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Context: There has been an increase in randomized controlled trials (RCTs) com-
paring probiotics with various maintenance therapies, such as polyethylene glycol,
lactulose, and mineral oil, to treat functional constipation in children. Objective:
The aim was to compare probiotics with all other oral maintenance therapies for
functional constipation in children and rank all treatments in terms of effectiveness
in a network meta-analysis. Methods: RCTs were identified through systematically
searching the MEDLINE, Scopus, EMBASE, and Cochrane Library databases, trial
registries, and forward and backward citation searching. Within-study risk of bias
was assessed using the Cochrane Risk of Bias 2 tool, and confidence in the esti-
mates was assessed using the CINeMA (Confidence in Network Meta-Analysis)
framework. Random-effects network meta-analyses were conducted. Results:
Data were pooled from 41 and 29 RCTs for network meta-analysis of defecation
frequency and treatment success, respectively. Probiotics did not significantly
increase the number of bowel movements per week when compared with any con-
ventional treatment or placebo. A combination of mineral oil and probiotics was
the most effective treatment for increasing defecation frequency (mean difference:
3.13; 95% confidence interval [Cl]: 0.64, 5.63). The most effective treatments for
increasing the risk of treatment success as compared with placebo were mineral oil
(relative risk [RR]: 2.41; 95% Cl: 1.53, 3.81) and a combined treatment of polyethy-
lene glycol and lactulose (RR: 2.45; 95% Cl: 1.21, 4.97). Confidence in the estimates
ranged from very low to moderate. Conclusion: Currently, there is no evidence to
suggest that probiotics should be used as a standalone treatment for functional
constipation in children. More high-quality studies are needed to evaluate different
strains of probiotics and their potential benefit as an additional treatment compo-
nent to conventional treatments. Mineral oil and polyethylene glycol were the
most effective treatments to increase defecation frequency and treatment success
rates and should remain the first line of treatment for children with functional con-
stipation.

Systematic Review Registration: PROSPERO registration no. CRD42022360977
(https://www.crd.york.ac.uk/prospero/display _record.php?RecordID=360977).
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INTRODUCTION

Constipation in children is a widespread pediatric
healthcare problem, affecting up to 30% of children and
adolescents worldwide."” In the absence of an underly-
ing organic cause, children with chronic constipation
are diagnosed with functional constipation (FC), which
makes up the majority of constipation cases in this age
group. The major cause of FC is understood to be vol-
untary withholding behavior, due to fear of defecation
after a previous painful bowel movement. This leads to
a vicious cycle of hardened and impacted stools that are
difficult to pass, furthering fear and withholding
behavior.

Immediate treatment for FC involves dis-impaction
of the hardened stool. Maintenance therapy is then
required to prevent future withholding behavior and
fecal impaction. There are various pharmacological
treatment options to improve stool frequency during
the maintenance period. Current guidelines recom-
mend polyethylene glycol (PEG) as the first line of treat-
ment and lactulose as a second choice when PEG is
unavailable or if the child is allergic to PEG.>”> These
treatments are classed as osmotic laxatives and increase
passive water flow into the intestinal lumen, making it
easier for stool to pass through the intestinal tract.®
Since FC does not have an organic cause, it is often the
case that children treated with conventional pharmaco-
logical therapies continue to experience symptoms of
EC.

Probiotics have emerged as a potential treatment
when pharmacological treatments are not effective in
successfully treating patients. Probiotics are live micro-
organisms, which, when administered in adequate
amounts, may provide health benefits for the host.” It
has been proposed that the substances produced by cer-
tain beneficial bacteria could improve colonic motility
by softening the stool, decreasing inflammation, and
increasing the secretion of water.>” Therefore, increas-
ing the amount of bacteria by taking an oral probiotic
could increase the amount of these substances and
improve symptoms of FC. Previous reviews have com-
pared probiotic consumption with different treatments,
including placebo, osmotic laxatives, magnesium oxide,
and mineral oil, and found that there was insufficient
evidence to conclude whether probiotics are efficacious
in successfully treating FC or increasing defecation fre-
quency in children with FC.'”'" These reviews con-
sisted of conducting underpowered, separate, pairwise
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meta-analyses for each comparison of probiotics to cur-
rently available treatments. Therefore, probiotics have
not been compared with all available treatments in a
single network meta-analysis model.

A network meta-analysis is able to summarize evi-
dence across a network of available treatments. This
methodology utilizes both direct comparisons observed
in the research and indirect evidence, which is gener-
ated when treatments are compared with a common
comparator but not directly within the same trial.'* It
would be of benefit for clinicians for probiotics to be
compared with other maintenance therapies in a net-
work meta-analysis. This would enable each treatment
to be ranked from the highest to the lowest probability
of being the most effective, providing valuable informa-
tion for clinicians to determine which treatment to
administer to their patients. This systematic review and
network meta-analysis aimed to compare probiotics
with oral pharmacological maintenance therapies to
improve defecation frequency and treatment success
rates in children with FC.

METHODS

This review was carried out following the guidelines
from the Cochrane Handbook for Systematic Reviews
of Interventions, version 6.3,"> and reported according
to the PRISMA (Preferred Reporting Items for
Systematic reviews and Meta-Analyses) for Network
Meta-analyses statement'* (Table S1). The methods,
including the eligibility criteria, search strategy, extrac-
tion process, and analysis, were prespecified and docu-
mented in a protocol that was published in PROSPERO
as CRD42022360977 (available at: https://www.crd.
york.ac.uk/prospero/display_record.php?RecordID=
360977).

Eligibility criteria

Studies were eligible if they met the predefined eligibil-
ity criteria according to the PICOS (Population,
Intervention, Comparator, Outcome, Study design)
framework outlined in Table 1."°™'? Since this system-
atic review contains a network meta-analysis, studies
were eligible if they compared a combination of any of
the eligible treatments. This means that the comparison
arm of the randomized controlled trial (RCT) may con-
tain an active treatment rather than a placebo.

1007


https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae119#supplementary-data
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=360977
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=360977
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=360977

Table 1. PICOS Criteria for Inclusion of Studies

Parameter

Criterion

P (Population)

to the Rome II, lll, or IV criteria

RCTs of interest were those that were confined to children (aged <18 y) diagnosed with FC according
or variations of these as defined by the authors. RCTs including

patients with an organic cause for constipation or with a history of colorectal surgery were thus

not eligible.

| (Intervention)

» mineral oil

« lactulose

» magnesium hydroxide

« sorbitol

« PEG

* senna syrup

« bisacodyl tablets

« probiotics

RCTs eligible for inclusion were those that evaluated any of the following treatments:

Maintenance therapies considered were those that are orally administered and commonly used as
maintenance therapy after dis-impaction in children. Laxatives that are rectally administered (ene-
mas), bulk-forming laxatives, or laxatives used for the treatment of constipation caused by chronic
opioid use were not included. All probiotic (single or mixture) strains, doses, treatment regimens, and
means of administration (tablets, capsules, powder, or fortified foods) were considered. Synbiotics,
which are a mixture of pre- and probiotics, were also included.'®"®

C (Comparator)
O (Outcome)

Any treatment arm described above or placebo.
Primary outcomes of interest were the differences between treatment groups for key outcomes used

to ascertain improvement of symptoms. These include defecation frequency as a continuous out-
come (BMs/wk) and treatment success as a categorical outcome (the number of participants who
no longer met the criteria of having FC). Adverse events were evaluated qualitatively as a secon-
dary outcome by considering the difference in rates and the types of events experienced for all

treatment groups.
S (Study design)

Only RCTs were eligible for inclusion in this systematic review. Studies that used nonrandom or

quasi-random methods to assign patients to treatment groups (eg, alternate allocation) were not
eligible. Studies published only as an abstract (eg, conference proceedings) were also ineligible.

