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Efficacy of interventions for the treatment of irritable bowel
syndrome, functional abdominal pain—not otherwise
specified, and abdominal migraine in children: a systematic
review and network meta-analysis

Vasiliki Sinopoulou*, Jip Groen*, Morris Gordon, Ed Mougey, James P Franciosi, Tim G J de Meij, Merit M Tabbers, Marc A Benninga

Summary

Background Many treatments for abdominal pain-related disorders of gut-brain interaction (AP-DGBI) in children
have been studied. We aimed to assess the efficacy and safety of all known treatment options for paediatric
AP-DGBI.

Methods For this systematic review and network meta-analysis, we searched Embase, MEDLINE, and CENTRAL
databases from inception to Jan 16, 2025, for published randomised controlled trials. We included trials of any
treatment for AP-DGBIs (irritable bowel syndrome, functional abdominal pain—not otherwise specified, and
abdominal migraine, excluding functional dyspepsia) in children aged 4-18 years. We excluded randomised controlled
trials that solely included children with functional dyspepsia, but we included studies in which children with
functional dyspepsia were included alongside children with the other AP-DGBI diagnoses and outcome data could
not be separated. Data extraction and quality appraisal were performed in duplicate. The primary outcome for this
network meta-analysis was author-defined treatment success. Network meta-analysis methodology was used within a
frequentist framework using multivariate meta-analysis and outcomes were assessed using the Grading of
Recommendations, Assessment, Development and Evaluation methodology. Clinical relevance of effect sizes was
interpreted according to consensus definitions.

Findings Of 19337 records identified through the database search, 155 records representing 91 original randomised
controlled trials were included in the network meta-analysis: these 91 trials comprised 7226 participants (4119 females
and 2673 males). 12 studies assessed dietary treatments (n=730), 25 assessed pharmacological treatments (n=2140),
23 assessed probiotic treatments (n=1762), and 35 assessed psychosocial treatments (n=2952). Two treatments were
probably more effective for treatment success than control treatments (moderate certainty): hypnotherapy (risk
ratio [RR] 4-99 [95% CI 2-15 to 11-57]; large effect size) and cognitive behavioural therapy (CBT; RR 1-99 [95% CI
1-33 to 2-98]; moderate effect size). All other treatments evaluated for treatment success were either not effective or
the data were of very low certainty and thus no conclusions could be made.

Interpretation Hypnotherapy and CBT show moderate certainty for treatment efficacy with clinically relevant effect
sizes. No conclusions can be made about the other therapies and treatment success due to very low evidence certainty.
Future randomised controlled trials should focus on improving the evidence certainty for those other therapies with
regard to core AP-DGBI outcomes.

Funding None.

Copyright © 2025 Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction

Abdominal  pain-related disorders of gut-brain
interaction (AP-DGBI) have a global prevalence of 11-7%
and cause chronic, debilitating pain in more than
300 million children annually worldwide.! Children with
AP-DGBIs have lower health-related quality of life
(similar to inflammatory bowel disease), more missed
school days on average than their peers, and more
frequent hospital admissions than healthy children,
and up to a third will continue to have symptoms
into adulthood.”” The quality of evidence from
randomised clinical trials and systematic reviews of
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treatment options for AP-DBGI has not been well
characterised. Comprehensive Grading of Recom-
mendations, Assessment, Development and Evaluation
(GRADE) assessment for AP-DBGI treatments is needed
to support paediatric health-care professionals in
treatment decisions.

The Rome IV committee presents diagnostic criteria
for four separate entities comprising AP-DGBI:
(1) irritable bowel syndrome (IBS; prevalence of 5-8%);
(2) functional abdominal pain—not otherwise specified
(FAP-NOS; prevalence of 1-2%); (3) abdominal migraine
(prevalence of 1-7%); and (4) functional dyspepsia
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Research in context

Evidence before this study

We searched PubMed from database inception to Jan 16, 2025,
using the search string “(functional abdominal OR abdominal
pain OR gut-brain) AND (child* OR pediatr* OR youth) AND
treatment”, limiting the results to network meta-analyses. No
language restrictions were applied. Selection criteria were
network meta-analyses of randomised controlled trials
examining any (set of) treatment options for abdominal pain
disorders of gut-brain interaction (AP-DGBIs) in children (aged
<18 years), in which outcomes related to any improvement in
symptom severity were measured. Of the five network meta-
analyses identified, only one examined the effects of treatment
options for children with AP-DGBIs, but investigated dietary
options only. This review did not use the Grading of
Recommendations, Assessment, Development and Evaluation
(GRADE) to assess certainty of the effects, but rather used the
Confidence in Network Meta-Analysis (CINeMA) approach.
Certainty of the effect was assessed per comparison but not per
outcome and assessment of imprecision in CINeMA is based on
asingle threshold. No previously published network meta-
analyses have compared treatment categories beyond dietary
options or combining multiple treatment categories

(eg, pharmacological and dietary), which reflects an important
evidence gap. In addition to treatment options with clear
evidence of effect, the use of poorly studied options and best
practice options is variable and considerable regional
differences in prescription patterns exist.

