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Abstract
Background—Children with Crohn’s disease (CD) may report abdominal pain despite clinical
remission, suggesting that functional abdominal pain (FAP) may be playing a role.

Aim—This study aims to explore the presence and impact of FAP in children with CD in
remission.

Methods—Children, aged 9–17, with CD were enrolled. Demographic information, the Pediatric
Crohn’s Disease Activity Index (PCDAI), and the Children’s Depression Inventory (CDI) were
obtained. Disease remission was defined by physician global assessment, normal labs, and absence
of 3 or more stools a day, nocturnal stooling, bloody diarrhea, concurrent steroid therapy,
strictures, or disease flare within 6 months. FAP was defined as patients with abdominal pain and
CD remission. Rates of depression (CDI >9) were compared.

Results—139/307 children reported abdominal pain. Of this group, 18/139 (13%) met criteria for
FAP. Despite clinical remission, 8/18 CD FAP patients were classified with active disease by
PCDAI. CD FAP patients had a higher rate of depression than CD patients in remission with no
abdominal pain (55.6% vs. 29.9%; p=0.03), similar to patients with abdominal pain from active
CD (55.6% vs. 44.8%; p=0.62).

Conclusions—A proportion of children with CD in remission have FAP. These children are at
significant risk for depression. Future studies are needed to determine whether depression
contributes to functional pain development or if pain itself leads to depression. Especially given
that functional pain may exaggerate disease activity, clinicians caring for children with CD and
FAP should consider evaluating for depressive disorders before escalating therapy.
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Introduction
Abdominal pain is a common complaint in children with Inflammatory Bowel Disease
(IBD), which often indicates active disease and inflammation. However patients with
Crohn’s disease (CD) in remission may report varying degrees of gastrointestinal symptoms
(e.g., bloating, diarrhea, urgency, constipation, and incomplete bowel movements) and
abdominal pain, suggesting that functional gastrointestinal disorders, including functional
abdominal pain (FAP), may be present.(1–5) Given that inflammation often correlates with
pain, CD patients in apparent remission by labs, radiology, and endoscopy with ongoing
pain present a diagnostic and therapeutic dilemma to practitioners. Evaluation of the pain
can lead to unnecessary costs, invasive testing, and escalation of therapy when the
underlying etiology is functional in nature rather than from active CD.

The overlap of symptoms in CD and functional bowel disorders are also evident in CD
severity measures. Specifically, the Pediatric Crohn’s Disease Activity Index (PCDAI), a
tool used among clinicians and researchers to objectively categorize disease severity in
pediatric CD patients (6), includes symptoms (e.g., abdominal pain and changes in stool
consistency/frequency) commonly seen in both CD and functional bowel disorders. Thus,
the presence of functional symptoms alone can affect disease severity scores for patients
who may be in clinical remission and have ongoing functional symptoms.

Yet research on the impact of functional disorders on pediatric IBD is sparse. No pediatric
studies, to our knowledge, have attempted to estimate the occurrence of FAP for
symptomatic CD patients in clinical remission. In addition, research has yet to examine the
effect of FAP on IBD severity categorization. Similarly, the influence of psychological
factors, such as depression, on pain perception and coping in these patients is unclear.

The aims of the present study are (1) to demonstrate the occurrence of FAP in pediatric CD
patients in remission; (2) to examine the effect of FAP on PCDAI categorization; and (3) to
compare the characteristics and risk of depression in pediatric CD patients with FAP to other
children with CD. We hypothesized that a proportion of children with CD in remission have
abdominal pain from functional disorders. The presence of functional abdominal pain is
likely to overestimate CD activity and increase risk of depression in this group of patients.

