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Inflammatory bowel disease (IBD) is a range of chronic immune-mediated conditions of the 
gastro-intestinal tract. Classically, IBD is divided into Crohn’s disease (CD) and ulcerative 
colitis (UC), and for intermediate diseases into IBD-unclassified. 

Inflammatory bowel disease is mostly diagnosed in young adults, with peak incidence of 
CD diagnosis between 20 and 30 years, and 5–10 years later for UC, between 30 and 40 
years of age1–3. Approximately 25% of IBD patients have an onset of symptoms before the 
age of 18 years4,5. Pediatric-onset IBD is described to be more severe, with more extensive 
disease, higher disease activity, and a more complicated course than adult-onset IBD6–8. 
IBD can initially present with a heterogeneous combination of symptoms, than may include 
abdominal pain, diarrhea, rectal bleeding, weight loss, oral ulcers, fever, pallor, and overall 
malaise9. In some rare cases, patients present with symptoms of small bowel obstruction, 
ileus or appendicitis9. Patients can also present with extra-intestinal symptoms, involving 
dermatologic, musculoskeletal, hepatic, ophthalmologic, renal, pancreatic, or hematologic 
systems (Table 1)9,10. One of the main differences between pediatric-onset and adult-onset 
IBD is the potential impact of the disease on growth and development in children, which 
is more common in children with CD compared to pediatric UC11. 

Crohn’s disease may involve any portion of the gastrointestinal (GI) tract, typically 
with a patchy distribution of serpiginous and aphthous ulcers, known as skip lesions12. 
Pathognomonic for CD are non-caseating epithelioid granulomas, although the presence 
of granulomas is not essential for a diagnosis of CD. Children with IBD commonly have 
involvement of the terminal ileum and the colon, and approximately one-third have upper 
tract involvement13–15. The inflammation in CD is typically transmural, which can cause 
serious complications, which can lead to structuring and penetration of the gut, including 
intra-abdominal or perianal fistulae and subsequent abscess formation. Perianal disease, 
defined as the presence of fistula, abscesses, anal skin tags, and fissures around the anus, is 
typically associated with CD12. Although the natural history of CD shows that most children 
progress from an inflammatory to a stricturing phenotype over their lifetime, a small 
portion already present with stricturing disease at diagnosis. Ulcerative colitis typically 
presents with continuous mucosal inflammation of the colon starting from the rectum and 
extending proximally12. Unlike CD, UC doesn’t exhibit small bowel involvement besides 
the probability of backwash ileitis (i.e. inflammation of the terminal ileum in the presence 
of pancolitis with no ileocecal valve changes)12. Moreover, UC does not have granulomas 
on histopathology and gut inflammation is much more superficial, mainly limited to the 
mucosa12. 

Lastly, IBD-unclassified typifies those patients with colonic inflammation that have features 
which are not specific for CD or UC. Inflammatory bowel diseases, however, have a wide 
range of clinical phenotypes with varied responses to therapy, suggesting a multifactorial 
pathophysiology. Features that distinguish CD and UC can be found in Figure 1. 
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Figure 1 │ Features that distinguish CD and UC, on endoscopy, histology and radiology

Endoscopy images are adopted from Bousvaros, Athos, et al. “Differentiating ulcerative colitis from Crohn disease in 
children and young adults: report of a working group of the North American Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition and the Crohn’s and Colitis Foundation of America.” Journal of pediatric gastroenterology 
and nutrition (2007) 44.5: 653-674.  Radiology images are obtained from radiologyassistent.nl
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Table 1 │  Extra-intestinal manifestations of inflammatory bowel disease

Dermatologic Pyoderma gangrenosum 
Erythema nodosum 
Sweet syndrome  (acute febrile neu-
trophilic dermatosis) 
Anti-TNF-α induced skin inflammation 
Alopecia 
Bowel-associated dermatosis-arthritis 
syndrome

Hepatic 
pancreas 
bilary

Primary sclerosing 
cholangitis 
Autoimmune hepatitis 
Pancreatitis 
Cholelithiasis

Rheumatologic Arthritis 
Sacroiliitis 
Ankylosing spondylitis

Musculoske-
letal

Osteoporosis

Ophthalmo-
logic

Episcleritis 
Iritis 
Uveitis

Hematologic Anemia - iron deficiency 
or chronic disease 
Venous thrombosis

Hepatic/pan-
creas

Primary sclerosing cholangitis 
Autoimmune hepatitis 
Pancreatitis 
Cholelithiasis

Urologic Nephrolithiasis

Adopted from The First European Evidence-based Consensus on Extra-intestinal Manifestations in 
Inflammatory Bowel Disease10

EPIDEMIOLOGY

The incidence of pediatric-onset IBD is increasing worldwide16. In Canada for instance, 
the incidence average between 1999 and 2010 was 9.68 (95%CI 9.11–10.25) per 100,000 
children, with an increase in prevalence of 4.56% (95%CI 3.71–5.42) per year17. Moreover, 
a systematic review showed that epidemiologic studies regarding pediatric-onset IBD 
more often report an increase of the incidence in CD (60%) vs UC (20%)18. 

The majority of pediatric-onset IBD diagnoses are made in children 10 years of age and 
older18. However, there is a rapid increase of the incidence of very-early-onset IBD (VEO-
IBD), which is diagnosed in children until (approximately) 5 years of age18,19. This group of 
children diagnosed with VEO-IBD have a high likelihood of a monogenetic mutation (up 
to 31%)19, especially when children are refractory to conventional therapy20. 

PATHOFYSIOLOGY

IBD is an immune mediated disease. Although the exact pathophysiology is not fully 
understood, it has become more clear in recent years. A combination of genetic, 
environmental, microbial, and metabolomic influences can result in a dysregulated 
intestinal immune response, leading to chronic relapsing intestinal inflammation and 
epithelial injury, which characterizes IBD. 
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Genetics

Genome-wide association studies have identified more than 200 genetic loci to 
be associated with IBD21,22. These genes code for proteins involved in innate and 
adaptive immunity, autophagy, mucosal barrier integrity and play a key role in immune 
homeostasis21,22. In 19-41% of cases pediatric-onset IBD is familial, compared with only 
5-10% in adult-onset disease22. When diagnosis is made before the age of 11, a positive 
family history is present even more often23. In addition to genetic factors, epigenetic factors, 
such as DNA-methylation may play may a role in disease development. In treatment-naive 
children with IBD, different patterns of DNA methylation have been observed24. 

 
Environmental factors

Despite the stable genetic make-up in humans, the incidence of IBD and especially 
pediatric-onset IBD is rising worldwide16. This is particularly observed in developing 
countries with industrialization and urbanization such as China and India, which may be 
explained by the influence of a changing environment25,26. Environmental factors that 
may contribute to the development of IBD can be exposed throughout life. These factors 
include mode of childbirth and early-life exposures, such as breastfeeding and antibiotic 
exposure in infancy, to exposures later on, such as major life stressors, diet and lifestyle26. 
Low intake of dietary fibers (particularly fruits and vegetables) and vitamin D, and high 
intake of saturated fats have all been associated with incident IBD as well26. Moreover, 
smoking is associated with increased risk of CD, while smoking cessation, on the other 
hand, is associated with an increased risk of ulcerative colitis27–29. 

 
Microbiome and metabolome

The gut microbiome of healthy individual contains more van 1000 different species30–32. 
These species can be dived in two major phyla, the Firmicutes and Bacteroidetes, while 
the remainder species belong to the Actinobacteria and Proteobacteria30–32. The gut 
microbiome of children and adults with IBD differs from random healthy individuals, and 
even from their monozygotic healthy twins33–35. It is characterized by a loss of diversity 
and stability33,34, with a decrease in Bacteroidetes and Firmicutes, and an increase in 
Proteobacteria and Actinobacteria30. The dominant species of the gut microbiome 
in IBD are less stable over time36,37. In addition, these differences in microbial diversity 
are greater in CD compared to UC. It is Remarkable that bacterial genera that promote 
immunological homeostasis by downregulating inflammatory cytokines and upregulating 
anti-inflammatory cytokines (i.e. Bifidobacterium, Faecalibacterium, and Lactobacillus) are 
less prevalent in IBD38–40. 

In addition to changes in the gut microbiome, patients with IBD also exhibit a divergent 
metabolome, potentially as a result of these microbial changes. Children with IBD 
exhibit profound differences in the gut metabolome41,42. These changes include a lower 
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concentration of short chain fatty acids41,42, a higher concentration of amino acids42, and a 
dysregulation of bile acids composition, including higher conjugated and lower secondary 
bile acid concentration43.

Whether these changes in the gut microbiome and metabolome are a cause of a 
consequence of the IBD is still debated, but the observed dysbiosis and inflammation are 
likely mutually reinforcing. In chapter 7, we compared the microbiome of children with 
CD with healthy children. More importantly, we studied the microbiome and metabolome 
of these pediatric CD patients throughout a remission induction treatment with exclusive 
enteral nutrition (EEN), attempting to unravel the relationship between gut microbial and 
metabolic changes, and the course of Crohn’s disease. 

 
Intestinal immune response 

The dysregulated intestinal immune response seen in patients with IBD is characterized 
by increased production of pro-inflammatory cytokines. Cytokines, small peptide proteins 
produced by immune cells, are key signals that are known to play a role in the intestinal 
inflammation by stimulating antigen specific effector cell proliferation and by mediating 
local and systemic inflammation. Several cytokines such as tumor necrosis factor (TNF)-α, 
interleukin (IL)-6, IL12 and IL23 are secreted by activated dendritic cells and macrophages, 
leading to activation of the adaptive immune system44. Although CD and UC are both 
subtypes of IBD, the adaptive immune response differs between these subtypes. The 
adaptive immune response in CD is primarily a Th1-type, resulting in elevated expression 
of IL12, TNFα and interferon gamma, which are pro-inflammatory cytokines that increase 
macrophage and natural killer cell activation, antigen presenting cell function, and lead 
to the production of other pro-inflammatory mediators44. Conversely, UC is characterized 
by a Th2 atypical immune response, with elevated levels of IL4, IL5, IL6, IL13 and TNFα44. 
In addition, the role of Th17 mediated response in pathophysiology of both CD and UC 
has recently been implicated. Th17 cells mainly produce IL17, which in its turn leads to 
production of the pro-inflammatory cytokines TNFα, IL6, IL1β, suggesting a role in the 
amplification of inflammation by Th17 cells44,45. Moreover, it is hypothesized that there is 
an impaired function of the anti-inflammatory Tregulatory cells in IBD44.

DIAGNOSIS

Accurate diagnosis of inflammatory bowel disease (IBD) in children should be based on 
a combination of history, physical and laboratory examination, esophagogastroduodeno- 
and ileocolonoscopy with histology, and imaging of the small bowel46. In this thesis we 
have not focused on diagnostic methods. A brief description of the diagnostic work-up, 
based on the Porto criteria, is given below (Figure 2)46. 

 



14

History and physical examination 

History and physical examination are the first step in evaluating children with symptoms 
suggestive for IBD, which may be extremely diverse47–49. Bloody diarrhea is the most 
common initial symptom in UC, while CD patients may present with abdominal pain,  
unexplained anemia, fever, diarrhea, weight loss, or growth retardation. Only 25% of 
patients with CD present with the classic “triad” of abdominal pain, diarrhea, and weight 
loss50.

 
Laboratory examination

Enteric infections should be excluded as cause of IBD-like symptoms, including Salmonella, 
Shigella, Yersinia, Campylobacter, and Clostridium difficile46. Initial blood tests should 
include complete blood count, at least two inflammatory markers, albumin, transaminases 
and γGT46. However, normal blood tests do not exclude IBD46. 

Fecal markers (FMs) of inflammation (eg, calprotectin or lactoferrin) are extremely 
sensitive in the detection of mucosal inflammation, but are not specific for IBD46. mucosal 
inflammation, but are not specific for IBD46. Fecal calprotectin (FC) is a more sensitive 
tool for diagnosis in new-onset IBD patients than serum inflammatory markers such as 
C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR). A normal FC value 
makes active disease in the small or large bowel very likely46. Although results are often 
negative, screening for serological markers of IBD (eg, ASCA, pANCA) may increase 
the likelihood for IBD in atypical cases if results are positive and may help at times to 
differentiate CD from UC in cases of IBD-U46. Additional testing may be required when 
extra intestinal manifestations such as pancreatitis, uveitis, arthritis or sclerosing cholangitis 
are present or suspected46.

 
Esophagogastroduodenoscopy and ileocolonoscopy

Endoscopy should be performed by a pediatric gastroenterologist after an age-appropriate 
preparation, under general anesthesia or deep sedation in a setting suited for children, 
and by personnel with training and expertise in pediatric IBD46. Multiple biopsies (2 or 
more per section) should be obtained from all sections of the visualized gastrointestinal 
tract, even in the absence of macroscopic lesions46. The diagnostic yield of an upper 
esophagogastroduodenoscopy with multiple biopsies to diagnose CD in patients with 
an otherwise normal workup (ileocolonoscopy and small bowel imaging) is approximately 
7.5%46. 
 
Imaging of the small bowel

Magnetic resonance enterography (MRE) is currently the imaging modality of choice in 
pediatric IBD at diagnosis46. It may detect small intestinal involvement, inflammatory 
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changes in the intestinal wall and identify disease complications (fistula, abscess, stenosis)46. 
MRE is preferred over CT and fluoroscopy because of high diagnostic accuracy and the 
lack of radiation involved46. Ultrasonography is a valuable screening tool in the preliminary 
diagnostic workup of pediatric patients with suspected IBD, but should be complemented 
by more sensitive imaging of the small bowel46.
 
Special Circumstances

An evaluation for primary immune deficiency should be performed in all cases of infantile 
IBD (diagnosed <2 years of age)46. An evaluation for allergic colitis should be considered 
in infantile IBD. Children with symptoms of possible IBD developing after solid organ 
transplantation should be investigated for ‘de novo IBD’46.

THERAPY

The therapy of pediatric IBD has quickly evolved in the past decades51. The type of therapy 
should, amongst other things, depend on disease phenotype, location and severity, and 
must be chosen in the context of two different treatment purposes: induction of remission 
and maintenance of remission51. The main goals of treatment are to minimalize symptoms 

Figure 2 │  Evaluation of child/adolescent with intestinal or extra intestinal symptoms suggestive of IBD. 
IBD-U may be entertained as a tentative diagnosis after endoscopy, and can be used as a final diagnosis 
after imaging and a full endoscopic workup. UC is divided into typical UC and atypical UC. 

Obtained from Levine, A. et al. ESPGHAN revised Porto criteria for the diagnosis of inflammatory bowel disease in 
children and adolescents. Journal of pediatric gastroenterology and nutrition (2014). 58.6: 795-806
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and inflammation (e.g. mucosal healing)52, improve quality of life, and restoration of 
growth and pubertal development53.

The treatment approach of pediatric IBD can be described as ‘step up’ (a more conventional 
way of treatment), or “top down”. The step-up approach start with drugs such as 
aminosalicylates, prednisolone, or enteral therapy and escalates to immunomodulators, 
biologicals, or surgical intervention if the disease worsens. The top-down approach starts 
with biologicals, hoping that therapy can be downgraded to “less aggressive” drugs51. 
In general, in case of worsening disease, drugs may be added rather than substituted, 
changing from mono- to combination therapy54.

 
Medical therapy

Exclusive enteral nutrition

Exclusive enteral nutrition (EEN) is the use of a complete liquid diet for 6 to 8 weeks, with 
the exclusion of normal diet to induce remission in children with active CD, and is ineffective 
in UC55,56. The composition of EEN, ranging from elemental to polymeric, has no effect on 
the efficacy56, making the polymeric formulas the treatment of choice because it is better 
tolerated orally. Exclusive enteral nutrition has similar efficacy to corticosteroids in clinical 
remission induction in pediatric CD55,56. However, EEN is superior to corticosteroids in 
inducing mucosal healing57. Partial administration of enteral nutrition, has been shown to 
be insufficient in inducing remission in pediatric CD58, but can aid in improving nutritional 
status and maintaining remission when used simultaneously with maintenance drugs53. 
There are many hypothesis on the mechanism by which EEN works, including some 
evidences pointing towards modulation of the intestinal microbiome59. In chapter 7, we 
describe gut microbial and metabolic changes during the course of EEN to evaluate if 
these microbial and metabolic changes are involved in the mechanisms of EEN action.

In addition to the use of EEN, a number of other dietary therapies are under investigation 
as potential (adjuvant) maintenance therapies for IBD, including the anti-inflammatory 
diet, the low FODMAP diet, and the specific carbohydrate diet60. To date, however, large 
well-designed randomized controlled trials that proof efficacy of any of these nutritional 
therapies are lacking. 

 
Corticosteroids

Systemic corticosteroids should be used only for induction of remission61,62. When steroids 
are needed for a longer period, a step-up in therapy should be considered. Prednisone 
is the recommended corticosteroid, and should be tapered gradually on account of the 
risk of adrenal insufficiency61,62. Budesonide, a steroid that is quickly metabolized by the 
liver thereby reducing corticosteroid-related side effects, can be used during a mild to 
moderate flare of IBD61–63. 
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Antibiotics

In children with CD with perianal fistulizing disease, antibiotics such as metronidazole and 
ciprofloxacin can be used to induce remission61,62. Especially when immunosupressants 
have to be postponed because of concomitant infection61,62. In addition, rifaximin is also 
beneficial in inducing remission in luminal disease particularly in patients with colonic 
disease64.

 
5-aminosalicylates

5-aminosalicylates (5-ASA) can be given orally (with different release mechanisms) or 
rectally, depending on the preferred site of action. 5-ASA is effective to induce remission in 
mild to moderate UC, but is of little effect in inducing remission in children with severe UC 
or in CD61,62,65–67. As a maintenance therapy, oral 5-ASA is effective in children with UC67,68, 
but not in CD66,69. Rectal 5-ASA administration can treat distal disease and proctitis62. In 
case of long-term use, renal activity should be checked yearly for interstitial nephritis, a 
rare but serious side effect66,67.

 
Immunomodulators

Immunomodulators, such as thiopurines and methotrexate, are used as maintenance 
therapy and/or as combination therapy with anti-Tumor Necrosis Factor Alpha (anti-
TNFα)’s in children with IBD61,62,70. Immunomodulators are slow-acting drugs, with optimal 
efficacy between 2 and 3 months61,62. 

Thiopurines (6-mercaptopurine and azathioprine) are effective as maintenance therapy for 
pediatric IBD71. Although thiopurines are widely used, complications can be severe and 
include myelosuppression and hepatotoxicity. Thiopurines therefore warrant monitoring 
(i.e. complete blood count and liver profile), frequently during initiation and doses 
increase and at least every three months on stable dosing61,62. A decreased activity of 
thiopurine S-methyltransferase should be considered and evaluated in case of severe 
bone marrow suppression61,62,72,73. Moreover, thiopurine exposure is associated with and 
the development of malignancy, especially hemophagocytic lymphohistiocytosis74.

Methotrexate can also be used as maintenance therapy in children with CD, especially 
in those that did not tolerate thiopurines75. Efficacy in children with UC has not been 
established in RCT’s76. Generally, methotrexate is well tolerated, although it is potentially 
hepatotoxic. Liver enzymes should be monitored61,62. Moreover, methotrexate is 
contraindicated during pregnancy. 

 
Biologicals

Over the last decade, biologics have gained an important place in treating moderate to 
severe pediatric inflammatory bowel disease.
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Anti-Tumor Necrosis Factor Alpha inhibitors include infliximab (25% murine, 75% human 
monoclonal antibody) which is given intravenously and adalimumab (100% human 
recombinant monoclonal antibody), which is given subcutaneously. Infliximab and 
adalimumab are indicated in remission induction and maintenance treatment in those that 
have not responded to conventional treatment (i.e. 5-ASA, thiopurines, corticosteroids, or 
nutritional therapy) or in patients in which a step-up approach is likely to be unsuccessful 
(i.e. severe disease)61,62. Moreover, it is the therapy of choice in children with perianal 
disease, extra-intestinal manifestations, and growth failure61,62,77. Failure of anti-TNFα can 
be related to low trough drug concentrations, which can be a result of low dosing and/
or accelerated clearance due to antibody formation70. Standard dosing and frequency 
schemes of anti-TNFα are available, but should be adjusted on the basis of disease 
course (clinical and objective markers of inflammation), drug concentration, and the 
formation of antibodies61,62. A higher trough level during the remission induction phase 
have shown to be predictive for a sustained response78. Combining of anti-TNFα with an 
immunomodulator is effective in reducing antibody formation and prolonging efficacy on 
the long term70.

Vedolizumab is a recently developed biologic, which is approved for adult patients with 
IBD in 2014. Vedoluzimab blocks the α4β7 integrin receptor molecule present on the 
surface of lymphocytes, which inhibits migration of intestinal T-lymphocytes into to gut 
wall79,80. Current data from RCT’s in adults and cohort studies in children suggests that 
vedoluzimab is an option in children with severe IBD patients (both CD and UC)79,80. 
Randomized clinical trials in pediatric IBD are currently running.

 
Surgical therapy

A surgical intervention is indicated in patients with perianal CD, intestinal stricture or 
obstruction, abdominal abscess or fistula, intestinal hemorrhage, neoplastic changes 
and medical therapy refractory disease. In this thesis we focused on segmental (i.e. 
ileocecal) resections in Crohn’s disease and restorative proctocolectomy with ileal 
pouch–anal anastomosis for patients with UC or IBD-unclassified. 

 

Segmental bowel resection

In children with CD, a surgical resection of a gut segment can be an option to induce 
remission when conventional medical therapy fails. Moreover, growth retardation as 
a complication of therapy resistant inflammation may also be an indication for surgical 
resection in pediatric patients with CD81. Approximately a quarter of pediatric-onset CD 
patients undergo surgical resection within 5 years from diagnosis82, of which an ileocecal 
resection is the most frequently performed procedure (53.2%)83. Unfortunately, a surgical 
resection is not without risk of severe complications, and above all is not curative for 
CD. Studies in adults with CD demonstrated that up to 9% of patients experienced 
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intra-abdominal septic complications (IASC)84. Furthermore, recurrence of CD symptoms 
in these adult patients is high85. Current data on the outcome of ileocecal resection in 
children with CD are limited. In chapter 8, complication and disease recurrence rates, and 
predictors for these adverse postoperative outcomes were investigated in children with 
CD after an ileocecal resection. Moreover, we assessed catch-up growth and weight gain 
in these children.

In addition to more objective outcomes after ileocecal resection in children with 
CD, such as complications and disease recurrence, psychosocial and functional 
outcomes are important to assess after intestinal resection, as many children and 
adolescents with CD experience disruption of their daily activities8–10. In studies on 
adults, an ileocecal resection is associated with significant short-term improvements of 
HRQOL15,16, although endurance of improvement on the long run is at discussion15,16. 
Besides, it is uncertain if ileocecal resection does impair colorectal function.  
In chapter 9, HRQOL and colorectal function were evaluated after ileocecal resection. 
Moreover, the relation between colorectal function and surgical characteristics or adverse 
outcomes were assessed. 

 
Restorative proctocolectomy with ileal pouch–anal anastomosis (IPAA)

In children with UC or IBD-unclassified without evidence of anorectal or ileal disease, 
refractory to therapy, a resection of the colon and rectum (i.e. proctocolectomy) with 
construction of an ileal pouch–anal anastomosis (IPAA) is the surgical treatment of 
choice86,87. This procedure has the potential to restore function after resection of the 
rectum. Colectomy is inevitable and potentially life-saving in patients with IBD who have 
refractory acute severe colitis. However, in children with chronic ongoing disease is still 
a topic of discussion whether this should be performed during childhood or delayed to 
adulthood88. In the decision to operate the risk of complications of ongoing disease should 
be balanced against the surgical risk and functional implications associated with pouch89. 
In chapter 10, adverse events and pouch function were compared between children and 
adult patients who underwent IPAA surgery.

MONITORING

Traditionally, the main aim of treatment of IBD in children was to relieve symptoms, 
improve quality of life, and optimize growth, while minimizing drug toxicity. Therefore, 
treatment was mainly guided by symptoms such as abdominal pain, bowel habits and 
general well-being. Symptomatic treatment alone, however, may not improve long-term 
outcome or slow disease progression90, possibly because symptoms may not accurately 
reflect the underlying inflammatory process91. Therefore, mucosal healing (often defined 
as the complete resolution of macroscopic inflammation on endoscopy) is increasingly 
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advocated as a therapeutic target in IBD90. Indeed, mucosal healing is a predictor of 
long-term outcome of both CD and UC92,93. However, due to its invasiveness and costs, 
endoscopy is not ideal for frequent monitoring of disease activity in children with IBD. 
Therefore, in current practice, biomarkers such as fecal calprotectin (FC) and serum 
C-reactive protein (CRP) are frequently used as surrogate markers of endoscopic IBD 
activity. In addition, imaging modalities such as ultrasound and MRI are also suitable 
for measuring the underlying inflammatory process beyond the mucosa, and currently 
image-based activity scores are investigated94. In this thesis, we focused on measuring 
disease activity with clinical indices (i.e. measuring symptoms) in relation with biomarkers 
of inflammation. Moreover, we focused on factors influencing psycho-social health in 
children with IBD and looked into the specific diet of these children. 

 
Clinical disease activity indices

The Pediatric Crohn’s Disease Activity Index (PCDAI) is an accepted disease activity 
measure in pediatric CD95. It however lacks feasibility due to inclusion of laboratory 
results (ie, albumin, erythrocyte sedimentation rate and hematocrit) and height velocity96. 
To address poor feasibility, two shorter versions of the index have been published, only 
including clinical items. Namely, the abbreviated PCDAI (aPCDAI) and short PCDAI 
(shPCDAI), with only clinical items97–99. In addition, Pediatric Ulcerative Colitis Activity Index 
(PUCAI) is a validated, all clinical, disease activity measure for pediatric UC100. All these 
clinical indices are developed to be filled in by physicians. Patient reported outcomes, 
however, are increasingly recognized by regulating authorities as an important outcome 
in the evaluation of drug efficacy. In that frame work, patient-based versions of the PUCAI 
and short versions of the PCDAI are used as outcome measures in clinical trials in pediatric 
IBD101,102 and in clinical monitoring programs103. Nonetheless, it is unclear whether children 
and adolescents with IBD complete these indices in accordance with their physician. In 
chapter 1, we investigated the agreement between patient- and physician-based clinical 
indices, and looked into factors associated with discrepancy.

 
Biochemical markers of disease activity and the relation with symptoms

Fecal calprotectin is a good marker for mucosal healing, as it has a strong correlation 
with endoscopic disease activity104–108. Although less accurate, CRP is also correlated with 
endoscopic disease activity108. A complicating expect in the management of pediatric IBD, 
is discrepancy between symptoms and biomarkers of inflammation. Data from adults with 
IBD indicate a strong discrepancy between symptoms and FC and/or CRP107,109. Data in 
children with IBD under guidance, however, are conflicting. In chapter 2, we investigated 
the relationship of clinical symptoms with biochemical markers of inflammation in children 
with IBD under medical guidance.
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Complementary to the relationship between symptoms and biochemical markers of 
inflammation, and important in the management of children with IBD, is to identify 
the cause of symptoms. It has been shown that 25–46% of adults with IBD in clinical 
remission have symptoms compatible with irritable bowel syndrome (IBS)110. It is therefore 
a challenge in the care for patients with IBD to differentiate between gastrointestinal 
symptoms that result from inflammation, and functional gastrointestinal symptoms. The 
portion of children with IBS-type symptoms, and whether these symptoms result from 
(mild) ongoing inflammation, is unknown. In chapter 3, we investigated the prevalence of 
IBS-type symptoms in pediatric IBD patients in remission. Furthermore, we investigated 
the potential relationship of IBS-type symptoms with biochemical disease activity. 

The assumed discrepancy between symptoms and biomarkers of inflammation, may result 
from biomarkers already increasing before symptoms manifest. These biomarkers may 
therefore be predictive of symptomatic relapse111. Studies in adults have indeed shown 
that FC is predictive of relapse in IBD in clinical remission112,113. In addition, CRP may also 
be predictive of the risk of relapse, although less accurate111,114,115. In pediatric IBD, the 
predictive value of FC and CRP for relapse is not well known. This is unfortunate, since 
these biomarkers could guide treatment and increase the likelihood of attaining sustained 
remission. In chapter 4, we investigated the predictive value of the biomarkers FC and 
CRP for the risk of relapse in children with IBD in clinical remission. 

 
Psychosocial

Like many other chronic diseases, IBD has a substantial effect on mental health and health-
related quality of life (HRQOL)116,117. Depressive disorders are even more prevalent in 
young people with IBD compared to children with other chronic conditions (OR 5.80)117. 
Routine assessment of the child’s mental well-being during outpatient visits is therefore of 
great importance. 

Causes of impaired HRQOL are disease activity, and all consequences of it, including short 
stature, delayed puberty, and embarrassment related to frequent visits to the bathroom. 
These factors, together with a hampered coping strategy, have the potential to affect 
self acceptance117. Aforementioned causes are all situated at the individual patients level. 
Children are, however embedded within multiple social contexts including support of their 
parents in dealing with the disease118. Whether parents are able to provide the necessary 
support for their chronically ill child is likely limited by personal stressors119, and stressors 
related to the course of IBD120. In chapter 5, we measured HRQOL of children with IBD 
and distress of their parents, and investigated the effect of disease course on parental 
distress directly, and indirectly via parental distress, on their child’s HRQOL.
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Growth, weight and nutrition

Impaired growth is common at diagnosis of IBD, but is also frequently seen in children 
with IBD under medical guidance121. Growth failure in treated pediatric IBD patients, is 
especially seen in CD (10−56%) rather than in UC (0−10%)121. The etiology of impaired 
growth is multifactorial, being inflammation, genetic predisposition, and malnutrition due 
to lower intake, protein malabsorption, and potential increase in basal metabolism122. 
Malnutrition is most common in the acute phase of IBD123, but can also endure during 
periods of clinical remission124. However, recent studies exhibited high prevalence of 
overweight and obesity in children with IBD125–127. Clinical monitoring of children with 
IBD, in addition to anthropometric measurements, should include guidance on dietary 
intake to facilitate disease remission, growth, and overall health122. Although a sufficient 
and balanced diet is thought to be important in the management of IBD, data on the 
diet of children with IBD is scarce. In chapter 6, anthropometrics and dietary intake of 
children with IBD were compared to healthy children. Moreover, food avoidance related 
to worsening of abdominal symptoms was recorded. 
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ABSTRACT

OBJECTIVE: The degree to which children and adolescents with inflammatory 
bowel disease (IBD) complete clinical disease activity indices in accordance with 
their physician is indefinite. Therefore, we investigated the agreement between 
patient- and physician-based clinical indices in children and adolescents with a 
previous diagnosis of IBD. 

METHODS: In this cross-sectional study, IBD patients (8−18 years) were included 
prospectively. Patients completed a patient-based short Pediatric Crohn Disease 
Activity Index (shPCDAI) for Crohn’s disease or the Pediatric Ulcerative Colitis 
Activity Index (PUCAI) for ulcerative or indeterminate colitis. Physicians completed 
the original physician-based shPCDAI or PUCAI. Agreement was calculated with 
linear weighted kappa.

RESULTS: In total, 154 pairs of clinical indices were collected: 89 pairs of shPCDAI’s 
(median age at assessment 15.6 years, 61% men) and 55 pairs of PUCAI’s (median 
age at assessment 14.0 years, 44% men). The shPCDAI disease activity category 
only fairly agreed between patient- and physician-based indices (kappa: 0.40 
[95% confidence interval 0.24−0.55], p<0.001), with perfect agreement in 58% of 
pairs. In the majority of disagreement (81%), patients scored in a higher shPCDAI 
disease activity category. The PUCAI disease activity category substantially agreed 
between patient- and physician-based indices (kappa: 0.64 [95% confidence 
interval 0.45−0.83], p <0.001), with perfect agreement in 78% of pairs. In the 
majority of disagreement (75%), patients scored in a higher PUCAI disease activity 
category

CONCLUSIONS: Patient- and physician-based shPCDAI and PUCAI do not 
always agree, particularly the shPCDAI, and therefore, should not be interpreted 
equivalently in management and research on children and adolescents with IBD.
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INTRODUCTION

Up to 25% of all patients with inflammatory bowel disease (IBD) are diagnosed during 
childhood or adolescence1. Common reported symptoms include abdominal pain, change 
of bowel habits and impaired general well-being, which contribute to disease activity in 
these young patients. To assess disease activity in the management of IBD and clinical 
outcomes in trials, multi-attribute clinical activity indices have been developed. 

The Pediatric Crohn’s Disease Activity Index (PCDAI) is an accepted disease activity 
measure in childhood Crohn disease2. It however lacks feasibility due to inclusion of 
laboratory results (ie, albumin, erythrocyte sedimentation rate and hematocrit) and height 
velocity 3. In a prospectively collected registry cohort, the PCDAI could be completed 
in only 48% of eligible visits3. To address poor feasibility, 2 shorter versions of the index 
have been published, only including clinical items: abbreviated PCDAI (abbrPCDAI) and 
short PCDAI (shPCDAI)4–6. The abbrPCDAI removes height, extra-intestinal manifestation, 
and laboratory items4,5. The remaining items were not reweighted4,5. More recently the 
shPCDAI was presented, which also omitted height and laboratory results, but in contrast 
to the abbrPCDAI, kept the extra-intestinal manifestation item and removed the perianal 
item6. The advantage of the shPCDAI over the abbrPCDAI is reweighted items, according 
to responds to changes in the physician’s global assessment of disease activity6. In 
addition, the shPCDAI superiorly differentiates moderate from severe disease activity7. 
For assessing disease activity in children with ulcerative colitis, the Pediatric Ulcerative 
Colitis Activity Index (PUCAI) was developed and validated, also including easy assessable 
clinical items8. 

Although the shPCDAI and PUCAI are physician-based indices, the majority of items must 
be answered using patient reports of symptoms9. The question arises whether children 
and adolescents with IBD complete these indices in accordance with their physician. 
The use of patient-based indices in pediatric IBD, may create awareness of the patients’ 
own disease course and stimulates timely medical consultation. Moreover, patient-based 
indices could serve as patient reported outcome (PRO) measures, which are increasingly 
recognized by regulating authorities as primary outcome in drug development 10. Reliable 
PROs are critical to measure how a child with IBD feels and functions, besides reducing 
inflammation and prevent complications11.

Patient-based indices are already used as outcome measures in clinical trials in pediatric 
IBD12,13. Moreover, an online monitoring program for pediatric patients with IBD uses the 
patient-based shPCDAI and PUCAI to evaluate clinical disease activity before out-patient 
consultation14. Nonetheless, there is a paucity of data on the agreement of patient- and 
physician-based clinical activity indices in pediatric IBD. Hence, it has not been established 
whether patients and physicians share a common language about disease activity.

The primary aim of the present study was to investigate the agreement between the 
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patient- and physician-based shPCDAI and PUCAI in children and adolescents with 
IBD under medical guidance. Furthermore, association of patient characteristics with 
discrepancy in patient- and physician-based clinical indices was assessed.

METHODS

Patients

In this cross-sectional study, we prospectively included children and adolescents (ages 
8–18 years) with an established diagnosis of IBD according to the revised Porto criteria15 
who visited the outpatient pediatric gastroenterology clinic of the Emma Children’s 
Hospital, Amsterdam, the Netherlands (May 2014 − August 2016). Patients with an 
ileo- or colostomy, a colectomy with ileal pouch-anal anastomosis, or those that took 
bowel cleansing solutions for endoscopic assessment were excluded to minimize bias in 
assessment of stool frequency and consistency. Approval from the local Medical Ethics 
Review Committee was obtained.

 
Data Collection

Patient characteristics were obtained from patients’ medical records: age, sex, age at 
diagnosis, disease duration, disease location and behavior, (previous) growth impairment, 
current IBD-medication, and previous IBD-related surgery. Paris classification was used to 
classify IBD phenotype16. 

Clinical disease activity indices were collected as part of the online-based KLIK study 
(Quality of Life in Clinical Practice)14. Before outpatient consultation, children and 
adolescents were contacted by mail, and in case of no response by phone, and asked 
to self-complete the online “patient-based” version of the shPCDAI6 for Crohn’s disease 
or PUCAI8 for ulcerative or indeterminate colitis patients, maximum 5 days before 
consultation. Patients were contacted multiple times, with a minimum interval of 3 
months. During outpatient consultation, physician-based indices were completed by 1 of 
4 pediatric gastroenterologists (A.K., B.K., M.B., M.T.).

 
Development of Patient-Completed Clinical Disease Activity Indices

A patient-based shPCDAI and PUCAI (Supplementary table 1 and 2) were developed, 
to be easily understood by children and adolescents without prior medical training. 
We took great care not to alter the content of the original shPCDAI or PUCAI to ensure 
valid comparison between patient- and the physician-based scores. Instructions from 
the original PCDAI17 and PUCAI8 (Supplementary table 3 and 4) user’s guide were used 
to maintain the content of the question as originally intended. To ensure an applicable 
patient-based shPCDAI, the answer options of the “abdominal examination” item were 
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altered to “it does not hurt when I press my belly” (0 points) or “it does hurt when I 
press my belly” (10 points) since it was considered that children and adolescents were 
unable to distinguish an abdominal mass. The norm of the physician-completed shPCDAI 
“abdominal examination” item was dichotomized to 10 points for either “pain, but no 
abdominal mass” or “no pain, but an abdominal mass” and “pain and an abdominal 
mass”, instead of 5 and 10, respectively, to match the patient-based shPCDAI. Moreover, 
the answer options of the patient-based shPCDAI item “extra-intestinal manifestation” 
were adjusted, since children were unfamiliar with the medical terms “definite arthritis”, 
“uveitis” and “Erythema Nodosum or Pyoderma Gangrenosum” and therefore altered to 
“pain in joints (no muscle pain!)”, “less sharp vision or sore red eyes (no itch!)” and “pink 
to brown spots on the lower legs (not caused by punches!)”, respectively. The items of the 
patient-based PUCAI were unaltered from the original physicians-based version.

Readability of items was tested using the online “Accessibility Reading Level Tool”18,19, 
which provides indication of readability according to the language levels established by 
the Common European Framework of Reference20. Maximum language level difficulty was 
set at B1.

 
Data Analysis

The primary outcome was the agreement in disease activity category of patient- and 
physician-based shPCDAI and PUCAI. The shPCDAI and PUCAI total scores were classified 
in 4 categories: remission (shPCDAI<15/ PUCAI<10), mild (shPCDAI 15–25/ PUCAI 10–34), 
moderate (shPCDAI 26-40/ PUCAI 35-64), severe (shPCDAI>40/ PUCAI≥65)6,21. Moderate 
and severe disease activity were combined, as a low incidence of moderate to severe 
disease was expected, since children were under medical guidance. 

Agreement in disease activity category and agreement per item between patient- and 
physician-based shPCDAI and PUCAI were measured by Cohen’s kappa statistic22. Linear 
weighted kappa’s were calculated as the shPCDAI and PUCAI categorical disease activity 
and answer options per item have a linear ordinal character, which means that discrepancy 
of 2 categories is worse than 1 category23,24. Kappa values can range from -1 to 1: poor 
(<0), slight (0–0.20), fair (0.21–0.40), moderate (0.41–0.60), substantial (0.61–0.80), almost 
perfect (0.81–1)25.

Patient- and physician-based shPDCAI and PUCAI total scores were compared using the 
Wilcoxon signed-rank test, to evaluate if a systematic difference in the median severity 
of disease activity was present. The minimal clinically important difference (MCID) of the 
shPDCAI and PUCAI total scores (ie, change corresponding to a small response26) was 
previously defined as ≥15 and ≥10 for the shPCDAI27 and PUCAI8, respectively.

Associations between the patient characteristics, gender, age (8–12 vs 13–18 years) or 
disease duration, and discrepancy between patient- and physician-based clinical disease 
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activity indices (≥MCID of total score) were evaluated by univariate logistic regression 
(oods ratio [OR], 95% confidence interval [CI]). Statistics were performed with Agreestat 
2015.6 and IBM SPSS Statistics 22. Significance was set at p<0.05.

 
RESULTS 

In total, 144 pairs patient- and physician-based clinical indices were collected, including 
89 pairs of shPCDAI scores from 72 pediatric Crohn’s disease patients, and 55 pairs PUCAI 
scores from 30 pediatric ulcerative colitis patients, with a median age of 15.6 and 14.0 
years at the time of assessment, respectively. During the study period, questionnaires 
were completed once by 81 patients, and more than once by 21 patients (twice n=14, 
3 times n=5, 4 times n=3, 5 times n=1), with a median of 4 months (IQR 3−8) between 
assessments in patients entering more than once Additional patient characteristics per 
assessment are shown in Table 1.

 
Short Pediatric Crohn’s Disease Activity Index

The shPCDAI disease activity category agreed moderately between patient- and physician-
based indices (kappa: 0.42 [95%CI 0.27−0.58], p<0.001), with perfect agreement in 
53 (60%) pairs. In 29 (81%) of disagreements, the patient indicated a higher clinical 
disease activity category compared to their physician (difference: 1 category 22 [73%]; 2 
categories 7 [24%]). Comparison of shPCDAI disease activity categories from the pairs of 
questionnaires is exhibited in Supplementary table 5. 

 
Short Pediatric Crohn’s Disease Activity Index

The shPCDAI disease activity category agreed moderately between patient- and physician-
based indices (kappa: 0.42 [95%CI 0.27−0.58], p<0.001), with perfect agreement in 
53 (60%) pairs. In 29 (81%) of disagreements, the patient indicated a higher clinical 
disease activity category compared to their physician (difference: 1 category 22 [73%]; 2 
categories 7 [24%]). Comparison of shPCDAI disease activity categories from the pairs of 
questionnaires is exhibited in Supplementary table 5. 

The shPCDAI total score of patient- and physician-based indices were identical in 35%, 
different but within the MCID of 15 points in 33%, and at or beyond the MCID in 33% of 
pairs. Patient-based shPCDAI total scores were systematically higher compared to their 
physician (median [IQR]: 15 [10–25] vs 10 [0–20], p<0.001 [Figure 1A]).

Agreement per individual shPCDAI item exhibited that “stools per day” had moderate 
agreement, the items “abdominal pain, patient functioning” and “extra-intestinal 
manifestations” had fair agreement, and the items “weight” and “abdominal examination” 
had slight agreement between patient- and physician-based indices (Table 2). Within the 
extra-intestinal manifestations” item, erythema nodosum/ pyoderma gangrenosum 
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Table 1 │  Patient characteristics

shPCDAI (n=89) PUCAI (n=55)

Age (median, IQR) 15.6 (14.2–16.8) 14.0 (11.7–16.5)

Males 54 (61%) 24 (44%)

Months since diagnosis of IBD (median, IQR) 27.6 (11.4–49.8) 26.2 (7.6–46.8)

Current medication for IBD
Anti-TNF
Steroids
Thiopurine
Methotrexate
5-ASA

84 (94%)
30 (34%)
12 (13%)
44 (50%)
12 (13%)
17 (19%)

53 (96%)
8 (15%)
12 (22%)
21 (38%)

0
40 (73%)

Previous IBD-related surgery
Perianal surgery
Resectional surgery

19 (21.3%)
11 (12%)
8 (9%)

0 
NA 
NA

CD: age at diagnosis (Paris classification)
A1a: 0–<10 years
A1b: 10–<17 years
A2: 17–40 years

23 (26%)
65 (73%)
1 (1%)

CD: locationa (Paris classification) 
L1
L2
L3
L4a
L4b
L4ab

14 (16%)
26 (29%)
49 (55%)
31 (35%)
3 (3%)

0 

CD: behavior (Paris classification)
B1: non-stricturing, non-penetrating
B2: structuring
B3: penetrating
B2B3: penetrating and stricturing
p: perianal disease

75 (84%)
7 (8%)
5 (6%)
2 (2%)

16 (18%)

CD: Growth impairment (Paris classification)
Evidence of growth delay 20 (22%)

UC / IC: extent (Paris classification) 
E1: proctitis
E2: left-sided disease
E3: extensive disease
E4: pancolitis

2 (4%)
16 (29%)
6 (11%)
31 (56%)

UC / IC: severityb (Paris classification)
S1: ever severe 11 (20%)

a: L1: distal 1/3 ileum ± limited cecal disease; L2: colonic; L3: ileocolonic; L4a: upper disease prox-
imal 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. 
CD: Crohn’s disease, IC: indeterminate colitis, PUCAI: Pediatric Ulcerative Colitis Activity Index, 
shPCDAI: short Pediatric Crohn’s Disease Activity Index, UC: Ulcerative colitis.

substantially, uveitis fairly, and fever and arthritis poorly agreed between patients and 
physicians. Visual evaluation of scores per individual shPCDAI item demonstrated that in 
the majority of disagreements patients scored higher (Figure 1B–G). 
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Pediatric Ulcerative Colitis Activity Index

The PUCAI disease activity category substantially agreed between patient- and physician-
based indices (kappa: 0.64 [95%CI 0.45−0.83], p<0.001), with a perfect agreement in 43 
(78%) pairs. In 9 (75%) of disagreements, the patient indicated a higher clinical disease 
activity category compared to their physician, all with discrepancy of one category.  
Comparison of PUCAI disease activity categories from the pairs of questionnaires is 
exhibited in Supplementary table 5.

Figure 1 │ shPCDAI items per pair: difference patient-based scores from physician-based 
scores. The solid reference line (0) represents no difference, and above or below 0 higher or 
lower scored items by patients compared to physicians. A: Total score (the gray shaded area 
refers to the minimal clinically important difference), B: Abdominal pain, C: Stools (per day), 
D: Patient functioning, E: Weight, F: Abdominal examination, G: Extra-intestinal manifestations. shPCDAI: 
short Pediatric Crohn’s Disease Activity Index.
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The PUCAI total scores of patient- and physician-based indices were identical in 58%, 
different but within the MCID of 10 points in 27%, and at or beyond the MCID in 15% 
of pairs. Patient-based PUCAI total scores were systematically higher compared to their 
physician (median [IQR]: 10 [0–15] vs 5 [0–10], p=0.022 [Figure 2A]).

Agreement per individual PUCAI item exhibited that “rectal bleeding” had almost perfect 
agreement, the items “stool consistency”, “number of stools”, “nocturnal stools” and 
activity level had substantial agreement, and the item “abdominal pain” had moderate 
agreement between patient- and physician-based indices (Table 2). Visual evaluation of 

Figure 2 │  PUCAI items per pair: difference patient-based scores from physician-based scores. The 
solid reference line (0) represents no difference, and above or below 0 higher or lower scored items by 
patients compared to physicians. A: Total score (the gray shaded area refers to the minimal clinically 
important difference), B: Abdominal pain, C: Rectal bleeding, D: Stool consistency, E: Number of stools, 
F: Nocturnal stools, G: Activity level. PUCAI: Pediatric Ulcerative Colitis Activity Index.



42

scores per individual PUCAI item demonstrated that in the majority of disagreements 
patients scored higher (Figure 2B–G). 

Association Between Patient Characteristics and Discrepancy 

Discrepancy between patient- and physician-based clinical disease activity indices were 
not associated with sex (OR: 0.86 [95%CI 0.41−1.82], p=0.690), age (OR: 1.22 [95%CI 
0.50−3.0], p=0.659) or disease duration (OR: 1.00 [95%CI 0.99−1.02], p=0.449).

Table 2 │  Agreement patient- and physicians-based shPCDAI and PUCAI items

shPCDAI Crude agreement  (%) Kappa (95%CI) p

Abdominal paina 60 (67%) 0.42 (0.27−0.57) <0.001

Stools (per day)a 78 (88%) 0.63 (0.44−0.83) <0.001

Patient functioninga 56 (63%) 0.34 (0.18−0.50) <0.001

Weighta 78 (88%) 0.09 (0.00−0.35)   0.487

Abdominal examinationb 71 (80%) 0.14 (0.00−0.39)   0.286

Extra-intestinal manifestationsa

Feverb

Arthritisb

Uveitisb

Erythema nodosum / pyoderma  
gangrenosumb

62 (70%)
83 (93%)
70 (78%)
82 (92%)
88 (99%)

0.25 (0.09−0.42)
0.00 (0.00–0.00)
0.16 (0.00–0.38)
0.21 (0.00–0.55)
0.66 (0.03–1.00)

  0.004
  1.000
  0.129
  0.242
  0.040

PUCAI Crude agreement  (%) Kappa (95%CI) p 

Abdominal paina 42 (76%) 0.59 (0.37−0.80) <0.001

Rectal bleedinga 53 (96%) 0.85 (0.72−0.99) <0.001

Stool consistencya 47 (85%) 0.66 (0.45−0.86) <0.001

Number of stoolsa 52 (95%) 0.70 (0.43−0.97) <0.001

Nocturnal stoolsb 54 (98%) 0.66 (0.02−1.00)   0.043

Activity levela 46 (84%) 0.69 (0.51−0.87) <0.001

a linear weighted  Cohen’s kappa  
b dichotomous Cohen’s kappa
PUCAI: Pediatric Ulcerative Colitis Activity Index, shPCDAI: short Pediatric Crohn’s Disease Activity 
Index

DISCUSSION

The main objective of the current study was to evaluate the agreement of patient- and 
physician-based clinical indices in pediatric IBD. We found only moderate agreement 
between patient- and physician-based shPCDAI, whereas, the PUCAI substantially agreed. 
Overall, patients scored in a more severe disease activity category.
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To our knowledge, this is the first study evaluating agreement of patient- and physician-
based clinical indices for pediatric Crohn disease. Disease activity category within the 
shPCDAI only agreed moderately, with almost half of the children scoring in another 
disease activity category. Furthermore, a third of disagreements in shPCDAI total 
scores differed at or beyond the MCID of 15 points. Studies that evaluated patient- and 
physician-based agreement of a clinical activity measurement tool for adults with Crohn 
Disease are scarce28,29. The Harvey Bradshaw Index, a clinical index for adult patients with 
Crohn’s disease with items similar to the shPCDAI (eg, abdominal pain and general well-
being), was used to assess agreement of disease activity (ie, active or inactive disease) 
by patients and their physicians28. In line with the results from our study, only a moderate 
agreement was found (kappa=0.52). Moreover, adult patients scored their disease activity 
higher compared to physicians28. Another measurement tool of Crohn’s disease activity, 
a “feeling thermometer”, measuring disease and treatment burden, exhibited a strong 
correlation between adult patients and physician reports (r=0.71)29. 

