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BACKGROUND
Functional gastrointestinal disorders (FGIDs), also called disorders of gut-brain 
interaction, are frequently encountered disorders during infancy, childhood and 
adolescence. They are characterized by chronic gastrointestinal (GI) symptoms that 
cannot be attributed to an organic condition after appropriate medical evaluation.1 
These GI symptoms are related to any combination of enhanced visceral hypersensitivity, 
motility disturbance, altered mucosal and immune function, altered central nervous 
system (CNS) regulation and altered gut microbiota.2 The Rome IV criteria provide 
symptom-based guidelines to diagnose pediatric FGIDs, discriminating criteria for 
infants and toddlers,3 and for children and adolescents.1 In total 20 pediatric FGIDs are 
recognized, of which seven are described for infants and toddlers as shown in Table 1. 
For children and adolescents, 13 different FGIDs are defined, divided over three main 
subgroups: functional nausea and vomiting disorders (FNVD), functional abdominal 
pain disorders (FAPDs) and functional defecation disorders (FDDs) (Table 1). Worldwide 
prevalence rates for having at least one pediatric FGID range from 24.7 – 27.1% in infants 
and toddlers,4,5 and from 21.2 – 25.0% in children and adolescents.5,6

TABLE 1. Functional gastrointestinal disorders in neonates, toddlers, children and adolescents

Childhood Functional Gastrointestinal Disorders: Neonate/Toddler

G1. Infant regurgitation G5. Functional dyspepsia

G2. Rumination syndrome G6. Infant dyschezia

G3. Cyclic vomiting syndrome G7. Functional constipation

G4. Infant colic

Childhood Functional Gastrointestinal Disorders: Child/Adolescent

H1. Functional nausea and vomiting disorders       H2a1. Postprandial distress syndrome

   H1a. Cyclic vomiting syndrome       H2a2. Epigastric pain syndrome

   H1b. Functional nausea and vomiting    H2b. Irritable bowel syndrome

      H1b1. Functional nausea    H2c. Abdominal migraine

      H1b2. Functional vomiting   H2d. Functional abdominal pain – not otherwise               
specified

      H1c. Rumination syndrome H3. Functional defecation disorders

      H1d. Aerophagia    H3a. Functional constipation

H2. Functional abdominal pain disorders    H3b. Nonretentive fecal incontinence

   H2a. Functional dyspepsia

Understanding of the pathophysiological mechanisms underlying FGIDs, that partly 
or together determine the symptomology of FGIDs, has evolved over the last years. 
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Conceptualization is nowadays based on the biopsychosocial model, and evidence for 
symptom generation includes disturbances of neurogastroenterology and gut-brain 
interactions.2,7,8 The biopsychosocial model explains FGIDs as a result of a complex 
interplay between physiological, psychological and environmental factors.9 Early in 
life, psychosocial development and gut physiology are affected by genetic composition, 
sociocultural factors, family interactions and environmental exposures.2,9 These factors 
influence psychosocial aspects including susceptibility to life stresses, psychological 
comorbidity, coping strategies, and personality traits.2,9 In addition, these early life 
factors influence gut physiology through dysfunction of gut motility and sensitivity, 
immune function, inflammation and microbial environment.2,9 In turn, the gut and brain 
interact bidirectionally via the gut-brain axis. This axis is a neurohumoral communication 
system between the brain and gut that is signaling information through the efferent 
and afferent neural pathways of the autonomic nervous system, and through humoral 
pathways such as the stress hormone system hypothalamo-pituitary-adrenal (HPA) 
axis (Figure 1).9,10

FIGURE 1. The microbiota–gut–brain (MGB) axis. Direct and indirect endocrine, immune and neural path-
ways that support the bidirectional communication between the along the gut-brain axis between the 
gut microbiota and the central nervous system.10 Afferent arm = blue arrows, efferent arm = red arrows. 
Reprinted by permission from Montiel-Castro AJ, González-Cervantes RM, Bravo-Ruiseco G, and Pache-
co-López G (2013) The microbiota-gut-brain axis: neurobehavioral correlates, health and sociality. Front. 
Integr. Neurosci. 7:70.
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An FGID is thought to be the result of the integrated effects of abnormal gut physiology 
and psychosocial status exerted through the gut-brain axis. This integration determines 
the clinical presentation of an FGID and the illness experience of the patient, in terms of 
symptom severity, comorbidity and illness behavior. Moreover, this influences clinical 
health outcomes, such as quality of life and health care use.9 The biopsychosocial model 
offers the physician a framework to deal with the illness experience of the patient.2 The 
model guides the clinician towards individualized management strategies that include 
integration of the multiple biopsychosocial components.2,9,11 This biopsychosocial 
model furthermore underlines the need for a multidimensional approach when treating 
FGIDs.

This thesis will focus on FGIDs at different stages of development: infant colic during 
infancy, and functional abdominal pain disorders (FAPDs) during childhood and 
adolescence. Despite being defined as two different entities, infant colic and FAPDs 
resemble each other in the interaction between physiological and psychological factors 
that contribute to the development of these clinical entities. These two factors are of 
great importance for the clinical management of both disorders. Part 1 of this thesis 
focusses on the epidemiology and outcome of infant colic. Part 2 aims to describe 
FAPDs from an epidemiologic, diagnostic and clinical management point of view.

