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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 findings.

Methods: We searched MEDLINE, Embase, and Cochrane library from inception to September 2019 for
systematic reviews evaluating the effectiveness of pharmacologic treatments for IBS. We summarized relative
ratios (RR), evaluated the credibility of the evidence and classified 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 significantly superior over placebo as reported by the included meta-analyses. The 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) offered 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: confidence interval; E: expected number of randomized control trails with positive
findings; ES: effect size; GCC: guanylate cyclase-C; IBS: irritable bowel syndrome; O: observed number of
randomized control trails with positive findings; PI: prediction interval; RCT: randomized controlled trial;
5-HT: 5-hydroxytryptamine.
INTRODUCTION of life expectancy for an instant cure [4], which indicates its
substantial impact on the quality of life. Direct costs associated

Irritable bowel syndrome
(IBS) is a functional bowel
disorder characterized 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 affects
working productivity and quality
of life [3]. Patients with IBS have
claimed to give up 10-15 years

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]. The 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 modification 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 effectiveness 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]. The findings of these
studies help to guide clinical practice in the treatment of IBS.
However, the strength, precision, and potential bias of the
findings remain unclear. Further summarizing the findings
and evaluating their credibility could facilitate clinical decision
making, and therefore are attractive for physicians and patients
with IBS.

The 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 findings of recently published systematic
reviews and meta-analyses, and quantitatively evaluates the
impact of potential bias (heterogeneity, publication bias, and
excess significance 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
inflammatory bowel diseases [19], and the effect of dietary and
nutritional interventions on cardiovascular outcomes [20],
but no umbrella review has been reported to address the effect
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]. The 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 effect 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. The
search strategy for each database is provided in the Supplement
file. 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.
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Study selection

The inclusion criteria were: (1) systematic reviews
that assessed the efficacy 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 defined 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 sufficient 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. The 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 (fixed
or random effects), 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, first 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. The 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. The
authors of AMSTAR?2 discouraged the use of a summary score
for a meta-analysis to indicate its methodological quality, so
we generated a summary figure to present the overall quality
of current evidence (Supplement file Fig. 1).

Data analysis

We summarized the findings of each meta-analysis,
and we re-calculated the summary effect size (ES) and its
corresponding 95% confidence interval (CI) by using a
random-effects 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 specifies 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 I
statistics, and [*>50% was recognized as the sign of significant
heterogeneity in a meta-analysis. We further categorized
the degree of heterogeneity into small (I°<25%), moderate
(25%<I?< 50%), large (50% <I’< 75%), and significantly
large (I12275%). Publication bias and small-study effect were
evaluated by examination of the symmetry of the funnel plot;
significant publication bias was detected by using Egger’s test,
and p<0.01 indicates existence of publication bias. We assessed
the risk of excess significance bias in each meta-analysis by
comparing the observed number of RCTs with positive findings
(O) with the expected number (E). The 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 significance bias.

We evaluated the credibility of current evidence by the
following criteria [20, 24, 27]: (1) had p<0.05 in fixed-effects
model or p<0.001 in random-effects model; (2) had the total
sample size larger than 1000; (3) had 95%P1I that excluded the
null value; (4) had no significant heterogeneity (I°<50%); and
(5) had no evidence of small-study effects or excess significance
bias. We classified the credibility into: convincing [class I;
fulfilling (1) to (5)], highly suggestive [class IL; fulfilling (1) to
(3)], suggestive [class III; fulfilling (1) to (2)], and weak [class
IV; fulfilling only (1)].

RESULTS

Characteristics of included systematic reviews and
meta-analyses

Of 339 citations, we retrieved 20 full-text articles after
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

416 articles retrieved from MEDLINE, Embase
and Cochrane library

finally 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]. The 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
specific drugs (alosetron and tegaserod). The 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%)
significantly 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
justification 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. The source of funding was reported in 10 (90.9%)
systematic reviews.

396 articles were excluded
137 did not focus on IBS
89 were not systematic reviews
60 were duplicate articles

20 articles screened at full-text level

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

9 articles were excluded
6 were outdated

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

2 had no necessary data
1 had no outcome of interest

Fig. 1. Summary of study retrieval and identification. IBS: irritable bowel syndrome;

RCT: randomized controlled trial.