Language

No restrictions on language of the article.
Year No restrictions on year of publication.

Abbreviations: BM, bowel movement; FC, functional constipation; PEG, polyethylene glycol; RCT, randomized controlled trial.

Search strategy and study selection

To identify relevant articles, the MEDLINE (via the
PubMed interface), Scopus, EMBASE (via the Ovid
interface), and Cochrane Library databases were sys-
tematically searched (Table S2). All searches were con-
ducted without date or language restrictions from
inception until June 18, 2022. Handsearching was con-
ducted using backward (manually) and forward (with
Google Scholar) citation checks to identify any addi-
tional relevant papers, by examining the reference lists
of previous systematic reviews and all relevant papers
selected from the search of the bibliographic databases
and any subsequent publications that cited these papers.
Finally, the World Health Organization (WHO)
International Clinical Trial Registry Platform (https://
www.who.int/ictrp/search/en/) was searched, which
offers a single point of access to trials included in indi-
vidual registries worldwide, to identify completed and
any planned or ongoing RCTs.

The titles and abstracts of all identified references
were screened independently by 2 reviewers (R.G.H. and
EP.N.) using Covidence (Veritas Health Innovation,
Melbourne),”® a web-based collaboration software
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platform. Copies of the full texts were obtained if the stud-
ies seemed relevant and were imported into the Covidence
platform. R.G.H. and E.P.N. read the full texts and assessed
their content against the eligibility criteria independently.
In cases of disagreement, consensus was reached through
discussion involving a third author (M.B.).

Data extraction

A data-extraction form was used to record information
on the studies’ relevant characteristics and results.
Relevant characteristics retrieved included the follow-
ing: the number of patients randomized to each inter-
ventions, the type of intervention and comparator,
duration of the treatment, duration of constipation
symptoms, patients’ age range, mean age of the patients,
percentage of female patients, the primary and secon-
dary outcomes investigated, any co-interventions
allowed, and whether their uptake was monitored and
reported, and sources of funding (including role in RCT
conduct and reporting) and declarations of conflicts of
interest of the primary researchers.

From each study, and for each intervention group
separately, the sample size (n), the mean level, and the
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SD or, if provided instead, the SE or 95% confidence
interval (CI) of defecation frequency before and after
treatment were extracted. If studies reported only mean
changes from baseline and the respective SD (or SE) for
each group, these were extracted and used in further
analyses. A mixture of change-from-baseline and
follow-up scores (and respective SDs or SEs) can be
pooled directly in meta-analysis of (unstandardized)
mean differences (MDs) because, in an RCT, and in the
absence of imbalances at baseline, MDs based on
changes from baseline can be assumed to be addressing
exactly the same underlying intervention effects and
will have approximately the same magnitude as analyses
based on follow-up scores."> When only SEs were pro-
vided, these were converted to SDs prior to data synthe-
sis. The numbers of patients in each intervention arm at
follow-up who achieved treatment success were also
extracted. When outcome measures were reported at
multiple time points, data extracted were those that
most closely aligned with the most commonly reported
time point (4 weeks). Whenever the data provided in
published reports were incomplete or unclear, the
authors were contacted to obtain further details.

The data extracted and used in network meta-
analysis for both outcomes of defecation frequency and
treatment success are presented in the supplementary
material (Table S3). The R code used to run analyses
is also presented in the supplementary material (Table S4).

Statistical analyses: data synthesis and meta-analysis

Network meta-analyses were conducted with R software
(version 4.2.3; www.r-project.org; R Foundation for
Statistical Computing, Vienna, Austria) using the net-
meta package.”’ Random-effects network meta-analysis
models were used for the MD in defecation frequency
(bowel movements [BMs]/wk) and relative risk (RR) of
treatment success. This was done for each outcome sepa-
rately using probiotics as the reference treatment group.
Forest plots were used to succinctly display only the
comparisons between probiotics and all other treat-
ments. League tables were used to present effect sizes for
all comparisons generated from the network meta-
analyses and the effect sizes generated using only direct
evidence. Treatments were ranked according to the
probability that they are the most effective treatment by
estimating P scores for each treatment.”” P scores are the
frequentist analogue to SUCRA from a Bayesian net-
work meta-analysis.” An additive network meta-
analysis was also conducted, which assumes that the
effect of a combined treatment is the sum of the individ-
ual treatment components and that common compo-
nents cancel out in comparisons. Conventional
treatments were also directly compared with a combined
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treatment group of the conventional treatment and pro-
biotics. These effect estimates were obtained by changing
the reference group of the network meta-analyses to the
conventional treatment of interest. This was done for
PEG, mineral oil, lactulose, and magnesium hydroxide,
as these were the only comparisons reported. Note that
this does not run a new network meta-analysis model
but simply changes the reference group so that the
effects of the combined treatment are displayed relative
to the standalone treatment. These effects are of the
same magnitude as those displayed in the league tables,
but RRs may be inverted and MDs may have an opposite
sign when the league table compares the effects of the
standalone treatment relative to the combined treatment
group (ie, the reference group is switched).

We also assessed the transitivity assumption, which
implies that the treatment effects observed through
direct evidence would be the same in other trials where
the treatment effects were unobserved because they
compared different treatments. This was done by com-
paring characteristics that can affect the impact of the
treatment on the outcome stratified by treatment group.
This was conducted for the subset of trials that reported
on defecation frequency and treatment success sepa-
rately. The main characteristics of interest were BMs
per week at baseline, duration of constipation, length of
follow-up, sample-size percentage of participants who
are female, and publication year.

Assessment of the certainty of the evidence

We then used the CINeMA (Confidence in Network
Meta-Analysis) framework>* to assess the confidence in
the treatment effects. The CINeMA framework encom-
passes 6 domains that affect the confidence in the
results, including within-study bias, reporting bias, indi-
rectness, imprecision, heterogeneity, and incoherence.
The CINeMA web application® (https://cinema.ispm.
unibe.ch/) was used to incorporate information for each
domain and give a rating of “high,” “moderate,” “low,”
or “very low” for both direct and indirect evidence of
each comparison in the network. Evidence for each
comparison started at “high” and was downgraded 2
levels to “low” if there was a judgment of major con-
cerns in 1 of the domains. A judgment of some con-
cerns in 1 domain led to a downgrade of 1 level to
“moderate.” When there were multiple domains with
“some concerns” or “major concerns,” these were con-
sidered jointly rather than in isolation because concerns
in 1 domain are often related to the concerns in other
domains and downgrading multiple times for related
concerns is not advised.”* A dataset containing relevant
data needed for analysis as well as the ratings for
within-study bias and indirectness assessments for each
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study was uploaded to the CINeMA web application.
This was done separately for the dataset of defecation
frequency and treatment success.