Agreement between PUCAI completed by ulcerative colitis patients and their physicians 
was evaluated in a single pediatric study30, which found a slightly higher agreement in 
disease activity category (kappa=0.78) compared to this cohort (kappa=0.64). This small 
difference in agreement might be related to the inclusion of adults until the age of 29 
years alongside children and adolescents30, which may have led to better interpretation of 
items by patients. A study in adults with ulcerative colitis with a similar design, evaluated 
agreement between the “Simple Clinical Colitis Activity Index” completed by patients and 
physicians31. In accordance with the results in our pediatric cohort, agreement between 
patients and physicians (ie, active disease vs remission) was substantial (kappa=0.66). 
Moreover, the present study also found a trend toward a higher median disease activity 
score when the index was completed by patients. 

In the majority of disagreements in disease activity category and individual items, patients 
scored their disease activity higher compared to their physicians32. This corresponds to 
the fact that physicians and parent proxies often underestimate functional disabilities 
and quality of life reported by their patients/children32,33. On the contrary, children may 
have been underreporting their symptoms in the consulting room due to the potential 
consequences.

An explanation for the moderate agreement between the shPCDAI completed by patients 
and physician, as to substantial agreement of the PUCAI, may be related to interpretation 
and determinability of specific items by patients. Firstly, the shPCDAI required assessment 
of weight loss, which requires the presence of a properly functioning scale at home, 
and moreover, correct judgment of relative change. Secondly, the item “abdominal 
examination”, which was already simplified in the patient-based shPCDAI, refers to the 
sensation of pain when applying abdominal pressure. As the question implicates that 
abdominal pain may be felt when pressing the abdomen, children may magnify pressure 
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until pain is felt. Thirdly, the extra-intestinal manifestations arthritis34, uveitis35, erythema 
nodosum36, and pyoderma gangrenosum37 are medical diagnoses usually determined 
by the physician and therefore had to be described in the patient-based shPCDAI 
symptomatically. Lastly, the “stools (per day)” item of the shPCDAI is complex as it 
incorporates frequency, consistency and blood loss. The PUCAI splits these three entities 
of bowel habits in separate and comprehensible items. 

The suboptimal agreement of shPCDAI and PUCAI completed by patients and physician 
is partly the result of the low variation of disease activity in this cohort, as the majority of 
patients had inactive or mild disease38,39. Namely, kappa does not calculate the agreement 
between the raters sec, but calculates the degree to which raters agree more than 
would be expected purely by chance. This is particularly evident in items with a good 
absolute agreement but low variability, like the shPCDAI “weight” (figure 1), wherein 
few disagreements cause a major drop of the kappa. Because the shPCDAI and PUCAI 
are used in disease monitoring, the distribution of disease activity in this study is less a 
weakness, but rather reflects agreement of these indices in clinical practice.

There is a growing discussion of who should score subjective measures of disease activity 
in pediatric IBD: patients or physicians. This is however an issue of different perspectives 
of doctors and patients, where there is no right or wrong. Physicians obtain clinical indices 
through patients’ reports. This involves complex processes in obtaining and interpreting 
information from patients, and subsequently integrating additional information to obtain a 
comprehensive picture of disease status. Patient and physician assessments of symptoms 
and objective measurement of the degree of gut inflammation, like endoscopy and 
biomarkers of inflammation, may complement each other in management of pediatric 
IBD40. The ability of patient-based clinical indices to serve as a PRO for future pediatric 
IBD trials and drug development is doubtful. Sun et al.11 evaluated the capability of the 
shPCDAI as PRO measure, reporting a lack of adequate measurement properties due to 
absence of direct patient or caregivers’ input to generate the items, no age-appropriate 
interviewer script, and no response rating criteria for the physician11,41. Recently, a PRO 
measure for pediatric ulcerative colitis was developed, TUMMY-UC, which includes items 
generated and ranked by patients42.

The strength of our study is that we included a representative sample of the Dutch 
population of children with IBD, because Dutch guidelines recommend that all pediatric 
patients with IBD should be treated by a pediatric gastroenterologist43. A limitation of 
the present study is that we may have unintentionally altered the content of the shPCDAI 
and PUCAI during the translation process, which may have let to differences in the 
interpretation of the items. This particularly applies to the difficultly assessable “weight” 
and “extra-intestinal manifestations” items of the shPCDAI. Nevertheless, the aim of the 
present study was to evaluate genuine agreement between patient- and physician-based 
indices as presently used in daily management and clinical trails12–14. As discussed before, 
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disease activity in this cohort was relatively mild, leading to less variability in item scores, 
which automatically results in lower agreement. Furthermore we included a relative small 
sample size, due to the low prevalence of pediatric IBD, which potentially led to lower 
agreement based on few deviating pairs of clinical indices. Therefore, we cannot imply on 
the agreement of clinical indices in a larger cohort with more patients with moderate and 
severe disease activity.

In conclusion, in the present study on the agreement of patient- and physician-based 
clinical indices, the shPCDAI only fairly agreed, particularly items which are usually 
determined by physicians. The PUCAI agreed substantially, although far from optimal. 
Patients score systematically higher clinical disease activity compared to their physician. 
These results suggest that pediatric IBD clinical indices completed by children do not 
properly correspond to originally intended physician-based administration. Therefore, 
patient- and physician-based clinical indices should not be interpreted equivalently in 
management and research on children and adolescents with IBD.
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Supplementary table 1 │  Dutch patient-based 
short Pediatric Crohn’s Disease Activity Index  
(shPCDAI)

Pijn in de buik?
Geen pijn
Pijn te hanteren
Pijn niet te hanteren

Ontlasting?
0-1 keer per dag, geen bloed
Maximaal 2 keer per dag met beetje bloed, or 
2-5 keer per dag dun
Overwegend bloed, of 6 keer of vaker per dag 
dun, of nachtelijke diarree (reden om wakker 
te worden)

Dagelijkse activiteiten?
Ik kan alles doen (geen beperkingen)
Ik moet het soms wat rustiger aan doen
Ik ben te moe/ziek om mijn dagelijkse dingen 
te doen

Gewicht?
Toegenomen of gelijk gebleven
Minder dan 10% afgevallen 
Meer dan 10% afgevallen

Onderzoek zelf je buik
Het doet niet pijn wanneer ik op mijn buik druk
Het doet wel pijn wanneer ik op mijn buik druk

Extra-intestinal manifestations:  
koorts (temperatuur hoger dan 38.5 gr Celsius 
gedurende 3 dagen in de laatste week), pijn 
in gewrichten (geen spierpijn!), minder goed 
scherp-zien of pijnlijke rode ogen (geen jeuk!), 
roze tot bruine plekken op de onderbenen 
(niet ontstaan door stoten!))

Geen
Een
Twee

Supplementary table 2 │  Dutch patient- 
based Pediatric Ulcerative Colitis Activity  
Index (PUCAI)

Pijn in de buik?
Geen pijn
Pijn te hanteren
Pijn niet te hanteren

Bloed bij de ontlasting?
Niet
Kleine hoeveelheid (minder dan de helft van 
de keren)
Kleine hoeveelheid (meeste keren van de 
ontlasting)
Grote hoeveelheid (meeste keren van de 
ontlasting)

Vorm van de ontlasting?
Normaal 
Brijig
Waterdun

Aantal keren stoelgang per 24 uur?
0-2
3-5
6-8
> 8

Nachtelijke diarree (reden om wakker te 
worden)

Nee
Ja

Dagelijkse activiteiten?
Ik kan alles doen (geen beperkingen)
Ik moet het soms wat rustiger aan doen
Ik ben te moe/ziek om mijn dagelijkse ding-
en te doen
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Supplementary table 3 │  Short Pediatric 
Crohn’s Disease Activity Index (shPCDAI)

Abdominal pain
None 
Mild - Brief, does not interfere with 
activities 
Mod/severe-daily, longer lasting affects 
activities, nocturnal 

0
10

20

Stools (per day)
0-1 liquid stools, no blood
Up to 2 semi-formed with small blood, 
or 2-5 liquid
Gross bleeding, or ≥6 liquid, or noc-
turnal diarrhea

0
5

10

Patient functioning
No limitation of activities, well
Occasional difficulty in maintaining 
appropriate activities, below par
Frequent limitation of activity, very 
poor

0
10

20

Weight
Weight gain or voluntary weight sta-
ble/loss
Involuntary weight stable, weight loss 
1-9%
Weight loss ≥ 10%

0

10

20

Abdomen examination
No tenderness, no mass
Tenderness, or mass without tender-
ness
Tenderness, involuntary guarding, 
definite mass

0
10

10

Extra-intestinal manifestations 
(Fever ≥ 38.5°C for 3 days over past 
week, arthritis, 
uveitis, erythema  nodosum, pyoderma 
gangrenosum)

None
One
Two

0
5
10

Sum of shPCDAI (0–90)

Adopted from: Kappelman MD, Crandall W 
V, Colletti RB, et al. Short pediatric Crohn’s 
disease activity index for quality improvement 
and observational research. Inflamm Bowel 
Dis. 2011;17:112–7.

Supplementary table 4 │  Pediatric  
Ulcerative Colitis Activity Index (PUCAI)

Abdominal pain
No pain
Pain can be ignored
Pain cannot be ignored

0
5
10

Rectal bleeding
None
Small amount only, in <50% of stools
Small amount with most stools
Large amount (>50% of the stool 
content)

0
10
20
30

Stool consistency of most stools
Formed
Partially formed
Completely unformed

0
5
10

Number of stools per 24 h
0–2
3–5
6–8
>8

0
5
10
15

Nocturnal stools (any episode causing 
wakening)

No
Yes

0
10

Activity level
No limitation of activity
Occasional limitation of activity
Severe restricted activity

0
5
10

Sum of PUCAI (0–85)

Adopted from: Turner D, Otley AR, Mack D, 
Hyams J, de Bruijne J, Uusoue K, Walters TD, 
Zachos M, Mamula P, Beaton DE, Steinhart 
AH, Griffiths AM (2007) Development, valida-
tion, and evaluation of a pediatric ulcerative 
colitis activity index: a prospective multi-
center study. Gastroenterology 133:423–32. 
doi: 10.1053/j.gastro.2007.05.029



50

Supplementary table 5 │  Agreement patient- and physicians-based shPCDAI and PUCAI disease 
activity category

shPCDAI

Physician-completed

Remission (n=63) Mild (n=13) Moderate-severe 
(n=13)

Patient-completed 

Remission (n=42) 38 (60%) 4 (31%) 0 (0%)

Mild (n=26) 18 (29%) 5 (38%) 3 (23%)

Moderate-severe (n=21) 7 (11%) 4 (31%) 10 (77%)

Patient-completed  

Remission (n=42) Mild (n=26) Moderate-severe 
(n=21)

Physician-completed

Remission (n=63) 38 (90%) 18 (69%) 7 (33%)

Mild (n=13) 4 (10%) 5 (19%) 4 (19%)

Moderate-severe (n=13) 0 (%) 3 (12%) 10 (48%)

PUCAI

Physician-completed

Remission (n=33) Mild (n=19) Moderate-severe 
(n=3)

Patient-completed

Remission (n=27) 25 (76%) 2 (11%) 0 (0%)

Mild (n=25) 8 (24%) 16 (84%) 1 (33%)

Moderate-severe (n=3) 0 (0%) 1 (5%) 2 (66%)

Patient-completed  

Remission (n=27) Mild (n=25) Moderate-severe 
(n=3)

Physician-completed

Remission (n=33) 25 (93%) 8 (32%) 0 (0%)

Mild (n=19) 2 (7%) 16 (64%) 1 (33%)

Moderate-severe (n=3) 0 (0%) 1 (4%) 2 (66%)

PUCAI: Pediatric Ulcerative Colitis Activity Index, shPCDAI: short Pediatric Crohn’s Disease Activity 
Index
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ABSTRACT

In adult inflammatory bowel disease (IBD) patients, there is a strong discrepancy 
between symptoms and biomarkers of inflammation. Data on pediatric IBD patients 
are conflicting. Therefore, we aimed to investigate the relationship between clinical 
symptoms and biomarkers of inflammation in pediatric IBD. Patients aged <18 
years with previously diagnosed Crohn’s disease (CD) or ulcerative colitis (UC) were 
included. Clinical disease activity was determined using the abbreviated Pediatric 
CD Activity Index (aPCDAI) or Pediatric UC Activity Index (PUCAI). Biochemical 
disease activity was assessed using fecal calprotectin (FC) and C-reactive protein 
(CRP). In total, 127 patients (62 male; median age 14.9 years) were included 
(82 CD, 45 UC). FC correlated weakly with total aPCDAI score (rs=0.32 [95%CI 
0.12–0.51]; p=0.003) and total PUCAI score (rs=0.36 [95%CI 0.07–0.62]; p=0.015). 
Only aPCDAI components abdominal examination and perirectal disease 
and PUCAI component activity level had a significant correlation with levels of 
FC. CRP correlated weakly with total aPCDAI score (rs=0.28 [95%CI 0.05–0.46]; 
p=0.012) and aPCDAI components abdominal examination and activity level. 
No significant correlation was observed between CRP and total PUCAI score  
(rs=0.01 [95%CI -0.34–0.29]; p=0.961) or individual PUCAI components.

CONCLUSION: There is a strong discrepancy between clinical symptoms and 
biomarkers of inflammation in children with IBD.



2

Sy
m

pt
om

s a
nd

 b
io

m
ar

ke
rs

 o
f i

nfl
am

m
at

io
n

55

INTRODUCTION

Traditionally, treatment of inflammatory bowel disease (IBD) was mainly guided by 
symptoms such as abdominal pain, bowel habits and general well-being. Symptomatic 
treatment, however, may not improve long-term outcome or slow disease progression1, 
possibly because symptoms may not accurately reflect the underlying inflammatory 
process2. Therefore, mucosal healing (often defined as the complete resolution of 
macroscopic inflammation on endoscopy) is increasingly advocated as a therapeutic target 
in IBD1. Indeed, mucosal healing is a predictor of long-term outcome of both Crohn’s 
disease (CD) and ulcerative colitis (UC)3,4. However, due to its invasiveness and costs, 
endoscopy is not ideal for frequent monitoring of disease activity. Therefore, in current 
practice, biomarkers such as fecal calprotectin (FC) and serum C-reactive protein (CRP) 
are frequently used as surrogate markers of endoscopic IBD activity. Especially, levels 
of FC have a strong correlation with endoscopic disease activity5–8. It can, however, be 
argued that complete normalization of FC—potentially indicating complete resolution 
of macroscopic and microscopic inflammation—is a therapeutic target beyond mucosal 
healing. In support of this, recent studies in adults have shown that even in the absence of 
endoscopic signs of disease activity, levels of FC are predictive of long-term outcome 9,10. 
Furthermore, a therapeutic algorithm based on levels of FC alone did improve medium-
term outcome in adults with IBD 5,11. However, the optimal target of treating IBD remains 
to be established, and a gold standard for monitoring IBD is currently not available 5. 

A substantial proportion of asymptomatic pediatric IBD patients have elevated biomarkers 
of inflammation12. Data on adult IBD patients indeed indicate that there is a strong 
discrepancy between clinical symptoms and biochemical markers of inflammation8,13. Data 
on pediatric IBD are conflicting, with reported correlations between symptoms and FC 
levels ranging from absent (r=0.0)14,15 to strong (r=0.7)16 in CD , and from weak (r=0.3)17 to 
strong (r=0.8)18 in UC. 

We aimed to investigate the relationship of clinical symptoms with biochemical markers 
of inflammation in a random sample of children and adolescents who were previously 
diagnosed with and treated for IBD.

METHODS

Patients

In this cross-sectional, observational study, we aimed to include children and adolescents 
(aged <18 years) with an established diagnosis of CD or UC according to revised Porto 
criteria19 who visited the outpatient pediatric gastroenterology clinic of the Emma 
Children’s Hospital / Academic Medical Center, Amsterdam, the Netherlands. Patients 
with IBDU, an ileo- or colostomy, or a colectomy with ileal pouch-anal anastomosis were 
excluded. Approval from the local Medical Ethics Review Committee was obtained. 
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Data collection

Patient characteristics were obtained from patients’ medical records, including age, 
sex, age at diagnosis, disease duration, disease location and behavior, the presence of 
(previous) growth impairment, current medication and previous IBD-related surgery. Paris 
classification was used to classify IBD phenotype20.

Clinical disease activity was determined using the Pediatric Ulcerative Colitis Activity Index 
(PUCAI) for UC patients21, or the abbreviated Pediatric Crohn’s Disease Activity Index 
(aPCDAI) for CD patients (Supplementary table 1&2)22,23. The PUCAI consists of six clinical 
items, with scores ranging from 0 to 85, with cut-off scores for remission (<10 points), mild 
(10–34), moderate (35–64) and severe disease (≥65)21. The aPCDAI consists of six clinical 
items, with scores ranging from 0 to 70, with cut-off scores for remission (<10 points), mild 
(10–25), moderate (26–39) and severe disease (≥40)22,23.

Biochemical disease activity was assessed using FC and serum CRP levels at the time 
of assessing clinical disease activity. Fecal calprotectin concentrations were measured 
using an enzyme-linked immunosorbent assay (Bühlmann Laboratories, Switzerland). The 
respective lower and upper limits of detection were 0 and 1800 µg/g. For the assessment 
of biochemical remission, previously suggested cut-off levels of <250 µg/g6 for FC, and <5 
mg/L24 for CRP were used (FC-based remission and CRP-based remission, respectively). 
For exploratory analyses, different FC cut-off levels of <50 µg/g24 and <1000 µg/g were 
used. 

 
Sample size

Sample size calculation was based on the power to detect a correlation coefficient that 
we considered clinically meaningful (r ≥0.5, resulting in an explained variance ≥25%). A 
two-sided Fisher’s z test with an alpha of 0.05 will have 90% power to detect a Pearson 
correlation coefficient of 0.5 when the sample size is 38. Accounting for non-parametric 
testing (15%), we aimed to include at least 44 CD patients and 44 UC patients. 

 
Statistical analysis

Primary analysis was the correlation between levels of FC and clinical indices. Secondary 
analyses included the correlation between levels of CRP and clinical indices, and the 
correlation of both biomarkers with individual components of disease activity indices. 
Continuous data with a non-normal distribution were reported using medians and 
interquartile ranges (IQR). Mann–Whitney U tests were used to compare differences between 
groups and Spearman’s rank correlations were used to investigate the relation between 
two parameters with 95% confidence intervals (CIs) based on bootstrapping with 1000 
samples with the same size as the original sample with replacement. The null hypothesis 
(no correlation between clinical symptoms and biochemical markers of inflammation) was 
rejected if the 95% CI of the Spearman’s rank coefficient (rs) did not include 0. Categorical/
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dichotomous data were reported as percentages, and Fisher’s exact tests were used to 
compare differences between groups. Point-biserial correlations were used to investigate 
the relation between continuous and dichotomous outcomes. Significance was set at p 
<0.05. Statistical analysis was performed using IBM SPSS Statistics 22 for Windows.

RESULTS

Patient characteristics

Between March 2014 and March 2016, a total of 127 patients (49% male) with a median 
age of 14.9 years (IQR 13.5 – 16.4) were included: 82 with a diagnosis of CD and 45 with 
a diagnosis of UC (Table 1). Based on clinical indices, 79 (63%) patients were in remission 
(CD 54 [66%]; CU 25 [56%]), 42 (33%) patients had mild disease activity (CD 27 [33]%; UC 
15 [33%]), and 6 [5%] patients had moderate disease activity (CD 1 [1%]; UC 5 [11%]). No 
patients had severe disease activity at the time of evaluation. 

In total, 48 (38%) patients were in FC-based remission, of whom 13 (27%) had clinically 
active disease. An overview of these patients’ symptoms is provided in the Online 
Resource. 

 
Biochemical markers in Crohn’s disease

Fecal calprotectin

The median FC level in patients with CD was 260 µg/g (IQR 76–1297; range 1–1800 µg/g). 
The proportion of patients with CD in FC-based remission was 50%. The proportion of 
patients with CD in clinical remission with FC-based remission was highly dependent on 
the cut-off for biochemical remission, and was higher compared to patients with clinically 
active disease (Table 2). Fecal calprotectin had a weak but significant positive correlation 
with the total aPCDAI score (rs=0.32 [95% CI 0.13–0.49]; p=0.003) (Figure 1a). Furthermore, 
FC levels had a weak positive correlation with the aPCDAI components abdominal 
examination (rs=0.23 [95%CI 0.02–0.40]; p=0.037) and perirectal disease (rs=0.23 [95%CI 
0.10–0.34]; p=0.036) (Table 3).

 
C-reactive protein

The median CRP level in patients with CD was 1.3 mg/L (IQR 0.4–5.0; range 0.3–44.0 
mg/L). The proportion of CD patients in CRP-based remission determined with CRP was 
73%. Crohn’s disease patients in clinical remission were more frequently in CRP-based 
remission, compared to patients with active disease (Table 2). C-reactive protein had a 
weak positive correlation with the total aPCDAI score (rs=0.28 [95%CI 0.05–0.46]; p=0.012) 
(Figure 1b). 
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Table 1 │  Patient characteristics 

CD (n=82) UC (n=45)

Age (median, IQR) 14.8 (12.0–16.2) 15.0 (12.6–15.6)

Males 11 (41%) 53 (61%)

Months since diagnosis of IBD (median, IQR) 20.4 (9.2–37.4) 31.1 (14.1–58.7)

Current medication for IBD
Anti-TNF
Steroids
Thiopurine
Methotrexate
5-ASA

77 (93%)
32 (39%)
7 (9%)

36 (44%)
8 (10%)
9 (11%)

43 (96%)
2 (4%)
9 (20%)
16 (36%)
0 (0%)

37 (82%)

Previous IBD related surgery
Perianal surgery
Resectional surgery

12 (15%)
7 (8%)
5 (6%)

1 (2%)
0 (0%)
1 (2%)

Crohn’s disease (Paris classification)

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

25 (30%)
57 (70%)
0 (0%)

Locationd 
L1
L2
L3
L4a
L4b
L4ab

7 (9%)
24 (29%)
49 (60%)
34 (41%)
3 (4%)
1 (1%)

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

69 (84%)
7 (9%)
5 (6%)
1 (1%)

13 (16%)

Growth impairment 
Evidence of growth delay 14 (17%)

aPCDAI (median, IQR) 5 (0–10)

Ulcerative colitis (Paris classification)

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

5 (11%)
11 (24%)
6 (13%)
23 (51%)

Severityb 
S1: ever severe 9 (20%)

PUCAI (median, IQR) 5 (0–15)

a: L1: distal 1/3 ileum ± limited cecal disease; L2: colonic; L3: ileocolonic; L4a: upper disease prox-
imal 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. 
aPCDAI: Abbreviated Pediatric Crohn’s Disease Activity Index, CD: Crohn’s disease, PUCAI: Pediatric 
Ulcerative Colitis Activity Index, UC: Ulcerative colitis.
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Furthermore, CRP levels had a weak positive correlation with the aPCDAI components 
abdominal examination (rs=0.33 [95%CI 0.14–0.48]; p=0.003) and patient functioning 
(rs=0.24 [95%CI 0.01–0.45; p=0.028; Table 3). In CD patients, CRP levels had a 
moderate positive correlation with FC levels (rs=0.459 [95% CI 0.27–0.62]; p<0.001).  

Biochemical markers in ulcerative colitis

Fecal calprotectin

The median FC level in patients with UC was 398 µg/g (IQR 73–1290; range 1–1800 
µg/g). The proportion of patients with UC in FC-based remission was 40%. Similarly to 

Figure 1│  (A) Fecal calprotectin and (B) C-reactive protein levels by clinical disease activity as assessed 
by aPCDAI
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the analysis in CD, the proportion of patients with UC in clinical remission with FC-based 
remission was highly dependent on the cut-off for biochemical remission. However, no 
significant difference was found in biochemical remission rate between patients with 
and without clinically active disease (Table 2). Fecal calprotectin had a weak positive 
correlation with the total PUCAI score (rs=0.36 [95%CI 0.07–0.61]; p=0.015) (Figure 2a, 
Table 3). Furthermore, the activity level component of the PUCAI had a moderate positive 
correlation with levels of FC (rs=0.46 [95%CI 0.20–0.68]; p=0.001) (table 3). 

 
C-reactive protein

The median CRP level in patients with UC was 1.5 mg/L (IQR 0.5–4.2; range 0.1–22.2 
mg/L). The proportion of UC patients in CRP-based remission was 78%. There was no 
difference in the proportion of patients in CRP-based remission, in patients with or without 
clinically active UC (Table 2). No significant correlation was observed between the total 
PUCAI score (rs 0.01 [95% CI -0.34–0.30]; p=0.961) or individual PUCAI components and 
CRP levels (Figure 2b, Table 3). In UC patients, CRP levels showed no significant correlation 
with FC levels (rs=0.09 [95%CI -0.21–0.39]; p=0.542).

Table 2 │  The distribution of biochemical disease activity in clinical remission or active disease.

CD

Clinical remissiona (n=54) Active diseaseb (n=28) p

FC < 50 µg/g 15 (28%) 1 (4%) 0.008

FC < 250 µg/g 34 (63%) 7 (25%) 0.002

FC < 1000 µg/g 43 (80%) 15 (54%) 0.021

CRP < 5 mg/L 45 (83%) 15 (54%) 0.008

UC

Clinical remissiona (n=25) Active diseaseb (n=20) p

FC < 50 µg/g 4 (16%) 2 (10%) 0.678

FC < 250 µg/g 12 (48%) 6 (30%) 0.359

FC < 1000 µg/g 23 (92%) 10 (50%) 0.002

CRP < 5 mg/L 20 (80%) 15 (75%) 0.731

a Abbreviated Pediatric Crohn’s Disease Activity Index < 10 or Pediatric Ulcerative Colitis Activity Index < 10
b Abbreviated Pediatric Crohn’s Disease Activity Index < 10 or Pediatric Ulcerative Colitis Activity Index < 10
CD: Crohn’s disease, CRP: C-reactive protein, FC: fecal calprotectin, UC: ulcerative colitis.
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DISCUSSION

In this study, we evaluated the relationship of biomarkers of disease activity with clinical 
symptoms in children and adolescents who were previously diagnosed with IBD. In both 
CD and UC patients, the total disease activity index score had a weak positive correlation 
with FC levels. Only the aPCDAI components abdominal examination and perirectal 
disease, and the PUCAI component activity level correlated significantly with FC levels, 
albeit weakly. In CD patients, CRP had a weak positive correlation with the total aPCDAI 
score and the aPCDAI components abdominal examination and patient functioning. In 
UC patients, CRP did not correlate with total disease activity index score, nor with its 
individual components. 

Figure 2│  (A) Fecal calprotectin and (B) C-reactive protein levels by clinical disease activity as assessed 
by PUCAI
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Table 3 │  Correlation between the clinical indices total scores, individual components and biochemi-
cal markers of disease activity.

CD (aPCDAI) 

FC (rs) CRP (rs)

Abdominal pain 0.133 0.180

Stools (per day) 0.156 0.020

Patient functioning 0.177 0.242*

Weight 0.185 0.052

Abdominal examination 0.231* 0.326*

Perirectal disease 0.232* 0.023

Total aPCDAI score 0.324* 0.275*

UC (PUCAI)

FC (rs) CRP (rs)

Abdominal paina 0.147 -0.039

Rectal bleedinga 0.192 0.057

Stool consistency of most stoolsa 0.203 0.121

Number of stool per 24ha 0.270 0.140

Nocturnal stools b (any episodes causing wakening) 0.239 0.190

Activity levela 0.461* -0.008

Total PUCAI scorea 0.361* 0.005

* Significant correlation (p < 0.05)
a Spearman’s rank correlations 
b Point-biserial correlation
aPCDAI: Abbreviated Pediatric Crohn’s Disease Activity Index, CD: Crohn’s disease, CRP: C-reactive 
protein, FC: fecal calprotectine, PUCAI: Pediatric Ulcerative Colitis Activity Index, UC: ulcerative 
colitis

The correlation between FC levels and the total aPCDAI score in this study is lower than the 
correlation of FC levels with the original Pediatric Crohn’s Disease Activity Index (PCDAI) 
that is reported in previous studies16,17,25–27, although results have not been unequivocal15,28. 
This may be related to the fact that the aPCDAI consists only of clinical components, as 
opposed to the original PCDAI, which also includes laboratory parameters. The exclusion 
of these additional parameters from the clinical disease activity score may have reduced 
the correlation with FC levels, since they are known to correlate with FC levels6. In this 
study, we chose to use the aPCDAI because it is a measure of purely clinical disease 
activity, as opposed to the original PCDAI.

Of the individual aPCDAI components, only abdominal examination and perirectal disease 
correlated with FC levels. This may be explained by the more objective nature of these 
observations, compared to the more subjective components such as abdominal pain 
and patient functioning. However, in studies of adults with CD, no correlation was found 
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between FC levels and perirectal disease29. In addition, the more objective component 
stool consistency of the aPCDAI was not related to levels of FC. Surprisingly, activity level, 
arguably the most subjective component of the PUCAI, was the only component that 
correlated significantly with FC level. Similarly, activity level expressed as the level of 
experienced fatigue was previously found to correlate positively with levels of biochemical 
disease activity in adult IBD patients30.

Overall, only a weak correlation was found between clinical disease activity and levels of 
FC, probably the most sensitive currently available marker for gastrointestinal inflammation 
in IBD. Even the upper limits of the 95%CIs of the correlation coefficients (0.51 for CD and 
0.62 for UC) indicate that, at most, only a small proportion (respectively, 26 and 37 %) 
of variation in symptoms can be explained by variation in inflammation. This may partly 
be explained by the fact that disease activity was relatively mild in our study population. 
Indeed, the majority of patients were in clinical remission. Consequently, the relatively 
small variation in the total clinical indices scores potentially decreased the strength of 
the correlation. However, the distribution of disease activity in our study appears to be 
similar to that of large cohort studies on the clinical course of pediatric IBD31,32. Thus, the 
correlation that we found is more likely to reflect the relationship between symptoms 
and the degree of intestinal inflammation in daily practice, compared to previously 
reported correlation coefficients from studies that also included patients at the time of 
diagnosis25,26,28.

The lack of correlation between levels of CRP and clinical disease activity in patients with 
UC can be explained by the poor sensitivity of CRP for endoscopically active UC33,34. The 
reason why CRP seems to be less accurate in UC compared to CD is unclear, although it 
may be explained by the fact that in UC, inflammation is limited to the mucosa, in contrast 
to the transmural inflammation in CD35. Moreover, serum levels of IL-6, the main mediator 
of the production of CRP, are shown to be higher in children with CD compared to those 
with UC36. 

In our study, a large proportion of patients had elevated serum and fecal markers of 
inflammation, despite the complete absence of clinical symptoms. This may be partly 
explained by the suboptimal accuracy of these biomarkers. However, in our opinion, these 
elevated inflammatory markers in patients with quiescent IBD probably reflect ongoing 
IBD activity in the majority of patients. Indeed, many studies have shown that children and 
adults with IBD in clinical remission have ongoing inflammation on endoscopy37–42. 

The discrepancy between clinical symptoms and biochemical markers of inflammation 
may have important implications for the management of IBD. Since symptoms are only 
weakly associated with the underlying inflammatory process, one could argue whether it 
should be a prerequisite that a therapeutic agent reduces both clinical symptoms and the 
underlying inflammation. Perhaps these are two distinct aims, potentially with two distinct 
interventions or treatment strategies. Future research is required to determine the optimal 
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strategy to attain both goals.

The strength of our study is that we included a random sample of children and adolescents 
with an established diagnosis of IBD. Consequently, our findings are likely to reflect the 
relationship between disease activity and the degree of intestinal inflammation in daily 
practice. A weakness is that we did not assess disease activity using endoscopy with 
histology, since in our practice endoscopy is not routinely performed to monitor disease 
activity during follow-up.

In conclusion, in this study of children with previously diagnosed IBD, clinical disease 
activity was only weakly associated with inflammatory markers FC and CRP. This may 
implicate that clinical symptoms and inflammatory markers represent two distinct aspects 
of disease activity and should be considered separately in clinical decision making.
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Supplementary table 1 │  Pediatric Ulcerative 
Colitis Activity Index (PUCAI)

Abdominal pain

No pain 0

Pain can be ignored 5

Pain cannot be ignored 10

Rectal bleeding

None 0

Small amount only, in <50% of stools 10

Small amount with most stools 20

Large amount (>50% of the stool 
content)

30

Stool consistency of most stools

Formed 0

Partially formed 5

Completely unformed 10

Number of stools per 24 h

0–2 0

3–5 5

6–8 10

>8 15

Nocturnal stools (any episode causing 
wakening)

No 0

Yes 10

Activity level

No limitation of activity 0

Occasional limitation of activity 5

Severe restricted activity 10

Sum of PUCAI (0–85)
Turner D, Otley AR, Mack D, Hyams J, de 
Bruijne J, Uusoue K, Walters TD, Zachos M, 
Mamula P, Beaton DE, Steinhart AH, Griffiths 
AM (2007) Development, validation, and 
evaluation of a pediatric ulcerative colitis 
activity index: a prospective multicenter study. 
Gastroenterology 133:423–32. doi: 10.1053/j.
gastro.2007.05.029

Supplementary table 2 │  Abbreviated Pedi-
atric Crohn’s Disease Activity Index (aPCDAI)

Abdominal pain

None 0

Mild - Brief, does not interfere with 
activities 

5

Mod/severe-daily, longer lasting af-
fects activities, nocturnal 

10

Stools (per day)

0-1 liquid stools, no blood 0

Up to 2 semi-formed with small blood, 
or 2-5 liquid

5

Gross bleeding, or ≥6 liquid, or noc-
turnal diarrhea

10

Patient Functioning, General Well-Being

No limitation of activities, well 0

Occasional difficulty in maintaining 
appropriate activities, below par

5

Frequent limitation of activity, very 
poor

10

Weight

Weight gain or voluntary weight sta-
ble/loss

0

Involuntary weight stable, weight loss 
1-9%

5

Weight loss ≥ 10% 10

Abdomen

No tenderness, no mass 0

Tenderness, or mass without tender-
ness

5

Tenderness, involuntary guarding, 
definite mass

10

Perirectal disease

None, asymptomatic tags 0

1-2 indolent fistula, scant drainage, no 
tenderness

5

Active fistula, drainage, tenderness, 
or abscess

10

Sum of aPCDAI (0–60)  

Loonen HJ, Griffiths AM, Merkus MP, Derkx 
HHF (2003) A critical assessment of items on 
the Pediatric Crohn’s Disease Activity Index. J 
Pediatr Gastroenterol Nutr 36:90–5.
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Supplementary table 3 │  An overview of symptoms contributing to a clinical classifica-
tion of active disease despite FC-based remission (< 250 µg/g).

Patients with active disease de-
spite FC-based remission

PUCAI components Ulcerative colitis (n=6)

Abdominal pain 3 (50%)

Rectal bleeding 3 (50%)

Stool consistency 4 (67%)

Number of stools per 24h 3 (50%)

Nocturnal stools 1 (17%)

Activity level 2 (33%)

aPCDAI components Crohn’s disease (n=7)

Abdominal pain 2 (29%)

Stools (per day) 3 (14%)

Patient functioning 5 (72%)

Weight 3 (43%)

Abdomen 1 (14%)

Perirectal disease 0 (0%)

Data represent the number of subjects with a score on the individual disease activity 
index components of >0.
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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
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ABSTRACT

BACKGROUND: Reliable data on inflammatory biomarkers for predicting relapse 
of paediatric inflammatory bowel disease (IBD) are lacking. 

AIM: Therefore, we investigated the predictive value of fecal calprotectin (FC) and 
CRP for symptomatic relapse in pediatric IBD in clinical remission.

METHODS: In this cross-sectional cohort study, patients <18 years with Crohn’s 
disease or ulcerative colitis in clinical remission ≥3 months were included. At 
baseline, clinical and biochemical disease activity were assessed using the 
abbreviated-Pediatric Crohn’s Disease Activity Index or Pediatric Ulcerative Colitis 
Activity Index, and FC and CRP respectively. Disease course over the subsequent 
12 months was retrospectively assessed.

RESULTS: In total, 114 patients (56% males; median age 14.9 years) were included. 
Baseline FC was higher in patients that developed symptomatic relapse (median 
[IQR], relapse 370 µg/g [86–1100] vs remission 122 µg/g [40–344], p=0.003). 
Baseline FC was predictive of symptomatic relapse within 6 months (HR per 
250µg/g [95%CI]: 1.46 [1.21–1.77], p<0.001), with good predictive accuracy (AUC: 
0.82). Optimal FC cut-off was 350 μg/g, with positive and negative predictive value 
of 41% and 96%. Baseline CRP was higher in patients that developed symptomatic 
relapse (median [IQR], relapse 1.0 µg/g [0.6–5.0] vs remission 1.0 µg/g [0.4–2.0], 
p=0.033). Baseline CRP was predictive of symptomatic relapse within 6 months 
from baseline (HR per 1 mg/L [95%CI]: 1.10 [1.02–1.19], p=0.011), with fair 
predictive accuracy (AUC: 0.72). Optimal CRP cut-off was 1.0 mg/L, with positive 
and negative predictive value of 21% and 94%.

CONCLUSIONS: Faecal calprotectin and CRP are predictive of symptomatic 
relapse and may be valuable in management of pediatric IBD in clinical remission.
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INTRODUCTION

Inflammatory bowel disease (IBD) is characterised by chronic intestinal inflammation. 
Patients with IBD typically experience periods of clinical remission, alternated by 
periods of active disease (i.e. relapse). Unfortunately, it is difficult to predict when a 
relapse will occur.

Biomarkers of inflammation have been suggested to be predictive of symptomatic relapse 
in patients with IBD1. Indeed, studies in adults have shown that level of faecal calprotectin 
(FC) – arguably the most accurate marker of intestinal inflammation currently available2 
– is predictive of relapse in IBD in clinical remission3,4. Although less accurate, levels of 
C-reactive protein (CRP) have also been reported to be predictive of the risk of relapse1,5,6. 
These findings may have important implications for clinical practice, because treating 
patients in remission guided by biomarkers can potentially increase the likelihood of 
attaining sustained remission. In support of this, a recent study showed that a therapeutic 
algorithm based on levels of FC alone can improve long-term outcome in adult patients 
with ulcerative colitis in clinical remission7. 

In paediatric IBD, the predictive value of biomarkers of inflammation for relapse 
is not well known. The three studies that have been published to date evaluating 
this topic reported conflicting results5,8,9 and are hard to interpret because of major 
methodological flaws8, use of non-validated instruments to define remission5,8,9 and 
the use of non-validated instruments8,9 or very strict criteria5 to define relapse.

Therefore, in the present study, we aimed to investigate the predictive value of the 
biomarkers FC and CRP for the risk of relapse in children and adolescents with IBD 
in clinical remission. 

METHODS

Patients 

In this cross-sectional, multi-centre cohort study, we aimed to include all children (aged 
<18 years) in clinical remission for at least 3 months, with an established diagnosis of 
Crohn’s disease or ulcerative colitis according to the revised Porto criteria10. Patients were 
included at the out-patient paediatric gastroenterology clinic of one of three academic 
hospitals (University Medical Center Utrecht/Wilhelmina Childrenʼs Hospital, Academic 
Medical Center/Emma Children’s Hospital and VU University Medical Center) and one 
district hospital (Medical Spectrum Twente) in the Netherlands between January 2013 and 
April 2015. Clinical remission was defined as an abbreviated Pediatric Crohn’s Disease 
Activity Index (aPCDAI)11,12 score of <10 in Crohn’s disease and a Pediatric Ulcerative Colitis 
Activity Index (PUCAI)13 score of <10 in ulcerative colitis. Patients with diarrhoea, visible 
blood in stool, unintentional weight loss, fever or active perianal disease were excluded. 
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Furthermore, patients on remission induction treatment (i.e. anti-TNFα during induction, 
corticosteroids or exclusive enteral nutrition) or patients with an ileo- or colostomy, or a 
history of colectomy with ileal pouch-anal anastomosis were excluded. Approval from the 
local Medical Ethics Review Committees of all participating centres was obtained. 

 
Data collection

Clinical disease activity was evaluated cross-sectionally at baseline by the treating 
physician using the aPCDAI or PUCAI, for Crohn’s disease and ulcerative colitis 
respectively. A blood sample was taken at baseline to measure serum CRP level and 
patients were asked to provide a faecal sample at baseline visit for measurement of 
FC level. The following baseline patient characteristics were extracted from patients’ 
medical records: age, sex, number of months since diagnosis of IBD, current and 
previous use of IBD related medication, previous IBD related surgery, age at 
diagnosis, disease location and behavior, and the presence of (previous) growth 
impairment. The Paris classification was used to classify IBD phenotype14. Current 
medication for IBD was categorised according to a step-up therapeutic pyramid 
in accordance with the European Crohn’s and Colitis Organisation and European 
Society of Pediatric Gastroenterology, Hepatology and Nutrition guidelines 
on the medical management of paediatric Crohn’s disease or ulcerative colitis: 
aminosalicylate monotherapy, immunomodulators with or without aminosalicylates, 
anti-tumour necrosis factor alpha (anti-TNFα) with or without aminosalicylates and/
or immunomodulators15,16.

The following parameters were retrospectively assessed over the 12-month period following 
baseline (during which patients visited the out-patient paediatric gastroenterology clinic 
at 3-month intervals) from patients’ medical records: clinical disease activity (aPCDAI or 
PUCAI), change in IBD related medication, all available FC and CRP levels, the occurrence 
of IBD related surgery and radiological or endoscopic examination. Follow-up parameters 
were assessed by a single reviewer (KD), which was not involved in treatment of patients 
and blinded for baseline FC and CRP. In our practice, cases of suspected symptomatic 
relapse were confirmed with both FC and CRP levels. Patients and their caretakers 
were instructed to contact the out-patient paediatric gastroenterology clinic if the child 
developed symptoms between regular out-patient visits, to arrange an additional out-
patient visit to evaluate disease activity.

The primary endpoint was symptomatic relapse defined as an aPCDAI or PUCAI score 
≥10, with the need for treatment intensification, defined as either (i) the start of medical 
treatment (in patients receiving no medical therapy at baseline), (ii) the addition of a new 
type of medical therapy, and/or (iii) dose escalation of maintenance treatment.
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Statistical analysis

Primary analysis was the independent predictive value of FC for symptomatic 
relapse. Secondary analysis was the independent predictive value of CRP for 
symptomatic relapse. Continuous data with a normal distribution were presented 
as mean and standard deviation (s.d.), and paired or unpaired t-tests were used 
to compare differences between groups. Continuous data with a non-normal 
distribution were presented as median and interquartile range (IQR), and Mann–
Whitney U tests or Wilcoxon signed rank test were used to compare differences 
between groups. Categorical data were presented as percentages. Time-to-event 
data were presented using Kaplan–Meier curves for all IBD patients, and separately 
for Crohn’s disease and ulcerative colitis patients.

Univariable and multivariable Cox regression analysis was performed to evaluate 
whether FC and CRP could serve as independent predictors for symptomatic relapse. 
We hypothesised that the predictive accuracy of FC and CRP for symptomatic relapse 
gradually decreases over time. Therefore, stratum specific survival plots and log-minus-
log plots were analysed to evaluate a potential time-varying effect17. When a time-varying 
effect of FC or CRP was present, a cut-off time-point was established up until the hazard for 
symptomatic relapse was proportional, which was then verified in a Cox model by testing 
difference in hazard between the period before and after the established cut-off time-point, 
as described previously17. When no clear time-varying effect was present, a 6-month cut-
off time-point was tested as described above. Proportional hazard assumptions of other 
predictive factors were graphically evaluated using log-minus-log plots. The predictive 
value of FC and CRP was adjusted in multivariable Cox regression for all variables with a 
two-sided P < 0.20 in univariable Cox regression. Hazard ratios (HR) were presented per 
100 μg/g increment for FC levels and per 1 mg/L increment for CRP levels.

A cut-off for FC and CRP levels with the highest sum of sensitivity and specificity 
was determined using receiver operating characteristic (ROC) analysis. Sensitivity, 
specificity, positive and negative predictive values, and positive and negative 
likelihood ratios with 95% CIs for the prediction of a symptomatic relapse were 
calculated for (i) the identified cut-offs, (ii) for established cut-offs for endoscopic 
activity (FC 250 µg/g2; CRP 5 mg/L18) and (iii) for cut-offs with the highest sensitivity 
at a specificity level ≥90%. The accuracy of FC and CRP was evaluated using the 
area under the curve (AUC) of the ROC and was classified as follows: poor 0.6–0.7; 
fair 0.7–0.8; good 0.8–0.9; excellent 0.9–1.019. The level of significance was set at P 
< 0.05. Statistical analysis was performed using IBM spss Statistics 22 (Chicago, IL, 
USA) for Windows.
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RESULTS

Patient characteristics

One hundred twenty patients were in clinical remission for at least 3 months based on 
activity indices, of whom six patients were excluded due to diarrhoea (n=2), unintentional 
weight loss (n=1), fever (n=1) or active perianal disease (n=2). In total, 114 patients (56% 
male), with a mean age of age was 14.9 years (IQR: 12.6–16.5), were included: 70 with 
Crohn’s disease and 44 with ulcerative colitis. Median duration of disease was 27.6 months 
(IQR: 13.6–55.7). None of the patients smoked. Eighty-six patients (75%) reported no IBD-
related symptoms, 27 patients (24%) reported mild abdominal pain and one patient (1%) 
reported occasional limitation of activity. Maintenance treatment was not adjusted in the 
majority of patients (90.4%) within 3 months prior to inclusion: in three patients (2.6%) the 
dose was adjusted according to weight; in four patients (3.5%) treatment was stopped or 
the dose was reduced due to sustained remission; in four patients (3.5%) the dose or type 
was adjusted due to adverse events.

The cumulative number of patients with symptomatic relapse was nine (8%), 17 (15%) and 
27 (24%) patients at 3, 6 and 12 months after baseline respectively. In the patients that 
went on to symptomatic relapse, 21 (78%) received an additional type of medical therapy, 
4 (15%) received dose escalation of maintenance treatment, and two (7%) re-started 
medical treatment. Baseline characteristics of patients with and without symptomatic 
relapse are shown in Table 1. 

 

Table 1 │  Patient characteristics of patients with and without symptomatic relapse 

Symptomatic relapse  
(n=27)

Remission  
(n=87)

Age (median, IQR) 14.8 (12.0–16.2) 15.0 (12.6–15.6)
Males 11 (41%) 53 (61%)
Disease duration (months, median, IQR) 20.4 (9.2–37.4) 31.1 (14.1–58.7)
Diagnosis
Crohn’s disease
Ulcerative colitis

11 (41%)
16 (59%)

59 (68%)
28 (32%)

Current medication for IBD
Aminosalicylatesa

Immunomodulatorb

anti-TNFʼc

25 (92%)
8 (30%)
12 (44%)
5 (19%)

82 (94%)
19 (22%)
37 (44%)
26 (30%)

Previous medication for IBD
anti-TNFʼ
Steroids

27 (100%)
6 (22%)
19 (70%)

87 (100%)
29 (33%)
46 (53%)

Previous IBD related surgery
Perianal surgery
Resectional surgery

3 (7%)
1 (4%)
1 (4%)

7 (8%)
6 (7%)
1 (1%)
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Crohn’s disease (Paris classification)

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

3 (27%)
8 (73%)

18 (31%)
41 (70%)

Locationd 
L1
L2
L3
L4a
L4b

1 (9%)
6 (55%)
4 (36%)
5 (46%)
0 (0%)

4 (5%)
23 (39%)
31 (53%)
19 (22%)
3 (5%)

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

9 (82%)
2 (18%)
0 (0%)
0 (0%)
2 (18%)

51 (86%)
1 (2%)
7 (12%)
0 (0%)

11 (19%)

Growth impairment 
Evidence of growth delay 0 (0%) 14 (24%)

Ulcerative colitis (Paris classification)

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

4 (15%)
3 (19%)
0 (0%)
9 (56%)

2 (7%)
7 (25%)
3 (11%)
16 (57%)

Severityb 
S1: ever severe 3 (11%) 4 (5%)

a monotherapy
b with or without aminosalicylates
c with or without aminosalicylates and/or immunomodulators 
d 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. 
anti-TNFα: anti-tumor necrosis factor alpha, IBD: inflammatory bowel disease, NA: not applicable

Risk of symptomatic relapse 

In multivariable Cox regression analysis, FC, CRP and the type of IBD (UC vs CD, HR: 2.65 
[95%CI 1.14–6.32], p=0.028) were significantly associated with the risk of symptomatic 
relapse (Table 2).

 
Faecal calprotectin

Baseline Faecal calprotectin (FC) levels were higher in patients that developed a relapse 
compared to patients with no symptomatic relapse (median 370 µg/g [IQR 86–1100] vs 
112 µg/g [IQR 40–344], p=0.003). In patients with symptomatic relapse (n=27), FC level 
increased from baseline (367 µg/g [IQR 66–909]) to time of relapse (1632 µg/g [IQR 653–
1800], p<0.001). 

Time to symptomatic relapse survival curves of patients with FC levels below and above 
250 μg/g exhibited a proportional hazard for symptomatic relapse until 6 months from 
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baseline (Figure 1a). The validity of using FC level only as a predictor of symptomatic 
relapse until 6 months from baseline was tested in univariable analysis and demonstrated 
that FC level was a significant predictor of symptomatic relapse within 6 months from 
baseline (HR: 1.42 [95%CI 1.20–1.67], p<0.001). As observed in the survival curves, FC 
level was not predictive of symptomatic relapse 6 to 12 months from baseline (HR: 0.91 
[95%CI 0.59–1.41], p=0.685).

