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SUMMARY

Background: Although novel therapies for irritable bowel syndrome {lB&ntinue to b
developed, many doctorsly on more established, “traditional” therapies as first or second-

line treatment. These include ispaghula haskispasmodic drugs, peppermint oil, and gut-
brain neuromodulators (including tricyclic antidepressas#ective serotonin reuptake
inhibitors, or alpha-2-delta ligand agentdowever, their relative efficacy is unclear because
there have been few hetmthead randomised controlled trials (RCTs). The majafttyials
compare active therapy with placebo. We conductedveonkeimeta-analysis to compare
their efficacy in patients with IBS.

Methods: We searched MEDLINE, EMBASE, EMBASE Classic, and thelCane central
register of controlled trials from inception through to weeof August 2019 to identify
RCTs assessing the efficacy of all of these therapiadults with IBS. Trials included in the
analysis reported a dichotomous assessment of ovegings to therapy, in terms of either
improvement in global symptoms, or improvement in abdonguiaad. Data were pooled
using a random effects model. Efficacy and safety dfeditments were reported as a pooled
relative risk (RR) with 95% confidence intervals (Qtssummarise the effect of each
comparison tested, and treatments were ranked accordirgjrt®tbcore.

Findings: We identified 51 eligible RCTs, containing 4644 patients. QB8lyrials were at
low risk of bias. Based on an endpoint of failure to achievienprovement in global
symptomspeppermint oil capsules were ranked first at 4 to 12 weeks 3R 6% CIl 0.48
to 0.83 P-score = 0.84), with tricyclic antidepressants rankednse®R 0.66; 95% CI 0.53
to 0.83 P-score = 0.77)or failure to achieve an improvement in global symptongsgeth
were no significant differences between treatments ditect or indirect comparison. When
failure to achieve an improvement in abdominal pain was tiseyt;lic antidepressants were

ranked first (RR 0.53; 95% CI 0.34 to 0.84, P-score = 0.87), althoasggd on only four
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trials recruiting 92 patients. For failure to achieve aprowement in abdominal pain, none of
the treatments were superior to each other on indiogaparisonTricyclic antidepressants
were more likely than placebo to lead to adverse events

Interpretation: In a network analysis of RCTs of soluble fibre, angspadics, including
peppermint oil, and gut-brain neuromodulators for,|®% of which were judged as being at
low risk of bias, peppermint oil appeared to be ranked firstffaoacy when global

symptoms were used as the outcome measure, and triaytdie@essants when abdominal
pain was used. However, methodological quality of the includald trieans that there is
likely to be considerable uncertainty around these estsratd, because treatment duration
in most trials was 4 to 12 weeks, the long term relaflieacy of these drugs is unknown.

Funding: None.
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RESEARCH IN CONTEXT

Evidence before this study

Irritable bowel syndrome (IBS) is one of the most comrumetional bowel disorder©ver
the last 20 years numerous novel drugs have been deveédogeted at receptors and/or
putative mechanisms considered relevant to IBS pathophygidftmyvever, these can be
expensive, and some have been withdrawn, or are prestaitedyl due to safety concerns.
Prior meta-analyses, based on randomised controllesl {R&Ts), demonstrated that more
traditional treatments including ispaghula husk, antispagrdrugs, peppermint oil, and
gut-brain neuromodulators, were more efficacious thateptain IBS. However, a
comprehensive search of the medical literature using MEBL.EMBASE, and EMBASE
Classic revealed only three he@mdhead RCTs; most trials compared active drug with

placebo. The relative efficacy of these treatmentberefore unclear.

Added value of this study

Network meta-analysis is a technique that allows heddead comparison of individual
treatments across a single disease, even wher@isontaking direct comparison of one
treatment versus another exist. We performed a netwet&-amalysis of RCTs reporting the
effect of ispaghula husk, antispasmodic drugs, peppermjiaind gut-brain neuromodulators
in IBS. The results of the study should allow clinicitmselect treatments in IBS based on
their relative efficacy, in terms of both improvemenglobal IBS symptoms, and

improvement in abdominal pain, as well as to consider safety
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Implications of all the available evidence

Methodological quality of the included trials means thatehetikely to be considerable
uncertainty around our estimates. In addition, modstrecruited patients with IBS,
regardless of predominant stool form, and all data weractett at 4 to 12 weeks of therapy,
so the longer term efficacy of these treatmentmisiown. Finally, safety data were not
reported in detail. Our study demonstrates that more RCihesd treatments are required.
Future trials should administer treatment over a lodgeation (12 weeks), ideally heao-
head against one or more of the other therapies studibi inetwork meta-analysis,
determine efficacy according to IBS subtype, based on priedat stool form, and report

adverse events data more thoroughly.
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INTRODUCTION