To assess within-study risk of bias (RoB) of each
included study the Cochrane Collaboration’s RoB 2 tool
for assessing RoB in RCTs was used.”® Specifically, the
potential bias in each domain of the tool (Domain 1: ran-
domization, Domain 2: deviation from intended inter-
ventions, Domain 3: missing outcome data, Domain 4:
measurement of the outcome, and Domain 5: selection
of reported results) were rated as either “low risk,” “high
risk,” or “some concerns.” This was achieved by first
answering the relevant signaling questions for each
domain and then using the algorithms provided in the
tool to determine a rating for each domain and for the
RCT as a whole. The user of the CINeMA web applica-
tion is required to select either the average, majority, or
highest overall ratings within each comparison for use in
assessment of the overall confidence rating of each com-
parison. The average of the within-study bias ratings
across each comparison was used.

Reporting bias for each comparison was assessed by
visual inspection of comparison-adjusted funnel plots for
publication bias. It also considered whether it was likely
for studies included in the review but not in meta-
analysis as well as trial protocols with nonpublished
results to have missing evidence based on the results.

Indirectness was assessed as “low,” “moderate,” or
“high” for each study based on relevance to the research
question. Studies that had a follow-up longer than
8 weeks or a number of BMs per week greater than 3
had the level of directness downgraded by 1 level.

Judgments for imprecision, heterogeneity, and
inconsistency are generated automatically in CINeMA
based on a clinically important effect size specified by
the user. An MD of 1 BM/wk and a RR of 1.5 were
selected as clinically important effect sizes for defecation
frequency and treatment success, respectively. Statistical
tests were conducted using the netmeta package in R to
evaluate consistency. Local inconsistency in the network
meta-analysis models was assessed by comparing the
direct and indirect evidence with the Separate Indirect
from Direct Design Evidence (SIDDE) test using the
netsplit command. A design-by-treatment interaction
model was used to further evaluate global consistency in
the networks using the decompose design function.

RESULTS
Study characteristics
After removal of duplicates, 2529 unique records were

identified through database searching (Figure 1). Eleven
additional articles were identified through forward
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citation checks, leading to 2540 unique reports. Trial
protocols identified were, where available, matched to
published articles (Table S5). The titles and abstracts
were screened and 131 were deemed to be potentially
eligible. However, only 130 full texts were assessed
because the full text of 1 RCT was not available
(n=1)."" During full-text assessment, 76 reports were
excluded. The detailed reasons for exclusion for each
record are described in Table S6. After full-text screen-
ing, 49 eligible RCTs**7® described in 53 reports*®*°
were included in the present review.

The characteristics of the 49 included RCTs are
described in Table 2.”*7® A total of 5042 children were
analyzed in network meta-analysis, and the average
sample size at follow-up was 100.8 participants (range:
31-594). The follow-up at which outcomes were
reported ranged from 2 to 24weeks (median =
4 weeks).

Most trials defined FC according to the Rome
[[[31:35:39-43,45,46,48-50,52-64,66,68,70,71,73 {10 Rora
criteria. Seven of the 12 trials published after
2019 to the present used the updated Rome IV
criteria.®>7%%7%747% There were 9 trials that did not
use the any of the Rome criteria but used specified defi-
nitions, which were deemed to be comparable enough
for inclusion,*® >%322%37:3%4447 There was a median of
2.2 BMs per week at baseline across the trials.

Polyethylene glycol was the most studied treatment,
being evaluated by 24 trials and 1194 children were
randomized to this treatment. An additional 315 chil-
dren were randomized to a combination therapy of
PEG and probiotics (n=1215)>>°%°75861 o PEG and
lactulose (n = 100).>2

34,36,51
11

Assessment of transitivity

Assessments of study characteristics are shown in
Figures S1 and S2 for the outcomes of defecation fre-
quency and treatment success, respectively. There was
no clear violation of the transitivity assumption when
comparing the characteristics of the studies across
interventions.

Results from network meta-analysis for the outcome
of defecation frequency

There were 41 RCTs of 12 different intervention arms
(various combinations of 8 different active treatment
components + placebo), which provided data required
for meta-analysis for the outcome of defecation fre-
quency (Figure 2). There were 17 different comparison
designs from direct evidence of 53 pairwise compari-
sons of these interventions. A total of 3470 children
with FC were included in the analysis.

Nutrition Reviews® Vol. 83(6):1006—1034
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Identification of studies via databases and registers

Identification of studies via other methods

Records removed before screening:
Duplicate records removed (n = 1010)

Records identified from:
Forward citation checks (n = 4)
Backward citation checks (n=6)
Abstract search (n=1)

)
Records identified from database
S searching (n= 3539) R
é Scopus (n = 1970)
= Pubmed (n = 281)
g Cochrane Central (n = 577)
= Embase (n=711)
—

l
A 4

Records screened

Records excluded

A 4

Not relevant (n = 2358)
Trial protocols from registries (n = 51)*

»| Reports not retrieved

Full text not available (n=1)

Reports excluded:
Conference abstract (n = 25)

(n =2540)
v
g
c Reports sought for retrieval
g (n=131)
o
(2]
A 4
Reports assessed for eligibility
(n=130)
—
Studies included in review
2 (n =49)
S Reports of included studies
3 (n=53)
=
—

v

Commentary article (n = 2)

Children not diagnosed with FC (n = 2)

Evaluated disimpaction not maintenance therapy (n = 1)
FC definition not harmonious with Rome criteria (n = 3)
No FC definition provided (n=3)

No outcomes of interest (n = 1)

Participants not randomised (n = 7)

Only one treatment group of interest (n = 16)
Participants >18 years (n = 14)

Retrospective study (n = 3)

Figure 1. Flow Diagram Describing the Study Selection Process. *Trial protocols published in online registries identified by the search were
matched to published articles of the corresponding RCTs where available. Abbreviations: FC, functional constipation; RCT, randomized con-

trolled trial
Comparison of probiotics to conventional treatments

Figure 3 shows the comparisons of probiotics to all
other treatments and placebo from the network meta-
analysis of defecation frequency, ordered by the proba-
bility of being the most effective at increasing BMs per
week. Probiotics did not statistically significantly
increase the number of BMs/wk when compared with
any conventional treatment for FC and was ranked as
eighth most effective out of all 12 treatments (including
placebo) based on the probability of being the most
effective at increasing defecation frequency (P =.35). A
combined treatment of mineral oil and probiotics
increased BMs/wk by 2.56 (95% CI: 0.14, 4.98) as com-
pared with probiotics as a standalone treatment and was
ranked as having the highest probability of being the
most effective treatment (P=.909). Mineral oil alone
also statistically significantly increased the number of
BMs per week (2.65; 95% CI: 1.31, 3.99) and was ranked
as having the second highest probability of being the
most effective treatment (P =.906).