Added value of this study

To our knowledge, this network meta-analysis presents the
most comprehensive attempt to both synthesise and judge
certainty of the evidence on all available treatment options
for AP-DGBIs in children. A novel addition, following the 2013
GRADE guidance, was the prospective identification of clinical

(prevalence of 2-1%).** Similar management strategies
have been adopted, specifically for IBS and FAP-NOS,
which are often studied jointly in trials.™®

Known treatment options for AP-DGBI can be
divided into pharmacological, dietary, psychotherapies,
probiotics, and percutaneous nerve field stimulation.
Systematic reviews of paediatric trials have identified
a variety of active interventions against non-active
control, but there is a paucity of head-to-head
comparisons between active interventions.”* When
accounting for the large placebo effect in children with
AP-DGBI,’ superiority of active interventions over
control interventions is often uncertain and therefore
direct comparison of active treatments might result in
greater certainty of effects.

Network meta-analysis allows for direct and indirect
comparison of interventions. To date, no network meta-
analyses have been done to compare all types of
AP-DGBI treatments. Considering the variety of

decision thresholds for interpretation of effect sizes, which
has an advantage over interpreting effect size through
statistical instruments. We investigated whether treatment
efficacy is the result of an isolated intervention or is likely to
include overlooked subcomponents, such as concomitant or
standard care, but none of these factors impacted the efficacy
of interventions in the network. The findings establish
certainty of the efficacy of cognitive behavioural therapy and
hypnotherapy, while there is no evidence for efficacy of other
commonly used treatment options. The present network
meta-analysis provides the most robust and up-to-date
evidence-synthesis for the entirety of treatment options in
AP-DGBIs for policy makers, guideline developers, affected
children, and their families and carers.

Implications of all the available evidence

In terms of clinical guidance, this network meta-analysis
supports the use of psychotherapies in AP-DGBIs, and
highlights several other options that might have future benefit,
the evidence for which should be strengthened by additional
high-quality trials. This is reflected in the forthcoming
international treatment guideline for these disorders in children
due to be published by a collective of the European and North
American Societies for Pediatric Gastroenterology, Hepatology
and Nutrition. The meta-analysis highlights for authors of
future trials on AP-DGBIs the importance of clearly describing all
factors in treatment modules separate to the treatment itself.
These should include consideration of concomitant care
alongside the intervention of interest, educational offerings,
dietary advice, and prognostic expectations. Prognostic
expectations are highly confounded by the considerable range
of control and placebo treatment efficacy in the present
evidence, and the scarcity of objective tools of symptom
assessment other than self-reporting.

treatment options, uncertainty about their efficacy and
safety—as reflected by a paucity of treatment
guidelines—and regional differences in prescribing
patterns are common. A network meta-analysis could
provide a thorough synthesis of the various treatments
to support evidence-based management and evidence-
informed choices among therapeutic options.” Network
meta-analyses are often used primarily as a way to rank
therapies, but are regularly done without clearly
defining the outcomes of interest,”” without GRADE
certainty of evidence in the network,” and without
using treatment effect thresholds to support assessment
of statistical imprecision and clinical relevance.*
Therefore, we aimed to perform a systematic review
and network meta-analysis of randomised controlled
trials to assess the efficacy and safety of all treatments
in children with AP-DGBIs (IBS, FAP-NOS, and
abdominal migraine) in accordance with GRADE" and
Cochrane methodology.”*
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Methods

Search strategy and selection criteria

A prospective protocol for this systematic review with
network meta-analysis is available on an open repository.”
The requirement for ethical approval was waived since
no original or individual data were obtained. The study
adhered to Cochrane guidance for systematic reviews,”
GRADE guidance for network meta-analyses,”” and
PRISMA reporting guidelines (appendix pp 179-81)."

The scope of the review included three of the
four AP-DGBI conditions: IBS, FAP-NOS, and
abdominal migraine. The full diagnostic criteria for each
condition are included in the protocol.” We excluded the
fourth AP-DGBI entity defined in the Rome IV diagnostic
categories*—functional dyspepsia—in accordance with
previous research in the field®” based on it being
a separate disease category with notably different
treatment approaches and outcome measures.
A systematic search was designed by a Cochrane
information specialist (YY) who searched Embase,
MEDLINE, and CENTRAL databases from inception to
Jan 16, 2025, using the search terms as described in the
appendix (pp 146-51). No language or other restrictions
were applied.

We included all randomised controlled trials that
compared any treatments with active treatment, placebo,
standard care, or no treatment (waitlist with no other
active therapy), in children aged 4-18 years with
AP-DGBI, specifically IBS, FAP-NOS, or abdominal
migraine, as defined by the authors using the Rome
criteria. Randomised controlled trials that solely included
children with functional dyspepsia were excluded, but
studies in which children with functional dyspepsia
were included alongside the other AP-DGBI diagnoses
and outcome data could not be separated, were included.
Cross-over randomised controlled trials were included,
but only data collected before crossover were used when
available. We contacted the original authors of studies if
needed for clarification or additional data to aid our
screening, risk of bias assessments, and analyses.