Irritable bowel syndrome (IBS) is one of the most comriumctional bowel
disorders, with a global prevalence that averaged 11&4mata-analysis of community-
based studies from around the world; (1) it should becdhtitat the prevalence is lower using
the latest iteration of the Rome criteria, at around @)6The condition is chronic and
fluctuating, running a relapsing and remitting course. (3)CHndinal symptoms are
recurrent abdominal pain, related to defaecation, in aggmtwith a change in either stool
form or frequency. IBS accounts for approximately 10% ofstrganterologiss time in the
outpatient clini¢ (4) and represents a substantial financial burden to sp(gtgiue to direct
costs of consultations, investigations, and prescribed dasgsell as indirect costs arising

from sickness-related absence from employment and régwoductivity in the workplace.
(6)

The aetiology of IBS is complex and incompletely usti®d, (7) meaning that
current treatment is symptom-directed, rather thaedas underlying pathophysiological
mechaniss To this end, the current classification system for, B8 Rome IV criteria, (8)
sub-divides patients according to the predominant reportedpsttietn; constipation (IBS-
C), diarrhoea (IBS-D), mixed stool pattern (IBS-M), or ussified. Over the last 20 years,
the majority of novel drugs have been directed againsifgpstool patterns, and we have
summarised the relative efficacy of these drugs in pusu@twork meta-analysg9-11)
However, these newer drugs tend to be expensive, and someith@vdoeen withdrawn or
their use restricted, due to safety concerns, or theiradiity in the USA and Europe is

limited.

The secretagogue lubiprostone was withdrawn from the Wkhéwketing reasons
due to poor sales. Drugs acting on 5-hydroxytryptar(brdT) receptors, such as tegaserod

and alosetron were initially withdrawn due to safety corgancluding cardiovascular and
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cerebrovascular ischaemic events with the former, atesnic colitis with the latter,
although they can now be prescribed on a restricted ibadis USA. Ramosetron, another 5-
HT receptor antagonist, is only available for the treatro&iBS-D in JapanThere have

been cases of acute pancreatitis and sphincter of Oslitiratyion with eluxadoline, which is
a mixed opioid receptor drug available for the treatmefB®fD in the USA. Finally, the
minimally absorbed antibiotic rifaximin, which is licensed fag treatment of IBS-D in the

USA, has not received European Medicines Agency approval.

In usual clinical practice, physicians may therefore hiavely on treatments that are
viewed as being more “traditional” as first or second-line therapy for IBS. Such treatse
include soluble fibre, such as ispaghula husk, antispasrdoalys, including peppermint oil,
and centrally acting gut-brain neuromodulators. There haga numerous randomised
controlled trials (RCTs) of these treatments publishatlthe majority of these trials pre-date
the move towards subdividing patients with IBS according togpngtant stool pattern. As a
result, we did not include any of these treatments inwairécent network meta-analyses in
patients with IBS-C, (10) or IBS-D and IBS-M. (9) Alilngh their efficacy has been
summarised in several previous meta-aredyd 2-18) their relative efficacy is unknown, as
there have been few hetmthead trials. Heath-head trials would be expensive to conduct,
because they need extremely large numbers of patieotdento demonstrate superiority of
one drug over anothggiven the relatively small size of their therapeutic gasrglacebo in
some RCTs. It is therefore unlikely that any such triallsbe performed in the future. &/
conducted a network meta-analysis to allow comparisons nmade between all of these

treatments, as well as to enable their ranking, in ordefdom clinical decisions.
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METHODS

Search Strategy and Selection Criteria

We searched MEDLINE (1946 to week 2 August 2019), EMBASE and EMBASE
Classic (1947 to August 2019), and the Cochrane central regfistentrolled trials to
identify potential studies. In addition, we searcheddditrials.gov for unpublished trials, or
supplementary data for potentially eligible studies. In or@&tentify studies published only
in abstract form, we hand-searched conference proced@iggstive Diseases Week,
American College of Gastroenterology, United European Gagegmlogy Week, and the
Asian Pacific Digestive Week) between 2001 and 2019. Finallpesmermed a recursive
search, using the bibliographies of all obtained articles.

