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Abstract

Background & Aims—Pediatric functional abdominal pain has been linked to functional 

gastrointestinal disorders (FGID) in adulthood, but little is known about patient characteristics in 

childhood that increase risk for FGID in young adulthood. We investigated the contribution of GI 

symptoms, extra-intestinal somatic symptoms, and depressive symptoms in pediatric patients with 

functional abdominal pain and whether these predicted FGIDs later in life.
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Methods—In a longitudinal study, consecutive new pediatric patients, diagnosed with functional 

abdominal pain in a subspecialty clinic, completed a comprehensive baseline evaluation of the 

severity of their physical and emotional symptoms. They were contacted 5–15 years later and 

evaluated, based on Rome III symptom criteria, for abdominal pain-related FGIDs, including 

irritable bowel syndrome (IBS), functional dyspepsia, functional abdominal pain syndrome, and 

abdominal migraine. Controlling for age, sex, baseline severity of abdominal pain, and time to 

follow-up evaluation, multivariable logistic regression was used to evaluate the association of 

baseline GI, extra-intestinal somatic, and depressive symptoms in childhood with FGID in 

adolescence and young adulthood.

Results—Of 392 patients interviewed an average of 9.2 years after initial evaluation, 41% 

(n=162) met symptom criteria for FGID; most met the criteria for IBS. Extra-intestinal somatic 

and depressive symptoms at the initial pediatric evaluation were significant predictors of FGID 

later in life, after controlling for initial levels of GI symptoms. Age, sex, and abdominal pain 

severity at initial presentation were not significant predictors of FGID later in life.

Conclusions—In pediatric patients with functional abdominal pain, assessment of extra-

intestinal and depressive symptoms may be useful in identifying those at risk for FGID in 

adolescence and young adulthood.
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BACKGROUND

Chronic or recurrent abdominal pain is common in childhood, affecting 8–25% of otherwise 

healthy school-age children. In the majority of cases, medical evaluation yields no evidence 

of organic disease and the pain is considered “functional”.1–3 A review of the literature 

estimated that abdominal pain persisted at long-term follow-up in 29.1% (95% CI 28.1–

30.2) of youth with pediatric functional abdominal pain (Ped-FAP).4 Indeed, it has been 

suggested that Ped-FAP in childhood may be a precursor to functional gastrointestinal 

disorders (FGIDs) such as irritable bowel syndrome (IBS) in adulthood.5–7

Little is known, however, about characteristics of symptom presentation in childhood that 

may predict outcomes in adolescence and young adulthood. The empirical literature has 

shown that, in addition to their gastrointestinal symptoms, many patients with Ped-FAP 

experience high rates of extra-intestinal somatic complaints8–11 and psychological 

symptoms such as depression.12–17 Whether these co-existing symptoms are relevant to 

clinical outcomes of Ped-FAP and therefore merit inclusion in the clinical evaluation is 

unclear.

A recent review of the literature on prognostic factors for Ped-FAP found insufficient 

evidence to determine whether extra-intestinal somatic symptoms predicted persistence of 

abdominal pain and conflicting evidence regarding the relation of psychological symptoms 

to pain persistence.18 No studies to date have evaluated whether extra-intestinal and 

depressive symptoms increment the prediction of the prognosis of Ped-FAP over and above 
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abdominal symptoms alone. This is an important limitation of the literature, as abdominal 

symptoms correlate with both extra-intestinal and depressive symptoms, raising the concern 

that assessing these latter symptoms may not add to the prognostication beyond the value of 

assessing abdominal symptoms, and therefore might not be necessary at all. Although other 

patient characteristics such as attentional bias to bodily symptoms and parental factors may 

predict clinical outcomes of Ped-FAP,19–21 we focused here on extra-intestinal and 

depressive symptoms as these can be reliably and efficiently assessed in the clinic setting 

without appreciably extending the clinic visit. Specifically, the current study assessed the 

extent to which extra-intestinal somatic symptoms and depressive symptoms prospectively 

predicted FGID in adulthood, over and above the baseline severity of abdominal pain and 

other GI symptoms evaluated at the time of initial subspecialty evaluation for Ped-FAP.