J Gastrointestin Liver Dis, June 2020 Vol. 29 No 2: 199-209



Chen et al.

202

[og]ztoT

€ST°0 160  (€£T03£0T)9¢T  100°0> 920  19°€ 03 6£°0 (19T 0188°0) 61T WA T65/165 ¢ uredeutwopqy  sorpowsedsnuy a-sdqi/ D-sdi zanbzep -zaunIey

woydwis §q1 [¥11%00C

0£0°0 120 (LSTOVH0'T)8TT  100°0> 72000  68°CT01T90 (91TOICI ) PET YT 8I91/9%61 ¥ [eqo[8JoJoIpy poiase3a, O-Sdl  “BAOYIJOIURJ-S0IQSAT

woydwA4s gy [F1]¥002

0v€’0 €90  (LL1932I'D) IFT  1000> 190°0 $9C 0190 (9101 660) 9T'T WA 687/¥8T S Ieqo[3 jo JoIRy $O12UN0I] D-Sdl  ‘BAOYDI[JOIUBJ-SOIQSdT

woydwis sq1 [¥1] ¥00T

9790 650  ($8T0ITTT) 98T 100°0> 100  8I'T0OI€L0 (§'10190°T) 9T'T WY 0FS/T%S €1 [eqo[djojorpy  sjuade Sunyng D-Sdl  “BAOYIJOIUBJ-SOIQSAT

woydwifs gq1 [¥1] ¥002

100°0 690  (0€T101680)SO'T  1000>  1000>  #0'€01TLO (8L1O3%CT) 8P T YT 6FIT/H9T1T ¥Z  [eqo[Sjojerpy  sorpowseds-nuy a-sd1/D-SdI ‘BAOYDIJojuR-s0Iqs]

woydwids §q1 [¥1] %002

01070 990 (SF1OI%0°'T) €C°T  1000>  1000>  SHEOIIL0 (F0TO161°T) 95T NI TTE/1979 4! [eqo[3 jo jory  syuessaidap-puy a-sdI/ O-SdI  ‘eAOYdI[JojuRJ-s0IqsaT

woyduws sg1 [¥1] ¥00T

0Z1°0 650 (ZO¥IST)€LT  1000>  100°0> 6€T7 0160 (121997 9% 194 90T1/96¥1 S [eqofS jo JorPy SOReENV 7 d-Sql  ‘eAOYIOJUR-SOIQS]

6¥T0 850  (8TT0369°0) 160  1000>  T000>  $9T0I9L0 (€9TOIECT) THT YT 9861/L1HT L€ Topuodsay $1301q01g a-sdi1/ O-sdl [€1]810T ‘pIog

8100 7L0  (SSTOIEOT)9TT  1000>  T100°0> TE0180 (TOTMOTT) 9T YI  0THI/6TET 6 Iopuodsay sonoiquuy a-sdr [€1]810T ‘P10

100°0> $5°0 (t6'10188°0) €T 1000>  T100°0> 1'€018°0 (98'TOEFT) €9'T WY 1€S/T19 61 Iopuodsay  syuessardop-nuy a-sdi1/ O-sdi [z1]810T ‘Prog

2102s wojdwAs
who 8’0 (91°0036€0°) T°0-  1000>  1000> €T003%9°0- (1°0-03 [€0-) TO- ‘ANS  F9P1/SSLT S¢ SdI 18qo1D sonorqoid a-sdi1/ O-sdr1 [€1]1810T ‘prog
(80°0-
080°0 000 (TT00367°07) 700~ €000 €000 S0°0- 03 ¥°0- 0} 8¢°0-) €2°0- ‘NS 96¢/1LY IT  9I00s ddUd[MIeL] $o101q01J a-sdi1/ O-sdl [€1]1810T ‘P10
(81°0-

0040 670 (Tr00319¢0-)Cro- 1000>  1000>  1°003650- 01 9¢°0-) ST'0- ‘AINS 658/£86 9T 21025 Supyeo[g $o1j01q01J a-sdi1/ O-sdI [€1]1810T ‘prog

