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INTRODUCTION

Irritable bowel syndrome 
(IBS) is a functional bowel 
disorder character ized by 
abdominal pain or discomfort 
and a change in bowel habits 
in the absence of structural 
abnormalities. This disease is 
highly prevalent in the general 
population with a prevalence of 
5-18% [1, 2]; it negatively a"ects 
working productivity and quality 
of life [3]. Patients with IBS have 
claimed to give up 10-15 years 
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ABSTRACT

Background & Aims: Multiple pharmacologic treatments are available for the management of irritable bowel 
syndrome (IBS), and a large body of evidence has been presented. However, the strength and credibility of 
the evidence have not been comprehensively evaluated. We aimed to review the systematic reviews and meta-
analyses of pharmacologic treatments for IBS and evaluate the credibility of the #ndings.
Methods: We searched MEDLINE, Embase, and Cochrane library from inception to September 2019 for 
systematic reviews evaluating the e"ectiveness of pharmacologic treatments for IBS. We summarized relative 
ratios (RR), evaluated the credibility of the evidence and classi#ed the evidence into convincing, highly 
suggestive, suggestive, and weak.
Results: We included 11 systematic reviews with 40 meta-analyses (330 randomized controlled trials and 
86,459 participants) assessing 10 treatment categories and 2 drugs. Most of the pharmacologic treatments 
were signi#cantly superior over placebo as reported by the included meta-analyses. !e evidence for 
5-hydroxytryptamine (5-HT)3 antagonists (RR=1.56, 95%CI: 1.43-1.71), antispasmodics (RR=1.19, 95%CI: 
1.02-1.39), and alosetron (RR=1.46, 95%CI: 1.26-1.71) were highly suggestive for relieving global IBS 
symptoms. 5-HT4 agonists (RR= 1.26, 95%CI: 1.19-1.34) and guanylate cyclase-C (GCC) agonists (RR=1.73, 
95%CI: 1.54-1.95) were found to give convincing evidence for the improvement of the responder rate. 5-HT3 
antagonists (RR=1.32, 95%CI: 1.26-1.38) o"ered convincing evidence for relieving abdominal pain. 
Conclusions: Evidence for 5-HT3 antagonists, 5-HT4 agonists and GCC agonists, antispasmodics, and 
alosetron were suggestive for the treatment of IBS. However, owing to the risk of bias in randomization 
methods, the results for GCC should be interpreted with caution.
 
Key words: pharmacologic treatments – irritable bowel syndrome – umbrella review – meta-analysis.

Abbreviations: CI: con#dence interval; E: expected number of randomized control trails with positive 
#ndings; ES: e"ect size; GCC: guanylate cyclase-C; IBS: irritable bowel syndrome; O: observed number of 
randomized control trails with positive #ndings; PI: prediction interval; RCT: randomized controlled trial; 
5-HT: 5-hydroxytryptamine.  

of life expectancy for an instant cure [4], which indicates its 
substantial impact on the quality of life. Direct costs associated 
with IBS management have been estimated at more than 
$1 billion in the United states [5], and a meta-analysis with 
data from 23 European countries showed a mean annual 
cost of €1837 spent for treating IBS [6]. !e heavy burden of 
IBS inspires research enthusiasm on developing treatment 
modalities.

Pharmacologic treatments are the primary choice in the 
management of IBS, especially when dietary interventions or 
life-style modi#cation fail to relieve IBS symptoms [4, 7, 8]. 
Plenty of pharmacologic treatments are developed for IBS, 
since the pathology of IBS is not fully elucidated and response 
to treatment varies across IBS subtypes [4, 9]. A large body of 
research on the e"ectiveness of pharmacological treatments 
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for IBS is available. Many published systematic reviews and 
meta-analyses summarized evidence on 5-hydroxytryptamine 
(5-HT)3 antagonists [10], 5-HT4 agonists [10], alosetron [11], 
antidepressants [12], antibiotics [13], antispasmodics [14], 
bulking agents [14], intestinal secretagogues [15], probiotics 
[13], prokinetics [14], and tegaserod [16]. !e #ndings of these 
studies help to guide clinical practice in the treatment of IBS. 
However, the strength, precision, and potential bias of the 
#ndings remain unclear. Further summarizing the #ndings 
and evaluating their credibility could facilitate clinical decision 
making, and therefore are attractive for physicians and patients 
with IBS.

