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Study Objectives: Research indicates a deleterious effect of sleep disturbances on pain and illness-related functioning across pediatric populations. Sleep
problems in youth with functional gastrointestinal disorders (FGIDs) are understudied, despite studies in adult FGIDs indicating sleep disruptions increase pain and
symptom severity. This study sought to better characterize sleep problems in school-age children with FGIDs and to assess relationships with demographic
characteristics and gastrointestinal symptoms.
Methods: Sixty-seven children with FGIDs (pediatric Rome IV criteria) and 59 parents completed questionnaires assessing sleep problems, and children
completed a 2-week pain/stooling diary. Sleep problems in this sample were compared with published normative samples, and children above and below the clinical
cutoff were compared on demographics and FGID symptoms.
Results:Of the sample, 61%were above the clinical cutoff for sleep disturbances, with significantly greater bedtime resistance, sleep onset delay, sleep duration,
and daytime sleepiness than the comparison group. Children above the clinical cutoff reported greater mean abdominal pain severity and pain interference.
Relative to White participants, Black/African-American participants were more likely to be above the clinical cutoff and indicated more frequent night wakening
and symptoms of sleep-disordered breathing, but lower maximum and overall mean abdominal pain severity.
Conclusions: Sleep problems in children with FGIDs are common and related to greater day-to-day abdominal pain severity and pain interference. Results
suggest sleep–pain relationships may differ across racial/ethnic groups. Assessing sleep in children with FGIDs is important, and further research is needed to
assess underlying mechanisms and evaluate sleep as a potential treatment target in this population.
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BRIEF SUMMARY
CurrentKnowledge/StudyRationale:Sleep problems are common and exacerbate pain and symptoms in adults with functional gastrointestinal disorders,
but little is known about this in youth. Existing sleep research in pediatric functional gastrointestinal disorders is limited by retrospective assessment and
broad age ranges, and rarely examines the relationship to gastrointestinal symptoms, necessitating more methodologically sound research in
this population.
Study Impact: This study better characterizes sleep disturbances in pediatric functional gastrointestinal disorders and demonstrates their relationship with
gastrointestinal symptoms. Clinically elevated sleep problems were common in children with functional gastrointestinal disorders, and subjective sleep
problems were related to greater pain severity and activity interference, suggesting sleep as a target for screening and intervention.

INTRODUCTION

Abdominal pain is the most common type of recurrent/chronic
pediatric pain and is reported by up to 10–20% of children,
constituting 5% or more of pediatrician visits in the United
States.1 Because most children and adolescents do not have an
underlying organic cause explaining their abdominal pain, a
significant percentage are diagnosed with a functional gastro-
intestinal (GI) disorder (FGID), such as irritable bowel syn-
drome, functional abdominal pain, or functional dyspepsia.2

Children with FGIDs experience significant declines in
health-related quality of life, often equivalent to those with
organic GI disorders such as inflammatory bowel disease, as
well as greater school absenteeism and health care costs.3,4 Im-
proving understanding of the multiple causal and perpetuating

factors of pain in youth with FGIDs is an important focus
of research to tailor assessment and optimize intervention in
this population.

In adults with FGIDs, inadequate sleep, delayed sleep onset,
and poor sleep quality are common and contribute to increased
abdominal pain and GI symptom severity concurrently and
next-day.5–9 At younger ages, most youth with chronic pain
complain about sleep disturbances, including short sleep du-
ration, poor quality sleep, and frequent night awakenings.10 In
turn, sleep disruption is related to lower health-related quality
of life, greater functional disability, and more limited social
functioning.10 Even in a nonclinical, community-based sample,
daytime sleepiness increases risk for GI symptoms.11 Despite
established research supporting the sleep–pain relationship in
both adults with irritable bowel syndrome and pediatric chronic
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pain populations, it is unclear if the same occurs for children
with FGIDs.

Existing research examining sleep in youth with FGIDs is
limited by single-informant report of sleep disturbances (ie,
child- or parent-only) or samples with a wide age range of
youth, despite distinct developmental differences in sleep–wake
regulation.12 No studies to date have examined relationships
among sleep characteristics and daily reports of abdominal
pain, other specific FGID symptoms, or pain interference in
children with FGIDs. Further, any assessment of GI-related pain
or functional disability is limited to retrospective report.12,13

To address these gaps in the literature, the aims of this study
were to (1) characterize the prevalence and nature of sleep
disturbances in school-age children with FGIDs using a mea-
sure with clinical cutoff scores and (2) examine how sleep
problems relate to demographic characteristics and FGID
symptoms measured via a prospective 2-week daily diary
including child-reported abdominal pain-severity pain inter-
ference. We hypothesized that caregivers and children would
report clinically significant sleep disturbances at rates higher
than published normative samples, with rates of sleep dis-
turbances predicted to be consistent with clinical samples of
adults with FGIDs6 and older children/adolescents with
functional abdominal pain.13,14 Second, we hypothesized that
children with clinically significant sleep disturbances would
report higher average abdominal pain severity and pain in-
terference relative to those without clinically significant
sleep disturbances.

