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Abstract
Introduction Irritable bowel syndrome (IBS) is a common
chronic functional gastrointestinal disorder affecting
approximately 10% to 25% of the adult population. A
large number of clinical trials have been conducted to
evaluate the efficacy of probiotics for IBS but the results
were inconsistent. Previous meta-analyses have shown
that probiotics are effective for IBS, but the comparative
efficacy of individual species is unclear. In addition,
evidence regarding the superiority of combination over
single probiotic is still lacking. We, therefore, perform this
study to evaluate the comparative efficacy and safety of
various species of probiotics, and combination regimens
for the treatment of IBS.
Methods and analysis This study is a systematic review
with network meta-analysis. We will search PubMed,
Scopus, The Cochrane Central Register of Controlled Trials
and CINAHL for randomised controlled trials comparing
probiotics with placebo or comparing different probiotics
for IBS, with no language restrictions. The primary
outcomes will be treatment response and global IBS-
symptom score. We will initially combine included studies
with traditional pairwise meta-analysis and then with
random-effects network meta-analysis. We will quantify
the effect of potential effect modifiers by meta-regression
if appropriate. We will check the consistency assumption
by testing the absolute difference between direct and
indirect estimates for comparisons in closed loops. The
quality of evidence will be evaluated according to the
GRADE framework.
Ethics and dissemination Ethical approval is not
required for literature-based studies. We will disseminate
the findings through publications in peer-reviewed journals
and relevant conferences.
PROSPERO registration number
CRD42018102101

Background
Irritable bowel syndrome (IBS) is a chronic
functional gastrointestinal disorder characterised by abdominal pain and altered bowel
habits without any structural abnormalities.
IBS affected approximately 10% to 25% of
the adult population worldwide.1 In 2004, the
cost associated with IBS in the USA was over
$1 billion.2 Because IBS presents as a complex

Strengths and limitations of this study
►► This network meta-analysis will quantitatively eval-

uate the comparative efficacy and safety of various
species of probiotics, and combination regimens for
the treatment of irritablebowel syndrome.
►► The study will be strictly carried out according to the
recommendation of Cochrane handbook for systematic reviews of interventions.
►► We anticipate that the pooled effects may be influenced by high statistical heterogeneity.
►► Most estimated effects among probiotics will be
based on indirect comparisons, which are often
considered as low quality evidence.
►► The quality of original trials will affect the quality of
the pooled effects.

of symptoms, the treatment needs to focus on
the most bothersome symptoms and there is
no standard treatment.3 Current treatments
for IBS primarily include diet/lifestyle modification and pharmacological therapy.3 Pharmacological therapy is often recommended
as an adjunctive treatment for patients who
failed to respond to diet/lifestyle modification and for those with moderate-
to-
severe
symptoms. Though many drug therapies,
such as antispasmodics and antidepressants,
showed modest efficacy,4 their clinical use is
limited due to adverse events.
Recent research has shown that disturbed
gut microbiota may promote the development and maintenance of IBS symptoms.5 6 The composition of gut microbiota
differs among specific subgroups of IBS
patients and healthy individuals.5 These findings promoted the research on probiotics, live
or attenuated microorganisms that may have
beneficial effects in humans, for the treatment of IBS.7 A large number of clinical trials
have been performed to evaluate the efficacy
of probiotics for IBS but have shown inconsistent results due to variations in study design,
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Methods
Study design
This study is a systematic review with Bayesian network
meta-
analysis. We will perform this systematic review
according to the Cochrane handbook for systematic
reviews of interventions.14 We will report the final results
according to the recommendation from The Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses Extension Statement for Reporting of Systematic
Reviews Incorporating Network Meta-analyses.15 We registered this study in PROSPERO international prospective
register of systematic reviews on July 2018.16 This protocol
was drafted according to the Preferred Reporting Items
for Systematic Reviews and Meta-
Analyses Protocols
(PRISMA-P).17
Inclusion and exclusion criteria
We will include studies which fulfil the following criteria.
2