Randomised controlled trials examining the effect ofgépida husk, antispasmodic
drugs peppermint oil, or gut-brain neuromodulators in adult p&iérl8 years) with IBS of
any subtype were eligible (Supplementary Table 1, appg@adjg 1). The first period of
cross-over RCTs were eligible for inclusion if they\ded efficacy data prior to cross-over.
The definitions of IBS considered within this network asanalysis included either a
clinician’s opinion, or those that met specific symptom-based criteria, for pi@the Rome
criteria. Trials that examined the efficacy of anyalofthe drugs of interest, and which
compared them with each other, or with placebo, wersidered eligible. A minimum
treatment duration of 4 weeks, and a maximum duration of 12 yweaksequired. The Food
and Drug Administration (FDA) recommend a minimum treatnaemation of 12 weeks in
treatment trials conducted in functional gastrointestiisorders. However, many of the
RCTs of the therapies of interest were conducted beffiseytiidance, so we extracted data at

the point of completion of therapy in all included tric8sudies had to report a dichotomous
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assessment of response to therapy. We contactednirseaior authors of studies to provide
additional information on individual trials, where regd.

Two investigators (CJB and ACF) conducted the literatunelsemdependently from
each other. Studies on IBS were identified with the termtable bowel syndrome and
functional diseases, colon (both as medical subject heading (MefHjee text terms), and
IBS, spastic colonirritable colon, and functional adj5 bowel (as free text tern®) RETs
of ispaghula, antispasmodics, and peppermint oil, these seenbined using the set operator
AND with studies identified with the terms: dietary fibre, Ipgyn, parasympatholytics
scopolamine derivativescopolamine hydrobromide, trimebutine, muscarinic antagonists
butylscopolammonium bromig®&lenthol, Menthol or piperita (both as MeSH and free text
terms), or the following free text terms: bulking ag@styllium fibre fibre, fiber, husk
ispaghula metamuci) fybogel spasmolyticsspasmolytic agentsintispasmodics
antispasmodic agents, mebeveri@akering pinaverium otilonium, octilonium, cimetropium
hyoscine hyoscine butyl bromideéutylscopolamingdrotaverinedicyclomine dicyclovering
propinox rociverine pirenzepineprifinium, peppermint ojlpeppermint, mintec, or
colpermin For RCTs of gut-brain neuromodulators these were combineg te set
operator AND with studies identified with the terms: psychotrdpigs antidepressive
agents, antidepressive agents (tricycli®sipramingimipramine, trimipramine, doxepin,
dothiepin, nortriptylineamitriptyling, serotonin uptake inhibitors, paroxetine, sertraline,
fluoxetine, citalopranmpregabalingabapentin, or duloxetine (both as MeSH terms and free
text terms), or the following free text terms: antidepretsaselective serotonin re-uptake
inhibitors selective serotonin reuptake inhibitpssrotonin re-uptake inhibitors, serotonin

reuptake inhibitors, desimipramingnlafaxine efexor, prozac, or seroxat

There were no language restrictions. Two investigato® @Ddl ACF) evaluated all

abstracts identified by the search for eligibility, agadependently from each other. We
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obtained all potentially relevant papers and evaluated thenoie detail, using pre-designed
forms, in order to assess eligibility independently, acogrth the pre-defined criteria. We
translated foreign language papers, where required. Wisedstisagreements between
investigators (CJB and ACF) by discussion.

We assessed the efficacy of all therapies in IBS pewed with each other or with
placebo, in terms of failure to respond to therapy, thghendpoints of interest used to define
response reported below. We sub-grouped gut-brain neurormdul@o RCTs of tricyclic
antidepressants (TCAs), selective serotonin reuptake inhig$&RIs)or alpha-2-delta
ligand agents. Secondary outcomes included adverse eventsrarasra result of therapy
(total numbers of adverse events, as well as adveesgseleading to study withdrawal, and
individual adverse events, including diarrhoea, constipatioowsiness, headache,
abdominal pain, or nausea, if repoited

Two investigators (CJB and ACF) extracted all data indepéelyd®mo a Microsoft
Excel spreadsheet (XP professional edition; Microsoft Gegalmond, WA, USA) &
dichotomous outcomes (response or no response to thevdpyssessed efficacy according
to the following a) the proportion of patients failing to achieve an impnoset in global
symptoms of IBS; and b) the proportion failing to achievéengrovement in abdominal
pain. We also extracted the following data for each tsibere available: country of origin,
setting (primary, secondary, or tertiary care), diagoastieria used to define IBS
proportion of patients with IBS of each subtype, praparof female patients, and dose and
duration of therapy. We extracted data as intertiistmeat analyses, with dropouts assumed
to be treatment failures (i.e. no response to therapyyewdetrial reporting allowed. If this
was not clear from the original article, we perfedan analysis on all patients with reported
evaluable data.