Titles and abstracts were screened in duplicate by
three authors (JG, MG, and VS) and three acknowledged
contributors (SL, AA, and DANA). Full-text screening
was performed in duplicate by JG, MG, and VS. Any
disagreements were resolved by consensus agreement
between authors or by a third author (MB, MT, and VS).

Data analysis

The primary outcome of interest was treatment success,
as defined by the authors (dichotomous outcome).
Secondary outcomes of interest were abdominal pain
frequency or change in frequency of pain using any
validated scale (continuous outcome); abdominal pain
intensity or change in pain intensity using any validated
scale (continuous outcome); and serious adverse events as
defined by the authors (dichotomous outcome). These
outcomes were selected because they were identified as
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critical outcomes (as per GRADE assessment) during the
development of the European Society for Paediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN)
and North American Society for Pediatric Gastroenterology,
Hepatology, and Nutrition (NASPGHAN) guidelines for
AP-DGBIs."

We used clinical thresholds for the interpretation of
the magnitude of effect sizes. These thresholds were
prospectively determined through an online Delphi
process as part of the ESPGHAN and NASPGHAN
guideline development process (table; appendix p 95)."
The Delphi process required clinical experts to identify
clinically relevant thresholds (eg, 10% more treatment
success for one treatment versus another) and assign
categories (ie, trivial, small, moderate, or large clinical
effect) to these thresholds to assess whether a
statistically significant difference between a treatment
and its comparator was also clinically significant.
Computing effect size is commonly performed using
statistical instruments, such as Cohen’s d, however,
such metrics partly ignore whether the effect size is
clinically relevant. The Delphi process was completed
by a group of multi-professional experts in the field
before commencing the review.

Data were extracted using a standardised data extraction
form. Extracted data included demographic and baseline
characteristics, intervention details, and outcome data.
Risk of bias was assessed using the Cochrane risk of
bias 1 tool.” JG, VS, and EM performed data extraction
and risk of bias was assessed independently in duplicate,
with any disagreements resolved by an additional
author (MG). Outcome data for the end of intervention
timepoints were extracted.

The authors discussed and agreed by consensus which
treatments were sufficiently homogenous to be grouped

See Online for appendix

Large Moderate Small Trivial
magnitude magnitude  magnitude magnitude
effectsize  effect size effect size effect size

Treatment success, as defined by authors >40% 25to 40% 10-24% <10%

(dichotomous), %

Pain frequency reduction in episodes per >12 8to12 4to<8 <4

week (continuous)

Pain intensity reduction (measured using >2:6 15t02:6 0-7to <15 <07

VAS [score 0-10]; continuous)

Quality of life increase (measured using >42 25to 42 11to <25 <11

PedsQL [score 0-100]; continuous)

Stool consistency improvement (measured >2.5 1.6t0 2.5 0-8to<1-6 <0-8

using BSS [score 1-7]; continuous)

Withdrawals due to adverse events or >4% 3to 4% 1to<3% <1%

serious adverse events (dichotomous), %

Total adverse events (dichotomous), % >16% 8t016% 4to<8% <4%
Percentages indicate risk difference from inactive control treatments. Thresholds for interpretation of effect sizes were
determined through a Delphi consensus process for guideline development by the European Society for Paediatric
Gastroenterology, Hepatology and Nutrition and the North American Society for Pediatric Gastroenterology,
Hepatology, and Nutrition. AP-DGBI=abdominal pain-related disorders of gut-brain interaction. BSS=Bristol Stool
Scale. PedsQL=Pediatric Quality of Life Inventory. VAS=visual analogue scale.

Table: Clinically relevant interpretation of magnitude of effect for study outcomes related to AP-DBGI
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together as single treatment for the network meta-
analysis. For the main network analysis, the control
treatments placebo, waitlist, and all forms of standard
care, or no intervention, were grouped together as
an umbrella control treatment. Control treatment
was used as the index therapy to which all others
were compared.

Dichotomous outcomes were expressed as risk
ratios (RR) with corresponding 95% ClIs, and risk
difference between treatments and control treatments
was calculated and expressed as percentages. Continuous
outcomes were expressed as mean differences with
95% CIs. For continuous outcomes assessed on more
than one scale, we estimated internal reference SDs
and change from baseline mean (SD) values using
a correlation coefficient of 0- 5, and standardised outcome
results as change from baseline on the most commonly
used outcome scale.” RR (95% ClI), risk difference, and
mean difference (95% CI) are presented for all treatments
in the summary of findings tables and for all treatments
with GRADE certainty of low or better in graphical plots.
Analyses were done by intention-to-treat. We used a
random-effects model to pool data.