The Introduction chapter will give a general overview of certain aspects of infant colic 
and FAPDs, including definitions, epidemiology, pathophysiology, diagnostics and 
treatments. Accordingly, the corresponding chapters of this thesis will be highlighted 
in these paragraphs.

INFANT COLIC
Excessive, inconsolable and unexplained crying in the first three months of life in an 
otherwise healthy and well-fed baby is a common reported phenomenon in infancy, 
often referred to as excessive crying or infant colic.12,13 In the majority of infants, this 
behavior of long periods of hard-to-soothe crying is benign and self-limiting.14 However, 
the unexplained and unsoothable nature of the crying makes it very distressing for 
infants, parents, families and healthcare professionals.15 The way parents perceive and 
cope with the prolonged crying of their child influences the bonding with their child, 
sometimes even long after infant colic has resolved.16,17 This is an important aspect for 
clinicians to consider in the challenging management of infants with colic.

Definition
Several definitions exist to describe infant colic or excessive crying, mostly including 
duration of crying and/or the effect it has on caregivers.18 According to a SR on definitions 
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and outcome measures in trials of infants with colic,19 20 different definitions for infant 
colic were used in 39 trials, mostly based on Wessel’s criteria20, modified Wessel’s 
criteria20,21 or the Rome III criteria.22 Wessel’s criteria state that an infant is considered 
to have colic when it fusses or cries for >3 hours, for >3 days per week, for >3 weeks.20 
Modified Wessel’s criteria define infant colic as crying for ≥3 hours per day on at least 
3 days in any 1 week.19,21,23,24 The Rome criteria consider infant colic an FGID, due to the 
possible involvement of the GI tract in the pathogenesis of infant colic.3 Despite the 
fact that this involvement has not been proven, pediatric gastroenterologists are often 
consulted for infants with colic. Therefore, the Rome committee decided to include 
infant colic as an FGID, in order to create necessary familiarity with this disorder to avoid 
diagnostic and management missteps.3,22 The symptom-based criteria for infant colic 
according to the most recent Rome IV criteria include an infant who is under 5 months 
of age when the symptoms start and stop, with recurrent and prolonged periods of 
irritability, fussing or crying reported by caregivers that occur without obvious cause 
and cannot be prevented or resolved by caregivers.3

Epidemiology
Prevalence rates of infant colic vary widely due to the various definitions that are used. 
In 2017, a meta-analysis evaluated the prevalence of infant colic according to modified 
Wessel’s criteria in 28 diary studies and found a worldwide pooled overall prevalence 
of colic in the first 6 weeks of life ranging from 17 – 25%.25 Prevalence rates of infant 
colic according to the Rome IV criteria have thus far only been assessed in the United 
states (US) and Africa, and range from 5.2 – 57.6%.5,26 Prevalence numbers of infant 
colic according to the Rome IV criteria in Europe are lacking, and might deviate from the 
numbers in the US and Africa because of differences in genetic predisposition, dietary 
patterns, culture and backgrounds. Therefore, in Chapter 1, Rome IV prevalence rates 
of FGIDs in infants and toddlers were estimated in Belgium, Italy and the Netherlands 
and risk factors associated with the presence of FGIDs were identified.

Pathophysiology – physiological factors
Pathophysiological mechanisms underlying infant colic are incompletely understood. 
The term ‘colic’ comes from the Greek word ‘kolikos’, meaning ‘relative to the colon’.27 
This implies the involvement of the intestinal tract in the etiology of infant colic. 
Indeed, it has been suggested that infants with colic are often referred to pediatric 
gastroenterologists as parents assume that abdominal pain of gastrointestinal origin 
causes the crying.3,22 However, other factors contributing to the origin of infant colic 
have been suggested as well (Figure 2). In only 5% of infants, an underlying organic 
etiology is found, with urinary tract infection being the most prevalent cause.28
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FIGURE 2. Pathophysiological mechanisms that might contribute to the etiology of infant colic. Suggested 
factors include an imbalance of the central nervous system (CNS), several gastrointestinal factors, mode 
of feeding and psychosocial factors. Reprinted by permission from Springer Nature: Zeevenhooven, J., 
Browne, P.D., L’Hoir, M.P. et al. Infant colic: mechanisms and management. Nat Rev Gastroenterol Hepatol 
15, 479–496 (2018).