!e umbrella systematic review is a recently developed 
method that allows a higher-level synthesis of current 
evidence and a better recognition of the uncertainties, 
potential bias, and knowledge gaps in the evidence [17]. It 
summarizes the #ndings of recently published systematic 
reviews and meta-analyses, and quantitatively evaluates  the 
impact of potential bias (heterogeneity, publication bias, and 
excess signi#cance bias) on the current evidence. Several 
umbrella reviews have been recently published to address 
key clinical questions such as the association between diet 
and diabetes [18], the impact of environmental risk on 
in%ammatory bowel diseases [19], and the e"ect of dietary and 
nutritional interventions on cardiovascular outcomes [20], 
but no umbrella review has been reported to address the e"ect 
of pharmacologic treatments on IBS. We aimed to conduct 
an umbrella systematic review to obtain a comprehensive 
overview of the existing evidence of randomized controlled 
trials (RCTs) on pharmacologic treatments for IBS and to 
evaluate its strength and credibility.

METHODS

The design and implementation of this study were in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) statement [21] and 
with the methodological guide for conducting umbrella 
reviews [22]. !e protocol was registered on PROSPERO 
(CRD42018109597) prior to the conduction of the study and 
was published elsewhere [23]. 

Search strategy
We searched MEDLINE (via OVID database), Embase 

and the Cochrane library for systematic reviews and meta-
analyses that examined the e"ect of pharmacologic treatments 
on IBS from inception to September 2019. We developed a 
comprehensive search strategy incorporating the following 
terms: irritable bowel syndrome, systematic review, meta-
analysis. No language restriction was set during the search. !e 
search strategy for each database is provided in the Supplement 
#le. We read the reference lists of the retrieved articles to 
search for additional systematic reviews, and we also searched 
medical journal websites (www.nejm.org, https://jamanetwork.
com, www.thelancet.com, www.bmj.com, www.gastrojournal.
org, and https://journals.lww.com/ajg/pages/default.aspx), 
government websites (www.fda.gov, www.nice.org.uk, www.
sign.ac.uk, www.ahrq.gov), and PROSPERO for any missed 
systematic reviews.

Study selection
The inclusion criteria were: (1) systematic reviews 

that assessed the e&cacy of pharmacologic treatments [4] 
(including 5-HT3 antagonists, 5-HT4 agonists, alosetron, 
antidepressants, antibiotics, antispasmodics, bulking agents, 
intestinal secretagogues, probiotics, prokinetics, and tegaserod) 
in adult participants with IBS (age ≥18 years); (2) systematic 
reviews that included RCTs; (3) reporting outcomes of 
interests that included the assessment of global IBS symptoms, 
responder rate (a responder was de#ned as each meta-analysis 
described), abdominal pain or discomfort, defecation urgency, 
stool frequency, stool consistency, quality of life, and adverse 
events; (4) being compared with placebo or active control.

Systematic reviews with any of the following conditions 
were excluded: (1) without meta-analysis; (2) the number 
of included RCTs were less than 10 [24]; (3) full-text copy 
unavailable or without su&cient data for analysis; (4) inclusion 
of observational studies.

When multiple meta-analyses focusing on the same 
treatment and the same outcome measures were found, we 
selected the one with the largest number of participants and 
the most recent version. Two reviewers (T.-C.T. and D.Q.) 
independently screened the titles and abstracts of retrieved 
meta-analyses. Discrepancy was solved by group discussion 
and arbitrated by a third reviewer (H.Z). We examined the 
interrater reliability in the selection process by using kappa 
statistics. 

Data extraction and quality assessment
Two reviewers (M.C. and L.Y.) independently extracted 

data from each meta-analysis. !e extracted data included 
name of first author, year of publication, journal source, 
treatments, comparators, number of trials, total sample size of 
each meta-analysis, method used for pooling estimates (#xed 
or random e"ects), detection of publication bias, evaluation 
of heterogeneity, and assessment of risk of bias. Additionally, 
we extracted data from each original RCT on the name of 
RCT, #rst author, year of publication, treatment, outcomes, 
raw parameters (number of events, means, and standard 
deviations), and sample size for each treatment. A third 
reviewer (H.Z.) checked the completeness and correctness of 
the extracted data. !e two reviewers also evaluated the quality 
of the included meta-analyses by using A MeaSurement Tool to 
Assess Systematic Reviews 2nd version (AMSTAR 2) [25]. We 
used AMSTAR 2 to evaluate 16 aspects of a meta-analysis. !e 
authors of AMSTAR2 discouraged the use of a summary score 
for a meta-analysis to indicate its methodological quality, so 
we generated a summary #gure to present the overall quality 
of current evidence (Supplement #le Fig. 1).