We used the Cochrane risk of bias tool (19) to assesd this study level. Two
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investigators (CJB and ACF) performed this independently; sawed disagreements by
discussion. We recorded the method used to generate theniaation schedule and conceal
treatment allocabin, as well as whether blinding was implemented for participants
personnel, and outcomes assessment, whether thereidesce of incomplete outcomes

data, and whether there was evidence of selective repoftogcomes.

Data Analysis

We performed a network meta-analysis using the frequentgélmwith the
statistical package “netmeta” (version 0.9-0, https://cran.r-
project.org/web/packages/netmeta/index.html) in R (versio2)3Bhis was reported
according to the PRISMA extension statement for netwwgta-analyses, (20) in order to
explore direct and indirect treatment comparisons@gfficacy and safety of each
medication. Network meta-analysis results usually gi@ee precise estimate, compared
with results from standard, pairwise analyses, (21, 22) amdank treatments to inform
clinical decisions. (23)

We examined the symmetry and geometry of the evidence by [imgduoetwork
plot with node size corresponding to the number of study sishjend connection size
corresponding to the number of studies. We produced compaigasted funnel plots to
explore publication bias or other small study effectsafbavailable comparisons versus
placebo, using Stata version 14 (Stata Corp., Collegi@Bt TX, USA). This is a scatterplot
of effect size versus precision, measured via the inwdrgee standard error. Symmetry
around the effect estimate line indicates the absefrmeblication bias, or small study
effects. (24) We produced a pooled relative risk (RR) with 86#fidence intervals (CIs) to
summarise the effect of each comparison tested, usengdam effects model as a

conservative estimate. We used a RR of failure to acheste & the endpoints of interest,
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where if the RR is less than 1 and the 95% CI does os$ dr, there is a significant benefit of
one treatment over another, or over placebo. As there direct comparisons between some
of the treatments for some of the endpoints of inteves were able to perform consistency
modelling to check the correlation between direct and iodeedence. (25)

We assessed global statistical heterogeneity aclasshgparisons using thé |
measure from the “netmeta” statistical package. The P measure ranges between 0% and
100%. Values of 25% to 49%, Bxo 74%, and >75% are considered low, moderate, and
high levels of heterogeneity, respectively. (26) We assessonsistency in the network
analysis by comparing direct and indirect evidence, whexgasme, by producing a network
heat plot. (25, 27) These plots have grey squares, whiclsegprde size of the contribution
of the direct estimate in columns, compared with #tgvark estimate in rows. (27) The
coloured squares, around these, represent the degreerisgtency, with red squares
indicating “hotspots” of inconsistency. In order to investigate sources of potential
inconsstency, we planned to remove studies that introduced any red “hotspots”, and repeat
the analyses.

We ranked treatments according to their P-score, whalvadue between 0 and R-
scores are based solely on the point estimates ardhstlagrrors of the network estimates,
and measure the extent of certainty that a treatméettisr than another treatment, averaged
over all competing treatment®8) Higher scores indicate a greater probability of the
treatment being ranked as best, (28) but the magnitude Bfsbhere should be considered,
as well as the treatment rank. As the mean valueedPthcore is always 0.5, if individual
treatments cluster around this value they are likely tdf erolar efficacy. We performed
two sensitivity analyses. First, given the multiple mregd mechanisms of action of the
various antispasmodic drugs under study, we performed an snalifsthese subcategorised

into those drugs acting purely as antimuscarinic agergkidiimg cimetropium, hyoscine
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pirenzipine, rociverine, and trimebutinend those acting in other ways (including alverine,
drotaverine, mebeverine, otilonium, pinaverium, and propin®&cond, due to previous
concerns in the literature about non-Western IB$triacluding their methodology and

placebo response rates, (29) we conducted an analysismMytiVestern RCTs included.

Role of the funding source
No funding was received. The corresponding author had fidkado all of the data

and the final responsibility to submit for publication.
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RESULTS

Trial Assessment and Risk of Bias

The search strategy generated 5863 citations, 81 of whichradp@eae relevant to
the systematic review and were retrieved for further assggyFigure 1). Of these, we
excluded 30 for various reasons, leaving 51 eligible artielegh contained 4644 patients
allocated to active therapy or placebo as described in &upplary Table 2, appendix page
2. (30-80) Agreement between investigators for trial eligibikys excellent (kappa statistic
= 0.84). Detailed characteristics of individual RCTsp@vided in Table 1All trials, except
one, (48) were published in full.