MATERIALS AND METHODS

Sample

Participants were drawn from a large database of consecutive new patients with Ped-FAP 

who had participated in studies conducted by Walker and colleagues between 1993 and 

200422–24 and agreed to be contacted for follow-up. They were contacted by mail or 

telephone and invited to participate in the follow-up. Eligibility criteria at the time of initial 

study enrollment in childhood included evaluation at a single center pediatric 

gastroenterology clinic for abdominal pain of at least three months’ duration and consistent 

with Apley’s definition of pediatric recurrent abdominal pain12, age between 8 and 16 years, 

living with parent(s) or parent figure, capable of consent/assent, and no chronic illness or 

developmental delay. Patients who had minor histologic findings of esophagitis (with 

normal endoscopy on visualization at initial pediatric evaluation) were eligible for the 

follow-up study as histologic findings alone are neither sensitive nor specific for reflux 

esophagitis or other organic disorder.25 Additional eligibility criteria for the follow-up study 

included: age 12 years or older at follow-up, at least four years elapsed since the initial 

pediatric evaluation, and no current chronic or life-threatening disease.

Procedure

At the time of initial study enrollment, validated patient report symptom questionnaires were 

administered to Ped-FAP patients and their parents before the child’s medical evaluation. 

Results of the initial evaluation in childhood have been reported previously.22–24 At the time 

of study enrollment, participants gave consent to be contacted in the future regarding 

participation in additional studies. Data for the present study were collected as part of a 

follow-up evaluation of long-term health outcomes of Ped-FAP; other aspects of the 

evaluation have been reported elsewhere.26, 27

The protocol for the follow-up study included a structured interview conducted by telephone 

by an interviewer who was unaware of the participant’s original symptom presentation. The 

interviewer elicited demographic information and administered patient-report measures of 

current health status and functioning. Informed consent/assent was obtained by telephone 

prior to conducting the interview. All procedures were approved by our center’s Institutional 

Review Board.
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Baseline Measures

Depressive Symptoms—Depressive symptoms in childhood were evaluated using the 

Children’s Depression Inventory (CDI), a validated self-report measure for children ranging 

from 7 to 17 years of age.28, 29 This questionnaire was completed by the child at the baseline 

pediatric evaluation. A total score is computed with higher scores indicating greater severity 

of depressive symptoms; scores above 12 indicate clinically significant depressive 

symptoms in children evaluated in a medical setting.30, 31

Gastrointestinal and Extra-intestinal Somatic Symptoms—Gastrointestinal (GI) 

and extra-intestinal (non-GI) symptoms were assessed at the initial pediatric evaluation with 

the Children’s Somatization Inventory (CSI), a validated self-report questionnaire for 

children and adolescents.32 The CSI includes 9 GI symptoms (e.g., abdominal pain, nausea, 

constipation, diarrhea, bloating) and 26 extra-intestinal somatic symptoms (e.g., dizziness, 

back pain, headaches, sore muscles). Participants rate the extent to which they have 

experienced each symptom in the past two weeks using a 5-point scale ranging from not at 

all (0) to a whole lot (4). Separate scores were calculated to reflect the total number of GI 

symptoms (range: 0 – 9) and extra-intestinal symptoms (range: 0 – 26), with symptoms rated 

3 or 4 considered present at the initial evaluation.

Abdominal pain severity—Abdominal pain severity in childhood was evaluated using 

the Abdominal Pain Index (API), a validated questionnaire completed by the child.33 The 

API total score is derived from items assessing the intensity, duration, and frequency of 

abdominal pain episodes in the previous two weeks.

Measures obtained at Follow up

Functional Gastrointestinal Disorders (FGID)—Presence of Rome III FGID 

symptom criteria at follow up was determined using the Rome III Questionnaire, a measure 

developed by the Rome Foundation Board to identify individuals who endorse the Rome III 

symptom criteria associated with various FGIDs.34–36 We administered the 24 items that 

assess symptom criteria for FGIDs associated with abdominal pain, including IBS, FD, 

functional abdominal pain syndrome, and abdominal migraine. Participants’ responses were 

scored according to the pediatric Rome III criteria (for participants < 18 years of age) or the 

adult Rome III criteria (for participants ≥ 18 years).