Neurodevelopmental

Some evidence suggests that infant colic originates in the central nervous system 
(CNS).29 The unsoothable character of infant colic pleads for the hypothesis that 
sensory processing in infants with colic differs compared to healthy controls. It was 
demonstrated that infants with colic-type cry were highly reactive and hard to soothe in 
response to a challenging neurobehavioral assessment, implying a temporary decrease 
of neurological control of behavior.30 Furthermore, infants with colic were shown to be 
less able to regulate their crying and were harder to soothe after a sucrose simulation.31 
The endogenous opioid system is suggested to be one of the underlying factors of the 
effect of sucrose tasting in the soothing of crying infants, exerted through release of 
excitatory neurotransmitters resulting in a mediating stress effect in the central nervous 
system.32 Therefore, the endogenous opioid system is suggested to be altered in infants 
with colic as they demonstrate diminished regulatory effects of sucrose tasting.33 It 
might also be hypothesized that infants have become hypersensitive to painful intestinal 
stimuli, because of a lowered pain threshold or a greater response to these painful 
stimuli.34,35
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Mode of feeding

Unambiguous results exist on the relation between feeding pattern and infant colic. 
One study demonstrates that infant colic is more prevalent in infants who are bottle-
fed,36 while a recent systematic review demonstrated that bottle-fed infants had a 
lower risk of infant colic.25

Gut microbiota

Promising evidence is emerging for a role of the gut microbiota in the development 
of infant colic. Several studies demonstrate differences in the composition of the 
microbiome between colicky and non-colicky infants with regard to diversity, 
stability and colonization patterns of the microbiota.37–40 These alterations disrupt the 
homeostasis of the gut microbiota through shifts in the microbiota balance, and this 
state is called intestinal “dysbiosis”.41 Caution is however warranted when drawing 
conclusions on the causality between microbiota dysbiosis and the development of 
infant colic, because most of the aforementioned studies on microbiome differences 
included infants already diagnosed with colic.38–40 Therefore, it is unknown whether 
microbial dysbiosis is causative of infant colic or that it is a result of, for example, the 
stress an infant with colic might experience. One study demonstrated lower microbiota 
stability and diversity in 2-week old infants who later developed colic.37 Another study 
demonstrated that neonatal antibiotic treatment in the first week of life, which is 
associated with dysbiosis of the microbiome, was a risk factor for developing infant 
colic.42 Finally, a meta-analysis on the efficacy of the probiotic Lactobacillus reuteri in 
infants with colic demonstrated this probiotic to be effective in decreasing symptoms 
of infant colic.43 These studies point in the direction of the hypothesis that intestinal 
dysbiosis, at least partially, precedes infant colic.44 However, further longitudinal studies 
are needed to clarify this.

The mechanisms through which gut dysbiosis plays a potential role in the etiology of 
infant colic are suggested to be facilitated by the concept of the microbiota-gut-brain 
axis.45 Through this axis, the gut microorganisms communicate with our body and mind, 
by use of neural, immune, hormonal and endocrine signaling pathways.45 Dysbiosis in 
the microbiome will affect these pathways, thereby affecting the central and enteric 
neuronal processes, including detection of crying and pain in infants,44,45 which might 
contribute to infant colic (Figure 3).46
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FIGURE 3. Mechanisms through which alterations in microbial stability, diversity and composition, also 
referred to as bacterial dysbiosis, can contribute to excessive crying in infant colic. Reprinted by permis-
sion from Springer Nature: Zeevenhooven, J., Browne, P.D., L’Hoir, M.P. et al. Infant colic: mechanisms and 
management. Nat Rev Gastroenterol Hepatol 15, 479–496 (2018).

Other possible mechanisms through which dysbiosis may lead to excessive crying 
in infants with colic are 1) the production of excessive intestinal gas and increase of 
gut extension, caused by fermentation of carbohydrates, lactose, and proteins by 
Proteobacteria,40,47 2) visceral hypersensitivity triggered by an altered internal milieu,46 
and 3) low grade gut and mucosal inflammation, facilitated through increased gut 
permeability induced by elevated amounts of Gram-negative bacteria (Figure 3).38,48–50 
In the case of inflammation, however, it remains unclear whether gut inflammation is 
a cause or a consequence of gut microbiota alterations.48,50

Other gastrointestinal factors

Several lines of evidence propose a gastrointestinal explanation for the development 
of infant colic.13 Most evidence can be found for an association between cow’s milk 
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protein intolerance and the development of infant colic, based on positive effects 
of soy and extensively hydrolyzed formulas in trials with infants with colic. Other 
possible gastrointestinal factors include excessive intestinal gas, lactose intolerance, 
gastroesophageal reflux disease and gut hormones. However, evidence for these 
mechanisms is weak, due to low quality of the studies.13

Pathophysiology – psychosocial factors
An important aspect of infant colic is the relationship with the parents, and the family 
and social surroundings. Whether parental factors are a cause or a consequence of 
infant colic is a challenging question. From a causal point of view, a robust association 
has been demonstrated between maternal anxiety prior to pregnancy and incident 
anxiety disorders during the peripartum period, and the development of infant colic.51 
This association can be mediated by maternal self-efficacy, defined as a person’s belief 
about his/her parental capabilities.52 Not only maternal psychological state, but also 
paternal depressive symptoms during pregnancy have been associated with excessive 
crying of the infant at the age of 2 months.53 This association was independent of 
maternal depressive symptoms.53 On the other hand, the unsoothable character of 
infant colic can make parents feel anxious and frustrated as well, which can lead to 
caregiver exhaustion.54,55 The perception of parents of what they experience as excessive 
and inconsolable crying influences these feelings as well.56 In addition, an unsupportive 
relationship between caregivers can enhance parental anxiety and frustration.57 This 
stressful psychological condition can affect the ability of the caregiver to soothe the 
infant and can increase feelings of parental incompetence.57 These aversive feelings 
toward the inconsolable infant may lower the threshold for forms of abuse, including 
“shaken baby syndrome”.58 In this case, infant colic presents as a clinical emergency.