Nutrition Reviews® Vol. 83(6):1006—1034

Conventional treatments and probiotics as compared
with placebo

The effect estimates for the comparisons between all
treatments in the network meta-analysis of defecation
frequency, including the comparisons between conven-
tional treatments, probiotics, and placebo, are shown in
the league table (Table 3). When compared with pla-
cebo, a combined treatment of mineral oil and probiot-
ics increased BMs/wk by 3.13 (95% CI: 0.63, 5.62)
Mineral oil alone also statistically significantly increased
the number of BMs/wk (2.65; 95% CI: 1.31, 3.98), fol-
lowed by PEG (1.72; 95% CI: 0.72, 2.73), PEG combined
with probiotics (1.71; 95% CI: 0.42, 3.00), and magne-
sium hydroxide (1.72; 95% CI: 0.27, 3.16). All other
treatments did not show a statistically significant effect
on BMs/wk and effect sizes were smaller than required
to be considered clinically relevant. Notably, probiotics
as a standalone treatment had a small effect on BMs per
week (0.57), which was not significant (95% CI: -0.12,
1.27). When an additive component network meta-
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Probiotics+Magnesium Oxide
n=19

Magnesium Oxide
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Figure 2. Network Plot Showing Direct Comparisons Between Treatments for the Outcome of Defecation Frequency. The thickness of lines
corresponds to the number of trials comparing the linked treatments. The sizes of the nodes (blue circles) correspond to the number of par-
ticipants randomized to each treatment. Abbreviation: PEG, polyethylene glycol

Direct

Treatment Number  Comparisons

randomized ¢4 probiotics
Mineral oil+Probiotics 37 1
Mineral oil 309 1
PEG 827 1
PEG+Probiotics 197 1
Magnesium Hydroxide 172 0
Magnesium Oxide 39 2
Probiotics+Magnesium Oxide 19 1
Probiotics 440 0
Prucalopride 106 0
Lactulose+Probiotics 17 1
Lactulose 659 2
Placebo 494 8

Favours Probiotics
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P score MD 95%-Cl
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—a .91 2.08 [0.82; 3.34

—a— .70 1.145 [0.21: 2,10

T .69 1.14 [-0.09; 2.36

—a .69 1.14 [-0.25; 2.54

— A7 0.38 [-0.97; 1.73

— &= 40 0.19 [-1.65; 2.03

.35

— .34 -0.07 [-2.21; 2.07

— 24 -0.32 [-1.55; 0.91
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: —ae T ; ! 13 -0.57 [-1.27; 0.12
-2 2 4
Favours Other

BMs/wk

Figure 3. Forest Plot Depicting the Treatment Effects of Conventional Treatments and Placebo as Compared With Probiotics From Random-
Effects Network Meta-analysis of Defecation Frequency. Pooled effect estimates (squares) with 95% Cls are shown for standard network
meta-analysis. Treatments are ordered from highest to lowest P scores (probability of being the most effective treatment) from the standard
network meta-analysis model. Abbreviations: BM, bowel movement; Cl, confidence interval; MD, mean difference; PEG, polyethylene glycol

analysis model was conducted, there were no changes in
the statistical significance of any treatment effects.
However, the effect of probiotics as a standalone treat-
ment was decreased to 0.27 BMs/wk (-0.19, 0.73) and
mineral oil became slightly less effective as a combined
treatment with probiotics (2.70; 95% CI: 1.34, 4.05).

Results from network meta-analysis for the outcome
of treatment success

There were 29 RCTs of 14 interventions (various com-
binations of 9 different active treatment components +
placebo), which provided data on treatment success to
allow pooling of results in network meta-analysis

1024

(Figure 4). There were 15 different comparison designs
from direct evidence of 35 pairwise comparisons of
these interventions. A total of 3385 children with FC
were included in the analysis.

Comparison of probiotics to conventional treatments

Figure 5 shows the comparisons of probiotics to all
other treatments and placebo from the network meta-
analysis of treatment success, ordered by probability of
being the most effective at increasing treatment success.
Probiotics did not statistically significantly increase the
rate of treatment success when compared with any con-
ventional treatment for FC and was ranked as 10th

Nutrition Reviews® Vol. 83(6):1006—1034



“lomaweld YINSNID Y1 WOl SUSWSSISSe 01 BUIPI0IIe $3ZIS 139449 3SIY] JO SDUSPIAS Y] Ul AJUIRLISD MO KIDA SI 243y ],

HOMIWEIS YINBNID Y} WO SJUSWISSISSE 0} BUIPI0IIL S3ZIS 19343 3S3Y) JO DUIPIAS BY) Ul AJUIeLD MO] SI 313,

oMaWeI] YINBNID Y1 WOJ) SIUSWISSISSe 01 BUIpI0IIe $3ZIs 139)49 9S3Y] JO ADUIPIAS Y] Ul A1UIRLID 91RISPOW S| Y],

"PIOQ Ul UMOYS 3.1e S1I943 S1uaWieall Juediiubis A|[ed11siels yiomaweld) YIASNID Yl YHm 9oueplodde Ul (pas Ul S|j9d [|e) A1u1enad moj AISA o “(MO|9A ul S[|92 |[e) AIuleuad MO|

‘(8n]q u1 s[|93 [[e) A1ule1ad S1eISpow Se palel Sem 3dUIPIAT 1Ybil 01 13| woly Aousnbauy uonedasep Huisealdul 1e dAIIIRYS Isow dY3 buiag Jo Aljigeqoid 15omoj 01 153ybIY 01 1SOMO| WO} PRI3P.0
dJe sjuswWieal] "uosedwod Jeyl Joj SISIXS 9DUIPIAS 1291 OU 1BY] 31EJIPUI SOWBU JUSUIIRAI] SAOGE SIZIS 109)49 9Y) Ul S[|9D Yue|g *(SSWeU JUSWIEI1 MOJ9q SIZIS 129)J9 Y1 Ul) S9SAjeue-e1aw 3IOM
-19U WOJ} SDUSPIAS PIXIW Pue (SSWEeU JUSW1eI} SAOE SIZIS 1943 dY} Ul) S9sA|eur-elaw asimiied Wol) SDUSPIAS 1234IP UO PISEQ PUE S|) %56 PUE SIOUIISMIP UBIW die UMOYS S1ID4d JusWieal|