Demographics—Age, sex, and time elapsed since initial pediatric evaluations were 

recorded at follow up.

Statistical Methods

Baseline demographic characteristics were compared between participants with (FGID-Pos) 

and without (FGID-Neg) Rome III symptom criteria at follow-up using either Chi square 

analysis for proportions or Wilcoxon sum rank tests. Multivariable logistic regression 

evaluated the relationship between predictor variables and FGID outcome, with restricted 

cubic splines on continuous predictors allowing for potential nonlinear relationships. 

Regression analyses adjusted for age, sex, baseline severity of abdominal pain, and time 

from initial evaluation to follow-up.
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RESULTS

Of patients who participated in the initial pediatric evaluation, 760 individuals were eligible 

for the follow-up study. They were contacted by mail or telephone and invited to participate 

in the follow-up. As shown in Figure 1, some participants were lost to follow-up because 

they could not be located (n = 267), refused (n = 54), agreed to participate but could not be 

scheduled (n = 40), or had incomplete data (n = 4). In addition, 3 participants were excluded 

due to self-reported autoimmune disease at follow-up (1 participant reported ulcerative 

colitis and was taking balsalazide at the follow-up evaluation, and 2 participants reported 

multiple sclerosis). Thus, the final sample included 392 participants constituting 51.7% of 

eligible patients from the initial pediatric study. Age, sex, and abdominal pain severity at the 

baseline evaluation did not differ significantly for those who did versus did not participate in 

the follow-up.

Incidence and characteristics of FGIDs at Follow-up

Forty-one percent (n= 162) of participants met Rome III symptom criteria for FGID at 

follow-up and were classified as FGID-Pos. Age and gender distributions are presented in 

Table 1. Among those in the FGID-Pos group, the majority met criteria for IBS (n = 69), FD 

(n = 36) or both (n = 41) at follow-up. Functional abdominal pain syndrome (n=8) and 

abdominal migraine (n = 8) were relatively rare. (Table 2)

Within the FGID-Pos group, the FGID subtypes did not differ significantly on any baseline 

measure including abdominal pain severity, number of gastrointestinal or extra-intestinal 

symptoms, or severity of depressive symptoms. Therefore, for analyses evaluating the utility 

of baseline variables in predicting FGID outcomes in adulthood, participants were retained 

in two FGID outcome groups -- those meeting criteria for one or more FGIDs at follow up 

(FGID-Pos) and those not meeting criteria for any FGID at follow-up (FGID-Neg).

Baseline Predictors of FGID at Follow-up

Based on a multivariable logistic regression model, baseline measures of gastrointestinal 

symptoms, extra-intestinal somatic symptoms, and depressive symptoms were each 

significant predictors of FGID in adolescence and young adulthood in analyses controlling 

for age, sex, baseline abdominal pain severity, and time to follow up. (Table 3) The 

multivariable model tested the significance of each baseline variable after accounting for the 

other variables included in the model. Measures of extra-intestinal somatic symptoms and 

depressive symptoms remained significant predictors in the multivariable model, suggesting 

that each had unique predictive value for subsequent presence of FGID in adolescence and 

young adulthood. The relationship of extra-intestinal somatic symptoms at baseline to FGID 

at follow up was linear; that is, each additional gastrointestinal or extra-intestinal somatic 

symptom reported in childhood increased the likelihood of meeting symptom criteria for 

FGID at follow-up in adolescence and young adulthood.

Higher levels of depressive symptoms in childhood also were associated with greater 

likelihood of FGID in adolescence and young adulthood. For example, when adjusting for 

age, sex, baseline abdominal pain severity, time to follow up, baseline gastrointestinal and 
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extra-intestinal somatic symptoms, a child with a CDI score above the screening cut-off for 

risk of depression (CDI score = 12) at the initial pediatric evaluation was nearly three times 

as likely (OR 2.86, CI 1.52, 5.38) to meet FGID symptom criteria at follow-up as compared 

to a child with a CDI score below the 25% percentile (CDI score = 4). Of note, the test for 

nonlinearity of the association between childhood depressive symptoms (CDI score) and 

FGID in adolescence and young adulthood was significant (p < 0.05). This nonlinear 

relation is illustrated in Figure 2, which shows that the probability of FGID at follow-up 

increased with each increase in CDI score up to a CDI score of 13, which is a cut-point often 

used when screening for depression in children.30, 31 At CDI scores higher than 13, the 

probability of FGID remained fairly constant.