Multivariable analysis demonstrated that FC level was an independent predictor of 
symptomatic relapse within 6 months from baseline (HR: 1.46 [95%CI 1.21–1.77], p<0.001; 
Table 2). In a separate analysis of Crohn’s disease and ulcerative colitis, FC level was 
independently predictive of symptomatic relapse for both diagnoses (Crohn’s disease: HR: 
1.51 [95%CI 1.11–2.07], p=0.010; ulcerative colitis: HR: 1.47 [95%CI 1.12–1.92], p=0.005; 
supplementary table 1). 

Figure 1 │  Symptomatic relapse survival curves stratum specific survival of patients with (a) FC levels 
below and above 250 μg/g and (b) CRP levels below and above 5 mg/L. CRP: C-reactive protein, FC: 
faecal calprotectin, PH: proportional hazard
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Baseline FC level had a good accuracy for predicting symptomatic relapse until 6 months 
from baseline (AUC: 0.82 [95%CI 0.71–0.93], p<0.001, Figure 2). The cut-off level for FC 
with the highest combined sensitivity and specificity was 350 µg/g. If FC level was >350 
μg/g, the chance of symptomatic relapse was 41%, and if FC level was <350 μg/g the 
chance of sustained remission was 96%, within 6 months from baseline. The FC level with 
the highest sensitivity at a specificity ≥90% was 850 μg/g. Test characteristics of FC cut-off 
levels are shown in Table 3.

 
C-reactive protein

Baseline C-reactive protein (CRP) levels were higher in patients that developed a relapse 
compared to patients with no symptomatic relapse (median 1.0 µg/g [IQR 0.6–5.0] vs 
1.0 µg/g [IQR 0.4–2.0], p=0.033). In patients with symptomatic relapse (n=27), CRP level 
increased from baseline (median 1.0 mg/L [IQR 0.6–5.0]) to time of relapse (4.0 mg/L [IQR 
0.9–6.4], p=0.001).

Table 2 │  Multivariable analysis: faecal calprotectin and C-reactive protein as a predictor for symp-
tomatic relapse 

Univariable Multivariable

HR (95%CI) p HR (95%CI) p

Faecal calprotectina

(HR per 250 μg/g)
1.42 (1.20–1.67) <0.001 1.46 (1.21–1.77) <0.001

C-reactive proteina

(HR per 1 mg/L)
1.09 (1.03–1.16) 0.004 1.10 (1.02–1.19) 0.011

Age 
Years 

1.03 (0.90–1.18) 0.649

Gender 
Female vs male

1.70 (0.80–3.64) 0.170 1.84 (0.81–4.18) 0.145

Disease duration
Months

0.99 (0.97–1.00) 0.071 0.99 (0.98–1.01) 0.295

Diagnosis
Ulcerative colitis vs Crohn’s disease 

2.30 (1.08–4.91) 0.032 2.65 (1.14–6.32) 0.028

Current medication for IBD 0.73 (0.17–3.07) 0.664

Current aminosalicylatesb 1.12 (0.48–2.66) 0.790

Current immunomodulatorc 1.26 (0.59–2.68) 0.548

Current anti-TNFαd 0.58 (0.22–1.52) 0.263

Previous anti-TNFα 0.61 (0.25–1.50) 0.281

Previous steroids 1.98 (0.87–4.52) 0.106 2.53 (0.94–6.81) 0.067

Previous IBD related surgery 0.85 (0.20–3.57) 0.802

a until 6 months from baseline
b monotherapy
c with or without aminosalicylates
d with or without aminosalicylates and/or immunomodulators
anti-TNFα: anti-tumor necrosis factor alpha, IBD: inflammatory bowel disease, NA: not applicable.
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Time to symptomatic relapse survival curves of patients with CRP levels below 5 mg/L 
compared to patients with CRP levels above 5 mg/L exhibited a proportional hazard of 
symptomatic relapse within 12 months from baseline (Figure 1b). However, when analysed 
per semester in univariable analysis, CRP level was a significant predictor of relapse within 
6 months (i.e. from baseline (HR: 1.09 [95%CI 1.03–1.16], p=0.004), but was not predictive 
of symptomatic relapse 6 to 12 months from baseline (HR: 0.93 [95%CI 0.67–1.31], 
p=0.685).

Multivariable analysis demonstrated that CRP level was an independent predictor of 
symptomatic relapse within 6 months from baseline (HR: 1.10 [95%CI 1.02–1.19], p=0.011; 
Table 2). In a separate analysis of Crohn’s disease and ulcerative colitis, C-reactive protein 
level was independently predictive of symptomatic relapse for both diagnoses (Crohn’s 
disease: HR: 1.14 [95%CI 1.03–1.26], p=0.009; ulcerative colitis: HR: 1.17 [95%CI 1.00–
1.37], p=0.046; Supplementary table 1). 

Baseline CRP level had a fair accuracy for predicting symptomatic relapse within 6 months 
from baseline (AUC: 0.72 [95%CI 0.58–0.85], p=0.006, Figure 2). The cut-off for CRP with 
the highest combined sensitivity and specificity was 1.0 mg/L. If CRP level was >1.0 mg/L, 
the chance of symptomatic relapse was 21%, and if CRP level was <1.0 mg/L the chance 
of sustained remission was 94%, within 6 months from baseline. The CRP level with the 
highest sensitivity at a specificity ≥90% was 5.0 mg/L. Test characteristics of CRP cut-off 
levels are shown in Table 3.

Table 3 │ Test characteristics of faecal calprotectin and C-reactive protein for prediction of symptom-
atic relapse within 6 months

Faecal calprotectin C-reactive protein

>250 μg/g >350 μg/g >850 μg/g >1.0 mg/L >5.0 mg/L

Sensitivity 
(95% CI)

82%
(56–96%)

82%
(56–96%)

59%
(14–62%)

82%
(54–96%)

38%
(15–65%)

Specificity 
(95% CI)

70%
(60–79%)

79%
(70–87%)

92%
(84–96%)

48%
(37–59%)

91%
(84–96%)

Positive likelihood ratio 
(95% CI)

2.8
(1.9–4.0)

4.0
(2.6–6.3)

7.13
(3.3–15.5)

1.6
(1.2–2.1)

4.3
(1.7–10.8)

Negative likelihood ratio 
(95% CI)

0.3
(0.1–0.7)

0.2
(0.1–0.6)

0.5
(0.3–0.8)

0.4
(0.10–1.1)

0.7
(0.5–1.0)

Positive predictive value 
(95% CI)

33%
(25–41%)

41%
(22–56%)

56%
(36–73%)

21%
(16–27%)

43%
(23–65%)

Negative predictive value 
(95% CI) 

96%
(89–98%)

96%
(90–98%)

93%
(87–96%)

94%
(84–98%)

89%
(85–93%)
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DISCUSSION

In this study, we demonstrated that levels of FC and CRP were both independent predictors 
of symptomatic relapse in children and adolescents with IBD in clinical remission, and in 
Crohn’s disease and ulcerative colitis separately. Faecal calprotectin was a more accurate 
predictor compared to CRP. Furthermore, the risk of symptomatic relapse was higher in 
patients with ulcerative colitis compared to patients with Crohn’s disease.

Faecal calprotectin level has already been shown to be predictive of symptomatic relapse 
in adult patients with IBD3,4,20. Similar to our results, the majority of studies in adults found 
a higher FC level in patients who developed a relapse compared with those who remained 
in clinical remission21,22. Reported cut-off of FC to identify adults with IBD with a higher 
risk of relapse varied greatly, ranging from 120 to 340 μg/g4. The two published paediatric 
IBD studies reported cut-off values for FC of 1089 and 500 μg/g5. The cut-off for the FC 
level with the highest combined sensitivity and specificity in this study (350 μg/g) is higher 
than most previously reported cut-offs in adults. This may be related to a shorter duration 
of follow-up of 6 months, used for prediction of symptomatic relapse in the present study, 
compared to 12 months in most studies on adult patients1,21,22. Indeed, levels of FC are 
shown to be less increased as relapse occurs later in time23,24. Furthermore, the use of only 
clinical indices for the definition of relapse25,26 or strictly defined patient populations (e.g. 
patients on anti-TNFα) may have resulted in lower FC cut-off levels in previous studies 
on adults26. The difference between our identified optimal FC cut-off level and previous 

Figure 2 │  Receiver operator characteristic curve: faecal calprotectin and C-reactive protein in predicting 
symptomatic relapse within 6 months, CRP: C-reactive protein, FC: faecal calprotectin.
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paediatric cohorts may be related to differences in the definition of clinical remission and 
the duration of follow-up5,9. Moreover, the reported previous studies used non-validated 
instruments9 or very strict criteria5 to define relapse. 

Test characteristics of FC level in predicting symptomatic relapse showed fair predictive 
accuracy (AUC 0.82) and reasonable sensitivity (82%) and specificity (79%) for the optimal 
cut-off level. A meta-analysis on the predictive value of FC for symptomatic relapse of six 
prospective studies in adults showed similar pooled area under the curve (0.83), sensitivity 
(78% [95%CI 72–83%]) and specificity (73% [95%CI 68–77%])3.

The predictive value of CRP for symptomatic relapse in patients with IBD in clinical remission 
is less well established. While some studies in adult patients found higher CRP levels in 
those that went on to relapse27,28, most study groups did not find such a difference1,6,25,29,30. 
In addition, levels of CRP did not significantly differentiate between patients with and 
without symptomatic relapse by ROC analysis and had no value in predicting relapse in 
previous paediatric5 and adult studies1,6. Although CRP was an independent predictor 
of symptomatic relapse in the present study, the predictive accuracy (AUC: CRP 0.72 vs 
FC 0.82) and test characteristics at the optimal cut-off level (PPV: CRP 21% vs FC 41%) 
was inferior to FC. The rationale for less accurate prediction of relapse using CRP may 
be related to its lower specificity for IBD activity compared to the more gut specific 
inflammatory marker such as FC31–33. Furthermore, a known genetic CRP polymorphism 
in the general population which is associated with variations in CRP concentrations, with 
prevalence’s reported up to 20%34, could also contribute to lower predictive accuracy of 
CRP for symptomatic relapse in our cohort and previous studies1,5,6. 

In this study, we only used cases of relapse within 6 months from baseline to predict 
symptomatic relapse, as both FC and CRP levels were not predictive from 6 to 12 months from 
assessment. This confined period during which FC and CRP are predictive of symptomatic 
relapse corresponds to previous studies on patients with IBD in clinical remission, in whom 
serial measurement of FC and CRP were performed after discontinuation of infliximab23,24. 
Faecal calprotectin and CRP levels only started to increase 3 to 6 months before clinical 
relapse.

Crohn’s disease and ulcerative colitis are diseases with distinct inflammatory characteristics. 
Consequently, the predictive value of FC and CRP for relapse may be different for these 
two diseases. This study, however, demonstrated similar predictive capacity of FC in 
Crohn’s disease and ulcerative colitis. This is in accordance with a meta-analysis including 
prospective studies in adults patients, which did not identify a difference in the predictive 
value of FC for relapse in Crohn’s disease and ulcerative colitis3. C-reactive protein levels 
were also similarly predictive in Crohn’s disease and ulcerative colitis in our study, which 
seems counterintuitive, considering that the accuracy of CRP for the identification of 
endoscopically active ulcerative colitis is poor35,36. 
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An important aspect in the use of a single measurement of FC to predict relapse, as 
evaluated in the present study, is the variability in the level of FC during periods of clinical 
remission. Although FC level in IBD patients with active disease shows great variability 
within and between days37, reassuringly, a study in Crohn’s disease patients in clinical 
remission showed that day to day variability of FC levels was low (ICC 0.84 [95%CI 0.79–
0.89])38. Another concern in using FC for the prediction of symptomatic relapse, especially 
in Crohn’s disease, is differential accuracy dependent on disease location (e.g. colonic vs 
isolated small bowel disease). To date, findings of studies have not been univocal. A cross-
sectional study on Crohn’s disease patients evaluating the accuracy of FC for macroscopic 
inflammation, as determined by complete colonic and small bowel endoscopy, reported 
that FC is equally accurate in colonic disease compared to isolated small bowel disease39, 
while a more recent study with similar methodology reported lower levels of FC in patients 
with isolated small bowel disease40. In the present study, a direct comparison between 
Crohn’s disease patients with and without colonic involvement was not feasible due to 
the low number of patients with isolated small bowel disease. Therefore, the predictive 
value of FC level for relapse in patients with isolated small bowel Crohn’s disease remains 
elusive.

Surprisingly, pediatric patients with ulcerative colitis in our cohort had a twofold higher 
risk of symptomatic relapse during follow-up compared to those with Crohn’s disease. 
In contrast, previous studies in adults with IBD did not find such an association1,9,29. The 
association in this study may be related to the higher rate of anti-TNFα agent use, hence a 
greater potency of suppressing inflammation, in patients with Crohn’s disease compared 
to ulcerative colitis (Crohn’s disease 40% vs ulcerative colitis 7%, P < 0.001). We however 
did not find an association between use of anti-TNFα agents and the risk of symptomatic 
relapse, nor did the lone previous study which also reported the effect of anti-TNFα on 
symptomatic relapse in adults with IBD in clinical remission20. Nevertheless, the number of 
anti-TNFα users that subsequently relapsed, in our cohort and the latter study, were low, 
which may have impeded determination of an accurate association.

Strength of our study is that we included paediatric patients with IBD in clinical remission 
for at least 3 months using a strict definition, thereby reducing the potential influence of 
preceding flares on baseline level of biochemical markers of inflammation. A limitation 
of our study is the retrospective nature and, consequently, the nonsystematic follow-
up of patients. However, all patients attended the out-patient clinic at regular intervals 
after baseline assessment and extraction of clinical disease activity from medical records 
was feasible at every out-patient visit using the aPCDAI and PUCAI. Furthermore, due 
to ethical considerations, the treating physicians were aware of the results of baseline 
biochemical marker measurement, which might have influenced the clinical management 
during follow-up. Moreover, we used clinical activity indices to define remission at 
baseline, rather than endoscopy, while the latter may be considered the gold standard 
to assess IBD activity41. Although clinical disease activity is known to correlate poorly with 
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more objective measurement of disease activity42,43, we evaluated the predictive value of 
biochemical markers of inflammation for symptomatic relapse due to its negative impact 
on patients’ quality of life44. Indeed, although endoscopy-guided management of IBD is 
increasingly recommended45, its true value remains to be evaluated prospectively. 

Many children with IBD in clinical remission have elevated biomarkers of inflammation42. As 
there is currently no clear guidance, the management of these patients may pose dilemmas 
for the treating physician. Should these patients undergo endoscopy – with its associated 
risk, costs and discomfort – to ascertain the presence of endoscopic inflammation, 
while its short-and long-term relevance remains to be elucidated? Or should treatment 
be intensified – with a potential risk of overtreatment of patients with a benign disease 
course, thereby subjecting certain patients to an unnecessary risk of side-effects? Based 
on our results, intensifying medical treatment cannot be recommended in all children 
with elevated biomarkers of inflammation. Indeed, despite the observed predictive value 
of FC for relapse, the majority of patients in our study with baseline FC levels of >250 
µg/g was still in clinical remission after 12 months. A higher cut-off for FC (resulting in an 
increased specificity) may potentially be used to reliably identify candidates for treatment 
intensification. In our study, 56% of patients with a baseline FC level >850 µg/g went on 
to relapse within 6 months. We hypothesise that patients in clinical remission with highly 
elevated FC levels are likely to benefit from treatment intensification. Nonetheless, before 
such a strategy can be adopted in routine care, our findings should be replicated in an 
independent cohort, and ideally, it should be evaluated prospectively whether treatment 
of paediatric IBD guided by FC levels reduces the risk of relapse and improves quality of 
life. 

In conclusion, in this study on children and adolescents with IBD in clinical remission, FC 
and CRP level were both found to be independent predictors of symptomatic relapse, 
with superior predictive test characteristics of FC. These results suggest that high FC levels 
found at routine measurement in children and adolescents with IBD in clinical remission 
justify more careful disease monitoring and should prompt critical evaluation of current 
treatment.
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Supplementary table 1 │  Multivariable analysis: fecal calprotectin and C-reactive protein as a predictor for symp-
tomatic relapse in Crohn’s disease and ulcerative colitis

Crohn’s Disease Ulcerative colitis

Univariable Multivariable Univariable Multivariable

HR 
(95%CI) p HR 

(95%CI) p  HR 
(95%CI) p HR 

(95%CI) p

Fecal calprotectina

(HR per 250 μg/g)
1.59 

(1.20–2.11)
0.001 1.51 (1.11–

2.07)
0.010  1.41 

(1.11–1.80)
0.005  1.47 

(1.12–1.92)
0.005

C-reactive proteina

(HR per 1 mg/L)
1.11 

(1.03–1.19)
0.018 1.14 

(1.03–1.26)
0.009  1.18 

(1.02–1.38)
0.031  1.17 

(1.00–1.37)
0.046

Age 
Years 

0.98 
(0.81–1.17)

0.794  1.15 
(0.93–1.42)

0.227

Gender 
Female vs male

1.51 
(0.49–4.67)

0.478  1.72 
(0.61–4.85)

0.302

Disease duration
Months

0.97 
(0.95–1.00)

0.072 0.99 
(0.96–1.01)

0.333  0.99 
(0.98–1.01)

0.388

Current medication 
for IBD

0.99 
(0.13–7.67)

0.993
NA

Current aminosalicy-
latesb

1.55 
(0.20–
12.03)

0.674  0.51 
(0.18–1.43)

0.201

Current immunomod-
ulatorc 

1.19 
(0.38–3.70)

0.759  1.47 
(0.53–4.05)

0.460

Current anti-TNFʼd 0.73 
(0.22–2.43)

0.610  0.88 
(0.15–8.85)

0.880

Previous anti-TNFʼ 0.88 
(0.28–2.78)

0.831  0.77 
(0.10–5.83)

0.797

Previous steroids 2.25 
(0.67–7.47)

0.186 3.61 
(0.16–
15.84) 

0.089  1.30 
(0.41–4.07)

0.657

Previous IBD related 
surgery 

1.28
(0.28–5.88)

0.744
NA

Crohn’s disease: lo-
cation
Colonic involvement 

1.06 
(0.14–8.20)

0.096
NA

Crohn’s disease: be-
havior penetrating 
and/or stricturing 

1.22 
(0.26–5.58)

0.795
NA

Ulcerative colitis: 
extentd  extensive / 
pancolitis
vs left sided

NA

 0.64 
(0.23–1.77)

0.392

a until 6 months from baseline
b monotherapy
c with or without aminosalicylates
d with or without aminosalicylates and/or immunomodulators
e categorical variable (reference category: E1 proctitis) 
anti-TNFα: anti-tumor necrosis factor alpha, IBD: inflammatory bowel disease, NA: not applicable.
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ABSTRACT

OBJECTIVES: The interrelation between the course of Inflammatory Bowel Disease 
(IBD) in children and parent’s distress, and the subsequent impact this may have 
on Health-Related Quality Of Life (HRQOL) of the child is unclear. Therefore, we 
investigated (I) patient’s HRQOL and parental distress, and (II) the association 
between the course of IBD, parental distress, and HRQOL of pediatric IBD patients.

METHODS: Pediatric IBD patients (8−18 years) and parents were invited. Patients 
completed the Pediatric Quality of Life Inventory, and parents the Distress 
Thermometer for Parents, simultaneously. Disease course was expressed as current 
clinical disease activity or months since last IBD flare. Patient’s HRQOL and parental 
distress were compared to healthy controls.

RESULTS: In total, 87 patients (71% response rate, 59% male, median age 
15.2 years) and parents were included. Patients had an impaired total HRQOL 
(β=0.125, p=0.010), driven by lower physical (β=0.196, p=0.001) and school 
(β=0.232, p<0.001) functioning. Parents of children with IBD exhibited comparable 
levels of distress to parents of healthy children on the total problem and most 
subdomain problem scores (practical, social, emotional, physical and cognitive), 
yet experienced more frequent parenting problems (p=0.025). 

More severe disease course (months since last IBD flare) was indirectly associated, 
through parental distress, with decreased HRQOL of patients.

CONCLUSIONS: Worse disease course is directly associated with increased distress 
of parents and indirectly with lower HRQOL of children and adolescents with IBD. 
Distress of parents may be considered in management of pediatric IBD to improve 
HRQOL of children.
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INTRODUCTION

In children and adolescents with inflammatory bowel disease (IBD), controlling intestinal 
inflammation is an important aspect of treatment. Another important aspect is to pay 
attention to health-related quality of life (HRQOL), since children and adolescents with 
IBD exhibit decreased HRQOL compared to healthy peers1. Causes of decreased HRQOL 
in children and adolescents with IBD have been primarily sought at the patient level, such 
as therapy adherence2, coping style3 and clinical disease activity4. However, children are 
embedded within multiple social contexts including their family, which may mediate the 
impact of disease on the child5. Therefore, other factors influencing HRQOL must also be 
considered.

Similar to adult patients, children and adolescents with IBD frequently need to visit their 
doctor, take (daily) medication, and undergo invasive medical procedures. The impact of 
the disease, therefore, could potentially endanger normal development of these young 
patients. Indeed, adolescents and young adults with IBD show impaired autonomy6, which 
increases dependence on parents. Whether parents are able to provide the necessary 
support for their chronically ill child is likely limited by personal stressors7, and stressors 
related to the course of IBD8. 

There is some evidence that parents of children with IBD experience higher levels 
of distress8,9. The effect of parental distress on HRQOL in children with IBD has been 
evaluated in one study, which demonstrated an association between higher distress of 
parents and lower HRQOL in children9. Factors that directly affect the level of parental 
distress and, thereby indirectly affect HRQOL of children with IBD, are scantily investigated. 
Identification of these factors is key to potentially intervene in the level of parental distress 
and subsequently in the HRQOL of pediatric IBD patients. Therefore, we aimed to 
investigate (I) HRQOL of pediatric IBD patients and distress of their parents, and (II) the 
effect of disease course on parental distress directly, and indirectly on their child’s HRQOL.

METHODS

Patients 

In this cross-sectional study, we aimed to include all children (8–18 years) with an established 
diagnosis of Crohn’s disease or ulcerative colitis according to the revised Porto criteria10 
and their parents, treated at the outpatient pediatric gastroenterology clinic of the 
Academic Medical Center, in the Netherlands (May 2014 – November 2015). Data were 
collected as part of the online KLIK monitoring program (KLIK: Quality of Life in Clinical 
Practice)11. Prior to outpatient consultation, children and parents were contacted by mail 
and to complete online questionnaires. All questionnaires were completed simultaneously. 
Eligible children attending the outpatient clinic during the study period with incomplete 
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questionnaires were defined as non-participants. The study was approved by the medical 
ethics committee and informed consent by parents and patients was given.

 
Data collection

Sociodemographic and patient characteristics 

Sociodemographic characteristics on participating parents, at time of questionnaire 
completion, were collected using online questionnaires, and included: age, sex, country 
of birth, employment status, education level, marital status and single parenthood. Patient 
characteristics were obtained from medical records, including: age, sex, disease duration, 
IBD phenotype according to the Paris classification12, current medication, previous IBD-
related surgery and months since last flare of IBD.

 
Disease course

Disease course was expressed as ‘current clinical disease activity’ and ‘months since last 
flare’. Current clinical disease activity indices were self-completed by patients, in tandem 
with assessment of parental distress and HRQOL. The Pediatric Ulcerative Colitis Activity 
Index (PUCAI) was applied to ulcerative colitis patients13, and the short Pediatric Crohn’s 
Disease Activity Index (shPCDAI) to Crohn’s disease patients14. Clinical disease activity was 
classified in remission (PUCAI <10/ shPCDAI <15), mild (PUCAI 10–34/ shPCDAI 15–29) 
and moderate-severe (PUCAI ≥35/ shPCDAI ≥30)13,14. 

Months since last flare was calculated from the time of questionnaire completion. A flare 
of IBD was defined as a shPCDAI or PUCAI ≥10, with the need for hospitalization and/
or treatment intensification, defined as either (I) the start of medical treatment, (II) the 
addition of a new type of medical therapy, and/or (III) dose escalation of maintenance 
treatment. 

 
HRQOL 

The Pediatric Quality of Life Inventory 4.0 (PedsQL) measures HRQOL in both healthy and 
chronically ill children over the past week15. A total score, four subscale scores (physical-, 
emotional-, social, school functioning) and a separate combined psychosocial health 
score were computed. Higher PedsQL scores indicate a better HRQOL. PedsQL scores 
of children with IBD were compared to a cohort of healthy children (8–18 years) from the 
Dutch general population16.

 
Parental distress 

The distress thermometer for parents (DT-P) is a well-validated, brief screening instrument 
to identify distress and everyday problems over the past week17,18. The DT-P consists of 
(I) a ‘thermometer’ ranging from 0 (no distress) to 10 (extreme distress) on which parents 
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rate overall distress (thermometer score ≥4: clinically elevated distress) and (II) a problem 
list which inquires everyday problems across six problem domains (practical, social, 
emotional, physical, cognitive, parenting) and additional questions concerning: support 
from the community, lack of understanding concerning parents’ situation and parental 
chronic illness17,18. Higher DT-P scores indicate higher levels of parental distress. DT-P 
scores concerning parents of children were compared to a cohort of parents from healthy 
children (8–18 years) from the Dutch general population18. 

 
Statistical analysis

Differences in baseline characteristics between participants and nonparticipants, and 
cases and controls were analyzed using Fisher’s exact tests for categorical variables and 
T-tests or Mann-Whitney-U tests, for normally and non-normally distributed continuous 
variables, respectively. Internal consistency of the PedsQL and DT-P in this cohort, 
assessed with Crohnbach α’s (good: >0.70, acceptable: ≥0.50)19,20, were good for the 
PedsQL total score (0.92) and for sub scores (0.73–0.88), good for DT-P total problem 
score with (0.87) and without (0.88) the parenting problem domain, and acceptable to 
good for problem domains (0.56–0.74) Normal distribution was checked using QQ-plots, 
box plots and histograms. Non-normally distributed PedsQL and DT-P scores were first 
transformed by natural logarithm, and again checked for normality. Secondly, HRQOL 
scores between children with IBD and healthy children, and DT-P scores between parents 
of children with IBD and healthy children were compared, corrected for differences in 
baseline characteristics using multivariable linear regression. Individual dichotomous DT-P 
items were analyzed with logistic regression. 

Structural equation modeling (SEM) with bootstrapping was used to explore direct and 
indirect associations between disease course, parental distress (thermometer score) and 
the child’s HRQOL using AMOS21,22. SEM serves purposes similar to multiple regression, 
but is more powerful in assessing causal models21,22. We purposed one model, with 
disease course expressed as ‘current clinical disease activity’ and ‘months since last flare’ 
as individual indicators of the course of IBD (figure 1). Type of diagnosis (ulcerative colitis 
vs. Crohn’s disease), and child’s sex as control variables as they potentially confound 
associations between disease course, parental distress and children’s HRQOL. Parents’ sex 
and single parenthood were control variables for parental distress and children’s HRQOL. 
Non-normally distributed variables were normalized by natural logarithm. All models were 
estimated using the maximum likelihood estimation method. Model fit indicators were 
the ratio of the Chi-square to degrees of freedom (χ2/df), comparative fit index (CFI), and 
root-mean-square error of approximation (RMSEA)23. Goodness of fit was defined as χ2/
df<3, CFI>0.95, and RMSEA<0.0524.

Effect sizes were presented as standardized regression coefficients (β). Effect sizes were 
categorized using predefined cut-off value’s: small (0.1), medium (0.3) and large (0.5)25. 
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The level of significance was set at p<0.05. Statistical analysis was performed using IBM 
SPSS and AMOS Statistics 22 for Windows. 

RESULTS

In total, 87 patients (59% male, median age 15.2 years) were included: 58 children with 
Crohn’s disease and 29 with ulcerative colitis (response rate 71%). Responders were of 
comparable age (15.2 years [IQR 13.4–16.5] vs. 15.2 years [IQR 12.7–17.1], p=0.619), had 
an equal gender (male: 59% vs. 56%, p=0.842), and type of IBD (67% vs. 83%, p=0.079) 
compared to non-responders. Based on clinical indices (shPCDAI/ PUCAI), 55 (63%) 
participating patients were in remission, 28 (32%) had mild disease activity, and 4 (5%) 
patients had moderate to severe disease activity. Additional patient characteristics are 
presented in table 1. 

 
HRQOL

Pediatric IBD patients (n=87) were compared with healthy children (n=340). Included IBD 
patients were more frequently male (59% vs. 45%, p=0.030) and had a higher age (15.2 
years [IQR 13.4–16.5] vs. 12.8 years [IQR 11.3–14.7], p<0.001) compared to the healthy 
children. Gender and age were included in linear regression models (table 2). 

Children and adolescents with IBD had a lower HRQOL (total PedsQL score) compared 
to healthy children (β: 0.125, p=0.010) (Table 2). On the PedsQL subdomains, children 
and adolescents with IBD had a lower physical (β: 0.196, p<0.001) and school (β: 0.232, 
p=0.002) functioning (table 2). Other subdomains (emotional-, social functioning and 
psychosocial health) did not differ between children and adolescents with IBD and healthy 
children (table 2).

 
Parental distress 

Parents of children with IBD (n=87) were compared to the reference cohort of parents of 
healthy children (n=401). Age, marital status and number of children were comparable 
between parents of children with IBD and those of healthy children (Table 3). Parents of 
children with IBD that completed the DT-P were more frequently mothers and immigrants, 
had a higher education level, but less frequently had a paid employment compared to 
the reference cohort (Table 3). Gender, education level, and immigrant were included in 
regression models (Supplementary table 1). Employment status was not corrected for as 
this may be related to caring for a chronically ill child.
 
HRQOL

Pediatric IBD patients (n=87) were compared with healthy children (n=340). Included 
IBD patients were more frequently male (59% vs. 45%, p=0.030) and had a higher age 
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Table 1 │  Patient characteristics

IBD (n=87)

Age (median, IQR) 15.2 (13.4–16.5)

Male 51 (59%)

Months since diagnosis of IBD (median, IQR) 26.5 (8.5–42.9)

Diagnosis of IBD
CD
UC

58 (67%)
29 (33%)

Current medication for IBDa

Anti-TNF
Steroids
Thiopurine
Methotrexate
5-ASA

78 (90%)
22 (25%)
14 (16%)
31 (36%)
8 (9%)

25 (29%)

Previous IBD-related surgery
Perianal surgery
Resectional surgery

21 (24%)
10 (11%)
11 (13%)

CD: age at diagnosis (Paris classification)
A1a: 0–<10 years
A1b: 10–<17 years
A2: 17–40 years

12 (21%)
45 (78%)
1 (2%)

CD: locationb (Paris classification) 
L1
L2
L3
L4a
L4b
L4ab

9 (16%)
17 (29%)
31 (53%)
23 (40%)
3 (5.2%)
0 (0%)

CD: behavior (Paris classification)
B1: non-stricturing, non-penetrating
B2: structuring
B3: penetrating
B2B3: penetrating and stricturing
p: perianal disease

50 (86%)
4 (7%)
3 (5%)
1 (2%)

13 (22%)

CD: Growth impairment (Paris classification)
Evidence of growth delay 13 (22%)

UC: extent (Paris classification) 
E1: proctitis
E2: left-sided disease
E3: extensive disease
E4: pancolitis

5 (17%)
6 (21%)
3 (10%)
15 (52%)

UC: severityc (Paris classification)
S1: ever severe 9 (31%)

a 12 (14%) patients did not had any mediation at time of assessment
b 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.  
c defined as ever a PUCAI ≥65 points. 
CD: Crohn’s disease,  IQR: inter quartile range, UC: Ulcerative colitis.
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(15.2 years [IQR 13.4–16.5] vs. 12.8 years [IQR 11.3–14.7], p<0.001) compared to the 
healthy children. Gender and age were included in linear regression models (table 2). 

Children and adolescents with IBD had a lower HRQOL (total PedsQL score) compared 
to healthy children (β: 0.125, p=0.010) (Table 2). On the PedsQL subdomains, children 
and adolescents with IBD had a lower physical (β: 0.196, p<0.001) and school (β: 0.232, 
p=0.002) functioning (table 2). Other subdomains (emotional-, social functioning and 
psychosocial health) did not differ between children and adolescents with IBD and healthy 
children (table 2).
 
Parental distress 

Parents of children with IBD (n=87) were compared to the reference cohort of parents of 
healthy children (n=401). Age, marital status and number of children were comparable 
between parents of children with IBD and those of healthy children. Parents of children 
with IBD that completed the DT-P were more frequently mothers and immigrants, had 
a higher education level, but less frequently had a paid employment compared to the 
reference cohort. Gender, education level, and immigrant were included in regression 
models (Supplementary table 1). Employment status was not corrected for as this may be 
related to caring for a chronically ill child.

Clinically elevated distress was reported by 40 (47%) parents of children with IBD, which 
did not differ from parents of healthy children (41%, p=0.384) (Supplementary table 1). 
Distress thermometer score, total problem score and practical, social, emotional, physical 
and cognitive problem domain scores did not differ between parents of children with IBD 
and healthy children (Supplementary table 1). 

Table 2 │  HRQOL in children with IBD compared to healthy children

IBD (n=87) Healthy controls (n=340) βa p

Physical functioning 84.38  (75.00–93.75) 87.50  (78.13–93.75) 0.196 <0.001

Emotional functioning 80.00  (70.00–95.00) 77.50  (65.00–90.00) 0.107 0.244

Social functioning 95.00  (80.00–100.00) 90.00  (80.00–98.75) 0.140 0.519

School functioning 75.00  (60.00–85.00) 80.00  (70.00–85.00) 0.232 0.002

Psychosocial health 81.67  (71.67–90.00) 81.67  (73.33–88.33) 0.081 0.111

Total Score 83.37  (71.74–91.30) 83.15  (77.17–90.22) 0.125 0.010

Median thermometer score (IQR), total problem scores and problem domain scores were analyzed 
with multivariable linear regression. The presence of a clinical thermometer score and of reported 
problems (individual items) were analyzed with multivariable logistic regression. Multivariable models 
all included: gender of the parent, country of birth (Netherlands, other), educational level (low, inter-
mediate, high) and paid employment (yes, no). * Significant differences at p <0.05.
a N=2 (2.3%) did not complete this domain)
b N=9 (2.2%) did not complete this domain)
c Parents could also indicate that ‘talking about the disease/consequences with your child’ was not 
applicable. This was rated as 0: not a problem.
IBD: inflammatory bowel disease
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However, parenting problem domain score was higher in parents of children with IBD 
(median [IQR]: IBD 0 [0–1] vs. healthy 0 [0–1], p=0.025), merely due to more frequent 
problem talking about disease or consequences of disease with their child (p<0.001). 
Moreover, parents of children with IBD more often experienced problems coping with 
fear (p=0.049), but less often experienced problems with finances or insurance (p=0.009).

 
Model: associations between disease course, parental distress and children’s HRQOL

The fit of the model including disease course (clinical disease activity and months since 
last flare), parental distress, child’s HRQOL, and control variables was good (χ2/df=1.17, 
CFI=0.98, RMSEA=0.04). This was only after adding a pathway from ‘months since last 
flare’ to ‘current clinical disease activity’ (β: 0.37, p<0.001) (figure 1).

 
Direct association of current disease course with parental distress and children’s HRQOL

Higher clinical disease activity was not associated with parental distress (β: 0.10, p=0.350), 
but was associated with a decreased HRQOL of children with IBD (β: -0.45, p<0.001). 
Shorter duration since last flare was associated with increased parental distress (β: 0.34, 
p=0.002), but not with children’s HRQOL (β: -0.06, p=0.570).

Table 3 │  Sociodemographic characteristics of parents of children and adolescents with inflammatory 
bowel disease and healthy children

IBD (n=87) HC (n=401) p

Age (years, median, IQR) 45.8 (42.6– 50.6) 44.7 (41.7–48.6) 0.085

Mothers 80 (92.0%) 228 (56.9%) <0.001*

Native Dutch 78 (89.7%) 384 (95.8%) <0.001*

Educational levela
Low
Intermediate 
High 

8 (9.2%)
42 (48.3%)
37 (42.5%)

89 (22.2%)
199 (49.8%)
109 (27.2%)

0.005*

Paid employment 64 (73.5%) 339 (84.5%)b 0.030*

Marital status 
Married/ living together
Single/ separated/ widow

73 (83.9%)
13 (14.9%)c

363 (90.5%)
37 (9.2%)d

0.086

Number of children
1
2
≥3

10 (11.5%)
50 (57.5%)
27 (31.0%)

53 (13.2%)
254 (63.3%)
94 (23.4%)

0.349

a Highest educational level completed. Low: Primary education, lower vocational education, lower or 
middle general secondary education; Intermediate: middle vocational education, higher secondary 
education, pre-university education; High: higher vocational education, university. 
b N=1 parents (0.002%) answered ‘do not know/do not want to tell’
c N=1 parents (1.1%) answered ‘do not know/do not want to tell’
d N=1 parents (0.002%) answered ‘do not know/do not want to tell’
HC: healthy controls, IBD: inflammatory bowel disease
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Direct association of parental distress with children’s HRQOL

Increased parental distress, controlled for the effect of disease course (i.e. concurrent 
clinical disease activity and months since last flare), was associated with decreased HRQOL 
scores in children with IBD (β: -0.26, p=0.007).

 
Indirect association of disease course with children’s HRQOL

Although shorter time since last flare was not directly associated with children’s HRQOL, it 
was indirectly associated with lower HRQOL scores in children with IBD, through increased 
distress of parents (β: -0.09 [95%CI:-0.18 – -0.01], p=0.003). Current clinical disease activity 
was not indirectly associated with lower HRQOL scores in pediatric IBD (0.01 [95%CI: 
-0.10 – 0.02], p=0.246).

 

Figure 1 │  Purposed causal structural equation model on disease course, parental distress (thermometer 
score), and children’s health related quality of life (HRQOL [total PedsQL score]). * Exhibiting only 
significant associations: standardized regression coefficient with a p-value <0.05
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Associations of control variables an disease course, parental distress or children’s HRQOL

Type of IBD was associated with a months since last flare (i.e. ulcerative colitis with shorter 
time since last flare), but not with children’s HRQOL (Supplementary table 2). None of 
other the control variables were significantly associated with current clinical disease 
activity, parental distress or children’s HRQOL (Supplementary table 2).

DISCUSSION

In this study we exhibit that children and adolescents with IBD had a lower HRQOL 
compared to healthy children. Distress of parents of children with IBD and healthy children 
was comparable in most domain, yet parents of pediatric IBD patients experienced more 
frequent parenting problems. Distress of parents was proven relevant, since a more severe 
disease course was associated with increased parental distress, and via increased parental 
distress, with decreased HRQOL in pediatric IBD.

In this cohort, HRQOL of children and adolescents with IBD is decreased compared to 
their healthy children, as has been demonstrated previously1,26,27. Pediatric IBD patients 
in this cohort specifically exhibited decreased physical and school functioning. This 
corresponds to previous studies, exhibiting less physical activity28, potentially related 
to decreased muscle mass compared to healthy children29, and higher rates of school 
absence in children and adolescents with IBD30.

Surprisingly, total parental distress scores in this cohort were comparable between parents 
of children with IBD and healthy children, in contrast to previous studies on caregivers of 
chronically ill children31, and specifically in pediatric IBD8,9. This discrepancy might have 
different explanations. Firstly, the focus of the questionnaire determines the extent to 
which a difference in parental distress is expressed. In our cohort, parental distress was 
assessed using the Distress Thermometer for Parents17,18, which focusses on problems 
in daily life. Previous data on parental distress in caregivers of chronically ill children was 
merely appraised using the Parenting Stress Index32, which specifically screens for stress in 
the parent-child relationship. Higher distress related to parenting was also observed in our 
cohort of parents caring for children with IBD. The Pediatric Inventory for Parents33, used 
by the two studies in pediatric IBD, measures problems directly related to medical care, 
which most certain causes higher parental distress scores when caring for children with 
IBD. Secondly, patients in this cohort had relative mild disease activity at inclusion, which 
likely elevated distress of parents to a lesser extent32. With regard to specific problems, 
parents of children with IBD more often experienced problems coping with fear, which 
has been observed in other chronic pediatric conditions, such as hemophilia34 and liver 
disease35. 
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Current clinical disease activity related to parental distress and patient’s HRQOL has been 
investigated in a single pediatric IBD study by Gray et al.9 In accordance with this study 
we found an association between higher current clinical disease activity and decreased 
HRQOL in children with IBD. In contrast however, we found no association between 
current clinical disease activity and parental distress, nor an indirect association of clinical 
disease activity, through parental distress, with HRQOL in children with IBD. This may 
relate to the use of different questionnaires to assess parental stress and patient’s HRQOL. 
Firstly, since the Pediatric Inventory for Parents33 used by Gray et al. focusses on problems 
directly related to medical care, increased clinical disease activity will most likely result 
in higher parental distress scores. Secondly, the previously used disease specific HRQOL 
questionnaire, contains questions strongly related to clinical disease activity indices (e.g. 
stomach age, general well-being and diarrhea)36. To circumvent ‘artificial’ associations, we 
applied a generic HRQOL questionnaire, which may have resulted in the lack of association 
in our cohort15. 

In addition, we also analyzed the association of months since last flare of IBD, parental 
distress, and patient’s HRQOL. In contrast to the significant association of higher current 
clinical disease activity and decreased HRQOL in pediatric IBD, a shorter duration since 
last flare was not directly associated with HRQOL, but was associated with higher parental 
distress, and via parental distress, indirectly with decreased HRQOL in pediatric IBD. 
This may indicate that present clinical disease activity might, more or less, directly affect 
children’s HRQOL but not parental distress, as this may take some more time to develop. 
In addition, a flare might be prone to have a larger impact on parental distress, and hence 
have an indirect effect on children’s HRQOL. The influence of the duration since a serious 
medical event on distress of parents has been extensively studied in pediatric oncology, 
which demonstrates a general decline from time of diagnoses37,38.

According to von Bertalanffy’s systems theory, the wellbeing of one family member 
influences that of other family members39. It is therefore important to not only study the 
impact of IBD on the child itself, since family members are the primary source of social 
support for children and adolescents with IBD40. It is not surprising that increased distress 
of parents caring for a child with IBD might impact HRQOL of their child. Parents with 
high levels of distress may be less capable to notice signs of distress in their children41 
and respond accordingly42. Increased distress of parents may therefore hamper proper 
communication between parent and child, potentially affecting HRQOL43. Poorer family 
communication indeed seems to lower HRQOL in children and adolescent with IBD44. 
This may imply that parental distress should be taken into account in the management 
of pediatric IBD, especially when the disease course aggravates. A first step in tackling 
parental distress can consist of periodic screening with a suitable instrument, as already 
performed in our center11. Secondly, distress of parents should be discussed by the 
treating physician or nurse, and if necessary, parents should be referred to psychology 
health care on individual or group level45.
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The strength of our study is that we assessed the association between disease course, 
distress of parents and their child’s HRQOL using SEM. SEM has an advantage over 
multivariable regression analysis, as it allows for simultaneous evaluation of multiple 
relevant variables and possible pathways. Moreover, we assessed the potential impact of 
both current clinical disease activity and months since last flare on parental distress and 
patient’s HRQOL, providing a more transparent direction of cause-and-effect. In addition, 
causality between parental distress and patient’s HRQOL is not definite, as these were 
measured simultaneously. To provide definite proof of cause-and-effect, a comprehensive 
study of children with IBD in remission with multiple assessments of parental stress and 
HRQOL until and after the next flare is needed. Another limitation is that questionnaires 
were primarily completed by mothers, which unfortunately is observed in most studies on 
parental distress46,47. This, however, reflects the perception that predominantly mothers 
take primary care for children with chronic illnesses48. 

In conclusion, this study confirms that children and adolescents with IBD have an impaired 
HRQOL compared to healthy children especially in physical and school functioning. 
Furthermore, overall distress in parents of children with IBD related to problems in daily 
life was not increased. Nevertheless, parental distress is a crucial issue, since increased 
levels are associated with impaired HRQOL of their child, mediated by the severity of the 
course of IBD. Distress of parents may be considered in the management of pediatric IBD.
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Supplemental Digital Content 1 │  Distress Thermometer score, problem domain scores and item 
scores of parents of children and adolescents with inflammatory bowel disease and healthy children

IBD (n=87) HC (n=401) p

Thermometer score
Clinical
Median (IQR)

40 (47.1%)a
3 (1–7)

159 (40.6%)b
3 (1–6)

0.344
0.708

Total problem scores, medians (range)
Total of 5 problem domains
Total with ≥2 years parenting

3 (1–7)
3 (1–9)

4 (1–8)
4 (1–7) 

 
0.665
0.390

Practical problems, median (IQR)
Housing
Work/study
Finances/insurance
Housekeeping
Transport
Child care/child supervision
Leisure activities/relaxing

0 (0–1)
4 (4.6%)

15 (17.2%)
5 (5.7%)

12 (13.8%)
1 (1.1%)
3 (3.4%)

17 (19.5%)

0 (0–1)
15 (3.7%)
96 (23.9%)
62 (15.5%)
58 (14.5%)
22 (5.5%)
20 (5.0%)
55 (13.7%)

0.080
0.928 
0.134
0.015*
0.258
0.112
0.490
0.507

Social problems, median (IQR)
Dealing with (ex)partner
Dealing with family
Dealing with friends
Interacting with your child(ren)

0 (0–0)
12 (13.8%)
7 (8.0%)
2 (2.3%)
7 (8.0%)

0 (0–0)
40 (10.0%)
34 (8.0%)
12 (3.0%)
47 (11.7%)

0.557
0.494
0.598
0.376
0.29

Emotional problems, median (IQR)
Controlling emotions
Self-confidence
Fears
Depression
Feeling tense or nervous
Loneliness
Feelings of guilt
Use of substances (e.g. alcohol, drugs and/or 
medication)
Intrusive/recurrent thoughts about a specific 
event

1 (0–2)
23 (26.4%)
14 (16.1%)
16 (18.4%)
20 (23.0%)
33 (37.9%)
3 (3.4%)
5 (5.7%)
3 (3.4%)

16 (18.4%)

1 (0–2)
93 (23.2%)
72 (18.0%)
33 (8.2%)

103 (25.7%)
120 (29.9%)
24 (6.0%)
43 (10.7%)
12 (3.0%)

85 (21.2%)

0.839
0.849 
0.327
0.038*
0.305
0.276
0.168
0.080
0.701

0.374

Physical problems, median (IQR)
Eating
Weight
Sleep
Fatigue
Out of shape/condition
Pain
Sexuality

1 (0–3)
8 (9.2%)

18 (20.7%)
28 (32.2%)
45 (51.7%)
19 (21.8%)
23 (26.4%)
5 (5.7%)

1 (0–3)
34 (8.5%)

103 (25.7%)
111 (27.7%)
172 (42.9%)
79 (19.7%)
96 (23.9%)
35 (8.7%)

0.870
0.465
0.343
0.830
0.389
0.456
0.904
0.392

Cognitive problems, median (IQR)
Concentration
Memory

0 (0–1)
14 (16.1%)
20 (23.0%)

0 (0–0)
54 (13.5%)
62 (15.5%)

0.728
0.551
0.162

Parenting problems ≥2 years, median (IQR)
Dealing with your child
Dealing with the feelings of your child
Talking about the disease/consequences with 
your childc

Independence of your child
Following advice about treatment/giving med-
ication

0 (0–1)
8 (9.2%)

13 (14.9%)
14 (16.1%)

7 (8.0%)
4 (4.6%)

0 (0–0)
34 (8.5%)
39 (9.7%)
14 (3.5%)

36 (9.0%)
14 (3.5%)

0.025*
0.798
0.244

<0.001*
 

0.794
0.659
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Additional questions
Enough support from surroundings
People react with a lack of understanding
Do you have a (chronic) illness yourself
Would like to talk to a professional about situa-
tion (Yes/Maybe)

77 (88.5%)
11 (12.6%)
21 (24.1%)
19 (21.8%)

370 (92.3%)
41 (10.2%)
85 (21.2%)
81 (17.7%)

0.535
0.595
0.4440
0.809

Median thermometer score, total problem scores and problem domain scores were analyzed with 
multivariable linear regression. The presence of a clinical thermometer score and of reported prob-
lems (individual items) were analyzed with multivariable logistic regression. Multivariable models all 
included: gender of the parent, country of birth (Netherlands, other), educational level (low, interme-
diate, high) and paid employment (yes, no). * Significant differences at p <0.05. 
a N=2 (2.3%) did not complete this domain)
b N=9 (2.2%) did not complete this domain)
c Parents could also indicate that ‘talking about the disease/consequences with your child’ was not 
applicable. This was rated as 0: not a problem.
HC: healthy controls, IBD: inflammatory bowel disease
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Supplementary table 2 │  Structural equation modeling on the association between disease course, 
parental distress and HRQOL of children and adolescents with IBD

Concurrent clinical disease activity

 βa p

Clinical disease activity > Parental distress 0.10 0.350

Flare IBD >Parental distress 0.34 0.002*

Clinical disease activity > Child’s HRQOL -0.45 <0.001*

Flare IBD > Child’s HRQOL -0.06 0.570

Parental distress > Child’s HRQOL -0.26 0.007*

Child’s sex > Clinical disease activity -0.08 0.460

Child’s sex > Flare IBD -0.12 0.254

Child’s sex > Parental distress -0.04 0.702

Child’s sex > Child’s HRQOL -0.05 0.385

Type of IBD > Clinical disease activity -0.02 0.835

Type of IBD > Flare IBD 0.22 0.034*

Type of IBD > Parental distress -0.12 0.232

Type of IBD > Child’s HRQOL -0.05 0.559

Parent’s sex > Parental distress 0.08 0.702

Parent’s sex > Child’s HRQOL -0.08 0.436

Single parent > Parental distress 0.04 0.683

Single parent > Child’s HRQOL 0.08 0.570

Covariance

 βa p

Child’s sex < > Type of IBD -0.12 0.265

Child’s sex < > Parent’s sex 0.02 0.852

Child’s sex < > Single parent -0.10 0.363

Type of IBD < > Parent’s sex 0.01 0.879

Type of IBD < > Single parent <0.01 0.951

Parent’s sex < > Single parent <-0.01 0.893

Indirect effects on child’s HRQOL

βa p

Clinical disease activity > Parental distress > Child’s  HRQOL 0.01 0.246

Flare IBD > Parental distress > Child’s  HRQOL -0.09 0.003*

Child’s sex > Clinical disease activity
>Type of IBD
> Parental distress

> Child’s  HRQOL 0.01 0.899

Type of IBD > Clinical disease activity
>Type of IBD
> Parental distress

> Child’s  HRQOL -0.01 0.578

Parent’s sex > Parental distress > Child’s  HRQOL -0.02 0.424
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Single parent > Parental distress > Child’s  HRQOL -0.03 0.653

* significant association (p<0.05)
astandardized coefficients
HRQOL: health-related quality of life, IBD: inflammatory bowel disease
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ABSTRACT

BACKGROUND: There is a lack of knowledge regarding the diet of children with 
inflammatory bowel disease (IBD). Therefore, we investigated dietary intake in 
pediatric IBD compared to the general population, and assessed anthropometrics 
and food avoidance.