METHODS

Participants
Sixty-seven children ages 7–12 years and 59 parents were
recruited as part of 2 National Institutes of Health–funded
studies, one examining factors affecting treatment response to
peppermint oil in children with functional abdominal pain and
the other a multisite study examining moderators of treatment
response to either a low fermentable carbohydrate (FODMAP)
diet or a parent-focused cognitive behavioral therapy phone
intervention. The difference in sample size between parents and
children was a function of the parent-report sleep questionnaire
being added to study procedures shortly after the child-report
sleep questionnaire.Due to the study design, no healthy controls
were recruited in either study. In both studies, FGID status was
determined using pediatric Rome IV criteria.15,16 Sleep and pain/
stooling assessments were completed prior to any diet or therapy
intervention. Exclusion criteria included children with previous
bowel surgery, documented GI disorders (eg, Crohn disease),
those currently receiving cognitive-behavioral therapy, comor-
bid serious chronic medical conditions (eg, diabetes, cystic fi-
brosis), weight and/or height greater than 2 standard deviations
from the mean for age, significant developmental/psychiatric
disorders (eg, autism), or a non–English-speaking family.

Procedure
Children were recruited from the Texas Children’s Hospital
Pediatric Gastroenterology, Hepatology, and Nutrition Service

and Texas Children’s Hospital Pediatric Associates (primary
care pediatrics). Potential participants were identified from
billing records documenting International Classification of
Diseases, Tenth Revision (ICD-10), codes for irritable bowel
syndrome, functional abdominal pain, or abdominal pain.
A research coordinator contacted identified families by
letter to offer study information and then by phone for ad-
ditional screening using a modified pediatric Rome IV
questionnaire (https://theromefoundation.org/rome-iv/rome-
iv-questionnaire/).17

Consenting and assenting parents and children com-
pleted a 2-week pain/stooling diary using the REDCap
(Research Electronic Data Capture) data-management
system.18 Families completed the 2-week diary and ques-
tionnaires using REDCap online surveys, with correspon-
dence in reporting interval for the prospective pain/stooling
diary and retrospective sleep data. All study protocols were
approved by the Baylor College of Medicine Institutional
Review Board. Parents provided consent and the children
provided assent.

Measures

Child Sleep Habits Questionnaire

The Child Sleep Habits Questionnaire (CSHQ) is a 38-item
retrospective parent-report questionnaire assessing child sleep
and sleep-related behaviors over the past week. Sleep problems
are rated on a 3-point Likert scale (ie, 1 = “rarely or never,” 2 =
“sometimes,” and 3 = “usually”), with higher scores repre-
senting greater sleep problems.19 The CSHQ yields a total sleep
problem score and subscales including bedtime resistance, sleep
anxiety, sleep onset delay, parasomnias, daytime sleepiness,
night awakenings, and sleep-disordered breathing (SDB). A
total score equal to or greater than 41 indicates clinically sig-
nificant sleep problems.18,19 CSHQ scores differentiated a
clinical sample of children with sleep disorders from children in
a community sample and are significantly correlated with child-
reported sleep problems.19 Cronbach’s α for the CSHQ in the
current study was α = 0.83.

Sleep Self-Report

The Sleep Self-Report (SSR) is a 26-item retrospective child
report of sleep behaviors and problems (ie, difficulty going to
bed, difficulty waking, and daytime sleepiness) over the past
week.20 Items are rated ona3-pointLikert scale (ie, 1=“rarely or
never,” 2 = “sometimes,” and 3 = “usually”). Items are summed
to represent a total sleep problems score, with higher scores
representing greater sleep problems.20 This total score has
demonstrated good convergent validity with sleep-related
daytime functioning.21 Cronbach’s α for the SSR in the cur-
rent study was α = 0.82.

Pain and stool diary

Participants completed 3 daily ratings of pain and stooling using
a validated daily diary.22,23Children provided information about
abdominal pain occurring during morning (midnight to noon),
afternoon (noon to 5 PM), and evening hours (5 PM to midnight).
For each interval, abdominal pain severity was rated on a
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10-point Likert scale, with 0 = “no pain” and 10 = “theworst.”A
mean pain-severity rating was computed by calculating the
mean of these 3 daily ratings (morning, afternoon, evening)
for all nonzero ratings (ie, all ratings except those indicating
no pain). Pain frequency was defined as number of days in
which pain was rated as 1 or greater, and pain-related inter-
ference was assessed by asking whether pain interfered with
activities (1 = “not at all,” 2 = “a little,” 3 = “a lot,” or 4 = “could
not participate because of the pain”) during each respective
interval. The mean of pain interference was computed across
the 3 intervals (ie, morning, afternoon, evening) each day.
Children also reported frequency, timing, and form of bowel
movements each day using the Bristol Stool Form Scale.22

Proportions of constipated stools (ie, rated 1–2 on the
Bristol Stool Form Scale), normal stools (ie, rated 3–5 on the
Bristol Stool Form Scale) and diarrheal stools (ie, rated 6–7
on the Bristol Stool Form Scale) were calculated. The total
number of days in which no bowel movements occurred also
was calculated. Consistent with our prior studies, partici-
pants with at least 10 days of complete diary data were retained
for analyses.24–26

Demographics

A demographic questionnaire was used to obtain information
regarding child demographics (age, sex, body mass index, race,
ethnicity, and insurance).

