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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. 



10

 
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. 
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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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