Data analysis
We summarized the findings of each meta-analysis, 

and we re-calculated the summary e"ect size (ES) and its 
corresponding 95% confidence interval (CI) by using a 
random-e"ects model (meta package in R 3.5.0). We also 
estimated the 95% prediction interval (95%PI) for each meta-
analysis to assess whether they excluded null value; the 95%PI 
accounts for heterogeneity between RCTs and speci#es the 
uncertainty for the ES that would be expected in future studies. 
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We assessed heterogeneity in each meta-analysis by using I2 
statistics, and I2≥50% was recognized as the sign of signi#cant 
heterogeneity in a meta-analysis. We further categorized 
the degree of heterogeneity into small (I²<25%), moderate 
(25%<I²< 50%), large (50% ≤I²< 75%), and significantly 
large (I2≥75%). Publication bias and small-study e"ect were 
evaluated by examination of the symmetry of the funnel plot; 
signi#cant publication bias was detected by using Egger’s test, 
and p<0.01 indicates existence of publication bias. We assessed 
the risk of excess signi#cance bias in each meta-analysis by 
comparing the observed number of RCTs with positive #ndings 
(O) with the expected number (E). !e E was estimated by the 
sum of study power that each RCT actually reached. We used 
the ES of the largest study as the true ES in estimating the study 
power, since the true ES of a treatment is unable to acquire 
[26]. We also calculated the ratio of O versus E to estimate the 
degree of excess signi#cance bias. 

We evaluated the credibility of current evidence by the 
following criteria [20, 24, 27]: (1) had p<0.05 in #xed-e"ects 
model or p<0.001 in random-e"ects model; (2) had the total 
sample size larger than 1000; (3) had 95%PI that excluded the 
null value; (4) had no signi#cant heterogeneity (I²<50%); and 
(5) had no evidence of small-study e"ects or excess signi#cance 
bias. We classi#ed the credibility into: convincing [class I; 
ful#lling (1) to (5)], highly suggestive [class II; ful#lling (1) to 
(3)], suggestive [class III; ful#lling (1) to (2)], and weak [class 
IV; ful#lling only (1)]. 

RESULTS

Characteristics of included systematic reviews and 
meta-analyses

Of 339 citations, we retrieved 20 full-text articles a*er 
removing duplicates and screening at the titles and abstracts 
level. We excluded 328 articles for not focusing on IBS, without 
systematic review design, with the number of RCTs less than 
10, without treatments or outcomes of interest, without full-
text copies, without necessary data, or outdated versions. We 

#nally included 11 systematic reviews for a total of 40 meta-
analyses (330 RCTs, 86,459 participants) (Fig. 1 and Table I) 
[12-16, 28-33]. !e meta-analyses evaluated 10 pharmacologic 
treatment categories [5-HT3 antagonists, 5-HT4 agonists, 
5-HT3 antagonists plus 5-HT4 agonists, antidepressants, 
antispasmodics, antibiotics, bulking agents, guanylate 
cyclase-C (GCC) agonists, probiotics, and prokinetics] and 2 
speci#c drugs (alosetron and tegaserod). !e meta-analyses 
evaluated 11 outcomes: relief of global IBS symptoms (11 
meta-analyses), responder rate (8 meta-analyses), abdominal 
pain (5 meta-analyses), adverse event (8 meta-analyses), and 
other outcomes. Ten (25%) out of the 40 meta-analyses showed 
a small degree of heterogeneity, 6 (15%) a moderate degree of 
heterogeneity, 19 (47.5%) large heterogeneity and 5 (12.5%) 
signi#cantly large heterogeneity.

Quality assessment
Ten (90.9%) systematic reviews included the components 

of participants, intervention, comparison, and outcomes 
(PICO) in the research questions and inclusion criteria. Two 
(18.2%) systematic reviews stated that the review methods 
were established prior to the conduct of the reviews. Five 
(45.5%) systematic reviews explained their selection of 
the study designs. Eight (72.7%) systematic reviews used 
comprehensive search strategy. Study selection was performed 
by 2 independent reviewers in 8 (72.7%) systematic reviews. 
Six (54.5%) systematic reviews reported performing data 
extraction in duplicate. Lists of excluded studies and their 
justi#cation were provided in 2 (18.2%) systematic reviews. 
Ten (90.9%) systematic reviews described adequate detail of 
the included studies. Ten (90.9%) systematic reviews adopted a 
satisfactory technique for assessing risk of bias in each primary 
study; and 8 (72.7%) systematic reviews assessed the potential 
impact of risk of bias in primary studies on the results of the 
meta-analyses; but only 4 (36.4%) accounted for risk of bias 
in individual studies when the review authors interpreted 
the results. !e source of funding was reported in 10 (90.9%) 
systematic reviews. 

416 articles retrieved from MEDLINE, Embase
and Cochrane library 396 articles were excluded

137 did not focus on IBS
89 were not systematic reviews
60 were duplicate articles
52 included less than 10 trials
52 had no treatments of interest
32 had no outcomes of interest
18 had not full-text copies
15 had no necessary data

Articles: 11
Meta-analyses: 40
Interventions: 12
RCTs: 330
Participants: 86459

20 articles screened at full-text level 

9 articles were excluded
6 were outdated
2 had no necessary data
1 had no outcome of interest

Fig. 1. Summary of study retrieval and identi#cation. IBS: irritable bowel syndrome; 
RCT: randomized controlled trial.
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All the systematic reviews used appropriate methods in 
data synthesis. Eight (72.7%) systematic reviews presented 
satisfactory explanation for heterogeneity observed in each 
meta-analysis. Six (54.5%) systematic reviews reported 
investigation of publication bias and discussion of the impact 
of it on the results. Eight (72.7%) systematic reviews reported 
potential sources of con%ict of interest. !e overall quality 
of the included systematic reviews was presented visually in 
Supplement #le Fig 1.

