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Prevalence of Pediatric Functional Gastrointestinal Disorders Utilizing
the Rome IV Criteria
Samantha G. Robin, BS1, Catherine Keller, BS1,*, Russell Zwiener, MD2, Paul E. Hyman, MD2, Samuel Nurko, MD, MPH3,
Miguel Saps, MD4, Carlo Di Lorenzo, MD4, Robert J. Shulman, MD5, Jeffrey S. Hyams, MD6, Olafur Palsson, PsyD1, and
Miranda A. L. van Tilburg, PhD1,7,8
Objective To assess the prevalence of functional gastrointestinal (GI) disorders in children 0-18 years old according to the newly established Rome IV diagnostic criteria as reported by parents in a representative community
sample.
Study design A cross-sectional study in which mothers (n = 1255) of children aged 0-18 years old in the US
were recruited to complete an online survey about their child’s GI symptoms, quality of life (QoL), and other health
conditions.
Results Based on the Rome IV criteria, 24.7% of infants and toddlers aged 0-3 years and 25.0% of children and
adolescents aged 4-18 years fulfilled symptom-based criteria for a functional GI disorder. The most common functional GI disorders were infant regurgitation among infants (24.1%) and functional constipation among both toddlers (18.5%) and children and adolescents (14.1%). QoL was diminished in pediatric patients with functional GI
disorders (median = 71.69 vs median = 87.60; z = −11.41; P < .001). Children were more likely to qualify for a functional GI disorder if their parent qualified for a functional GI disorder (35.4% vs 23.0%; P < .001).
Conclusions Based on Rome IV criteria, functional GI disorders are common in pediatric populations of all ages
and are associated with decreased QoL. (J Pediatr 2017;■■:■■-■■).
unctional gastrointestinal (GI) disorders are common in children of all ages worldwide.1-5 Functional GI disorders are
currently best understood as bio-psychosocial disorders lacking an identifiable organic etiology, but affecting the complex
interactions between the brain and gut.6 Different diagnostic criteria are established to diagnose infant and toddler functional GI disorders (0-3 years old) and child/adolescent functional GI disorders (4 years and older). Prevalence rates of pediatric functional GI disorders have been reported to be between 9.9% and 27.5% in children/adolescents7-11 and between 27%
and 40.5% in infants and toddlers.1,5
In 2016, the Rome IV criteria for functional GI disorders were published, replacing the Rome III criteria established in 2006.6,12-14
The goal of the Rome IV process was to update the diagnostic tools based on new findings in the literature including new information on gut-brain interactions and microenvironments.6 These new criteria include 2 new diagnoses for children ages 4
years and older (functional nausea and functional vomiting), and several modifications to diagnostic criteria for existing diagnoses. The goal of this study was
to evaluate the prevalence of GI symptoms suggestive of functional GI disorders
among infants and toddlers ages 0-3 years old and children and adolescents ages
From the 1Department of Medicine, Division of
4-18 years old according to the new Rome IV criteria.
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Methods
Mothers of children ages 0-18 years old were recruited through online survey panels
by CINT USA, Inc (Atlanta, GA; www.cint.com). CINT has 19 million registered
panel members worldwide, consisting of individuals who have joined to answer
a variety of surveys. CINT targeted recruitment among their panel members to
mothers living in the US with predetermined quota-based sampling to ensure adequate representation of sex, race, and age groups. Mothers rather than fathers
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were recruited to complete the survey because mothers are more
likely to be the primary caregiver of their child and accompany their child to doctor’s visits. Parent-child GI symptom
overlap has also been more extensively studied previously in
mothers.1
Data collection was completed during the first week of May
2016. Mothers were recruited to complete a survey on “child
health,” which was not identified as a survey relating to GI
symptoms to prevent selection bias. If parents had more than
1 child age 0-18 years, they were asked to answer all questions about the child whose name was first in alphabetical order.
Parents completed an online consent form and were then directed to complete a secure online survey using Qualtrics software (https://www.qualtrics.com/research-suite/). No identifying
information was collected from responders or their children.
This study was approved by the Institutional Review Board of
the University of North Carolina (15-0647).
Mothers in this study completed the Rome IV Pediatric Diagnostic Questionnaire (RIV-PDQ) about their child’s GI symptoms. The RIV-PDQ was developed by Rome IV committee
members and is based on the Rome III questionnaire, the Questionnaire on Pediatric Gastrointestinal Symptoms-Rome III
(QPGS-RIII), which has been validated in both children/
adolescents as well as infants and toddlers.15-18
Mothers also completed a questionnaire about their own GI
symptoms, using the Functional Bowel Module of the Rome
IV Diagnostic Questionnaire for Adults (an updated version
of the Rome III questionnaire).19 This questionnaire has high
specificity for irritable bowel syndrome (IBS), functional dyspepsia, and functional constipation and moderate sensitivity.19
To limit participant burden, only questions related to the most
common functional GI disorders, IBS, functional dyspepsia,
functional constipation, and functional diarrhea were included. All questionnaires can be requested from the Rome
foundation (http://theromefoundation.org/).
Quality of life (QoL) was assessed using the PedsQL4.0
Generic Core Scale, which includes subscales assessing physical, emotional, social, and school/day care functioning.20 Items
were transformed from a scale of 0-5 to 0-100, with higher
scores indicating higher QoL. Total QoL scores were averaged from the subscale scores with each subscale weighted
evenly. If parents rated school/day care functioning questions not applicable for their child, summary scores were averaged excluding the school/day care functioning subscale.
Separate parent-proxy scales were used for toddlers (ages 2-4
years), young children (ages 5-7 years), older children (ages
8-12 years), and teens (ages 13-18 years). QoL data were not
collected for children less than 2 years old because this scale
is only validated for children 2 years and older.
Demographic questions included parent and child age,
sex, parent and child race/ethnicity, marital and cohabitation
status, household income, parental education, proportion
of time parent lives with child, and state of residence.
Health questions included number of doctor’s visits, school/
work absences, and hospital stays in the previous 6 months
as well as use of common medications and common health
problems.
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Statistical Analyses
Averages and SDs or percentages of the sample were calculated as appropriate. The t tests provided results for continuous variables and c2 tests were used to analyze categorical
variables. There were no missing data because the Qualtrics
software required responses to all questions before continuing through the survey.
Several control measures were used to ensure quality of data.
Responses were restricted to 1 entry per computer device, and
responses were excluded if 3 repeated questions about the mother’s own symptoms were answered inconsistently. Subjects were
excluded from analyses if either the mother or child reported
a personal history of cancer, celiac disease, or inflammatory
bowel disease (IBD), or if the mother completing the survey
lived with her child less than one-half of the time.