METHODS: In this cross-sectional cohort study, patients <18 years with IBD were 
included (2014−2017). Dietary intake (total energy, macro nutrients, food types) 
was assessed using a Food Frequency Questionnaire, and compared to a matched 
reference population (n=306).

RESULTS: 102 patients (55% male, median age 15.0 years) were included. Median 
height Z-score was -0.39 (IQR -1.17–0.26). Growth failure (height Z-scores <−1.64) 
was present in 11% of patients. Median BMI Z-score was 0.36 (IQR -0.70–0.96). 
Acute malnutrition (weight-for-height Z-score <−2) was present in 3% of patients. 

Energy intake was lower in pediatric IBD compared to the reference population 
(mean kilojoule/day: 8286 vs 9794, p<0.001). Protein intake did not differ, while 
fat intake was higher in pediatric IBD (mean gram/day: 101 vs 91, p<0.001), with 
higher intake of vegetable oils/fats. Carbohydrate intake was lower in pediatric 
IBD (mean gram/day: 267 vs 305, p<0.001), with lower intake of food types high 
in sugar. 

Food avoidance was reported in 53% of patients, with frequent avoidance of spicy 
(46%), high fat food (30%), and dairy (30%).

CONCLUSIONS: The diet of children with IBD differs from the general pediatric 
population, with lower energy intake and high rates of food avoidance. Evaluation 
of the dietary intake alongside anthropometrics may be important to prevent 
nutrition deficiencies and promote health.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a group of chronic diseases characterized by 
relapsing intestinal inflammation, comprising of Crohn’s disease and ulcerative colitis, and 
if indeterminable, IBD-unclassified. Approximately 25% of IBD patients are diagnosed 
during childhood1, with 5−12/100,000 newly diagnosed children per year2. 

Symptoms of IBD in children are abdominal pain, change of bowel habits and impaired 
general well-being. Linear growth failure is common at diagnosis, especially in Crohn’s 
disease, and may precede gastrointestinal symptoms3. Growth failure likely arises from 
an interaction between inflammation (i.e. effect of cytokines on growth factors), genetic 
predisposition, and malnutrition due to lower intake, protein malabsorption, and potential 
increase in basal metabolism4. Malnutrition is most common in the acute phase of IBD5, 
but can also endure during periods of clinical remission6. Nevertheless, as observed in 
the general population, a recent report exhibited high prevalence of overweight and 
obesity in children with IBD7–9. Clinical management of these children, in addition to the 
therapeutic control of inflammation, must therefore include guidance on an appropriate 
and healthy diet to facilitate disease remission, growth, and overall health4.

Data on the diet of children with IBD are scarce. The few studies evaluating dietary intake in 
pediatric IBD are either reporting a limited number of patients10,11 or are lacking comparison 
to a valid reference population12,13. Furthermore, reports on adequacy of energy intake 
differ between studies10,12,13. Hence, there are distinctive gaps in the understanding of 
the diet of children with IBD. In addition, data regarding food avoidance related to IBD 
symptoms could give more insight in the dietary intake of these young patients. 

In this study, we aimed to investigate anthropometrics and dietary intake, and compare 
these data to the general population, in children and adolescents with previously 
diagnosed IBD. Moreover, we assessed avoidance of certain foods related to worsening 
of abdominal symptoms. 

METHODS

Patients 

In this cross-sectional study, we included children (aged 10–18 years) with an established 
diagnosis (>1 month) of Crohn’s disease, ulcerative colitis or IBD-unclassified according 
to the revised Porto criteria14, treated at the outpatient pediatric gastroenterology clinic 
of the Academic Medical Center, the Netherlands (May 2014–April 2017). Patients with 
IBD-unclassified were analyzed together with ulcerative colitis patients. Patients on a 
restricted diet for remission induction (i.e. exclusive enteral nutrition) of Crohn’s disease 
or on bowel cleansing solutions for endoscopic assessment in the preceding month 
were excluded. Patients were contacted by phone by one of two researchers (KD/HK). 
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Participation comprised of the assessment of the dietary pattern using an online Food 
Frequency Questionnaire (FFQ), food avoidance and clinical disease activity trough 
telephone interview, and height and weight measurement during outpatient visit. Patients 
who declined participation or did not fully complete the questionnaires were defined as 
non-responders. Approval from the local Medical Ethics Committee was obtained.

 
Data collection

Sociodemographic and patient characteristics 

The following baseline patient characteristics were extracted from patients’ medical records: 
age, sex, time since diagnosis, IBD phenotype according to the Paris classification15, 
current medication, and previous IBD-related surgery.

 
Clinical disease activity

Clinical disease activity was evaluated using the abbreviated Pediatric Crohn’s Disease 
Activity Index (aPCDAI) for Crohn’s disease16,17, or the Pediatric Ulcerative Colitis Activity 
Index (PUCAI) for ulcerative colitis (and IBD-unclassified)18. Clinical disease activity was 
not used in patients with an ileo- or colostomy or a colectomy with ileal pouch-anal 
anastomosis to minimize bias due to disparate stool frequency and consistency. Clinical 
disease activity was classified using previously validated cut-offs: remission (aPCDAI<10/ 
PUCAI<10 points), mild (aPCDAI 10–15/ PUCAI 10–34 points), and moderate-severe 
(aPCDAI≥20/ PUCAI≥35 points)16–19.

 
Growth and anthropometrics 

Anthropometrics (height, weight, body mass index [BMI] and weight for height with 
Z-scores) were assessed during outpatient visits, at time of FFQ assessment20. Height 
and BMI Z-scores were presented in all patients and separate groups: Crohn’s disease or 
ulcerative colitis and clinical remission or active disease. The presence of growth failure 
was defined as height Z-scores <−1.64 corresponding to <5th percentile21. Overweight 
was defined as a BMI Z-scores >1 and obesity as BMI Z-scores >2, according to the Dutch 
guidelines22. Acute malnutrition was defined as weight for height Z-scores <-2, according 
to the Dutch guidelines23. Weight for height instead of BMI was used to accurately assess 
acute malnutrition, since height deflection due to chronic illness can flatter BMI.

 
Dietary intake 

Dietary intake over the last month was assessed using a validated FFQ (FFQ-NL1.0) 
developed by the division of Human Nutrition of Wageningen University24. The FFQ-
NL1.0 consists of 160 food items with questions on frequency and consumed amounts 
with a reference period of 1 month. Children were instructed to complete the FFQ 
together with at least one caregiver. Trained dietitians from the Wageningen University 
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evaluated if the FFQ was filled out properly. Energy intake (kilojoules [kj]/day) and intake 
of macronutrients (grams [g]/day): protein (vegetable, animal), fat (saturated, mono-, 
poly-unsaturated fatty acids, linoleic acid, trans fatty acids), carbohydrates (mono-, di-, 
polysaccharides), and food groups (with a substantial intake) were assessed. Food groups 
were classified using the EPIC-Soft classification of food groups, as exhibited in table 325. 
Dietary intake of macronutrients and food groups were adjusted for total energy intake 
to level out systematic differences in total intake26. Dietary intake of children with IBD 
was compared to the reference population, which consisted of matched children from 
the general population, collected during the Dutch National Food Consumption Survey 
2007−201027. Dietary intake of the reference population was assessed using two non-
consecutive 24-hour dietary recalls per control with an interval of approximately 4 weeks 
(range 2−6 weeks)27. The FFQ-NL1.0 and 24-hour dietary recalls agree well on energy 
intake and most macronutrients, with low levels of bias in mean values24. Estimated energy 
requirements (EER) in kj were calculated using Schofield equations with an ‘light’ physical 
activity level (PAL)28,29: males: (74*weight[kg] + 2754)*PAL, females: (56*weight[kg] + 
2898)*PAL. This did not include potential additional energy requirements related to IBD. 
Although lower intake might be specific to pediatric IBD, we calculated the ratio of energy 
intake to basal metabolic rate (BMR) to detect potential under- or over-reporting of dietary 
intake, using Goldberg cut-offs (energy intake/BMR: <1.01 or >3.20)30. Vegetable and fruit 
intake was compared to recommendations of the Netherlands Nutrition Center31.

 
Food avoidance

Food avoidance was assessed asking the patients: ‘do you avoid foods because of 
worsening of abdominal symptoms (i.e. abdominal pain and/or change of bowel habits)’. 
Types of avoided foods were registered. We only exhibited food types that were mentioned 
by at least two patients. 

 
Statistical analysis

Children with IBD were exactly matched with a reference population on age (difference <12 
months between patients and controls), sex and meteorological season (spring, summer, 
fall, winter) at time of dietary assessment using SPSS FUZZY case-matching algorithm 
without replacement, until no exact match remained for each case. 

Differences in baseline characteristics of responders and non-responders, and children with 
IBD and the reference population, and their dietary intake were analyzed using Fisher’s 
exact tests for categorical variables and T-tests or Mann-Whitney U tests, for normally 
and non-normally distributed continuous variables, respectively. A sensitivity analysis was 
performed on energy intake between children with IBD and the reference population, 
excluding those with potential under- or over-reporting of dietary intake. Supplementary, 
differences in energy and macronutrient intake between patients with Crohn’s disease and 
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ulcerative colitis, or those in remission and active disease, and the reference population 
were analyzed using one-way ANOVA with Turkey post-hoc test for normally distributed or 
Kruskal-Wallis test with Dunn’s post-hoc for non-normally distributed variables.

Associations between energy intake, and clinical disease activity (remission, mild, 
moderate-severe), months since diagnosis, height Z-score, or BMI Z-score were done 
using multivariable linear regression (expressed as standardized beta [B]), corrected for 
age and sex. Adjustment for multi-comparisons in dietary intake between children with 
IBD and the reference population was performed using a level of significance at p<0.005, 
and for other comparisons at p<0.05. Statistical analysis was performed using IBM SPSS 
Statistics 24 for Windows. 

RESULTS

Patient characteristics

In total, 102 patients (56 [55%] male, median age 15.0 years) were included: 67 Crohn’s 
disease, 32 ulcerative colitis, 3 IBD-unclassified. The response rate was 77% (102/132). 
Responders were of comparable age (median: 15.0 years [13.0–16.3] vs 15.0 years [13.0–
16.0], p=0.223), had a similar distribution of gender (male: 55% vs 46%, p=0.533) and type 
of IBD (Crohn’s disease; ulcerative colitis; IBD-unclassified: 66%; 31%; 3% vs 70%; 23% 7%, 
p=0.435) compared to non-responders. Based on clinical indices, 55 (54%) patients were 
in remission, 30 (29%) patients had mild and 17 (17%) patients moderate-severe disease 
activity. Additional patient characteristics, including medication for IBD, previous surgery, 
and disease phenotype according to the Paris classification are presented in Table 1. 

 
Height and anthropometrics

Height and anthropometrics was assessed in 92 (90%) patients. The median height 
Z-score was -0.39 (-1.17–0.26), with neither significant difference between Crohn’s disease 
and ulcerative colitis patients (median: -0.54 [-1.43–0.22] vs -0.24 [-0.77–0.34], p=0.115), 
nor between patients with IBD in clinical remission and with active disease (median: 
-0.39 [-1.24–0.34] vs -0.39 [-1.29–0.21], p=0.528). Growth failure was present in 10 (11%) 
patients (3% in ulcerative colitis and 15% in Crohn’s disease patients). 

The median BMI Z-score was 0.36 (-0.70–0.96), with no difference between Crohn’s disease 
and ulcerative colitis patients (median: 0.32 [-0.71–0.83] vs 0.42 [-0.64–1.24], p=0.410), nor 
between patients with IBD in clinical remission and active disease (median: 0.53 [-0.73–
1.21] vs 0.36 [-0.70–0.85], p=0.447). Acute malnutrition was present in 3 (3%) patients, 
while overweight and obesity was present in 15 (16%) and 6 (7%) patients, respectively. 
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Table 1 │  Patient characteristics

IBD (n=102)

Age (median, IQR) 15.0 (13.0–16.3)

Male 56 (54.9%)

Months since diagnosis of IBD (median, IQR) 36.0 (15.8–52.0)

Diagnosis of IBD
CD
UC
IBD-U

67 (65.7%)
32 (31.4%)
3 (2.9%)

Current medication for IBD
Thiopurine
5-ASA
Anti-TNF
Steroids
Methotrexate

95 (93.1%)
45 (44.1%)
34 (33.3%)
32 (31.4%)
19 (18.6%)
11 (10.8%)

Previous IBD-related surgery
Perianal surgery
Resectional surgery

16 (15.76%)
10 (9.8%)
6 (8.9%)

Crohn’s disease (n=67)

Age at diagnosis (Paris classification)
A1a: 0–<10 years
A1b: 10–<17 years
A2: 17–40 years

16 (23.9%)
50 (74.6%)
1 (1.5%)

Locationa (Paris classification) 
L1
L2
L3
L4a
L4b
L4ab

7 (10.4%)
18 (26.9%)
42 (62.7%)
12 (17.9%)
1 (1.5%)

18 (26.9%)

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

60 (89.6%)
5 (7.5%)
1 (1.5%)
1 (1.5%)
9 (13.4%)

Growth impairment (Paris classification)
Evidence of growth delay 12 (17.9%)

Ulcerative colitisb (n=36)

Extent (Paris classification) 
E1: proctitis
E2: left-sided disease
E3: extensive disease
E4: pancolitis

3 (8.6%)
5 (14.3%)
3 (8.6%)

24 (68.6%)

Severityc (Paris classification)
S1: ever severe 12 (34.3%)

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 patients with IBD-unclassified were analyzed as ulcerative colits. 
c defined as ever a PUCAI ≥65 points.
CD: Crohn’s disease, IQR: inter quartile range, UC: Ulcerative colitis.
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Dietary intake 

Dietary intake of children with IBD (n=102) was compared to a reference population 
(n=306) (table 2, figure 1). Patients and the reference population controls did not differ 
on age (median: 15 years [13–16] vs 15 years [13–17], p=0.690), gender (55% vs 55%, 
p=1.000) and season (autumn; winter; spring: 29%, 14%, 57% vs 29%, 14%, 57%, p=1.000) 
at time of dietary assessment. 

 
Energy intake 

Energy intake was lower in children with IBD compared to the reference population (mean 
kj/day: 8286 (2772) vs 9794 (2739), p<0.001, Table 2). A lower energy intake in pediatric 
IBD patients was seen in both sexes and age groups (10-13 and 14-17 years) per sex 
(table 2). Both, children with IBD and those from the general population had an overall 
energy intake lower than their estimated EER, although this ratio was significantly lower in 
children with IBD (80% vs 92%, p<0.001). 

A sensitivity analysis performed on energy intake between children with IBD and the 
reference population, to exclude those with potential under- or over-reporting of dietary 
intake, showed that the energy intake was still lower in children with IBD (mean kj/day: 
8370 (2455) vs 10303 (2483), p< 0.0048).

Distributing patients into type of IBD, energy intake of children with Crohn’s disease 
was lower compared to the general population, while patients with ulcerative colitis did 
not significantly differ from the reference population (Supplementary table 1). When 
distributing patients by clinical disease activity, energy intake was comparable between 
patients in remission and with active disease, and both were lower compared to the 
reference population (Supplementary table 2). 

 
Macronutrients

Total protein intake did not differ, but vegetable protein intake was higher in children with 
IBD compared to the reference population (mean g/day: 36.5 [8.0] vs 32.6 [7.5], p<0.001, 
Table 2). Total fat intake was higher in children with IBD compared to the reference 
population (g/day, mean: 100.5 [14.2] vs 90.6 [16.4], p<0.001, Table 2). Difference in total 
fat intake was primarily caused by higher intake of mono- and poly-unsaturated and not 
saturated fatty acids. Moreover, linoleic acid and trans fatty acid intake was higher in 
children with IBD compared to the general population. Total carbohydrate intake was 
lower in children with IBD (mean g/day: 266.6 [33.2] vs 305.0 [39.2], p<0.001, Table 2), 
with a lower intake of mono- and di-, but not polysaccharides. 

Distributing patients into type of IBD, showed that the total fat intake was higher and the 
total carbohydrate intake lower in both children with Crohn’s disease and ulcerative colitis, 
compared to the reference population (Supplementary table 1). 
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No differences between the total intake of protein, fat and carbohydrates were seen 
between children with Crohn’s disease and ulcerative colitis (Supplementary table 1). 
When distributing patients on clinical disease activity, total protein intake did not differ 
between children with active disease or in clinical remission, and neither from the reference 
population (Supplementary table 2). Fat and carbohydrate intake were comparable 
between patients in remission and with active disease, and both groups differed from the 
reference population with higher fat and lower carbohydrate intake (Supplementary table 
2).

Table 2 │  Energy intake and macronutrients between children with IBD and children from the refer-
ence population

IBD Reference 
population p

Energy Intake (kj/day)

All subjects
Mean (SD)
Median (IQR)

8286 (2772)
7882 (6260–9945)

9794 (2739)
9538 (7738–11369)

<0.001a*

Female (median (IQR), n=184)
Female 10-13y (median (IQR), n=46) 
Female 13-17y (median (IQR), n=138)

7215 (5818–8570)
7142 (6297–8413)
7215 (5415–8819)

8285 (7042–9696)
8773 (1592–10019)
8139 (6961–9498)

0.002b*
0.019b

0.018b

Male (median (IQR), n=224)  
Male 10-13y (median (IQR), n=62)  
Male 14-17y (median (IQR), n=162) 

8797 (6781–10698)
8774 (6412–10422)
8797 (7235–10747)

10888 (9212–12552)
10443 (9001–11732)
11067 (9289–12750)

<0.001a*
0.018b

<0.001b*

Macro nutrientsd (g/day)

Total protein, mean (SD)
Vegetable protein, mean (SD)
Animal protein, mean (SD)

87.0 (16.0) 
36.5 (8.0) 
48.5 (16.6)

82.1 (16.9) 
32.6 (7.5)
49.4 (17.1)

0.009a 
<0.001a* 
0.600a

Total fat, mean (SD)
Saturated fatty acids, mean (SD)
Mono-unsaturated fatty acids, mean 
(SD)
Poly-unsaturated fatty acids, mean (SD)
Linoleic acid, mean (SD)
Trans fatty acids, mean (SD)

100.5 (14.2)
36.0 (6.9)
36.2 (5.7)
20.0 (5.8)
16.5 (5.1)
1.6 (0.5)

90.6 (16.4)
34.1 (7.6)
31.8 (6.9)
17.2 (5.4)
14.1 (4.8)
1.4 (0.7)

<0.001a*  
0.023a

<0.001a* 
<0.001a*
<0.001a*   
0.002a*

Total carbohydrates, mean (SD)
Mono- and disaccharide, mean (SD)
Polysaccharides, mean (SD)

266.6 (33.2)
117.8 (32.4)
148.2 (27.6)

305.0 (39.2)
152.8 (41.8)
152.0 (28.9)

<0.001a* 
<0.001a*   
0.234a

* indicate an significant difference (p<0.005)
a normal distributed, calculated with unpaired T-test 
b non-normal distributed, calculated with  Mann–Whitney U test 
c calculated with Schofield Equation in kj 
d adjusted for total energy intake
EER: estimated energy requirements, g: grams, IBD: inflammatory bowel disease, IQR: inter quartile 
range, kj: kilojoule, SD: standard deviation



138

Food groups

Vegetable and fruit consumption was higher in children with IBD compared to the general 
population (Table 3). The recommended daily intake of vegetables (10-13 year: 150g, 
14-17 year: 200g) and fruits (10-18 year: 200g) was only obtained by 10% and 37% of 
patients, respectively. Consumption of vegetable oil and margarine products was also 
higher in children with IBD compared to the general population (Table 3). Food groups 
high in sugar, such as sugar/confectionery (median g: 35.4 vs 55.4), and especially soft 
drinks and diluted syrups (median g: 87.2 vs 450.5), were less consumed in children with 
IBD compared to the general population (table 3). All other food consumptions (potatoes, 
dairy and cereal products, cakes, pastries, biscuits, red meat, butter) did not differ between 
children with IBD and the reference population (Table 3).

 
Associations of energy intake with disease activity, months since diagnosis, height and 
anthropometrics

Current disease activity (remission/ mild/ moderate-severe) (Standardized B: -0.09, 
p=0.363) and months since diagnosis (Standardized B: 0.11, p=0.300) were not associated 
with energy intake. A trend was observed in the association between height Z-score and 
energy intake (Standardized B: 0.19, p=0.058). BMI Z-score was not significantly associated 
with energy intake (Standardized B: -0.12, p=0.269).

 
Food avoidance

Avoidance of foods in relation to abdominal symptoms was reported in 54 patients (53%). 
Common reported type of avoided foods were (more to less frequent): 46% spicy food, 
30% foods high in fat, 30% dairy products, 11% cereal products, 11% onion/leek, 9% bell 
pepper, 9% sweets (candy/chocolate), 7% meat, 4% soft-/carbonated drinks.

Figure 1 |  Difference in energy intake and macronutrients between children with IBD and the reference 
population. * indicate an significant difference (p<0.005).
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Table 3 │  Difference in consumed food groups (g/day) between children with IBD and children from 
the reference population

IBD 
(n=102)

Reference population 
(n=308) p

Potatoes, median (IQR) 69.8 (42.7−96.1) 91.0 (23.1–145.9) 0.029

Vegetables, median (IQR) 102.2 (52.4–168.7) 77.2 (31.7–124.6) 0.001*

Fruits, median (IQR) 146.8 (46.5–291.8) 95.4 (0.00–207.9) <0.001*

Dairy, median (IQR) 220.3 (96.7–438.2) 169.5 (75.0–296.3) 0.010

Cereal products (including bread),  
median (IQR)

250.4 (187.6–288.4) 261.5 (198.5–326.5) 0.081

Red Meat, median (IQR) 68.5 (33.0–96.8) 58.1 (27.7–96.2) 0.299

Vegetables oil, margarine products 5.5 (1.1–13.4) 10.0 (2.2–25.0) <0.001*

Butter (animal) 14.6 (5.0–33.8) 17.6 (0.0–36.2) 0.834

Sugar, confectionery, median (IQR) 35.4 (15.2–53.9) 55.4 (31.6–93.9) <0.001*

Cakes and cookies, median (IQR) 54.4 (33.3–90.0) 49.0 (17.4–84.5) 0.066

Soft drinks, diluted syrups, median (IQR) 87.2 (0.0–306.0) 450.5 (146.1–766.9) <0.001*

Intake of food group (g/day) was  adjusted for total energy intake. All data were non-normal distrib-
uted continuous data and calculated with  Mann–Whitney U test. * indicate an significant difference 
(p<0.005)
g: grams, IBD: inflammatory bowel disease, IQR: inter quartile range

DISCUSSION

In this study, we determined the anthropometrics, dietary intake (including energy, 
macronutrients and food group intake) compared it with reference values of the general 
population, and food avoidance of children with IBD. Moreover, associations between 
energy intake, clinical disease activity and anthropometrics were assessed.

Height for age Z-scores in this cohort were generally low (-0.39), which matches with other 
cohort of pediatric IBD patient under medical guidance (-0.46−-0.56)32,33. Although we 
did not detect significant differences in mean height Z-scores between Crohn’s disease 
and ulcerative colitis patients, only 3% of ulcerative colitis and 15% of Crohn’s disease 
patients showed growth failure (defined as height Z-scores <−1.64). In a systematic 
review focusing on anthropometrics in pediatric IBD, growth failure (defined as ≤-2 SD) 
was indeed identified more often in Crohn’s disease (10−56%) than in ulcerative colitis 
(0−10%). However, most children with IBD eventually achieve final adult heights within 
their normal or slightly lower than their target height34,35. Nonetheless, the assessment of 
growth is essential as an impaired height is also associated with psychological dysfunction 
and lower quality of life36–38.

Traditionally, children with IBD have been described as malnourished and underweight. In 
this cohort, BMI Z-scores were not impaired overall (0.36), and merely 3% of the patients 
was defined as acutely malnourished (Z-score <-2). Our rate of acute malnourishment 
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appears to be lower than in other studies of children with IBD, reporting BMI Z-score <-2 
in 15% of pediatric Crohn’s disease39. On the other side of the spectrum, overweight and/
or obesity was substantially present in this cohort (23%), which corresponds to a large 
pediatric IBD-cohort from the United States reporting a prevalence of overweight/obesity 
of 23.6%8, and equals the global prevalence of the pediatric overweight/obesity in the 
general population in 2013 of 23%40. However, BMI is not the most accurate measure 
of anthropometrics in pediatric IBD as it only measures total and not lean weight. In 
children with IBD, BMI Z-scores can rise or appear normal, while lean weight Z-scores can 
consistently be below mean of healthy controls, even in patients in clinical remisison41–43. 
Nevertheless, overweight and obesity in IBD, as measured by BMI, might be associated 
with worse outcomes, including earlier IBD-related surgery44 and a decrease in IBD-related 
quality of life45.

Energy intake in this study was lower in children with IBD compared to children of the 
general population. When distributing patients by type of IBD, energy intake of children 
with Crohn’s disease differed from the reference population, but not compared to those 
with ulcerative colitis. These results are similar to other pediatric studies, reporting a lower 
energy intake in children with Crohn’s disease compared to controls, in all children with 
Crohn’s disease10,12, or only in those with clinical active disease10,11. In this cohort, energy 
intake was low, regardless of active disease. The limited number of adult studies assessing 
dietary intake in IBD patients and controls of the general population, did not observe a 
difference in energy intake, regardless of clinical disease activity of IBD patients46, nor 
when only observing IBD patients in remission47. 

Macro nutrient intake for total protein did not differ from children of the general population. 
Interestingly, a slight though significant elevation of protein intake from vegetable proteins 
was observed, which is explained by a higher vegetable intake. Two other cohort studies 
of pediatric Crohn’s disease patients, showed comparable results10,12. The increased intake 
of fat observed in pediatric IBD, as compared to the reference population, was mainly due 
to a higher intake of mono-, and poly-unsaturated fatty acids and not its saturated form. 
Currently, there are no data on fat intake in children with IBD. Opposite to our results, 
studies in adults did not find differences in fat intake between patients and controls46,48. 
Regarding the intake of carbohydrates, we observed a lower intake in children with 
IBD, primarily mono- and di-saccharides, which can be related to a significantly lower 
intake of high sugar containing product (i.e. sugar/confectionery and soft drinks/diluted 
syrups). Another cohort of pediatric Crohn’s disease patients found a similar decrease in 
carbohydrates10. The results of our and the latter pediatric cohort were in notable contrast 
to adult studies, which report an even higher intake of total carbohydrates, especially in 
patients with active disease46,48. 

In this study we did not observe significant associations between energy intake, and 
clinical disease activity, months since diagnosis, height, or BMI Z-scores. The absence of 
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significant associations may be related to the relative mild disease activity in this cohort. 
In this cohort, the majority of patients had clinically inactive (54%) or mild disease (29%), 
and secondary to this height and BMI Z-scores were likely less decreased. Clinical disease 
activity, specifically, might not be related to energy intake, as the former is just a snapshot 
of symptoms, which in itself is poorly correlated to the underlying inflammatory process 
(i.e. endoscopy/ inflammatory markers)49. A previous study in children with IBD, neither 
found an association between clinical disease activity and energy intake associating12. 

Months since diagnosis was not associated to energy intake. This may be related to the 
lack of patients with newly diagnosed IBD in this cohort, since patients on a restricted 
diet for remission induction, or bowel-cleansing solutions in the preceding month were 
excluded. 

The lack of an association between energy intake and BMI Z-score might be related to 
confounding, as BMI is a consistent determinant related to under-reporting of dietary 
intake in subjects with high BMI50. Furthermore, as discussed before, children with IBD can 
exhibit normal BMI’s, while having a decreased lean weight41–43. Moreover, a small study 
of 16 patients with Crohn’s disease found no correlation between BMI and energy intake, 
while higher malabsorption, a well-documented phenomenon in IBD51, was correlated 
with lower BMI52. The latter may be explained by decreased availability of nutrients due 
to malabsorption. 

Although not significant, we observed a trend towards lower height for age Z-scores 
in patients with low intake. Enduring insufficient dietary intake may contribute to lower 
growth potential53. Deprivation of energy from nutrition, due to insufficient dietary intake 
and malabsorption, may independently decrease serum levels of insulin-like growth 
factor 54,55 and may cause growth hormone resistance54,55. In addition, these hormonal 
changes related to nutrition, pediatric IBD patients treated with exclusive enteral nutrition 
(EEN) exhibit greater improvement of nutritional status over glucocorticoid treated11,56. 
Nonetheless, whether improvement of height and weight during EEN is due to improvement 
in nutritional status or a reduction in inflammation still needs to be elucidated. 

Food avoidance related to abdominal symptoms in children with IBD was common (53%), 
with most frequent avoidance of spicy food, products high in foods high in fat and dairy 
products. The frequent avoidance of food by IBD patients is known from studies in adults 
(i.e. 66%)57, with types of frequently avoided food (i.e. spicy, dairy, foods high in fat) 
corresponding to avoidance in our cohort58–60. As a consequence of this, patients will try 
to find a diet excluding this special food and will often not share the menu of their families 
and friends, which has social implications and can lead to reduced pleasure of eating60. 
Disregarding a decreased total energy intake, predominantly seen in Crohn’s disease 
patients, the diet of children with IBD appears healthier. Pediatric IBD patients have a 
higher intake of vegetables, and mono-, and poly-unsaturated fatty acids, while primarily 
mono- and di-saccharides intake was lower, compared to the general population. Indeed, 
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a healthy diet is one of the greatest concerns of patients with IBD61 and is assumed to affect 
their IBD62. Although some associations between diet and the onset or course of CD have 
been found, the impact of diet on the course of IBD remains ambiguous63. A systematic 
review on epidemiological studies evaluating dietary intake and risk of developing IBD 
revealed that a higher intake of fibers and vegetables, as seen in our cohort, may protect 
from developing CD64. Furthermore, a prospective study in adults with CD exhibited that 
a higher intake of dietary fiber is associated with reduced disease flares65. Moreover, a 
higher ingestion of sugar66,67, and mono- and disaccharides 68 have been associated with 
the onset of CD. However, effects of dietary modulation of sugar intake on the course of 
CD remain unknown67. 

Although the higher intake of vegetables and lower intake of mono- and di-saccharides 
might be beneficial for the course of CD, the higher intake of total fat, and mono-, and 
poly-unsaturated fatty acids have been associated with adverse health outcomes. A high 
intake of total fat, saturated fat, and mono-unsaturated fatty acids have been associated 
with CD onset64 and to a more active disease phenotype69,70.

Results from the present study indicate that children with IBD have an altered diet 
compared to children from the general population, with a lower total energy (mainly in 
Crohn’s disease), lower and mono- and di-saccharides intake, higher intake of unsaturated 
fatty acids, and overall high rates of food avoidance. Children with IBD generally have 
low height Z-scores (mainly in Crohn’s disease), but normal BMI-scores, with overweight 
and obesity similarly prevalent compared to that of the general population. These results 
imply integration of dietary assessment in combination with anthropometrics in the 
treatment of pediatric IBD. First, a crude estimate of dietary intake can be acquired by 
the treating physician, in combination with timely and reliable measurement of height 
and weight. As discussed above, a loss in total weight can be flattered by an increase 
in relative fat mass, while lean weight is decreased. Lean weight can be assessed with 
bioelectrical impedance analysis, which is a quick and noninvasive method for estimating 
body composition71. Secondly, in patients with suspected abnormal dietary intake and/
or anthropometrics, both supra- and suboptimal, nutrition education can be provided 
by trained dietitians. Nutritional education focused on the benefits of a balanced diet 
and suggestions on how to practically implement this in daily life could provide patients 
and families with knowledge to make healthy choices, thereby preventing nutritional 
deficiencies and maintaining a healthy weight. Diet counseling in adults with Crohn’s 
disease was actually found efficacious in improving the nutrient intake and preventing 
food restrictions72. However, future research has to focus on effective approaches and 
interventions for improving nutritional intake and dietary behaviors in youth with IBD.

The strength of this study is that we assessed the diet in a large cohort of pediatric IBD 
patients under medical guidance with a reliable tool and compared this to a matched 
cohort of children from the general population. Furthermore, to avoid bias, we excluded 
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patients who had a different diet related to therapy or bowel preparation before 
endoscopy. A limitation of this study might be the different method of assessing dietary 
intake in children with IBD and those from the general population. Nonetheless, intake 
of energy and macronutrients between FFQ’s and 24-hour dietary recalls are generally 
highly corresponding25. The FFQ-NL 1.0, as used in this study, has good agreement with 
24-hour dietary recalls for energy (-2.2%), protein (+1.8%), and carbohydrates (-1.5%) 
intake24. Only fat (-6.2%), specifically saturated fatty acids (-13.1%) were generally lower 
compared to 24-hour recalls24. We therefore might have underestimated the consumed fat 
in children with IBD, which, however, was raised in the opposite direction compared to the 
reference population. Regarding food groups, low bias (<5%) was present in fruits (+4.8%) 
and fats/oils (+3.4%), and bread products (-3.9%) between the FFQ-NL1.0 and 24-hour 
recalls. Greater systematic between food group intake between the FFQ-NL1.0 and 24-
hour recalls are vegetables (-11.1%) and sugar/ confectioneries (+9.8%). Reassuringly, both 
greatly differed in the opposite direction in children with IBD compared to the reference 
population (vegetable +32.4%, sugar/ confectionery intake -37.8%). Comparison of food 
groups that may have been inaccurate, due to systematic differences between the FFQ-
NL1.0 and 24-hour recall are: dairy products (+16.9%), cakes/cookies (-31.9%), and meat 
intake (+41.1%). Another limitation is the lack of lean weight assessment, using bioelectrical 
impedance analysis, as our department did not have a bioelectrical impedance device.

In conclusion, children with IBD have a different diet compared to the general population, 
with lower energy intake and high avoidance rates of specific food types. Pediatric IBD 
patients generally exhibit mildly decreased height, but normal BMI scores, with prevalence’s 
of overweight and obesity equaling the general population. Therefore, consideration of 
dietary intake alongside adequate appraisal of anthropometrics is important to prevent 
nutritional deficiencies and support physical and mental health in children with IBD. 
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Supplementary table 1 │  Difference in consumed food groups between children with IBD and children from the 
reference population

Crohn’s
disease

Ulcerative 
colitis

General
population pa Post-hoc testb

Energy Intake (kj/day)
mean (SD)

7944 (2560) 8939 (3073) 9794 (2739) <0.001* CD vs RP: <0.001*
UC vs RP:   0.189
CD vs UC:   0.192

Macro nutrientsd (g/day) 

Total protein
mean (SD)
     

87.4 (14.4) 86.2 (18.8) 82.1 (16.9)   0.037 CD vs RP:   0.050 
UC vs RP:   0.353
CD vs UC:   0.938

Vegetable protein
mean (SD)

37.0 (7.7) 35.5 (8.5) 32.6 (7.5) <0.001* CD vs RP: <0.001*
UC vs RP:   0.077
CD vs UC:   0.634

Animal protein
mean (SD)

50.4 (15.4) 50.6 (18.9) 49.4 (17.1)   0.866 CD vs RP:   0.910
UC vs RP:   0.918
CD vs UC:   0.997

Total fat
mean (SD)
    
     

99.4 (13.7) 102.6 (15.0) 90.6 (16.4) <0.001* CD vs RP: <0.001*
UC vs RP: <0.001*
CD vs UC:   0.598

Saturated fatty acids
mean (SD)

36.3 (6.9) 35.4 (6.9) 34.1 (7.6)   0.078 CD vs RP:   0.076
UC vs RP:   0.613
CD vs UC:   0.822

Mono-unsat. fatty acids
mean (SD)

35.7 (5.7) 37.2 (5.7) 31.8 (6.9) <0.001* CD vs RP: <0.001*
UC vs RP: <0.001*
CD vs UC:   0.597

Poly-unsat. fatty acids
mean (SD)

19.0 (5.0) 21.7 (6.9) 17.2 (5.4) <0.001* CD vs RP:   0.034
UC vs RP: <0.001*
CD vs UC:   0.048

Linoleic acid
mean (SD)

15.6 (4.4) 18.1 (6.0) 14.1 (4.8) <0.001* CD vs RP:   0.059
UC vs RP: <0.001*
CD vs UC:   0.043

Trans fatty acids
mean (SD)

1.6 (0.5) 1.6 (0.5) 1.4 (0.7)   0.043 CD vs RP:   0.082
UC vs RP:   0.251
CD vs UC:   1.000

Total carbohydrates
mean (SD)

267.4 (34.0) 263.7 (31.8) 305.0 (39.2) <0.001* CD vs RP: <0.001*
UC vs RP: <0.001*
CD vs UC:   0.887

Mono- and disaccharide
mean (SD)

117.0 (31.0) 119.4 (35.4) 152.8 (41.8) <0.001* CD vs RP: <0.001*
UC vs RP: <0.001*
CD vs UC:   0.957

Polysaccharides
mean (SD)

150.3 (28.4) 144.3 (26.0) 152.0 (28.9) 0.259 CD vs RP:   0.892
UC vs RP:   0.284
CD vs UC:   0.575

* indicate an significant difference (p<0.005)
a normal distributed, calculated with one-way ANOVA.  
b Turkey’s post-hoc test 
c Schofield Equation in kj 
d adjusted for total energy intake

CD: Crohn’s disease, g: grams, IBD: inflammatory bowel disease, IQR: inter quartile range, kj: kilojoule, SD: stan-
dard deviation,  RP: reference population, UC: ulcerative colitis
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Supplementary table 2 │  Energy intake and macronutrients between children with IBD in clinical remission, with 
active disease and the reference population

Active disease Remission General
population pa Post-hoc testb

Energy Intake (kj/day)
mean (SD)

   8412 (2812) 7862 (2782) 9794 (2739) <0.001* A vs R:     0.604
A vs RP:   0.004*
R vs RP: <0.001*

Macro nutrientsd (g/day) 

Total protein
mean (SD)
     

86.3 (14.7) 88.7 (18.6) 82.1 (16.9)   0.023 A vs R:     0.785
A vs RP:  0.238
R vs RP:  0.042

Vegetable protein
mean (SD)

37.0 (7.7) 35.5 (8.5) 32.6 (7.5) <0.001* A vs R:      0.297
A vs RP: <0.001*
R vs RP:  0.107

Animal protein
mean (SD)

48.9 (14.3) 53.6 (19.2) 49.4 (17.1)   0.290 A vs R:     0.383
A vs RP:  0.979
R vs RP:  0.280

Total fat
mean (SD)
    
     

99.3 (15.0) 100.3 (13.1) 90.6 (16.4) <0.001* A vs R:     0.946
A vs RP:   0.001   
R vs RP: <0.001*

Saturated fatty acids
mean (SD)

35.4 (6.9) 35.9 (6.7) 34.1 (7.6) <0.001* A vs R:    0.942
A vs RP: 0.502   
R vs RP: 0.290

Mono-unsat. fatty acids
mean (SD)

35.7 (5.7) 36.5 (5.8) 31.8 (6.9) <0.001* A vs R:      0.830
A vs RP: <0.001*
R vs RP: <0.001*

Poly-unsat. fatty acids
mean (SD)

19.9 (6.1) 19.4 (5.1) 17.2 (5.4) <0.001* A vs R:    0.906  
A vs RP: 0.004*  
R vs RP: 0.028

Linoleic acid
mean (SD)

16.5 (5.4) 16.0 (4.4) 14.1 (4.8)   0.001* A vs R:    0.894 
A vs RP: 0.005   
R vs RP: 0.042

Trans fatty acids
mean (SD)

1.6 (0.5) 1.6 (0.4) 1.4 (0.7)   0.074 A vs R:      0.968
A vs RP:   0.252   
R vs RP:   0.156

Total carbohydrates
mean (SD)

268.9 (32.1) 265.8 (35.7) 305.0 (39.2) <0.001* A vs R:      0.917 
A vs RP: <0.001*
R vs RP: <0.001*

Mono- and disaccharide
mean (SD)

117.8 (31.0) 121.0 (35.4) 152.8 (41.8) <0.001* A vs R:      0.922  
A vs RP: <0.001*
R vs RP: <0.001*

Polysaccharides
mean (SD)

151.0 (25.4) 144.69 (26.0) 152.0 (28.9)   0.288 A vs R:    0.545
A vs RP: 0.972
R vs RP: 0.255

* indicate an significant difference (p<0.005)
a normal distributed, calculated with one-way ANOVA.  
b Turkey’s post-hoc test 
c Schofield Equation in kj 
d adjusted for total energy intake

A: Active disease, g: grams, IBD: inflammatory bowel disease, IQR: inter quartile range, kj: kilojoule, SD: standard 
deviation,  R: remission, RP: reference population, UC: ulcerative colitis
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ABSTRACT

INTRODUCTION: The mechanism by which exclusive enteral nutrition (EEN) induces 
remission in active pediatric Crohn’s disease (CD) remains unknown. Therefore, we aimed 
to (I) characterize the fecal microbiota and metabolite profiles associated with active 
CD, EEN treatment and EEN response, and (II) identify specific metabolites that provide 
evidence for EEN’s mechanisms of action.

METHODS: In this multi-center prospective observational cohort study, 43 children (<18 
years) with therapy naïve CD starting EEN were included. Fecal samples were collected: 
prior to EEN (T0), during EEN ±3 weeks (T1), end of treatment ±6 weeks (T2), habitual diet 
±4 months (T3). Fecal samples of matched healthy controls (HC) (n=19) were collected. 
Microbiota were analyzed by 16S rRNA gene sequencing. Metabolic profiles were 
determined using 1H Nuclear Magnetic Resonance Spectroscopy and high performance 
liquid chromatography (for amino acids and bile acids). Selected metabolites were 
evaluated for their ability to affect intestinal cell growth, intestinal organoid differentiation, 
lipopolysaccharide (LPS) induced cytokine secretion by human monocytes, and a dextran 
sulfate sodium (DSS)-induced colitis model.

RESULTS AND DISCUSSION: Diversity of the fecal microbiota did not differ between CD and 
HC, or between time points of EEN treatment. Global composition of the fecal microbiota 
of HC and CD were different on all time points during EEN (p<0.001). EEN treatment did not 
result in significant differences in overall microbiota composition across the entire cohort, 
although varying changes were observed within individual patients undergoing EEN. The 
fecal metabolome in CD at baseline (T0) differed from HC (Orthogonal Projections to 
Latent Structures Discriminant Analysis (OPLS-DA) model: R2=57.5%, p=0.001), and was 
characterized by decreased levels of secondary bile acids and bile acid hydrophobicity, 
increased concentrations of several amino acids, trimethylamine (TMA) and cadaverine. 
The fecal metabolic profile prior to EEN (T0) differed from during EEN (T1) (OPLS-DA 
model: R2=45.3%, p=0.004), but not from time points after EEN cessation (T2–T3). 

Trimethylamine (not its control metabolite TMAO) and cadaverine, negatively affect 
intestinal cell growth and adherence, suggesting a negative effect on wound healing. In 
line with this, TMA (not TMAO) increased expression of sucrase-isomaltase, a marker for 
epithelial differentiation, in human intestinal organoids. TMA (not TMAO) and cadaverine 
both inhibit LPS stimulated TNF-alpha and IL-6 secretion by primary human monocytes. 
Feeding DDS treated C57BL/6N mice a diet rich in free amino acids worsened their 
symptoms. 

CONCLUSIONS: We identified a novel set of pathways by which EEN may induce remission. 
The mechanism by which EEN induces remission is complex and involves a number of 
metabolic pathways that simultaneously contribute to a reduction in inflammation and or 
wound healing. Interestingly, microbiota and metabolome profiles remain different from 
controls after initiation of clinical remission by EEN therapy.
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INTRODUCTION

Exclusive enteral nutrition (EEN) is the induction treatment of choice in active, de novo 
pediatric Crohn’s disease (CD) in Europe1. It is equally efficacious as corticosteroids in 
inducing clinical remission in children and adolescents with active CD2,3, yet superior 
in inducing mucosal healing4. Remarkably, clinical response to EEN can be observed 
within days after start of this nutritional intervention1. The efficacy of EEN in adults is 
controversial, likely because adherence to a liquid diet for six week is difficult5. In spite of 
solid evidence on the efficacy of EEN in children, the mechanisms by which EEN induces 
remission remains elusive.

Gut microbiota profiles and metabolomes of patients with CD are different from 
healthy individuals6,7, suggesting that an altered gut environment may be critical in 
the pathogenesis of CD. Indeed many studies show that interactions between the 
gut microbiota, metabolome and the intestinal immune system are critical for the 
maintenance of a healthy intestine8. The intestinal microbiota of new-onset pediatric CD 
patients typically exhibits a decreased microbial diversity9, with lower relative abundance 
of Faecalibacterium prausnitzii, Ruminococcaceae, and Roseburia spp10. Moreover, CD 
patients exhibit profound differences in the intestinal metabolome, including lower 
concentration of short chain fatty acids11,12, higher concentration of amino acids12, and a 
dysregulation of bile acids composition, including higher conjugated and lower secondary 
bile acid concentration13. Whether changes in the intestinal microbiota and metabolome 
are cause or consequence of CD remains uncertain, primarily due to the lack of longitudinal 
observations9,14. By studying a cohort of patients undergoing EEN therapy, we aim to 
identify the relationship between gut microbial and metabolic changes and the course of 
CD. 

EEN therapy likely modulates the microbial and metabolic environment in the gut of 
patients with CD15–17. Several studies describe that EEN reduces the alpha diversity of the 
intestinal microbiota of children with CD.16,17. This appears paradoxical, as higher alpha 
diversity is often associated with a more “healthy” microbiota. More specifically, EEN was 
found to induce a decline in numbers of presumably protective gut bacterial species (e.g. 
Faecalibacterium prausnitzii spp. and Bifidobacterium spp.). In addition, and contrary to 
expectations, a decrease of fecal short chain fatty acids such as butyrate was associated 
with disease improvement during EEN17. So far, no gut microbial and metabolic changes 
observed during EEN were subsequently evaluated for driving the repression of gut 
inflammation by EEN treatment.

In this study we followed a cohort of pediatric CD patients undergoing EEN therapy and 
investigated changes in their fecal microbiota and metabolome. The aims of this study 
were (i) to describe gut microbial and metabolic changes and their interrelation during 
the course of EEN and between groups with a different response using a hypothesis-
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free approach and (ii) to evaluate these microbial and metabolic changes as potential 
mechanisms of EEN action.

MATERIALS AND METHODS

Patients 

In this multi-center cohort study, we aimed to include all children (<18 years) with newly 
diagnosed, therapy naïve CD according to the revised Porto criteria18 undergoing EEN 
induction treatment in two academic hospitals (Academic Medical Center/ Emma Children’s 
Hospital and VU University Medical Center) between January 2010 and July 2014. A 
range of polymeric EEN formula’s with similar composition based on cow milk protein 
(supplementary table 1) was provided during a 6-week course, during which no other food 
or fluid (expect water)  was allowed, followed by 3-week course of EEN tapering and slow 
introduction of habitual diet. During follow-up, information on maintenance therapy was 
collected. Localization and disease behavior were classified using the Paris classification.  
A control group consisting of age and sex matched, healthy school children, with no family 
history of inflammatory bowel disease (IBD), were collected. Participants who received 
antibiotics or probiotics, within 3 months prior to inclusion or during the study period were 
excluded. Moreover, participants that had a proven bacterial gastroenteritis or received 
immunomodulatory therapy within 3 months prior to inclusion were also excluded 
Approval from the local Medical Ethics Review Committees of all participating centers 
was obtained.

 
Sample collection 

Patient and healthy controls were instructed to collect fecal samples in provided containers 
and store the sample at -20ºC, as soon as possible within 2 hours of collection, and deliver 
these frozen in a cooled bag at the hospital. A maximum of 4 samples were collected per 
patient: prior to bowel cleansing when IBD was suspected (T0), during EEN (± 21 days 
after EEN initiation) (T1), at the end of treatment (± 42 days after EEN initiation) (T2), 
and after patients returned to their habitual diet (± 4 months after EEN initiation) (T3) 
(Figure 1). To avoid heterogeneity, samples at which EEN was prematurely discontinued 
were excluded: T1 samples were excluded if EEN was previously discontinued, T2 and 
T3 samples were excluded if the full course of 6 weeks EEN was not completed. Healthy 
controls were instructed to collect 2 fecal samples with an interval of 6 weeks. Aliquots of 
fecal samples were stored at -20ºC until analysis.

 
Biochemical and clinical disease activity 

Biochemical disease activity was assessed using fecal calprotectin (FC), the most accurate 
marker of intestinal inflammation currently available19. Fecal calprotectin level was 
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determined at baseline (T0) and end of EEN (T2) by routine laboratory measurement. 
Biochemical response was defined as a reduction of ≥ 50% at T2 compared to T0, as this 
has the highest predictive value for endoscopic treatment response20. 

Clinical disease activity was assessed by the treating physician at T0 and T2 using the 
Physician Global Assessment (PGA) 4 point scale: inactive, mild, moderate, and severe21. 
Clinical response on EEN was defined as a PGA inactive to mild after a full 6 week-course 
of EEN, without the need for additional remission induction treatment.

 
Study design

Fecal samples were analyzed using 16S rRNA gene sequence for microbiota composition, 
1H Nuclear magnetic resonance (NMR) for general metabolic profile, and high-performance 
liquid chromatography (HPLC) for more specific amino acid and bile acid determinations 
(Figure 2).Microbiota analysis using 16S rRNA gene sequencing

Sequencing of bacterial 16S rRNA genes was performed to characterize microbial 
community composition as described in22, of which a modified version is exhibited below. 