Discussion

This prospective study of pediatric patients with functional abdominal pain found that a 

large proportion of these patients still had frequent abdominal pain at follow up in 

adolescence and young adulthood, even though organic gastrointestinal disease was rare 

(<1%). In contrast to studies that have relied on a measure of current abdominal pain 

severity to index the persistence of Ped-FAP, we applied the symptom criteria for Rome III 

FGID which include the severity, duration, and location of abdominal pain as well as 

associated bowel symptoms. Results showed that 41% of Ped-FAP patients had clinically 

significant abdominal pain at follow-up, as defined by the Rome III FGID criteria. The most 

common FGID at follow-up was IBS. This finding underscores the clinical significance of 

Ped-FAP for subsequent FGID.

Controlling for baseline level of gastrointestinal symptoms, the level of extra-intestinal 

somatic symptoms in childhood predicted FGID in young adulthood. Prior research has 

shown that children with functional abdominal pain report more somatic symptoms as 

compared to pain-free peers8–11 and a similar pattern has been found in adults.37, 38 Patients 

with chronic pain conditions, including FGIDs, may have a heightened sensory 

responsiveness throughout the body.39 For example, elsewhere we have shown that 

individuals with a history of Ped-FAP have enhanced responsiveness to laboratory pain 

testing.40 On the other hand, some studies of patients with IBS have not shown enhanced 

CNS responses to pain and have suggested that these patients may be hypervigilant and that 

psychiatric comorbidity may influence and enhance these perceptions.38 Other factors not 

evaluated in this study such as social learning within the family also may contribute to the 

continued manifestation of extra-intestinal somatic symptoms.8, 19, 20

Although it is well known that psychological symptoms such as depression are common in 

both children and adults with functional abdominal pain and/or FGID, it has been unclear 

whether higher levels of depressive symptoms in Ped-FAP were a significant marker for 

persistence of abdominal pain and FGIDs into early adulthood. Our prospective study 

provides evidence that the presence of depressive symptoms in childhood significantly 

predicts FGID in adolescence and young adulthood. This association is particularly 

noteworthy, as it was significant even when controlling for sex, age, time to follow up, 

baseline severity of abdominal pain, and the number of gastrointestinal and extra-intestinal 

somatic symptoms at baseline.
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Interestingly, the association between childhood depressive symptoms and subsequent FGID 

was nonlinear. That is, the probability of FGID at follow up increased with each increase in 

CDI total score up to a score of 13, and then remained fairly constant. Previous studies have 

suggested a cut-point score of 12 or 13 when using the CDI to screen for depression in 

children in a clinical setting.30, 31 Our findings indicate that once the level of depressive 

symptoms is in the clinical range, higher levels of depressive symptoms do not further 

increase the likelihood of FGID at follow up. The mechanisms underlying the relation of 

depressive symptoms to the long-term persistence of functional abdominal pain are 

unknown. Others have suggested that the association of psychological factors with GI 

symptoms may be related to central nervous system modulation of GI function, including 

motility and visceral pain.41, 42

Strengths of this study include the large sample size, prospective design with long-term 

follow-up, and evaluation of outcomes with psychometrically sound measures. Additionally, 

use of the Rome III criteria for FGIDs as the primary outcome measure was considerably 

more informative than a measure of abdominal pain alone, as abdominal pain is common in 

the general population and may not reflect a clinically significant disorder.17, 43, 44 Thus 

evaluation of Rome III symptom criteria may be critical for assessing the clinical 

significance of abdominal discomfort as an outcome in studies of Ped-FAP. Moreover, use 

of the Rome III criteria for FGIDs facilitates comparison of results across studies.

