in pediatric 
and adult inflammatory bowel disease patients, thus extending <8.2% from an expected 
prevalence of 16.75%.
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Statistical analysis

Primary analysis was the proportion of patients fulfilling the Rome III criteria for IBS in 2 
populations: patients in clinical remission, and patients in biochemical remission. Secondary 
analyses included the relationship of IBS-type symptoms with biochemical disease activity 
as determined using fecal calprotectin and CRP and a comparison of clinical characteristics 
of patients with and without IBS-type symptoms. Statistical analysis was performed using 
IBM SPSS Statistics 22 for Windows. For continuous data with a normal distribution, mean 
and standard deviation (SD) were reported, and T-tests and Pearson correlations were 
used. For continuous data with a non-normal distribution, median and interquartile range 
(IQR) were reported, and Mann–Whitney U tests and Spearman’s Rank correlations were 
used. Categorical/dichotomous data were reported with 95%CIs based on bootstrapping 
with 1000 iterations, and Fisher’s exact tests were used or exact linear-by-linear association 
tests for ordinal data. Significance was set at p<0.05. 

RESULTS

Patient characteristics

A total of 184 consecutive patients (92 [50.0%] female) were included: 123 with a diagnosis 
of Crohn’s disease and 61 with a diagnosis of ulcerative colitis. The mean age of the patients 
was 14.5 years (SD 2.5). Median duration of disease was 23.1 months (IQR 8.8−40.6). The 
majority (67.9%) of patients were in clinical remission (Crohn’s disease: 71.5%; ulcerative 
colitis: 60.7%). Approximately half (45.6%) of all patients were in biochemical remission 
(Crohn’s disease: 45.2%; ulcerative colitis: 46.5%). 

 
Prevalence of IBS-type symptoms

The proportion of patients in clinical remission fulfilling the Rome III criteria for IBS was 
6.4% (95%CI 2.5−11.1%; Crohn’s disease: 4.5% [95%CI 1.1−9.2%]; ulcerative colitis: 10.8% 
[95%CI 2.3−21.0%]). All patients with IBS-type symptoms had either diarrhea-predominant 
IBS or constipation-predominant IBS, respectively 62.5% and 37.5% of patients with IBS. 
The proportion of patients in biochemical remission fulfilling the Rome III criteria for IBS 
was 16.1% (95%CI 7.6−25.8; Crohn’s disease: 16.7% [95%CI 6.5−29.3%]; ulcerative colitis: 
10.8% [95%CI 2.3−21%]). 

 
Comparison of patients with and without IBS-type symptoms

Patient characteristics of patients in clinical remission with and without IBS-type 
symptoms are compared in Table 1. Patients with IBS-type symptoms were younger 
than those without IBS-type symptoms (p<0.01). Also, more patients without IBS-type 
symptoms were using medication (95.7%) for inflammatory bowel disease compared 
those with IBS-type symptoms (62.5%; p<0.01). Furthermore, disease activity index  
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Table 1 │  Characteristics of inflammatory bowel disease patients with and without IBS-type symptoms

IBS+ (n=8) IBS- (n=117) p 

Age (mean, SD) 11.2 (4.7) 14.8 (2.4) 0.01

Males 3 (37.5%) 62 (53.0%) 0.48

Crohn’s disease 4 (50.0%) 84 (71.8%) 0.23

Months since diagnosis of inflammatory bow-
el disease (median, IQR)

21.9 (6.7−72.3) 27.2 (10.1−42.2) 0.72

Current medication for inflammatory bowel 
disease
Anti-TNF
Steroids
Thiopurine
Methotrexate
Mesalazine

5 (62.5%)
2 (25.0%)
1 (12.5%)
2 (25.0%)

0 (0%)
3 (37.5%)

112 (95.7%)
31 (26.5%)
12 (10.3%)
51 (43.6%)
9 (7.7%)

34 (29.1%)

<0.01

1.0
0.6
0.47
1.0
0.69

Previous inflammatory bowel disease related 
surgery
Perianal surgery
Resectional surgery

0 (0%)
0 (0%)
0 (0%)

14 (12.0%)
9 (7.7%)
5 (4.3%)

0.60
1.0
1.0

IBS-subtype (n, % of patients with IBS)
Diarrhea-predominant IBS
Constipation-predominant IBS
Mixed-type IBS
Unsubtyped IBS

5 (62.5%)
3 (37.5%)

0 (0%)
0 (0%)