 

Figure 1 │  Scheme of fecal sample collection. IBD: inflammatory bowel disease. IBD: inflammatory 
bowel disease

Figure 2 │  Study outline. HPLC: High-performance liquid chromatography, NMR: nuclear magnetic 
resonance, RNA: ribonucleic acid.
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DNA Extraction

DNA extraction was carried out on fecal samples using the FastDNA™ SPIN Kit for Soil 
(116560200, MP Biomedicals) per kit instructions.  Samples were eluted in 50µl of DES and 
quality checked by running on an agarose gel. 

 
PCR Amplification for Sequencing

PCR amplification of the V1-V2 hypervariable regions of the 16S rRNA gene was carried out 
using primers adapted for Illimunia MiSeq, 27F (AATGATACGGCGACCACCGAGATCTAC-
ACTATGGTAATTCCAGGTTYGATYMTGGCTCAG) and 338R individually barcoded 
(CAAGCAGAAGACGGCATACGAGAT-barcode-AGTCAGTCAGAAGCTGCCTCCCGTAG 
GAGT) primers. Extracted DNA was run in a 25 µl PCR reaction alongside 10 µM of each 
primer, 5X Q5 Reaction Buffer and Q5 High-Fidelity DNA Polymerase (M0491, New 
England Biolabs), 10 mM dNTPs (N0447, New England Biolabs) and Nuclease-Free water 
as per the Q5 standard protocol. Four PCR reactions were run for each sample using 
thermal cycler conditions of 98°C for 2 mins, then 20 cycles of 98°C for 30 secs, 50°C for 
30 secs, 72°C for 90 secs before a final extension of 72°C for 5 mins. 

Following amplification, the quadruplicate PCR reactions were pooled into a single sterile 
1.5-mL microcentrifuge tube. Pooled PCR samples were purified by ethanol precipitation. 
The DNA was re-suspended in 30 μL TE buffer and stored at −20°C before quantification. 
The pooled PCR amplicons were quantified using a Qubit dsDNA HS Assay Kit (Invitrogen, 
CA, USA, Q32854). Briefly, a Working Solution was prepared equal to 199 μL Qubit HS 
buffer mixed with 1 μL Qubit HS reagent for each sample to be quantified. Two Qubit 
tubes were labeled HS1 and HS2, and 10 μL Qubit HS Standard 1 (0 ng/μL) and Qubit HS 
Standard 2 (10 ng/μL) were added to the tubes, respectively. 190 μL Working Solution was 
added to each tube, vortexed for 5 s, and incubated at room temperature for 2 min. The 
double-stranded DNA (dsDNA) HS setting was selected on the Qubit 2.0 Fluorometer 
(Invitrogen, CA, USA), and a new calibration using the two standard tubes was used to create 
a standard curve. Next 1 μL of sample was added into a Qubit Assay Tube (Invitrogen, CA, 
USA, Q32856), together with 199 μL Working Solution, vortexed for 5 s, and incubated 
at room temperature for 2 min, and then DNA concentration was determined using the 
Qubit 2.0 Fluorometer (Invitrogen, CA, USA). All sample concentrations were determined 
using the same Working Solution. After the 2-min incubation at room temperature, the 
concentration of each sample was measured in nanograms per microliter.

An equimolar mix was prepared for sequencing using equimolar concentrations of DNA 
from each sample. The amount of each sample to be added was calculated using the 
following formula: sample volume (in microliters) = DNA conc. of the sample with highest 
DNA conc. of all the samples (in nanograms per microliter)/DNA conc. of sample (in 
nanograms per microliter). All samples were above the minimum accepted concentration 
of 3 ng/μL. The Equimolar mix was then split into 2 equal volumes in 1.5-ml microcentrifuge 
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tubes. One tube was stored at −20°C as a backup, while the other was prepared for 
sequencing.

The Equimolar mix was cleaned using gel purification to remove primer dimers using 
a Wizard SV Gel and PCR Clean-Up System (Promega, A9281, Madison, WI, USA). 
Briefly, the equimolar mix library was run out on a 1% agarose gel, stained with GelRed 
(Cambridge Bioscience, BT-41003, Munro House, Cambridge, UK), in Tris acetate-EDTA 
(TAE) buffer. Gel containing the band between 300 and 400 bp was excised from the 
gel using a sterile scalpel and placed into pre-weighed 1.5-ml micro-centrifuge tubes. 
The tubes were weighed to determine the weight of the gel slices. Into each tube was 
added 10 μL membrane binding solution per 10 mg of gel slice. The mix was vortexed to 
mix and incubated in a hot block at 65°C for 10 min or until the gel was fully dissolved. 
A maximum of 350 mg of sample in 350 μL binding solution was pipetted into the SV 
Minicolumn assembly (Filter Column plus collection tube) and left to bind for 1 min. This 
was then centrifuged for 1 min at 16,000 × g (Eppendorf 5415R, Hamburg, Germany). The 
liquid was discarded, then 700 μL Membrane Wash Solution was added to the column 
and then centrifuged for 1 min at 16,000 × g (Eppendorf 5415R, Hamburg, Germany). The 
flowthrough was discarded, and this was repeated with 500 μL Membrane Wash Solution 
and centrifuged for 6 min at 16,000 × g (Eppendorf 5415R, Hamburg, Germany), and the 
flowthrough was discarded. This was repeated until the DNA in all dissolved gel samples 
had been bound to the same column without eluting the DNA. The total DNA was eluted 
into a sterile 1.5-ml microcentrifuge tube by adding 50 μL Nuclease Free Water to the 
column, incubating at room temperature for 1 min, and then centrifuging for 1 min at 
16,000 × g. The 50-μL volume was divided into two tubes, 25 μL in each; one stored at 
−20°C as a backup, while the other was used for sequencing.

 
Illumina MiSeq Sequencing

Paired-end sequencing of the pooled equimolar mix of PCR products was carried out on 
an Illumina MiSeq machine, using a read length of 2 × 250 bp. Illumina MiSeq sequencing 
was carried out by the Centre for Genome Enabled Biology and Medicine, University of 
Aberdeen.

 
Illumina MiSeq Sequence Data Analysis

The data obtained from Illumina MiSeq sequencing were analyzed using the mothur 
software package23 and based on the mothur MiSeq standard operating procedure24. 
A text file was created containing the paired reads, forward and reverse, generated by 
the Ilumina sequencing run for each sample. This included 3 DNA extraction kit blanks 
processed with only water as a control. The forward and reverse reads generated from the 
sequencing were assembled into paired contigs. After assembly, contigs were removed 
that were shorter than 280 base pairs or longer than 470 base pairs, contained ambiguous 
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bases, or contained homopolymeric stretches of longer than 8 bases. One representative 
sequence for each unique sequence was extracted from the dataset. Unique sequences 
were then grouped together and aligned against the SILVA reference database. OTUs 
were generated at a 97% similarity cutoff level. Due to a high number of unique singleton 
and doubleton sequences, representing 1 or 2 sequences in the dataset, these were 
removed to reduce the total number of sequences to less than 50,000, to reduce the file 
size to one that could be processed. The Ribosomal Database Project (RDP) reference 
database (Release 10)25 was used to assign taxonomic classifications to each OTU at the 
phylum, family, and genus levels. Perseus (Quince et al., 2011) chimera removal software 
was used to detect and remove chimeric molecules created during PCR amplification. 
Spurious reads, including those derived from mitochondria, chloroplasts, or Eukarya, were 
removed from the dataset. Sequences classified as belonging to the Lactococcus genus 
were removed from the dataset. A representative sequence for each OTU was generated, 
and the most abundant OTUs were manually curated against the BLAST database.

 
Metabolome analysis

Nuclear magnetic resonance spectroscopy 

Metabolites were quantified in fecal water, prepared by weighing the fecal sample and 
mixing it with four parts of sodium phosphate buffer (pH=7.4], vortexing and centrifugation 
at 20,000 g at 4°C for 30 min. An aliquot of 100 μl fecal water was mixed with 100 μl 0.2 M 
sodium phosphate buffer (pH=7.4) and 600 μl deuterium oxide (D2O). Subsequently 580 μl 
supernatant was transferred to a NMR tube with an outer diameter of 5 mm pending 1H 
NMR spectral acquisition. The sample was homogenized, vortex-mixed for 15 s, sonicated 
and centrifuged at 10392 g for 20 min. The supernatant (580 μl) was put in a NMR tube 
with an outer diameter of 5 mm pending 1H NMR spectral acquisition.

1H NMR spectra of fecal extract samples were obtained using a Bruker 600 MHz 
spectrometer (Bruker, Rheinstetten, Germany) at the operating 1H frequency of 
600.13 MHz at a temperature of 300 K. A standard NMR pulse sequence (recycle delay 
-90°-t1-90°-tm-90°-acquisition) was applied to acquire one-dimensional 1H NMR spectral 
data, where t1 was set to 3 μs and tm (mixing time) was set to 10 ms. The water peak 
suppression was achieved using selective irradiation during a recycle delay of 2 s and 
tm. A 90° pulse was adjusted to 10 μs. A total of 128 scans were collected into 64 k 
data points with a spectral width of 20 ppm. A series of two-dimensional NMR spectra 
including 1H–1H correlation spectroscopy, 1H–1H total correlation spectroscopy, J-resolved 
spectroscopy, 1H–13C heteronuclear single-quantum coherence and 1H–13C heteronuclear 
multiple-bond coherence were acquired on selected urine and fecal extract samples for 
the purpose of metabolite annotations. The standard parameters used for these spectral 
acquisitions have previously been reported26,27. NMR spectra were pre-processed using 
an in-house MATLAB script from Imperial College London. The shift ranges from -0.02 to 
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0.02 ppm, 3.70 to 3.72 ppm and 4.78 to 4.84 ppm were removed to exclude TSP, PEG 
and water peaks respectively. Due to the high intensity of PEG compared to other peaks 
in the spectrum, PEG was deemed to be a remnant of the bowel cleansing procedure 
present in some patients and therefore excluded from further analysis. NMR spectra were 
then normalized using the probabilistic quotient normalisation method and auto-aligned 
in MATLAB using recursive segment-wise peak alignment28,29.

 
High-performance liquid chromatography

Amino acids

Amino acids were quantified in fecal water prepared by weighing the fecal sample and 
mixing it with four parts of sodium phosphate buffer [pH=7.4], vortexing and centrifugation 
at 20,000 g at 4°C for 30 min. Fecal water (50 µl) was mixed with 24% sulfosalicylic acid and 
centrifuged at 20,000 g at 4°C to remove proteins. Amino acids were measured using a 
gradient reversed-phase HPLC system with pre-column derivatization with o-phtalaldehyde 
(Pierce) and 3-mercaptopropionic acid (Sigma), and fluorescence detection. Separation 
was done using 2 serial coupled BDS Hypersil C18 columns (150 x 4.8 mm, 3 um particles, 
Thermo Scientific, flowrate 0.7 ml/min) and gradient of solvent A and B (from 10% B 
at start to 100% B at the end). Solvent A was 12.5 mM sodium phosphate (pH 7.0) + 
0.005% tetrahydrofuran and solvent B was 6 mM sodium phosphate (pH 7.0)+ 0.07% 
tetrahydrofuran + 40% acetonitrile30. For normalization purpose we used norvaline. 

 
Bile acids

Feces was freeze dried overnight. A 1:10 feces to 50% Tert-Butanol was mixed, sonificated, 
and centrifuged at 4000 rpm. Supernatant was freeze dried overnight and re-suspended 
in 300 µl 25% Methanol. Bile acids were separated and quantified by reverse-phase HPLC, 
which was an adaptation to the method used by Kunne et al.31. 100 µl sample was applied 
to a Hypersil C18 HPLC column (internal diameter: 3 µm, column length: 15 cm; Thermo 
Scientific, Breda, The Netherlands) operated at 20°C. The starting eluent consisted of 
6.8 mM ammoniumformate (pH 3.9), followed by linear gradient or isocratic elution with 
acetonitrile at the indicated concentration: 28% (1 min), 38% (13 min), 42% (19 min), 61% 
(20 min), 63% (25 min), 80% (28 min), 80% (31 min) and 0% (33 min). The flow rate was 0.8 
mL per minute. Detection was performed using a Nano Quantity Analyte Detector QT-500 
(Quant technologies, Blaine, USA). Quantification of the different bile salt species was 
performed by using a calibration curve for all different bile salt species. 

 
Real time cell growth and adherence assay 

The effect of metabolites on epithelial cell proliferation and adhesion was performed 
using a label-free real-time cell analysis platform (xCELLigence; Roche Applied Science, 
Indianapolis, IN) as previously described32. Each well of an 16 well E-plate received, 100 
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μL complete Dulbecco’s Modified Eagle Medium (DMEM) culture medium supplemented 
with metabolites of interest, and background impedance was measured over 24 seconds. 
Caco-2 cells, were cultured until confluent, trypsinized and suspended in DMEM 
supplemented at 20,000 cells/ml. Resuspended cells (100 μL) were added to the E-plate 
wells. After 30 minutes of incubation at room temperature, the plate was placed into the 
cell culture incubator (37°C, 5% CO2). Control wells received DMEM medium only. Cell 
proliferation and adhesion was measured every 30 minutes for 72 hours by determining 
the cell index using the xCELLigence system software version 1.2.133. 

 
Monocyte immunological response assay 

Primary monocytes were isolated from whole blood buffy coats in 2 steps: (1) Ficoll was 
added under the buffy coat layer and spun down (2000 RCF, acc. 3, decl. 0, 20 minutes) 
and the separated layer of peripheral blood mononuclear cells (PBMC) were aspirated an 
re-suspended, (2) PBMC were incubated (90 minutes, 37°C, 5% CO2) after which culture 
plates were washed and remaining monocytes loosened with EDTA and re-suspended and 
plated at 500.000 cell/well in 6 wells plate (1,5 ml/plate). Monocytes were co-cultured with 
metabolites of interest for 24 hours, after with LPS (100ng/ml) was added. The medium 
was subsequently collected after 4 hours and Tumor Necrosis Factor-alpha (TNFα) and 
Interleukin-6 (IL-6) were measured using sandwich ELISA (R&D Systems, Minneapolis, 
Minn., USA).

 
Organoid culture

Crypts isolation and organoids culture 

Intestinal crypts were isolated from human fetal small intestine (purchased from the 
Department of Cell Biology and Histology of the AMC, Amsterdam)). Intestinal fragments 
of human small intestine were washed with cold PBS till the supernatant was clear. Next, 
the tissue fragments were incubated in 0.5 mM EDTA in PBS for 30 min while shaking at 4° 
C. After removal of the EDTA buffer, tissue fragments were vigorously resuspended in cold 
10% fetal calf serum (FCS) in PBS using a 10-mL pipette to isolate intestinal crypts. The 
tissue fragments were allowed to settle down under normal gravity and the supernatant 
was collected. These steps were repeated 3 times. Crypts were collected by centrifugation 
at 800xg for 5 min and re-suspended in laminin-rich Matrigel (BD Biosciences, San Jose, 
CA). Crypts and organoids were maintained in Human Intestine Stem cell-medium 
(HISC) which constitutes of Advanced DMEM/F12 (Invitrogen) supplemented with 100x 
Glutamax (Invitrogen), 1m Hepes (Sigma), 1% Penicillin/Streptomycin (Invitrogen) and 
enriched with 10% N2 (Invitrogen), 20% B27 (Invitrogen), n-Acetylcysteine 500mM (Sigma 
Aldrich), murine Epidermal Growth Factor (mEGF), 20% murine Noggin, 10% Respondin, 
10 µM [Leu15]-Gastrin (Sigma), 1M Nicotinamid (Sigma),500 µM A83-01 (Tocris), 20 mM 
SB202190 (Sigma) and 50% Wnt3a conditioned medium. After 7 to 10 days from the 
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isolation, or when showing budding, crypts were broken down and passaged. Organoids 
were exposed on day 1 after passage with 5mM trimethylamine (TMA) or trimethylamine 
N-oxide (TMAO) in HISC medium during a period of 5 days at 37° C and 5% CO2. 

 
Quantitative reverse transcriptase-PCR 

After the treatment fetal organoids were collected and RNA was isolated by using Isolate 
II RNA micro kit (Bioline). cDNA was synthesized by means of cDNA synthesizing kit 
(Promega). SYBR green-based real-time PCR technique was used to detect the expression 
of transcripts (SensiFAST™ master mix, GC-Biotech). The cDNA was diluted eightfold for 
the real-time PCR assay. Real-time PCR was performed using the Light cycler 480 (Roche) 
detection system. Cycling conditions used were 95 C for 15 s and 60 C for 1 min for 35/40 
cycles. Data were analyzed using the LlinregPCR software and results were expressed 
as fold difference relative to the geometric mean expression of the reference genes 
β-actin and Glyceraldehyde 3-phosphate dehydrogenase (GAPDH). Following human 
primers set were used: Sucrase-isomaltase (5’-3’ F: GGATGGTCACAGATGAAACCT; 
R: TCCTCCCCATCGTCCACTA), β-actin (5’-3’ F: AATGTGGCCGAGGACTTTGA, R: 
TGGCTTTTAGGATGGCAAGG), GAPDH (5’-3’ F: GAGTCAACGGATTTGGTCGT, R: 
TTGATTTTGGAGGGATCTCG).

 
Staining of organoids

After 5 days of treatment, organoids were fixed in 4% paraformaldehyde (PFA) after 
removal of medium. Next, they were treated with 70% of ethanol containing eosin for 30 
minutes and dehydrated in 96% - 96% - 100% - 100% - xylene – all steps for 30 minutes. 
Finally organoids were imbedded in paraffin and 5 µm sections were made. After a 
dewaxing step, antigen retrieval was performed by boiling in 10 mM citrate buffer, pH 
6.0, for 20min at 98°C followed by incubation on ice. Incubation with 30% H2O2, 10% Na-
azide in PBS for 20 min at room temperature was used to block endogenous peroxidase. 
Organoids sections were stained with 1:50 anti-mouse/human sucrase-isomaltase (SC-
27603, SantaCruz) for 1 hour, followed by incubation with Bright vision poly HRP-Anti-
mouse IgG (ILImmunoLogic) at room temperature for 30 minutes and Liquid DAB plus 
chromogen (Dako) for 8 minutes.

 
Dextran Sulfate Sodium (DSS) colitis model 

C57BL/6N mice (Charles River Laboratories) were housed and maintained under 
specific pathogen free conditions in our animal facility at the Academic Medical Center 
in Amsterdam. Mice were kept and handled in accordance with the guidelines of the 
Animal Research Ethics Committee of the Academic Medical Center. Mice were females 
between 8 and 12 weeks of age at the time of study. 11 days prior to inducing intestinal 
inflammation with DSS, mice were given chow supplemented with milk protein (n=10) 
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(or chow supplemented with amino acids (n=10) (Mead Johnson Nutrition). Intestinal 
inflammation was induced using 1,5% (w/v) DSS (TdB Consultancy, Uppsala, Sweden) 
added to the drinking water for 7 days. Fresh DSS solutions were prepared daily. Body 
weights were recorded daily. At the end of the study endoscopy was done according 
to the scoring system described by Becker et al.34. Five features of endoscopic severity 
were scored: ‘mucosal thickening’, ‘vasculature’, ‘granularity of the mucosal surface’, 
‘fibrin deposits’ and ‘stool appearance’. The total endoscopic disease severity score was 
calculated from the disease components, excluding the stool component score (as it was 
only clearly determinable in 158 of 201 of the videos), with a total score between 0-12. 
Subsequent to endoscopy mice were killed and organs collected. Wet weights of colons 
were recorded together with the total length of the colons. Colon weight per cm was used 
as a disease parameter. Stools were scored as follows: 0) normal feces, 1) soft pellets, 
2) thin feces, 3) watery diarrhea, 4) bloody diarrhea. Colons were divided in two parts 
longitudinally, one part was used for histology the other part for qPCR analysis.

 
Histology

The longitudinally divided colons were rolled, fixed in 4% formalin and embedded in 
paraffin for routine histology. An experienced pathologist evaluated formalin-fixed 
hematoxylin tissue sections microscopically, in a blinded fashion. Colons were evaluated, 
and graded from 0 to 4 as an indication of incidence and severity of inflammatory lesions 
based on the extent of the area involved, the number of follicle aggregates, edema, 
fibrosis, hyperplasia, erosion/ulceration, crypt loss and infiltration of granulocytes and 
mononuclear cells. The pathology score was calculated as the total score of the above.

 
Quantitative PCR

Cxcl10, Il1b, Mcp1, Il6, Tnfa and Ccl2 transcript levels were determined in colon lysates 
using qPCR. Two μg of RNA was treated with DNase (Promega) and reverse-transcribed 
with oligo (dT) and random primers and Superscript II reverse transcriptase (Invitrogen). 
One microliter of the cDNA solution was subjected to real-time qPCR in a Roche Lightcycler 
PCR, using Lightcycler SYBR Green (Roche). Expression levels were analyzed using 
LinRegPCR software and normalized for housekeeping genes ubiquitin and cyclophilin. 

 
Statistical analysis

Microbiota and metabonomic data were compared between (i) CD patients at T0 and 
healthy controls, (ii) between different time point during EEN in CD patients (T0 vs. T1 vs. 
T2 vs. T3), and (iii) between biochemical responders and non-responder, and (iv) between 
responder or non-responders at follow-up (T3) and healthy controls.

For microbiota sequence data, the LEfSe software tool35, within the mothur software 
package23, was used to identify OTUs that differentiated the diet groups with a linear 
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discriminant analysis (LDA) effect size of greater than 2. Metastats36, a non-parametric t test, 
incorporating Fisher’s exact test and the false discovery rate (FDR) was used to determine 
whether OTUs, or higher taxa, identified as having an LDA effect size of greater than 
2, were significantly differentially represented between diet groups. P values generated 
using Metastats were corrected with the Benjamini-Hochberg method37 to correct for 
the false discovery rate across multiple comparisons. P values < 0.05 were considered 
significant. The Shannon diversity index, commonly used to characterizes species diversity 
in a community.based on abundance and evenness of the species present, were used 
to calculate the bacterial diversity within each sample in the mothur software package 
(Schloss et al., 2009).

Nuclear magnetic resonance data were analysed using unsupervised multivariate 
approaches such as Principal Component Analysis (PCA) to identify outliers. Orthogonal 
Partial Least-Squares Discriminant Analysis (OPLS-DA) using mean centred, unscaled data 
was used to create supervised models. Cross-validation parameters were presented as 
R2 and Q2 , and a p value was generated and corrected for multiple permutation tests. 
Metabolites of interest, associated with CD, EEN treatment or EEN response, were extracted 
from OPLS-DA models (Benjamini-Hochberg correction). Metabolites of interest from 
PCA and OPLS-DA models were identified using statistical total correlation spectroscopy 
(STOCSY), the Human Metabolite Database and other literature documenting faecal water 
metabolites obtained from NMR38–40.

Bile acids were categorized in primary and secondary bile acids. The hydrophobicity of the 
bile acid pool per fecal sample was calculated using the bile acid hydrophobicity index41. 
Differences in amino acids (individual and total concentration) and bile acids (primary 
and secondary concentration, and bile acid hydrophobicity index) were analyzed using 
t-test (2 groups) and one-way ANOVA with Turkey post-hoc test (>2 groups) for normally 
distributed or Mann–Whitney U (2 groups) and Kruskal-Wallis test with Dunn’s post-hoc 
test (>2 groups for non-normally distributed variables.

Cell indexes deriving from XCELLigence and cytokine concentrations deriving from the 
monocyte immunological response assay were analyzed identical to amino and bile acid 
data. 

RESULTS

In total, 43 children with newly diagnosed CD patients were included (47% male, median 
age, 14 years [IQR 12–15], Figure 3). Apart from EEN, all patient were immediately 
started on concomitant thiopurines (i.e. azathioprine). At baseline (T0) 43 samples 
(100%), during EEN (T1) 37 samples (86%), at end of EEN (T2) 22 samples (51%), and at 
habitual diet (T3) 20 samples (47%) were included. Eighteen healthy controls participated 
(50% male, median age years 13 [IQR 11–16]), with a total of 32 samples. Patient and 
disease characteristics, and clinical and biochemical response are exhibited in table 1. 
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Table 1 │  Patient characteristics of included CD patients

CD Patients (n=43)

Age (median, IQR) 14.8 (12.0–16.2)

Males 11 (41%)

Crohn’s disease: age at diagnosis (Paris classification)
A1a: 0–<10 years 
A1b: 10–<17 years

3 (27%)
8 (73%)

Crohn’s disease: locationa (Paris classification) 
L1: distal 1/3 ileum
L2: colonic
L3: ileocolonic

5 (12%)
9 (21%)
29 (67%)

Clinical response 28 (65%)

Biochemical response 18 (53%)

a L1: distal 1/3 ileum ± limited cecal disease; L2: colonic; L3: ileocolonic; L4a: upper disease proximal 
to the ligament of Treitz; L4b: upper disease distal to ligament of Treitz and proximal to distal 1/3 
ileum. 
CD: Crohn’s disease

Microbiota

We characterized the fecal microbiota using 16S rRNA gene sequencing in 96 samples 
(n=27 CD participants and n=15 healthy controls). 

The fecal microbiota of children with CD was not different compared to controls (control: 
3.18 vs. T0: 2.94 vs. T1: 2.80 vs. T2: 2.69 vs. T3: 2.93, p=0.161, Figure 4a). Moreover, there 
was no change in the fecal microbial alpha diversity associated with EEN treatment. 

Figure 3 │  Flowchart of patient inclusion . EEN: exclusive enteral nutrition, RNA: ribonucleic acid.
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Distribution of microbiota on family level, however, showed marked differences in the 
distribution between healthy controls and CD before EEN initiation, and all time points 
after EEN initiation (Figure 5, Table 2). Using the Bray Curtis calculator of community 
dissimilarity, the healthy control samples clustered together, while the fecal microbiotas 
of children with CD are very divergent (Figure 5, Table 2). In total, we could identify 8 
Operational Taxonomic Units (OTUs), based on the LEfSe analysis, that differed significantly 
between children with CD and controls. Six OTUs had a lower relative abundance in CD 
patients, four belonging to the phylum Firmicutes (Eubacterium rectale, Romboutsia 
ilealis, Ruminococcus bromii, Turicibacter sanguinis) and two to the Actinobacteria 
(Bifidobacterium adolescentis and B. stercoris) (Figure 4b-g). 

Two OTUs were present in a higher relative abundance in CD, one from the phylum 
Proteobacteria (Escherichia/Shigella spp) and one from the Firmicutes (Ruminococcus 
torques) (Figure 4h&i). 

During the course of EEN, the distribution of the fecal microbiota in children with CD 
remained very divergent, and no overall response of microbiota on EEN was seen (Table 
2, Figure 5). However, although not significant, we observed a further decrease in relative 
abundance of Bifidobacterium spp. (Figure 4b&c) and Eubacterium rectale (figure 4d) 
during the course of EEN (T1&T2), and a rise again after the re-introduction of habitual 
diet (T3). 

 
Metabolome

We characterized the fecal metabolome using a broad screening of metabolites with 1H 
NMR and detailed description with HLPC analysis of amino acids and bile acids acids in 
155 samples (n=43 CD patients and n=18 healthy controls).

Table 2 │  Relative abundance of bacterial genera in the healthy control group and children with 
Crohn’s before treatment with exclusive enteral nutrition

p

HC vs. T0
HC vs. T1
HC vs. T2
HC vs. T3

<0.001*
<0.001*
<0.001*
<0.001*

T0vs. T1
T0 vs. T2
T0 vs. T3

0.016
0.110
0.716

T1 vs. T2
T1 vs. T3

0.982
0.029

T2 vs. T3 0.442

Differences in relative abundance of genera were analysed by the Bray Curtis dissimilarity analysis
LDA: linear discriminant analysis
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Figure 5 │  Bray Curtis dissimilarity dendrogram, illustrating the top 18 most prevalent genera of healthy 
controls (HC), CD at baseline before EEN (T0), CD during EEN (T1), CD at the end of EEN (T2), CD 
patients at follow-up (T3). EEN: Exclusive enteral nutrition.
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Figure 4 │  (A) Fecal microbial diversity and (B to I) relative abundance of microbial species-level OTUs 
in healthy controls and patients with CD throughout the course of EEN. EEN: exclusive enteral nutrition, 
HC: healthy controls, T0: CD prior to bowel cleansing when IBD was suspected, T1: CD during EEN, T2: 

CD at the end of EEN treatment, T3: CD at habitual diet.

1H Nuclear magnetic resonance spectroscopy
1H NMR is a suitable for an untargeted identification of major changes and differences in 
metabolome of CD patients.

At baseline (T0), there was a clear separation of the global fecal metabolic profile in 
CD from HC (R2=59.7%, Q2=0.55, P=0.001. Figure 6a). Alanine, cadaverine, isoleucine, 
lactate, leucine, phenylalanine, propionate, putrescine, trimethylamine (TMA), tryptophan, 
tyrosine, and valine were specific metabolites that were found in higher concentrations in 
CD at T0 compared to healthy controls (Figure 7a&b, Supplementary table 1). 
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The fecal metabolic profile prior to EEN (T0) differed from during EEN (T1) (R2=45.3%, 
Q2=0.06, P=0.004, Figure 6b), but not with time-points after EEN cessation (T2 & T3). No 
metabolites differentiated between time points during the course of EEN. 

When patients were stratified based on response to EEN therapy, there was a separation of 
the fecal metabolic profile of responders and non-responders at baseline (T0) (R2=60.4%, 
Q2=0.28, P=0.030, Figure 6c), but not at other time points (T1, T2, T3). Although of 
the concentration of TMA at baseline (T0) differed from baseline (T1), this differences 
disappeared at the end of EEN (T2) (figure 7a). 

Although metabolic profiles of responders (R2=58.0%, Q2=0.33, p=0.010) and non-
responders (R2=67.5%, Q2=0.69, p=0.010) were different from healthy controls at follow-
up (T3), several metabolites were normalized in responders and not in non-responders at 
T3 (i.e. leucine, propionate, valine, lactate, alanine, cadaverine, trimethylamine, tyrosine, 
phenylalanine, isovalerate, urocanate, succinate) (Supplementary table 2).

 
Amino acids

At baseline (T0), there was a clear separation of the fecal amino acid profile in CD from 
HC, with a higher concentration of the total and most individual amino acids (Figure 7c, 
Table 3, Supplementary table 3). Only glutamic acid and taurine were not elevated in 
patients, as been shown with 1H NMR.

The fecal amino acid profile at baseline (T0) did not differ from during EEN (T1) time-points 
after EEN cessation (T2 & T3), for the total and all individual amino acid concentrations 
(Figure 7c, Table 3, Supplementary table 3). 

When patients were stratified based on response to EEN therapy, responders had a 
lowerecal concentration of histidine, citrulline, and isoleucine at baseline (T0), and a lower 
concentration of serine, glycine, and alanine at end of EEN therapy (T2) (Supplementary 
table 4). 

Although some individual amino acids of both responders and non-responders had a 
higher concentration in healthy controls at follow-up (T3) (i.e. Asparagine, Tryptophan), 
most amino acid concentration were normalized in responders and not in non-responders 
at T3 (i.e. Serine, histidine, tyrosine, phenylalanine, leucine). 

To establish whether the elevated fecal amino acids in CD are reflected in changes in 
systemic amino acids we measured plasma amino acids in a independent cohort of 
pediatric IBD patients (N=41, 63% male, median age 15 years [IQR 12–16], median 
disease duration 22 months [IQR 10-44], 76% CD, 24% ulcerative colitis). No correlation 
was found between plasma total, or individual amino acids concentrations and disease 
severity as measured by fecal calprotectin (r: 0.166, P=0.306, Supplementary figure 1a).
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Figure 6 │  Orthogonal Projections to Latent Structures Discriminant Analysis (OPLS-DA) plots, of healthy 
controls (HC vs. CD at baseline (T0), CD at baseline (T0) vs. CD during EEN (T1), and responders vs. non 
responders at baseline (T0). EEN: exclusive enteral nutrition.

A B C

D E F

Figure 7 │  Concentration of fecal metabolites in healthy controls and patients with CD throughout the 
course of EEN. EEN: exclusive enteral nutrition, HC: healthy controls, T0: CD prior to bowel cleansing when 
IBD was suspected, T1: CD during EEN, T2: CD at the end of EEN treatment, T3: CD at habitual diet
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Table 3 │  Differences in fecal amino acid concentration in CD patient at baseline (T0), during EEN 
(T1), end of EEN (T2), follow up (T3), and healthy controls as measured with high-performance liquid 
chromatography

T0 vs. HC T0 vs. T1 T0 vs. T2 T0 vs. T3

Aspartic acid Higher - - -

Glutamic acid - - - -

Asparagine Higher - - -

Serine Higher - - -

Glutamine Higher - - -

Histidine Higher - - -

Glycine Higher - - -

Threonine Higher - - -

Citruline Higher - - -

Arginine - - - -

Alanine Higher - - -

Taurine - - - -

Tyrosine Higher - - -

Valine Higher - - -

Methionine Higher - - -

Isoleucine Higher - - -

Tryptophan Higher - - -

Phenylalanine Higher - - -

Leucine Higher - - -

Lysine Higher - - -

Total amino acids Higher - - -

Four-group statistical analysis was performed using the Kruskal-Wallis test with Dunn’s post-hoc test. 
Significance >0.05
-: no significant differences, CD: Crohn’s disease, EEN: exclusive enteral nutrition, T0: baseline, T1: 
during EEN (±3 weeks), T2: end EEN (±6 weeks), T3: follow-up (±3 months)

Bile acids

Clear differences were observed in in the overall relative distribution of the fecal bile acids 
between CD at baseline (T0) and healthy controls (Supplementary figure 1d&e). At baseline 
(T0), the BA hydrophobicity and the fraction of secondary bile acids was decreased in 
patients with CD (Figure 4f&g, supplementary table 5), while the total concentration of 
bile acids did not differ between CD and controls (Figure 7f, supplementary table 5).

Comparing the fecal bile acids at baseline (T0) to during EEN (T1), or time-points after 
EEN cessation (T2 & T3), revealed no difference in neither bile acids hydrophobicity, nor 
the percentage of secondary bile acids (Figure 7d&e, Supplementary table 5). 
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When patients were stratified based on response to EEN therapy, there was no difference 
in the total BA concentration, bile acid hydrophobicity and the fraction of secondary bile 
acids between responders and non-responders at baseline (T0), or other time points (T1-3) 
(supplementary table 6).

At follow-up, the fraction of secondary bile acids and the total bile acid concentration 
in feces of responders and non-responders did not differ from HC. However, bile acid 
hydrophobicity was normalized in responders and not in non-responders at follow-up (T3)

 
TMA and Cadaverine inhibit Caco-2 proliferation. TMA increases cell differentiation

TMA and Cadaverine were metabolites of interest from the NMR spectroscopy as they 
differed between CD and healthy controls and are metabolic products of intestinal 
microbes (Figure 7a&b)42,43,21. As control metabolite for TMA we selected TMA-oxide 
(TMAO), which is produced from TMA by hepatic flavin monooxygenases 3 (FMO3)45.

In epithelial cell proliferation assay, TMA and cadaverine inhibit caco-2 cell proliferation, 
relative to standard DMEM medium (Figure 8a&b, Table 4). Moreover, TMA’s control 
metabolite, TMAO, does not inhibit caco-2 cell proliferation (Figure 8a, Table 4).

In organoid culture, TMA exposed organoids increased expression of sucrase-isomaltase, 
a marker for epithelial cell differentiation, as shown by qPCR and immunohistochemistry 
(Figure 8f & Figure 9). 

 
TMA and cadaverine reduce LPS induced TNF and IL6 secretion in primary human 
lymphocytes

Human peripheral blood monocytes were incubated with TMA, TMAO and cadaverine 
for 24 hours and subsequently stimulated with LPS. IL-6 and TNFa release from primary 
human monocytes upon LPS stimulation is inhibited by TMA and cadaverine but not by 
the TMA metabolite TMAO (Figure 8d&e). The differences in IL-6 and TNFa release by 
monocytes are not caused by increased cell death as shown by Fluorescence-activated 
cell sorting viability staining (Supplementary Figure 1b).

 



172

A B
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Figure 8 │ The effect of TMA (including its control metabolite TMAO), and cadeverine on Caco-
2 proliferation (a&b), TNFa and IL-6 release by monocytes upon LPS stimulation (d&e), and on the 
expression of sucrase-isomaltase, a marker for cell differentiation (f). DMEM: Dulbecco’s Modified Eagle 
Medium, IL-6: interleukine-6, mM: millimolar, h: hours, TMA: trimethylamine, TMAO: Trimethylamine-
oxide

Mouse model

We fed DSS-treated mice with amino acids or with caloric equivalent milk protein. Non-
DSS treated mice fed with standard chow served as a control group. 

Body and colon weight, and stool, pathology, and endoscopy score were all higher in the 
DSS treated mice (both amino acid or milk protein fed) compared to the control group 
(Figure 10a-e). The amino acid fed DSS mice had a lower body weight, a worse stool, 
pathology and endoscopy score compared to milk-protein fed DSS mice (Figure 10a-e).

We measured cytokine expression in colon homogenates. TNF-a expression was higher 
in the DSS treated mice (both amino acid or milk protein fed) compared to the control 
group (Figure 10f), and IL-6 and IL-1B were only higher in DSS treated mice fed with amino 
acid (Figure 10g&h). Amino acid fed mice showed an increased expression of mIL-6 over 
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those fed with milk protein (Figure 10g). TNF-a, IL-1B, MCP-1, and CXCL10 did not show 
differences between amino acid and milk protein fed mice (Figure 10f, h, I, j)

Table 4 │  The effect of the metabolites TMA and Cadaverine on epithelial cell proliferation and ad-
hesion (cell index)

p: 24h p: 48h p: 72h

TMA vs control

TMA 1.0mM vs control (DMEM) <0.001 <0.001 0.021

TMA 5.0mM vs control (DMEM) <0.001 <0.001 <0.001

TMA vs TMAO

TMA 1.0mM vs TMAO 1.0mM 0.001 0.004 0.010

TMA 5.0mM vs TMAO 5.0mM <0.001 <0.001 <0.001

Cadaverine vs control

Cadeverine 1.0mM vs control (DMEM) <0.001 <0.001 <0.001

Cadeverine 10.0mM vs control (DMEM) <0.001 <0.001 <0.001

Cellindex were compared using the Mann–Whitney U test. 
CD: Crohn’s disease, DMEM:, Dulbecco’s Modified Eagle Medium, mM: millimol, TMA: Trimethyl-
amine, TMAO: Trimethylamine-oxide

Control TMA TMAO Negative control

Figure 9 │ Staining of human organoids for sucrase-isomaltase, a marker for cell differentiation, on 
organoids incubated with trimethylamine (TMA) and its controls metabolite trimethylamine oxide (TMAO)



174

A B C

D E

F G H

I J



7

En
te

ra
l n

ut
rit

io
n,

  m
icr

ob
io

m
e,

 m
et

ab
ol

om
e

175

Figure 10 │ Outcome of the dextran sulfate sodium (DSS)-induced colitis mouse model, looking at the 
effect of feeding mild protein vs. amino acids (AA). mTNF-α: Tumor necrose factor-alfa, mIl-6: Interleukin 
6, m-IL-1β: Interleukin-1 beta, mMCP-1: Monocyte Chemoattractant Protein-1, mCXCL10: chemokine 
[C-X-C motif] ligand 10

DISCUSSION

In this study, we detailed a comprehensive analysis of the fecal microbiota and 
metabolome, during a course of EEN in children with CD. Herein, we evaluated 
differences between children with CD and healthy children, changes that were 
introduced by EEN treatment, and looked into differences between patients that 
responded or those that did not. 

The alpha diversity (Shannon diversity index) of the fecal microbiota of children with CD 
did not significantly differ from healthy subjects, although we observed a trend towards 
lower diversity in CD. Moreover, the fecal microbial alpha diversity did not significantly 
change after the initiation of EEN. This is in contrast with a previous study by Quince et 
al., which observed a lower fecal microbial alpha diversity in 23 children with CD, which 
then further decreased during EEN and rose after discontinuation16. 

Although the diversity of the microbiota was unaltered in this study, we found marked 
difference between children with CD and controls. This implies that the Shannon 
index may not be a good measure for demonstrating differences in the composition 
of fecal microbiota. Differences in the relative abundance of genera between children 
with CD and controls were mainly expressed in a lower proportional abundance of 
species belonging to the phylum Firmicutes (Eubacterium rectale, Romboutsia ilealis, 
Ruminococcus bromii, Turicibacter sanguinis) and two species from the phylum 
Actinobacteria (Bifidobacterium adolescentis and B. stercoris). The alterations of the 
microbiota, as seen in this cohort, corresponds to previous studies exhibiting a decrease 
of Firmicutes46–49. Moreover, overrepresentation of potential pathobionts including 
Proteobacteria (i.e. E. coli), has been documented before in CD patients. This may be an 
important factor that amplifies the loss of protective symbionts in dysbiotic communities, 
and/or maintains the pro-inflammatory state in active disease47,49.The dysbiosis seen in 
children with CD was highly variable, as has been reported before15, which didn’t show 
a clear and consistent response on EEN therapy. We however observed a trend towards 
a further reduction in Bifidobacterium spp.(Figure 3 b&c), belonging to Actinobacteria 
phylum, and a subsequent increase when patients were back on their habitual diet, similar 
to findings of Gerasimidis et al.17,50.

The overall metabolome of children with CD was different from controls. We identified 
multiple fecal metabolites that were present in a higher concentration in children with 
CD at baseline. These metabolites included amino acids, which has been previously been 
observed in CD patients51–53. The most straightforward explanation for this phenomenon 
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is a reduced uptake due to a damaged epithelium. However, because total bile salt 
concentrations are not different between CD patients and controls, epithelial uptake 
capacity does not seem severely affected. In addition, glutamic acid and taurine levels 
were not elevated in CD patients, providing further evidence that reduced uptake is not 
the explanation for increased amino acid levels. 

A recent paper that also measured amino acids in children undergoing EEN, showed 
that an increase fecal amino acids depend on increased urease activity of the altered 
microbiota in CD patients53. Increased microbial amino acid synthesis depended on 
increased liberation of ammonia from host urea by microbial urease53. These result are 
surprising in the light of the studies showing that supplementation of amino acids reduces 
DSS induced colitis54,55. Several anti-inflammatory pathways of amino acids have been 
suggested to explain these effects, including tryptophan56, glutamine and arginine56, 
cysteine56, and taurine57. In contrast, we show that feeding mice amino acids worsens 
DSS induced colitis, as compared to mice fed whole protein (Figure 9a-e). However, study 
designs are not completely comparable, since we fed mice a mixture of amino acids 
as their only amino acids source whereas mice in studies showing beneficial effects of 
amino acids were supplemented with selected amino acids. Because the DSS model of 
colitis is characterized by disruption of the mucosal barrier, our data suggest that luminal 
amino acids are important for mucosal integrity. It is important to note that we measured 
increased level of fecal, but not serum amino acids in patients with CD (in an independent 
cohort). Effects of amino acids are therefore likely to be exerted at the intestinal lumen. 

New metabolites important in CD that were identified in this study are cadaverine, and 
TMA. Both were found in a higher concentration in CD patients, but only TMA tended 
to decrease during the course of EEN (figure 6a&b). Trimethylamine is mainly formed 
from precursors such as phosphatidylcholine and carnitine by colonic bacterial species 
including species from the Enterobacteriaceae family58,59. Interestingly, the genus species 
from the Enterobacteriaceae family had a higher relative abundance in children with CD, 
and tended to decrease over time (supplementary figure 1c). Cadaverine is produced 
by the gut microbes from lysine. Species such as E. coli60, which also had a higher 
relative abundance in children with CD (Figure 4h), are known for their ability to produce 
cadaverine. 

Cadaverine and TMA acted as a potent inhibitors of TNFα and IL6 secretion and 
inhibit epithelial growth and adherence. Moreover, TMA increased intestinal organoid 
differentiation. This clearly indicates that high levels of TMA and cadaverine are detrimental 
for gut homeostasis and that these are metabolites that may be important in CD 
pathogenesis. The mechanism on how TMA inhibits epithelial proliferation and promotes 
intestinal organoid differentiation needs to be further elucidated. Trimethylamine is taken 
up by the gut and detoxified to TMAO by hepatic flavin-containing monooxygenase 
3 (FMO3)61. Since TMAO is implicated in cardiovascular diseases, this suggests that 
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detoxification of TMA is a double-edged sword43. People deficient in FMO3 suffer from 
a condition known as fish odor syndrome, caused by a high concentration of the foully 
smelling TMA in the body62. For this disorder no intestinal side effects have been described. 
However, whether intestinal levels of TMA are elevated in these patients is unknown. 

Perhaps surprisingly, TNFα and IL6 production of LPS stimulated human monocytes is 
reduced by TMA and cadaverine. However, besides its role as a pro inflammatory cytokine, 
multiple anti-inflammatory effects of TNFα have also been described63,64. For instance, 
TNFα knockout mice are more susceptible to DSS induced intestinal inflammation63. A 
possible mechanism for this anti-inflammatory effect is that TNF increases tolerance of 
macrophages to LPS46. Like TNFα, IL-6has pro- and anti-inflammatory properties65. In 
several murine models, IL-6 classic signaling mediated the activation of anti-inflammatory 
pathways. In contrast, IL-6 trans-signaling is observed in chronic inflammatory disorders 
like CD.

Short chain fatty acids (i.e. acetate, propionate, and butyrate) are produced by the gut 
microbiota from dietary fiber and have been extensively studied in patients with IBD66. 
Besides being a preferred source of energy for the colonocytes, SCFA have an anti-
inflammatory capacity. The anti-inflammatory capacity of butyrate, the most extensively 
studied SCFA, is well documented66. In this cohort, propionate concentrations were higher 
in children with CD, while butyrate levels were unaltered. Data regarding the effect of EEN 
of SCFA levels are conflicting. Geradisimis et al. found similar concentrations of butyrate 
and propionate in CD patients before the start of EEN and controls, and butyrate to 
decrease during EEN, while propionate remained unaltered17. A Swedish study, on the 
other hand, found that butyrate increased during EEN therapy67.

The fecal bile acid pool of CD patients is characterized by a higher concentration of primary 
bile salts such as cholic acid and lower secondary bile acids such as lithocholic acid. The 
proportion of conjugated bile acids is also higher in patients with CD. This results in a fecal 
bile salt pool that is significantly less hydrophobic in patients with CD. During EEN therapy 
this alteration in bile acid composition is partially restored (Supplementary figure 6 d-h). 
Interestingly, taurine (but not glycine), used for bile acids conjugation is not elevated in 
patients with CD. The reduced bile salt hydrolytic activity of the microbiota in CD patients 
might be partially responsible for this. Our results confirm an earlier study13, that showed 
alterations of the gut-microbiota leads to inhibition of deconjugation and dihydroxylation 
of primary bile acids.

The intestinal bile acid pool in CD patients is more hydrophilic, potentially less toxic to 
the intestinal epithelium68. On the other hand, the more hydrophilic bile acid pool of CD 
patients will also be less toxic for bacteria and could thus contribute to the observed 
microbial disbalance. However, the most likely mechanism by which the changed bile salt 
pool could contribute to inflammation in CD patients is their effect on the immune system. 
The anti-inflammatory effects of TGR5 activation are well described66. Since hydrophobic 
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bile acids such as lithocholic acid are more potent activators of TGR5 than hydrophilic bile 
acids, the hydrophilic bile salt pool of CD patients will likely be a contributing factor to the 
increased inflammation.

The overall fecal metabolome of responders and non-responders differed before the start of 
EEN therapy. This might indicate that non-responders can potentially be identified before 
treatment to avoid an unnecessary intervention with this invasive therapy. Differentiation 
of responder to non-responders revealed that the metabolome of those responding 
resembled healthy children more compared to the more divergent metabolome in those 
that did not respond.

Over time, EEN induced global changes in the metabolome, resulting in a different 
metabolic profile before and during EEN. However, after EEN cessation, most metabolites 
tended to return to baseline levels. This suggests that the effect of EEN is transient, and that 
enteral nutrition may need to be continued for longer periods. This seems to be confirmed 
by a study that show that partial administration of enteral nutrition, although insufficient 
for inducing remission69 can aid in maintaining remission when used simultaneously with 
maintenance drugs70.