Treatment
Given the wide range of possible pathophysiological mechanisms contributing to the 
development of infant colic, different management strategies might be effective. The 
cornerstone of clinical management in most cases is providing parents with information, 
reassurance and support.13,59 Furthermore, parental vulnerability, including anxiety, 
depression and lack of social support, should be taken into consideration.3 Individualized 
management strategies should be created for each family including the aforementioned 
elements, and continued availability of the healthcare professional to the parents 
should be provided.60 A 2019 Cochrane review identified 7 RCTs that assessed parent 
training programs for the management of infant colic, including empathy, support, 
and counselling on responsiveness to an infant, understanding the needs and cues 
of the baby, and reacting appropriately.61 The review concluded that parent training 
programs might reduce crying time in infants with colic compared to controls and that 
these interventions might therefore be suggested. However, conclusions were based 
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on 3 small studies with considerable risk of bias and should therefore be interpreted 
with caution.61 Another recent study demonstrated promising results of a parental 
support management program, including a website, information booklet, and cognitive 
behavioral therapy (CBT)-based sessions, but findings were limited by a non-randomized 
design without control group.60 Therefore, results have to be replicated. Further 
treatment options may include a particular probiotic supplement, namely Lactobacillus 
reuteri DSM 17938. A meta-analyses demonstrated that this probiotic reduced crying 
time more effectively than a placebo, however this result was mainly seen in exclusively 
breastfed infants.43

Prognosis
Infant colic has been linked to the development of adverse outcomes later in life, such 
as behavioral problems.62–65 However, results of studies are conflicting and must be 
interpreted with caution due to heterogeneity in definitions of infant colic, different 
instruments to measure the crying and retrospective nature of some of the studies.65 
In Chapter 2, we report the findings of a structural observational follow-up study of 
infants with colic into childhood, in which we assessed whether caregivers of children 
aged 3 – 5 year old with a history of infant colic reported more clinically relevant 
behavioral problems in their children compared to parents of otherwise same-aged 
healthy children of a population sample.

Due to the resemblance between the underlying pathophysiological mechanisms of 
infant colic and pediatric FGIDs (which will be discussed later on in this chapter), it has 
been hypothesized that infant colic contributes to the development of FGIDs later in 
life. One of the underlying mechanisms might involve the decrease in gut microbiota 
diversity in early years of life as seen in infant colic, which might increase the risk for GI 
disorders later in life.41 Moreover, it has been suggested that gut sensitivity and motility 
are affected by early life events, including infant colic, as it is indicated that these events 
alter psychosocial development through the gut-brain axis. This in turn might lead to the 
development of FGIDs.2,66 However, observational prospective studies on the relation 
between infant colic and the development of FGIDs later in life are scarce. In Chapter 
3, we aim to investigate the prevalence of FGIDs according to the Rome IV criteria in 
a prospective, observational cohort of adolescents aged 15-18 years with a history of 
infant colic, and we compare our findings to a control group of the same age.

FUNCTIONAL ABDOMINAL PAIN DISORDERS
The other main focus of this thesis lies on functional abdominal pain disorders, one of the 
FGID subgroups. FAPDs are characterized by chronic recurrent or continuous episodes 
of abdominal pain, located throughout the abdomen. They cannot be fully explained 
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by another medical condition after appropriate evaluation.1 Chronic abdominal pain is 
a common clinical problem accounting for approximately 3% of all consultations with 
a general practitioner or pediatrician.67,68 Four FAPDs can be distinguished: functional 
dyspepsia (FD), irritable bowel syndrome (IBS), abdominal migraine (AM) and functional 
abdominal pain – not otherwise specified (FAP-NOS) (Table 2).

Pediatric FAPDs have a substantial impact on the daily life of patients and their families. 
Pediatric patients with FAPDs report quality of life scores comparable to children 
with inflammatory bowel diseases.69,70 Furthermore, children with FAPDs are at risk 
to develop anxiety and depression disorders.71 In addition, symptoms often lead to 
high rates of school absenteeism and substantial healthcare costs.72,73 All these factors 
underline the clinical importance of FAPDs.

Epidemiology
In adults, multiple population-based cross-sectional studies have assessed the 
prevalence of FAPDs, in particular of FD and IBS, worldwide, with reported prevalence 
rates for FD ranging from 1.8% to 57.0%,74 and for IBS from 1.1 to 45.0%.75,76 These 
varying prevalence rates are due to large heterogeneity between studies in studied 
populations, definitions used for FAPDs and data collection methods. Therefore, it is 
unclear whether discrepancies in prevalence numbers reflect true differences between 
studied populations or that they reflect methodological dissimilarities between studies. 
Therefore, Chapter 4 reports the findings of an extensive global epidemiological study 
including 33 countries using standardized methodology to assess the prevalence of 
FGIDs by self-report. Furthermore, potentially associated factors that may explain 
differences in FGIDs among populations and individuals are demonstrated.