Data analyses
Analyses were conducted using IBM SPSS version 26 software
(IBM Corporation, Armonk, NY). Variables were first exam-
ined for outliers and deviation from assumptions of normality.
Item-level missing data were addressed by imputing means of
subscale scores or the total score as appropriate. Demographic
variables were compared for those above and below the cutoff
score for clinically significant sleep problems on the CSHQ.
Pearson’s bivariate correlations were conducted between the
SSR total score and FGID symptoms from the pain/stooling
diary. Next, SSR and CSHQ total and subscale scores were
compared between the whole sample and 2 separate published
comparison groups19,27 utilizing 1-sample t tests. Given the
diversity of the sample, demographics also were compared by
specific racial (eg, Black/African American vs White) and
ethnic (ie, Hispanic vs non-Hispanic) groups.28 Group com-
parisons were conducted via either Fisher’s exact test (for
categorical comparisons with cells of n ≤ 5), chi-square tests,
or 1-way analyses of variance. However, group comparisons
with non–normally distributed variables were conducted us-
ing the 2-sample Mann-Whitney U test. Because Cohen’s
d tends to be a positively biased parameter of effect size in
smaller samples,29 95% confidence intervals were reported
as an estimate of effect size. Finally, descriptive analyses ex-
amined GI symptom data from the 2-week pain/stooling diary
for thewhole sample, by racial/ethnic groups, and for thosewith
a CSHQ score above/below the clinical cutoff. Means also were
compared for children above and below the CSHQ clinical
cutoff using univariate analyses with race/ethnicity entered as a
covariate. Data are presented as mean ± standard deviation
unless otherwise noted.

RESULTS

Demographic data for the sample (mean age = 10.3 years; 63%
female) are provided in Table 1. Because of the relatively high
proportion of Black/African-American participants in this
sample, we explored demographic differences between Black/
African-American participants (50.7%) and White participants
(40.3%). Participants in other racial groups were not compared
directly due to low frequency (ie, n = 5 participants identified as
American Indian/Alaskan Native, Asian, or >1 race). The 2
racial groups were equivalent on all other demographic vari-
ables including age, sex, body mass index, asthma diagnosis,
and insurance status.

Demographic data were examined separately for children
with (n = 36) and without (n = 23) clinically significant sleep
problems per the CSHQ (Table 1). Age, sex, body mass index,
ethnicity, and insurance status were equivalent between the 2
groups. Childrenwith clinically significant sleep problemswere
more likely to identify as Black/AfricanAmerican (37.9%) than
children without clinically significant sleep problems (13.8%,
χ2 = 5.54, P = .019).

Sleep characteristics
Table 2 presents comparisons between the current sample
and community-based comparison groups on the SSR and
CSHQ. The SSR scores (child report) from the current sample
(36.9 ± 7.3) were significantly higher than scores from the
published comparison group (31.6 ± 5.3; t = 5.92, P < .001) of
619 Dutch elementary school–aged children (mean age = 9.9 ±
1.7; 46.0% female).27Additionally, the SSR totalwas correlated
positively with pain interference (r = .29, P = .026), proportion
of diarrheal bowel movements (r = .29, P = .017), and feeling
tired any time during the day (r = .29, P = .019). Due to its
relevance to the FGID population, 1 item on the SSR was
examined separately; 25.4% of children (17 out of 67) reported
pain waking them up at least 3–7 nights per week. The SSR
total was also correlated positively with the CSHQ total
(r = .59, P = .003).

CSHQ scores (parent report) from the current sample (45.0 ±
8.1) were significantly higher than the published comparison
group (38.8 ± 5.6; t = 5.85, P < .001) of 469 US school-aged
children (mean age = 7.6 ± 1.5; 48.8% female).19 Sixty-one
percent (n = 59) of the sample scored above the CSHQ clinical
cutoff score. Additionally, participants in the current sample
reported significantly greater bedtime resistance (7.7 ± 2.2),
sleep onset delay (1.6 ± 0.7), sleep duration (3.8 ± 1.2), and
daytime sleepiness (13.8 ± 4.0) than the comparison group.

Racial group differences regarding sleep
and FGID symptoms
Regarding racial groupdifferences (Table 3), total parent-reported
sleep problems were greater in Black/African-American par-
ticipants (n = 30, 46.4 ± 8.1) than in White participants (n = 24,
42.1 ± 6.8), with greater symptoms of SDB and night wakening
in Black/African-American participants. Groups did not differ
significantly on any of the remaining CSHQ subscales or total
child-reported sleep problems. Further, non-Hispanic/Latino
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participants did not differ significantly from Hispanic/Latino
participants on any parent- or child-reported sleep variables.

Given the demographics of the current sample, pain/stooling
diary data were compared by race/ethnicity in order to bet-
ter characterize FGID symptoms in these groups (Table 3).
Mean abdominal pain severity was significantly higher among
White participants (3.8 ± 1.1) than Black/African-American
participants (3.0 ± 1.1). Similarly, White participants re-
ported greater maximum pain severity across the 2 weeks
(6.0 ± 1.7) than Black/African-American participants (4.8 ±
2.2). Number of days without a bowel movement was greater
among Black/African-American participants (6.0 ± 3.4) than
White participants (3.5 ± 2.9). No group differences between

Hispanic/Latinos and non-Hispanic/Latinos were found for
diary variables.