Network meta-analysis methodology was employed
within a frequentist framework using multivariate meta-
analysis.” We assessed the assumption of transitivity (the
assumption that population characteristics and other
important factors are similar across the included studies)
by comparing the distribution of potential effect modifiers
across pairwise comparisons. Heterogeneity was assessed
statistically using the I2 statistic for each pairwise
comparison, and with the loop-specific approach for the
direct and indirect estimates. Surface under the
cumulative ranking curve (SUCRA), combined with
GRADE, was used to rank treatments. Funnel plots were
used to assess publication bias for pairwise analyses with
at least ten studies. Component network meta-analysis
was employed to investigate the effect of separate
intervention and control components.? Component
network meta-analysis can help to identify whether there
is an additive effect of intervention components that are
applied in different combinations throughout the
randomised controlled trials evidence base, for example,
when comparing the following intervention types:
hypnotherapy plus standard care, placebo plus standard
care, and standalone standard care. In a regular network
meta-analysis, these would be considered three completely
different interventions, whereas component network
meta-analysis recognises the shared component of
standard care in the three groups. Statistical analyses
were performed using R statistical software (version 4.5.0)
and netmeta package.

We did several preplanned subgroup analyses:
(1) a control analysis where the control treatments of
placebo, waitlist and standard care, or no intervention
were considered as separate treatments (referred to as
the split control analysis hereafter); (2) subdiagnosis

analysis (IBS wvs FAP); and (3)
group (4-12 years vs 1318 years).

We also did several pre-planned sensitivity analyses:
() a random versus fixed-effects statistical model;
(2) a component network meta-analysis; (3) per diagnostic
criteria (eg, Rome criteria iterations vs Apley’s criteria);
(4) per outcome definition (only applicable to treatment
success); and (5) removal of studies deemed to have a high
risk of bias. Two additional post-hoc sensitivity analyses
were performed for the outcome of treatment success:
removal of studies including participants with functional
dyspepsia and removal of studies where success was
defined based on quality of life or social functioning
improvement (due to heterogeneity with the other
definitions used for treatment success).

The GRADE framework was used to assess the
certainty of the evidence.” Since all studies were
randomised controlled trials, the outcomes were initially
assessed as high certainty. We then assessed direct and
indirect evidence certainty based on GRADE risk of bias,
inconsistency, indirectness, and publication bias. The
network evidence certainty was also assessed based on
imprecision and incoherence between direct and indirect
evidence. Two authors (MG and VS) independently rated
the certainty ratings and disagreements were resolved by
discussion and consensus with the wider team. The
evidence was rated as high, moderate, low, or very low.
Results for analysis were presented using a GRADE Of
Results Diagram Of Network meta-analysis plot,” which
represents the magnitude and certainty of results ranked
by magnitude of effect within a given certainty class.
When outcomes were of very low certainty, meaning
conclusions should not be drawn (regardless of the
magnitude or absolute effects observed), they were not
included in these plots.

GRADE was used in combination with SUCRA to rank
treatments. In the summary of findings tables treatments
were ranked from high to low SUCRA probability and
their corresponding GRADE certainty and estimates
were presented. Treatments were presented from high to
low GRADE certainty and ranked by SUCRA probability
within their respective GRADE assessment rating (high,
moderate, or low).

analysis by age

Role of the funding source
There was no funding source for this study.

Results

We included a total of 91 randomised controlled trials
(figure 1; appendix pp 5-19, 22-33, 152-78) including
7226 participants. 249 children with functional
dyspepsia were included in mixed populations within
the studies and could not be removed from outcome
data (3-4%). An additional five randomised controlled
trials (n=273) included children with functional
dyspepsia, but did not specify how many (appendix
pp 20-21).

www.thelancet.com/child-adolescent Vol 9 May 2025



| 19337 records identified in database search |

—PI 5017 duplicates excluded

A

14320 titles and abstracts screened |

13943 records excluded after screening of title
and abstract

A

377 full-text articles
assessed for eligibility

222 excluded after full-text assessment
80 wrong population
73 study design not relevant to this
P analysis
30 ongoing
23 awaiting clarification from study
authors

A 4

155 records representing 91 randomised
controlled trials included in network
meta-analysis

Figure 1: PRISMA flow diagram

Overall, 12 trials of dietary interventions (n=730;
416 [57%] females and 241 [33%] males), 25 trials of
pharmacological interventions (n=2140; 1155 [54%]
females and 984 [46%] males), 23 trials of probiotic
interventions (n=1762; 969 [55%)] females and 792 [45%)]
males), and 35 trials of psychosocial interventions
(n=2952; 2155 [73%] females and 797 [27%] males) were
included in our network meta-analysis.

85 (93%) of the 91 included studies reported the sex of
study participants (4119 [61%] of 6792 participants were
female and 2673 [39%)] of 6792 participants were male).

Only 17 (19%) of 91 included studies reported race or
ethnicity. In those studies, 1207 (70%) of 1724 participants
were White, 242 (14%) participants were Asian,
59 (3%) participants were Black, 57 (3%) participants
were mixed race, 25 (1%) were Hispanic, and
143 (8%) were of other ethnicity. No studies reported
subgroup outcome data based on sex, age groups, or race
and ethnicity.