Results
A total of 1515 mothers completed the questionnaire, 368 of
whom provided information about children 0-3 years old and
1147 for children 4-18 years old. Data was excluded from respondents who had children with a history of celiac disease
(n = 14), IBD (n = 7), or cancer (n = 2), and mothers with a
history of celiac disease (n = 17), IBD (n = 17), or cancer
(n = 22), or who lived with their children less than one-half
of the time (n = 3). Respondents were also excluded for inconsistent answers (n = 195).
After exclusions, a total of 296 infants and toddlers and 959
children 4 years and older were included in the analyses. Table I
provides demographic information on the included subjects.
The sample shows a good distribution across races/ethnicity,
race, age, and socioeconomic class as obtained per quotabased sampling. Mothers living in all states across the US were
included.
Infant/ Toddler Rome IV Diagnoses
Table II provides the prevalence of functional GI disorders
among infants and toddlers in the sample according to Rome
IV criteria. Over one-third (37.9%) of infants less than 1 year
old met the diagnostic criteria for at least 1 functional GI disorder. Among toddlers, 21.4% met the criteria for at least 1
functional GI disorder. Among infants and toddlers combined, 24.7% qualified for at least 1 functional GI disorder.
Among infants and toddlers meeting criteria for any functional GI disorder, 9.6% met criteria for more than 1 functional GI disorder. Infant regurgitation was the most common
disorder in infants, and functional constipation was the most
common among toddlers (Table II). There were no infants with
dyschezia and no infants or toddlers with functional diarrhea.
There were no significant differences between boys and girls
in the number or type of functional GI disorders. Notably, no
male infants met the criteria for infant colic, and 3 female
infants fulfilled criteria (P = .082). Race differences in prevalence and type of functional GI disorders were not calculated
because most racial categories had less than 5 infants/toddlers
meeting criteria for a functional GI disorder.
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Table I. Sample demographics
Child, mean (SD) or N (%)
N = 1255