Clinical sleep problems and FGID symptoms
Finally, FGID symptoms from the diary were compared be-
tween children below and above the CSHQ clinical cutoff,
controlling for group differences in race/ethnicity. Mean pain
severity was significantly higher among childrenwith clinically
significant sleep problems (3.5 ±1.2) than childrenwithout such
problems (3.1 ± 0.9). Further, mean pain interference was
significantly greater among children with clinically significant
sleep problems (0.7 ± 0.4) than those without such problems
(0.4 ± 0.3). Other FGID symptom variables did not differ

Table 1—Demographics and group comparisons by CSHQ clinical cutoff (parent report).

Full Sample CSHQ Below Clinical
Cutoff (n = 23)

CSHQ Above Clinical
Cutoff (n = 36) F/χ2 P

Age, mean ± SD, y 10.3 ± 1.6 10.5 ± 1.6 10.0 ± 1.6 1.44 .236

Female, n (%) 42 (62.7) 14 (23.7) 25 (42.4) 0.46 .497

Body mass index, mean ± SD, kg/m2 22.3 ± 5.6 21.1 ± 6.0 23.6 ± 5.6 2.65 .109

Race, n (%) — — — 6.77* .039*

American Indian or Alaskan Native 2 (3.4) 0 (0.0) 2 (3.4) — —

Asian 2 (3.4) 1 (1.7) 1 (1.7) — —

Black/African American 30 (51.7) 8 (13.8) 22 (37.9) — —

White 24 (41.3) 14 (24.1) 10 (17.2) — —

Black vs White — — — 5.54* .019*

Ethnicity: Hispanic or Latino, n (%) 31 (46.3) 11 (18.6) 17 (28.8) 0.00 .964

Insurance, n (%) — — — 2.28 .582

Medicaid 7 (10.4) 3 (5.1) 3 (5.1) — —

CHIP 17 (25.4) 4 (6.8) 12 (20.3) — —

PPO/HMO/managed care 41 (61.2) 15 (25.4) 20 (33.9) — —

Asthma, n (%) 6 (9.0) 1 (1.7) 4 (6.8) 0.83 .639

*P < .05. CHIP = Children’s Health Insurance Program, CSHQ = Children’s Sleep Habits Questionnaire, HMO = Health Maintenance Organization,
PPO = Preferred Provider Organization, SD = standard deviation.

Table 2—Parent-reported sleep characteristics comparing the FGID sample and normative groups.

Current Sample
(n = 59)

CSHQ Comparison
Sample

SSR Comparison
Sample t P

95% CI

Lower Upper

CSHQ

Total 45.0 ± 8.1 38.8 ± 5.6 — 5.85*** <.001 4.1 8.3

Bedtime resistance 7.7 ± 2.2 7.1 ± 1.9 — 2.29* .026 0.1 1.2

Sleep onset delay 1.6 ± 0.7 1.3 ± 0.5 — 3.45** .001 0.1 0.5

Sleep duration 3.8 ± 1.2 3.4 ± 0.9 — 2.68** .010 0.1 0.7

Sleep anxiety 5.1 ± 1.8 4.9 ± 1.5 — 0.94 .352 −0.2 0.7

Night wakings 3.5 ± 0.7 3.5 ± 0.9 — 0.16 .871 −0.2 0.2

Parasomnias 8.4 ± 1.6 8.1 ± 1.3 — 1.29 .202 −0.1 0.7

Sleep-disordered breathing 3.5 ± 1.0 3.2 ± 0.6 — 1.86 .068 −0.0 0.5

Daytime sleepiness 13.8 ± 4.0 9.6 ± 2.8 — 8.01*** <.001 3.1 5.2

SSR total 36.9 ± 7.3 — 31.6 ± 5.3 5.92*** <.001 3.5 7.0

Values are means ± SDs unless otherwise indicated. *P <.05; **P <.01; ***P <.001. CI = confidence interval, CSHQ = Children’s Sleep Habits Questionnaire,
FGID = functional gastrointestinal disorder, SSR = Sleep Self-Report.
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significantly between those above and below the clinical cutoff
for sleep problems (Table 4).

DISCUSSION

To our knowledge, this is the first study to examine sleep char-
acteristics in exclusively school-age childrenwith FGIDs that also
includes daily abdominal pain ratings from a prospective diary.
Consistent with our hypothesis, sleep problems were clinically
elevated. In fact, 61%of the samplewasabove theclinical cutoffon
the CSHQ, a value shown to identify sleep problems in children
withdiagnosedclinical sleepdisorders,19 underscoring the extent/
severity of sleep disruption in our participants. Further, child
report of sleep problems via SSR also was higher in comparison
to a Dutch normative sample of school-age children.27 Sleep
problems in our FGID sample appear comparable to school-age
children with juvenile rheumatoid arthritis,30–32 sickle cell
disease,33 and in amixed sample of childrenwith persistent pain
conditions.34 These findings underscore the importance of

assessing and attending to sleep disturbance in pediatric patients
with FGIDs.