NA NA

Crohn’s disease (Paris classification)

IBS+ IBS- p 

Age at diagnosis 
A1a: 0–<10 years
A1b: 10–<17 years
A2: 17–40 years

3 (75%)
1 (25%)
0 (0%)

20 (23.8%)
63 (75.0%)
1 (1.2%)

0.10

Locationd 
L1
L2
L3
L4a
L4b
L4ab

0 (0%)
1 (25%)
3 (75%)
1 (25%)
0 (0%)
0 (0%)

8 (9.5%)
27 (32.1%)
49 (58.3%)
33 (39.3%)
3 (3.6%)
0 (0%)

1.0c

0.69d

Behavior 
B1: non-stricturing, non-penetrating
B2: structuring
B3: penetrating
B2B3: penetrating and stricturing
p: perianal disease

4 (100%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

76 (90.5%)
4 (4.8%)
4 (4.8%)

15 (17.9%)
(0%)

1.0e

1.0f

Growth impairment 
Evidence of growth delay 1 (25%) 18 (21.4%) 1.0

aPCDAI (median, IQR) 5 (5−5) 0 (0−5) <0.01
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Ulcerative colitis (Paris classification)

IBS+ IBS- p 

Extent 
E1: proctitis
E2: left-sided disease
E3: extensive disease
E4: pancolitis

0
2 (50%)
1 (25%)
1 (25%)

7 (21.2%)
7 (21.2%)
1 (3.0%)

18 (54.5%)

0.87g

Severityb 
S1: ever severe 0 5 (15.2%) 1.0

PUCAI (median, IQR) 5 (1−5) 0 (0−0)  <0.01

a: L1: distal 1/3 ileum ± limited cecal disease; L2: colonic; L3: ileocolonic; L4a: upper disease proximal 
to ligament of Treitz; L4b: upper disease distal to ligament of Treitz and proximal to distal 1/3 ileum. 
b: Defined as ever a PUCAI ≥65 points. 
c: Fisher’s exact test for L1/L2/L3. 
d: Fisher’s exact test for L4a/L4b/L4ab. 
e: Fisher’s exact test for B1/B2/B3.  
f: Fisher’s exact test for perianal disease. 
g: Exact linear-by-linear association test.  
anti-TNF: anti-tumor necrosis factor alpha, aPCDAI: Abbreviated Pediatric Crohn’s Disease Activity 
Index, IBS: Irritable bowel syndrome, PUCAI: Pediatric Ulcerative Colitis Activity Index, NA: not appli-
cable.

scores were higher in patients with IBS-type symptoms (p<0.01). Other patient 
characteristics were similar between patients with and without IBS-type symptoms.

In patients in clinical remission, no difference was found in serum CRP levels between those 
with or without IBS-type symptoms (Figure 1a&b) (Crohn’s disease: p=0.92; ulcerative 
colitis: p=0.54). Furthermore, no difference was found in fecal calprotectin levels between 
patients in clinical remission with or without IBS-type symptoms (Figure 1c&d) (Crohn’s 
disease: p=0.10; ulcerative colitis: p=0.57). 

 
Symptoms compatible with IBS or FAP

The proportion of patients in clinical remission fulfilling the Rome III criteria for IBS or FAP 
was 9.6% (95%CI 4.9−15.1%; Crohn’s disease: 8.0% [95%CI 2.6-14.1]; ulcerative colitis: 
13.5% [95%CI 2.9−25.6%]). The proportion of patients in biochemical remission fulfilling 
the Rome III criteria for IBS or FAP was 22.6% (95%CI 12.7−33.3%; Crohn’s disease: 26.2% 
[95%CI 13.2−41.7%]; ulcerative colitis: 13.5% [95%CI 2.9−25.6%]). No differences in 
biochemical markers of disease activity were found between patients in clinical remission 
with and without IBS or FAP (Supplementary figure 1). 
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DISCUSSION

In this study, we found a prevalence of IBS-type symptoms in children with inflammatory 
bowel disease in clinical remission of 6.4%. The prevalence of IBS- or FAP-type symptoms 
in these children was 9.6%. In children in biochemical remission the prevalence of IBS-
type symptoms was 16.1% and the prevalence of IBS- or FAP-type symptoms was 22.6%. 
Patients with inflammatory bowel disease in clinical remission with IBS-type symptoms 

were younger and were less frequently using inflammatory bowel disease related 
medication, compared to inflammatory bowel disease patients without IBS-type 
symptoms. No further differences were found between patients with and without IBS-type 
symptoms with respect to demographics or patient characteristics. IBS-type symptoms in 
patients with inflammatory bowel disease in clinical remission appeared to be unrelated 