€61°0 000  (TFTo160°1) €9°T  1000>  1000>  FITOIFI'L (86'T01€TT) 95T WA £T/8CC 8 JuaAd as12Apy  syuessaxdapnuy a-sdqi1/ O-sdl [zT]810T ‘P10

wro €0  (6ST01680)9T'T  100°0> 000 TS8TOIITO (880 03 ¥%°0) 790 “4d 691/281 £ ured [eurwopqy  syuessaxdopnuy a-sdi/ D-sdi1 [21]1810T ‘P10

9110 €I0 (W10 Er'D) LTT  1000>  1000> IFTOIETT FETM6I'T)9TT AT 10TE/1709 1 Iopuodsay  systuoSe pLH-S -S4l [621600C ‘P10

16€°0 850  (€0'T0IES0)FLO 6LL°0 £88°0  S0'TOI IS0 (€1016£°0) 20T M 6€€/Y0L L rpuodsay L FIHS + €LH-S N-S4I [62]600T ‘P10
systuogejue

€260 120 (T0CTOI6FT) LT  1000>  1000> 66101960 (FSTOIPTT)8ET AT 988T/0EET 1 JIopuodsay ¢LH-S a-sd1 [621600T ‘P10

0200 060  (£8°00169°0)SL0 £56°0 8%S°0 85701970 (67’ 10118°0) I'T NI 16S1/€091 i JTopuodsay poraseda, -S4l [91]£00T ‘sueag

06%0 290  (SLTOT0T) €€°1 #60°0 8470 €S1T 03900 (1S°'10368°0) 9T'T “IA 6£8/9¢8 ¢ ured [eurwopqy poraseda, -S4l [91]200¢ ‘sueag
woydwiAs §q1 sjstuogejue

£68°0 610  (IZ1039T1) KT 1000>  1000> T8TOVIET (L9T1TOITHF D) PST AT T981/001C L [eqo[3 o jorpy ¢LH-S a-sdi1 [821800¢ ‘ussarpuy
systuoSejue

¥20°0 650 (€€Tr0109€)£99 1000>  T000> T1T603/8T (T€G01€TE)STHF AT 9SG€ /LEEY ! JUIAD 3SIIAPY ¢LH-S a-sdil [82]8007 ‘wasarpuy
systuogejue

L16°0 170 (PSTOISTT) €T 1000>  1000> SFTOIFI'T (8CTOITTT) €T YT THBT /1¥8T 01  ured [eurwopqy €LH-S a-sd1 [82]800¢ ‘uasarpuy

159 (ID%S6) Apmis wopuer (ID%S6) S Arewrwuns U ‘S[oI13u0d
12839 g A jsa8re[ay1jo Sy paxy g d 1d %S6 S]09jjo-wiopuey] /S3se]) U ‘SaIpnig Sawod-nQO SjuauI)edI], sadfiqns sq1 (reaf q0INY) 92IM0S

sasATeue-eiou S[qQI3I[2 ) JO JUSWISSISSE SBIQ PUE ‘SISAYIUAS aanInUenb ‘sonsuaioerey) T d[qel,

] Gastrointestin Liver Dis, June 2020 Vol. 29 No 2: 199-209



203

Pharmacologic treatments for IBS

'systuoSe §, H-6 snd systuoSejue ¢ -G ,20UIPIP ULIW PIZIPIBPUL)S ((TIAS ‘O1jer

MSLI Y SgT Jo sadAy paxru (-SgT ‘SgT dueurwopaid eayrrerp :(1-Sq[ ‘Sgr Jueurwopaid uonednsuod :D)-gg[ OWOIPUAS [9MOq S[QRILLIT :GqT *D-oSePLAd aefduens :HDo) zIs 10 Gy eardjur uonorpaid 966 :1d%S6