We further summarized the risk-of-bias assessments in 
the systematic reviews (Supplementary #le D chapter), and 
we found that 5 systematic reviews used the Cochrane risk-
of-bias tool, one used the revised Cochrane tool, four used 
the Jadad scale, and one used a 5-point scale. !e systematic 
reviews assessed 5-HT3 antagonists had a low risk of bias 
in randomization methods—random sequence generation 
and allocation concealment [16, 28, 33]. The systematic 
review assessing antispasmodics also had a low risk of bias 
in randomization methods [30], but the systematic review 
assessing GCC had 40% of the studies with an unclear risk of 
bias in randomization methods [15]. !e systematic reviews 
assessing prebiotics, synbiotics, and probiotics [13, 32] and 
the systematic reviews assessing antidepressants had similar 
#ndings [12, 31]. 

Relief of global IBS symptoms
Eight meta-analyses (86 RCTs, 19,397 participants) assessed 

the relief of global IBS symptoms in 6 treatment categories and 
2 drugs (Fig. 2 and Table II). !e results showed that 5-HT3 
antagonists, antidepressants, antispasmodics, bulking agents, 
probiotics, alosetron and tegaserod were signi#cantly superior 
over placebo. None of the treatments had level I evidence; 
5-HT3 antagonists, antispasmodics, and alosetron were with 
level II evidence. Probiotics showed the largest e"ect size 
(RR=1.84, 95%CI: 1.28-2.65, level III evidence). 

Abdominal pain
Four meta-analyses (32 RCTs, 11,766 participants) assessed 

abdominal pain in 3 treatment categories and one drug (Fig. 2 
and Table II); only 5-HT3 antagonists showed superiority over 
placebo (level I evidence), and it had the largest e"ect size in 
relieving abdominal pain (RR=1.32, 95%CI: 1.26-1.38).

Responder rate
Eight meta-analyses (105 RCTs, 33,684 participants) 

assessed responder rate in 7 treatment categories and one 
drug (Fig. 2 and Table II). 5-HT3 antagonists, 5-HT4 agonists, 
antidepressants, antibiotics, GCC agonists, and probiotics 
showed signi#cant superiority over placebo. GCC agonists 

Treatments IBS subtypes Comparisons Outcomes
Number of
primary
studies

Number of
participants I2 (%) 95%PI

Excess
significance
bias

Small-
study
effect

p
random

Quality of
evidence

5-HT3 antagonists IBS-D Placebo Relief of global
IBS symptom 12 6746 RR, 1.56 (1.43 to 1.71) X O O O O II

Alosetron IBS-D Placebo Relief of global
IBS symptom 5 2602 RR, 1.46 (1.26 to 1.71) X O O O O II

Antidepressants IBS-C/IBS-D Placebo Relief of global
IBS symptom 12 948 RR, 1.56 (1.19 to 2.04) X O O X O IV

Antispasmodics IBS-C/IBS-D Placebo Relief of global
IBS symptom 18 2585 RR, 1.19 (1.02 to 1.39) X X O O O II

Bulking agents IBS-C Placebo Relief of global
IBS symptom 13 1081 RR, 1.26 (1.06 to 1.5) X O O O X IV

Probiotics IBS-C/IBS-D Placebo Relief of global
IBS symptom 17 1298 RR, 1.84 (1.28 to 2.65) X X O X O III

Prokinetics IBS-C/IBS-D Placebo Relief of global
IBS symptom 5 573 RR, 1.26 (0.99 to 1.6) X X O X X IV

Tegaserod IBS-C Placebo Relief of global
IBS symptom 4 3564 RR, 1.34 (1.12 to 1.6) X X O X X IV

5-HT3 antagonists IBS-D Placebo Abdominal pain 17 8557 RR, 1.32 (1.26 to 1.38) O O O O O I

Antidepressants IBS-C/IBS-D Placebo Abdominal pain 7 351 RR, 0.62 (0.44 to 0.88) X X O O X IV

Antispasmodics IBS-C/IBS-D Placebo Abdominal pain 5 1183 RR, 1.19 (0.88 to 1.61) X X O O X IV

Tegaserod IBS-C Placebo Abdominal pain 3 1675 RR, 1.16 (0.89 to 1.51) X X O O X IV

5-HT3 antagonists IBS-D Placebo Responder 11 7216 RR, 1.38 (1.24 to 1.54) X X O O O III