Material and Methods
Study Design

The study cohort consisted of 307 patients, aged 9–17, with CD that were enrolled
prospectively as a sub-study of a cognitive behavioral therapy trial taking place over 18
months at two collaborating centers, Children’s Hospital Boston and Children’s Hospital of
Pittsburgh. This sub-study included all children with CD at the appropriate developmental
level for behavioral therapy who were screened for depression regardless of pre-existing
clinical suspicion. Patients were recruited from the outpatient clinics, inpatient floors, and
infusion centers. CD was confirmed by endoscopy and histology. The Pediatric Crohn
Disease Activity Index (PCDAI), a well-validated scale comprised of patient history,
physical exam, laboratory, and growth parameters was used to assess pediatric CD severity.
The Children’s Depression Inventory (CDI)(7), a validated instrument using both child and
parent report, was used to assess depressive symptoms in these subjects. Medical records
were reviewed to obtain demographic information, and other variables of disease activity at
screening, including clinical symptoms, changes in therapy, and laboratory, radiologic, and
endoscopic results. Information on disease relapse was collected and defined by physician
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global assessment as supported by laboratory and gross endoscopic findings, when
applicable.

Definition of Terms
As supported by the literature (1, 4), clinical disease remission was defined by the
physician’s global assessment of remission by the treating gastroenterologist at the time of
clinical appointment and by objective clinical criteria. All patients in remission had normal
labs [e.g. ESR (<10), albumin (>3.5), and CRP(<1.0)] as well as the absence of clinical
signs or symptoms of active disease (e.g. three or less stools a day, no bloody diarrhea, no
nocturnal stooling, no strictures, no concurrent steroid treatment). Remission criteria also
required no escalation in medical therapy or clinical relapse for at least 6 months. No signs
of active inflammation were present in the relevant investigations if performed in the last 6
months. Abdominal pain was defined by a pain rating on the PCDAI of 5 (“mild-brief, does
not interfere with all activities) or 10 (“mod/severe: daily, longer-lasting, affects activities,
nocturnal).

Functional abdominal pain (FAP) was diagnosed in CD patients with abdominal pain
despite clinical remission as defined above. The presence of depressive symptoms was
defined by self-reported CDI >9.(8)

Statistical Analysis
Demographic variables were compared between three groups: FAP patients (abdominal pain
and inactive disease), patients with abdominal pain and active disease, and patients with
inactive disease and no abdominal pain. Wilcoxon rank sum tests were used for continuous
variables given the nonparametric distribution of data. Chi squared analyses or Fisher’s
exact tests were employed for binary and categorical variables. For CD patients with FAP, a
modified PCDAI was calculated by removing the abdominal pain score; rates of remission
by PCDAI ≤10 were then recalculated using this modified PCDAI. For comparison, the
modified PCDAI was also calculated for patients with abdominal pain and active CD.
Fisher’s exact test was used to compare the rates of remission using the total and modified
PCDAI scores for both the FAP group and for the group with active CD and pain. The
proportions of patients with FAP and depressive symptoms by CDI were calculated. Fisher’s
exact test was used to compare rates of depression in the three groups of patients: CD FAP
patients; patients with abdominal pain and active disease; and patients with inactive disease
and no abdominal pain. The present findings provide a power of 70% with an alpha of 0.05
to find a difference in the percentage of patients with depression when comparing patients in
remission with or without abdominal pain.

Ethical Considerations
The present study was conducted with approval from the Institutional Review Boards at both
institutions in January 2008. Written informed consent was obtained from subjects.

Results
Study Population

Of the 307 CD patients enrolled, 139 reported abdominal pain. Demographic and clinical
characteristics of our study population are detailed and compared in Table 1. There were no
significant statistical differences in demographics across groups except for PCDAI score.
Eighteen patients met our criteria for FAP. The distribution of patients by pain and disease
activity is detailed in Figure 1. The FAP group constituted 13% of all patients with
abdominal pain (18/139) and 6% of the total sample (18/307). The average length of follow-
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up of FAP patients was 26 months. Of the 18 FAP patients, 10 (56%) had a colonoscopy or
MRI imaging of abdomen within the past year.