€100

6L9°0

68¢°0

890°0

°€ee’0

9¢0°0

06¢€°0

909°0
609°0

VN

VN

160°0
€L6°0
w90

¥0€0

1€0°0

8500

S8°0

050

S¥°0

¥6°0

100

80

€0

LS°0
000

000

85°0
01°0
60°0

S9°0

(STTOVH0T) PI°T
(IL19921) L¥'T
(967 03 99°7) ¥9°€
(8TTOSOT)9T'T
(FSTOISTT) €€7T

(sL61
0171°G) 90°0T

(1%°0 03 02°0-) TT°0

(26'10188°0) €1
(957 016L°0) 61

(SL°€0¥TT°0) £9°0

(€5'103TT°0) €70

(gs¥¢1
0} T¥'7) ¥0°81

(8T°€01 78 1) ¥'¢C

(LO'STOI9TP) T6'L

(PS'10380°T) 67T

(IT'T0}1£°0) 680

(LO'T 0386°0) €0'T

100°0>

100°0>

100°0

100°0>

100°0>

100°0>

100°0

100°0>
90°0

SS¥°0

100°0>
100°0>
100°0>

100°0>

€00

8¢0°0

100°0>

100°0>

100°0>

100°0>

100°0>

100°0

800°0

10°0
6L0°0

°L6'0

£6S°0

¥00°0
100°0>
100°0>

9200

11T°0

¥05°0

LTE 01180
€070TT
67L0186'T
6.7 01590
Y100 9TT
20'8 01 TH°0
(LLo

0} 17°0-)

G8C 031290
65°€036L°0

VN
VN

91'¥8¢C
0191°0

[ANAC N4 At
8¢ 0T 03 ¥0°¢

S0'CT 91690

L8'T0ITLO

80'T 03160

(66'T01€CT) €9°T AT

(TZ103€%'T) 95T “9d

(69'% 03 80°€) 8°€ WY

(T9TO1ET'T) SE'T AT

(8€'10397°T) T€'T WA

(§9'70187°T) ¥8°T WA

(67003 £L0°0) 8T'0 “9A

(£L£10380°T) 8C'T WA
(€01%6°0) 89'T YA

(66'C03 G€°0) 20T “4A

(9103 97°0) SL'0 “9d

(LSHT 01 68°T) S£'9 “UY
(S6'TOIHST) €£4'T 4
(E1'8 03 68°¢) 79'S WY

(6£T0320°T) 61T WY

(8€°103£6°0) 9T'T ¥

(201 0396°0) 66°0 “TA

TLLT/IVST

G987/188¢

0TSh/€8€9

LTTE/0L9Y

8T6£/6T9%

865/00L

687/%9¢

SoC/vEY
€61/10C

86/8S

85/8S

9EVT/SEVT
IVET/8FET
9EVT/SEVT

88CI/L6TT

91L/€0L

CTIT/LITT

01

[4)

61

14!

L1

L1

8T

£ou2)s1SU0D [001S

woyduids gq1
[eq[3 Jo Jo1oY
(uonjednsuod)
JUIAD ISISAPY

JUDAS 3SIIAPY

ured [eurwopqy

woydwi4s gq1
[eqO[8 Jo Jory

a1 Jo Ayend
woydwids §q1
[eqOI3 Jo JorY
modoi

(easneu)
JUSAD ISIIAPY

(ayoepeay)
JUDAS 3SIAPY

(eayrrerp
03 anp) nodoxg

Iopuodsay
JUIAD ISIAPY

woydwAs gg1
[eqor8 jo Jar[ay

Jo1y Suneorg

JUSA9 SSIAPY

systuogejue
¢LH-S
systuogejue
€1LH-S
systuogejue
¢LH-¢
systuogejue
¢LH-S
systuogejue
¢LH-S

$o101q01g
$21}01qOIJ

sjuessardopnuy

syuessardopnuy

syuessardopnuy

syuessardopnuy

systuoSe DD
systuoSe HDHO
systuoSe DD

sotpowsedsnuy
sorpowsedsnuy

sotpowrsedsnuy

a-sdI

a-sdI

a-sdI

a-sd1

a-sdI

a-sd1/ O-Sdl

d-sdi1/ O-sdl

a-sdi1/ O-sdl
a-sdi1/ O-sdl

a-sdi1/ O-sdl

a-sdi1/ O-Sdl

O-sdl
O-SdI
O-SdI

a-sdi1/ o-sdl

a-sd1/ O-sdl

a-sd1/ o-sdl

[e€]L10T Buayz
[e€]£102 Suayz
[e€]L10T Buayz
[e€]L10C Suayz
[e€]10T Suoyz
[ze]oT0T Sueyz
[cg]ot0T Bueyz