The worldwide pooled prevalence rate of pediatric FAPDs according to the Rome II and 
Rome III criteria is 13.5%, with reported prevalences ranging widely between countries 
from 1.6 to 41.2%.77 It has been suggested that these worldwide discrepancies may be 
attributed to differences in cultures, dietary habits, genetics, environmental conditions 
and health care systems.77 Only few prevalence studies have been published utilizing 
the Rome IV criteria to assess FAPDs, which were conducted in the United States and 
demonstrated prevalence rates ranging from 10.4 – 16.9%.5,6 To increase the knowledge 
of prevalence rates of FAPDs between different populations and of potential factors that 
are associated with the presence of FAPDs, , more prevalence studies of FAPDs utilizing 
the Rome IV criteria should be conducted. Chapter 5 describes the results of a cross-
sectional population-based study assessing the prevalence of FAPDs and functional 
defecation disorders (FDDs) according to the Rome IV criteria in school-going children 
and adolescents in Curacao. Furthermore, this study assessed the relationship between 
biopsychosocial factors and the presence of FAPDs and FDDs was assessed.
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Definition
With the introduction of the Rome IV criteria, the classification of FAPDs is now primarily 
based on symptoms, instead of the exclusion of organic disease.1,2 For all Rome IV 
definitions of FAPDs, the criterion “no evidence for organic disease” has been replaced 
with “after appropriate medical evaluation the symptoms cannot be attributed to 
another medical condition”.1 For IBS, four different subtypes are recognized analogous 
to adults based on the proportion of the patient’s reported predominant bowel habit 
(i.e. loose/watery and hard/lumpy) on days with abnormal bowel movements: IBS with 
constipation (IBS-C), IBS with diarrhea (IBS-D), IBS with constipation and diarrhea (IBS-
M), and unspecified IBS (IBS-U) (Figure 4).1,78

FIGURE 4. IBS subtypes established according to the Bristol Stool Form Scale (BSFS). Reprinted by permis-
sion from Elsevier: Mearin F, Lacy BE, Chang L, et al. Gastroenterology 18, 1393–1407 (2016).

It should be noted that the evidence for IBS subtypes in children is limited,1,79 however 
the Rome committee has recognized subtyping of IBS to be important and useful for 
clinical and research purposes.

Clinical evaluation
A careful history and physical examination are the first step in the diagnostic workup 
of FAPDs according to the Dutch guideline.80 Possible alarm signals for organic causes, 
including family history of IBD, gastrointestinal (GI) blood loos, arthritis, involuntary 
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weight loss and unexplained fever, can then be identified.1,80,81 Additional diagnostic 
testing in the form of common laboratory blood and feces tests is often done by 
clinicians, even in the absence of alarm signals. These additional blood tests include 
hemoglobin (Hb), C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR). 
Celiac disease screening in the form of anti-tissue transglutaminase (anti-tTG) antibodies 
is recommended since children with IBS have a 4 times higher risk to have celiac disease 
than children without FAPDs.82 Fecal testing for Giardia lamblia should be considered 
in patients presenting with diarrhea alongside abdominal pain.66,83 Determination of 
fecal calprotectin (FC) is increasingly being recognized as noninvasive screening tool 
for intestinal mucosal inflammation.80 It has been shown to be a valuable biomarker 
to discriminate between inflammatory bowel disease (IBD) and non-IBD,84 and it might 
therefore be useful in the clinical evaluation of FAPDs to differentiate between FAPDs and 
IBD. In practice, fecal calprotectin is mostly determined in combination with common 
blood parameters (Hb, CRP, ESR), despite the fact that fecal calprotectin appears to be 
superior in terms of sensitivity and specificity to these blood parameters.84–86 It should 
be questioned whether fecal calprotectin should be used in addition to these blood 
parameters, or as a substitute, in the clinical evaluation of FAPDs. Therefore, in Chapter 
6, we retrospectively assessed the clinical value of an extensive screening workup, 
including common blood parameters and fecal calprotectin, compared to a limited 
diagnostic workup without those blood parameters, in differentiating a functional from 
an organic cause of chronic abdominal pain.

Pathophysiology
Increasing understanding of the pathophysiology of FAPDs suggests that multiple 
pathophysiological processes, partly or together, generate the symptoms of these 
disorders.2 The biopsychosocial model is used to explain the interaction between these 
different pathophysiological factors (Figure 5).7,9
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FIGURE 5. Pathophysiological mechanisms underlying functional abdominal pain disorders (FAPDs). Re-
printed by permission from Springer Nature: Korterink, J., Devanarayana, N., Rajindrajith, S. et al. Childhood 
functional abdominal pain: mechanisms and management. Nat Rev Gastroenterol Hepatol 12, 159–171 
(2015).