Effect of functional abdominal pain on PCDAI
The mean PCDAI score for patients with FAP was 12.9 (range 5–25). 8/18 (44%) of patients
with CD and FAP were classified with active disease by PCDAI score > 10. When the pain
scores were removed from the PCDAI score, only 4/18 (22%) were classified with active
disease (p=0.02). By comparison, abdominal pain also affected disease severity
categorization in patients with abdominal pain and active disease. (Figure 2) Evaluation of
the sub-group of CD FAP patients who had an abdominal MRI or colonoscopy in the
previous 12 months revealed a similar effect of PCDAI. In this group, 6/10 (60%) met
criteria for active disease by PCDAI >10. When the abdominal pain score was removed,
only 3/10 (30%) of patients met criteria for active disease.

Relationship between functional abdominal pain and depression
In the total study population, 118/307 (38%) met criteria for depression. Ten of eighteen CD
FAP patients had depressive symptoms (55%). In contrast, only 47/157 (30%) of patients
with no abdominal pain and inactive disease by PCDAI≤10 met criteria for depressive
symptoms (p=0.03). The rate of depression in CD FAP patients was similar to CD patients
with abdominal pain from active disease (59/121 or 49%; p=0.62). (Figure 3)

Discussion
This study shows that functional abdominal pain occurs in pediatric patients with quiescent
CD. In addition, these patients have a higher risk of depressive symptoms than other CD
patients with inactive disease. In fact, children with CD and abdominal pain seem to be at
risk of depression regardless of disease activity. The present findings also demonstrate that
the PCDAI is affected by functional symptoms and may overestimate disease activity in
patients with CD FAP, which may lead to unnecessary evaluation and treatment.

In our sample, we found that 13% of pediatric IBD patients with abdominal pain have pain
from overlapping functional disease. The occurrence of functional bowel disorders in
pediatric IBD patients in remission has not been well characterized. While FAP was
previously described by Faure et al. in 8 children with CD, they did not provide prevalence
data.(9) Adult studies have also reported that IBD and functional bowel disorders may
overlap. Minderhoud et al. examined 107 adult IBD patients in clinical remission and
reported a prevalence of Irritable Bowel Syndrome (IBS) by Rome II criteria in 31% of
ulcerative colitis (UC) patients, 41% of Crohn’s disease (CD) patients, and 7.6% of healthy
controls.(2) In addition, Farrokhyar et al. reported an 82% prevalence of functional disorders
(mostly anorectal and bowel disorders) in a sample of 149 IBD patients with inactive
disease(5). And, Piche et al. noted a similar prevalence of 45.6% of IBS-like symptoms in
patients with quiescent CD.(3) Therefore, adult studies suggest an increased risk of
functional bowel disorders in patients with Inflammatory Bowel Disease. In contrast, our
findings suggest a prevalence of FAP in children with inactive IBD closer to the prevalence
of functional disorders in a general population of children and adolescents (10). While we
suspect that the current study may have underestimated the prevalence of FAP in children
with IBD, the study contributes to existing knowledge by demonstrating that FAP can also
occur in organic disease. The understanding of this potential overlap has the potential to
decrease testing, medication escalation, and cost when the etiology is functional rather than
from a flare of the underlying disease. The current study is the first in children to provide
evidence that functional disorders occur in children with IBD in remission and should be
considered.
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The genesis of abdominal pain in patients with IBD in remission is likely similar to patients
with other functional disorders with biological, psychological, and psychosocial contributors
to pain generation and perception.(11–13) The present study highlights the importance of
depression in patients with CD and abdominal pain. The CD FAP patients were more
depressed than other CD patients in remission and as depressed as patients with active
disease and abdominal pain. Previous studies have shown that anxiety and depression are
prevalent in children with IBD.(14, 15) This psychological distress can influence coping
ability, pain perception, and disease activity.(16) A recent study in adult patients with CD
has demonstrated higher levels of depression compared to healthy controls, especially in
those patients with high levels of perceived stress. (17) The present study supports the
significant risk of depression in children with CD. These findings correlate depression to
abdominal pain, showing higher rates of depression in children with Crohn’s disease with
abdominal pain regardless of disease activity. Still, our study cannot establish the causal link
between depression and pain. That is, we cannot determine if the pain produced depression
or if the presence of depression exacerbated the pain. Given that Faure et al. demonstrated
with the use of barostat that pediatric CD patients in remission with pain had visceral
hypersensitivity (9), it is possible that the pain is amplified by the depression. Independent
of the causal relationship, the present study clearly shows that the presence of abdominal
pain, whether in the context of active or inactive disease, is associated with almost double
the rates of depressive symptoms compared to pediatric IBD patients without pain.
Therefore, further studies to understand this link are needed.