Risk of bias for all included trials is reported in Supplatagy Table 3, appendix
pages 3 to 6; only 13 were at low risk of bias. (30, 35, 57, 59-6¥06G3-75, 77, 80) There
were five trials of ispaghula husk versus plac€B6-34) only one was at low risk of bias.
(30) There were 18 RCTs of antispasmodic drugs, (35-52) withome trial judged as low
risk of bias. (35) There were eight trials of peppermint(6B-60) three were low risk of
bias. (57, 59, 60) There were 10 RCTs of T(O/&&-70) and three were low risk of bias. (61,
66, 70) There were six trials of SSRIs; (71-76) three wawerisk of bias. (73-75) There was
one trial of alpha-2-delta ligand agen{s7) which was judged as low risk of bidhere
were another three trials making hdaehead comparisons of one therapy versus armnother
one of ispaghula husk or an antispasmodic drug versusplag&) one of ispaghula hysk
an antispasmodic drug, or a TCA versus placebo, (79) andfanTCA or a SSRI versus
placebo. (80) Only one of these trials was at low rigkiasg. (80) We were therefore able to
compare some therapies using both dieedtindirect evidence meta-analysis. Of the 18
trials of TCAs and SSRiIs, (61-76, 79, 80) five scredoedand excluded, patients with

depression. (61, 66, 74-76)
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Efficacy

Failure to Achieve an Improvement in Global IBS Symptoms

Forty RCTSs, including 3793 patients, reported these data dt2vteeks. (31-35, 37-
39, 41-47, 49-51, 53, 55, 56, 58-66, 68, 70, 72, 74-80) There were 204pants
randomigdto active treatment he network plot is provided in Figure 2. When data were
pooled there were moderate levels of statistical hetasdiyg(l> = 60.5%). On visual
inspection, there was evidence of funnel plot asymmstiggesting publication bias, or
other small study effects (Supplementary Figure 1, append& pa However, this was due
to a dearth of small studies showing positive resultserahan small studies showing no
effect of the interventions studietihe network heat plot had no red “hotspots” of
inconsistency (Supplementary Figure 2, appendix padgeeppermint oil, TCAs, and
antispasmodic drugs were all significantly more efiiwas than placebo aft 4 weeks to 12
weeks of treatment, but peppermint oil was ranked as teeffacacious, relative to placebo
(P-score 0.84), in six RCTs (RR = 0.63; 95% CI 0.48 to 0.88uf€ 3a) This means that
the probability of peppermint oil being the most efficaciadren all treatments, including
placebo, were compared with each other was 84%. Howevers Were ranked second and
performed similarly (P-score 0.77, RR = 0.66; 95% CI 0.53 to 018@).of the six trials of
peppermint oil were at low risk of bias, (59, 60) compared witin 6f the nine RCTs of
TCAs. (61, 66, 70, 80) After direor indirect comparison of active treatments, there were no
significant differences seen between individual treatm@hggire 4.

After sensitivity analysis according to type of antispadic drug, moderate
heterogeneity between studies remainéd $0.9%), and peppermint oil was still ranked
first (P-score 0.83), TCAs second, and antimuscarinic-tgpgspasmodic drugs third

(Supplementary Figure 3, appendix page 9), with no significantelites seen between
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individual treatments on direct or indirect comparisomifarly, in a sensitivity analysis
restricted to Western RCTs, there was moderate heteribgéii = 65.6%), and peppermint
oil was still ranked firs{P-score 0.84), but TCAs were second with an almost idariRR
and P-score, and antispasmodic drugs third (SupplementameH, appendix page 10)
with no significant differences between individual treattaeseen on direct or indirect

comparisons.

Failure to Achieve an Improvement in Abdominal Pain

Twenty-five trials reported these data at 4 to 12 we8ks 32, 35, 36, 38-40, 43, 46,
48, 49, 52, 54, 57, 59, 60, 62, 67-69, 71-73, 75, 76) There were 2&Mpa157 (51.5%)
of whom were randomesglito active treatmenf he network plot is provided in Figure 5
When data were pooled there were moderate levels otisttiseterogeneity fI= 69.7%),
but no evidence of publication bias, or other small study tsfig&@upplementary Figure 5,
appendix page 11). As there were no hieabead trials using abdominal pain as an endpoint
we could not assess for evidence of inconsistency betwest dnd indirect results. TCAs,
peppermint oil, and antispasmodic drugs were significantheratficacious than placebo at
4 to 12 weeks. TCAs were ranked as the most effica¢i®asore 0.87) in four RCTs (RR
0.53; 95% CI 0.34 to 0.83) (Figure 3blut containing only 92 patients, with antispasmodic
drugs ranked second, and peppermint oil third. None of the tfidlCAs were at low risk of
bias, but three of the RCTs of peppermint oil were. (5768pAfter indirect comparison of
active treatments, there were no significant diffeesreeen between any of the active
treatments (Figure 4b).