Early life

It is clearly established by twin and family studies that genetic predisposition is involved 
in the pathophysiology of FAPDs.87 However, it is unlikely that a single gene determines 
a person’s susceptibility to FAPDs, and therefore it is suggested that multiple genes 
interact with environmental factors.88 Environmental influences such as parental illness 
beliefs and behaviors are suggested to play a role in the etiology of FAPDs, through 
the concept of social learning and modeling.89 Furthermore, it is indicated that cultural 
values, norms, behaviors and practices are contributing pathophysiological factors of 
FAPDs.90 Moreover, early adverse life events, including emotional, physical and sexual 
abuse, have been attributed to the development of FAPDs as well.91–94
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Psychosocial

Despite the fact that psychological symptoms are not included as diagnostic criteria 
for the diagnosis of FAPDs, they affect physiological processes such as gut sensitivity, 
motility and permeability, exerted through bidirectional interactions between the 
GI tract and the central nervous system (CNS) via gut-brain axis.9,95,96 Utilizing these 
physiological processes, it has been suggested that psychological stress or a person’s 
emotional reaction to stress contribute to the pathophysiology of FAPDs.96 Associations 
between FAPDs and stress have been found in several studies.97–101 Anxiety and 
depression are two other common psychological factors that are strongly related to 
FAPDs.71,102–108 However, whether these concepts are a cause or a consequence of a FAPD 
diagnosis remains unclear, as some studies describe that anxiety disorders preceded 
FAPDs,109,110 and others found that anxiety was also likely to follow FAPDs.111–113 The 
psychological phenomena somatization and catastrophizing (i.e. a form of coping) are 
suggested to exacerbate symptoms in FAPDs, as they are demonstrated to be associated 
with symptom severity.114 Therefore, they can be seen as predictors of negative 
treatment outcomes, which is an important consideration for the treating physician. 
There is not only a role for child psychological factors in FAPDs, but also for parental 
factors.95 Indeed, it has been demonstrated that parents can affect cognitions and illness 
behaviors in their children through the concepts of modeling and rewarding.95 Most 
studies on parental factors focus only on the mothers. Chapter 7 therefore reports on 
the results of a cross-sectional cohort study, in which parental factors such as physical, 
psychological, personality and parenting dimensions of both mothers and fathers of 
children with IBS or FAP-NOS are compared to controls.

Physiology

Abnormal motility

Symptoms generated by disturbed gastrointestinal motility include diarrhea, 
constipation, distension and bloating.2 These symptoms can be produced by several 
components of motility such as muscle contractility and tone, and colonic transit 
time.115 It has been suggested that emotional or environmental stress can lead to either 
increased motility (e.g. diarrhea) or decreased motility (e.g. delayed gastric emptying, 
poor antral motility, stomach fullness or delayed colonic transit time66) in the GI tract 
via de the gut-brain axis.96 Patients with FAPDs seem to have an even stronger motility 
response to stressful events compared to healthy controls.116

Visceral hypersensitivity

Visceral hypersensitivity can be described as lower thresholds of pain during the testing 
of visceral sensory functions, meaning that pain will be reported at lower volumes 
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or pressures of a GI balloon which is ascended with repeated inflations.9 Children 
with FAPDs have on average lower pain thresholds for rectal sensation compared 
to healthy controls.117–119 It has been hypothesized that the important regulatory 
chemical compound 5-hydroxytryptamine (5-HT, serotonin) might play a role in this 
enhanced visceral sensitivity. Enterochromaffin cells of the intestinal mucosa release 
5-HT and the 5-HT selective reuptake transporter (also known as sodium-dependent 
serotonin transporter, SERT) and organic cation transporter-1 regulate the action of 
5-HT.120 Children with IBS were demonstrated to have increased 5-HT levels in their 
colonic mucosa and decreased SERT mRNA in their rectal mucosa when compared to 
healthy controls.121 The latter indicates that pediatric IBS patients have an enhanced 
availability of 5-HT in their rectal mucosa.121 This increased 5-HT is suggested to interact 
with peripheral nerves in the submucosa, thereby contributing to the development of 
abdominal pain through increased visceral sensitivity and stimulation of pain pathways 
in pediatric FAPD patients.66 Moreover, it has been indicated that increased colonic 
pain sensitivity is the result of a psychological concept, namely the increased tendency 
to report pain, instead of the result of increased neurosensory sensitivity.122 It is also 
suggested that allodynia, e.g. enhanced sensitivity even to normal intestinal function, 
might underlie visceral hypersensitivity.123

Low-grade Inflammation and gut permeability

It is indicated that low-grade gut inflammation, altered membrane permeability and 
immune regulation play a role in the pathophysiology of FAPDs.124 This is supported 
by growing knowledge on the entity post-infectious IBS (PI-IBS), which describes 
the development of long-standing gastrointestinal complaints after an infectious 
gastroenteritis.125 It is suggested that alteration of tight junctions leading to increased 
permeability and altered immune function are underlying mechanisms of PI-IBS.126,127 
These two mechanisms make the submucosa accessible for intraluminal antigens, which 
in turn leads to low-grade mast cell activation and increased release of inflammatory 
cytokine.128 In children, the experience of a bacterial gastroenteritis has been associated 
with the development of IBS.129,130