Overall, anxiety and depression are also common in patients with functional gastrointestinal
illness and may affect illness severity and extent of disease.(18) Adults with IBD and
overlapping IBS-like symptoms have higher levels of anxiety, depression, and poor well-
being than IBD patients without IBS.(1, 2) The overlap of functional disorders in patients
with IBD has been shown to impact healthcare utilization and quality of life.(5) Piche et al.
reported that CD patients in remission with functional disorders have higher levels of fatigue
and depression than CD patients without functional disorders and similar to patients with
IBS alone.(3) While pediatric data are limited, Gold et al. compared children with IBD to
children with IBS and found that the children with IBS suffered more depression and worse
quality of life than the children with IBD.(19) Previous research supports that children with
frequent abdominal pain are at increased risk for depressive symptoms.(20) Thus, it is
important to recognize the presence of functional disorders and depression both to provide
appropriate treatment and psychological support and to avoid more invasive testing and
escalation of immunosuppressive and biologic therapies with concomitant toxicities. On the
other hand, if an increase in therapy is being contemplated for a Crohn’s patient with
abdominal pain, it is important to document evidence of inflammation to avoid over-treating
patients with functional disease or psychological comorbidities.

One of the main difficulties in this area of research is that there is often an overlap of
symptoms between active CD and FAP, which makes it difficult to exclude active disease.
For this reason, we employed rigorous remission criteria compared to the criteria used in
previous studies to better isolate the symptoms associated with purely functional disorders,
even if it led to a potential under-estimation of FAP in this population. Specifically, we
defined remission with subjective measures (e.g. the physician’s global assessment) and
objective measures (e.g. laboratory parameters and endoscopic and radiologic information
when available). We relied on the treating gastroenterologist’s expertise to evaluate for other
potential causes of abdominal pain (e.g biliary colic) when appropriate. To include more
information about disease course, we also incorporated information on the clinical evolution
of patients and excluded patients with disease relapse or escalation of medical therapy
within 6 months. Few studies have attempted to define this population so critically.
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However, the diagnosis of a functional disorder in the setting of IBD is also complex
because Rome III criteria for FAP or IBS negate the possibility of underlying organic
disease. While it can be argued that the Rome III criteria can be applied to IBD patients in
remission, no prospective studies have validated the use of Rome III criteria in this
population. The concept that functional disorders can also be present in patients with
underlying organic disease is an emerging one. Clinical experience shows that it
undoubtedly exists, but future studies are needed to establish the best way to make this
diagnosis, which will have a major impact in the cost of patient evaluation and approach to
treatment.

In an attempt to address how the presence of functional pain affects the perception of disease
severity, we explored the effect of FAP on pediatric CD severity measures. Since abdominal
pain is a major component of CD scoring tools, we investigated if using a modified PCDAI
without an indicator for abdominal pain would change the categorization of disease activity.
We hypothesized that the use of disease scoring tools would exaggerate disease activity in
patients with an overlap of CD and FAP. In support of this hypothesis, almost half of our
CD patients in remission with FAP met criteria for active disease by total PCDAI, but only
22% of these patients met criteria after removal of the pain score. However, since abdominal
pain is also a symptom of active disease, the removal of the pain score also affected disease
categorization in active patients. For this reason, we do not recommend a modification of the
PCDAI without the abdominal pain score, as this would likely affect validation.