Sensitivity analysis according to type of antispasmodic tkugaled moderate
heterogeneity between studie$%159.3%), with “othei’ antispasmodic drugs ranked first (P-

score 0.93), and TCAs second (Supplementary Figure 6, apppagk 12). Antimuscarinic-
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type antispasmodic drugs were no longer more efficaciomspibaebo, and were ranked
last. However, this was driven mainly by two RCTs of drotageeconducted in India, which
demonstrated a 35% to 45% therapeutic gain over placebo. (4&8%2y’ antispasmodic
drugs were superior to all treatments except TCAs and pepperinmand TCAs were
superior to antimuscarinic-type antispasmodic drugs oneicidadomparison. When the
analysis wasestricted to Western RCTs, there was borderline modeeséedyeneity @=
51.7%), with peppermint oil ranked first (P-scOré7), TCAs second, and antispasmodic
drugs third (Supplementary Figure 7, appendix page 13). Howewes,af the treatments
was superior to placebo in this analysis, and there wes@nificant differences between

individual treatments on indirect comparison

Safety

Thirty-two trials reported total number of adverse evan307 patients, 1666 (50%)
of whom received active treatment. (30, 32, 35-42, 44-46, 4814%2, 54-59, 61, 64-66,
68, 69, 73, 75, 77Vhere was no global statistical heterogeneity(0%), and no evidence of
publication bias, or other small study effects (Supplemerfiigiyre 8, appendix page 14)
When comparing total numbers of adverse events, there sigsificant difference
compared with placebo, for TCAs (RR = 1.59; 95% CI 1.23 to)2W&en ranked using a P-
score, ispaghula husk was the best, and TCAs the wotstnns of total number of adverse
events (P-scores 0.65 and 0.16 respectively) (Suppleméitame 9, appendix page 15)
Indirect comparison of active treatments revealetlisipaghula husk (RR =0.71; 95% CI
0.51 to 0.98) was significantly less likely than TCAs to lead to adwevents, but there were
no other significant differences.

Data concerning withdrawals due to adverse events were providtiRgTs,

containing 2007 patients, 1037 (52%) of whom were assigned to detnapy (32, 38, 44-
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46, 50, 52, 55, 56, 59, 60, 62, 64, 66, 68, 69, 71, 73-77) Thereonstatistical heterogeneity
(1 = 0%), and no evidence of publication bias, or other smalystffects (Supplementary
Figure 10, appendix page 16). None of the therapies werelikelyeto lead to withdrawal
due to adverse events than placabben ranked using a P-score, ispaghula husk was the
best, and peppermint oil the worst, in terms of adversate leading to withdrawal (P-scores
0.68 and 0.23 respectively) (Supplementary Figure 11, appendiXlgagathough 95% Cls
were wide for some of these estimates, and P-scoressiveilar for many of the lower
ranked therapies. There were no significant differebetseen therapies on indirect
comparisonindividual adverse events were reported incompletely byded trials,

precluding any meaningful pooling of data.
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DISCUSSION

To our knowledge, this is the first systematic review adoek meta-analysis of
RCTs of these treatments for IBS. When we used improneimeglobal symptoms as the
endpoint of interest, peppermint oil, TCAs, and antispasondrugs were all significantly
more efficacious than placeboef weeks to 12 weeks of treatment, but peppermint oil was
ranked first However, there were no significant differences seen bettveatments. When
we used improvement in abdominal pain as the endpoint oEsit@iCAs, antispasmodic
drugs, and peppermint oil were significantly more efficasithan placebo at 4 to 12 weeks,
with TCAs ranked first. Again, there were no significarfitedences between individual
treatmentsHowever, the sensitivity analysis conducted using WeR€s revealed that
TCAs were no longer the most efficacious, in termsnprovement in abdominal pain. Only
TCAs were more likely to lead to adverse events than iptaaad, among active treatments,
only ispaghula husk was significantly less likely than BGé lead to adverse evenione
of the therapies studied were more likely to lead to withdtawe to adverse events than
placebo. Data for individual adverse events were limpeecluding meaningful analysis

The literature search, eligibility assessment, and eetaction for this network meta-
analysis were undertaken independently by two reviewers, witliacepancies resolved
by consensus. We used an intention-to-treat analysisaWitinopouts assumed to have
failed therapy, and pooled data with a random effects mindetder to reduce the likelihood
that any beneficial effect of these therapies in IBS leen overestimated. We also contacted
authors of individual studies to obtain supplementary fdatdneir studies in order to
maximise the number of eligible RCTs in the network.