Demographics
Sex (female)
Age

Mother, mean (SD) or N (%)
N = 1255

668 (53.2%)
Mean: 8.35 (5.24)
Infants (<1y): 58 (4.6%)
Toddlers (1-3 y): 238 (19.0%)
Children /adolescents (4 + y): 959 (76.4%)

Race/ethnicity
Hispanic
Caucasian
African American
Asian or Pacific Islander
Native American
Mixed or nondisclosed
Living arrangement
Household income
<$25 000
$25 000-$50 000
$50 000-$100 000
>$100 000
Parental education
Some high school
High school graduate or some college
College graduate or some graduate school (Associate or Bachelor degree)
Postgraduate degree
QoL (ages 2-18 y)

100%
36.17 (9.58)

198 (15.8%)
964 (76.8%)
112 (8.9%)
44 (3.5%)
10 (0.8%)
125 (10.0%)
1209 (96.3%) mother lives with child all the time

159 (12.7%)
1013 (80.7%)
110 (8.8%)
46 (3.7%)
12 (1.0%)
74 (5.9%)
N/A

N/A
N/A
N/A
N/A

190
394
455
176

N/A
N/A
N/A
N/A
79.71 (18.85)

(15.1%)
(31.4%)
(36.3%)
(14.0%)

44 (3.5%)
585 (46.6%)
507 (40.4%)
113 (9.0%)
N/A

N/A, not applicable.

Child/ Adolescent Rome IV Diagnoses
Table III provides the prevalence of functional GI disorders
among children and adolescents ages 4 years and older in the
sample according to Rome IV criteria. Among children and
adolescents ages 4 years and older, 25.0% qualified for at least
1 functional GI disorder by Rome IV criteria. Children and
adolescents in the study qualified for 11 of 12 functional GI
disorders diagnosable in this age group; no subjects qualified
for rumination. The most common functional GI disorders
were functional constipation (14.1%) and functional dyspepsiapostprandial distress syndrome (7.2%).
Functional abdominal pain-not otherwise specified was more
prevalent in female (4.2%) than male subjects (1.8%, P = .04).

Table II. Functional GI disorder prevalence in infants and
toddlers according to Rome III and Rome IV criteria
Diagnoses
Infants (N = 58)
Infant regurgitation
Infant colic
Infant dyschezia
Cyclic vomiting syndrome
Rumination
Functional constipation
Functional diarrhea
At Least 1 functional GI disorder (infants)
Toddlers (N = 238)
Cyclic vomiting syndrome
Rumination
Functional constipation
Functional diarrhea
At least 1 functional GI disorder (toddlers)

Rome IV, N (%)

Rome III*

14
3
0
1
1
7
0
22

(24.10%)
(5.20%)
(0%)
(1.70%)
(1.70%)
(12.10%)
(0%)
(37.90%)

25.90%
5.90%
2.40%
0.00%
2.40%
4.70%
2.40%
27.10%

5
5
44
0
51

(2.10%)
(2.10%)
(18.50%)
(0.00%)
(21.40%)

3.40%
1.90%
9.40%
6.40%
Not reported

*Rome III prevalence data are from a previous study that used the same methods as the current
study.

Functional dyspepsia–epigastric pain syndrome was more
prevalent in male (0.9%) than female subjects (0.0%, P = .04).
Aerophagia was more common in Hispanic children (5.5%)
than non-Hispanic children (2.1%, P = .04). No other differences were found in prevalence by sex, race, or ethnicity.