In this paper we describe the complex differences in micro and metabolome between 
patients with CD and controls. Remission induced by EEN is associated by partial 
normalization of these differences. However, patients in clinical remission still have 
microbiotas and metabolomes that are different from controls. EEN induced remission 
is therefore not a cure. Our study also shows that the mechanism by which EEN induces 
remission is complex. We have identified several metabolites that likely play a causal role 
in the development of CD. Normalization of these metabolites by EEN therapy potentially 
contributes to the induction of remission. However, it is unlikely that these metabolites are 
the only important players.
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Supplementary figure 1 │  AA: amino acids, EEN: exclusive enteral nutrition, FACS: Fluorescence-acti-
vated cell sorting, HC: healthy controls, T0: CD prior to bowel cleansing when IBD was suspected, T1: 
CD during EEN, T2: CD at the end of EEN treatment, T3: CD at habitual diet, TMA: trimethylamine, 
TMAO: trimethylamine-oxide
Bile acids abrreviations: CA: cholic acid, CDCA: chenodeoxycholic acid, DCA: deoxycholic acid, GCA: 
glycocholic acid, GCDCA: glycolithocholic acid, GDCA: glycodeoxycholic acid, GUDCA: glyco ursode-
oxycholic acid, HCA: hyocholic acid, LCA: lithocholic acid, TCA: taurocholic acid, TCDCA: tauro cheno-
deoxycholic acid, TDCA: tauro deoxycholic acid, UDCA: ursodeoxycholic acid
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Supplementary table 1 │  Composition of polymeric formula’s used during exclusive enteral nutrition

Energya

(kcal/100ml)a
Saturated fat 

(g)b
Monounsatu-
rated fat (g)b

Polyunsatu-
rated fat (g)b

Carbohy-
drates (g)b

Protein 
(g)b

Ensure Plus 150 0.30 1.57 1.23 13.5 4.17

Paediasure 101 0.87 1.57 0.71 7.7 1.87

Resource energyc 150 0.47 1.27 1.53 14.0 3.73

Nutridrink 150 0.40 2.33 1.13 12.3 3.93

Fresubin Energy Drink 150 0.27 2.53 1.07 12.5 3.73

Paediasure Plus 151 1.33 2.33 1.04 11.2 2.80

Fresubin® 2.0 kcal Drink 200 0.39 3.85 0.95 15.0 6.67

Resource 2.0 200 0.47 3.80 1.53 14.3 6.00

Nutridrink compact 240 0.60 3.80 1.80 19.8 6.40

a energy per 100ml
b relative to the caloric value per 100ml
c additionally contains 0,33g of fibers
g: grams, kcal: kilocalories, ml: milliliter

Supplementary table 2 │  Fecal metabolites that were found in higher concentrations in CD patients at baseline 
(T0) compared to healthy controls, an differences between healthy controls and responders or non-responders at 
follow-up (T3) 

T0 vs. HC T3 resp. vs. HC T3 non-resp. vs. HC

ra pb ra pb ra pb

Alanine 0.60 <0.001 0.52 0.001 0.38 0.234

Cadaverine 0.64 <0.001 0.76 <0.001 0.51 0.069

Isoleucine 0.57 <0.001 0.43 0.007 0.29 0.413

Lactate 0.58 <0.001 0.50 0.002 0.51 0.072

Leucine 0.62 <0.001 0.53 <0.001 0.34 0.304

Phenylalanine 0.66 <0.001 0.63 <0.001 0.41 0.1901

Propionate 0.56 <0.001 0.69 <0.001 0.40 0.203

Putrescine 0.53 <0.001 0.64 <0.001 0.67 0.008

Trimethylamine 0.63 <0.001 0.65 <0.001 0.25 0.497

Tryptophan 0.64 <0.001 0.59 <0.001 0.59 0.027

Tyrosine 0.60 <0.001 0.61 <0.001 0.36 0.268

Valine 0.63 <0.001 0.50 0.002 0.38 0.234

measured with Nuclear magnetic resonance spectroscopy
a Pearson correlation (r) +/- high/low in CD 
b Benjamini-Hochberg corrected p value

CD: Crohn’s disease, HC: healthy controls, IQR: inter quartile range, non-resp: non-responders, resp: responders, 
T0: baseline, T3: follow-up (±3 months),
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Supplementary table 3 │  Fecal amino acid concentration in HC, and in CD patients on time point during EEN

Healthy 
controls

Baseline (T0) During EEN 
(T1)

End EEN 
(T2)

Follow-up 
(T3)

P valuea Post-hoc 
testb

Aspartic acid
median (IQR)

372 
(276−516)

628 
(339−947)

475 
(335−787)

625 
(297−800)

461 
(307−760)

0.0277 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Glutamic acid 
median (IQR)

954 
(740−1260)

1487 
(889−1967)

1000 
(732−1344)

1044 
(550−1449)

1179 
(889−1839)

0.0519 NA

Asparagine
median (IQR)

1 
(0−5)

27 
(5−74)

16 
(6−66)

17 
(7−54)

22 
(6−69)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Serine
median (IQR)

184 
(129−258)

395 
(274−592)

357 
(228−482)

438 
(299−559)

405 
(194−543)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Glutamine
median (IQR)

61 
(49−94)

131 
(77−206)

113 
(59−160)

109 
(71−173)

124 
(71−187)

0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Histidine
median (IQR)

33 
(15−53)

73 
(50−119)

50 
(34−69)

66 
(38−95)

50 
(35−89)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Glycine
median (IQR)

301 
(210−481)

711 
(423−1149)

442 
(283−756)

592 
(402−968)

676 
(347−1086)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Threonine
median (IQR)

159 
(129−213)

344 
(200−507)

279 
(185−423)

352 
(196−500)

301 
(174−577)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No
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Citruline
median (IQR)

151 
(96−231)

365 
(193−577)

241 
(163−398)

297 
(215−410)

342 
(222−522)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Arginine
median (IQR)

59 
(28−119)

59 
(32−141)

70 
(35−107)

39 
(30−109)

26 
(11−160)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Alanine
median (IQR)

742 
(504−948)

1505 
(934−2138)

1092 
(776−1478)

1348 
(1011−1756)

1318 
(664−1766)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Taurine
median (IQR)

34 
(21−54)

56 
(26−239)

30 
(18−80)

38 
(20−169)

57 
(22−220)

0.1464 NA

Tyrosine
median (IQR)

168 
(116−248)

370 
(228−512)

325 
(178−417)

351 
(261−436)

350 
(173−496)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Valine
median (IQR)

296 
(227−493)

834 
(471−1112)

599 
(401−767)

709 
(422−827)

740 
(401−972)

0,0004 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Methionine
median (IQR)

116 
(76−158)

227 
(127−297)

152 
(126−254)

198 
(118−283)

203 
(94−281)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Isoleucine
median (IQR)

246 
(187−412)

623 
(394−886)

440 
(327−608)

526 
(273−678)

555 
(280−718)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No
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Tryptophan
median (IQR)

27 
(20−32)

72 
(45−106)

55 
(35−87)

56 
(43−76)

64 
(37−120)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Phenylalanine
median (IQR)

180 
(126−272)

454 
(267−620)

352 
(204−496)

425 
(308−487)

397 
(223−657)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Leucine
median (IQR)

300 
(212−471)

759 
(455−1009)

602 
(350−771)

701 
(453−779)

692 
(342−989)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Lysine
median (IQR)

480 
(362−694)

908 
(553−1166)

672 
(445−1004)

839 
(517−1022)

791 
(503−1199)

0,0002 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Total amino 
acids
median (IQR)

4953 
(3937−7146)

10745 
(7241−
13668)

7586 
(5096−
9990)

9479 
(6373−
11508)

9506 
(5699−
12475)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

a kruskall-Wallis test
b Dunn’s multiple comparison post-hoc test.

CD: Crohn’s disease, EEN: exclusive enteral nutrition, IQR: inter quartile range
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Supplementary table 4 │  Fecal amino acid concentration in responders versus non-responders during time point 
during EEN

Baseline (T0) During EEN (T1) End EEN (T2) Follow-up (T3)

Resp vs. 
non-resp

p Resp vs. 
non-resp

p Resp vs. 
non-resp

p Resp vs. 
non-resp

p

Aspartic acid
median (IQR)

244 (555-720) 
vs  
873 (487-
1195)

0.084 475 (324-930) 
vs  
560 (315-769)

0.513 244 (555-720) 
vs  
873 (487-1195)

0.084 475 (324-930) 
vs  
560 (315-769)

0.495

Glutamic 
acid 
median (IQR)

632 (1381-
1922) vs 1785 
(1195-2080)

0.168 1258 (538-
1802) vs  
899 (720-1082)

0.097 632 (1381-
1922) vs 1785 
(1195-2080)

0.168 1258 (538-
1802) vs  
899 (720-1082)

0.435

Asparagine
median (IQR)

4 (20-55) vs  
45 (5-119)

0.214 23 (6-60) vs  
11 (5-38)

0.631 4 (20-55) vs  
45 (5-119)

0.214 23 (6-60) vs  
11 (5-38)

0.495

Serine
median (IQR)

213 (341-585) 
vs  
526 (317-677)

0.227 401 (274-513) 
vs  
347 (200-436)

0.359 213 (341-585) 
vs  
526 (317-677)

0.227 401 (274-513) 
vs  
347 (200-436)

0.558

Glutamine
median (IQR)

76 (112-194) 
vs  
175 (96-243)

0.157 114 (87-147) vs  
116 (55-172)

0.965 76 (112-194) vs  
175 (96-243)

0.157 114 (87-147) vs  
116 (55-172)

0.380

Histidine
median (IQR)

22 (55-96) vs 
 89 (67-178)

0.017* 50 (36-84) vs  
49 (13-63)

0.359 22 (55-96) vs 
 89 (67-178)

0.017* 50 (36-84) vs  
49 (13-63)

0.380

Glycine
median (IQR)

377 (642-865) 
vs  
894 (509-
1296)

0.112 428 (278-866) 
vs  
483 (234-612)

0.694 377 (642-865) 
vs  
894 (509-1296)

0.112 428 (278-866) 
vs  
483 (234-612)

0.283

Threonine
median (IQR)

186 (389-603) 
vs  
401 (267-633)

0.654 360 (256-556) 
vs  
248 (188-389)

0.256 186 (389-603) 
vs  
401 (267-633)

0.654 360 (256-556) 
vs  
248 (188-389)

0.770

Citruline
median (IQR)

133 (257-427) 
vs  
439 (277-614)

0.013* 330 (200-455) 
vs  
231 (161-374)

0.256 133 (257-427) 
vs  
439 (277-614)

0.013* 330 (200-455) 
vs  
231 (161-374)

0.696

Arginine
median (IQR)

24 (48-148) vs 
70 (33-141)

0.629 100 (36-143) vs  
69 (27-89)

0.222 24 (48-148) vs 
70 (33-141)

0.629 100 (36-143) vs  
69 (27-89)

0.097

Alanine
median (IQR)

662 (1364-
1898) vs  
1924 (1188-
2246)

0.098 983 (840-1761) 
vs  
1079 (789-
1407)

0.727 662 (1364-
1898) vs  
1924 (1188-
2246)

0.098 983 (840-1761) 
vs  
1079 (789-
1407)

1.000

Taurine
median (IQR)

24 (58-333) vs  
57 (29-200)

1.000 35 (20-260) vs  
22 (14-51)

0.089 24 (58-333) vs  
57 (29-200)

1.000 35 (20-260) vs  
22 (14-51)

0.329

Tyrosine
median (IQR)

213 (308-500) 
vs  
445 (305-528)

0.178 357 (200-459) 
vs  
293 (161-370)

0.256 213 (308-500) 
vs  
445 (305-528)

0.178 357 (200-459) 
vs  
293 (161-370)

0.626

Valine
median (IQR)

359 (720-997) 
vs  
1056 (546-
1226)

0.053 591 (431-892) 
vs  
602 (411-745)

0.663 359 (720-997) 
vs  
1056 (546-
1226)

0.053 591 (431-892) 
vs  
602 (411-745)

0.495



188

Methionine
median (IQR)

107 (156-276) 
vs  
245 (146-333)

0.105 195 (121-298) 
vs  
167 (132-229)

0.600 107 (156-276) 
vs  
245 (146-333)

0.105 195 (121-298) 
vs  
167 (132-229)

0.922

Isoleucine
median (IQR)

257 (500-757) 
vs  
808 (471-929)

0.042* 446 (342-730) 
vs  
427 (328-586)

0.541 257 (500-757) 
vs  
808 (471-929)

0.042* 446 (342-730) 
vs  
427 (328-586)

0.845

Tryptophan
median (IQR)

40 (58-110) vs  
95 (68-117)

0.121 61 (38-93) vs  
44 (34-79)

0.513 40 (58-110) vs  
95 (68-117)

0.121 61 (38-93) vs  
44 (34-79)

0.079

Phenylala-
nine
median (IQR)

212 (392-600) 
vs  
581 (400-679)

0.073 357 (240-577) 
vs  
352 (180-427)

0.432 212 (392-600) 
vs  
581 (400-679)

0.073 357 (240-577) 
vs  
352 (180-427)

0.283

Leucine
median (IQR)

345 (533-912) 
vs  
932 (548-
1130)

0.067 615 (420-807) 
vs 
544 (348-722)

0.600 345 (533-912) 
vs  
932 (548-1130)

0.067 615 (420-807) 
vs 
544 (348-722)

0.495

Lysine
median (IQR)

523 (854-
1391) vs  
1064 (720-
1212)

0.469 803 (434-1166) 
vs  
672 (531-871)

0.407 523 (854-1391) 
vs  
1064 (720-
1212)

0.469 803 (434-1166) 
vs  
672 (531-871)

0.696

Total amino 
acids
median (IQR)

5807 (9630-
12719) vs  
12633 (9164-
14181)

0.098 7953 (6190-
11669) vs  
7177 (4914-
9308)

0.383 5807 (9630-
12719) vs  
12633 (9164-
14181)

0.098 7953 (6190-
11669) vs  
7177 (4914-
9308)

0.626

a kruskall-Wallis test
b Dunn’s multiple comparison post-hoc test.

CD: Crohn’s disease, EEN: exclusive enteral nutrition, IQR: inter quartile range
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Supplementary table 5 │  Fecal bile acid composition in HC, and in CD patients on time point during exclusive 
enteral nutrition

Healthy 
controls

Baseline (T0) During EEN 
(T1)

End EEN 
(T2)

Follow-up 
(T3)

P valuea Post-hoc 
testb

Total bile acid 
concentration

0.84 
(0.42−1.42)

0.95 
(0.43−1.80)

1.08 
(0.58−1.95)

0.92 
(0.53−2.37)

1.88 
(0.71−2.92)

0.0884 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

Bile acid 
hydrofocicit 
index

0.79 
(0.73−0.81)

0.73 
(0.35−0.73)

0.72 
(0.61−0.74)

0.74 
(0.67−0.78)

0.68 
(0.45−0.77)

<0.0001 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

% secundairy 
bile acids

93.7% 
(85.3−96.3)

86.1% 
(46.9−94.7)

91.9% 
(79.1−96.5)

94.1% 
(88.3−98.1)

88.6% 
(36.4−94.3)

0.0351 HC vs T0: Yes
T0 vs T1: No
T0 vs T2: No
T0 vs T3: No
T1 vs T2: No
T1 vs T3: No
T2 vs T3: No

a kruskall-Wallis test
b Dunn’s multiple comparison post-hoc test.

CD: Crohn’s disease, EEN: exclusive enteral nutrition, IQR: inter quartile range

 

Supplementary table 6│  Fecal bile acid composition in responders versus non-responders during time point 
during EEN

Baseline (T0) During EEN (T1) End EEN (T2) Follow-up (T3)

Resp vs. 
non-resp

p Resp vs. 
non-resp

p Resp vs. 
non-resp

p Resp vs. 
non-resp

p

Total bile 
acid concen-
tration (mM)

1.63 (0.38-
2.81) vs  
0.57 (0.38-
1.24)

0.0512 0.96 (0.70-
1.58) vs  
0.70 (0.48-
2.39)

0.6784 0.53 (0.28-
2.12) vs  
1.69 (0.61-
3.10)

0.1743 1.77 (0.66-
2.93) vs  
1.77 (0.46-
4.03)

0.8868

Bile acid hy-
drophobicity 
index

0.70 (0.67-
0.72) vs  
0.58 (0.27-
0.735)

0.0814 0.70 (0.49-
0.74) vs  
0.71 (0.63-
0.73)

0.9826 0.69 (0.63-
0.77) vs  
0.75 (0.73-
0.79)

0.3651 0.72 (0.45-
0.82) vs  
0.67 (0.59-
0.76)

0.7396

% secondary 
bile acids

88.8% (77.2-
94.4) vs  
83.6% (27.2-
93.9)

0.1957 91.7% (81.4-
96.7) vs  
89.8% (61.1-
96.4)

0.4987 94.5% (90.4-
98.3) vs  
91.2% (85.0-
93.8)

0.1743 92.9% (76.4-
96.6) vs  
86.3% (29.1-
90.2)

0.1932

a kruskall-Wallis test
b Dunn’s multiple comparison post-hoc test.

CD: Crohn’s disease, EEN: exclusive enteral nutrition, IQR: inter quartile range





PART III
OUTCOME OF SURGICAL INTERvENTIONS





CHAPTER

COMPLICATIONS AND DISEASE RECURRENCE 
AFTER PRIMARY ILEOCECAL RESECTION IN 

PEDIATRIC CROHN’S DISEASE: A MULTICENTER 
COHORT ANALYSIS

Kay Diederen, Lissy de Ridder, Patrick van Rheenen, Victorien 
M. Wolters, Luisa M. Mearin, Gerard M. Damen, Tim G. de Meij, 

Herbert van Wering, Laura A. Tseng, Matthijs W. Oomen,  

Justin R. de Jong, Cornelius E. Sloots, Marc A. Benninga 

Angelika Kindermann

8

Inflammatory Bowel Diseases (2017). doi: 10.1097/MIB.0000000000000999



194

ABSTRACT

BACKGROUND: Studies on the outcome of ileocecal resection in pediatric Crohn’s 
disease (CD) have a limited follow-up and fail to assign predictors of adverse 
outcomes. Therefore, we aimed to investigate (I) the complication and disease 
recurrence rates and (II) identify risk factors for these adverse outcomes after 
ileocecal resection for pediatric CD.

METHODS: This is a retrospective cohort analysis of all children 
(<18 years) that underwent ileocecal resection as first intestinal 
resection for CD derived from 7 tertiary hospitals in the Netherlands  
(1990–2015). Risk factors were identified using multivariable analysis.

RESULTS: In total, 122 children were included (52% male; median age 15.5 years 
[interquartile range 14.0–16.0]). Severe postoperative complications rate was 10%. 
Colonic disease (odds ratio: 5.6 [95% confidence interval (CI) 1.3–26.3], p=0.024), 
microscopically positive resection margins (odds ratio: 10.4 [95%CI 1.1–100.8] 
p=0.043), and emergency surgery (odds ratio: 6.8 [95%CI 1.1–42.2], p=0.038) 
were risk factors for severe complications. Clinical and surgical recurrence rates 
after 1, 5 and 10 years were 19%, 49%, 71% and 2%, 12%, 22%, respectively. 
Female sex (hazard ratio [HR]: 2.1 [95%CI 1.1–3.8], p=0.023) was a risk factor for 
clinical recurrence, whereas ileocecal disease (HR: 3.9 [95%CI 1.2–12.5], p=0.024) 
and microscopically positive resection margins (HR: 9.6 [95%CI 1.2–74.5], p=0.031) 
were risk factors for surgical recurrence. Immediate postoperative therapy reduced 
the risk of both clinical (HR: 0.3 [95%CI 0.1–0.6], p=0.001) and surgical (HR: 0.5 
[95%CI 0.1–0.9], p=0.035) recurrence.

CONCLUSIONS: Ileocecal resection is an effective and durable treatment of 
pediatric CD, although postoperative complications occur frequently. Postoperative 
therapy may be started immediately to prevent disease recurrence.
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INTRODUCTION

Crohn’s disease (CD) is a disabling chronic inflammatory bowel disease that in 7% to 
20% of cases already manifests in childhood1. The clinical course of pediatric-onset CD is 
described as more severe with more extensive disease, more aggressive disease behavior, 
and more periods with active disease compared with adult-onset CD2–4. Guidelines on the 
medical therapy for pediatric CD therefore suggest a different therapeutic and monitoring 
strategy, including an earlier use of immunomodulators and biologicals5. Despite intensive 
medical therapy, long-standing refractory inflammation may cause irreversible damage to 
the bowel wall, resulting in stricturing or penetrating disease6, which is best treated by 
surgical resection. Moreover, growth retardation as a complication of therapy resistant 
inflammation may also be an indication for surgical resection in pediatric patients with 
CD7. 

Historically, a quarter of pediatric-onset CD patients undergo surgical resection within 
5 years from diagnosis (25.5%; 95% confidence interval [CI] 17.50–37.16)8. Of these, 
ileocecal resection is the most frequently used surgical procedure in pediatric CD (53.2%), 
especially for disease confined to the ileocecal region9. The main drawback of ileocecal 
resection is, however, the supposed high postoperative morbidity and disease recurrence 
rate. A recent study on adults undergoing ileocecal resection for CD demonstrated that up 
to 9% of patients experienced intra-abdominal septic complications (IASC)10. Furthermore, 
in a large population-based cohort of adults with CD, symptomatic disease recurrence 
was observed in 38% of patients 10 years after primary ileocecal resection11. Studies 
on children and adolescents do, however, not report morbidity and disease recurrence 
of ileocecal resection alone, but merely on intestinal resections of different extent and 
location12–15. Few studies that do report ileocecal resection in pediatric CD have a limited 
follow-up and fail to assign predictors for adverse postoperative outcomes16–18. As a result, 
current data on the outcome of ileocecal resection in children and adolescents with CD 
are limited. 

Therefore, the aim of this multicenter study was to investigate complication and disease 
recurrence rates, identify predictors for these adverse postoperative outcomes, and assess 
catch-up growth and weight gain after primary ileocecal resection in pediatric patients 
with CD.

METHODS

Patients

In this retrospective cohort study, we aimed to include all consecutive children (aged 
<18 years) with an established diagnosis of CD according to the revised Porto criteria19, 
who underwent primary ileocecal resection for CD between January 1990 and December 
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2014 in 1 of 7 tertiary hospitals in the Netherlands. Primary ileocecal resection was 
defined as ileocecal resection as first surgery for CD without a history of intestinal 
resection, except for appendectomy. All procedures were performed by pediatric 
surgeons. Approval from the local Medical Ethics Review Committee was obtained. 

Data Collection

Patients were identified from institutional databases covering all types of surgical 
procedures. Medical charts were reviewed for the following patient characteristics: age at 
diagnosis, sex, and disease phenotype according to Paris classification at time diagnosis 
and ileocecal resection20. Preoperative conditions included age at surgery, the use of CD-
related medication, and laboratory testing (hemoglobin, serum C-reactive protein, and 
albumin levels). Preoperative steroid use was defined as use of any steroids within 12 
weeks before surgery. Preoperative antitumor necrosis factor alpha (anti-TNFα) use was 
defined as patients using medication within 12 weeks before surgery, based on anti-TNFα 
half-life21. Surgical variables included type of surgical approach, type of anastomosis, 
additional surgical procedures, primary stoma rate, operating time, and the pathology 
report of the resected specimen. Anthropometrics (height, weight, body mass index [BMI], 
and weight for height with Z-scores) were assessed at the time of diagnosis, at the time of 
surgery, a year after surgery (within 8–16 months after surgery), and at end of follow-up22.

 
Outcomes

Complications

Complications within 30 days from surgery were distributed using the Clavien–Dindo 
classification23. Severe postoperative complications were defined as a Clavien–Dindo 
classification grade ≥III (requiring surgical, endoscopic, or radiological intervention)23. 
An IASC was defined as the presence of anastomotic leakage and/or intra-abdominal 
abscesses. Anastomotic leakage was confirmed if there was any defect at the anastomotic 
site confirmed on imaging procedures, examination under anesthesia, or by surgical 
reintervention. Intra-abdominal abscesses were confirmed by percutaneous punctures or 
imaging procedures. Risk factors for severe complications and IASC were explored.

 
Disease recurrence

Clinical recurrence was defined as a Physician Global Assessment of CD activity (inactive, 
mild, moderate, and severe) from moderate to severe requiring the start of medical 
treatment or treatment intensification. Surgical recurrence was defined as disease 
recurrence requiring new resection or strictureplasty for active inflammation or (anastomotic) 
strictures. Risk factors for clinical and surgical disease recurrence were explored. The 
influence of postoperative maintenance treatment on clinical and surgical; recurrence was 
assessed in 2 patient groups: (1) immediate postoperative therapy (initiated within 30 days 
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from surgery), either as prophylactic treatment of disease recurrence or as maintenance 
therapy (mesalazine, thiopurines, methotrexate, or anti-TNFα agents); (2) delayed therapy 
started at disease recurrence or patients without any postoperative therapy.

Surveillance endoscopy was not part of routine care after surgery in this pediatric cohort. 
In those patients who underwent full ileocolonoscopy, endoscopic recurrence at the 
ileocolonic anastomotic site was defined as a Rutgeerts score of ≥i224.

 
Anthropometrics

Height for age Z-scores <-1.64 corresponding to <fifth percentile was denoted as the 
presence of growth failure25. Weight to height instead of BMI was used to assess nutritional 
status, because length deflection due to chronic illness can flatter BMI, by which nutritional 
status appears more favorable than it actually is. Weight to height Z-scores below <-2 was 
defined as chronic malnutrition, according to the Dutch guideline for the detection of 
somatic causes of abnormal dietary behavior in children26. All outcomes were rated by one 
of the authors (K.D.).

 
Statistical Analysis

Continuous data with a normal distribution were presented as mean and SD, and paired 
or unpaired T-tests were used. Continuous data with a nonnormal distribution were 
presented as median and interquartile range, and Mann–Whitney U tests or Wilcoxon 
signed rank test were used. Categorical were presented as percentages and Fisher’s exact 
tests were used. Missing data were assumed to be missing at random. Multiple imputation, 
using a multivariable model, was performed to adjust for missing values27. Risk analyses 
were performed using 5 imputed datasets. Predictive factors for severe complication 
and IASC were identified by univariate and multivariate logistic regression (expressed as 
odds ratio [OR] with 95%CI). Predictors for clinical and surgical recurrence were identified 
by univariable and multivariable Cox regression analysis (expressed as hazard ratio [HR] 
with 95%CI). In univariable regression, variables with a two-sided p-value <0.10 were 
considered for inclusion in multivariate analysis. All predictors were adjusted for the years 
of study entry (calculated from January 1991), because of probable changes in patient 
population and standard treatment that have occurred over a 25-year period. Proportional 
hazard assumptions of predictive factors in the Cox model were graphically evaluated with 
log minus log plot. Clinical and surgical recurrences were calculated by means of Kaplan−
Meier curves. Statistical analysis was performed using IBM SPSS Statistics 22 for Windows. 
All statistical tests were 2-sided and assessed at a significance level of 5%.
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RESULTS 

A total of 122 patients underwent primary ileocecal resection (51.6% male, median age 
at surgery 15.5 years [interquartile range 14.0–16.0]) . The most prevalent indications for 
ileocecal resection were stenosis of ileocecal area (64.8%), therapy refractory inflammation 
(27.9%) and intra-abdominal fistulae or abscesses (23.8%). Preoperative imaging was 
performed in 115 (94.3%) patients (endoscopy 34 [27.9%], computed Tomography in 
35 [28.7%] patients, ultrasound in 44 [36.4%] patients, magnetic resonance Imaging in 
50 [41.0%] patients, and abdominal X-ray in 30 [24.6%]) patients. The median time of 
follow-up after primary ileocecal resection was 48.5 months (18.75–121.00). There was no 
mortality during follow-up. Table 1 depicts patient characteristics at the time of ileocecal 
resection and details regarding the operation.

 
Postoperative complications

The overall complication rate, defined as any kind of morbidity within 30 days of 
primary surgery, was 29.5.% (n= 36) (for Clavien-Dindo classification of complications 
see Supplementary table 1). Severe complications were reported in 12 patients (9.8%). 
Risk factors for developing severe complications were colonic disease (OR: 5.75 [95%CI 
1.26–26.31], p=0.024), emergency surgery (OR: 6.84 [95%CI 1.11–42.21], p=0.038) and 
microscopically positive resection margin (OR: 10.43 [95%CI 1.08–100.75], p=0.043) 
(Table 2).

Table 1 │  Demographic and surgical characteristics of pediatric CD patients at time of ileocecal 
resection

Patients (n=122)

Males 63 (51.6%)

Age at surgery  (median, IQR) 15.5 (14.0−16.0)

Months since diagnosis (median, IQR) 11 (3.0−31.25)

Smoking 7 (8.7%)

Age at diagnosisa  (Paris classification)
A1a 
A1b

9 (7.4%)
113 (92.6%)

Disease locationb (Paris classification)
L1 
L2 
L3 
L4a 
L4b 
L4ab 

69 (56.6%)
0

53 (43.4%)
31 (25.4%)
4 (3.3%)

35 (28.7%)

Disease behaviorc (Paris classification) 
B1 
B2 
B3 
B2B3 
Perianal

26 (21.3%)
50 (41.0%)
14 (11.5%)
32 (26.2%)
24 (19.7%)
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Medical therapy at surgery 
Steriodsd

anti-TNFαe

MTXe

Thiopurinese

Mesalazinee

EENe

65 (54.2%)
36 (29.5%)
10 (8.3%)
57 (47.5%)
29 (24.8%)
16 (13.1%)

Medical therapy ever used before surgery 
Steriods
anti-TNFα
MTX
Thiopurines
Mesalazine
EEN

99 (81.1%)
47 (38.5%)
24 (19.7%)
 91 (74.6%)
53 (43.4%)
67 (54.9%)

Previous abdominal surgery 20 (16.4%)

Surgical access
Open
Laparoscopy
Conversion

41 (35.0%)
76 (65.0%)
10 (13.2%)

Operating time (median, min, IQR) 159 (115−119)

Type of anastomosis
End-to-end
End-to-side
Side-to-side
Hand-sewn

87 (74.4%)
9 (7.4%)

21 (17.9%)
99 (88.4%)

Stapled 13 (11.6%)

Stoma
Primary end-ileostomy
Loop-ileostomy
End-ileostomy after leakage
Reversal rate

3 (2.5%)
0

4 (3.3%)
5 (71.4%)

Time to reversal stoma (months, median, IQR) 8.5 (6−13.5)

Additional procedures 13 (10.7%)

Resection specimen
Length (median, cm, IQR)
Resection margin positivityf

25.0 (19.0−32.0)
66 (60.6%)

Emergency surgery 9 (7.4%)

Perioperative blood transfusion 4 (3.3%)

Length of stay after ICR (days, median, IQR) 8 (6−12)

a A1a: <10 years; A1b: 10−17 years; b L1: distal 1/3 ileum ± limited cecal disease; L2: colonic; L3: ile-
ocolonic; L4a: upper  disease proximal to ligament of Treitz;     L4b: upper disease distal to ligament 
of Treitz and proximal to distal 1/3 ileum.  
c B1: non-stricturing, non-penetrating; B2: stricturing; B3: penetrating; B2B3: stricturing and pene-
trating.  
d ≥ 20mg per day within 3 months preoperative; e within 3 months preoperative; f microscopically 
positive resection margins 
Variables containing missing data: Medical therapy at surgery, steroids n=2 (1.6%), MTX n=2 (1.6%), 
Thiopurines n=2 (1.6%), Mesalazine n=2 (1.6%), EEN n=2 (1.6%), Access n=5 (4.1%), Operating time 
n=19 (15.6%), Type of anastomosis (end-to-end/ end-to-side/ side-to-side) n=5 (4.1%), Type of anas-
tomosis (hand-sewn/ stapled) n=10 (8.2%), Resection specimen (length) n=3 (2.5%), Resection speci-
men (resection margin positivity) n=13 (10.7%), Emergency surgery n=2 (1.6%)
CD: Crohn’s disease, anti-TNFα: anti-Tumor Necrosis Factor alpha, MTX: Methotrexate, EEN: exclu-
sive enteral nutrition, ICR: ileocecal resection
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Intra-abdominal septic complications occurred in 10 patients (8.2%). Colonic disease (OR: 
12.91 [95%CI 1.48–112.56], p=0.021) was a risk factor for developing IASCs (Table 2). 

Delayed complications, more than 30 days after primary ileocecal resection, occurred in 6 
patients (4.9%). Two patients experienced a delayed wound infection, 2 patients had small 
bowel obstruction requiring surgical adhesiolysis, 1 patient developed a surgical related 
enterocutaneous fistula and another patient developed an incisional hernia.

 
Disease recurrence 

Clinical disease recurrence was diagnosed in 18.9%, 49.2%, and 71.0% of patients at 1, 
5, and 10 years after primary ileocecal resection, respectively (Figure 1). Multivariate Cox 
regression analysis identified female sex (HR: 2.1 [95%CI 1.1–3.8], p=0.023, Figure 2A) as 
a risk factor for clinical disease recurrence, whereas immediate postoperative therapy (HR: 
0.3 [95%CI 0.1–0.5], p=0.001, Figure 2b) was associated with a reduced risk of developing 
clinical disease recurrence (Table 3).

Surgical recurrence was noted in 1.7%, 11.9%, and 22.4% of patients at 1, 5, and 10 years 
after primary ileocecal resection, respectively (Figure 1). Disease confined to the ileocecal 
region (HR: 3.9 [95%CI 1.2–12.5], p=0.024, Figure 3a) and microscopically positive 
resection margin (HR: 9.6 [95%CI 1.2–74.5], p=0.030, Figure 3b) were independent risk 
factors for surgical recurrence, whereas immediate postoperative therapy (HR: 0.3 [95%CI 
0.1–0.5], p=0.001, Figure 3c) was associated with a reduced risk of developing surgical 
disease recurrence (Table 3).  

Figure 1 │  Kaplan-Meier clinical and surgical recurrence curve
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Figure 2 │  Kaplan-Meier clinical recurrence curves. (a) female vs male patients; (b) patients with 
immediate post-operative therapy vs delayed therapy 

Twenty three (19%) patients did not received immediate postoperative therapy, 22 (18%) 
were treated with mesalazine, 64 (52%) with thiopurines or methotrexate, and 13 (11%) with 
anti-TNFα agents. In patients who received immediate postoperative therapy with anti-
TNFα agents, none subsequently developed surgical recurrence. HRs regarding different 
types of immediate postoperative therapy for the prevention of disease recurrence, relative 
to no immediate postoperative therapy, were similar (see Table 2, Supplemental table 2)

Full ileocolonoscopy was performed in 59 patients (48%), of which 42 patients (71%) 
underwent primary postoperative ileocolonoscopy on clinical indication. Endoscopic 
recurrence at the ileocolonic anastomotic site was noted in 9.0%, 52.0%, and 71.0% of 
patients at 1, 5, and 10 years after primary ileocecal resection, respectively.
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Figure 3 │ Kaplan-Meier surgical recurrence curves. (a) patients with disease limited to the ileocecal 
region (L1) vs ileocolonic (L3) or upper gastro intestinal tract disease (L4); (b) patients with microscopically 
negative vs positive section margin; (c) patients with immediate post-operative therapy vs delayed 
therapy.
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Growth and weight 

Growth failure was present in 22.8%, 21.8%, and 9.6% of patients at the time of diagnosis, 
surgery, and the last follow-up, respectively. Chronic malnutrition was present in 15.8%, 
13.4%, and 3.6% of patients at the time of diagnosis, surgery, and the last follow-up, 
respectively.

The height for age Z-score, in contrast to the year preceding surgery (mean Δ Z-height 
score -0.08 [95%CI -0.20–0.04], p=0.180), improved in the year after surgery, although 
only in patients younger than 16 years (mean Δ height Z-score 0.33 [95%CI 0.15–0.51], 
p=0.001) and not in patients older than 16 years at the time of surgery (mean Δ height 
Z-score 0.06 [95%CI -0.05–0.16], p=0.264). The weight to height Z-score, in contrast to 
the year preceding surgery (mean Δ weight to height Z-score 0.13 [95%CI -0.74–1.00], 
p=0.764), improved in the year after surgery in patients with chronic malnutrition (mean 
Δ weight to height Z-score 1.92 [95%CI 1.30–2.55; p<0.001), but not in patients without 
chronic malnutrition (mean Δ weight to height Z-score 0.10 [95%CI -0.43–0.65; p=0.668). 
BMI Z-score exhibited similar results similar to weight to height Z-score (data not shown).

DISCUSSION

In this multicenter study, we determined the postoperative complications and disease 
recurrence rates, assessed predictors for these adverse outcomes, and evaluated 
postoperative catch-up growth and weight gain in children and adolescents with CD that 
underwent primary ileocecal resection. 

The overall complication rate of 29.5% in this cohort is in line with earlier reports in 
adult studies (23%–34%)28,29, and similar or even lower compared with pediatric studies 
reporting up to 45% of patients experiencing complications14,30. The occurrence of severe 
complications in this cohort was 9.8%, which is similar to previous reports in adults (11%–
13%) and lower compared with previous reports in children and adolescents (12%–27%)30,31. 

Clinical disease recurrence was previously reported in 65% of adult patients32 and in 60% 
of pediatric patients12 at 5 years from ileocecal and intestinal resection, respectively. In 
a pediatric-onset population–based cohort, surgical recurrence was observed in 17% of 
subjects at 5 years from primary intestinal resection13. In this series, clinical and surgical 
recurrence was observed in 49.2% and 11.9% of subjects at 5 years from resection.

Postoperative complications and disease recurrence are a main point of concern, and 
identification of and anticipation on predictors is essential to postpone or even to prevent 
these adverse outcomes. Numerous patient characteristics, including younger age of 
disease onset, more severe disease behavior, and duration of disease before surgery has 
been reported to influence postoperative outcome in few studies in adult patients33.
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Table 2 │  Multivariable analysis: severe complication & intra-abdominal septic complications

Severe complications 

Univariate Multivariate

OR (95%CI) p OR (95%CI) p

Gender 
female vs male 0.74 (0.22−2.51) 0.625

Age at surgery 0.07 (0.83−1.37) 0.743

Disease duration (months) 0.99 (0.97−1.02) 0.550

Disease locationa 

L3 vs L1 4.62 (1.17−18.22)
0.029

5.75 (1.26−26.31)
0.024*

Disease behaviorb 

B2
B3 or B2B3

0.28 (0.04−1.79)
1.10 (0.26−4.74)

0.233

Preoperative steroidsc 1.22 (0.34−4.32) 0.764

Preoperative anti-TNFαd 0.73 (0.20−3.22) 0.701

Hemoglobin 0.85 (0.41−1.74) 0.653

Albumin 0.98 (0.89−1.07) 0.641

CRP 1.00 (0.98−1.01) 0.612

Emergency surgery 5.73 (1.22−26.93) 0.027 6.84 (1.11−42.21) 0.038*

Access 
open vs laparoscopic 2.56 (0.72−9.10)

0.146

Type of anastomosise 
End-to-side
Side-to-side

 
0.95 (0.10−9.03)
1.51 (0.36−6.37)

0.785

Anastomosis technique 
stapled vs hand-sewn 0.67 (0.08−5.78) 0.718

Resection marginf

positive vs negative 8.02 (0.99–64.73)
0.051

10.43 (1.08–100.75)
0.043*

*Significant multivariate corrected risk factor for postoperative complications, corrected for year of 
study entry (p < 0.05)
a Paris classification, L1: distal 1/3 ileum ± limited cecal disease; L3: ileocolonic;  
b Paris classification, categorical variable (reference category B1: non-stricturing, non-penetrating): 
B2: stricturing; B3: penetrating; B2B3: non-stricturing and non-penetrating.  
c ≥ 20mg per day within 3 months preoperative.  
d within 3 months preoperative.  
e categorical variable (reference category: end-to-end) 
f microscopically positive resection margins. 
anti-TNFα: anti-Tumor Necrosis Factor alpha

None of these characteristics, however, had influence on postoperative complications and 
disease recurrence in the cohort described here. Yet, we found an association between 
sex and clinical disease recurrence. Females were more likely to experience earlier clinical 
recurrence, which was also reported by a study including 428 adult patients with CD who 
underwent abdominal surgery34. The cause of this gender difference remains elusive. 
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Table 2, continued

Intra-abdominal septic complications 

Univariate Multivariate

OR (95% CI) p OR (95%CI) p

Gender 
female vs male 0.59 (0.15−2.26) 0.438

Age at surgery 1.07 (0.69−1.66) 0.752

Disease duration (months) 1.00 (0.98−1.03) 0.937

Disease locationa 

L3 vs L1 13.21 (1.61−108.34)
0.016

12.91 (1.48−112.56)
0.021*

Disease behaviorb 

B2
B3 or B2B3

1.26 (0.12−12.95)
2.87 (0.32−25.65)

0.418

Preoperative steroidsc 1.70 (0.43−6.73) 0.451

Preoperative anti-TNFαd 1.17 (0.28−4.86) 0.828

Hemoglobin 0.92 (0.44−1.93) 0.835

Albumin 0.99 (0.90−1.10) 0.844

CRP 0.99 (0.97−1.02) 0.607

Emergency surgery 8.23 (1.63−42.33) 0.011 6.38 (0.95−42.75) 0.056

Access 
open vs laparoscopic 3.68 (0.73−18.73)

0.114

Type of anastomosise 
End-to-side
Side-to-side

2.29 (0.22−23.46)
3.32 (0.80 – 13.81)

0.199

Anastomosis technique 
stapled vs hand-sewn 0.91 (0.10−8.18) 0.931

Resection marginf

positive vs negative 6.67 (0.81–55.22)
0.078

5.81 (0.63−53.60)
0.120

Gender differences in smoking behavior, which itself is described to be a risk factor for 
clinical recurrence, may explain the association between sex and clinical recurrence32,35. 
However in this pediatric cohort, gender differences in smoking behavior were not 
observed (data not shown). Moreover, as gender difference was only observed in clinical 
recurrence, which is substantially influenced by clinical symptoms, and not in surgical
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Table 3 │  Multivariable analysis: clinical & surgical recurrences

Clinical recurrence

Univariate Multivariate

HR (95%CI) p HR (95%CI) p

Gender 
female vs male 1.56 (0.94−2.60) 0.088 2.06 (1.1 –3.82) 0.023*

Age at surgery 1.00 (0.97−1.01) 0.295

Disease duration (months) 1.50 (0.60−3.77) 0.390

Disease locationa 

L1 vs L3/L4 0.815 (0.49−1.36) 0.432

Disease behaviorb 

B2
B3 or B2B3

1.05 (0.53−2.05)
0.68 (0.27−1.29

0.311

Steroidsd 1.57 (0.74−3.33) 0.237

anti-TNFαd 1.43 (0.84−2.43) 0.183

Access 
open vs laparoscopic 0.72 (0.41−1.24) 0.229

Type of anastomosise 
End-to-side
Side-to-side

2.80 (1.14−6.88)
1.78 (0.90−3.53)

0.013
1.04 (0.44−2.48)
0.81 (0.36–1.80)

0.720

Anastomosis technique 
stapled vs hand-sewn 1.80 (0.84−3.87) 0.132

Resection marginf

positive vs negative 1.25 (0.71−2.19) 0.435

Postoperative therapyg 0.26 (0.14−0.48) <0.001 0.27 (0.13−0.57) 0.001*

*Significant multivariate corrected risk factor for disease recurrence, corrected for year of study entry 
(p < 0.05)
 a Paris classification, A1a: < 10 year vs A1b: 10 – 17 year 
b Paris classification, L1: distal 1/3 ileum ± limited cecal disease; L3: ileocolonic; L4: upper gastro 
intestinal tract disease 
c Paris classification, categorical variable (reference category B1: non-stricturing, non-penetrating): 
B2: stricturing; B3: penetrating; B2B3: non stricturing and non-penetrating.  
d ever used before surgery  
e categorical variable (reference category: end-to-end) 
f microscopically positive resection margins.  
g immediate postoperative therapy: prophylactic treatment for disease recurrence or maintenance 
therapy because of extra-ileocolic Crohn’s disease activity
anti-TNFα: anti-Tumor Necrosis Factor alpha

recurrence, the cause might be in various perception or reporting of symptoms between 
sexes. Indeed, more severe abdominal pain is reported in females with CD36.

A laparoscopic approach has proven to decrease the occurrence of major complications 
in adults with CD37. Unfortunately, no difference was observed between laparoscopic 
approach and a reduced risk of severe complications or IASC in this cohort, likely related 
to the low number of cases. Nonetheless, body image and cosmetics are superior when 
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Table 3, continued

Surgical recurrence

Univariate Multivariate

HR (95%CI) p HR (95%CI) p

Gender 
female vs male 0.71 (0.29−1.76) 0.459

Age at surgery 1.00 (0.99−1.02) 0.963

Disease duration (months) 0.73 (0.17−3.18) 0.675

Disease locationa 

L1 vs L3/L4 2.90 (1.11−7.58) 0.029 3.86 (1.20–12.45) 0.024*

Disease behaviorb 

B2
B3 or B2B3

0.73 (0.25−2.17)
0.26 (0.07−1.01)

0.119

Steroidsd 1.05 (0.31−3.60) 0.943

anti-TNFαd 0.97 (0.34−2.76) 0.942

Access 
open vs laparoscopic 1.26 (0.47−3.31) 0.635

Type of anastomosise 
End-to-side
Side-to-side

 
0.31 (1.14−6.88)

0.00 (0.00−>99.99)

0.445

Anastomosis technique 
stapled vs hand-sewn 0.84 (0.11−6.54) 0.866

Resection marginf

positive vs negative 9.53 (1.26−72.38) 0.029 9.61 (1.24−74.51) 0.030*

Postoperative therapyg 0.26 (0.11−0.63) 0.003 0.34 (0.13−0.93) 0.035*

using a laparoscopic instead of an open approach 38. 

Histological inflammation in resection margins has previously been found to increase the 
risk of IASC 39. This is consistent with the association between microscopically positive 
resection margins and severe complications found in this cohort. Related to microscopically 
positive resection margins, disease outside the ileocecal region was also associated 
with severe complications and IASC. Histological inflammation at the resection margin, 
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evaluated during the procedure, might be considered in deciding whether to perform a 
diverting ileostomy in patients with a risk of complications. However, a proper method for 
the rapid assessment of resection margins remains to be established, as a previous trial 
found the use of frozen sections to be an inaccurate method of determining histological 
involvement of resection margins40.

In this cohort, microscopically positive resection margin also had a significant impact on 
the time to surgical recurrence. Previous observational studies reported conflicting results 
on the influence of microscopically positive resection margin on postoperative disease 
recurrence41,42. In a controlled trial by Fazio et al.43, however, no significant difference was 
reported between patients with and without microscopically positive resection margins. 
Nevertheless, the presence of myenteric plexitis (i.e., inflammatory infiltrates in the 
myenteric plexus) at the proximal section margin, which because of inconsistent reporting 
was not evaluated in this study, seems to predict clinical, endoscopic, and surgical 
recurrence after ileocecal resection44,45. oreover, plexitis severity has been shown to 
correlate with severity of endoscopic recurrence44. The true importance of microscopically 
positive resection margins on disease recurrence remains yet to be established.

The influence of medical therapy on postoperative outcomes has long been a point 
of discussion. Preoperative use of anti-TNF[alpha] agents is thought to have potential 
adverse effects on the outcomes of surgery. It is, however, difficult to definitively answer 
this question, because of confounding of disease severity (more complex disease in 
the group receiving anti-TNFα), as randomized studies are lacking. Nonetheless, in a 
recent meta-analysis, anti-TNFα administration within 3 months of surgery increased the 
risk for postoperative septic complications (i.e., anastomotic leakage) in adult patients 
with inflammatory bowel disease46. In addition, the height of serum anti-TNFα agents is 
associated with postoperative complications47. In this cohort, in which 29.5% of patients 
received preoperative anti-TNFα agents, anti-TNFα therapy had no impact on IASC, 
albeit, IASC were rare.

Postoperative prophylactic medical therapy is also a major point of discussion, because 
it has the potential to postpone or even to prevent disease recurrence. Mesalazine, 
thiopurines, and anti-TNFα agents are all considered to be superior to placebo for 
the prevention of postoperative recurrence48. ndeed, we found that patients receiving 
immediate postoperative therapy were less likely to develop clinical and surgical 
recurrence, thereby supporting the European Crohn’s and Colitis Organisation and the 
European Society of Pediatric Gastroenterology, Hepatology, and Nutrition guidelines 
to initiate postoperative prophylactic therapy in all patients with surgically induced 
remission5. The postoperative therapy of choice, however, remains to be established. A 
network meta-analysis demonstrated that anti-TNFα therapy, compared with mesalazine 
and thiopurines, is most effective in prevention of disease recurrence in adult patients49. 
Comparative studies between postoperative prophylactic therapies in pediatric CD are 
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however lacking. Although we found no differences between various types of postoperative 
medication for the prevention of clinical or surgical disease recurrence, no conclusion can 
be drawn regarding the prophylactic treatment of choice, as the rationale behind therapy 
selection was patient specific (i.e., confounded by indication).

Surprisingly, patients with disease beyond the ileocecal region were less likely to have 
surgical recurrence compared with patients with disease confined to the ileocecal region. 
Patients with disease beyond the ileocecal region could have been prone to receive 
immediate postoperative prophylactic therapy to prevent disease recurrence, over 
patients with disease confined to the ileocecal region. Also, the association between 
disease extension and surgical recurrence may have been distorted by a combination of 
recent improvements in diagnostic workup (i.e., determination of disease extension) and 
medical therapy. However, correction for all these potential confounders did not reduce 
the strength of the association between disease location and risk of surgical recurrence. 
In previous studies including adult patients, a wide variation in risk of postoperative 
recurrence for disease location was reported50. Therefore, disease location cannot reliably 
predict risk of postoperative recurrence at present50.

Growth retardation can be an indication for intestinal resection in pediatric CD, because 
chronic persisting inflammation may eventually result in adolescents not achieving their 
target height7. Although most studies show postoperative catch-up growth after intestinal 
resection18,51,52, results have not been univocal31. In this study, postoperative catch-up 
growth was found in patients younger than 16 years in the year after surgery, which 
was not seen in the year preceding surgery. It must be taken into account that potential 
influence of periods of expected growth spurt, assessed by Tanner stage, are not taken 
into account, although reported Z-scores are adjusted for age and sex. Nonetheless, this 
finding implicates that ileocecal resection should be considered early in patients with 
growth retardation and high growth potential to increase the chances for catch-up growth. 
This is in contrast with the enduring notion that surgery is a last resort for children and 
adolescents with a paucity of medical options left. Concerns regarding surgical recurrence 
with the probability of multiple resections and finally short bowel syndrome, may have led 
to delay of surgical resection. Our data demonstrate that the overall need for additional 
surgical procedures is relatively low, thereby indicating the efficacy of surgery to induce 
disease remission. Furthermore, ileocecal resection might also be a valuable option in 
patients with disease located beyond the ileocecal region, because this had no adverse 
effects on disease recurrence. Nevertheless, these patients should be carefully monitored, 
because a substantial portion requires additional interventions because of complications.

In contrast to previous studies, the strength of this study are the strict inclusion criteria by 
selecting only patients with primary ileocecal resection, thereby eliminating potential bias 
from previous resections, which also seems to be a risk factor for recurrence by itself53. 
Furthermore, to our knowledge, this is the largest cohort of children and adolescents with 
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CD with primary ileocecal resection so far, including 7 academic centers in the Netherlands. 
Moreover, we think that the cohort presented here is a representative sample of children 
and adolescents with CD, as national guidelines state that all pediatric patients with 
inflammatory bowel disease should to be under guidance and treatment of a pediatric 
gastroenterologist. Limitation of this study is the retrospective character of the data 
collection, by which postoperative follow-up has not been standardized. Furthermore, 
in our practice, surveillance ileocolonoscopy is not routinely performed to monitor 
postoperative disease recurrence in children and adolescents with CD, making data on 
endoscopic recurrence, which usually precedes clinical symptoms24, hard to interpret. 
Moreover, in the period of inclusion, changes have been made in the management of 
pediatric CD (i.e., the introduction of anti-TNFα agents). However, in the analysis of 
predictors for adverse outcomes, the potential influence of changes in management has 
been teased out.