5-HT3+5HT4 IBS-M Placebo Responder 7 1043 RR, 1.02 (0.79 to 1.3) X X O O X IV

5-HT4 agonists IBS-C Placebo Responder 11 9242 RR, 1.26 (1.19 to 1.34) O O O O O I

Antidepressants IBS-C/IBS-D Placebo Responder 19 1143 RR, 1.63 (1.43 to 1.86) X X O X O III

Antibiotics IBS-D Placebo Responder 9 2749 RR, 1.6 (1.26 to 2.02) X X O X O III

GCC agonists IBS-C Placebo Responder 7 4694 RR, 1.73 (1.54 to 1.95) O O O O O I

Probiotics IBS-C/IBS-D Placebo Responder 37 4403 RR, 1.42 (1.23 to 1.63) X X O O O III

Tegaserod IBS-C Placebo Responder 4 3194 RR, 1.1 (0.81 to 1.49) X X O X X IV

5-HT3 antagonists IBS-D Placebo Stool consistency 10 4318 RR, 1.63 (1.33 to 1.99) X X O O O III

Antispasmodics IBS-C/IBS-D Placebo Bloating Relief 7 1419 RR, 1.16 (0.97 to 1.38) X X O X X IV

Summary Effect size (95%CI)

&ǀĂŽƌƐ�ĐŽŶƚƌŽů &ǀĂŽƌƐ�ƚƌĞĂƚŵĞŶƚ

Fig. 2. E"ect of pharmacologic treatment on e&cacy outcomes. 
Abbrev.: 95%CI: 95% con#dence interval. 95%PI: 95% prediction interval. IBS: irritable bowel syndrome. IBS-C: constipation predominant IBS. 
IBS-D: diarrhea predominant IBS; IBS-M: mixed types of IBS. P random: p-values that were calculated by using random-e"ects model. RR: relative 
ratio. X: violated the criteria; O: ful#lled the criteria; I: convincing evidence. II: highly suggestive. III: suggestive evidence: IV: weak evidence. 
Footnotes: !e credibility of current evidenceand the credibility classi#cation are detailed in Methods.
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had the largest e"ect size (RR=1.73, 95%CI: 1.54-1.95]) and 
was classi#ed as level I evidence; the e"ect of 5-HT4 agonists 
on the responder rate was also classi#ed at level I evidence 
(RR=1.26, 95%CI:1.19-1.34).

Other e!cacy outcomes
One meta-analysis (10 RCTs, 4,318 participants) assessed 

the effect of 5-HT3 antagonists on stool frequency; the 
result showed that it was signi#cantly superior over placebo 

Table II. Observed and expected number of studies with positive #ndings in the eligible meta-analyses
Treatments IBS subtypes Comparisons Outcomes Studies, 

n
Expected 
number (E)

Observed 
number (O)

O/E ratio p-value

5-HT3 antagonists IBS-D Placebo Relief of global IBS 
symptom

12 7.03 9 1.28 0.953

Alosetron IBS-D Placebo Relief of global IBS 
symptom

5 4.12 3 0.73 1

Antidepressants IBS-C /IBS-D Placebo Relief of global IBS 
symptom

12 2.63 5 1.90 0.739

Antispasmodics IBS-C /IBS-D Placebo Relief of global IBS 
symptom

18 7.63 8 1.05 1

Bulking agents IBS-C Placebo Relief of global IBS 
symptom

13 9.58 6 0.63 0.69

Probiotics IBS-C /IBS-D Placebo Relief of global IBS 
symptom

17 7.34 11 1.50 0.689

Prokinetics IBS-C Placebo Relief of global IBS 
symptom

5 2.08 2 0.96 1

Tegaserod IBS-C Placebo Relief of global IBS 
symptom

4 1.2 4 3.33 0.688

5-HT3 antagonists IBS-D Placebo Abdominal pain 17 8.6 12 1.40 0.754
Antidepressants IBS-C /IBS-D Placebo Abdominal pain 7 2.1 4 1.90 0.859
Antispasmodics IBS-C /IBS-D Placebo Abdominal pain 5 3.43 2 0.58 1
Tegaserod IBS-C Placebo Abdominal pain 3 0.9 1 1.11 1
5-HT3 antagonists IBS-D Placebo Responder 11 4.7 8 1.70 0.699
5-HT4 agonists IBS-C Placebo Responder 11 5.98 6 1.00 1
5-HT3+5-HT4 IBS-M Placebo Responder 7 4.06 1 0.25 0.512
Antidepressants IBS-C /IBS-D Placebo Responder 19 7.85 9 1.15 1
Antibiotics IBS-D Placebo Responder 9 4.31 6 1.39 0.978
GCC agonists IBS-C Placebo Responder 7 6.79 7 1.03 1
Probiotics IBS-C /IBS-D Placebo Responder 37 17.44 13 0.75 0.643
Tegaserod IBS-C Placebo Responder 4 3.35 2 0.60 1
5-HT3 antagonists IBS-D Placebo Stool consistency 10 8.06 8 0.99 1
Antispasmodics IBS-C /IBS-D Placebo Bloating Relief 7 2.86 3 1.05 1
5-HT3 antagonists IBS-D Placebo or 

active control
Adverse event 14 13 14 1.08 1

5-HT3 antagonists IBS-D Placebo Adverse event 
(constipation)