Figure 1 │  The relationship between IBS-type symptoms and serum CRP in patients with Crohn’s disease 
(a) or ulcerative colitis (b) in clinical remission. The relationship between IBS--type symptoms and fecal 
calprotectin in patients with Crohn’s disease (c) or ulcerative colitis (d) in clinical remission. Data are 
presented as medians, IQR and 5th – 95th percentiles. P-values reflect Mann-Whitney U tests. CRP: 
C-reactive protein, FAP: Functional abdominal pain, IBS: Irritable bowel syndrome
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to gastrointestinal inflammation, since no association was found with levels of CRP or fecal 
calprotectin.

The prevalence of IBS-type symptoms in children with inflammatory bowel disease in 
clinical remission appears to be similar to the prevalence of IBS in the general pediatric 
population10. This is in line with previous findings by Zimmerman et al., who reported a 
prevalence of functional gastrointestinal symptoms of 6% of children with Crohn’s disease 
in remission4. In contrast, it is much lower than the prevalence of IBS-type symptoms in adult 
inflammatory bowel disease patients. In a systematic review of 11 studies including 1,197 
inflammatory bowel disease patients in remission, the prevalence of IBS-type symptoms 
was 25–46%1. The striking difference between pediatric and adult inflammatory bowel 
disease patients may be related to the relatively short duration of disease in children. It 
has been suggested that a long disease duration may result in more structural changes in 
the colon, thereby predisposing to the development of IBS-type symptoms11. Indeed, in a 
study by Simren et al., duration of the disease tended to be longer in inflammatory bowel 
disease patients with IBS-type symptoms12. Other studies, as well as our study, however, 
did not find such an association13. 

Abdominal pain is a major component of both aPCDAI and PUCAI scores. Consequently, 
children who report severe abdominal pain are classified as not in clinical remission, based 
on a cutoff of <10 points. Thus, use of these clinical indices could lead to an overestimation 
of disease activity in inflammatory bowel disease patients with IBS-type symptoms4. This 
could at least partly explain the poor correlation of clinical indices with endoscopic activity, 
which was found in a study of children with Crohn’s disease14. Similarly, use of clinical 
indices could lead to an underestimation of the ‘true prevalence’ of IBS-type symptoms 
in children with inflammatory bowel disease. One could argue that the true prevalence 
of IBS-type symptoms should preferably be studied in patients with no evidence of 
inflammation as determined by endoscopy or surrogate markers of endoscopic lesions. 
Indeed, we found an approximately two-fold higher prevalence of IBS-type symptoms 
in patients in biochemical remission as determined by levels of fecal calprotectin below 
250 µg/g, compared to patients in clinical remission. Of note, although a high diagnostic 
accuracy of fecal calprotectin has been demonstrated, the optimal threshold to define 
biochemical remission remains to be established15. In present study, we chose to use the 
previously proposed threshold for biochemical remission of 250 µg/g, which has shown 
to be predictive of endoscopic disease activity15,16. However, it could even be argued that 
attaining low levels of fecal calprotectin is a goal in itself beyond predicting endoscopic 
disease activity, since it has been shown that elevated levels of fecal calprotectin are 
predictive of relapse, even in the absence of macroscopic inflammation at endoscopy17.

It has been suggested that persisting gastrointestinal symptoms in inflammatory bowel 
disease in remission may reflect ongoing (low-grade) inflammation. This hypothesis is 
supported by studies investigating the relationship between IBS-type symptoms and fecal 
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levels of calprotectin, a major constituent of neutrophils. Fecal calprotectin levels correlate 
with endoscopic and histologic inflammatory activity15. In a study of 106 Crohn’s disease 
or ulcerative colitis patients in remission, higher levels of fecal calprotectin were found 
in both Crohn’s disease and ulcerative colitis patients fulfilling Rome II criteria for IBS2. 
Furthermore, in a study of 28 Crohn’s disease and 61 ulcerative colitis patients, there 
was a tendency for elevated fecal calprotectin levels in IBS-positive patients, although 
differences were only significant in Crohn’s disease patients18. However, other studies have 
failed to replicate this association11,19,20. To our knowledge, we are the first to investigate 
the relationship between fecal calprotectin and the presence of IBS-type symptoms in 
children with inflammatory bowel disease. No difference was found in levels of fecal 
calprotectin between children with inflammatory bowel disease in clinical remission with 
or without IBS-type symptoms. Thus, persistent symptoms in children with inflammatory 
bowel disease in remission appear to be unrelated to ongoing inflammation. However, 
inflammatory bowel disease patients with IBS-type symptoms were less frequently using 
inflammatory bowel disease related medication, compared to those without IBS-type 
symptoms. This could indicate that anti-inflammatory treatment may prevent or reduce 
IBS-type symptoms. Another potential explanation may be the placebo effect. IBS is 
known to have a high placebo response rate21. Since IBS-type symptoms appear to reflect 
“true” IBS, a similarly high placebo response may be anticipated. 