The limited available evidence suggests that youth with
FGIDs report greater sleep problems when compared with
healthy controls,13,14 which, in turn, relate to greater functional
disability.12 The current study extends previous research by
focusing on school-age children and expanding on the exact
nature of sleep problems, specifically indicating greater bedtime
resistance, delayed sleep onset, and greater daytime sleepiness,
indicating poor sleep quality despite longer sleep duration.
Because our findings suggest that those with both parent- and
child-reported sleep problems experience greater pain severity
and pain-related interference in daily activities, children who
present with an FGID in a health care setting (eg, pediatrician’s
office, GI clinic) may benefit from screening for sleep problems
to identify those at risk for greater impairment and who warrant
further, targeted intervention.

The racial composition of our sample allowed us to compare
sleep problems between Black/African-American and White
participants. Although Black/African-American children did

Table 3—Comparison of Black/African-American and White participants on sleep problems and FGID symptoms.

White (n = 24) Black (n = 30) F/Mann-Whitney U P
95% CI

Lower Upper

Parent-reported sleep

CSHQ

Total 42.1 ± 6.8 46.4 ± 8.1 234.5* .029 −8.5 −0.2

Bedtime resistance 7.0 ± 1.5 7.8 ± 2.2 277.0 .092 −1.8 0.2

Sleep onset delay 1.5 ± 0.7 1.6 ± 0.7 347.0 .633 −0.4 0.3

Sleep duration 3.5 ± 0.9 4.2 ± 1.4 281.5 .082 −1.3 −0.0

Sleep anxiety 4.8 ± 1.05 4.9 ± 1.8 322.0 .341 −0.8 0.7

Night wakings 3.3 ± 0.6 3.8 ± 0.8 239.0* .017 −0.9 −0.1

Parasomnias 8.5 ± 1.7 8.3 ± 1.4 346.5 .807 −0.7 1.1

Sleep-disordered breathing 3.2 ± 0.7 3.8 ± 1.2 231.5** .005 −1.1 −0.1

Daytime sleepiness 12.6 ± 4.0 14.5 ± 3.6 3.54 .065 −3.9 0.1

Child-reported sleep

SSR total 34.6 ± 7.5 37.4 ± 6.8 357.5 .138 −5.7 1.6

Pain/stooling diary

Abdominal pain severity (1–10) 3.8 ± 1.1 3.0 ± 1.1 6.40* .014 0.2 1.4

Maximum abdominal pain severity (1–10) 6.0 ± 1.7 4.8 ± 2.2 5.21* .026 0.2 2.3

Pain interference rating (1–4) 0.7 ± 0.5 0.5 ± 0.4 306.5 .180 −0.1 0.5

Morning pain severity (1–10) 3.5 ± 1.3 3.0 ± 1.3 2.73 .104 −0.1 1.3

Afternoon pain severity (1–10) 3.9 ± 1.8 3.0 ± 1.2 3.41 .072 −0.1 1.7

Evening pain severity (1–10) 3.6 ± 1.8 3.2 ± 1.5 0.80 .377 −0.5 1.4

Pain frequency (days) 6.7 ± 4.4 5.1 ± 3.8 355.5 .132 −0.5 3.7

Proportion of constipation BMs 0.4 ± 0.4 0.4 ± 0.3 435.0 .725 −0.1 0.2

Proportion of normal BMs 0.5 ± 0.3 0.6 ± 0.3 443.5 .821 −0.2 0.2

Proportion of diarrhea BMs 0.1 ± 0.1 0.1 ± 0.2 454.5 .937 −0.1 0.1

Number of days without BMs 3.5 ± 2.9 6.0 ± 3.4 266.5** .005 −4.2 −0.8

Tired any time throughout day 1.9 ± 1.8 2.1 ± 2.0 439.5 .777 −1.2 0.8

Values are means ± SDs unless otherwise indicated. *P < .05; **P < .01. BM = bowel movement, CI = confidence interval, CSHQ = Children’s Sleep Habits
Questionnaire, FGID = functional gastrointestinal disorder, SSR = Sleep Self-Report.
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not report greater daytime sleepiness, they did report more
frequent night wakening and greater symptoms of SDB. This
latterfinding is consistentwith research indicating higher risk of
SDB among Black/African-American youth, even when ac-
counting separately for effects of obesity and respiratory
problems.35 SDB has a well-known deleterious effect on neu-
rocognitive and behavioral functioning36 that could contribute
to worsening pain, functional impairment, and GI symptoms.
However, Black/African-American children in the current
sample did not have a higher body mass index and reported
significantly less overall abdominal pain and lower maximum
abdominal pain severity than White children. One possible
interpretation is that the specific nature of sleep problems relates
differently to symptoms across various racial/ethnic groups. Ad-
ditionally, cultural differences in reporting cannot be ruled out.37