In conclusion, ileocecal resection is an effective and durable treatment of pediatric CD. 
Therefore, ileocecal resection should be considered, respective of the substantial chance 
of postoperative complications, as a valid therapeutic option rather than a failure of 
medical treatment in children and adolescents with ileocecal CD.
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Supplementary table 1 │  Post-operative complications according to the Clavien-Dindo classification 
within 30 days

Grade Ia 15 (12.3%) 1 major bleeding 
1 wound complication 
2 idiopathic fever 
2 pain 
2 prolonged ileus 2 
1 total parental nutrition 

Grade IIb 9 (7.4%) 1 major bleeding 
1 wound complication 
2 idiopathic fever 
2 pain 
2 prolonged ileus 2 
1 total parental nutrition 

Grade IIIc 10 (8.2%) 7 IASC 
1 obstructive ileus 
2 wound complication 

Grade IVd 2 (1.6%) 2 IASC 

Grade Ve 0 -

a Grade I: any deviation from the normal postoperative course without the need for pharmacological 
treatment or surgical, endoscopic and radiological interventions. Acceptable therapeutic regimens 
are: drugs as antiemetics, antipyretics, analgetics, diuretics and electrolytes and physiotherapy. This 
grade also includes wound infections opened at the bedside.  
b Grade II: requiring pharmacological treatment with durgs other than such allowed for grade I com-
plications. Bloodtransfusions and total parental nutrition are also included.  

c Grade III: requiring surgical, endoscopic or radiological intervention 
d Grade IV: life threatening complication requiring IC/ICU-management  
e Grade V: death of a patient
IASC: intra-abdominal septic complications
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Supplementary table 2 │  Multivariate analysis: the effect of the type of postoperative therapy on 
clinical & surgical recurrence

Clinical recurrence

Univariate Multivariate

HR (95%CI) p HR (95%CI) p

Gender 
female vs male 1.56 (0.94−2.60) 0.088 2.05 (1.09–3.84) 0.025*

Age at surgery 1.00 (0.97−1.01) 0.295

Disease duration (months) 1.50 (0.60−3.77) 0.390

Disease locationa 

L1 vs L3/L4 0.815 (0.49−1.36) 0.432

Disease behaviorb 

B2
B3 or B2B3

1.05 (0.53−2.05)
0.68 (0.27−1.29

0.311

Steroidsd 1.57 (0.74−3.33) 0.237

anti-TNFαd 1.43 (0.84−2.43) 0.183

Access 
open vs laparoscopic 0.72 (0.41−1.24) 0.229

Type of anastomosise 
End-to-side
Side-to-side

2.80 (1.14−6.88)
1.78 (0.90−3.53)

0.013
1.10 (0.46–2.70)
0.64 (0.38–1.82)

0.872

Anastomosis technique 
stapled vs hand-sewn 1.80 (0.84−3.87) 0.132

Resection marginf

positive vs negative 1.25 (0.71−2.19) 0.435

Postoperative therapyg

None 
Mesalazine
Thiopurines / MTX
anti-TNFα

1.00
0.30 (0.12 - 0.75)
0.36 (0.18 - 0.69)
0.41 (0.16 - 1.03)

0.011
1.00 

0.25 (0.09−0.66)
0.26 (0.12−0.56)
0.26 (0.10−0.73)

0.002*

*Significant multivariate corrected risk factor for disease recurrence, corrected for year of study entry 
(p < 0.05)a Paris classification, A1a: < 10 year vs A1b: 10 – 17 year
a Paris classification, A1a: < 10 year vs A1b: 10 – 17 year
b Paris classification, L1: distal 1/3 ileum ± limited cecal disease; L3: ileocolonic; L4: upper gastro 
intestinal tract disease
c Paris classification, categorical variable (reference category B1: non-stricturing, non-penetrating): 
B2: stricturing; B3: penetrating; B2B3: non stricturing and non-penetrating. 
d ever used before surgery 
e categorical variable (reference category: end-to-end)
g microscopically positive resection margins. 
h immediate postoperative therapy,  categorical variable (reference category: none): prophylactic 
treatment for disease recurrence or maintenance therapy because of extra-ileocolic Crohn’s disease 
activity.  
i three categories: mezalazine monotherapy; thiopurines / MTX with or without mezalazine; anti-TN-
Fα  with or without mezalazine and or thiopurines / MTX. 
j distribution of types of immediate postoperative therapy: none 23 (19%), mezalazine 22 (18%), 
thiopurines / MTX 64 (52%), anti-TNFα 13 (11%). 
k no patients who received post-operative anti-TNF and subsequently developed surgical recurrence.
anti-TNFα: anti-Tumor Necrosis Factor alpha; MTX: methotrexate
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Supplementary table 2, continued

Surgical recurrence

Univariate Multivariate

HR (95%CI) p HR (95%CI) p

Gender 
female vs male 0.71 (0.29−1.76) 0.459

Age at surgery 1.00 (0.99−1.02) 0.963

Disease duration (months) 0.73 (0.17−3.18) 0.675

Disease locationa 

L1 vs L3/L4 2.90 (1.11−7.58) 0.029 4.15 (1.29–13.32) 0.017*

Disease behaviorb 

B2
B3 or B2B3

0.73 (0.25−2.17)
0.26 (0.07−1.01)

0.119

Steroidsd 1.05 (0.31−3.60) 0.943

anti-TNFαd 0.97 (0.34−2.76) 0.942

Access 
open vs laparoscopic 1.26 (0.47−3.31) 0.635

Type of anastomosise 
End-to-side
Side-to-side

 
0.31 (1.14−6.88)

0.00 (0.00−>99.99)

0.445

Anastomosis technique 
stapled vs hand-sewn 0.84 (0.11−6.54) 0.866

Resection marginf

positive vs negative 9.53 (1.26−72.38) 0.029 9.61 (1.24−74.51) 0.030*

Postoperative therapyg

None 
Mesalazine
Thiopurines / MTX
anti-TNFα

1.00 
0.31 (0.10−0.93)
0.27 (0.09−0.85)
0.00 (0.00−0.00)k

0.071
1.00 

0.28 (0.07−1.10)
0.36 (0.11−1.14)
0.00 (0.00−0.00)k

0.215
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ABSTRACT

OBJECTIVES: Psychosocial and functional outcomes after intestinal resection in 
pediatric Crohn’s disease (CD) are lacking. Therefore, we assessed (I) health-related 
quality of life (HRQOL) and colorectal function, (II) surgical outcomes associated 
with colorectal function, and (III) satisfaction with surgery, after ileocecal resection 
for pediatric CD.

METHODS: A multi-center cross-sectional study was conducted in CD patients that 
underwent ileocecal resection during childhood. HRQOL was assessed using the 
SF-36 (in patients ≥18y at follow-up) compared to HRQOL in the general population. 
Colorectal function was assessed using COREFO compared to colorectal function 
in a normal function cohort. Satisfaction was scored on a 5-point Likert scale.

RESULTS: Eighty patients (50% male, median age 23.0 years) were included. 
Physical HRQOL in patients was impaired (SF-36[mean]: CD: 47 vs. general: 54, 
p<0.001), while mental HRQOL was similar compared to the general population.

Overall colorectal function was impaired in CD patients (COREFO[mean]: CD: 
12.6 vs. normal: 7.2, p<0.001). Increasing clinical disease activity and interval 
since resection were associated with worse overall colorectal function. Severe 
complications and recurrent surgeries were associated with worse stool frequency 
and higher need of medication. 

Satisfaction with surgery was as follows: 81% satisfied or very satisfied, 11% neither 
satisfied nor dissatisfied, 8% dissatisfied or very dissatisfied. 

CONCLUSIONS: Physical HRQOL and colorectal function seem impaired in CD 
patients who underwent ileocecal resection during childhood. Increased disease 
activity and adverse surgical outcomes may impair colorectal function. Nevertheless, 
satisfaction with ileocecal resection during childhood was high.



9

Ile
oc

ec
al 

re
se

ct
io

n:
 fu

nc
tio

na
l o

ut
co

m
es

221

INTRODUCTION

Crohn’s disease (CD) is a chronic, recurrent bowel disease, characterized by patchy, 
transmural inflammation which can involve any segment of the gastrointestinal tract1. In 
7% to 20% of cases, CD is already diagnosed during childhood2. Up to 25% of pediatric-
onset CD patients undergo resection within five years from diagnosis6. The majority of 
these procedures concern ileocecal resection, especially for disease confined to the 
ileocecal region7. 

Irrespective of the surgical treatments, many children and adolescents with CD 
experience disruption of their daily activities and health-related quality of life (HRQOL)8–10. 
Inducing remission of CD in adults, whether by pharmacological therapies or surgery, is 
associated with an improvement in HRQOL11–14. Indeed ileocecal resection, both open 
and laparoscopic, is associated with significant short-term improvements of HRQOL in 
adults with CD15,16. However, endurance of improved HRQOL following surgery on the 
long run is contentious15,16. Postoperative complications and clinical recurrence have been 
shown to adversely affect HRQOL in adults with CD postoperatively 15,17. Pediatric CD data 
are limited to a small cohort with intestinal resections of different extent and location18. 
Besides, it is uncertain whether ileocecal resection impacts colorectal function. In patients 
with extensive ileal and colonic resections, a loss of absorptive capacity for bile acids and 
sodium chloride can lead to diarrhea19,20. Although children with CD undergo more limited 
resections, the ileocecal valve is resected too, which regulates the passage of fluid from 
the ileum into the colon. If these patients encounter chronic diarrhea likewise, is unknown.

Therefore, this study aimed to assess (I) HRQOL and colorectal function, (II) investigate 
the relation between colorectal function and surgical characteristics or adverse outcomes, 
and (III) appraise satisfaction with the surgical procedure after primary ileocecal resection 
in pediatric CD patients.

METHODS

Patients

In this cross-sectional study, we aimed to include all patients with an established diagnosis 
of CD according to the (revised) Porto criteria21, who underwent primary ileocecal resection 
for CD during childhood (age <18 years) between January 1990 and December 2014 in 
one of six tertiary hospitals in the Netherlands. Primary ileocecal resection was defined 
as laparoscopic or open ileocecal resection as first surgery for CD without a history of 
other abdominal resection, except appendectomy. All procedures were performed by 
experienced pediatric surgeons. Complications, disease recurrence and anthropometrics 
in this cohort have been previously published22. The study was approved by the medical 
ethics committees and informed consent was given.
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Data Collection

Patients were identified from institutional databases covering all types of surgical 
procedures. Patients were contacted by mail, and asked to complete and return 
questionnaires on clinical disease activity, HRQOL, colorectal function, and satisfaction 
with surgery. If questionnaires were not returned within six weeks, patients were contacted 
by telephone (maximum of three attempts), by an investigator (K.D.) independent of their 
healthcare team. Eligible patients who declined participation or did not respond to mail 
and telephone were defined as non-responders and excluded.

 
Patient characteristics, surgical details and disease course 

Patient characteristics, surgical details, and disease course after ileocecal resection 
were obtained from medical records. Patient characteristics included age, sex, disease 
phenotype according to Paris classification at time of surgery23, and CD related medication 
(from diagnosis to follow-up). Surgical details included type of approach and anastomosis, 
primary stoma rate, operating time, and the pathology report of the resected specimen. 

Disease course after ileocecal resection included severe complications and recurrent 
abdominal surgery. Severe postoperative complications were defined as a Clavien-Dindo 
classification grade ≥III (requiring surgical, endoscopic or radiological intervention)22,24. 
Recurrent abdominal surgery was defined as disease recurrence requiring new resection 
for active inflammation or strictureplasty for (anastomotic) strictures22.

 
Clinical disease activity

Clinical disease activity in patients who reached adulthood (≥18 years) was determined 
using the Harvey-Bradshaw Index (HBI)25. The HBI consists of 5 domains, with cut-off 
scores for remission (≤ 4), mild (5–7), moderate (8-16) and severe disease (≥17)25. Clinical 
disease activity in pediatric patients (<18 years) was determined using the abbreviated 
Pediatric Crohn’s Disease Activity Index (aPCDAI)26,27. The aPCDAI consists of six clinical 
items, with cut-off scores for remission (≤10 points), mild (11–25), moderate (26–39) and 
severe disease (≥40)26,27. Moderate and severe disease were analyzed as one group, due 
to expected small group size.

 
Health related quality of life 

Quality of life was evaluated only in patients that reached adulthood, as there are no 
validated tools available that can reliability assess HRQOL in both adults and children. 
Adults completed the Dutch version of the short form health survey 36 (SF-36)28. The SF-
36 is a valid instrument for HRQOL assessment in both healthy and chronically ill adults. 
Scores were aggregated into two summary measures: Physical and Mental Component 
Summary29. Scale scores range from 0 to 100, with higher scores representing better 
HRQOL. Mean SF-36 scores from adults patients were compared to pre-published mean 
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scores of adults between the age of 26 and 35 years from the Dutch general population28.

 
Colorectal function

The colorectal function outcome (COREFO) questionnaire is a validated questionnaire with 
27 questions to assess colorectal functional, after colorectal surgery, over the previous two 
weeks (appendix A)30. The COREFO questionnaire assesses five categories: incontinence, 
social impact, defecation frequency, stool-related aspects (questions on pain during bowel 
movements, blood loss, and local skin problems), and use of medication to thicken bowel 
movements. Scores per category and total score range from 0 to 100, with higher scores 
representing worse outcomes. Mean COREFO scores were compared to pre-published 
mean score of individuals with normal colorectal function, consisting of individuals who 
had a laparoscopic cholecystectomy30.

 
Satisfaction with surgery

Satisfaction after primary ileocecal resection was measured asking the question ‘how 
satisfied are you with the performed surgery (primary ileocecal resection)?’. Answers 
were given on a 5-point Likert scale: very satisfied, satisfied, not satisfied nor dissatisfied, 
dissatisfied, very dissatisfied.

 
Statistical Analysis

Patient, disease and surgical variables between responders and non-responders were 
compared. Continuous data were presented as mean and standard deviation or median 
and interquartile range (IQR), and paired and unpaired T-tests or Mann–Whitney U tests 
and Wilcoxon signed rank test were used, depending on data distribution. 

Crohnbach α’s of the SF-36 and COREFO scores were calculated31. Crohnbach’s α ≥0.50 
was considered acceptable, due to the diversity of items per scale and the small number 
of items in some subscales31. Cronbach’s α for the SF-36 scale scores ranked between 
0.61–0.93. Cronbach’s α for the COREFO total score was 0.88, with sub scores ranking 
between 0.52–0.82, except for the medication subscale (0.39).

HRQOL scores were compared between patients and the Dutch general population using 
unpaired t-test, using mean, standard deviation (SD) and number of subjects.

COREFO total and category scores of a normal colorectal function cohort were compared 
to all CD patients, and those with disease in clinical remission (HBI≤425, aPCDAI≤1026,27) 
and active disease (HBI>425, aPCDAI>1026,27) using unpaired ANOVA, on mean, standard 
deviation (SD) and number of subjects. Post-hoc analyses was performed using Tukey’s 
multiple comparison test.

Associations between colorectal function (COREFO total and category scores) and clinical 
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disease activity (categorized: remission, mild, moderate-severe), time since ileocecal 
resection, length of resected ileum (excluding the cecum), and occurrence of severe 
complications and recurrent abdominal surgery were identified by univariate linear 
regression. Associations between satisfaction with surgery (on a 5-point Likert scale) 
and clinical disease activity (categorized: remission, mild, moderate-severe), time since 
ileocecal resection, or age at follow-up were also identified by univariate linear regression. 
Non-normally distributed continuous variables were first normalized by natural logarithm. 
Variables with a two-sided p-value <0.10 in univariable regression, were included in 
multivariate analysis, additionally corrected for sex and age at follow-up. 

Effect sizes were computed according to Cohen’s d and categorized, small (0.2–0.5), 
medium (0.5–0.8), large (>0.8)32. Statistical analysis was performed using IBM SPSS 
Statistics 22 and GraphPad Prism 5 for Windows. All statistical tests were two-sided and 
assessed at a significance level of 1% for the difference in HRQOL and colorectal function 
between groups, to adjust for multiple testing, and at 5% for all other tests.

RESULTS 

A total of 114 patients underwent primary ileocecal resection, of whom 80 patients 
(50% male, median age at follow-up 23.0 years) were included (response rate 70.1%). 
Responders and non-responders did not differ on sociodemographic variables, disease 
characteristics, surgical details and time of follow-up (variables exhibited in Table 1). 
Indications for ileocecal resection were stenosis of the ileocecal area (64%), and/or therapy 
refractory inflammation (28%), and/or intra-abdominal fistulae or abscesses (26%). 

Severe complications and recurrent abdominal surgery after ileocecal resection, were 
reported in 9 (11%) and 14 (18%) patients at follow-up, respectively. Severe complications 
consisted of anastomotic leakage or intraabdominal abscesses (n=5), wound infection 
(n=2), sepsis (n=1), and obstructive ileus (n=1). Based on clinical indices, 58 (73%) patients 
were in remission, 12 (15%) had mild disease activity, and 10 (13%) patients had moderate 
to severe disease activity at follow-up. The median time of follow-up after primary ileocecal 
resection was 81.0 months (IQR 20.5–163.0).

 
Health related quality of life

At time of follow-up, 66 patients reached adulthood (56% male, median age at follow-up 
23.5 years (IQR 20.2–31.9)), with a median follow-up of 102.9 months (IQR 46.5–190.0). 
Adults with CD who underwent primary ileocecal resection scored lower on the physical 
health component summary score with large effect size (0.88), compared to the general 
adult population (mean [SD], 46.9 [10.0] vs. 54.3 [6.5], p<0.001, Figure 1). Mental health 
component summary scores did not significantly differ from to the general adult population 
(mean [SD], 48.5 [10.5] vs. 49.9 [9.4], p=0.779, Cohen’s d 0.04, Figure 1).
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Table 1 │  Demographic and surgical characteristics of pediatric CD patients at time of ileocecal resection

Responders (n=80)

Males 50 (50%)

Age at surgery (median, IQR) 15.0 (14.0–16.0)

Age at follow-up (median, IQR) 23.0 (18.5–30.0)

Age at diagnosisa (Paris classification)
A1a 
A1b

7 (9%)
73 (91%)

Disease locationa (Paris classification)
L1 
L2 
L3 

49 (61%)
0 (0%)

31 (39%)

Disease location: upper gastrointestinala,b (L4a/L4b) 25 (31%)

Disease behaviora (Paris classification) 
B1 
B2 
B3 
B2B3 

14 (18%)
32 (40%)
9 (11%)
25 (31%)

Perianal diseasea 18 (23%)

Medical therapy ever used before surgery
Steroids
anti-TNF-α
Immunomodulators
Mesalazine

62 (78%)
30 (38%)
59 (74%)
35 (44%)

Surgical access
Open
Laparoscopy

32 (42%)
44 (58%)

Anastomosis: type
End-to-end
End-to-side
Side-to-side

55 (68%)
5 (7%)

16 (20%)

Anastomosis: suture technique
Hand-sewn
Stapled

64 (88%)
9 (12%)

Primary ileostomy 2 (2.5%)

Additional procedures 9 (11%)

Resection specimen
Length (cm) (median, IQR)
Resection margin positivityc

24.0 (18.0–32.0)
44 (55%)

Emergency surgery (n, %) 3 (4%)

Months of follow-up (median, IQR) 81.0 (20.5–163.0)

a A1a: <10 years; A1b: 10−17 years 
b 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.  
c B1: non-stricturing, non-penetrating; B2: stricturing; B3: penetrating; B2B3: stricturing and penetrating.  
d ≥ 20mg per day within 3 months preoperative.  
e within 3 months preoperative.  
f microscopically positive resection margins 
Variables containing missing data: Medical therapy at surgery, steroids n=2 (1.6%), MTX n=2 (1.6%), Thiopurines 
n=2 (1.6%), Mesalazine n=2 (1.6%), EEN n=2 (1.6%), Access n=5 (4.1%), Operating time n=19 (15.6%), Type of anas-
tomosis (end-to-end/ end-to-side/ side-to-side) n=5 (4.1%), Type of anastomosis (hand-sewn/ stapled) n=10 (8.2%), 
Resection specimen (length) n=3 (2.5%), Resection specimen (resection margin positivity) n=13 (10.7%), Emergency 
surgery n=2 (1.6%)
CD: Crohn’s disease, anti-TNFα: anti-Tumor Necrosis Factor alpha, MTX: Methotrexate, EEN: exclusive enteral 
nutrition, ICR: ileocecal resection
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Figure 1 │  Health-related quality of life measured with the Short-Form 36 in patients with 
ileocecalresection, compared to subjects of the general population

 
Colorectal function

Ileocecal resected CD patients had significantly higher COREFO total scores, compared 
to a normal colorectal function cohort (total COREFO [mean]: CD: 12.6 vs. normal: 7.2, 
p<0.001). When patients were stratified to clinical remission (n=58) or active disease 
(n=22), subjects in remission did not significantly differ from a normal colorectal function 
cohort on COREFO total score, but only on the social impact category (i.e. impairment of 
social activities due to bowel problems), with medium effect size (Table 2). Subjects with 
active disease did significantly differ from a normal colorectal function cohort with higher 
scores for the COREFO total and all category scores, with medium to large effect sizes 
(Table 2).

Table 2 │  COREFO total and category scores in patients with CD in remission and active disease com-
pared to a cohort with normal colorectal function

Normal colo-
rectal function

mean (SD)

Ileocecal resection

Remission
mean diff. (95%CI)

Cohen’s 
d

Active disease
mean diff. (95%CI)

Cohen’s 
d

Incontinence 5.6 (7.5) −2.9 (-0.1–5.8) 0.46 +4.9 (0.7–9.0)* 0.52

Frequency 6.2 (8.8) +2.8 (-1.4–7.1) 0.33 +17.7 (11.8–23.6)* 1.24

Stool-related aspects 7.7 (12.9) +2.4 (-4.4–9.1) 0.16 +22.2 (12.8–31.7)* 1.05

Need for medication 6.1 (15.6) +1.7 (-5.7–9.0) 0.11 +25.7 (15.4–36.1)* 1.07

Social impact 4.9 (7.9) +5.8 (1.12–10.5)* 0.60 +35.6 (29.1–42.2)* 2.27

Total score 7.2 (7.0) +0.5 (-2.8–3.8) 0.08 +19.4 (14.8–24.0)* 1.79

*significant difference (P<0.01)

COREFO: colorectal function outcome, SD: standard deviation, 95%CI: 95% confidence interval
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Surgical characteristics and outcomes associated with colorectal function

Higher clinical disease activity was associated with higher COREFO total score (B: 0.27 
[95%CI: 0.16–0.39], p<0.001), and all category scores (Table 3). A longer duration since 
primary ileocecal resection was associated with a higher COREFO total score (B: 0.40 
[95%CI: 0.05–0.75], p=0.025), and a higher defecation frequency category score (Table 
3). A severe complication after ileocecal resection was associated with a higher frequency 
category score, and recurrent abdominal surgery with a higher need of medication category 
score (Table 3). The length of the resected ileum was not associated with COREFO total 
and category scores (Table 3).

 
Satisfaction with surgery

Satisfaction with primary ileocecal resection was scored as follows (high to low): 42 (53%) 
patients were very satisfied, 23 (29%) were satisfied, 9 (11%) were neither satisfied nor 
dissatisfied, 4 (5%) were dissatisfied, and 2 (3%) patients were very dissatisfied. Higher 
clinical disease activity was associated with lower satisfaction with surgery (B: -0.48 [95%CI: 
-0.83– -0.12], p=0.009). The duration since primary ileocecal resection (B: -0.27 [95%CI: 
-0.98–0.43], p=0.439) was not associated with satisfaction with surgery.

Table 3 │  Association between patient and surgical characteristics and COREFO total and sub scores

Inconti-
nence 

B (95% CI)

Need for 
medication 
B (95% CI)

Frequency 

B (95% CI)

Stool-relat-
ed aspects 
B (95% CI)

Social im-
pact 

B (95% CI)

Total score 
B (95% CI)

Clinical disease 
activitya

0.17  
(0.02–0.34)* 

0.22 
(0.01–0.41)*

0.31  
(0.14–0.47)*

0.24  
(0.02–0.47)*

0.35 
(0.19–0.52)*

0.27 
(0.16–0.39)*

Time since resection 
months

0.46  
(-0.03–0.95)

0.46 
(-0.15–1.08)

0.67  
(0.13–1.21)*

0.17  
(-0.53-0.88)

0.46 
(-0.06–0.97)

0.40  
(0.05–0.75)*

Length of resection 

cm - - - - - -

Complications 
surgeryb 

yes vs. no
- 0.35  

(-0.09–0.80)
0.40 

 (0.02–0.79)* - - -

Surgical recurrencec 

 yes vs. no
0.13  

(-0.22–0.47)
0.52 

(0.09–0.95)* - 0.16  
(-0.34–0.65)

0.16 
(-0.20–0.53)

0.13  
(-0.12–0.37)

* Significantly associated in multivariable regression analysis, corrected for sex and age at follow-up 
(P<0.05). Variables with a p value of ≥ 0.1 in univariable analysis are indicated by (-) and excluded from 
multivariable analysis.
a categorical disease activity: remission, mild, moderate and severe.
b Clavien-Dindo classification grade ≥ III (requiring surgical, endoscopic or radiological intervention)
c disease recurrence requiring new resection for active inflammation or strictureplasty for (anastomotic) 
strictures

COREFO: colorectal function outcome, 95%CI: 95% confidence interval
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DISCUSSION

In this multicenter study, we determined HRQOL and colorectal function, investigated 
the relation between colorectal function and surgical characteristics and outcomes, and 
appraised satisfaction with the surgical procedure, in patients with CD who underwent 
primary ileocecal resection during childhood. 

Physical HRQOL in adults in this study who underwent ileocecal resection during childhood 
was decreased compared to the general population. To date, only one study investigated 
HRQOL in patients that underwent ileocecal resection during childhood. They reported 
decreased HRQOL on physical and social domains in patients who had missed school or 
work, but not in those who could normally attend school or work18. However, HRQOL was 
measured using a visual analogue scale, and a wide variety of intestinal resections was 
included (ranging from small bowel resections to full proctocolectomy), which introduces 
heterogeneity and inhibit adequate comparison18. In a study on HRQOL in adults with CD 
that undergone ileocecal resection, which made use of the same HRQOL-tool (i.e. SF-36), 
physical but not mental HRQOL was impaired, as seen in our cohort16. Lower physical 
HRQOL corresponds to previous studies in general IBD populations which exhibited less 
physical activity33.

In our cohort of ileocecal resected patients, colorectal function was impaired compared 
to a cohort with normal colorectal function. To evaluate if patients with clinically active 
disease would exhibit impaired colorectal function (i.e. COREFO scores), due to more 
frequent stools and the presence of abdominal pain, we stratified patients into those with 
clinically active or inactive CD. Indeed, patients with CD in clinical remission had an overall 
colorectal function similar to a cohort with normal colorectal function, barring impairment 
of social activities due to bowel problems. These social activities comprised of troublesome 
urgency and feeling of incomplete evacuation. Substantial problems regarding the feeling 
of incomplete evacuation were see in a small cohort (n=5) of pediatric CD patients who 
underwent a resection of the ileum too18. If this can be related to surgery remains elusive, 
as feelings of incomplete evacuation are frequently reported in CD patients not subjected 
to elective surgery34 or in patients with irritable bowel syndrome35. 

Aspects of colorectal function were associated with clinical disease activity, time since 
selective surgery, severe complications related to surgery, and recurrent abdominal 
surgery after primary ileocecal resection. 

Higher clinical disease activity was associated with decreased scores on all enquired 
colorectal function categories. It seems plausible, and matches the current literature, 
that patients with active disease after ileocecal resection experience more problems 
regarding defecation frequency, stool-related aspects (i.e. pain during defecation, blood 
loss, local skin problems), and social impact of colorectal function15,16,36. In particular 
increasing incontinence problems, associated with increasing clinical disease activity, are 
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troublesome. Incontinence is unfortunately common in CD patients, as 9% of patients 
report regular incontinence, with increasing odds as disease activity worsens37. Whether 
incontinence can be related to ileocecal resection is unknown. Bile acid malabsorption, 
attributed to the reduction in absorptive capacity in patients with extensive ileal resection, 
has been reported, which may result in diarrhea and fecal continence19,20. In our cohort, 
which primarily included patients with limited ileum resections, no association between 
the length of the resected ileum and incontinence were found. Bile acid malabsorption 
can too be attributed to increased inflammation38. Pro-inflammatory cytokines appear to 
affect bile acid metabolism, including inhibition of apical sodium-dependent bile acid 
transporters39,40. 

Interestingly, we observed worse colorectal function with a longer duration since resection, 
including increased stool frequency. In a previous cohort of adults who underwent elective 
surgery for CD, stool frequency and other symptoms influencing colorectal function also 
increased during follow-up41 . This is likely related to high rates of disease recurrence after 
elective surgery, which is a major point of concern. Recurrence of symptoms after ileocecal 
resection requiring intensification of drug therapy was reported previously in 65% of adult 
patients42 and in about half of the patients in this cohort22, at 5 years from resection.

Severe complications and recurrent abdominal surgery were associated with higher stool 
frequency and higher need of medication or food adjustments (for thickening of bowel 
movements), respectively. In a previous study on adult patients who underwent ileocolonic 
resections, those with need of additional abdominal surgery experienced impaired 
intestinal and systemic functional scores and lower HRQOL15.

The majority of patients were satisfied or very satisfied with their ileocecal resection (81%). 
Two previous studies in adults with CD evaluated patient satisfaction and their views on 
surgery postoperatively43,44. In agreement with our cohort, 80% of patients were satisfied 
with surgery and would undergo the procedure again if necessary43,44. In this cohort, 
impaired satisfaction was associated with higher clinical disease activity. It seems plausible 
that patients with recurrent disease CD patients would be less satisfied with surgery.

This study has several implications. First, physical HRQOL after ileocecal resection for 
pediatric CD was impaired, indicating the importance of monitoring HRQOL after surgery. 
Secondly, despite quiescent CD, patients still indicated impairment of social activities due 
to colorectal function. This may suggest that despite a lack of symptoms according to widely 
used validated clinical indices, patients with CD still experience debilitating symptoms 
after ileocecal resection. This stresses the use of validated patient reported outcomes, to 
reliably measure how children with CD feel and function after elective surgery8. Thirdly, 
this study indicates that adverse surgical outcomes, such as post-operative complications 
and recurrent surgery are associated with impaired colorectal function, which emphases 
the need for careful post-operative monitoring and prophylactic therapies47. 
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This is the first study that investigated psychosocial and functional outcomes in patients 
that underwent ileocecal resection during childhood, thereby excluding heterogeneity due 
to elective surgeries of various extent. Furthermore, only patients with primary ileocecal 
resection were included, which allows us to stratify for differences in outcome between 
patients with and without additional resections. Moreover, we included a representative 
cohort of children with CD after ileocecal resection from six tertiary hospitals. A limitation 
of this study is the retrospective character of collecting patient and surgical characteristics, 
and adverse outcomes after ileocecal resection. Furthermore, we were not able to assess 
the exact effect of ileocecal resection on HRQOL, as the cohort was only composed after 
surgery. However, a study on adult with CD that evaluated pre and post-surgery HRQOL 
showed that ileocecal resection was associated with significant improvement in HRQOL36. 
Moreover, the colorectal function questionnaire (COREFO) cannot perfectly distinguish 
symptoms do to active IBD or consequences directly related to the resection. Therefore, 
we investigated colorectal function in both patient in clinical remission and in those with 
active disease. 

Physical HRQOL and colorectal function are impaired in CD patients who underwent 
ileocecal resection during childhood. Despite quiescent CD, patients experience 
debilitating social impact due to impaired colorectal function. Higher clinical disease 
activity and adverse surgical outcomes are associated with impair colorectal function. 
This which emphases the need for careful post-operative monitoring and prophylactic 
therapies in pediatric CD patients.
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ABSTRACT

BACKGROUND: Studies comparing the outcome of ileal pouch–anal anastomosis 
(IPAA) in children and adults are scarce. This complicates decision-making in young 
patients. The aim of this study was to compare adverse events and pouch function 
between children and adults who underwent IPAA.

METHODS: This cross-sectional cohort study included all consecutive children 
(aged less than 18 years) and adults with a diagnosis of inflammatory bowel disease 
or familial adenomatous polyposis who underwent IPAA in a tertiary referral centre 
between 2000 and 2015. Adverse events were assessed by chart review, and pouch 
function by interview using a pouch function score (PFS).

RESULTS: In total, 445 patients underwent IPAA: 41 children (median age 15 years) 
and 404 adults (median age 39 years), with a median follow-up of 22 (IQR 8–68) 
months. Being overweight (p=0.001), previous abdominal surgery (p=0.018), open 
procedures (p<0.001) and defunctioning ileostomy (p=0.014) were less common 
among children than adult patients. The occurrence of anastomotic leakage, 
surgical fistulas, chronic pouchitis and Crohn’s of the pouch was not associated with 
paediatric age at surgery, nor was pouch failure. The development of anastomotic 
strictures was associated with having IPAA surgery during childhood (odds ratio 
4.22, 95%CI 1.13–15.77; p=0.032). Pouch function at last follow-up was similar in 
the children and adult groups (median PFS 5.0 vs 6.0 respectively; p=0.194).

CONCLUSION: Long-term pouch failure rates and pouch function were similar in 
children and adults. here is no need for a more cautious attitude to use of IPAA in 
children based on concerns about poor outcome.
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INTRODUCTION

Restorative proctocolectomy (RPC) with ileal pouch–anal anastomosis (IPAA) is the surgical 
treatment of choice for ulcerative colitis that is refractory to therapy, and unclassified 
inflammatory bowel disease (IBD) without evidence of anorectal or ileal disease1,2. It is also 
used as prophylactic treatment for patients with familial adenomatous polyposis (FAP)13. 
This procedure has the potential to restore function after resection of the rectum.

IBD emerging during childhood has been reported to be more severe, with more extensive 
inflammation and aggressive disease behaviour, and eventually a higher risk of colectomy, 
than adult-onset IBD4,5. The 5-year surgery rate in childhood-onset ulcerative colitis can be 
as high as 26 per cent, compared with approximately 16 per cent for adult-onset ulcerative 
colitis6. 

Although colectomy is inevitable and potentially life-saving in patients with IBD who 
have refractory acute severe colitis, the timing of colectomy in those with chronic 
ongoing disease is still a topic of discussion7. In patients with FAP, the onset of polyps 
has been noted within a broad age range (4–35 years)8 and the timing of IPAA surgery 
has not yet been standardized9,10. The decision to operate on children with IBD and FAP 
involves balancing the risk of complications of ongoing disease against the surgical risk 
and functional implications associated with IPAA as well as the risk of having a stoma. 
Families and surgeons may therefore be reluctant to opt for IPAA during childhood. The 
main controversy in children is the timing of RPC with IPAA, and whether this should be 
performed during childhood or delayed to adulthood.

Recent studies have reported high rates of adverse events11,12, but satisfactory functional 
outcomes and quality of life after IPAA in children 13–15, comparable to outcomes in 
adults16,17. However, there is a paucity of studies directly comparing outcomes in patients 
who had RPC with IPAA during childhood or adulthood14,18,19. Moreover, these studies 
investigated solely patients with IBD18, reported short-term outcomes only patients 14 or 
included a small number of 14,19. The aim of the present study was to compare adverse 
events and pouch function in children and adult patients who underwent IPAA surgery.

METHODS

Patients

This retrospective cohort study included all eligible paediatric (aged less than 18 years at 
pouch surgery) and adult (aged 18 years or more at pouch surgery) patients with a diagnosis 
of IBD (ulcerative colitis, Crohn’s disease or unclassified IBD) or FAP who underwent IPAA 
surgery in the Academic Medical Centre (AMC) (Amsterdam, The Netherlands) between 
January 2000 and January 2015. The diagnosis of IBD was confirmed by colonoscopy with 
histological confirmation. The diagnosis of FAP was established by genetic testing and 
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confirmed by a positive genetic test in more recent cases. Approval from the local medical 
ethics review committee was obtained.

 
Ileal pouch–anal anastomosis procedure

The AMC is a tertiary referral centre for pouch surgery. IPAA was performed by the 
same highly experienced team of colorectal surgeons, consisting of paediatric and 
colorectal surgeons, with at least one of three senior supervising surgeons present during 
each operation. Patients underwent one-, (modified) two- or three-stage procedures, 
depending on the diagnosis and the time period20. Modified two-stage procedures were 
mainly used in patients with IBD, because of the high risk of anastomotic leak in those 
treated with biological agents20. A 29-mm diameter stapling gun was used in all patients. 
Some patients with FAP had a mucosectomy and handsewn anastomosis, based on the 
presence of dysplasia in the anal transition zone21. 

 
Data Collection

Patients who underwent IPAA were identified from a prospectively maintained surgical 
database. Additional data on patient characteristics and surgical variables were obtained 
by retrospective chart review. Preoperative variables extracted were: age, sex, preoperative 
diagnosis, duration of disease, previous abdominal surgery (before RPC), BMI and ASA 
fitness grade. Disease duration was defined as the time between diagnosis and pouch 
surgery.

Overweight was defined as a BMI exceeding 25 kg/m2. The ASA grade was dichotomized 
with a cut-off point of III, based on previous literature and clinical relevance22. Preoperative 
use of immunomodulators, steroids and anti-tumour necrosis factor (TNF) α therapy was 
documented. Preoperative steroid use was defined as any use of steroids within 12 weeks 
before surgery. Preoperative anti-TNF-α use was defined as infusion within 12 weeks 
before surgery, based on the half-life of this agent23.

Surgical variables included: primary proctocolectomy or completion proctectomy, 
surgical approach (laparoscopic or open), type of pouch created, type of pouch–anal 
anastomosis (handsewn or stapled), urgency of RPC (scheduled or emergency), creation 
of a defunctioning ileostomy, perioperative blood transfusion, duration of surgery and 
postoperative duration of hospital stay. The moment of enrolment during the study 
period was calculated from January 2000. This was considered relevant as changes in 
management over time may influence outcomes. A laparoscopic approach was defined as 
a total laparoscopic IPAA, or laparoscopic RPC with hand-assisted laparoscopic IPAA (via 
Pfannenstiel incision).
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Adverse events

Adverse events were anastomotic leakage, fistula related to the surgery, anastomotic 
stricture, (chronic) pouchitis, Crohn’s of the pouch and pouch failure. Anastomotic leakage 
was defined as any defect at the anastomotic site confirmed on imaging, examination under 
anaesthesia or at surgical reintervention (requiring radiological placement of a pelvic drain, 
transanal lavage, endosponge placement or ileostomy creation). A symptomatic stricture 
at the pouch–anal anastomosis that required dilatation was diagnosed as anastomotic 
stricture. Crohn’s of the pouch was diagnosed if there were non-surgery-related perianal 
fistulas, granulomas on histology, or inflammation and ulceration in the afferent limb or 
in the small bowel on endoscopy in the absence of non-steroidal anti-inflammatory drug 
use24 in patients with IBD with or without a diagnosis of Crohn’s disease before IPAA 
surgery. Pouchitis was diagnosed when the modified Pouchitis Disease Activity Index 
score was at least 525. Pouchitis was subclassified as chronic pouchitis when the patient 
failed to respond to a 4-week course of a single antibiotic (metronidazole or ciprofloxacin), 
requiring prolonged therapy of at least 4 weeks comprising two or more antibiotics, oral 
or topical 5 aminosalicylate, corticosteroid therapy or oral immunomodulator therapy26,27. 
Pouch failure was defined by formation of a permanent ileostomy, excision of the ileoanal 
pouch, or pouch-related death during follow-up.

 
Functional outcome

All eligible patients were contacted by telephone, with a maximum of three attempts, to 
answer questions on pouch function during the previous month using the pouch function 
score (PFS)28. The PFS is a seven-item scoring system based on symptoms that influence 
quality of life (24-h and nocturnal stool frequency, urgency, major and minor incontinence, 
antidiarrhoeal and antibiotic therapy). The score ranges from 0 to 30, with higher scores 
indicating worse pouch function.

 
Statistical Analysis

The primary endpoint analysed was the difference in adverse outcomes between patients 
who had IPAA surgery during childhood and those who had the operation as adults. 
Secondary endpoints were the difference in total PFS and individual PFS components 
between these two groups. Continuous data are presented as median (IQR), with analysis 
by means of Mann–Whitney U tests. Fisher’s exact tests were used for binary and nominal 
data, and exact linear-by-linear test for ordinal data. If categorical data contained a 
category with zero counts, a χ2 test for trend was used. Missing data were assumed 
to be missing at random. Multiple imputation, using a multivariable model with five 
imputations, was performed to adjust for missing values29. Univariable and multivariable 
logistic regression analyses were undertaken to identify factors associated with adverse 
outcomes. Variables with two-sided p<0.100 in univariable regression were considered 
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for inclusion in multivariable analysis, which was additionally corrected for the moment 
of enrolment during the study period. Significance was set at p<0.050. Statistical analysis 
was carried out in SPSS® version 22 for Windows® (IBM, Armonk, New York, USA).

RESULTS

A total of 445 consecutive patients underwent primary IPAA surgery between January 2000 
and January 2015, including 41 children (23 boys, median age 15 (IQR 13–17) years) and 
404 adults (219 men, median age 39 (30–47) years). The primary diagnosis was similarly 
distributed between children and adult patients: 281 with ulcerative colitis (overall 63.1%; 
children 54%, adults 64.1%), 47 with unclassified IBD (overall 10.6%; children 7%, adults 
10.9%), 15 with Crohn’s disease (overall 3.4%; children 5%, adults 3.2%) and 102 with FAP 
(overall 22.9%; children 34%, adults 21.8%) (Table 1). The children were less frequently 
overweight (8 vs 33.3%; p=0.001) and less likely to have a history of abdominal surgery 
before RPC (2% vs 15.6%; p=0.018) (Supplementary table 1) compared with adult patients. 
The procedure was more often performed laparoscopically (93 vs 55.2%; p<0.001) with 
fewer defunctioning ileostomies constructed (10% vs 27.0%; p=0.014) in children. Overall 
median duration of follow-up was 22 (IQR 8–68) months. There was no difference in follow-
up or moment of inclusion during the study period between children and adults. There 
were no pouch-related deaths during follow-up.

 
Adverse events

Anastomotic leakage, fistulas, (chronic) pouchitis and Crohn’s of the pouch occurred in 
a similar proportion of children and adults (Table 2). Anastomotic strictures were more 
common among children (10% vs 2.7%; P =0.040). This difference was mainly evident in 
patients with FAP (3 of 14 children vs 3 of 88 adults; P =0.033), and not in those with IBD (1 
of 27 vs 8 of 316 respectively; p=0.526). Pouch failure occurred in 28 patients (6.3%), with 
no significant difference between children and adult patients overall, or in the separate 
FAP and IBD subgroups.

Multivariable analysis demonstrated that IPAA surgery during childhood was not associated 
with anastomotic leakage, fistulas, chronic pouchitis, Crohn’s of the pouch m(in patients 
with IBD) or with pouch failure (Table 3). Being of paediatric age at time of surgery was 
an independent risk factor for developing anastomotic strictures (odds ratio 4.22, 95%CI 
1.13–15.77; p=0.032), after adjustment for the potential confounding variables type of 
diagnosis, defunctioning ileostomy, completion proctectomy, handsewn anastomosis and 
moment of enrolment during the study period. Anastomotic strictures were successfully 
treated by a single dilatation (endoscopic or manual) in all four children and eight of 11 
adults. Details of patients with anastomotic strictures are recorded in Supplementary table 
2.
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Table 1 │  Demographic and surgical characteristics of paediatric and adult patients that underwent 
IPAA surgery

Paediatric
(n=41)

Adult
(n=404) p

Age at surgery (median, IQR) 15 (13–17) 39 (30–47) −

Sex ratio (M : F) 23 : 18 219 : 185 0.870f

Overweight (BMI > 25 kg/m2) 3 of 38 (8%) 117 of 351 (33.3%) 0.001f

Smoking 3 of 38 (8%) 55 of 373 (14.7%) 0.331f

Previous abdominal surgery 1 (2%) 63 (15.6%) 0.018f

Diagnosisa

Ulcerative colitis
Indeterminate colitis
Crohn’s disease
Familial adenomatous polyposis

22 (54%)
3 (7%)
2 (5%)

14 (34%)

259 (64.1%)
44 (10.9%)
13 (3.2%)
88 (21.8%)

0.231f

ASA fitness grade III 0 (0%) 13 (3.2%) 0.620f

Immunomodulators ever 15 of 39 (38%) 128 of 317 (40.4%) 0.864f

Preoperative anti-TNF-a therapya 0 of 39  (0%) 14 of 383 (3.7%) 0.629f

Preoperative steroidsa 1 of 37 (3%) 34 of 384 (8.9%) 0.345f

Emergency surgery 2 of 41 (5%) 27 of 394 (6.9%) 1.000f

Completion proctectomyb 25 (61%) 201 (49.7%) 0.192f

Primary defunctioning ileostomy 4 (10%) 109 (27.0%) 0.014f

Type pouch
J-Pouch
Otherc

missing

39 (95%)
2 (5%)

0

42 (86%)
66 (16%)

5

0.144f

Laparoscopic colectomy 38 (93%) 223 (55%) <0.001f

Hand sewn anastomosis 4 (10%) 18 (5%) 0.142f

Duration of hospital stay after IPAA  
(days, median, IQR))d 10.0 (8.0–14.0) 10.0 (8.0–13.0) 0.828g

Duration of follow-up (months, median, IQR) 21 (6.0–50.0) 22.0 (8.0–63.5) 0.328g

Moment of enrolment during study intervale 
(years, median, IQR) 10.0 (5.0–13.0) 8.0 (4.0–12.0) 0.077g

a Within 3 months of surgery. 
b An ileostomy was constructed in all patients who underwent completion proctectomy.
c W-, B- or S-pouch. 
d Data missing for four patients. 
e Calculated from January 2000
f Fisher’s exact test.
g Mann–Whitney U test.
IBD: inflammatory bowel disease, TNF: tumour necrosis factor, IPAA: ileal pouch–anal anastomosis. 

 
Pouch function score

In total, 29 children (78% of 37 eligible patients) and 253 adults (69.7% of 363) completed 
the PFS. Being overweight was less common, and laparoscopic colectomy and completion 
proctectomy were more prevalent among children (Supplementary table 3). The moment 
of enrolment in children was later during the study period than for adult patients.
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Table 2│  Differences in adverse outcomes between paediatric and adult patient

All (n = 445)

Paediatric (n=41) Adult (n=404) p

Anastomotic leakage 6 (14%) 65 (16.1%) 1.000

Pouch stricture 4 (10%) 11 (2.7%) 0.040

Fistulas related to pouch 1 (2%) 26 (6.4%) 0.496

Pouchitis
Chronic pouchitis

9 (22%)
2 (5%)

78 (19.3%)
32 (7.9%)

0.681
0.757

Crohn’s of the poucha - - -

Pouch failure 3 (7%) 25 (6.2%) 0.735

Fisher’s exact test was used to calculate differences in adverse events rates between paediatric and 
adult patients.
a applicable to patients with inflammatory bowel disease. Preoperative diagnosis of patients that 
developed Crohn’s of the pouch: 8 (31%) Crohn’s disease, 8 (31%) inflammatory bowel disease-un-
classified, 10 (38%) ulcerative colitis 
b 2 patients (50%) with a diagnosis of Crohn’s disease prior to IPAA surgery  
c 6 patients (32%) with a diagnosis of Crohn’s disease prior to IPAA surgery 
FAP: Familial Adenomatous Polyposis, IBD: inflammatory bowel disease

Patients who underwent IPAA during childhood had a lower 24-h stool frequency than 
those who had surgery during adulthood (p=0.008) (Table 4). There was no difference 
in nocturnal stool frequency, urgency of defaecation and incontinence between groups 
(Table 4). Antidiarrhoeal medication use was less frequent in children than adults (9 of 
29 vs 140 of 253; p=0.018), whereas antibiotic treatment for pouchitis was used more 
frequently in children (7 of 29 vs 17 of 253; p=0.006). There was no difference in total PFS 
between children and adults.

DISCUSSION

In this study, paediatric age was not associated with an increased risk of most well known 
adverse events after IPAA creation, such as anastomotic leakage, surgical fistulas, pouchitis 
and Crohn’s of the pouch. Nonetheless, IPAA surgery in childhood was an independent 
risk factor for anastomotic strictures of the pouch. Long-term pouch failure rates and 
pouch function were similar between children and adults who underwent IPAA surgery.

Parks and Nicholls30, first described IPAA in 1978, and the first paediatric series was reported 
in the early 1990s31. Since then, only three studies14,18,19, have published postoperative 
outcomes and debated whether surgery should be postponed until adulthood. An 
important factor that may influence pouch function is changes in anatomy during the 
adolescent growth period. In both male and female adolescents, the pelvis increases in 
width, whereas longitudinal growth ceases32–34. 
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Table 2, continued

FAP (n = 102) IBD (n = 343)

Paediatric (n=14) Adult (n=88) p Paediatric (n=27) Adult(n=316) p

2 (14%) 16 (18%) 1.000 4 (15%) 49 (15.5%) 1.000

3 (21%) 3 (3%) 0.033 1 (4%) 8 (2.5%) 0.526

1 (7%) 9 (10%) 1.000 0 (0%) 17 (5.4%) 0.380

1 (7%)
0 (0%)

1 (1%)
0 (0%)

0.257
-

8 (30%)
2 (7%)

77 (24.4%)
32 (10.1%)

0.642
1.000

- - - 4 (15%)b 19 (5.6%)b 0.095

1 (7%) 4 (5%) 0.530 2 (7%) 21 (6.6%) 0.700

In addition, more severe disease characteristics in young patients with IBD4,5, may influence 
the outcome of IPAA surgery.