Age, sex, and race or ethnicity were similar across the
included studies, supporting that the assumption of
transitivity holds (ie, the assumption that population
characteristics and other important factors are similar
across the included studies).

The risk of bias assessment summary for all the
included studies is presented in the appendix (pp 34-94).

58 studies reported treatment success as a dichotomous
outcome (appendix pp 96-97). 31 studies defined treatment
success based on predefined reductions in pain frequency,
duration, intensity or severity, or a combination of these

www.thelancet.com/child-adolescent Vol 9 May 2025

® Moderate GRADE certainty
® Low GRADE certainty

RR (95% CI) Risk difference with control (%)

Hypnotherapy . 4-99 (2-15-11-57) 100% more successful (large effect size)
Cognitive behavioural therapy E . 1.99(1:33-2:98)  32% more successful (moderate effect size)
Buspirone o 0-98 (0-42-2-28)
f i T 1
01 0 10 100

Figure 2: Graphical plot of treatment success network meta-analysis results compared with control
Comparison of treatment success (treatment vs inactive control treatments) assessed with a random-effects
model. Treatments with very low GRADE certainty are not included. RR=risk ratio. GRADE= Grading of

Recommendations, Assessment, Development and Evaluation.

factors. 11 studies used complete resolution of pain as the
definition of treatment success. 11 studies used adequate
relief, consistent with the previously published core
outcome set for childhood FAPD disorders,* and
three studies used quality of life or function as the focus for
their success score. 48 studies (n=3846) were connected in
the main network meta-analysis for treatment success,
comparing a total of 18 treatments (figure 2;
appendix pp 116-35). The overall control success rate for
the combined control treatments was 322 successes
per 1000 children (range 0-785 successes per 1000 children).
No treatments were rated as high certainty. Two treatments,
hypnotherapy (RR 4-99 [95% CI 2-15-11-57]; large effect
size) and cognitive behavioural therapy (CBT, 1-99
[1-33-2-98]; moderate effect size) were of moderate
certainty, suggesting they are probably more effective for
treatment success than the control treatments (figure 2).
Buspirone was of low certainty suggesting no difference
compared with the control (0-98 [0-42 to 2-28]) for
treatment success (figure 2). All other treatments were
rated at very low certainty and therefore no conclusions
could be made (appendix pp 104-05). A subgroup analysis
in which the control treatments were separated into
placebo, waitlist and standard care, and no intervention,
with placebo plus standard care as the comparison
treatment (419 successes per 1000 children), showed
differences compared with the main analysis, with
increased  imprecision  throughout the network
(appendix pp 117-36). Subgroup analysis per subdiagnosis
and age group were not possible due to the large
heterogeneity of the included subdiagnoses and age groups
in the included studies, which did not allow for connected
networks, and paucity of subgroup outcome data.
A sensitivity analysis with a fixed-effect model identified no
major differences compared with the main analysis
(appendix p 141). The sensitivity analyses by diagnostic
criteria, treatment success definitions (appendix pp 22-24),
and risk of bias were not possible because no homogeneous
connected networks could be established. The results of the
component network meta-analysis sensitivity analysis were
substantially different from the results of the main network
meta-analysis (appendix pp 117-36), and the subgroup
network meta-analysis for separated control treatments
(appendix pp 117-36), but as this separated the network into
large numbers of small and imprecise comparisons, no
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conclusions could be drawn. We also conducted
two post-hoc sensitivity analyses. In the first analysis, we
excluded all studies that included children with functional
dyspepsia and in the second analysis, we excluded all
studies that based their treatment success definitions on
improvements in quality of life and social functioning
(appendix p 142-43). The results were similar to the main
analysis, whereby the same treatments were identified as
effective. A publication bias funnel plot could only be
performed for the nine randomised controlled trials of
probiotic interventions. Visual inspection did not identify
major concerns for publication bias (appendix p 140).

50 studies provided outcome data for pain intensity
using a variety of pain scales (appendix pp 98-100).
45 studies (n=3187 participants) were connected in the
main network meta-analysis for pain intensity,
comparing a total of 19 treatments (appendix pp 106-10,
118-37). All treatments were rated at very low certainty
and therefore no conclusions could be drawn. A subgroup
analysis in which the control treatments were separated
into placebo, waitlist, standard care, and no intervention,
with placebo plus standard care as the comparison
treatment, showed no major differences compared with
the main analysis (appendix pp 119-36). Subgroup
analyses per subdiagnosis and age group were not
possible. A sensitivity analysis with a common (fixed
effect) model identified no major differences compared
with the main random-effects analysis (appendix p 144).
However, results of the component network meta-
analysis sensitivity analysis were substantially different
from the main network meta-analysis (appendix
pp 119-38), and the subgroup network meta-analysis for
separate control treatments, but since this separated the
network into large numbers of small and imprecise
comparisons no conclusions could be drawn. The
sensitivity analyses by diagnostic criteria and risk of bias
were not possible since no homogeneous connected
networks could be established. A publication bias funnel
plot could only be done for the 12 trials of probiotic
interventions. Visual inspection did not identify any
major concerns for publication bias (appendix p 140).