19 14.53 16 1.10 1

Antidepressants IBS-C /IBS-D Placebo Adverse event 8 4.42 2 0.45 0.732
Antispasmodics IBS-C /IBS-D Placebo Adverse event 9 4.22 0 0.00 0.183
GCC agonists IBS-C Placebo Adverse event 8 5.03 7 1.39 0.962
Antidepressants IBS-C /IBS-D Placebo Dropout 7 1.02 0 0.00 1
GCC agonists IBS-C Placebo Dropout (due to 

diarrhea)
8 4.94 2 0.40 0.63

Probiotics IBS-C /IBS-D Placebo Bloating score 26 1.49 1 0.67 1
Probiotics IBS-C /IBS-D Placebo Flatulence score 11 0.58 1 1.72 1
Probiotics IBS-C /IBS-D Placebo Global IBS 

symptom score
35 3.15 6 1.90 0.592

Probiotics IBS-C /IBS-D Placebo Quality of life 9 1.02 4 3.92 0.498
Abbrev.: O/E: the observed number of trials with positive #ndings versus the expected number; IBS: irritable bowel syndrome; IBS-C: 
constipation predominant IBS; IBS-D: diarrhea predominant IBS; IBS-M: mixed types of IBS.
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(RR=1.63, 95%CI:1.33-1.99, level III evidence). One meta-
analysis (7 RCTs, 1,419 participants) assessed the e"ect of 
antispasmodics on the relief of bloating; the result showed 
no positive #ndings (level IV evidence) (Fig. 2 and Table II). 
!ree meta-analyses (72 RCTs, 5,828 participants) assessed 
the e"ect of probiotics on the bloating score, %atulence score, 
and global IBS symptom score, respectively (Supplement #le 
Fig. 1). 

The results showed that probiotics were significantly 
superior over placebo for all the three outcomes (bloating score: 
SMD=-0.25, 95%CI: -0.36 - -0.18, level III evidence; %atulence 
score: SMD=-0.23, 95%CI: -0.38 - -0.08, level III evidence; 
global IBS symptom score: SMD=-0.2, 95%CI: -0.31 - -0.1, 
level IV evidence).

Adverse event and dropout
Four meta-analyses (39 RCTs, 15,448 participants) assessed 

the overall adverse event rate in 4 treatment categories. 
5-HT3 antagonists (RR=1.35, 95%CI: 1.13-1.61, level III 
evidence), antidepressants (RR=1.56, 95%CI: 1.23-1.98, level 
IV evidence), and GCC agonists (RR=5.62, 95%CI: 3.89-8.13, 
level I evidence) had signi#cantly higher adverse event rate 
than placebo. !ree meta-analyses analysis assessed a speci#c 
adverse event; one (19 RCTs, 10,903 participants) assessed 
constipation in 5-HT3 antagonists and showed signi#cant 
more events of constipation in 5-HT3 antagonists than placebo 
(RR=3.8, 95%CI: 3.08-4.69, level I evidence); another two 
meta-analyses assessed the rate of headache or nausea a*er 
administration of antidepressants and found no signi#cant 
di"erence between antidepressants and placebo. Two meta-
analysis assessed the rate of dropout due to adverse events; 
one (8 RCTs, 4,871 participants) found a higher dropout rate 
in GCC agonists than placebo (RR=6.75, 95%CI: 1.85-24.57, 
level IV evidence). Fig. 3 and Table II show the credibility of 
current evidence on adverse events and dropouts a*er using 
pharmacologic treatments.

DISCUSSION

Our umbrella review summarized current evidence on 
pharmacologic treatments in the management of IBS. We 
had several #ndings on the basis of statistical assessment: (1) 
most of the meta-analyses reported signi#cant superiority 
of pharmacologic treatment over placebo; (2) the evidence 
for 5-HT3 antagonists, antispasmodics, and alosetron were 
highly suggestive for relieving global IBS symptoms; (3) 5-HT4 
agonists and GCC agonists o"ered convincing evidence for 
improving the responder rate in the management of IBS; (4) 
5-HT3 antagonists o"ered convincing evidence for relieving 
abdominal pain in patients with IBS; (5) there was convincing 
evidence that 5-HT3 caused more constipation events and GCC 
agonists caused more overall adverse events. 