While this study addresses gaps in existing literature, there
are limitations that warrant mention. The small sample size
affects power for the detection of group differences, and
multiple comparisons increase the risk of false positives.
Therefore, results should be interpreted with caution, and ad-
ditional research with a larger sample is needed. Further, data
were not available regarding the contribution of other relevant
health-related variables (eg, diet and activity level) or more
precise cultural and economic indices (eg, socioeconomic
status, neighborhood environment), which should be examined
as potential contributory factors in future research. For instance,
in the current study, Black/African-American children indi-
cated significantly greater days without stooling, which could
be attributed to cultural differences in dietary practices. The
absence of a local control group does not allow comparisonwith
a concurrent control group, or how this sample relates to other
minority pediatric populations, and this will be an important
area for future study. Additionally, the Dutch sample utilized a
translated version of the SSR, and comparison with this sam-
ple may be influenced by cultural differences; that said,

importantly, this sample offers the only available published
normative comparison for SSRdata.While sleep problemswere
evaluated by multi-informant and validated measures of sleep,
inclusion of objective sleep parameters (eg, actigraphy) would
help to further qualify/quantify self-reported sleep data. A bi-
directional relationship between sleep and pain has been pro-
posed, whereby sleep problems contribute to adverse
psychosocial and physiological outcomes that worsen pain and
thereby increase sleep problems.38 Greater understanding about
the temporal sleep–pain relationship in FGIDs, perhaps from
ecological momentary assessment data, would inform direc-
tionality the pain–sleep relationship and identify which factors
have the greatest influence and should be targeted in inter-
ventions. Ultimately, future research should explore how
children with FGIDs would respond to evidence-based treat-
ment targeting sleep problems and the potential impact of such
intervention on pain and GI symptoms, and potential impact on
nightly bedtime routines would be of particular interest.

The racial composition of our sample represents a notable
strength of this study, in addition to other study strengths such
as the utilization of Rome IV criteria and concurrent assess-
ment of sleep and prospective pain/stooling diary data. These
findings provide preliminary information about potential re-
lationships between FGIDs and sleep problems in a racially
and ethnically diverse sample of children, but literature ex-
amining sleep problems both in pediatric populations and in
minority samples is still in its infancy. Clearly, more research is
needed to increase understandingof the role of sleepproblems in
the complex, multifactorial processes contributing to pediatric
health disparities and to extend this research to youth with
FGIDs who constitute a substantial proportion of the chronic
pain population.1

In summary, the current study extends the literature by fo-
cusing on school-age children utilizing ameasurewith a clinical
cutoff to better characterize the severity of sleep problems in

Table 4—Child-reported FGID symptoms for children below vs above CSHQ clinical cutoff controlling for race/ethnicity.

Full Sample CSHQ Below Clinical
Cutoff (n = 23)

CSHQ Above Clinical
Cutoff (n = 36) F P

95% CI

Lower Upper

Abdominal pain severity (1–10) 3.4 ± 1.2 3.1 ± 0.9 3.5 ± 1.2 4.35* .043 −1.3 −0.0

Maximum abdominal pain severity (1–10) 5.3 ± 2.0 5.3 ± 1.9 5.2 ± 2.1 0.25 .620 −1.5 0.9

Pain interference rating (1–4) 0.6 ± 0.5 0.4 ± 0.3 0.7 ± 0.4 9.71** .003 −0.6 −0.1

Morning pain severity (1–10) 3.3 ± 1.3 2.8 ± 1.1 3.4 ± 1.4 3.94 .053 −1.5 0.0

Afternoon pain severity (1–10) 3.4 ± 1.5 3.2 ± 1.7 3.5 ± 1.3 1.81 .187 −1.7 0.3

Evening pain severity (1–10) 3.3 ± 1.6 2.9 ± 1.4 3.7 ± 1.7 3.61 .065 −2.1 0.1

Number of days with pain 5.7 ± 4.1 5.9 ± 4.5 5.0 ± 3.6 0.23 .637 −1.8 2.9

Proportion of constipated BMs 0.4 ± 0.3 0.3 ± 0.3 0.4 ± 0.4 2.49 .121 −0.4 0.0

Proportion of normal BMs 0.6 ± 0.3 0.7 ± 0.4 0.5 ± 0.3 3.47 .069 −0.0 0.4

Proportion of diarrhea BMs 0.1 ± 0.2 0.1 ± 0.1 0.1 ± 0.2 1.03 .315 −0.2 0.1

Number of days without BMs 4.6 ± 3.4 3.6 ± 3.3 5.7 ± 3.4 1.64 .206 −2.9 0.7

Tired any time throughout day 2.0 ± 2.0 1.7 ± 1.9 2.2 ± 1.9 2.31 .434 −1.6 0.7

Values are means ± SDs unless otherwise indicated. *P < .05, **P < .01. BM = bowel movement, CI = confidence interval, CSHQ = Children’s Sleep Habits
Questionnaire, FGID = functional gastrointestinal disorder.
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children with FGIDs. Given that clinically significant sleep
problems were common by both parent and child report, and
associated with greater pain and pain interference, these find-
ings call for additional research exploring underlying mecha-
nisms and clinical interventions to address sleep problems in
children presenting with FGIDs.

ABBREVIATIONS

CSHQ, Children’s Sleep Habits Questionnaire
FGID, functional gastrointestinal disorder
GI, gastrointestinal
SDB, sleep-disordered breathing
SSR, Sleep Self-Report

REFERENCES

1. Banez G, Cunningham C. Pediatric gastrointestinal disorders: recurrent
abdominal pain, inflammatory bowel disease, and rumination disorder/cyclic
vomiting. In: Roberts MC, ed.Handbook of Pediatric Psychology. Guilford Press:
New York, NY; 2003:462–478.