There are some limitations of this study. Because stantial proportion of the 51
RCTs were conducted more than 20 years ago, only 13 wiere gtk of bias. (30, 35, 57,

59-61, 66, 70, 73-75, 77, 80) This means the results of the netwabakanalysis should be
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interpreted with caution. It is well known that trialsttda not report their methodology in
sufficient detail tend to overestimate the efficacyhaf intervention studied. (81) For some of
the therapies studied in this network meta-analysis thetso the possibility of unblinding,
even in trials judged to be at low risk of bias, due to thereaif the active intervention used.
Peppermint oil has a distinctive taste, anchlda@As and antispasmodic drugs can lead to dry
mouth drowsiness, and constipation. It also needs to be empthaiszgethe positive studies
on peppermint oil involved very specific preparations and dtations. Given the regulatory
category assigned to peppermint oil in many jurisdictiassa medical food or food
supplement, many other preparations are available fastglitdlic sale to the public. The
results of the studies reported here are as positiveftne cannot, therefore, be extrapolated
to all peppermint oil preparations. In addition, the majarittrials predate recommendations
from the Rome committee for the design of treatmgistfor the functional gastrointestinal
disorders, (82) and most did not use FDA-recommended endpoints tdneaigeent
efficacy in IBS. The included trials, therefore, used @ewange of measures of treatment
efficacy, and reported these at various different timetporather thamat 12 weeks, as is
currently recommended. Most trials recruited patientb {85, regardless of predominant
stool form; as a result making recommendations for tleetsen of treatment in individual
patients is difficult. Finally, only six trials were atuncted either entirely, or partly, in
primary care, (30, 46, 59, 60, 66, 74) meaning that thevelefficacy of these drugs in
patients in this setting, which is the group in whom treymost likely to be used, is unclear.
Whether the benefit of antidepressants arises frortréhément of co-existent
depression is controversial. Data from the trials inadudehis network meta-analysis are
conflicting; three studies reported no significant relatiop between depression scores and
improvement in IBS symptoms, (68, 72, 73) but a fourth dermatestithat treatment effect

with the TCA desipramine was greater in those without caemtislepression. (70) Among
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the five trials that screened for, and excluded, depressettiunals, (61, 66, 74-76) one RCT
of the SSRI citalopram showed no benefit of the dru@# I(74) The dose of the various
SSRIs used in these trials in IBS were almost identiiciiose used to treat depression, but
any effect on mood would seem less likely for TCA trialeere the doses used were often
considerably lower than those used to treat depressi@nestingly, other investigators have
shown that the presence of depression seems to medifyatpain response in patients with
IBS. (83) This suggests that if antidepressants are imgronood in patients with IBS this
could have other beneficial effects on gastrointessyalptoms

Although peppermint oil and TCAs were ranked highly for efficarybbth
endpoints studied in these trials, the number of includedtipamits was small in comparison
with RCTs of newer drugs in IBS. Hence, there is needdosiderable caution in the
assessmenif the efficacy of these more “traditional” therapies, in particular the gut-brain
neuromodulators, which may be associated with significargrad\effects and appeared to
be of lower efficacy than peppermint oil for both glo®ainptoms and abdominal pain when
the analysis was restricted to only Western trials. Favadlsymptoms, peppermint oil was
ranked first based on data from six trials, allocating 342mtatto active therapy, and TCAs
second pooling data from nine trials, randomising 355 patieractive therapy. For
abdominal pain, TCAs were ranked first when data were poaded four RCTSs, including
only 92 patients randomised to active therapy, and peppesihgecond based on four
RCTs, containing 260 patients who received active therdmy limitations of our current
assessment are demonstrated by the comparison with etherk meta-analyses in this
field. Thus, in contrast, in a recent network metahgis of RCTs of secretagogues in IBS-
C, almost 5000 patients were assigned to active therapy amibated data to the analysis
for global symptom response, and more than 4000 for abdopaiimal(10) Similarly, in

another network meta-analysis of RCTs of drugs for IBSWDIBS-M, almost 4500 patients
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assigned to active therapy contributed data to the asddysglobal symptom response, and
more than 5000 to the analysis for abdominal pain. (9) Thidigids the need for larger
RCTs of these commonly used therapies in patientsI&&hin order estimate their efficacy
more precisely. ldeally, these should be conducted in priozagysettings, where these
treatments are most likely to be used, report efficacgraing to predominant stool type,
and examine safety more systematically than the edigilzlls we were able to identify