In our cohort, a proportion of children in clinical remission according to aPCDAI or PUCAI 
had elevated levels of CRP and/or fecal calprotectin. In those with persisting (mild) 
abdominal pain, additional investigation are likely to be performed. However, completely 
asymptomatic patients with elevated biochemical markers of disease activity pose a 
challenge for the treating physician, as there is no clear guidance on how these patients 
should be managed. Current guidelines suggest monitoring of biomarkers to determine 
resolution or recurrence of intestinal inflammation, but the cutoff value that should 
trigger changes in management is still elusive22. Elevated fecal calprotectin levels have 
been shown to be associated with persistent endoscopic inflammation and an increased 
risk of relapse in adults with inflammatory bowel disease in remission23,24. Furthermore, 
asymptomatic Crohn’s disease patients with an elevated CRP are at increased risk for 
hospitalization compared to patients without CRP elevation25. Therefore, we suggest 
that asymptomatic children with elevated biomarkers should be monitored closely, and 
that repeatedly elevated biomarkers should prompt consideration of further imaging or 
endoscopy and/or optimization of inflammatory bowel disease treatment. 

Strength of this study is that we included a cohort of children with inflammatory 
bowel disease, without applying strict exclusion criteria, thereby minimizing selection 
bias. Furthermore, we think our cohort (consisting of patients treated by pediatric 
gastroenterologists in two academic hospitals and one district hospital) is representative for 
the Dutch population of children with inflammatory bowel disease, since Dutch guidelines 
recommend that all children with inflammatory bowel disease should be treated by a 
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pediatric gastroenterologist26. Furthermore, since not all persisting abdominal complaints 
in inflammatory bowel disease in remission may fulfill Rome III criteria for IBS, we also 
investigated the presence of symptoms compatible with FAP9. Also, since remission can 
be defined in various ways, we assessed the presence of IBS-type symptoms in clinical as 
well as biochemical remission, using validated clinical indices and an established cut-off 
value for fecal calprotectin. A weakness is that we did not assess disease activity using 
endoscopy, which can be considered the gold standard for assessing disease activity in 
inflammatory bowel disease27. In our practice, endoscopy is not routinely performed to 
monitor disease activity during follow-up of children with inflammatory bowel disease. 
Another limitation is that we did not systematically exclude the presence of other organic 
causes of abdominal pain in children with IBS-type symptoms, potentially leading to an 
overestimation of the prevalence of IBS-type symptoms. In our opinion, the impact of this 
is likely to be small, since all children in present study routinely undergo extensive clinical 
and laboratory assessment. Furthermore, most cases of pediatric abdominal pain have no 
organic etiology28. 

In conclusion, the prevalence of IBS-type symptoms in children with inflammatory bowel 
disease is highly dependent on the definition of remission. Nonetheless, the prevalence of 
IBS-type symptoms among children with inflammatory bowel disease in clinical remission 
is much lower than in adult inflammatory bowel disease patients and similar to the general 
pediatric population. These symptoms appear to be unrelated to ongoing inflammation.
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Supplementary figure 1 │  The relationship between IBS- or FAP-type symptoms and serum CRP in 
patients with Crohn’s disease (a) or ulcerative colitis (b) in clinical remission. The relationship between 
IBS- or FAP-type symptoms and fecal calprotectin in patients with Crohn’s disease (c) or ulcerative colitis 
(d) in clinical remission. Data are presented as medians, IQR and 5th – 95th percentiles. P-values reflect 
Mann-Whitney U tests. CRP: C-reactive protein, FAP: Functional abdominal pain, IBS: Irritable bowel 
syndrome