'|024|6 suajhyrakjod ‘D3d ‘Siskleuy-e1a|N YJOMISN Ul 9DUIPLUOD) “YINONID :SUOIDIARIQQY

qlCLl'L 6801 4951 :G0L=] SI€ST ESL—] GlLTLTL0-]  S0LTLUL=]  4I8ET L¥0-] J9L'€E:LT0] ,l00°€ 2h'0]l l€LT TL0] ,[86°€ LEL] ,[T9°S ‘S9°0]

ogade|d €10 920 050 (S0 920 $6°0 wi L wi 9T £L'g
(877 89'L~] oSOLIL80-] 29T !681-] GISELULY0-]  GUOTIIrL-]  lTrT8L0-] I18'T!9E0] ILLThp0l ([LET88'0] IS9°E ‘6€°L] ,IOF'S ‘bSOl
0€0 aso|npe 4N0 L£0 70 €90 780 8s'L Ls'L 6S°L (444 00°€
al960 v60-1  somorqoid  [S9T9LT-] GISSLI60-]  ILLTIOLL=]  Gl0STIOUL-] 66TiL00-] [68'TL00] [Z9T ZE0]l [b8'E ‘S6°0] l6¥°S ‘LTl

100 + aso0|ne ¥20 €0 150 0L0 o'l Sv'L 'L 65T 88T

J[E5T €L~ JLTTILOT-]  Gl90°E WST-1  ([€6T1T0T-] Gl0L€LTL-] GILOE0TL=] Gl6v'E bOL-] ([8SY8TO-] [¥8'S ‘LS 0]
050 apudojeoniq 00 970 70 wl k4! wl 14 £9°C
J8TL1970-] GlESTLiOvL=] ([9f'L ‘TLE~] J€0TISOL=]  GIELL1L60-] IbSTISTO-] J9£T!600-] SOL'TLT0l IvEE ‘280l 86% ‘vL'0]
150 L00 880~ $2101q0id 610 8€°0 vL'L L'l suL 80°C 95T
4[86'L 186'L—=] apIxo winisaubew  ([€0°7 'SO'L-] STESEL-] HISLEOTL-] G[T0€60L-] [LLYHE0-] 4O¥'S £90-]

00'0— + 52101901 610 560 ¥6°0 960 681 L£T

o[TTY '80°0] JzeL8sl-1 486 ‘86'L—] X0 ([BOTISLL-] (ISSTWOL-] H8€T w801 [TSEEL0-] 6T '850-]
R4 €10~ 000 winisaubepy 920 SL0 LL0 oLl 8LT
o[LL€ 69°0-] apxoIphy  ([ov'L Ty L] ([80°L{L0'L=] ST 650-1 460 ‘9T 'L-]

1S'L wnisaubeyy 10'0- 100 €60 wl

4[98°T 0T'L-] sonoiqoid  ([¥60060-1 G[9€°T Ly0-] €0 ‘8L L]

€80 +01d 200 v6°0 £l

o65°€ 1101  ([ELT ‘0] o[60°T '6'L-] JLOLATL=] 9800l -] o[€0T8L0-] 48 !S0°L-]
vl 8T’ 800 0L0- 800~ 93d €60 L'l
41059116 olL6°€ 116'0-] o[60°L ‘S6°L-] o887 1611

Ly €5l 70— l1o [esauIy 870

Jl€6'7 '6€70-] Jeceisgl-1  snoiqoud

[TT vL0 + 110 [esaulpy

(yoaM/sauswRnopy [9mog) Aouanbalg uonedsss( Jo awodInQ dY) 1o} 3|qe] anbeaT *g ajqel

1025

Nutrition Reviews® Vol. 83(6):1006—1034



Magnesium Hydroxide
n=121_

PEG+Probiotics

Sodium Picosulfate
n=17

PEG+Lactulose
n=100

Mineral oil
h=255 ,
Lactulose

n=475

Lubiprostone

I, n=399

Placebo
n=624

Prucalopride
n=106

l Magnesium Oxide
n=18

Lactulose+Probiotics
n=122

Mineral oil+Probiotics
n=37

Figure 4. Network Plot Showing Direct Comparisons Between Treatments for the Outcome of Treatment Success. The thickness of lines cor-
responds to the number of trials comparing the linked treatments. The sizes of the nodes (blue circles) correspond to the number of partici-
pants randomized to each treatment. Abbreviation: PEG, polyethylene glycol

Direct

Treatment Number  Comparisons

randomized to Probiotics P score RR 95%-Cl
Mineral oil 255 1 — .86 1.65 1.07: 2.54
PEG+Lactulose 100 0 .83 1.68 [0. 82 3.43
PEG+Probiotics 84 0 —T .76 1.48 [0. 82, 2.69
PEG 693 0 T —— .70 1.35 [0.90; 2.03
Mineral oil+Probiotics 37 1 B e E— .63 1.28 10.71: 2.31
Magnesium Hydroxide 121 0 — - .59 1.23 10:/1:2:13
Magnesium Oxide 18 1 — 44 1.02 [0.52; 1.99
Sodium Picosulfate 17 0 : 44 1.02 [0.40; 2.60
Lactulose+Probiotics 122 1 —a 43 1.04 [0.61; 1.76
Probiotics 332 0 .40
Lactulose 475 1 — .34 0.96 [0.63; 1.45
Lubiprostone 399 0 33 0.88 [0.42; 1.86
Prucalopride 106 0 A7 0.65 [0.28; 1.55
Placebo 626 7 — — 10 0.68 [0.52; 0.90

1

1 2

0.5
Favours Probiotics Favours Other

RR

Figure 5. Forest Plot Depicting the Treatment Effects of Conventional Treatments and Placebo as Compared With Probiotics From Random-
Effects Network Meta-analysis of Treatment Success. Pooled effect estimates (squares) with 95% Cls are shown for both standard network
meta-analyses. Treatments are ordered from highest to lowest P scores (probability of being the most effective treatment) from the standard
network meta-analysis model. Abbreviations: Cl, confidence interval; MD, mean difference; PEG, polyethylene glycol; RR, relative risk

most effective out of all 14 treatment arms (including
placebo) based on the probability of being the most
effective treatment (P=.400). Polyethylene glycol and
lactulose as a combined treatment increased the RR of
treatment success as compared with probiotics (RR:
1.65; 95% CI: 1.07, 2.54) and was ranked as having the
highest probability of being the most effective treatment
at increasing RR of treatment success (P=.863). No
other treatments statistically significantly increased the
rate of treatment success as compared with probiotics.

1026

Conventional treatments and probiotics as compared
with placebo

The effect estimates for the comparisons between all
treatments in the network meta-analysis of treatment
success, including the comparisons between conven-
tional treatments, probiotics, and placebo, are shown in
the league table (Table 4). When compared with placebo
in a standard network meta-analysis, PEG with lactulose
as a combined treatment had the greatest effect on

Nutrition Reviews® Vol. 83(6):1006—1034
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Table 5. Comparison Between Conventional Therapies to a Combination of Conventional Therapy and Probiotics From Network
Meta-analysis of Mean Difference in Bowel Movements/Week and Relative Risk of Treatment Success

PEG + Lactulose + Mineral oil + Magnesium
probiotics probiotics probiotics vs oxide + probiotics
vs PEG vs lactulose mineral oil vs magnesium oxide
Network meta-analysis of 41 studies of mean difference in BMs/wk
Studies providing direct evidence 5 5 1 1
MD in BMs/wk -0.017 0.125 0.483 -0.191
95% Cl of MD —0.938, 0.905 —-0.790, 1.040 -1.91, 2.880 —-2.021,1.639
Network meta-analysis of 29 studies of RR of treatment success
Studies providing direct evidence 2 3 1
RR of treatment success 1.098 1.081 0.777
95% Cl of RR 0.711, 1.696 0.738, 1.583 0.434, 1.386

Abbreviations: BM, bowel movement; Cl, confidence interval; MD, mean difference; NMA, network meta-analysis; PEG, polyethylene
glycol; RR, relative risk.