® Moderate GRADE certainty
® Low GRADE certainty

Mean difference (95% Cl)

Cognitive behavioural therapy
Hypnotherapy

Dietary fibre

Tricyclics

Low FODMAP

° -1-6 episodes per week (-27 to -0-7)
° -5-4 episodes per week (-8-2 to -3)
. -3-4 episodes per week (-5-7 to -1-4)
° -2-0 episodes per week (-4-1to 0)
° 0-5 episodes per week (-23t0 3-2)

f
-10

-4 -2 0 2 4

Figure 3: Graphical plot of pain frequency network meta-analysis results compared with control as

differences in episodes per week

Comparison of pain frequency (treatment vs inactive control treatments) assessed with a random-effects model.
Treatments with very low GRADE certainty were not included. GRADE= Grading of Recommendations,
Assessment, Development and Evaluation. FODMAP=fermentable oligosaccharides, disaccharides,

monosaccharides, and polyols.
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25 studies (n=1870) provided outcome data for pain
frequency (appendix pp 100-01) and were connected in
the main network meta-analysis for pain frequency,
comparing a total of 12 treatments (figure 3;
appendix pp 111-14, 120-139). As per GRADE assessment,
no treatments were of high certainty. Two treatments were
deemed to be of moderate certainty; CBT (mean
difference 1-6 fewer episodes per week [95% CI 0-7-2-7);
trivial effect) was probably more effective than the
combined control treatments at reducing pain frequency
from baseline in episodes per week; and the low
fermentable oligosaccharides, disaccharides, mono-
saccharides, and polyols (FODMAP) diet is probably no
different to the combined control interventions at
reducing pain frequency from Dbaseline (mean
difference 0-5 more episodes per week [95% CI 2- 3 fewer
episodes to 3-2 more episodes]). Three treatments were of
low certainty; hypnotherapy (mean difference 5-4 fewer
episodes per week [95% CI 3-0-8-2]; small effect) and
dietary fibre (mean difference 3-4 fewer episodes
per week [1-4-5-7]; trivial effect) were possibly more
effective than the combined control treatments at reducing
pain frequency from baseline in episodes per week, while
tricyclic antidepressants (mean difference 2-0 fewer
episodes per week [0—4-1]) were probably no different to
the combined control interventions (figure 3). All other
treatments were rated as very low certainty and thus no
conclusions could be drawn (appendix pp 113-14).
A subgroup analysis in which the control treatments were
separated into placebo, waitlist and standard care, and no
intervention, with placebo plus standard care as the
comparison treatment, resulted into two subnetworks,
which showed no major differences compared with the
main analysis (appendix pp 121-39). Subgroup analyses
per subdiagnosis and age group were not possible. In the
sensitivity analysis with a common fixed-effects model, no
major differences were identified compared with the main
analysis (appendix p 145). The results of the component
network meta-analysis sensitivity analysis was identical to
the subgroup analyses of separated controls (appendix
pp 121-39). The sensitivity analyses by diagnostic criteria
and risk of bias were not possible. A publication bias
funnel plot could only be performed for eight of the
12 trials of probiotic interventions. Visual inspection did
not indicate publication bias (appendix p 140). Network
plots for all efficacy outcome networks are shown in
figure 4, which shows the number and types of direct
comparisons within the networks.

No network meta-analysis was possible for serious
adverse events, since safety reporting in the included
studies was sparse and for most studies that did report
safety outcomes, no serious adverse events occurred
(appendix pp 101-03). Only three serious adverse events
were reported in all studies combined. Two adverse
events occurred in a study by Di Lorenzo and colleagues,
on linaclotide versus placebo, with one occurring in
both study groups (appendix p 153). The nature of these
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Figure 4: Network meta-analysis plots for treatment success (A), pain intensity (B), and pain frequency (C)
Treatments with direct comparisons are linked with a line; the thickness of the line corresponds to the weight of the random-effects model comparing the two treatments. Numbers on connecting
lines correspond to the number of trials comparing the two treatments. Purple shaded areas show the largest directly connected networks that were not compared with the index therapy.
CBT=cognitive behavioural therapy. FODMAP=fermentable oligosaccharides, disaccharides, monosaccharides, and polyols. Hypno_gut=gut-directed hypnotherapy. Probiotics_mix=probiotic

preparations with strain mixtures. PP=Palmitoylethanolamide and polydatin. SBI= serum-derived bovine immunoglobulin. SSRI=Selective serotonin reuptake inhibitors.

events was not specified, however the authors reported
they were unrelated to the study medication. The
other serious adverse event occurred in a study
by Vazquez-Frias and colleagues that compared
Bacillus  claussi with placebo (appendix p 161).
One participant in the probiotic group had febrile
multisystem inflammatory syndrome that lasted 2 days
and was of moderate severity. The authors assessed this
was unrelated to the study treatment.