2. Walker LS, Lipani TA, Greene JW, et al. Recurrent abdominal pain: symptom
subtypes based on the Rome II Criteria for pediatric functional gastrointestinal
disorders. J Pediatr Gastroenterol Nutr. 2004;38(2):187–191.

3. Youssef NN,Murphy TG, Langseder AL, Rosh JR. Quality of life for children with
functional abdominal pain: a comparison study of patients’ and parents’
perceptions. Pediatrics. 2006;117(1):54–59.

4. Dhroove G, Chogle A, Saps M. A million-dollar work-up for abdominal pain: is it
worth it? J Pediatr Gastroenterol Nutr. 2010;51(5):579–583.

5. Vege SS, Locke GR III, Weaver AL, Farmer SA, Melton LJ III, Talley NJ.
Functional gastrointestinal disorders among people with sleep disturbances: a
population-based study. Mayo Clin Proc. 2004;79(12):1501–1506.

6. FassR, Fullerton S, Tung S,Mayer EA. Sleep disturbances in clinic patients with
functional bowel disorders. Am J Gastroenterol. 2000;95(5):1195–2000.

7. Heitkemper M, Jarrett M, Burr R, Cain KC, Landis C, Lentz M, Poppe A.
Subjective and objective sleep indices in women with irritable bowel syndrome.
Neurogastroenterol Motil. 2005;17(4):523–530.

8. Buchanan DT, Cain K, Heitkemper M, et al. Sleep measures predict next-day
symptoms in women with irritable bowel syndrome. J Clin Sleep Med. 2014;10(9):
1003–1009.

9. Patel A, Hasak S, Cassell B, et al. Effects of disturbed sleep on gastrointestinal
and somatic pain symptoms in irritable bowel syndrome. Aliment Pharmacol Ther.
2016;44(3):246–258.

10. Valrie CR, Bromberg MH, Palermo T, Schanberg LE. A systematic review of
sleep in pediatric pain populations. J Dev Behav Pediatr. 2013;34(2):120–128.

11. Jansen EC, Dunietz GL, Felt BT, O’Brien LM. Sleep and gastrointestinal
symptoms in a community-based survey of children. Clin Pediatr (Phila). 2018;
57(13):1515–1522.

12. Schurman JV, Friesen CA, Dai H, Danda CE, Hyman PE, Cocjin JT. Sleep
problems and functional disability in children with functional gastrointestinal
disorders: an examination of the potential mediating effects of physical and
emotional symptoms. BMC Gastroenterol. 2012;12(1):142.

13. Haim A, Pillar G, Pecht A, et al. Sleep patterns in children and adolescents with
functional recurrent abdominal pain: objective versus subjective assessment.Acta
Paediatr. 2004;93(5):677–680.

14. Huntley ED, Campo JV, Dahl RE, Lewin DS. Sleep characteristics of youth with
functional abdominal pain and a healthy comparison group. J Pediatr Psychol.
2007;32(8):938–949.

15. BenningaMA, Faure C, HymanPE, St JamesRoberts I, Schechter NL, Nurko S.
Childhood functional gastrointestinal disorders: neonate/toddler.
Gastroenterology. 2016;150(6):1443–1455.e2.

16. Drossman DA. Functional gastrointestinal disorders: history, pathophysiology,
clinical features and Rome IV. Gastroenterology. 2016;150(6):
1262–1279, e2.

17. Palsson OS, Whitehead WE, van Tilburg MAL, et al. Development and
validation of the Rome IV diagnostic questionnaire for adults. Gastroenterology.
2016;150(6):1481–1491.

18. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)—ametadata-driven methodology and workflow
process for providing translational research informatics support. J Biomed Inform.
2009;42(2):377–381.

19. Owens JA, Spirito A, McGuinn M. The Children’s Sleep Habits Questionnaire
(CSHQ): psychometric properties of a survey instrument for school-aged children.
Sleep. 2000;23(8):1043–1051.

20. Owens JA, Maxim R, Nobile C, McGuinn M, Msall M. Parental and self-report of
sleep in children with attention-deficit/hyperactivity disorder. Arch Pediatr Adolesc
Med. 2000;154(6):549–555.

21. Becker SP. External validity of children’s self-reported sleep functioning:
associations with academic, social, and behavioral adjustment. Sleep Med. 2014;
15(9):1094–1100.

22. Lewis SJ, Heaton KW. Stool form scale as a useful guide to intestinal transit
time. Scand J Gastroenterol. 1997;32(9):920–924.

23. von Baeyer CL, Walker LS. Children with recurrent abdominal pain:
research criteria for selection of subjects. J Dev Behav Pediatr. 1999;20(5):
307–313.

24. Shulman RJ, Eakin MN, Jarrett M, Czyzewski DI, Zeltzer LK. Characteristics of
pain and stooling in children with recurrent abdominal pain. J Pediatr Gastroenterol
Nutr. 2007;44(2):203–208.