We also report several #ndings from the quality evaluation 
on the basis of AMSTAR 2 assessment: (1) most of the included 
systematic reviews were unregistered prior to their conduction; 
(2) most of the systematic reviews did not discuss the impact 
of risk of bias in individual studies when interpreting the 
results. Although risk-of-bias assessment is suggested, many 
systematic reviews still assessed the quality of an RCT on the 
basis of rating scales such as the Jadad scale which gives a 
general score for the quality but misses many domains of the 
risk of bias (such selective outcome reporting). More than 
one third of our included SR adopted the Jadad scale, which 
indicates a lack of assessment of risk of bias in domains other 
than randomization methods and blinding. Risk of bias in 
randomization methods (random sequence generation and 
allocation concealment) was still a problem, as shown in our 
review. Our review showed that RCTs assessing probiotics, 
antibiotics, and anti-depressants had an unclear risk-of-bias 
in randomization methods and the result indicates that future 
RCTs should strictly follow the CONSORT statement.

!e #rst strength of the review was that we used an umbrella 
review approach. Compared with overviews of systematic 

Treatments IBS subtypes Comparisons Outcomes
Number of
primary
studies

Number of
participants I2(%) 95%PI

Excess
significance
bias

p
Egger
test

p
random

Quality of
evidence

5-HT3 antagonists IBS-D Placebo Adverse event 14 7887 RR, 1.35 (1.13 to 1.61) X X O X O III

5-HT3 antagonists IBS-D Placebo Adverse event
(constipation) 19 10903 RR, 3.8 (3.08 to 4.69) O O O O O I

Antidepressants IBS-C/IBS-D Placebo Adverse event 8 451 RR, 1.56 (1.23 to 1.98) O O O O O IV

Antidepressants IBS-C/IBS-D Placebo Adverse event
(headache) 2 116 RR, 0.75 (0.26 to 2.16) O X NA X X IV

Antidepressants IBS-C/IBS-D Placebo Adverse event
(nausea) 2 116 RR, 1.02 (0.35 to 2.99) O X NA X X IV

Antispasmodics IBS-C/IBS-D Placebo Adverse event 9 2239 RR, 0.99 (0.96 to 1.02) X X O X X IV

GCC agonists IBS-C Placebo Adverse event 8 4871 RR, 5.62 (3.89 to  8.13) O O O O O I

Antidepressants IBS-C/IBS-D Placebo Dropout 7 394 RR, 1.68 (0.94 to 3) O X O O X IV

GCC agonists IBS-C Placebo Dropout
(due to diarrhea) 8 4871 RR, 6.75 (1.85 to 24.57) X X O X X IV

Summary Effect size (95%CI)

&ǀĂŽƌƐ�ƚƌĞĂƚŵĞŶƚ &ǀĂŽƌƐ�ĐŽŶƚƌŽů

Fig. 3. E"ect of pharmacologic treatments on safety outcomes. (See the Abbreviations and Footnotes of Fig. 2) 
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reviews, the umbrella review added quantitative assessment 
of the outcomes and adopted standard criteria to classi#ed 
evidence into di"erent levels of con#dence [22]. To the best 
of our knowledge, this is the #rst umbrella review that has 
quantitatively and comprehensively summarized currently 
available evidence of pharmacologic treatments for patients 
with IBS. !e second strength was the provided map of the 
strength and credibility of current evidence on pharmacologic 
treatments for IBS. !e evidence map reveals the knowledge 
gap in the effectiveness and safety of the pharmacologic 
treatments and provides insights for future studies. !e third 
strength was that it provided an overview of the e"ect sizes of 
the treatments, which facilitates decision making for clinical 
practitioners and patients with IBS. The fourth strength 
was that we reported each methodological evaluation items 
separately instead of reporting a general score, which helps 
investigators to avoid methodological de#cits when designing 
future meta-analyses. 

We noted that 80% of the meta-analyses had statistically 
significant heterogeneity, and most of them had I2 >50%. !e 
amount of heterogeneity was larger than expected, since we 
assessed meta-analyses that included only RCTs; meta-analyses 
that included observation studies were excluded in the review. 
!e large heterogeneity reduced the credibility of treatments 
with promising e"ect sizes, eg, probiotics in relieving global IBS 
symptoms (RR=1.84). !e large heterogeneity may partly be 
explained by di"erent treatments in the same category which 
might have heterogeneous treatment e"ect sizes [34]. However, 
we found that meta-analyses examining alosetron and tegaserod 
also showed signi#cant heterogeneity, which indicates that 
the study population and the outcome measurements may 
also be the source of heterogeneity. Regarding the study 
population, IBS was subdivided into four subtypes: diarrhea-
predominant IBS, constipation-predominant IBS, mixed IBS, 
and unspeci#ed IBS [4]. Although these four subtypes shared a 
common pathological base of IBS, they had their own features 
in treatments, eg, alosetron was usually selected for women 
with diarrhea-predominant IBS [35]. Treatments like probiotics 
that have no clear indications for a speci#c subtype may exert 
a heterogeneous e"ect on di"erent IBS subtypes, which may 
be one of the causes for signi#cant heterogeneity. Regarding 
the outcome measurements, a previous study showed that 
disagreement was found between patient-reported outcomes 
and clinician-reported outcomes in the assessment of IBS [36], 
and another study showed that patient-reported outcomes in 
IBS were in%uenced by psychological and somatic symptoms 
[37]. 