1. Types of study to be included: Randomised controlled
trials
2. Participants/population: We will include trials that recruited IBS patients who had been diagnosed based
on specific diagnostic criteria (the Manning criteria,
Rome I criteria, Rome II criteria, Rome III criteria,
Rome IV criteria or the Kruis Score).
3. Interventions: Single probiotics or a mixture of species,
of any dosage regimen and any route of administration.
4. Comparators/control: Placebo, no treatment or comparison with another type of probiotic therapy.
5. Outcomes: The primary outcomes will include treatment response regarding relief of IBS symptoms and
changes from baseline in global IBS-symptom score.
The secondary outcomes will include changes from
baseline in individual IBS-symptom score (abdominal
pain, bloating, flatulence, distension and urgency),
the total number of adverse events and withdrawals
due to adverse events. Currently, many different standards are used for the assessment of IBS symptoms
clinical trials. There will be no limitation on the IBS
symptoms assessment standard in this systematic review. We will exclude studies that included IBS patients under 18 years old. Because IBS is a chronic
condition and treatment often require long time to
take effect, we will exclude studies with a treatment
duration of <1 week.
Search strategy and selection criteria
We will search PubMed, Scopus, The Cochrane Central
Register of Controlled Trials (CENTRAL, in The
Cochrane Library) and CINAHL for potentially eligible
studies. The search strategy included terms for IBS, probiotics, outcomes and randomised controlled trials (see the
PubMed strategy in Box 1). The search will be limited
from their inception to July 2018, with no restriction in
publication status or language.
We will also search the WHO International Clinical
Trials Registry Platform (apps.who.int/trialsearch/), and
ClinicalTrials.gov (www.clinicaltrials.gov) for ongoing
studies. Reference lists of the included studies and related
review articles will be manually checked to identify additional studies.
Study selection and data extraction
Two authors will independently undertake study selection according to the predefined inclusion and exclusion
criteria. Any disagreements will be resolved by discussion.
All the search citations will be initially imported into
reference management software and the duplicated citations will be removed automatically. We will progressively
evaluate the eligibility of the remaining studies by examining titles, abstracts and full texts. The data extracted
will be as follows:
1. Study information (authors, location, title and publication time);
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species and dose of probiotics. In 2014, a meta-analysis of
35 trials showed that probiotics are effective treatments
for IBS, but which individual species are the most beneficial were unclear.8 The recent update of this systematic
review still found no clear evidence of the effect of particular combination, species of probiotics.9
Probiotics are widely used in clinical practice despite
the lack of robust evidence.10 A challenge to clinicians is
to prescribe the optimal probiotic since many probiotics
are available while their comparative efficacy is indeterminate. Most clinical trials investigating probiotics for
IBS are placebo-controlled trials and there are hardly
any studies directly comparing difference in probiotics
species. In addition, whether a combination of multiple
probiotics is superior to single probiotics is still unclear.
Furthermore, contrary to the safe usage of probiotics for
years, recent research also pay attention to their safety,
particularly for immunocompromised patients, critically
ill patients and cancer patients.11 The safety of probiotics
for IBS also require further investigation. These questions
are unlikely to be answered by one single clinical trial or
traditional meta-analysis.
Network meta-
analysis, in the context of a systematic review, is an extension to traditional pairwise meta-
analyses in which multiple treatments are compared
using both direct comparisons within trials and indirect
comparisons across trials based on common comparators.12 13 Network meta-analysis is particularly appropriate
to investigate the comparative effect of multiple treatments when direct comparisons are lacking. In addition,
many randomised controlled trials have been published
recently but were not included in these meta-analyses. It
is necessary to update the meta-anlaysis and provide the
lastest evidence for clinical practice. Therefore we intend
to perform this study to evaluate the comparative efficacy
and safety of various species of probiotics, and combination regimens for the treatment of IBS in adults.

Open access
Search strategy for PubMed

1. exp colonic diseases/
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

exp irritable bowel syndrome/
exp colonic diseases, functional/
irritable bowel.tw.
irritable colon.tw.
spastic colon.tw.
functional bowel disease*.tw.
functional colonic disease*.tw.
or 1 to 8
Probiotics/
probiotic$.tw.
Lactobacill$.tw.
exp Lactobacillus/
Bifidobacter$.tw.
Bifidobacterium/
Enterococc$.tw.
exp Enterococcus/
exp Escherichia/
Streptococcus thermophilus.tw.
Streptococcus thermophilus/
exp Saccharomyces/
Saccharomyces.tw.
or 10 to 23
randomised controlled trial.pt.
controlled clinical trial.pt.
randomised.ab.
placebo.ab.
clinical trials as topic/
randomly.ab.
trial.ti.
or 25 to 31
8 and 24 and 32