Effects are calculated with the standalone treatment groups as the reference group—ie, an MD >0 or RR >1 indicates that the com-
bined treatment with probiotics performed better than the standalone treatment. Comparisons shown are generated from the same
NMA models as previously reported, which differ only by specifying a different treatment as the reference group to obtain effect sizes
and Cls for the comparison of interest. Alternatively, results for these comparisons can be obtained from league tables (Tables 3 and
4), where the ma%nltude of the effects, including 95% Cls, is the same. For effects of MDs in BMs/wk, the sign of the effect and the
upper and lower bounds of the confidence limits are opposite to the effect shown in the league table (Table 3) when the reference
?roup is swapped. For effects of RRs of treatment success, the effect sizes and 95% Cl limits are equal to the inverse of the effect

rom the league table (Table 4) when the reference group is swapped.

treatment success (RR=2.45; 95% CI:. 1.21, 4.97).
However, mineral oil had a higher probability of being
the most effective treatment (P=.863) due to greater
precision around the estimate (RR =2.41; 95% CI: 1.53,
3.81). Polyethylene glycol was also effective at increasing
the RR of success as a standalone treatment (RR = 1.97;
95% CI: 1.33, 2.93) and when combined with probiotics
(RR = 2.16; 95% CI: 1.20, 3.90). The only other treat-
ments to show a statistically significant effect on treat-
ment success were probiotics (RR = 1.46; 95% CI: 1.11,
1.92) and magnesium hydroxide (RR=1.80; 95% CI:
1.05, 3.09). Probiotics did not confer any benefit on def-
ecation frequency, indicating they may be more effec-
tive at improving other outcomes used in the trials to
measure treatment success, such as decreasing fecal
incontinence. However, it is worth noting that these
effects were reduced when an additive component net-
work meta-analysis was conducted, and effects bordered
on nonsignificance (RR =1.21; 95% CI: 1.02, 1.43). All
other treatment effects were not statistically significant,
but were large enough to indicate a potential benefit,
particularly for mineral oil combined with probiotics
(RR = 1.87; 95% CI: 1.00, 3.50), which bordered on stat-
istical significance.

Comparison between conventional therapies to a
combination of conventional therapy and probiotics

Comparisons between a combined treatment of conven-
tional treatments and an additional probiotic compo-
nent to the same standalone conventional treatment
from both standard network meta-analysis models for
defecation frequency and treatment success are shown
in the league tables (Tables 3 and 4). Table 5 shows
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these effects with the standalone treatment as the refer-
ence group for all comparisons.

Defecation frequency

The most notable difference between the combination
treatment and standalone conventional treatment was
for the treatment with mineral oil. A combined treat-
ment of mineral oil and probiotics increased the num-
ber of BMs per week by 0.48 when compared with
mineral oil alone, but this was not statistically signifi-
cant (95% CI: -1.91, 2.88). There were very small differ-
ences between the number of BMs/wk when comparing
the standalone treatments of PEG, lactulose, and mag-
nesium oxide with a combination treatment of these
with probiotics. The combination treatment of PEG and
probiotics performed very similarly to the standalone
treatment of PEG (MD: -0.017; 95% CI: -0.938, 0.905).
This was also the case for magnesium oxide (MD:
-0.191; 95% CI: -2.021, 1.639) and lactulose (MD: 0.125;
95% CI: -0.790, 1.040).

Treatment success

In contrast to the effect of defecation frequency, the
combined treatment of mineral oil and probiotics was
less effective at increasing the rate of treatment success
than mineral oil alone (RR: 0.78), but this was also not
statistically significant (95% CI: 0.434, 1.39). Probiotics
did not increase treatment success rates when given as
an additional component to PEG (RR: 1.098; 95% CI:
0.711, 1.696) or lactulose (RR: 1.081; 95% CI: 0.738,
1.583). There was no effect estimate for the comparison
of treatment success for magnesium oxide with
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probiotics to magnesium oxide alone because only 1
study used this comparison design and did not report
on this outcome. Overall, the treatment effects compar-
ing conventional treatments and the same treatments
administered in combination with probiotics are similar
for the outcomes of defecation frequency or treatment
success. Probiotics do not seem to be efficacious at
increasing the treatment effects of conventional treat-
ments in children with FC.

Adverse events

The number of adverse events within each trial is sum-
marized in Table S7. Overall, adverse events were bal-
anced between groups, suggesting safety.

Risk of bias

An overview of the RoB assessments for each domain in
all included studies is presented in the supplementary
material (Figure S3). Only 4 RCTs received an overall
RoB rating of “low” for at least 1 outcome of inter-
est.*>*>°19 There were 11 RCTs that received a rating

of “some concerns for all
»30,35,36,40,43,56,60,61,64,68,71

relevant
outcomes, while the remaining
were rated as “high risk” The RCT conducted by
Tabbers et al*® was rated as “low risk” for the outcome
of defecation frequency but “some concerns” for the
outcome of treatment success due to differences in
missing outcome data, and therefore contributed to the

total counts of both. The remaining studies were rated
as  “high  risk 7282031-34637-394142,4446-48.50,52-55,57-

59,62,65-67,69,70,72-76

It was common for studies to not report the
method of allocation concealment, which is an impor-
tant component of domain 1, leading to a “some con-
cerns” rating in this domain. There were only 3 RCTs
that were rated as “high risk” for this domain because
there was no method of randomization described and
baseline differences in defecation frequency suggested
that the randomization process may not have been
optimal.6>7274

When assessing domain 2, many studies received
a high RoB because authors tended to exclude
participants who did not adhere to their assigned
intervention after randomization had
occurred,*®30:3220:2738,62,64,67,73,74 Furthermore, many
studies did not blind either the participants and their
caretakers or the study investigators. A nonblinded
study design does not immediately warrant a high RoB
rating in this domain; however, it contributes to a
higher RoB rating in this domain if there were devia-
tions that arose due to the trial context or if there was
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no information provided about whether these devia-
tions occurred.

Opverall, missing data were not common in the trials
due to the relatively short follow-up (usually 4 weeks).
Sixteen trials were rated “high risk”?®>%333773%:50:>22
>40667.69.72°74 " 7 trials were rated as having “some
concerns,”>>45:46:48:56.60.64 51 q the remaining trials were
rated “low risk.”