[1€]sT0T 91X
[1€lsT0T 91X

[1€]ST0T 91X
[T€lsT0T 91X

[ST]Z10T “yeys
[ST]1£10T ‘yeys
[ST]Z10T ‘yeys

[og]zToT
zanbzep -zountey

log]zToe
zanbzep -zaunaey

log]ztoT
zanbzep -zountey

(panunuod) | 3[qey,

J Gastrointestin Liver Dis, June 2020 Vol. 29 No 2: 199-209



204

Chen et al.

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 conflict of interest. The overall quality
of the included systematic reviews was presented visually in
Supplement file Fig 1.

We further summarized the risk-of-bias assessments in
the systematic reviews (Supplementary file 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. The 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]. The systematic reviews
assessing prebiotics, synbiotics, and probiotics [13, 32] and
the systematic reviews assessing antidepressants had similar
findings [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). The results showed that 5-HT3
antagonists, antidepressants, antispasmodics, bulking agents,
probiotics, alosetron and tegaserod were significantly 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 effect 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-HT?3 antagonists showed superiority over
placebo (level I evidence), and it had the largest effect 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 IT). 5-HT3 antagonists, 5-HT4 agonists,
antidepressants, antibiotics, GCC agonists, and probiotics
showed significant superiority over placebo. GCC agonists

Number of

Excess Small-

. . Number of . 2 e p Quality of
Treatments IBS subtypes Comparisons Outcomes primary participants Summary Effect size (95%Cl) 1 (%) 95%PI 5|_gn|f|cance study random evidence
studies bias effect
5-HT, antagonists  IBS-D Placebo  elief of global 12 6746 - RR 156 (143t0171) X O 0 0 0 1
IBS symptom
Alosetron 1BS-D Placebo  Relief of global 5 2602 - RR 146 (126t0171) X O o 0 o I
IBS symptom
Antidepressants IBS-C/BS-D  Placebo el Of dlobal 12 948 = RR156(11910204) X O o X o v
symptom
Antispasmodics IBS-C/IBS-D Placebo  Relief of global 18 2585 - RR 119 (1.02t0 1.39) X X o o o) I
IBS symptom
. Relief of global
Bulking agents IBS-C Placebo IBS symptom 13 1081 - RR, 1.26 (1.06 to 1.5) X o o o X \%
Probiotics IBS-C/IBS-D Placebo ﬁfs"a of global 17 1298 —m—  RR184(128t0265 X X o) X o) Il
symptom
. Relief of global
Prokinetics IBS-C/IBS-D Placebo IBS symptom 5 573 - RR, 1.26 (0.99 to 1.6) X X [¢] X X I\
Tegaserod BS-C Placebo eyl of global 4 3564 - RR134(112t016) X X o X X %
symptom
5-HT; antagonists IBS-D Placebo  Abdominal pain 17 8557 L] RR, 1.32 (1.26 to 1.38) [¢] o o [¢] o |
Antidepressants IBS-C/IBS-D Placebo  Abdominal pain 7 351 —.— RR, 0.62 (0.44 to 0.88) X X o ] X %
Antispasmodics IBS-C/IBS-D Placebo  Abdominal pain 5 1183 - RR, 1.19 (0.88 to 1.61) X X [¢] o] X v
Tegaserod IBS-C Placebo  Abdominal pain 3 1675 . RR, 1.16 (0.89 to 1.51) X X o} 0] X v
5-HT; antagonists IBS-D Placebo  Responder 11 7216 RR, 1.38 (1.24 to 1.54) X X 0] o] (0] I
5-HT5+5HT, IBS-M Placebo Responder 7 1043 - RR, 1.02 (0.79 to 1.3) X X (e} (6] X \%
5-HT, agonists IBS-C Placebo  Responder 11 9242 [ ] RR, 1.26 (1.19 to 1.34) e} [¢] o ] o |
Antidepressants IBS-C/IBS-D Placebo  Responder 19 1143 - RR, 1.63 (1.43 to 1.86) X X o X o 1]
Antibiotics IBS-D Placebo  Responder 9 2749 - RR, 1.6 (1.26 to 2.02) X X [¢] X o I}
GCC agonists IBS-C Placebo  Responder 7 4694 - RR, 1.73 (1.54 to 1.95) o o o o o |
Probiotics IBS-C/IBS-D Placebo Responder 37 4403 - RR, 142 (1.23 to 1.63) X X [¢] 0] o I}
Tegaserod IBS-C Placebo  Responder 4 3194 - RR, 1.1 (0.81 to 1.49) X X o X X \%
5-HT; antagonists IBS-D Placebo Stool consistency 10 4318 - RR, 1.63 (1.33 to 1.99) X X O (0] (6] 1
Antispasmodics IBS-C/IBS-D Placebo  Bloating Relief 7 1419 - RR, 1.16 (0.97 to 1.38) X X 0] X X v
| I B S E—|
0.28 05 1 2 4
—