The effect sizes seen in this network meta-analysis maod larger than in our
network meta-analyses of treatments for IBS-C, IB&ui2i IBS-M (9, 10) but the 95% Cls
were wide Clearly, direct comparisons of efficacy between theaghies studied here and
these, more recently developed, novel drugs based oadhlts of these three network meta-
analyses is inappropriate. However, the larger, and lessspr effect sizes seen in the
current study are likely to reflect a combination of ttss Istringent endpoints used to judge
efficacy in these older trials, risk of bias of the inclu&&tiT's, and the shorter treatment
duration in many of the included trial9nly two triak, one of pinaverium and one of
peppermint oil, used an FDA-recommended endpoint to judgengatefficacy, (35, 60)
although another four of the included RCTs used adequateakdigmptoms, (30, 74, 77,
80) which was the previous gold standard to define treatment sund&sS treatment trials.
(84) In addition, it is likely that the RCTs consideredhis network meta-analysis recruited
a spectrum of patients with milder symptoms than thosavad in studies of newer
pharmacological therapies; patients recruited intostothe latter agents in the last 15 years
are likely to have already failed treatment with one orenof the therapies assessed in this
network meta-analysis. Howeveeddto-head trials of newer drugs compared with these
commonly used therapies are scarce. One 12-weekftafdsetron versus mebeverine

demonstrated that alosetron was superior in terms of adegliafef abdominal pain and
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discomfort, (85) but another 4-week RCT of ramosetroaugemebeverine suggested no
significant difference between the two in terms of adexjtelief of global symptoms. (86)

Given the scarcity of head-head trials of individual therapies, the conclusions in
this network meta-analysis are derived from data basedyh@ indirect treatment
comparisons of trials that are not as methodologicalyrous as those included in our other
recent network meta-analyses. (9, 10) Network meta-asalilsivs credible ranking systems
of the likely efficacy and safety of different treatt®eto be developed in order to inform
clinical decisions, even in the absence of trials nmgkiirect comparisons. (23) Therefore,
despite these limitationghe results of our study may still be useful for both p&tiend
policy makers, in order to help inform first and seconé-treatment decisions for IBS. The
information contained in this network meta-analysis sholgll allow evidence-based
recommendations for the management of IBS to be upd&@&Bg§)

In summary, this systematic review and network meta-aisaigs demonstrated that
peppermint oil, TCAs, and antispasmodic drugs were mdicaetbus than placebo for both
global symptoms and abdominal pain in IBS, with pepperminaaked first for global
symptoms, and TCAs first for abdominal pain using data fbtnials, and second to
peppermint oil based on Western RCTs only. Only TCAs were liketg to cause adverse
events than placebo, which is in keeping with their kneige effect profile. Although this
information may assist clinicians and patients with iB making therapy-related choices, it
is important to point out that the quality of the evidewas low, due to the risk of bias of
included trials, and the endpoints used to judge efficacy wersthasgent than those used in
RCTs of newer drugs. In addition, despite the fact that roathese therapies are likely to
be used as first or second-line treatment in primarg, @ard before referral to a
gastroenterologist, the majority of trials were condddn referral populations, and did not

report efficacy according to predominant stool type. More K@ffthese treatments, ideally
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headto-head against one or more of the other therapies stumdibdse trials, which are
powered adequately, conducted in primary care, examine gficaording to stool type,

and report adverse events data more thoroughly are required.
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FIGURES

Figure 1. Flow Diagram of Assessment of Studies|dentified in the Systematic Review.
Figure 2. Network Plot for Failureto Achieve an Improvement in Global IBS Symptoms
at 4to 12 Weeks.

Node size (size of the circle) corresponds to the nunflstudy subjects for each
intervention, and connection size (line thickness) spwads to the number of studies for
each comparison.

Figure 3a. Forest Plot for Failureto Achieve an Improvement in Global IBS Symptoms
at 4to 12 Weeks.

Note: The P-score is the probability of each treatmeingb@nked as best in the network.

Figure 3b. Forest Plot for Failureto Achieve an Improvement in Abdominal Pain at 4to
12 Weeks.

Note: The P-score is the probability of each treatmeingb@nked as best in the network.

Figure 4a. League Ranking for Failureto Achieve an Improvement in Global IBS
Symptomsat 4 to 12 Weeks.

Figure 4b. League Ranking for Failureto Achieve an Improvement in Abdominal Pain
at 4to 12 Weeks.

Figure 5. Network Plot for Failureto Achieve an Improvement in Abdominal Pain at 4
to 12 Weeks.

Node size (size of the circle) corresponds to the nunfletudy subjects for each
intervention, and connection size (line thickness) spwads to the number of studies for

each comparison.