Stool frequency, and by extension treatment suc-
cess, was almost exclusively measured through the use
of stool diaries in the RCTs, where participants record
their symptoms on a daily basis to ensure accuracy.
This was considered to be a reliable form of measure-
ment and these studies were rated as “low risk” when
participants using this method were blinded.® %2>
37,40,41,43,45,49,51,56,61,63,64,67,68,71,76 [0 aver there were
26 trials that were not blinded or did not provide infor-
mation on how blinding was achieved and were rated as
“high risk” in this domain because knowledge of the
treatment group could affect assessment of the outcome

because  there is a level of judgment
. 1,32,34,38,39,42,44,46-48,50,52,54,55,57-59,62,65,66,69,
involved 31:32:34:38.39 6-48,50,52,54,55,57-59,62,65,66,69

70,72-75

When assessing domain 5, many trials, particularly
those that were older and published before prespecify-
ing a protocol was common, did not state whether the
trial adhered to a protocol®®>%3!73437:38:46.5075279 1 diq
not provide sufficient information to locate the proto-
col***® required to compare the analysis provided with
the analysis plan. Also notable is that some trials had a
protocol that was registered retrospectively.*">**”>% In
both of these instances, results could have been selec-
tively reported based on their magnitude or statistical
significance.

Five trials had a registered protocol, but had dis-
crepancies between the intended prespecified methods
and what was reported in the paper’”**® or the proto-
col was not specific enough to rule out that selective
reporting had taken place.”*® One of these was assessed
as having “some concerns” rather than “high risk”
because the discrepancies related to outcomes other
than treatment success or defecation frequency.®® Only
7 studies*>****01.6%677% had a preregistered protocol
and adhered to the prespecified methods therein, lead-
ing to a low RoB rating.

Confidence and consistency in the networks

In the design-by-treatment chi-square test to detect
global inconsistency for the network of defecation fre-
quency, the assumption of coherence was met (3> =
13.17; P=.357). The results of the local test of inconsis-
tency using the SIDDE test are shown in Table S8.
Inconsistency was identified between direct and indirect
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evidence for the comparisons of mineral oil to lactulose
(P=.002), magnesium oxide to probiotics (P=.058),
and mineral oil to PEG (P=.011). In other words, there
was disagreement between the direct evidence observed
in the trials comparing these treatments and the indirect
evidence generated by the network meta-analysis
model. These differences could have been brought
about by between-study differences in participant char-
acteristics that affect the outcomes of interest. These
characteristics include defecation frequency at baseline,
age of the participants, and length of follow-up after
treatment. Many of the other direct comparisons in the
network were based on few studies, and therefore may
have been underpowered to detect inconsistency.

In the design-by-treatment chi-square test to detect
global inconsistency for the network of treatment suc-
cess, the assumption of coherence was met (;(2 = 11.05,
P=.050). The comparison between direct and indirect
evidence by comparison group for the network of treat-
ment success is shown in Table S9. Inconsistency was
identified between direct and indirect evidence for the
comparisons of lactulose to lactulose combined with
probiotics (P=.016), lactulose to probiotics (P=.018),
and probiotics to lactulose combined with probiotics
(P=.047).

The ratings for each domain of the CINeMA frame-
work to assess confidence in the treatment effects are
shown in Figures S4 and S5. The overall confidence in
the effects ranged from low to very low, as shown in the
league tables of defecation frequency (Table 3) and
treatment success (Table 4). Therefore, future research
on the topic is likely to change the overall pooled effect
of the treatment. Visual inspection of comparison-
adjusted funnel plots did not suggest publication bias
(Figures S6 and S7). However, it was suspected that
there was RoB due to missing evidence in the compari-
son of PEG to PEG combined with probiotics.

The low certainty in the treatment effects was
largely driven by the high levels of within-study bias of
the RCTs and exacerbated by inconsistency between
direct and indirect evidence.

DISCUSSION

This network meta-analysis is novel in comparing the
effectiveness of oral maintenance therapies on defeca-
tion frequency and treatment success in children with
FC. There were 3470 children from 41 RCTs analyzed
for the outcome of defecation frequency and 3385 chil-
dren from 29 RCTs analyzed for the outcome of treat-
ment success. This analysis found that PEG, a
combination of PEG and probiotics, mineral oil, a com-
bination of mineral oil with probiotics, and magnesium
hydroxide were the only treatments to show a
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statistically significant increase in defecation frequency
when compared with placebo. The same treatments, in
addition to a combined treatment of PEG and lactulose,
were more effective than placebo at improving treat-
ment success.

Probiotics have recently emerged as a treatment of
interest for FC in both adults and children. In the
present review, there were 23
ROT23336:40,41,43,45,48,50,53,55-58,61-63,67,68,72-74,76 1
reported on either defecation frequency or treatment
success and compared probiotics with various other
treatments, 13 of which were a combined mixture of
different  strains, 36-41:43:45:50.53,55,57.58,62,68.72.73  [4 1ooc
common for RCTs to compare probiotics in combina-
tion with other treatments, making it difficult for pre-
vious systematic reviews to distinguish the effect of the
probiotic treatment separately from the treatment it was
combined with in pairwise meta-analyses."’ Results
from the present network meta-analysis showed that
probiotics as an isolated treatment were not effective in
increasing defecation frequency when compared with
any conventional treatment, including PEG, mineral oil,
lactulose, magnesium hydroxide, or magnesium oxide.
Notably, when well-established treatments such as PEG,
mineral oil, lactulose, or magnesium oxide were com-
bined with probiotics, treatment effects were similar to
those from the standalone treatment, indicating that the
combined effect is mostly owing to the lactulose, min-
eral oil, magnesium oxide, or PEG components rather
than an equal contribution of probiotics and these treat-
ments on the outcome.

Comparison to previous systematic reviews

The results from this systematic review and network
meta-analysis are largely in agreement with previous
systematic reviews and meta-analyses. The results are
consistent with a recently published Cochrane review
by Wallace et al,'® which found that there is insufficient
evidence to determine whether probiotics are more effi-
cacious than placebo in improving treatment success
rates or increasing defecation frequency in children
with FC. A Cochrane review conducted by Lee-
Robichaud et al*' in 2010 found that PEG was more
efficacious than lactulose in improving stool frequency
in adults and children. An additional Cochrane review
conducted in 2016 found that PEG may be more effec-
tive than lactulose and magnesium hydroxide.** These
analyses were based on few studies and reliance on pair-
wise meta-analysis and, therefore, conclusions were sug-
gested much more cautiously. The present study builds
on these findings by conducting a more robust analysis
by utilizing both direct and indirect evidence in
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network meta-analysis and provides a point of compari-
son for all oral maintenance therapies for FC in
children.

Functional constipation is a common issue affect-
ing children, and early treatment is required to mini-
mize further hardening of stools, withholding, and
subsequent soiling. Current guidelines recommend
PEG as the preferred treatment option and lactulose as
the second choice when PEG is unavailable.>*’
Polyethylene glycol and lactulose are both osmotic laxa-
tives that create an osmotic gradient to increase luminal
fluid, lower the pH, and increase peristalsis.>**
However, they interact with the gut slightly differently.
Lactulose is a derivative of lactose and needs to be fer-
mented into low-molecular-weight acids by bacteria
present in the lumen.” On the other hand, PEG is a lin-
ear polymer and does not need to be metabolized before
it can begin to draw water into the lumen through
osmosis.”