In line with previous studies, rates of anastomotic leakage14,18, fistula related to surgery 18 
and chronic pouchitis 14,18 we’re not increased in children in the present study. The pouch 
failure rate was also similar in children and adults (7.0% vs 6.2%), and corresponded to 
that reported in a recent meta-analysis16 of adults with established ulcerative colitis or FAP 
(4.3% (95%CI 3.5−6.3)). 

Strictures of the pouch, which all occurred at the level of the pouch–anal anastomosis, 
were more common in the paediatric group, predominantly owing to the higher rate 
among children with FAP. In a previous cohort with IBD, however, pouch stricture also 
occurred more frequently in children than adults (12.5% vs 5.8% respectively; p=0.008)18. 
Various risk factors have been associated with the occurrence of pouch strictures, such 
as handsewn technique for IPAA35, small diameter of the stapling gun, defunctioning 
ileostomy, anastomotic dehiscence and pelvic sepsis36. As expected, the present study 
showed a significant association between pouch strictures and handsewn anastomosis, 
and a trend towards an association with creation of a defunctioning ileostomy and 
completion proctectomy. As primary defunctioning ileostomy was less common in the 
paediatric group, fewer strictures might be expected in this group.

There was a trend towards children undergoing surgery more recently, which, in the 
context of evolution of the IPAA technique and complementary treatment options, may 
confound the association between having IPAA surgery in childhood and the 
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Table 3 │  Multivariable analysis of variables influencing adverse events, including ileal pouch–anal anastomosis in 
childhood 

Anastomotic 
leakage 

OR (95%CI)

Pouch 
stricture 

OR (95%CI)

Fistulas

OR (95%CI)

Chronic 
pouchitis 

OR (95%CI)

Crohn’s of 
the poucha      
OR (95%CI)

Pouch 
failure 

OR (95%CI)

IPAA during childhood
0.88  

(0.35–2.22)
4.22b* 

(1.13–15.77)
0.63  

(0.08–5.21)
0.58  

(0.13–2.56)
3.07  

(0.87–10.82)
2.24  

(0.59–8.59)

Unclassified IBD or  
Crohn’s disease 

- - - -
9.08* 

(3.68–22.41)
-

IBD
-

-
0.33  

(0.13–0.83)*
NA NA -

ASA fitness grade III - -
5.83* 

(1.45–23.52)
- -

6.25* 
(1.59–24.61)

Preoperative steroids - - -
2.52  

(0.96–6.63)
-

2.05  
(0.67–6.30)

Preoperative anti-TNFα 
therapy

-
- - - - -

Completion proctectomy -
3.44  

(0.95–12.41)
- - - -

Primary defunctioning ile-
ostomy

-
2.91  

(0.91–9.32)
2.29  

(0.94–5.60)
- - -

Handsewn anastomosis -
4.27  

(1.08–
16.93)*

2.32  
(0.55–9.74)

- - -

Laparoscopic procedure - -
0.35* 

(0.14–0.87)
- -

0.50  
(0.21–1.20)

J pouch vs. otherc 
3.19* 

(1.12–9.06)
- - - - -

Time from diagnosis to IPAA 
(months)

1.00* 
(1.00–1.01)

- - - - -

* Significantly associated with outcome in multivariable regression analysis, corrected for the moment of enrolment 
during the study period (calculated from January 1991). Variables with a p value of ≥ 0.1 in univariable analysis are 
indicated by (-) and excluded from multivariable analysis. The factor childhood was adjusted for all variables with a p 
value of < 0.1.
a in IBD patients only (n = 339) 
b additional correction for type of diagnosis: IBD vs. FAP 
c W/B/S pouch 

ASA: American Society of Anesthesiologists class, a-TNFα: anti-Tumour Necrosis Factor alpha ,BMI: body mass in-
dex, CCI: Charlson’s Comorbidity Index, CD: Crohn’s disease, IBD: inflammatory bowel disease, IBD-U: inflammatory 
bowel disease unclassified, IPAA: Ileo Pouch Anal Anastomosis

occurrence of strictures. Therefore, all these confounding variables were corrected for in 
the multivariable analysis. The rate of anastomotic leakage was similar in the two groups 
and the diameter of the staple gun was standardized, so these factors could not have 
influenced the association between surgery during childhood and anastomotic stricture in 
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Table 4 │  Pouch function score at most recent follow up

Paediatric (n=29) Adult (n=253) p

24-h stool frequency
0-5 [0] 
6-8 [2]
9-10 [5]
>10 [9]

13 (45%)
11 (38%)
5 (17%)
0 (0%)

66 (26.1%)
100 (39.5%)
45 (17.8%)
42 (16.6%)

0.008a

Nocturnal stool frequency
≤1 [0]
≥2 [2]

20 (69%)
9 (31%)

135 (53.4%)
118 (46.6%)

0.119b

Urgency
No [0]
Yes [2]

18 (52%)
11 (38%)

181 (71.5%)
72 (28.5%)

0.289b

Major incontinence*
Never [0]
Rarely [1]
Sometimes [2]
Mostly [7]
Always [9]

21 (72%)
3 (10%)
4 (14%)
0 (0%)
1 (4%)

204 (80.6%)
20 (7.9%)
19 (7.5%)
1 (0.4%)
9 (3.6%)

0.530a

Minor incontinence (seepage)
Never [0]
Night [1]
Day [1]
Both [3]

15 (52%)
10 (35%)
0 (0%)
4 (14%)

144 (56.9%)
69 (27.3%)
10 (4.0%)
30 (11.9%)

0.710a

Antidiarrheal
No [0]
Yes [2]

20 (69%)
9 (31%)

113 (44.7%)
140 (55.3%)

0.018b

Antibiotics
No [0]
Yes [2]

22 (76%)
7 (24%)

236 (93.3%)
17 (6.7%)

0.006b

Total score (median, IQR) 5.0 (2.5–10) 6.0 (3.5–10.0) 0.194c

The numbers between the square brackets [ ] are the scores that can be assigned to each answer.  
The maximum score that can be obtained by a patient is 30. Response rate: paediatric 29/37 (78%), 
adult 253/363 (70%) 
a Chi-square test for trend (ordinal variable
b Fisher’s Exact test
c Mann Whitney U test

the present analysis. It remains speculative why having IPAA surgery at a younger age is 
associated a greater likelihood of stricture development. It may be that the risk of mucosal 
tears is greater when a circular stapler is inserted in children, resulting in more anastomotic 
strictures. Currently, there is no consensus on the optimal stapler size for use in children 
undergoing IPAA and studies addressing this issue are lacking. A study in adults37 reported 
a relationship between the occurrence of strictures and stapler diameter (stapler size 28–
29 vs 31–33mm).

Fortunately, treatment of anastomotic strictures is usually successful in clinical practice. 
In this study, all anastomotic strictures in children were treated successfully with a single 
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dilatation. In another large cohort of 213 patients with IBD and FAP who developed 
anastomotic strictures, the majority of strictures required only a single dilatation (88%)35. 
Recurring strictures may necessitate excision of the fibrotic ring, and corresponding 
advancement of the ileal mucosa to bridge the anastomotic mucosal gap35. However, routine 
digital and, if necessary, proctoscopic assessment of the pouch at the initial postoperative 
visit, or at the time of ileostomy closure, could identify early non-symptomatic strictures of 
the anastomosis and may potentially avert more invasive treatment.

Good long-term pouch function is an important factor that may reassure young patients 
who are facing pouch surgery, and is strongly associated with health-related quality of 
life28,38. In the present cohort, overall pouch function was comparable between children 
and adult patients, and equivalent to that in another study38 of 196 adults with IBD (median 
PFS 6 (IQR 3–11) of 30). Interestingly, children in the present cohort had a lower 24-h 
stool frequency than adults. The lower stool frequency, together with less frequent use 
of antidiarrhoeal medication, may indicate greater adaptive ability of the pouch during 
childhood. Treating physicians should, however, bear in mind that these results apply to 
patients treated in a specialized centre for IPAA surgery. A strong association between 
reoperation or excision of the pouch and the hospital volume of IPAA operations has been 
reported39, suggesting that both children and adults requiring IPAA should be treated in 
specialized centres.

Children more frequently used antibiotics for pouchitis, but rates of pouchitis were similar 
to those among adult patients. An explanation for this apparent contradiction could be 
the different methods of determining antibiotic use and pouchitis. Cases of pouchitis 
were recorded throughout the follow-up (cumulative prevalence),whereas antibiotic use 
referred to the previous month, as reported by patients. Another explanation could be 
that children were more often treated based on symptoms alone, as in the authors’ centre 
routine endoscopy is not used to monitor disease activity during follow-up in children. As 
symptoms of irritable pouch syndrome can resemble those of pouchitis, some children 
may have been overtreated.

Comparability between paediatric and adult cohorts in this study was achieved by a similar 
distribution of patient enrolment across the study period and additional correction for 
the moment of enrolment (surgery), and having all RCP and IPAA procedures performed 
by the same team of colorectal surgeons. A limitation of this study is its retrospective 
nature, which may have led to bias even though only objective and unmistakable adverse 
events were collected. Furthermore, patients in this study were referred nationally to the 
authors’ specialized pouch centre, which may have resulted in those with more complex 
or advanced

disease being included, making referral bias inevitable. Most importantly, the small 
number of adverse events hampered proper correction of the association between surgery 
in childhood and anastomotic stricture, with other potential confounders unaccounted for.
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Long-term pouch failure rates and pouch function were comparable in children and adults, 
despite the increased risk of anastomotic strictures in children. This study has therefore 
provided evidence that children with an indication for RPC and subsequent IPAA can expect 
good pouch outcomes. There is no need for a more cautious attitude to undertaking these 
procedures in children based on concerns about poor outcome in the longer term. 
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Supplementary table 1 │  Type of abdominal surgery before restorative proctocolectomy

Paediatric (n = 1) Adult (n = 63)

Ileo-rectal anastomosis 0 11

Ileo-sigmoidal anastomosis 1 2

Hemicolectomy (right or left) with  
colonic anastomosis 0 5

Ileocaecal resection 0 1

Pylorotomy 0 1

Appendectomy 0 17

Cholecystectomy 0 5

Caesarean section 0 8

Gynaecological resection 0 7

Liver or spleen resection 0 3

Inguinal / umbilical hernia correction 0 5

Diagnostic laparotomy / laparoscopy 0 3

Some patients had multiple types of abdominal surgery before restorative proctocolectomy

Supplementary table 2 │  Characteristics of patients with pouch stricture

Paediatric (n=4) Adult (n=11)

Age at surgery (median, range) 14 (12–17) 40 (24–46)

Familial adenomatous polyposis 3 (75%) 3 (27%)

Anastomotic leakage 0 (0%) 1 (9%)

Completion proctectomy 2 (50%) 2 (18%)

Primary defunctioning ileostomy 0 (0%) 7 (64%)

Hand sew anastomosis 2 (50%) 2 (20%)
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Supplementary table 3 │  Differences in demographic and surgical characteristics between children 
and adults who completed the pouch function score

Paediatric (n=29) Adult (n=253) p

Malea 17 (59%) 140 (55%) 0.844

Age at surgery (median, IQR) 15 (13 –16) 39 (30−48) <0.001

Smoking 2 (7%) 34 (14%) 0.391

Overweight (BMI >25) 3 (11%) 81 (36%) 0.006

Previous abdominal surgery 2 (7%) 44 (17%) 0.189

Diagnosisa

Ulcerative colitis
Indeterminate colitis
Crohn’s disease
Familial adenomatous polyposis

18 (62%)
2 (7%)
1 (3%)
8 (28%)

166 (66%)
21 (9%)
5 (2%)

60 (24%)

0.775

ASA score 3 0 (0%) 5 (2%) 1.000

Immunomodulators ever 11 (41%) 84 (41%) 1.000

Preoperative anti-TNF 0 (0%) 9 (4%) 0.606

Preoperative steroids 0 (0%) 18 (7%) 0.233

Emergency surgery 2 (7%) 20 (8%) 1.000

Completion proctectomy 23 (79%) 126 (50%) 0.003

Primary defunctioning ileostomy 4 (14%) 59 (23%) 0.347

Type pouch
J-Pouch
Othera

27 (83%)
2 (7%)

219 (88%)
30 (12%) 0.549

Laparoscopic colectomy 28 (97%) 154 (61%) <0.001

Hand sewn anastomosis 3 (11%) 13 (5%) 0.223

Length of stay after IPAA 
(days, median, IQR)a

9.5 (8.0–13.0) 10.0 (8.0–13.0) 0.803

Follow up (months, median, IQR) 19.0 (4.0–45.5) 22.0 (8.0–65.0) 0.261

Moment of enrolment during study period 
(years, median, IQR)b 11.0 (8.0–13.0) 9.0 (4.0–12.0) 0.032

The numbers between the square brackets [ ] are the scores that can be assigned to each answer.  
The maximum score that can be obtained by a patient is 30. Response rate: paediatric 29/37 (78%), 
adult 253/363 (70%) 
a Chi-square test for trend (ordinal variable
b Fisher’s Exact test
c Mann Whitney U test
ASA: American Society of Anaesthesiologists class, a-TNFα: anti-Tumour Necrosis Factor alpha, BMI: 
body mass index, CCI: Charlson’s Comorbidity Index, IPAA: Ileo Pouch Anal Anastomosis





sUmmARy 
DIsCUssION 

fUTURE PERsPECTIvEs
 

s





S

Su
m

m
ar

y, 
di

cu
ss

io
n,

 fu
tu

re
 p

er
sp

ec
tiv

es

255

Inflammatory bowel disease (IBD) is a debilitating group of inflammatory conditions of the 
gut. Children suffering from IBD, especially in the case of an uncontrolled disease course, 
are prone for impairment of physical and mental development.

Therefore, PART I of this thesis focuses on monitoring disease course on several aspects, 
being symptoms, the actual inflammation of the gut measured with biomarkers, and 
the interrelationship between both. Here we investigated both a concurrent correlation 
of symptoms and inflammation, as well as the predictive capacity of biomarkers of 
inflammation and future relapse of symptoms. Moreover, we inquired the potential effect 
of disease course on the whole family, from quality of life of the child to perceived stress 
by their parents.

Nutrition is needed in times of high consumption due to illnesses like IBD, but can also serve 
as treatment, particularly in children with Crohn’s Disease (CD). In PART II of this thesis, 
the habitual diet of children with IBD under medical guidance was studied. In addition, the 
effect of exclusive enteral nutrition (EEN) on the gut microbiota and metabolomic profile 
of children with CD was measured, attempting to unravel the mechanism of this effective 
but mechanistically unclear therapy.

When IBD is refractory to therapy, a surgical intervention may be considered or even be 
the only option in case of acute severe disease not responding to rescue medication. In 
PART III of this thesis, children with IBD who underwent a (segmental) gut resection were 
reviewed for short and long-term adverse outcomes. Making use of national pediatric 
IBD research collaborations and in contrast to most pediatric IBD studies on surgical 
interventions, relatively large cohorts could be collected and investigated.

PART I  Monitoring disease course and psychosocial well-being

In chapter 1, we compared clinical indices completed by pediatric patients and their 
physicians. These clinical indices, the short Pediatric Crohn’s Disease Activity Index 
(shPCDAI) for CD and the Pediatric Ulcerative Colitis Activity Index (PUCAI) for ulcerative 
colitis (UC), have originally been developed to be completed by the physician. However, 
with increasing interest in patient reported outcomes (PRO) in clinical trials, it is important 
to evaluate current clinical indices for their ability to serve as PRO’s. Frankly, patient-based 
indices are already used as outcome measures in clinical trials in children with IBD1,2 and 
online clinical monitoring programs3. The shPCDAI only moderately agreed between 
pediatric patients and physicians (kappa: 0.40 [95%CI 0.24−0.55), with almost half of 
the children scoring in another disease activity category. Since no agreement studies on 
pediatric clinical IBD indices have been performed, we can only compare these results with 
data from adult patients. A comparable study in adults, using the Harvey Bradshaw Index, 
also found moderate agreement4. Agreement between PUCAI completed by ulcerative 
colitis patients and their physicians was better than the shPCDAI (kappa: 0.64 [95%CI 



256

0.45−0.83]), but still far from optimal. The only pediatric UC study on this topic found 
a comparable agreement5, as did a study in adults evaluating agreement of the Simple 
Clinical Colitis Activity Index6. An explanation for the moderate agreement between the 
shPCDAI completed by patients and physician, as to substantial agreement of the PUCAI, 
may be related to interpretation and determinability of items. Some items in the shPCDAI 
are medical diagnoses (e.g. uveitis), or need an apparatus to assess (e.g. weight). In the 
majority of disagreements, patients scored their disease activity higher compared to their 
physician. The reason for this may be dual. Namely, physicians tend to underestimate 
disabilities and HRQOL of their pediatric patients7,8. On the other hand, children may have 
been underreporting their symptoms in fear during the doctor’s visit of the consequences.

In chapter 2 we evaluated the relationship of biomarkers of inflammation with clinical 
symptoms in children with IBD under medical guidance. In a preceding study we observed 
that a substantial proportion of children with asymptomatic IBD had elevated levels of fecal 
calprotectin (FC) and C-reactive protein (CRP)9. We compared the relationship between 
FC or CRP and the abbreviated Pediatric Crohn’s Disease Activity Index (aPCDAI) for CD 
and the PUCAI for UC. In both children with CD and UC, the total disease activity index 
score had a weak positive correlation with FC levels (CD: rs=0.32 [95%CI 0.13–0.49]; UC: 
rs=0.36 [95%CI 0.07–0.61]). When we assessed individual items of the clinical indices, only 
the abdominal examination and perirectal disease of the aPCDAI, and the activity level 
of the PUCAI correlated significantly with FC levels, albeit weakly. In CD patients, CRP 
had a weak positive correlation with the total aPCDAI score (rs=0.28 [95%CI 0.05–0.46]), 
while in UC patients CRP did not correlate with the total PUCAI score (rs 0.01 [95% CI 
-0.34–0.30]). These results correspond to data of adults with IBD, indicating that there is a 
strong discrepancy between FC or CRP, and clinical disease activity indices10,11. The poor 
relationship between biomarkers of inflammation and clinical symptoms could be related 
to the relatively mild clinical disease activity in this research cohort. However, since the 
distribution of clinical disease activity corresponds to large cohort studies on the clinical 
course of children with IBD12,13, this study does reflect the relationship between symptoms 
and the degree of intestinal inflammation in daily practice.

Studies in adults with IBD in remission indicate that a large proportion that still experiences 
symptoms compatible with irritable bowel syndrome (IBS). In chapter 3 we evaluated 
the prevalence of symptoms are compatible with IBS in children with IBD in clinical and 
biochemical remission, and assessed the relationship of these IBS-type symptoms with 
biochemical markers of inflammation. The prevalence of IBS-type symptoms in children 
with IBD in clinical remission was 6.4% (95%CI 2.5−11.1%; CD: 4.5%; UC: 10.8%). This is 
comparable to the findings of the only other pediatric study14, but much lower than the 
prevalence of IBS-type symptoms in adults with IBD (25-46%)15. This striking difference may 
be related to the relatively short disease duration in children. A long disease duration may 
result in more structural changes in the colon, which can predispose to the development 
of IBS-type symptoms16. While some studies found an association between longer disease 
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duration in adults with IBD with IBS-type symptoms17, other studies, including ours, did not 
observe such an association18. Another reason may be the scoring of clinical indices on the 
abdominal pain item. Patients who report severe abdominal pain are classified as not in 
clinical remission. This could lead to an overestimation of disease activity14, and therefore 
an underestimation of the ‘true prevalence’ of IBS-type symptoms in children with IBD in 
clinical remission. One could argue that the true prevalence of IBS-type symptoms should 
preferably be studied in patients with no evidence of inflammation. When using FC as 
markers for biochemical remission we indeed found an approximately two-fold higher 
prevalence of IBS-type symptoms, compared to patients in clinical remission, but still very 
low compared to previous adult studies. In line with the findings in chapter 2, persistent 
symptoms in children with IBD in clinical remission appear to be unrelated to ongoing 
inflammation.

Patients with IBD typically experience periods of quiescent disease, alternated by periods 
of symptomatic relapse. It is unfortunately difficult to predict when such a relapse will 
occur. Biomarkers of inflammation, like FC and CRP, have been suggested to be predictive 
of symptomatic relapse19. In chapter 4 we investigated the predictive value of FC and 
CRP for symptomatic relapse in children with IBD in clinical remission. Fecal calprotectin 
and CRP were both predictive of symptomatic relapse within 6 from assessment, with 
FC having a better predictive accuracy. The optimal cut-off value of FC for symptomatic 
relapse was 350 μg/g, with low positive and very high negative predictive values. The 
majority of studies in adult IBD patients also found FC to bepredictive for symptomatic 
relapse20,21. Optimal cut-off levels in these studies in adults were lower compared to the 
optimal cut-off in our study22, which may be related to a shorter duration of follow-up19–21. 
The inferior predictive accuracy of CRP, as compared to FC, in our study reflects the 
ambiguity of CRP as a predictor for relapse in studies on adults19,23. This inferior predictive 
capacity of CRP may be related to its lower specificity for biochemical activity compared 
to the more gut specific inflammatory marker such as FC24–26.

In addition to the major impact of IBD on the mental and physical health of the 
child, it also has an impact on the entire family. Parents may experience more 
stress related to the care of their child suffering from IBD. In turn, this parental stress 
potentially can affect health-related quality of life (HRQOL) of pediatric IBD patients.  
In chapter 5 we investigated HRQOL of pediatric IBD patients and distress of their 
parents. Moreover, we studied the effect of disease course on parental distress directly, 
and indirectly on their child’s HRQOL. As expected and seen in previous studies27–30, 
children with IBD had a lower overall HRQOL, with specifically lower physical and school 
functioning. However, in contrast with previous studies31,32, overall parental distress was 
comparable between parents of children with IBD and healthy children. This discrepancy 
may be related to the used questionnaire for assessing parental distress. To circumvent 
‘artificial’ associations, we chose to assess overall stress of parents instead of stress 
directly related to medical care31,32. When appraising specific problems, we indeed found 
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that parents of children with IBD more often experienced problems coping with fear, as 
observed in other chronic pediatric conditions33,34. Nevertheless, parental distress is a 
crucial issue, since increased stress was associated with impaired HRQOL of their child, 
which was mediated by the severity of the disease course.

One of the important lessons that we can draw from the first part of this thesis is that 
symptoms of IBD and actual inflammation do not have an indisputably direct relationship. 
Since symptoms only have a weak association with the underlying inflammatory process, 
one could argue whether it is a necessity that a therapeutic agent reduces both clinical 
symptoms and the underlying inflammation. 

Regarding the assessment of clinical symptoms, it is discussed if this should be objectified 
by the patient or physician. Both the Food and Drug Administration in the United States 
and the European Medicines Agency increasingly recognize patient reported outcomes 
(PRO)’s as an important outcome in drug development35. In this thesis we showed that 
patient- and physician-based clinical pediatric IBD indices do not match well, and therefore, 
should not be interpreted equivalently in management and research. Since these indices 
are originally designed to be completed by physicians they contain items that actually 
cannot be determined by the pediatric patient. It is therefore doubtful if patient-based 
versions of current clinical indices can serve as a PRO36,37. In future research, PRO measures 
should contain items generated and ranked by patients38. In addition to the assessment 
of clinical symptoms and the directly related HRQOL of children with IBD, this thesis also 
points out that well-being of parents is important. Since parents are the primary source of 
social support for children with IBD39, increased parental distress, whether related to IBD 
of other personal stressors, potentially hampers proper communication between child 
and parents40,41. Periodic screening could identify parental distress, as already performed 
in our center3. Once observed, distress of parents can be discussed by the physician or 
nurse, and if necessary, psychological support should be offered42. Future studies on well-
being of families of children with IBD should have a longitudinal follow-up. Moreover, 
focus should not only be on the effects of the disease course on mental well-being, but 
also taking into account the personal situation of the child and parent.

When assessing the inflammatory process, the question arises how inflammation can best 
be judged. Endoscopy is still the gold standard for assessing IBD associated inflammation, 
but is associated with risks, costs and discomfort. Fecal calprotectin could therefore serve 
as a surrogate marker for endoscopy, since it is strongly correlated with endoscopic 
disease activity11,43–45 and is quick and easy to assess. However, it can be argued that 
complete normalization of FC, which potentially indicates complete resolution of 
inflammation, is a therapeutic target beyond mucosal healing. Supporting this theory, 
studies in adults with IBD have shown that even in the absence of endoscopic signs of 
inflammation, FC is predictive of long-term disease outcomes46,47. The recently published 
CALM study stratified patients to a therapeutic algorithm, being a tight control and a 
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clinical management group, which guided therapeutic drug escalation48. Therapy in the 
tight control group was optimalized if patients had a high clinical disease activity, FC or 
CRP, while therapy in the clinical management groups was only guided by symptoms. This 
study, for the first time, shows that timely escalation based on clinical symptoms combined 
with biomarkers results in better clinical (i.e. steroid free remission, clinical remission) and 
endoscopic (i.e. musical healing) outcomes than symptom-driven decisions alone. Future 
studies on the therapeutic algorithm in the pediatric population are seriously needed. 
These studies should at least evaluate FC for its potential to aid in therapy guidance. 
Simultaneously, imaging modalities, like magnetic resonance enterography (MRE) and 
ultrasound, should be evaluated. MRI and ultrasound are both fast and less resilient than 
endoscopy, with ultrasound being the more inexpensive method of the two. In addition to 
endoscopy and FC, these technics may superiorly detect small intestinal involvement in 
the small bowel, the intestinal wall and identify disease complications (i.e.fistula, abscess, 
stenosis)49.

PART II Nutrition and nutritional therapies

In chapter 6 we investigated dietary intake in children with IBD under medical guidance 
and compared it to the diet of a matched cohort of children from the general population. 
Moreover, we appraised whether children with IBD avoid certain types of food and assessed 
their height and weight. Children with IBD, especially those with CD, have a different 
diet compared to healthy children, with lower total energy intake. This corresponds to 
the few published small pediatric studies50,51. On macro nutrient level, lower mono- and 
di-saccharide intake and higher unsaturated fatty acids intake was observed. Moreover, 
approximately half of the patients report that they avoid certain types of food because they 
experienced more symptoms after eating. Children with IBD are generally slightly smaller 
than the general pediatric population and growth failure was present in 11% of this cohort. 
Indeed, most studies observe mild grow impairment in children with IBD (particularly 
CD) under medical guidance52,53, but the majority of children eventually achieve adult 
heights slightly lower than or within their target height54,55. Moreover, we observed a trend 
towards lower height (for age Z-scores) in patients with low intake. Body Mass Index (BMI) 
was not lower in children with IBD compared to the general pediatric population and 
the prevalence of acute malnutrition was low (3%). On the other end of the spectrum, 
overweight and/or obesity occurred frequently (23%), corresponding with a pediatric IBD-
cohort from the United States 56 and the recent global prevalence of pediatric overweight/
obesity in the general population57. However, BMI is not the most accurate measure of an 
healthy weight, as it only measures total and not lean weight.

Exclusive enteral nutrition is the use of a complete liquid diet – with the exclusion of a 
normal diet – for a certain period of time to induce remission in children with active CD. 
Despite strong evidence on the efficacy of EEN in children with CD58, the mechanisms by 
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which EEN induces remission are unknown. In chapter 7 we followed a cohort of children 
with CD that underwent EEN and investigated changes in their fecal microbiome and 
metabolome. The aims of this study were to describe gut microbial and metabolic changes 
during the course of EEN and to evaluate if these changes potentially provide evidence 
for mechanism of action of EEN. The fecal microbial composition of healthy children 
and those with CD differed before, during and after EEN completion. Exclusive enteral 
nutrition did, however, not result in differences in the overall microbial composition, while 
particular changes on species level were observed. The overall fecal metabolome profile 
of children with CD differed from healthy children, and was characterized by increased 
concentrations of several amino acids, trimethylamine (TMA) and cadaverine. Moreover, 
decreased levels of secondary bile acids and bile acid hydrophobicity were observed. 
During the course of EEN, the overall fecal metabolome profile changed. The importance 
of the metabolites TMA and cadaverine was studied in several in vitro models. TMA 
and cadaverine negatively affected intestinal cell growth and adherence, suggesting a 
negative effect on wound healing. In line with this, TMA increased expression of sucrase-
isomaltase in human intestinal organoids, which also indicates detrimental effects on 
epithelial wound healing. Moreover, TMA and cadaverine were also found to modulate 
cytokine excretions by monocytes.

The second part of this thesis points out that attention for an adequate diet is important, 
in addition to growth and weight, to support physical and mental health of children with 
IBD. The lower total energy and higher fat intake, as observed in our studie, have been 
associated with a more active disease59,60. In the management of children with IBD, dietary 
intake should be observed in combination with timely measurement of height and weight, 
including lean weight. Secondly, in children with both supra- and suboptimal abnormal 
dietary intake and/or anthropometrics, trained dietitians can provide nutrition education. 
Diet counseling in adults with CD, indeed, helps to improve nutrient intake and prevents 
food restrictions61. Future research in this field could focus on effective approaches to 
improve nutritional intake and dietary behaviors in children with IBD. Moreover, risk 
associated with consumption of commercially processed food including, but not limited to 
nutrients, additives, and processing, should be assessed in longitudinal studies62. On top 
of that, data from research on nutritional therapeutic interventions could aid in achieving a 
feasible diet that has the potential to control the course of IBD. This introduces the other 
important finding in this part of the thesis.

Exclusive enteral nutrition indeed has an impact on the course of IBD, potentially by 
modulating microbial and metabolomic changes in the intestinal environment. However, 
these observed changes tend to return to baseline levels after EEN cessation. This 
suggests that the effect of EEN is transient, and that enteral nutrition may need to be 
continued for a longer period. Studies on the long term (partial) administration of enteral 
nutrition show it is effective in maintaining remission, mainly when used simultaneously 
with conventional medical therapy63. Moreover, patients in remission after EEN therapy 
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still have a gut environment that is different from healthy children. We have also shown that 
the mechanism by which EEN induces remission is extremely complex. Several metabolites 
have been identified that potentially play a role in the etiology of CD, and in the induction 
of remission. The effect of TMA and cadaverine on gut inflammation needs to be further 
explored. A good first step would be to assess the effect of TMA and cadaverine in in vivo 
animal models. However, as we observed multiple metabolic changes, these metabolites 
are likely not the only important players, and larger cohorts of patients undergoing 
EEN should be studied. In general, studies should evaluate if improvement of intestinal 
inflammation can be achieved with dietary interventions in animal models62. Development 
of experimental models as a platform for testing multiple dietary ingredients potential to 
cause or inhibit inflammation should be a priority62.

PART III  Outcome of surgical interventions

Approximately a quarter of the children with CD undergo an intestinal resection within 
5 years after diagnosis. From these bowel resections, an ileocecal resection is the most 
frequently performed procedure. In chapter 8 we investigated complications and the 
chance of recurrence of disease after an ileocecal resection in children with CD. In 
addition, risk factors for these adverse outcomes were identified. Serious postoperative 
complications (requiring surgical, endoscopic, or radiological intervention) occurred in 
11% of the procedures, which is similar to previous reports in adults and lower compared 
pediatric cohorts64. Five years after the operation about half of the children have had 
symptoms consistent with active disease and 12% had undergone a second bowel 
resection. These data are also consistent with recurrence rates in adult cohorts64,65. 
Immediate postoperative therapy after ileocecal resection reduced the risk of both a 
symptomatic relapse and a second resection. Microscopically inflammatory resection 
margins were associated with an increased risk of severe postoperative complications and 
a second bowel resection. We also observed that height (for age Z-scores) after ileocecal 
resection increased in children below the age of 16. Moreover, weight for height Z-scores 
also improved after ileocecal resection, but only in those malnourished.

In chapter 9 we examined the same group of children as in the previous chapter. We 
asked these children (or already adults) to complete questionnaires to evaluate HRQOL, 
bowel function, and how satisfied they were with the performed surgery. Physical HRQOL 
was impaired, while mental HRQOL was similar compared to the general population, what 
exactly matches data deriving from patient operated during adulthood64. Overall colorectal 
function was impaired in CD patients, mostly in patients with active disease. Indeed, 
increased clinical disease activity and a longer interval since resection was associated with 
worse overall colorectal function. It matches the current literature, that active disease after 
ileocecal resection results in problems regarding defecation (frequency) and social impact 
of colorectal function64,66,67. Recurrent surgeries and severe complications were associated 
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with worse stool frequency and higher need of medication. In adults who underwent 
ileocolonic resections, those with additional abdominal surgery experienced impaired 
HRQOL and intestinal function66. The majority of patients were satisfied or very satisfied 
(81%) with the performed surgery.

Restorative proctocolectomy (RPC) with ileal pouch–anal anastomosis (IPAA) is indicated in 
children with UC refractory to therapy, and IBD-unclassified without evidence of anorectal 
or ileal disease. This procedure is also used as prophylactic treatment for patients with 
familial adenomatous polyposis. An IPAA potentially restores function after resection of 
the rectum. There is, however, no consensus if this intervention should take place during 
childhood or should be postponed until adult age. In chapter 10 we compared adverse 
outcomes and pouch function in patients who underwent a colectomy in childhood or 
adulthood. The occurrence of most adverse outcomes (i.e. anastomotic leakage, surgical 
fistulas, chronic pouchitis and Crohn’s of the pouch), and eventually pouch failure, was not 
associated with pediatric age at surgery. Only the development of anastomotic strictures 
was associated with pediatric age. In the pediatric group, however, all anastomotic 
strictures were treated successfully and uncomplicated with a single dilatation. Pouch 
function at last follow-up was also similar in those that underwent surgery during child- or 
adulthood, equivalent to data from a cohort of 196 adults with IBD68.

The third part of this manuscript indicates that ileocecal resection is a good treatment 
option in children with CD. It should be, at least, considered early in patients with 
growth retardation and still a high growth potential, to increase the probability of 
catch-up growth. This contradicts the enduring notion that surgery intervention is the 
last therapeutic option resort for children with CD. The recently published LIR!C-trial 
randomized adults with CD with limited ileocecal disease unresponsive for conventional 
therapy to either an early laparoscopic ileocecal resection or infliximab69. This study 
proved that HRQOL, body image, and hospital admission were equal after treatment with 
either early ileocecal resection or infliximab, making a surgical intervention a reasonable 
alternative. Nevertheless, these patients should be carefully monitored after surgery, since 
a substantial portion requires additional interventions related to complications. Moreover, 
after a complication has occurred, these patients should still be closely monitored as they 
are at risk of impaired HRQOL and bowel function.

Good long-term pouch function without strenuous complications is an important treatment 
goal for patients with an indications for RPC with IPAA, as it is strongly associated with 
HRQOL68,70. We determined that overall pouch function was comparable between 
children and adult patients. Interestingly, children in the present cohort had a lower 24-h 
stool frequency and used less anti-diarrheal medication than adults. This may indicate that 
the pouch potentially has a greater adaptive ability when constructed during childhood. 
However, since there is a strong association between hospital volume of IPAA procedures 
and reoperation or excision of the pouch71, these surgery should only be performed in 
specialized centers. 
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Large international prospective registries should be initiated to improve our understanding 
of the impact of surgical interventions on the course of IBD in children as well as their 
mental en physical well-being. These registries could include routine measurement of 
biomarkers of intestinal inflammation and non-invasive imaging modalities, as suggested 
in the first part of this thesis.

This thesis contributed to better understanding of clinical and biochemical disease 
monitoring approaches in children with IBD. Moreover, we made first steps in unraveling 
the complex relation of diet and the course of IBD, particularly in children with CD. 
Furthermore, we studied large cohorts of children with IBD undergoing a surgical resection 
from which results strengthen the notion that surgery is a valid therapeutic option in 
pediatric IBD. But since every answered question raises new questions or sets new goals, 
great effort is needed in finding the optimal therapeutic algorithm (based on current or 
new monitoring approaches), evaluating if improvement of intestinal inflammation can be 
achieved with dietary interventions, and setting up large prospective studies to evaluate 
the efficacy of surgical interventions. 
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NEDERLANDSE SAMENVATTING

Inflammatoire darmziekten (IBD) vormen een groep van chronische immuun-gemedieerde 
aandoeningen van het maagdarmkanaal. Inflammatoire darmziekte worden meestal 
gediagnosticeerd bij jong volwassenen, maar in ongeveer 25% van de gevallen wordt de 
diagnose reeds voor het 18e levensjaar gesteld. IBD kan zich aanvankelijk presenteren met 
een uiteenlopende combinatie van symptomen, zoals buikpijn, diarree, rectaal bloedverlies, 
gewichtsverlies, zweren in de mond, koorts, bleekheid en algehele malaise. Wanneer 
IBD zich openbaart op de kinderleeftijd wordt er een ernstiger ziektebeeld beschreven, 
waarbij een groter deel van de darm is aangedaan en het ziekteverloop gecompliceerder. 
Bovendien kunnen kinderen, in tegenstelling tot volwassen, groeivertraging oplopen. 

Inflammatoire darmziekten worden onderverdeeld in de ziekte van Crohn (ZvC) en 
colitis ulcerosa (CU) en indien er geen duidelijk onderscheid kan worden gemaakt in 
ongeclassificeerde-IBD. In het geval van de ZvC kan de ontsteking voorkomen in het hele 
maagdarmkanaal, van de mond tot de anus en is deze pleksgewijs verdeeld. Bij CU komt 
de ontsteking alleen voor in de dikke darm en is meer diffuus.

Kinderen die lijden aan IBD, vooral in het geval van een ongecontroleerd ziekteverloop, 
hebben een verhoogde kans op een verstoring van de lichamelijke en/of geestelijke 
ontwikkeling. Om die reden concentreert DEEL I van dit proefschrift zich op verschillende 
aspecten om het ziekte verloop te volgen: symptomen, de feitelijke ontsteking van het 
darmkanaal gemeten met ontstekingswaarden en onderzoeken we de onderlinge relatie 
tussen beide. Bovendien hebben we het potentiële effect van het ziekteverloop op het 
gezin onderzocht, gericht op de kwaliteit van leven van het kind en waargenomen stress 
door hun ouders.

In hoofdstuk 1 hebben we onderzocht of kinderen met IBD en hun artsen een symptoom 
scorelijst (klinische ziekteactiviteit index) hetzelfde invullen. Het blijkt dat de klinische 
ziekteactiviteit indexen voor de ZvC ingevuld door kinderen en door hun arts maar matig 
overeen komen, in het bijzonder die onderdelen van de vragenlijst die gewoonlijk door 
artsen worden vastgesteld. De klinische ziekteactiviteit index voor CU laat een substantiële 
overeenkomst zien, hoewel verre van optimaal. Bovendien scoren patiënten systematisch 
een hogere klinische ziekteactiviteit in vergelijking met hun arts. Deze resultaten laten zien 
dat patiënt- en arts-gebaseerde klinische ziekteactiviteit indexen niet op gelijkwaardige 
wijze kunnen worden geïnterpreteerd in de behandeling en onderzoek naar kinderen met 
IBD.

In hoofdstuk 2 is er onderzocht of ontstekingswaarden een directe relatie hebben 
met symptomen van IBD. De reden hiervoor was dat in een voorgaande studie veel 
kinderen, ondanks de afwezigheid van symptomen, nog steeds hoge ontstekingswaarden 
hadden. Deze ontstekingswaarden waren fecaal calprotectine (gemeten in ontlasting) 
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en CRP (gemeten in bloed). Uit ons onderzoek blijkt dat Klinische ziekteactiviteit slechts 
zwak is geassocieerd met deze ontstekingswaarden. Dit impliceert dat symptomen en 
ontstekingswaarden twee verschillende aspecten van ziekteactiviteit vertegenwoordigen 
en afzonderlijk moeten worden beschouwd in de behandeling van kinderen met IBD. 

Studies uitgevoerd bij volwassenen met IBD in rust (“remissie”) laten zien dat 
een groot deel van de patiënten nog steeds klachten ervaart die passen bij 
prikkelbaredarmsyndroom. In hoofdstuk 3 onderzochten we hoe vaak deze klachten 
voorkomt in kinderen met IBD. Bovendien bekeken we de relatie van het optreden van 
deze prikkelbaredarmsyndroom-achtige klachten met de hoogte van  ontstekingswaarden. 
Hoe vaak prikkelbaredarmsyndroom-achtige klachten voorkomen in kinderen met IBD 
is erg afhankelijk van de definitie van remissie. Desalniettemin is het voorkomen van 
prikkelbaredarmsyndroom-achtige klachten bij kinderen veel lager dan bij volwassen 
patiënten en vergelijkbaar met het voorkomen hiervan inde algemene kinderpopulatie. 
Deze symptomen lijken niet gerelateerd te zijn aan de hoogte van ontstekingswaarden, 
en zijn dus waarschijnlijk geen oorzaak van aanhoudende ontsteking.

Het ziekteverloop van IBD kenmerkt zich door patroon van opvlammingen van de 
ziekte, afgewisseld met periodes van rustige ziekte. Helaas is het moeilijk te voorspellen 
wanneer z’n opvlamming zich openbaart. In hoofdstuk 4 hebben we onderzocht of 
ontstekingswaarden, zoals fecaal calprotectine en CRP, voorspellend kunnen zijn voor 
een symptomatische opvlamming van IBD. Het blijkt dat fecaal calprotectine en CRP 
inderdaad onafhankelijke voorspellers van symptomatische opvlamming van IBD zijn, 
waarbij fecaal calprotectine de beste voorspellende heeft. Wanneer een kind met IBD 
in klinische remissie een hoog fecaal calprotectine heeft, moet de ziekte zorgvuldiger 
worden gemonitord en moet de huidige behandeling kritisch worden geëvalueerd.

Inflammatoire darmziekte heeft naast een grote invloed op het kind ook een invloed op 
het hele gezin. Ouders kunnen meer stress ervaren vanwege het zorgen voor een kind 
met IBD. Deze stress kan weer van invloed zijn op de kwaliteit van level van het kind. 
In hoofdstuk 5 hebben we de kwaliteit van leven van kinderen met IBD onderzocht en 
de stress die hun ouders ervaren. Daarbij hebben we gekeken of het ziekteverloop van 
invloed is op de stress van ouders, en of een verhoogde stress bij ouders weer leidt 
tot een lagere kwaliteit van leven van hun kind. Dit onderzoek laat inderdaad zien dat 
kinderen met IBD een verminderde kwaliteit van leven hebben in vergelijking met gezonde 
kinderen, met name op het gebied van fysiek kracht en functioneren op school. Ervaren 
stress van ouders van kinderen met IBD is niet toegenomen in vergelijking met stress van 
ouders van gezonde kinderen. Desondanks is stress van ouders cruciaal, omdat meer 
stress geassocieerd is met verminderde kwaliteit van leven van hun kind. Deze relatie 
wordt versterkt als IBD van het kind een ernstiger verloop laat zien. Stress van ouders 
moet daarom ook worden meegenomen in de behandeling van kinderen met IBD.
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Goede voeding is noodzakelijk, zeker ten tijde van hoog verbruik door ziekten zoals IBD. 
Voeding kan ook dienen als behandeling, met name in kinderen met de ZvC. In DEEL II 
van dit proefschrift werd het dieet van kinderen met IBD onder behandeling onderzocht, 
aangezien hier tot nu toe geen goede gegevens over beschikbaar waren. Bovendien werd 
het effect van voedingstherapie op het microbioom (alle bacteriën) en metaboloom (alle 
stoffen) in de darm van kinderen met de ZvC gemeten.

In hoofdstuk 6 onderzochten we het dieet van kinderen met IBD in vergelijking met 
een algemene kinderpopulatie en de relatie met gewicht en lengte van deze kinderen. 
Bovendien evalueerden we of kinderen met IBD geneigd zijn om bepaalde typen voeding 
te vermijden. Uit dit onderzoek blijkt dat kinderen met IBD een ander dieet hebben 
dan de algemene kinderpopulatie, waarbij de totale inname van calorieën lager is. De 
eiwitinname verschilt daarbij niet, terwijl vetinname hoger is onder kinderen met IBD. 
De inname van koolhydraten is lager, met minder voeding rijk aan suiker. Ongeveer de 
helft van de patiënten meldt dat ze bepaalde typen voeding vermijden omdat ze hierbij 
meer klachten ervaren. Kinderen met IBD hebben over het algemeen een kleinere lengte, 
maar een  BMI dat vergelijkbaar is met de algehele kinderpopulatie. Aandacht voor een 
adequate voedingsinname is naast de beoordeling van groei en gewicht, belangrijk om 
de fysieke en mentale gezondheid van kinderen met IBD te ondersteunen.

Voedingstherapie bestaat uit het gebruik van een compleet vloeibaar dieet gedurende 
een bepaalde tijdsperiode om remissie te induceren bij kinderen met actieve ZvC. 
Het mechanisme waarop voedingstherapie remissie induceert is echter onbekend. In 
hoofdstuk 7 onderzochten we het microbioom- en metaboloomprofiel in de ontlasting 
van kinderen met de ZvC die voedingstherapie kregen. Hierbij probeerden we specifieke 
stoffen (metabolieten) te identificeren die bijdragen aan het werkingsmechanisme van 
voedingstherapie. Uit onze studie volgt dat voedingstherapie globale en hele specifieke 
veranderingen veroorzaakt in het metaboloom-profiel, maar niet zozeer het microbioom-
profiel. Na beëindiging van de voedingstherapie hebben de meeste metabolieten de 
neiging terug te keren naar hun uitgangswaarde. Gedurende de voedingstherapie 
hebben patiënten nog steeds een microbioom- en metaboloom-profiel dat verschilt van 
gezonde kinderen. In deze studie hebben we verschillende metabolieten geïdentificeerd 
die waarschijnlijk een rol spelen in de pathologie van de ZvC en bijdragen aan het 
werkingsmechanisme van voedingstherapie. Trimethylamine en cadaverine zijn twee van 
zulke metabolieten. Deze metabolieten remmen groei van cellen die de darm bekleden 
(epitheel) en zorgen voor een verandering in de reactie van immuuncellen. Normalisatie 
van deze metabolieten door voedingstherapie draagt waarschijnlijk bij aan het induceren 
van remissie. Het is echter onwaarschijnlijk dat deze metabolieten de enige belangrijke 
spelers zijn.
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Wanneer IBD niet goed reageert op medicatie kan een chirurgische ingreep worden 
overwogen. In het geval van acute ernstige ziekte kan het zelfs de enige overgebleven 
optie zijn. In DEEL III van dit proefschrift werden kinderen met IBD waarbij (een deel van) 
de darm werd verwijderd bestudeerd. Hierbij werden er zowel korte als lange termijn 
complicaties als het ziekteverloop na de operatie bekeken.

Een kwart van de kinderen met de ZvC ondergaan een resectie van een darmsegment 
binnen 5 jaar na diagnose. Van deze darmresecties is een ileocecaal resectie de meest 
frequent uitgevoerde ingreep. In hoofdstuk 8 onderzochten we complicaties en de kans 
op een recidief van de ziekte na een ileocecaal resectie in kinderen met de ZvC. Daarnaast 
werden risicofactoren voor het optreden van deze nadelige uitkomsten geïdentificeerd. 
Ernstige postoperatieve complicaties komen voor bij 10% van de ingrepen. Vijf jaar na de 
operatie heeft ongeveer de helft de kinderen weer symptomen passend bij actieve ziekte 
en heeft 12% een tweede darmresectie ondergaan. Wanneer er direct na de operatie 
medicatie wordt gestart is er een kleinere kans op een wederkeer van symptomen 
als op de noodzaak van een tweede operatie. Wanneer zich aan de randen van het 
weggenomen stuk darm actieve ontsteking bevindt, bestaat er een groter risico op 
ernstige postoperatieve complicaties als op de noodzaak van een tweede operatie. Een 
ileocecaal resectie is een effectieve behandeling, hoewel postoperatieve complicaties 
vaak voorkomen. Directe postoperatieve therapie moet onmiddellijk worden gestart om 
opvlamming van de ziekte en een tweede operatie te voorkomen.

In hoofdstuk 9 onderzochten we dezelfde groep kinderen als in het voorgaande hoofdstuk. 
We legden deze kinderen (of reeds volwassenen) vragenlijsten voor om kwaliteit van 
leven en darmfunctie te evalueren. De fysieke, maar niet mentale, kwaliteit van leven 
en de colorectale functie zijn verminderd bij patiënten met de ZvC na een ileocecaal 
resectie op de kinderleeftijd. Hogere klinische ziekteactiviteit en chirurgische complicaties 
zijn geassocieerd met een verminderde darmfunctie. Dit benadrukt de noodzaak van 
zorgvuldige postoperatieve monitoring en profylactische therapieën bij kinderen met de 
ZvC na een darmresectie. 

Het verwijderen van de dikke darm (colectomie) en het aanleggen van een pouch (een 
reservoir aangesloten op de anus gemaakt van het laatste deel van de dunne darm) 
kan geïndiceerd zijn bij kinderen met een ernstige CU of een ongeclassificeerde-IBD 
die ongevoelig zijn voor therapie. Deze ingreep wordt ook gebruikt als profylactische 
behandeling voor patiënten met familiaire adenomateuze polyposis. De pouch 
zorgt ervoor dat patiënten hun ontlasting enige tijd kunnen ophouden. Er bestaat 
echter geen consensus over wanneer deze ingreep zou moeten plaatsvinden. Kan dit 
tijdens de kinderleeftijd of moet het worden uitgesteld tot patiënten volwassen zijn?  
In hoofdstuk 10 vergeleken we ongewenste uitkomsten en functie van de pouch in 
patiënten die een colectomie ondergingen op de kinderleeftijd of als volwassene. 
Het percentage van falen en functie van de pouch, zijn vergelijkbaar tussen kinderen 
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en volwassenen, ondanks het verhoogde risico op vernauwingen ter hoogte van de 
anastomose. Deze vernauwingen zijn echter in de meeste gevallen met een enkele 
en simpele oprekking verholpen. Deze studie laat daarom zien dat kinderen met een 
indicatie voor een colectomie en aanleggen van een pouch even goede uitkomsten 
kunnen verwachten als volwassenen. 
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