Discussion
To our knowledge, this is the first comprehensive
network meta-analysis of randomised controlled trials
of interventions for paediatric AP-DGBI. Network
meta-analysis as an approach is uniquely placed within
paediatric AP-DGBI to produce high utility information
by combining the data for control groups from trials to
address the substantial variation in control efficacy
effect sizes’ and increase the validity of the findings
from data with good certainty. The results from our
network meta-analysis show that hypnotherapy and
CBT probably have higher rates of treatment success
than control interventions (moderate certainty), and are
associated with clinically relevant, large and moderate
effect sizes, respectively. Additionally, hypnotherapy
might be more effective than control interventions for
reducing pain frequency. CBT is probably more effective
and dietary fibres are possibly more effective for
reducing pain frequency than control treatments, albeit
the possible effect sizes seem negligible. No meaningful
conclusions could be reached with regard to pain
intensity, since all interventions were of very low
GRADE certainty, or intervention safety due to a
paucity of reported serious adverse events across
all studies.

Methodological limitations leading to low or very low
certainty GRADE ratings were pervasive at both the direct
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meta-analysis and indirect network levels. Regardless of
the magnitude of effect sizes, where certainty was very low
no conclusions can be drawn. This prevented any
conclusions being made about some classes or types
of therapies (eg, for tricyclic antidepressants or
antispasmodics) or in some cases different forms of
therapies that are already within the network with higher
certainty outcome data could not be considered, such as
gut directed hypnotherapy (where suggestion is focused
on the gut) as opposed to hypnotherapy. Imprecision was
a pervasive issue that was noted in many of the very low
certainty findings and is likely a function of the small
sample sizes which is unfortunately common in the
field.** Risk of bias was common and was largely related
to deficiencies in reporting and the deficiencies in
reporting were more pronounced in this review than in
other areas of gastroenterology.” Despite detailed and
repeated attempts to contact authors to clarify reporting
gaps, responses were rarely received, which is not
consistent with studies on author responses to reviewer
data requests.”® Statistical heterogeneity was common,
despite our best efforts to account for differences in
clinical and methodological factors within the analysis.
Success of control group treatment ranged from
0% to 79%. Our preplanned subgroup analysis attempted
to explain these differences by separating the various
controls (no intervention, placebo, placebo with standard
care, wait list) but this did not reduce the significant
heterogeneity in control group effect sizes or significantly
change the outcomes of the wider network meta-analysis
findings. Standard treatment, educational offerings,
dietary advice, previous treatments, and prognostic
expectations were rarely mentioned in any form within
the trials and we believe could all be key to understanding
this complexity across trials. It is also possible that
heterogeneity in the specific outcomes, such as treatment
success, could have contributed to study heterogeneity,
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although these were broadly based on combinations of
similar key outcomes and this rendered it not possible to
explore the impact further. A sensitivity analysis in which
we removed studies that based their treatment success
definitions on quality of life and improvements in social
functioning, were similar to the main analysis. Some of
the therapies were not suited to masking, such as CBT or
hypnotherapy resulting in being downgraded for risk of
bias. In line with accepted practice in the field,” in our
analysis we were less stringent in downgrading GRADE
assessments when the intervention could not be masked.
However, this does mean that there is a potential
confounding effect that could contribute to the
unexplained heterogeneity.®

Despite these issues, efficacy of clinically relevant
magnitude was observed for several interventions, which
potentially form a core set of intervention options for the
treatment of AP-DGBI. Indeed, hypnotherapy and CBT
have been recommended as treatment options for
AP-DGBI in revisions of the forthcoming ESPGHAN
and NASPGHAN clinical guidelines and our study
provides synthesised evidence to support these recom-
mendations and the use of these interventions in
clinical practice.

The findings of this network meta-analysis are broadly
consistent with previous evidence syntheses in the
field.”* The authors of the current study have performed
several systematic reviews and meta-analyses as
precursors to this review and to inform the international
guideline process.”*" The efficacy findings and certainty
of evidence for CBT and hypnotherapy found in this
study, is mirrored in one of these analyses that focused
on psychosocial interventions.® Conversely, the paucity of
evidence for efficacy of most dietary interventions has
been previously recognised,’ with probiotics being
a possible exception. The results of a 2023 Cochrane
systematic review and meta-analysis’ are generally in
agreement with our findings for probiotics, however
a detailed subgroup analysis in the Cochrane study did
find some efficacy for specific strains or mixtures. This
observation is tempered by the low certainty of the
evidence presented in the Cochrane study and by the lack
of consideration of the clinical relevance of the magnitude
of effect, and thus the clinical relevance must be
interpreted with caution. Subgroup analysis at the
network level of probiotic preparations in the current
study was not possible due to imprecision concerns.’