The present study is limited in that the Ped-FAP cohort was recruited from a pediatric 

tertiary care center and may differ from youth with Ped-FAP seen in primary care or in the 

general population. A recent review of the literature, however, reported that abdominal pain 

outcomes were similar in Ped-FAP patients with and without a tertiary care evaluation.4 

Participant attrition is another study limitation, although nonparticipants did not differ 

significantly from participants on baseline symptom severity. Our baseline evaluation of 

emotional symptoms focused on depressive symptoms and did not specifically assess 

symptoms of anxiety, which are common in pediatric functional abdominal pain 

patients.16, 45 Nonetheless, because symptoms of depression and anxiety are known to be 

highly correlated, patients with high levels of depressive symptoms likely also had elevated 

anxiety.46, 47 Finally, although no standard treatments have demonstrated efficacy for Ped-

FAP, many treatment approaches are available (e.g., medication, dietary modification, 

behavioral therapies) and the study is limited in that the possible use of such treatments by 

some patients during the many years between study enrollment and follow-up was not 

assessed.

In summary, at long-term follow-up of Ped-FAP patients, the presence of FGIDs was 

common, and was predicted not only by severity of gastrointestinal symptoms in childhood, 

but also by extra-intestinal somatic symptoms and depressive symptoms in childhood. An 

important clinical implication is that extra-intestinal and depressive symptoms could be 

assessed in the clinical setting to aid physicians in identifying children with increased risk 

for FGID in adolescence and young adulthood. Identification of characteristics of pediatric 

patients at risk for FGID later in development might aid in further understanding the 

etiology of FGID and in formulating treatment plans, including the need for follow-up and 

monitoring of Ped-FAP. Future research should explore whether treating depressive 
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symptoms in patients with Ped-FAP reduces their risk for FGIDs in adolescence and young 

adulthood.
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Figure 1. 
Study design. Ped-FAP = Pediatric functional abdominal pain. FGID-Neg = does not meet 

Rome III symptom criteria for functional gastrointestinal disorder at follow-up. FGID-Pos = 

meets Rome III symptom criteria for functional gastrointestinal disorder at follow-up.
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Figure 2. 
The probability of Functional Gastrointestinal Disorder (FGID) at follow-up in adolescence 

or young adulthood based on baseline scores on the Children’s Depression Inventory (CDI), 

fixing all other variables to constant values (using the average value of each variable, or if a 

categorical variable, using the model-based reference group). Odds ratio between the 25% 

and 75% interquartile values of the CDI scores is shown.
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Table 1

Demographic characteristics of individuals with (FGID-POS) and without (FGID-NEG) Rome III symptom 

criteria for FGID at follow-up

FGID-NEG
n=230

FGID-POS
n=162

p value

Sex, % female 60.0% 71.0% p=0.03

Age at Initial Evaluation (years), Mean age ± SD 11.8 ± 2.6 11.9 ± 2.5 p=0.82

Follow-up period (years), Mean interval ± SD 9.2 ± 3.5 9.0 ± 3.5 p=0.84

Note. FGID = functional gastrointestinal disorder associated with abdominal pain.
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Table 2

Number and percentage of each type of functional gastrointestinal disorder (FGID) at follow-up in 

adolescence and young adulthood

Presence of Functional Gastrointestinal Disorder (FGID) at Follow-up N (%)

No FGID at follow-up (FGID-Neg) 230 (58.6%)

Any FGID at follow-up (FGID-Pos) 162 (41.4%)

 Irritable Bowel Syndrome (IBS) only 69 (17.6%)

 Functional Dyspepsia (FD) only 36 (9.2%)

 Irritable Bowel Syndrome and Functional Dyspepsia (IBS+FD) 41 (10.5%)

 Functional Abdominal Pain only 8 (2.0%)

 Abdominal Migraine only 8 (2.0%)
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Table 3

Results of multivariable cubic spline logistic regression model evaluating the association of each childhood 

factor with the presence of FGID in adolescence and young adulthood

Childhood factor X2 p value

Depressive symptoms 12.38 0.006

Extra-intestinal somatic symptoms 6.00 0.049

Gastrointestinal symptoms 7.87 0.049

Abdominal pain severity 0.69 0.88

Age at initial evaluation 2.08 0.55

Sex 2.57 0.11

Follow-up period (years) 4.05 0.26
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