Results from this systematic review suggested that
mineral oil was more beneficial in improving constipa-
tion symptoms than lactulose and was ranked as having
the highest probability of being the most effective treat-
ment for treatment success. It is important to consider,
however, that all effect sizes that compared mineral oil
with another treatment were rated as “high risk” of bias
according to the Cochrane RoB 2 tool. Furthermore,
there are some limitations of using mineral oil as a
treatment. Mineral oil is an emollient and increases the
frequency of BMs by lubricating the stool and decreas-
ing friction. Due to the fact that it is not absorbed, oil
leakage is a potential side effect.™ It cannot be given to
children less than 3 years of age or to children with gas-
troesophageal reflux or neurodevelopmental disorders
due to risk of aspiration.” Therefore, PEG should be
prescribed in these cases.

An important clinical consideration of the present
review is how probiotics may affect other systems of the
body in addition to the gastrointestinal system. It is
known that the gut microbiota affects the function of
other organs in the body, with increasing investigation
into the gut-lung axis.*® Both the gut and lungs share
exposure to microbes through the oral route.*
Therefore, taking probiotics orally may affect the pres-
ence of these bacteria in the respiratory system.®”
Currently, it is understood that probiotics influence the
relationship between commensal microbes and the
mucosal immune framework, which may lead to differ-
ences in responses to viral pathogens and other inflam-
matory respiratory conditions.*>”®” The probiotics
examined in the present review usually belonged to the
genus Lactobacillus. Many strains from this genus have
been found to be related to various functions and health

outcomes related to the respiratory system.*®
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Lactobacillus rhamnosus GG was examined in the
present review as a singular strain by 1 study®” and as a
probiotic mixture with other strains in multiple studies.
This strain has been shown to reduce the risk of respira-
tory infection from influenza virus and reduce the inci-
dence and number of days with respiratory tract
infection from rhinovirus.** A commonly evaluated
strain of probiotic in the RCTs included in the present
systematic review was Lactobacillus reuteri DSM 17938.
This strain has been shown to excrete antimicrobial
molecules, promote the function of regulatory T
cells,*” and also has anti-inflammatory properties.”’
Therefore, this strain may also prevent infection of
pathogens in the lungs as well as reduce the symptoms
of inflammatory conditions such as asthma.* Overall,
the probiotics examined by the studies in the present
systematic review seem to provide beneficial effects for
functioning of the respiratory system. A systematic
review and meta-analysis of RCTs found that children
randomized to probiotics had a reduced risk of respira-
tory tract infection and had a fewer number of days
with respiratory tract infection.”” In the present review,
there were no significant concerns regarding adverse
events in RCTs examining probiotics, including those
involving any respiratory issues.

This systematic review is the first to analyze all
studies comparing oral maintenance therapies in a net-
work meta-analysis and rank treatments based on their
effectiveness at improving symptoms of FC. Indirect
evidence from network meta-analysis models used to
analyze defecation frequency and treatment success has
enabled comparisons between treatments that were not
compared directly in the original trials, and that are
unable to be compared in a pairwise meta-analysis.

Limitations

The findings of this research have limitations that must
be considered when interpreting the results from this
network meta-analysis. A main limitation of this review
is that there were a range of different probiotic strains
examined by the RCTs included, making it difficult to
analyze the effect of different strains on the outcomes of
interest. In one-third of all RCTs examining probiotics,
the treatment group received a combination of different
probiotic strains. In the present network meta-analysis,
different strains of probiotics were grouped together
and analyzed as a singular treatment. Therefore, this
review did not investigate the potential for strain-
specific effects to influence BMs per week and treatment
success rates in children with FC.

Within-study RoB was considered to be either
“some concerns” or “high risk” for all but 5 RCTs
analyzed. This was a major contributing factor to the
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confidence in the majority of estimates from network
meta-analyses being assessed as low and very low. This
means that the true effect of the treatments analyzed
could be markedly different from the effect estimates
generated from the network meta-analysis models.

Another limitation is that there was some incoher-
ence detected in the networks. In other words, there
was a difference between the observed effect sizes and
the predicted effect sizes calculated from indirect evi-
dence. The studies that compared these may have dif-
fered from other studies in the network with regard to
important effect modifiers, such as duration of consti-
pation and BMs at baseline.

Two treatments (lubiprostone and prucalopride)
were only examined once across the RCTs in the net-
works. These treatments were similar to placebo in their
effectiveness; however, it is possible that a true effect exists
but was not able to be detected due to lack of power.

Secondary outcomes, such as fecal incontinence,
abdominal pain, and bloating, were not considered in
this review as it was anticipated that these outcomes
would not be reported consistently enough to enable
comparison in a network meta-analysis. It is possible
that treatments ranked with a high probability of being
the most effective at increasing BMs/wk and treatment
success rates, such as mineral oil and PEG, may not be
as effective in improving these other symptoms, which
are common in FC.

CONCLUSION

It is clear that more high-quality RCTs are needed to
improve the quality of evidence in this research area,
increase the certainty in results from meta-analysis, and
enable better clinical recommendations that are more
reflective of the effectiveness of the treatments analyzed.
Particular domains that had a high RoB in the current
set of RCTs were blinding of participants and study per-
sonnel, randomization sequence concealment, and
adherence to a published protocol with a prespecified
analysis plan.

There are various areas on this topic that warrant
further investigation. Thus far, lubiprostone and pruca-
lopride have only been evaluated in 1 RCT in children.
Although these trials did not show any statistically sig-
nificant benefit over their comparators in the present
systematic review, these medications have shown prom-
ise in adults with FC*>"*> and more RCTs in children
are needed to determine their effectiveness in this popu-
lation. There were no RCTs evaluating other novel
pharmacological treatments, such as linaclotide, naro-
napride, or plecanatide, which have also shown promis-
ing results in adults.”
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Future studies are also needed to explore the differ-
ences between the effect of different strains of probiot-
ics. In this analysis, different strains and mixtures of
probiotics were evaluated together with L reuteri being
the most commonly evaluated strain. However, other
less studied strains, such as Bifidobacterium lactis,
Bifidobacterium brevis, and L rhamnosus could impact
the gastrointestinal tract differently. Future RCTs
should continue to evaluate these different strains of
probiotics as an additional component to conventional
treatments and compare their effectiveness with the
conventional treatment without any probiotic compo-
nent. It is important that these studies be free from RoB
in the randomization, concealment of allocation, and
blinding components of the trial, so that any effect of an
additional probiotic component can be attributed to the
probiotic rather than to bias in the RCT.

In conclusion, results from this network meta-
analysis support the use of PEG and mineral oil for
maintenance therapy for children with FC. Probiotics
were not found to be beneficial in improving defecation
frequency or successfully treating children with FC.
Caution should be exercised in interpreting the results
due to the low certainty of the evidence. The evidence
from the present review suggests that clinicians should
not prescribe probiotics as a standalone treatment to
children with FC. Polyethylene glycol remains the pre-
ferred treatment for maintenance therapy in children
with FC.
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