Fvaors control

Fvaors treatment

Fig. 2. Effect of pharmacologic treatment on efficacy outcomes.
Abbrev.: 95%CI: 95% confidence 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-effects model. RR: relative
ratio. X: violated the criteria; O: fulfilled the criteria; I: convincing evidence. II: highly suggestive. III: suggestive evidence: IV: weak evidence.
Footnotes: The credibility of current evidenceand the credibility classification are detailed in Methods.
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had the largest effect size (RR=1.73, 95%CI: 1.54-1.95]) and
was classified as level I evidence; the effect of 5-HT4 agonists

(RR=1.26, 95%CI:1.19-1.34).

Table II. Observed and expected number of studies with positive findings in the eligible meta-analyses

Other efficacy outcomes
One meta-analysis (10 RCTs, 4,318 participants) assessed
on the responder rate was also classified at level I evidence the effect of 5-HT3 antagonists on stool frequency; the

Treatments IBS subtypes ~ Comparisons ~ Outcomes Studies, Expected Observed O/E ratio  p-value
n number (E) number (O)

5-HT3 antagonists IBS-D Placebo Relief of global IBS 12 7.03 9 1.28 0.953
symptom

Alosetron IBS-D Placebo Relief of global IBS 5 4.12 3 0.73 1
symptom

Antidepressants IBS-C /IBS-D  Placebo Relief of global IBS 12 2.63 5 1.90 0.739
symptom

Antispasmodics IBS-C/IBS-D  Placebo Relief of global IBS 18 7.63 8 1.05 1
symptom

Bulking agents IBS-C Placebo Relief of global IBS 13 9.58 6 0.63 0.69
symptom

Probiotics IBS-C /IBS-D  Placebo Relief of global IBS 17 7.34 11 1.50 0.689
symptom

Prokinetics IBS-C Placebo Relief of global IBS 5 2.08 2 0.96 1
symptom

Tegaserod IBS-C Placebo Relief of global IBS 4 1.2 4 333 0.688
symptom

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 Adverse event 14 13 14 1.08 1

active control

5-HT3 antagonists IBS-D Placebo Adverse event 19 14.53 16 1.10 1
(constipation)

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 8 4.94 2 0.40 0.63
diarrhea)

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 35 3.15 6 1.90 0.592
symptom score

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 findings versus the expected number; IBS: irritable bowel syndrome; IBS-C:
constipation predominant IBS; IBS-D: diarrhea predominant IBS; IBS-M: mixed types of IBS.

result showed that it was significantly superior over placebo
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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 effect of
antispasmodics on the relief of bloating; the result showed
no positive findings (level IV evidence) (Fig. 2 and Table II).
Three meta-analyses (72 RCTs, 5,828 participants) assessed
the effect of probiotics on the bloating score, flatulence score,
and global IBS symptom score, respectively (Supplement file
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; flatulence
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 significantly higher adverse event rate
than placebo. Three meta-analyses analysis assessed a specific
adverse event; one (19 RCTs, 10,903 participants) assessed
constipation in 5-HT3 antagonists and showed significant
more events of constipation in 5-HT?3 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 after
administration of antidepressants and found no significant
difference 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 after using
pharmacologic treatments.