Table III. Functional GI disorder prevalence in children greater than 4 years old according to Rome III and
Rome IV criteria
Diagnoses
Functional constipation
Functional dyspepsia – postprandial
distress syndrome†
Functional dyspepsia – epigastric pain
syndrome†
Functional dyspepsia – unspecified†
IBS
FAP NOS
Aerophagia
Cyclic vomiting syndrome
Functional vomiting
Abdominal migraine
Functional nausea
Nonretentive fecal incontinence
Rumination
Any functional GI disorder

Rome IV, N (%)
135 (14.10%)
69 (7.20%)

Rome III*
122 (12.90%)
-

4 (0.40%)
N/A
49 (5.10%)
30 (3.1%)
25 (2.60%)
19 (2.00%)
13 (1.40%)
11 (1.10%)
5 (0.50%)
2 (0.20%)
0 (0%)
25.00%

2
27
FAP 2
FAPS 8
41
10

(0.20%)
(2.80%)
(0.3%)
(0.8%)
(4.30%)
(1.10%)
87 (9.20%)
17 (1.80%)
0.00%
23.10%

FAP, functional abdominal pain; FAPS, functional abdominal pain syndrome; NOS, not otherwise specified.
*Rome III prevalence data are from a previous study that used the same methods as the current
study.2
†The 2 subcategories of functional dyspepsia (functional dyspepsia-postprandial distress syndrome and functional dyspepsia-epigastric pain syndrome) are new diagnostic categories under
Rome IV criteria. As such, the categories for functional dyspepsia do not match between Rome
III and Rome IV data.
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QoL and Medical Visits
QoL data were available for 1129 children between the ages
of 2 and 18 years old. The Shapiro-Wilkes test demonstrated
that the QoL data were not normally distributed (P < .001) and
the Q-Q plot also showed deviations from normality (peaked
data, kurtosis = 2.04). A Mann-Whitney test was used for group
comparison for this reason, and it showed that children with
a functional GI disorder had lower QoL scores (median = 71.69,
range = 0.0-100.0) than toddlers without a functional GI disorder (median = 87.60, range = 0.0-100.0), by Mann-Whitney
test (z = −11.41, P < .001).
Data on medical visits, hospital stays, and school and day
care absences were not normally distributed by Q-Q plot (with
kurtosis ranging from 28.3 to 70.4 and skewness from 4.6 to
7.4) and, therefore, were analyzed using the Mann-Whitney
test. School and day care absences were significantly higher in
children meeting criteria for a functional GI disorder
(mean = 4.09; mean rank = 696.51) vs those not meeting criteria for a functional GI disorder (mean = 2.38; mean
rank = 604.15; z = −4.05; P < .001). Children with functional
GI disorders had significantly more medical visits in the past
6 months because of GI problems (mean = 0.92; mean
rank = 786.28) compared with children not meeting criteria
for a functional GI disorder (mean = 0.19; mean rank = 573.28;
Z = −12.89, P < .001). Hospital stays in the past 6 months were
also higher in children with functional GI disorders
(mean = 0.49; mean rank = 700.63) compared with those not
meeting functional GI disorder criteria (mean = 0.08; mean
rank = 602.76, Z = −8.25, P < .001). Mothers of children with
functional GI disorders missed significantly more work because
of their child’s illness (mean = 1.66; mean rank = 716.88) than
mothers of children without functional GI disorders
(mean = 0.75; mean rank = 596.69; Z = −6.68, P < .001).
Parent-Child Overlap
Among the mothers in the study, 18.2% qualified for a functional GI disorder with functional dyspepsia unspecified
(10.9%) and functional dyspepsia postprandial distress syndrome (8.4%) being the most common. 6.8% of mothers met
criteria for functional constipation, 4.8% for IBS, but none for
functional diarrhea. The prevalence of functional GI disorders in children was significantly higher in children whose
mothers also met criteria for a functional GI disorder compared with children of mothers who did not meet criteria
(35.4% vs 23.0%; P < .001).
When analyzed by age group, infants and toddlers of mothers
with a functional GI disorder were not significantly more likely
to have a functional GI disorder than infants and toddlers of
mothers who did not meet criteria (32.8% vs 22.4%; P = .088).
Because functional GI disorders are a heterogeneous group of
disorders, we examined if infants/toddlers and mothers overlapped in the same disorder. We were only able to do this for
functional constipation, however, as it was the only disorder
that was assessed in both mothers and infants/toddlers. Mothers
with functional constipation were not more likely to have an
infant or toddler who also qualified for Rome IV diagnostic
criteria of functional constipation (23.8% vs 16.7%; P = .407).
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In contrast, children 4 years and older were more likely to
qualify for a functional GI disorder if their mother also had
a functional GI disorder (35.2% vs 22.9%; P < .001). For specific functional GI disorders, mothers with functional dyspepsia were more likely to have children who also met criteria
for functional dyspepsia (16.7% vs 6.5%; P < .001), but mothers
with functional constipation or IBS were not more likely to
have children with these same diagnoses (18.8% vs 13.7%,
P = .27 and 4.7% vs 5.1%, P = .89). For this analysis, all subtypes of functional dyspepsia were grouped into 1 variable for
mother and child.