2. Patient characteristics (number of patients, average age,
number of females/males, race, IBS diagnosis criteria,
baseline IBS severity and IBS duration);
3. Intervention and control (the species of probiotics, dosage, frequency, route of administration, duration of
treatment);
4. Methodological information (description for randomisation, sequence concealment, blinding, incomplete
outcome data, selective reporting and other potential
risk of bias);
5. Outcomes.
Risk of bias (quality) assessment
The risk of bias for included studies will be evaluated
using the Cochrane Collaboration's tool for assessing risk
of bias.18 For each domain, we will categorise the risk of
bias as low, unclear or high risk of bias. The domains for
risk of bias are as follows:
1. Selection bias (randomisation sequence generation and
allocation concealment);
2. Performance bias (blinding of participants and personnel);
3. Detection bias (blinding of outcome assessment);
4. Attrition bias (incomplete outcome data).
5. Reporting bias (selective reporting);
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6. Other bias (including baseline imbalance, claimed to
have been fraudulent, differential diagnostic activity
and contamination).
Data analysis
We will initially analyse the effect by traditional pairwise
meta-analysis. We will pool the effect by individual probiotic species, or combination regimens. We will use OR
as the effect measure for dichotomous outcomes as OR
is mathematically superior to risk ratios and easier to be
modelled in network meta-analyses.19 20 We will use standard mean difference for continuous outcomes because
various scales are expected to be applied in included trials.
Heterogeneity among studies will be assessed with the
Q-test and the I² index statistic. The effect will be pooled
with a random-
effects model accounting for potential
between-
study heterogeneity. We will evaluate publication bias using funnel plots if eight or more studies are
involved in the meta-analysis. The funnel plot asymmetry
will be evaluated by Egger’s test.
We will then pool all studies using a random-effects
network meta-analysis model within a Bayesian framework since random-
effect model often give a more
conservative result and our previous experience suggest
random-effect models generally have a better goodness
of fit.21 22 The network meta-analysis models will take
placebo as reference because previous meta-
analyses
have shown that placebo was used as the control in
most clinical trials.8 9 We will evaluate the transitivity
assumption by comparing the distribution of clinical and
methodological variables that could act as effect modifiers across treatment comparisons.23 24 We will quantify
the effects by meta-regression analysis through adding
covariates (mean age, the proportion of females, treatment duration, the proportion of IBS subtype and risk of
bias) to the network meta-analysis models if appropriate.
We will check the consistency by testing the absolute
difference between direct and indirect estimates for one
of the comparisons in the closed loops.25 We will evaluate
the mean ranks and use two-dimensional ranking plots to
demonstrate the relative efficacy and safety. The quality
of evidence for the estimates of the primary outcomes
will be evaluated with the GRADE approach for network
meta-analysis.26
We will perform sensitivity analyses to assess robustness
of results according to sample size (excluding small studies
with sample size <50) and study quality (excluding studies
with high risk in one or more domains, or with unclear
risk in three or more domains by the Cochrane Collaboration's tool for assessing risk of bias) on primary outcomes.
Data will be analysed using Stata V.12 (StataCorp, College
Station, Texas) and WinBUGS V.1.4.
Patient and public involvement
There was no patient or public involvement in the preparation of this protocol.
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Discussion
Despite the lack of robust evidence, probiotics are widely
used for IBS in clinical practice. Prescribing the optimal
probiotics has been difficult for clinicians due to the lack
of comparative effect research. In this systematic review
and network meta-analysis, we will evaluate the comparative efficacy and safety of various species of probiotics and
combination regimens for the treatment of IBS in adults.
As comparisons of probiotics have been rarely directly
evaluated by randomised trials, this study will provide the
current best evidence.
We anticipate several limitations in this study. First,
the pooled effects may be influenced by high statistical
heterogeneity.8 9 The source of heterogeneity may include
clinical characteristics of participants (as age, sex and IBS
subtype) and study methodologies. There will be a chance
for us to adjust these factors by adding covariates to the
network meta-analysis models. Second, we anticipate that
most estimated effects among probiotics will be based on
indirect comparisons, for which the quality of evidence is
low. Last, the quality of original trials will affect the quality
of the pooled effects. To demonstrate these effects on our
estimates and facilitate the use of evidence in practice,
we will evaluate the quality of evidence for the primary
outcomes.