Microbiome

It is increasingly indicated that alterations in the composition of gut microbiota 
may play a role in the pathophysiology of IBS.131–133 It has been suggested that FAPD 
symptoms are generated through an effect of the microbiome on the intestinal barrier, 
enteroendocrine system, the immune system and the gut-brain axis.131,134 Increased 
intestinal permeability might be a contributing factor in the pathogenesis of IBS.135–

139 Mediators of the altered gut microbiota might influence and increase epithelial 
permeability by degradation of epithelial tight junctions and adherence-associated 
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proteins.134,139 In addition it is postulated that gut microbiota can affect the activity of 
the enteroendocrine cells, especially the enterochromaffin cells (EC cells) disseminated 
between the epithelial cells, inducing altered secretion or re-uptake of serotonin 
(5-hydroxytryptamine (5-HT)).139–141 This hormone is one of the most explored hormones 
in IBS, influencing motility, secretion and sensory function in the gut,120 with increased 
levels demonstrated in IBS-D patients and decreased levels in IBS-C patients, compared 
to healthy controls.142–146 A role for the immune system as a pathogenetic factor in IBS 
has been proposed as well. Gut microbiota, especially mucosa-associated microbiota, 
and their metabolites can directly interact with cells of the immune system, which 
may induce altered immune activity and potentially generates a state of low-level 
immune activation in patients with IBS.147 Indeed, elevated levels of mast cell mediators, 
toll-like receptors and inflammatory cytokines have been found in IBS patients.148–151 
Furthermore, it has been hypothesized that microbiota can have an impact on the 
development and the function of the central nervous system (CNS) by communication 
through neuroendocrine and neuroimmune pathways.152,153 This leads to the concept 
of the microbiota-gut-brain axis, which putatively contributes to the pathogenesis 
of IBS.134,154,155 Finally, it has been demonstrated that the microbiome can alter stool 
volume and consistency through changes in the regulation of bile acid deconjugation, 
and intestinal gas volume through changes in fermentation.156–158 A recent meta-analysis 
demonstrated that differences exist in the microbiome of adult IBS patients compared 
to healthy controls.159 They found the potentially harmful phylum Proteobacteria, 
family Enterobacteriaceae (phylum Proteobacteria), family Lactobacillaceae and 
genus Bacteroides (phylum Bacteroidetes) to be present in IBS patients, whereas the 
genus Bifidobacterium was significantly decreased in IBS patients compared to healthy 
controls.

Food and diet

Another recent addition to the understanding of FAPDs relates to the contribution of 
food and diet,160 and their association with the gut microbiome.161 Specific alterations in 
diet, including restriction of fermentable oligo-, di-, and monosaccharides and polyols 
(FODMAPs), or restriction of gluten, are suggested to be beneficial for reduction of 
symptoms in FAPD patients because of reduced osmotic effects or alterations in gut 
mucosa.2 Most evidence is available for the efficacy of the low FODMAP diet, with 
several studies demonstrating its symptomatic benefit in approximately 50-80% of 
adult patients with IBS.162–166 However, many challenges remain regarding the clinical 
implication of the low FODMAP diet. A meta-analysis demonstrated that 20% to 50% of 
IBS patients do not respond to a low FODMAP diet.167 This underlines the fact that no 
one diet will be specific for patients and therefore, treatment must be individualized. 
The mechanism of action of the low FODMAP diet is to reduce gas production (through 
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reduction of fermentable load and liquid volume) and subsequent luminal distension, 
which is associated with GI symptoms.168 Despite the reduction of FODMAPs, there is 
still a minimal amount of carbohydrates available to serve as substrates for bacterial 
fermentation, yielding short-chain fatty acids169 with health-promoting effects.168,170 The 
link between food and diet, fermentation products, and the gut microbiota composition, 
which is altered in IBS patients, might play an important role in the etiology of FAPDs. 
This has important implications, as for decades, the believe of patients on the effect 
of food on FAPD symptoms has been more relevant compared with the believe of 
physicians on the contribution of food to FAPD symptoms.171