Discussion
This study has established the prevalence of pediatric functional GI disorders according to the new Rome IV criteria.
Prevalence was investigated in a racially diverse sample and included mothers and their children from all 50 states in the US
and across a wide range of household incomes. The prevalence rates of pediatric functional GI disorders according to
Rome IV criteria in this study can be compared with Rome
III prevalence rates reported in 2 previous studies with nearly
identical methods.1,2 Among infants and toddlers, overall prevalence of functional GI disorders using Rome IV criteria was
found to be nearly one-quarter (24.7%), which is comparable with the 27.1% prevalence of functional GI disorders in
infants and toddlers reported using Rome III criteria.1 Among
children and adolescents ages 4-18 years old, overall Rome IV
prevalence rates (25.0%) similarly were not changed meaningfully from previously reported Rome III prevalence rates
(23.1%).2
The purpose of Rome IV was to update clinical and research definitions of functional GI disorders to reflect new insights and provide more precise diagnostic criteria for clinicians
and researchers.14 In this study, the prevalence of functional
constipation in infants and toddlers increased from 4.7% of
infants and 9.4% of toddlers to 17.2% of infants and toddlers combined. Changes to the functional constipation Rome
criteria did not seem responsible for this increase in prevalence in functional constipation. Rather, parents in this current
study endorsed a “history of large-diameter stools that may
obstruct the toilet after the acquisition of toileting skills” more
frequently than parents in the Rome III study1 with similar
methodology (12.8% vs 4.2%), and this difference seemed to
best account for the increase in prevalence.
No infants or toddlers met criteria for functional diarrhea
in our study sample and Rome III found a prevalence of 2.40%
of infants and 6.40% of toddlers meting criteria for functional diarrhea. Rome IV criteria eliminated defecation during
sleep as a criterion because defecation during sleep is relatively common in young children.14 Eliminating nonspecific
and common symptoms may explain the decrease in prevalence of functional diarrhea under the Rome IV criteria.
Among children and adolescents ages 4 years and older, the
prevalence of abdominal migraine decreased substantially from
Rome III (9.2%) to Rome IV (1.1%). This was the intention
of the Rome committee, given that Rome III rates of abdomi-
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nal migraine were likely overestimated under Rome III because
of criteria nonspecificity,15,21 so both diagnostic criteria and
questionnaire items were revised to address this concern.6 The
Rome IV prevalence data are more reflective of pre-Rome III
studies and likely reflect a more realistic prevalence figure for
this disorder.22,23
Compared with our Rome III prevalence study, it appears
that the prevalence of IBS almost doubled from Rome III (2.8%)
to Rome IV (5.1%). However, IBS was low in the Rome III prevalence study compared with other studies (4.9%-7.0%),22-24 and
this increase may just reflect a return to normal values.
The diagnosis of infant dyschezia was relatively rare, but the
prevalence was different in this study vs Rome III. No infants
met the Rome IV criteria for infant dyschezia, despite 2.4%
of infants meeting the Rome III criteria in a previous study.1
Rates for nonretentive fecal incontinence, decreased from 1.8%
in Rome III2 to 0.2% in Rome IV. These small changes in uncommon diagnoses most likely do not reflect an actual change
in prevalence because of changes in diagnostic criteria.
Several new diagnostic entities were added and are in need
of special mention. Functional vomiting and functional nausea
were new diagnoses in Rome IV. Despite the low prevalence
(~1%) of these diagnoses in this sample, they may still represent important diagnostic categories in the pediatric population. In addition, 2 subtypes of functional dyspepsia were
included in Rome IV. The first subtype, postprandial distress
syndrome, does not require pain to be present (which was required in Rome III), and it was the most common subtype,
characterizing 94.5% of patients with functional dyspepsia. The
rate of subjects reporting pain with functional dyspepsia (now
the epigastric pain syndrome subtype of functional dyspepsia) was similar to previously reported prevalence of functional dyspepsia.2
Children with functional GI disorders demonstrated lower
QoL compared with those not meeting criteria, underscoring the clinical relevance of these diagnoses. These findings are
concordant with previous findings of decreased QoL associated with pediatric functional GI disorders.2,25,26 Increased doctor
and hospital visits as well as school, work, and daycare absences further demonstrates the healthcare and productivity
costs of these disorders.
Previous studies have identified overlap between parent and
child functional GI symptoms.1 This study seems to suggest
that the association between mother and child functional GI
disorder diagnoses is likely stronger in older children, perhaps
because the nature of functional GI disorders in older children is more similar to adult functional GI disorders, as opposed
to infant and toddler diagnoses which are significantly limited
by the child’s ability to recognize, report, and describe symptoms. These associations between parent and child functional GI disorder diagnoses are likely because of a combination
of both genetic and environmental factors including but not
limited to parental response to GI symptoms, diet, and healthcare seeking behavior.27 In addition, this study only examined the relationship between mother and child functional GI
disorder diagnoses, but did not consider the medical history
of the subjects’ fathers or healthcare seeking behaviors of other