A recent adult study highlighted this difficulty in defining a population of patients with an
overlap of IBD and functional disorders. Keohane measured a higher prevalence of IBS in
IBD patients than the current study, but similar to previously reported adult studies using the
Rome II criteria (59.7% CD patients and 38.6% UC patients). However, Keohane also found
an increased level of fecal calprotectin in the patients defined with IBD-IBS overlap,
suggesting that the symptoms were from occult inflammation rather than functional
disorders.(4) This interpretation has been debated in the literature, as the role that intestinal
inflammation may play in functional gastrointestinal disease is controversial. A unifying
biopsychosocial model incorporating inflammation, cytokine activity, and/or HPA axis
function with psychological distress and differences in central pain processing may better
explain these patients’ symptoms.(21) An alternative explanation for the elevated
inflammatory markers in patients with functional bowel disorders is further supported by a
pediatric study by Shulman et al. which demonstrated elevated fecal calprotectin in children
with IBS or functional abdominal pain compared to healthy controls.(22) This further
highlights the importance that inflammation may have in the pathophysiology of functional
disorders. A prospective study using a reliable noninvasive biomarker is needed to better
evaluate the prevalence of functional bowel disorders in pediatric CD.

The current study has some limitations. We had to rely on existing clinical data in the
definition of disease remission. Because not all patients underwent radiologic or endoscopic
exploration, we could not include these criteria in our definition of disease remission. We
also did not have information on fecal biomarkers, which have been validated to assess
inflammation (e.g. fecal calprotectin or lactoferrin).(23–27) In practice, pediatric
gastroenterologists often face similar clinical dilemmas when caring for CD patients with
normal laboratory studies and stooling patterns but ongoing complaints of abdominal pain.
The diagnostic and therapeutic yield of further exploration or medication escalation must be
tempered with the risk of radiation, anesthesia, and toxicities of medications. Also, other
studies that have attempted to define the prevalence of functional disorders in CD have used
similar clinical data.
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Another limitation of the present study is its design, which prevented us from re-
interviewing patients to more clearly establish their types of functional disorders. By Rome
III criteria, patients with childhood functional abdominal pain disorder must have abdominal
pain at least once a week for at least two months and some loss of daily functioning or other
somatic complaints.(28) We were unable to define our population with Rome III standards
as this information was not uniformly present in the medical records. Although it is
controversial to apply Rome III criteria to patients with organic disease, a prospective study
using Rome III criteria would better characterize the functional disorders present in these
patients.

In conclusion we found that a proportion of patients with pediatric CD in remission have
FAP. These patients are at greater risk for depression than other CD patients in remission. In
fact, abdominal pain may be a risk factor for depression in children with CD independent of
disease activity. Future studies will be needed to determine whether depression contributes
to functional pain development in susceptible CD patients or if pain itself leads to
depression. Clinicians caring for children with CD and overlapping functional pain should
consider evaluating for depression before escalating therapy. Also, the significant effect of
pain on PCDAI categorization suggests that the PCDAI may overestimate disease activity in
pediatric patients with overlapping CD and functional bowel disorders. A noninvasive
biomarker is needed to better identify the patients with CD and functional disorders.
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Figure 1. Classification of patients by presence of abdominal pain and disease activity
FAP patients are defined as patients with abdominal pain but no active disease.
*Clinical signs and symptoms of active disease included abnormal labs [ESR (<10), albumin
(>3.5), and CRP(<1.0)], three or more stools a day; bloody diarrhea, nocturnal stooling, and
the need for current steroid treatment.
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Figure 2. Difference in proportion of patients categorized with active disease* by total PCDAI
and by modified PCDAI
*Active disease categorization is defined by PCDAI>10. In the modified PCDAI, the
abdominal pain score is removed.; ** p=0.02; *** p=0.003
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Figure 3. Proportion of CD FAP patients with depressive symptoms* compared to other CD
patients
*Depressive symptoms defined by CDI>9; **p = 0.03; ***p = 0.62
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Table 1

Demographic Information of CD patients with FAP, CD with active disease and pain, and CD with inactive
disease and no pain

FAP
patients

N=18

Abdominal pain
and active disease

N=121

No abdominal
pain and inactive

disease N=156

P value

Median age in years (IQR) 13(11,16) 14(12,16) 15 (13,16) 0.489

Female n(%) 10(56) 73(60) 72(46) 0.062

White n(%) 17(94) 105(88) 140(91) 0.804

Median PCDAI (IQR) 10(10,15) 26(15,38) 5(0,10) 0.000
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