We found that more than 2/3 of the meta-analyses had a 
95%PI containing null value, and it downgraded the credibility 
of the evidence. !e 95%PI in a meta-analysis addresses the 
actual dispersion of true e"ect sizes, and shows that the true 
e"ect of a treatment in 95% of new studies will fall into the 
range of 95%PI [38]. !e 95%PI is usually in%uenced by 
the standard deviation of true e"ect sizes (tau square) or 
the number of studies. !e #rst explanation for most of the 
included meta-analyses having a 95%PI containing null value 
is the large heterogeneity, which indicates a large value of 
tau square and therefore leads to a wider 95%PI. !e second 
explanation is that the number of original studies is insu&cient; 

half of the included meta-analyses had a number of RCTs less 
than 10. !e width of the 95%PI drops sharply as the number 
of studies increases from 6 to 24. 

Although we found no evidence of an excess of signi#cance 
bias in the review, we still found suspicious signs of the bias 
through the O/E ratios. In assessing the e"ect of tegaserod 
on relief of global IBS symptoms, we found an O/E ratio as 
large as 3.33; and we also found O/E ratios larger than 1 in 
several pharmacologic treatments, including tegaserod, 5-HT3 
antagonists, and antidepressants for relieving abdominal pain, 
antispasmodics, 5-HT3 antagonists, probiotics, antidepressants, 
and tegaserod for relieving global IBS symptoms, and GCC 
agonists, antidepressants, antibiotics, and 5-HT3 antagonists 
for improving the responder rate. !ese #ndings suggested that 
excess signi#cance bias was prevalent in pharmacologic trials 
for IBS. !e #rst explanation may be that studies with positive 
#ndings are easier to get published in time while those with 
negative #ndings usually remain unpublished or in a delayed 
publishing process (time lag) and the Egger’s test is not sensitive 
in detecting this publication bias when a meta-analysis includes 
a number of RCTs lower than 20 [39]. !e second explanation 
is the large number of small sample size RCTs in each meta-
analysis, especially in RCTs of antidepressants [40], probiotics 
[13], antispasmodics [14], and bulking agents [14]. !ere is 
no standard for de#ning a high risk of signi#cance bias, and 
we tend to de#ne that a O/E ratio over 3 should be considered 
[39, 41]. According to the de#nition, the results of probiotics 
(3.92) and tegaserod (3.33) should be interpreted with caution. 

We found that most of the included systematic reviews 
assessed pharmacological treatments as monotherapy; except 
in Ford’s review [29], the e"ect of 5-HT3 antagonists plus 
5-HT4 agonists was assessed. IBS is a disease with a complex 
pathological mechanism. In routine practice, complex 
interventions (combining two or more pharmacological 
treatments with non-pharmacological treatment) are 
commonly used. !e reason (why few systematic reviews have 
been conducted in complex interventions for IBS) could be 
that original studies are sparse and the regimens of complex 
interventions are diverse. Diversity in treatment regimens 
could be solved by a component network meta-analysis [42], 
but the lack of original studies requires scholars to conduct 
more pragmatic studies that adopt regimens used in routine 
practice.

Our umbrella review had several limitations. First, owing to 
the inclusion of a small number of RCTs in the meta-analysis, 
the tests of publication bias and excess signi#cance bias did not 
reveal the actual fact, so the results of them should be cautiously 
interpreted. Second, we searched for systematic reviews that 
included at least 10 RCTs, which may miss some systematic 
reviews on the topic. However, a previously published 
umbrella review adopted the method to avoid the inclusion 
of low-quality evidence and to avoid the introduction of 
meta-analyses without a comprehensive search for RCTs [24]. 
!ird, the umbrella review provided an overview of systematic 
reviews instead of RCTs, which leads to a consequence that 
the included references were not up-to-date. In addition, it 
will miss some of the interventions with relatively few RCTs, 
or it will categorize these interventions into a large group (eg, 
rifaximin was grouped into antibiotics in our umbrella review).
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CONCLUSIONS

Our umbrella review found suggestive evidences for 5-HT3 
antagonists, 5-HT4 agonists and GCC agonists, antispasmodics, 
and alosetron for the treatment of IBS. 5-HT3 antagonists and 
GCC agonists were showed via convincing evidence to have 
more adverse events. However, due to a potential risk of excess  
signi#cance bias, publication bias and individual study biases, 
the results should be interpreted with caution.
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