The strengths of the current study include the
innovative use of predefined effect size thresholds to
judge imprecision and clinical meaningfulness, and the
use of GRADE to assess the certainty of the results.
Conventionally, standardised statistic strategies are used
to determine effect size, such as Cohen’s d. The
predefined threshold approach, a feature that has been
implemented in regular meta-analysis since guidance
was published in 2022,* aims to represent effect size
thresholds that have relevance from a clinical standpoint

as opposed to a statistical standpoint, which further
enhances the validity and utility of the findings in
practice. The use of GRADE ensured a detailed
accounting of the certainty of treatment effect. We did
not place emphasis on an overall ranking of findings
based on the network meta-analysis. Many network
meta-analyses focus on the ranking as a key finding
however, conventional network meta-analysis ranking is
statistical (based on SUCRA or p value) and not advised
as it does not account for clinical and contextual factors.”
For example, a top ranking therapy based on SUCRA
might not be indicated if the magnitude of the result is
not of clinical relevance. Similarly, ranking does not
consider GRADE and, as observed in this network meta-
analysis, a top ranking is of no relevance if the results are
of very low certainty. For example, the SUCRA results for
the main analyses of our three efficacy outcomes
(appendix pp 135, 137, 139) show treatments such as a
specific probiotic mix, cyproheptadine, neurostimulation,
tricyclics, domperidone, low FODMAP diet, dietary fibre,
and others which are of very low certainty, ranking higher
than hypnotherapy and CBT, which have shown the
highest GRADE certainty of evidence among all network
treatments. Thus, SUCRA rankings can easily lead to
incorrect interpretations if not combined with GRADE,
since they solely rely on statistical calculations, and do
not account for imprecision, inconsistency, risk of bias,
publication bias, or indirectness. Therefore, we believe
the approach of combining GRADE and SUCRA should
become standard. It is also not suggested that network
meta-analyses are used in isolation for decision making
and this analysis should not be considered superior to,
but rather an adjunct to the direct pairwise analysis in
the systematic reviews. Where the results are consistent
between different evidence synthesis approaches,
decision makers can be more certain in the data.
This does not just support use in practice, but can
also remove the need for future research in areas of
certainty and focus these resources on evaluating less
certain interventions.

This study has a number of limitations. The review
does not include functional dyspepsia as a diagnostic
category and the results of this review are not applicable
to young people with functional dyspepsia. Within
some studies included in this review, there were a small
number of children with functional dyspepsia that
could not be removed from mixed datasets. When we
did account for this in a sensitivity analysis removing
studies that included children with functional
dyspepsia, we found no major differences compared
with the main analysis results for treatment success.
Attempts were made to examine the design of study
groups in the evidence base, with a particular focus on
the allowance of standard care alongside the proposed
study treatment and a distinction between placebo,
standard care, and waitlist. [t was found that comparison
groups are frequently poorly defined in study reports
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and comparison group definitions can differ widely
between study teams. Despite our attempts to expose
such differences in group design to allow for a more
accurate network meta-analysis, subgroup analyses
based on factors such as the extent of concomitant
(standard) care and elements of care that are not
reported in control intervention elements, complicates
interpretation of the network meta-analysis results due
to increased imprecision. We were unable to involve
people with lived experience of these conditions at any
stage of our research, which is another limitation of
this study.

An important conclusion of the current study is that
descriptions of all interventions in trials, not just those
being studied, should be standardised and described in
sufficient detail to facilitate identification of factors that
influence study outcomes. Such factors might include
but are not limited to, concomitant therapies while on
study treatment, care provider contact, educational
strategies, and context of care focusing on the experience
of care providers. Additionally, reporting of methods
should directly address elements of bias so that they can
be clearly assessed in accordance with international
guidance,” since bias has a large influence on GRADE
outcomes. Another important conclusion is the complete
lack of subgroup outcome data in all included studies,
which does not allow for any subgroup analyses by age,
sex, or race and ethnicity. Consequently, questions on the
role of these characteristics cannot be answered. Study
authors are urged to publish relevant subgroup outcome
data as this not only supports the interpretation of their
own findings, but is valuable for future secondary
analysis and systematic reviews which might support
broader impact in the field.

Finally, these findings could inform future studies. The
authors propose that further research of hypnotherapy
and CBT is not a priority at this time given the certainty
of evidence supporting their use. Instead, it is suggested
that research focusses on key therapies in widespread
use but with limited evidence to support their efficacy,
which has been clearly highlighted by the very low
certainty findings on multiple GRADE analyses.
Examples include probiotic and dietary (eg, fibre)
supplements and a number of pharmacological
interventions and alternative therapies such as
acupuncture or nerve field stimulation therapies.
Investment in higher quality studies can ensure that
certainty of findings increases, rather than just the
volume of studies. Proper sample size estimation for
adequate statistical power, and the young person or
caretaker perspective on intervention and outcome
prioritisation also need to be addressed in future trials.**

In summary, both hypnotherapy and CBT show
moderate certainty evidence for treatment efficacy,
suggesting they are probably effective for treating IBS,
FAP-NOS, and abdominal migraine with clinically
significant effect sizes. However, the majority of other
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interventions had very low-certainty evidence across
outcomes and therefore no conclusions could be made.
For those interventions, well-designed studies of
adequate power are needed to determine efficacy.
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