caretakers. Further studies are needed to understand the overlap
between GI symptoms in infants/toddlers and their parents.
Despite the strengths of this study in evaluating pediatric
GI prevalence in a large and diverse population, the study also
has several limitations. First, functional GI disorder prevalence data were collected in this study using the RIV-PDQ,
which has been validated in adults, but not yet in those below
the age of 18 years. However, given this questionnaire’s similarity to the validated QPGS-RIII, it is likely that the RIVPDQ performs similarly to the QPGS-RIII.15
Another limitation is that subjects in this study were recruited through online panel surveys, and this strategy has both
benefits and risks. The greatest benefit of this method is that
predetermined quotas could be used for obtaining a diverse
sample, including demographics typically underrepresented in
community surveys, making the findings more generalizable
to the US pediatric population. Surveys were completed anonymously, and subjects had no interaction with a researcher, minimizing parent response bias. The description of this survey did
not indicate the survey was about child GI symptoms, minimizing selection bias of the parents choosing to complete this
survey. Despite these controls, evidence exists that selfreported data obtained from online panels may be different
than responses collected through other means,1,28 notably that
online survey responders may be more willing to report socially undesirable behavior. It is unclear whether online survey
respondents differ from research samples responding in person
(sample bias), or whether responses are influenced by the survey
format. Online surveys may also be easier to answer indiscriminately or fraudulently. However, the data quality strategies employed, such as requiring respondents to register and
confirm identity, only allowing 1 response per IP address, and
excluding surveys with inconsistent responses to repeated questions all improve data quality and decrease fraudulent or indiscriminate data survey responses.
Another limitation of this study is that the community survey
format cannot eliminate the possibility of organic medical
causes for reported GI symptoms. However, previous research demonstrates that it is unlikely to find a medical cause
of most symptoms that fit diagnostic criteria of functional GI
disorders.29,30
Lastly, this study used parent reporting of child symptoms. Agreement between parent and child on the QPGSRome III was low for certain disorders.17,31 Especially in older
children, parents may not be aware of nonobservable, undisclosed symptoms. This effect may explain why no subjects in
this study were found with rumination because the symptoms of this disorder could occur without parental knowledge.2,8
Furthermore, parents’ scoring of QoL for their children with
functional abdominal pain has been shown to be lower than
children’s self-reported scores.32 Therefore, future studies should
include child-reported QoL data in appropriate age groups.
In conclusion, functional GI disorders according to the Rome
IV criteria are common among children. Prevalence figures are
comparable for most conditions between the Rome III and
Rome IV criteria although some significant changes were found
such as in the prevalence rates of abdominal migraine. In
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addition, this study reports on prevalence figures of new diagnostic criteria such as functional nausea and vomiting. Longitudinal studies are needed to assess diagnostic stability and
the impact of functional GI disorders throughout childhood
and into adulthood. ■
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