Treatment
The complex interplay of biopsychosocial factors in the pathogenesis of FAPDs leads 
to a wide variety of management strategies. The first step in the management of 
FAPDs always includes education, reassurance, and simple dietary and behavioral 
recommendations.2,80 During this phase, emphasis should be put on the patient-
family-practitioner relationship, as this will improve patient and family satisfaction, 
treatment compliance and symptom reduction.172,173 This therapeutic relationship can 
be accomplished through engagement of the patient and family in the consult, through 
obtainment of a non-judgmental and patient-centered medical history interview, 
through identification of a patient’s and family’s understanding of the symptoms and 
expectations for improvement, and through involvement of the patient and family 
in the treatment.2 In addition, parents should be informed that not attention, but 
distraction of their child’s complaints is beneficial for symptom improvement, despite 
the fact that this maybe feels unnatural to parents.174 Physicians should be aware of this 
challenging but important part of the care of patients with FAPDs. A next treatment 
step can involve either a nonpharmacological or a pharmacological intervention. This 
part is challenging as well, as some evidence for the efficacy of nonpharmacological 
treatments has been demonstrated in therapeutic pediatric FAPD trials, however results 
are indecisive and difficult to compare.175,176 Results of pharmacological pediatric FAPD 
trials demonstrate no convincing evidence to support the use of drugs in pediatric 
FAPDs.177 Comparisons between studies are hampered due to a lack of standardization 
of selection, measurement, and reporting of patient-reported outcome measures in 
pediatric FAPDs.178 Development of a standardized set of outcome measures that should 
be measured and reported at minimum in therapeutic trials, referred to as a “core 
outcome set” (COS), is important. At the moment, a COS for pediatric FAPDs is lacking. 
The first step in the COS development process according to the OMERACT (Outcome 
Measures in Rheumatology) outcome initiative involves the systematic evaluation of 
existing definitions and outcome measures in the literature.179 Chapter 8 describes 
the results of a systematic review on definitions of FAPDs and outcome measures 
used in therapeutic RCTs in pediatric FAPDs. The next step, the development of a COS 
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for pediatric FAPDs using a 2-round Delphi process, is described in Chapter 9 of this 
thesis.

Placebo

When evaluating results of therapeutic trials in pediatric FAPDs, it is important to realize 
that a large proportion of patients responds to placebo.180 In adults with FAPDs, meta-
analyses of therapeutic RCTs have demonstrated weighted average placebo response 
rates ranging from 40.2 – 42.6%.181,182 High rates of placebo responses have important 
implications for researchers and clinicians. In research, it should be minimized as it 
decreases assay sensitivity (i.e. the ability of a trial to distinguish true differences 
between an effective treatment and a less effective or placebo intervention), which 
results in inefficient trials. In clinical practice however, the placebo response should be 
maximized as the aim is to reach maximum efficacy of a certain treatment, regardless 
of whether this result is based on specific effects of treatment, placebo mechanisms, 
or a combination of both.183,184 Moreover, identification of variables affecting the 
placebo response is important for both research trials and clinical practice. However, in 
pediatric patients with FAPDs, data on the magnitude and determinants of the placebo 
response are lacking. Chapter 10 therefore systematically investigates the magnitude 
and determinants of the placebo response in pediatric FAPD trials.

Pharmacological

Treatment with a pharmacological agent is mostly directed at symptom relief, instead 
of precise pathophysiological targets. Studies in adults with IBS demonstrate beneficial 
effects of tricyclic antidepressants (TCA) on abdominal pain symptoms,185 and of 
peppermint oil on global IBS symptoms.186 The use of linaclotide and lubiprostone, 
which are pro-secretory agents, has been recommended in the treatment of adults 
with constipation-predominant IBS (IBS-C).187 Moreover, some microbiota-modifying 
therapies, including rifaxamin or particular probiotic strains, have proven beneficial 
effects in IBS adult patients as well.188 However, results for the efficacy of these 
agents in pediatric FAPDs are inconclusive, of low quality or non-existent.177,189,190 In 
addition, data on safety effects are lacking as well.177,191,192 In the ideal situation, therapy 
selection should be based on a combination of efficacy and safety results. Increasing 
the knowledge on safety effects could therefore enhance clinical decision-making. In 
Chapter 11, we systematically assessed the occurrence of drug-related side effects in 
therapeutic trials on pediatric patients with FAPDs.

Nonpharmacological

Nonpharmacological treatments for pediatric FAPDs include dietary and psychological 
interventions.66 Some low quality evidence exists for the use of a diet low in fermentable 
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oligo-, di- and monosaccharides and polyols (FODMAP) to reduce abdominal pain 
symptoms.176 Moreover, several studies support the use of hypnotherapy or cognitive 
behavioral therapy in pediatric FAPDs.175 Finally, promising results have been reported 
of a RCT assessing a non-invasive intervention of percutaneous electrical nerve field 
stimulation in the outer ear that reduced pain scores and improved global wellbeing in 
children and adolescents with FAPD.190,193 Despite a wide variety of treatment regimens, 
symptoms may endure in some FAPD patients.194 Increasing evidence on the role 
of the microbiome in the pathophysiology of FAPDs, has paved the way for a new 
treatment possibility that targets the dysbiosis in the gut microbiota: fecal microbiota 
transplantation (FMT). Thus far, only five RCTs have been performed on the efficacy 
of FMT in adults with IBS, with no significant improvement in IBS symptoms of FMT 
compared to placebo as concluded by two meta-analyses.195,196 However, significant 
inconsistency between the studies with regard to differences in FMT methodology 
hamper definitive conclusions. In adolescents, RCTs on the effect of FMT in FAPDs are 
lacking. Therefore, in Chapter 12, we describe the protocol for a randomized, placebo-
controlled single-center pilot trial that will assess the feasibility and efficacy of FMT in 
adolescents with refractory IBS.
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