DISCUSSION

Our umbrella review summarized current evidence on
pharmacologic treatments in the management of IBS. We
had several findings on the basis of statistical assessment: (1)
most of the meta-analyses reported significant 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 offered convincing evidence for
improving the responder rate in the management of IBS; (4)
5-HT3 antagonists offered 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 findings 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.

The first strength of the review was that we used an umbrella
review approach. Compared with overviews of systematic

Number of Number of Excess p Quality of

Treatments IBS subtypes Comparisons Outcomes primary e Summary Effect size (95%CI) |2(%) 95%PI  significance Egger p N
" participants A random evidence

studies bias test
5-HT; antagonists  IBS-D Placebo Adverse event 14 7887 - RR, 1.35(1.13 to 1.61) X X (0] X o 1l
5-HT; antagonists  1BS-D Placebo  Adverse event 19 10903 - RR,38(308t0469) O o} 0 0 0

(constipation)
Antidepressants IBS-C/IBS-D Placebo Adverse event 8 451 - RR, 1.56 (1.23 t0 1.98) 0] 0] e} (e} (¢} I\
Antidepressants  IBS-C/IBS-D  Placebo A?ﬁ;’;‘;é’r‘]’;m 2 116 —a— RR,075(026t0216) O X NA X X v
Antidepressants  IBS-C/IBS-D  Placebo Ad(vrfa'i:av)e”‘ 2 116 — RR,102(03510299) O X NA X X v
Antispasmodics IBS-C/IBS-D Placebo Adverse event 9 2239 l RR, 0.99 (0.96 to 1.02) X X ¢} X X I\
GCC agonists IBS-C Placebo Adverse event 8 4871 - RR,562(389t0 813) O o o o o
Antidepressants IBS-C/IBS-D Placebo Dropout 7 394 . RR, 1.68 (0.94 to 3) 0] X (¢} (e} X v
Dropout
GCC agonists IBS-C Placebo 4871 —®—> RR,6.75(1.85t02457) X X 0] X X \%
(due to diarrhea)
T T 1T 1
005 025 1 4 200
E—

Fvaors treatment

Fvaors control

Fig. 3. Effect 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 classified
evidence into different levels of confidence [22]. To the best
of our knowledge, this is the first umbrella review that has
quantitatively and comprehensively summarized currently
available evidence of pharmacologic treatments for patients
with IBS. The second strength was the provided map of the
strength and credibility of current evidence on pharmacologic
treatments for IBS. The evidence map reveals the knowledge
gap in the effectiveness and safety of the pharmacologic
treatments and provides insights for future studies. The third
strength was that it provided an overview of the effect 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 deficits when designing
future meta-analyses.

We noted that 80% of the meta-analyses had statistically
significant heterogeneity, and most of them had I* >50%. The
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.
The large heterogeneity reduced the credibility of treatments
with promising effect sizes, eg, probiotics in relieving global IBS
symptoms (RR=1.84). The large heterogeneity may partly be
explained by different treatments in the same category which
might have heterogeneous treatment effect sizes [34]. However,
we found that meta-analyses examining alosetron and tegaserod
also showed significant 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 unspecified 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 specific subtype may exert
a heterogeneous effect on different IBS subtypes, which may
be one of the causes for significant 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 influenced 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. The 95%PI in a meta-analysis addresses the
actual dispersion of true effect sizes, and shows that the true
effect of a treatment in 95% of new studies will fall into the
range of 95%PI [38]. The 95%PI is usually influenced by
the standard deviation of true effect sizes (tau square) or
the number of studies. The first 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. The second
explanation is that the number of original studies is insufficient;

half of the included meta-analyses had a number of RCTs less
than 10. The 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 significance
bias in the review, we still found suspicious signs of the bias
through the O/E ratios. In assessing the effect 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. These findings suggested that
excess significance bias was prevalent in pharmacologic trials
for IBS. The first explanation may be that studies with positive
findings are easier to get published in time while those with
negative findings 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
anumber of RCTs lower than 20 [39]. The 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]. There is
no standard for defining a high risk of significance bias, and
we tend to define that a O/E ratio over 3 should be considered
[39, 41]. According to the definition, 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 effect 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. The 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 significance 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].
Third, 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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