25. Varni JW, Bendo CB, Nurko S, et al; Pediatric Quality of Life Inventory (PedsQL)
Gastrointestinal Symptoms Module Testing Study Consortium. Health-related
quality of life in pediatric patients with functional and organic gastrointestinal
diseases. J Pediatr. 2015;166(1):85–90.

26. Saulnier DM, Riehle K, Mistretta TA, et al. Gastrointestinal microbiome
signatures of pediatric patients with irritable bowel syndrome. Gastroenterology.
2011;141(5):1782–1791.

27. Steur LMH, Grootenhuis MA, Terwee CB, et al. Psychometric properties and
norm scores of the Sleep Self Report in Dutch children.Health Qual Life Outcomes.
2019;17(1):15.

28. The White House. Revisions to the Standards for the Classification of Federal
Data on Race and Ethnicity. 1997. https://obamawhitehouse.archives.gov/omb/
fedreg_1997standards#main-content. Accessed August 11, 2019.

29. Durlak JA. How to select, calculate, and interpret effect sizes. J Pediatr Psychol.
2009;34(9):917–928.

30. Bloom BJ, Owens JA, McGuinn M, Nobile C, Schaeffer L, Alario AJ. Sleep and
its relationship to pain, dysfunction, and disease activity in juvenile rheumatoid
arthritis. J Rheumatol. 2002;29(1):169–173.

31. Ward TM, Ringold S, Metz J, et al. Sleep disturbances and neurobehavioral
functioning in children with and without juvenile idiopathic arthritis. Arthritis Care
Res (Hoboken). 2011;63(7):1006–1012.

32. Ward TM, Sonney J, Ringold S, Stockfish S, Wallace CA, Landis CA. Sleep
disturbances and behavior problems in children with and without arthritis. J Pediatr
Nurs. 2014;29(4):321–328.

33. Daniel LC, Grant M, Kothare SV, Dampier C, Barakat LP. Sleep patterns
in pediatric sickle cell disease. Pediatr Blood Cancer. 2010;55(3):
501–507.

34. Long AC, Krishnamurthy V, Palermo TM. Sleep disturbances in school-age
children with chronic pain. J Pediatr Psychol. 2008;33(3):258–268.

35. Redline S, Tishler PV, Schluchter M, Aylor J, Clark K, Graham G. Risk factors
for sleep-disordered breathing in children: associations with obesity, race,
and respiratory problems. Am J Respir Crit Care Med. 1999;159(5 Pt 1):
1527–1532.

36. Owens JA. Neurocognitive and behavioral impact of sleep disordered breathing
in children. Pediatr Pulmonol. 2009;44(5):417–422.

37. Rhee H. Racial/ethnic differences in adolescents’ physical symptoms. J Pediatr
Nurs. 2005;20(3):153–162.

Journal of Clinical Sleep Medicine, Vol. 17, No. 6 June 1, 20211199

J Jansen, R Shulman, TM Ward, et al. Sleep in pediatric FGIDs
D

ow
nl

oa
de

d 
fr

om
 jc

sm
.a

as
m

.o
rg

 b
y 

K
ir

st
en

 T
ay

lo
r 

on
 M

ar
ch

 2
, 2

02
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

C
op

yr
ig

ht
 2

02
2 

A
m

er
ic

an
 A

ca
de

m
y 

of
 S

le
ep

 M
ed

ic
in

e.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 

https://obamawhitehouse.archives.gov/omb/fedreg_1997standards#main-content
https://obamawhitehouse.archives.gov/omb/fedreg_1997standards#main-content


38. Lewin DS, Dahl RE. Importance of sleep in the management of pediatric pain.
J Dev Behav Pediatr. 1999;20(4):244–252.

SUBMISSION & CORRESPONDENCE INFORMATION

Submitted for publication May 5, 2020
Submitted in final revised form January 19, 2021
Accepted for publication January 20, 2021

Address correspondence to: Mariella M. Self, PhD, ABPP, 6701 Fannin Street,
Houston, TX 77030; Tel: (832) 822-3743; Email: mmself@texaschildrens.org

DISCLOSURE STATEMENT

All authors have seen and approved the manuscript. Work for this study was performed
at Baylor College of Medicine, Texas Children’s Hospital, and the University of
Washington. The authors report no conflicts of interest.

Journal of Clinical Sleep Medicine, Vol. 17, No. 6 June 1, 20211200

J Jansen, R Shulman, TM Ward, et al. Sleep in pediatric FGIDs
D

ow
nl

oa
de

d 
fr

om
 jc

sm
.a

as
m

.o
rg

 b
y 

K
ir

st
en

 T
ay

lo
r 

on
 M

ar
ch

 2
, 2

02
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

C
op

yr
ig

ht
 2

02
2 

A
m

er
ic

an
 A

ca
de

m
y 

of
 S

le
ep

 M
ed

ic
in

e.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 

mailto:mmself@texaschildrens.org

	Sleep disturbances in children with functional gastrointestinal disorders: demographic and clinical characteristics
	Outline placeholder
	Participants
	Procedure
	Measures
	Child Sleep Habits Questionnaire
	Sleep Self-Report
	Pain and stool diary
	Demographics

	Data analyses
	Sleep characteristics
	Racial group differences regarding sleep and FGID symptoms
	Clinical sleep problems and FGID symptoms



