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Abstract

Background The aim of this study is to evaluate the efficacy and safety of faecal microbiota transplantation (FMT)
for the treatment of irritable bowel syndrome (IBS).

Methods We searched four databases for randomised controlled trials (RCTs) that compared FMT with a control
intervention in patients with IBS. The revised Cochrane risk-of-bias (RoB) tool was chosen for appraisal. Meta-analysis
with trial sequential analysis (TSA) was conducted. Grading of Recommendations Assessment Development and Eval-
uation (GRADE) methodology was used to assess the certainty of evidence (CoE).

Results We included 12 RCTs with a total of 615 participants. Meta-analyses showed no significant difference
between the FMT and control groups in terms of clinical responses (relative risk [RR]=1.44, 95% confidence inter-
val [Cl] 0.88-2.33) and changes in IBS Severity Scoring System (IBS-SSS) scores (standardised mean difference
[SMD]= —0.31,95% Cl —0.72 to 0.09) and IBS Quality of Life (IBS-QOL) scores (SMD=0.30, 95% Cl —0.09 to 0.69).
Subgroup analysis revealed that in studies with low RoB and using endoscopy, nasojejunal tube and rectal enema
delivery, FMT led to a significant improvement in clinical responses and changes in IBS-SSS and IBS-QOL scores. TSA
suggested that the current evidence is inconclusive and that the CoE is very low.

Conclusion This study suggests that patients with IBS may benefit from FMT especially when it is administered
via endoscopy, nasojejunal tube or rectal enema. However, the certainty of evidence is very low. Further research
is needed to confirm the efficacy and safety of FMT for IBS treatment.

Trial Registration: PROSPERO registration number CRD42020211002.

Keywords Irritable bowel syndrome, Faecal microbiota transplantation, Systemic review, Meta-analysis, Randomised
controlled trial
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Introduction

Irritable bowel syndrome (IBS) is a functional gastroin-
testinal disorder characterised by abdominal pain and
altered bowel habits, leading to considerable discom-
fort and impairing quality of life [1]. It affects a large
proportion of the population, with prevalence rates
ranging from 7 to 21% worldwide [2]. Despite its high
prevalence, its underlying mechanisms are not yet fully
understood, making developing effective treatments
difficult [3].

Faecal microbiota transplantation (FMT) is a therapeu-
tic intervention that involves the transfer of faecal micro-
biota from a healthy donor to a recipient with dysbiotic
gut microbiota [4]. FMT is thought to work by restoring
gut microbial diversity and function, which leads to an
improvement in gastrointestinal and nongastrointestinal
symptoms [5]. It has been used to treat a variety of disor-
ders, including recurrent Clostridioides difficile infection
(CDI), IBS, Parkinson’s disease and various inflammatory
disorders [6]. In 2022, the FDA approved the first FMT
therapy to prevent recurrent CDI in adults who previ-
ously completed antibiotic treatment [7]. This event rep-
resents a major milestone of FMT therapy.

Recent studies have suggested that alterations in gut
microbiota may play a key role in the development and
exacerbation of IBS symptoms [8]. The gut microbiota
is a complex ecosystem of microorganisms that live in
the gastrointestinal tract and has been shown to play a
crucial role in maintaining gut homeostasis and overall
health [9]. Dysbiosis or an imbalance in the gut microbi-
ota has been associated with a variety of gastrointestinal
disorders, including IBS [10]. This association has led to
increasing interest in FMT as a potential therapy for IBS.

Although previous randomised controlled trials (RCTs)
have evaluated the efficacy of FMT in IBS treatment,
their results were inconsistent and limited by their small
sample sizes [11-22]. Prior systematic reviews with
meta-analyses of RCTs also have some limitations. Firstly,
continuous outcomes, such as the IBS Severity Scoring
System (IBS-SSS) and IBS Quality of Life (IBS-QOL),
were pooled on the basis of their scores at the follow-
up endpoint instead of the change in their scores from
baseline [23, 24]. Furthermore, despite the existence of
two different scoring systems for IBS-QOL in enrolled
RCTs, the original scores, rather than the standardised
mean difference (SMD), from each RCT were combined
[24-26]. Last but not least, several new RCTs and full-
text articles were not enrolled in previous meta-analyses
[18-20]. We conducted an updated meta-analysis to pro-
vide a comprehensive and precise analysis of the available
evidence on the efficacy and safety of FMT in treating
IBS to address the above limitations. Our study also uti-
lised trial sequential analysis (TSA) to provide a cautious
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evaluation of the data through repetitive and cumulative
testing.

Methods

Literature searches and data sources

This systematic review and meta-analysis was conducted
in accordance with the guidelines of the Cochrane Hand-
book of systematic reviews and followed the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) statement [27]. We comprehensively
searched online literature by using Embase, MEDLINE,
Cochrane CENTRAL, CINAHL and Scopus. All the
searches were completed on June 20, 2024. In addition,
we searched clinicaltrials.gov manually for potential
unpublished trials. The database search terms consisted
of ‘irritable colon’ OR ‘irritable bowel syndrome’ AND
‘faecal microbiota transplantation. We limited the
results to ‘randomised controlled trials’ and ‘human’ The
detailed search methods are available in the Supplemen-
tary Materials (supplementary Table 1). No language
restrictions were imposed. We also manually searched
the references of the included studies for additional rel-
evant citations. Any further information required from
the original author was requested through written cor-
respondence (e.g. emailing the corresponding or first
author).

Study selection

Two authors (Shao-Wei, Lo and Tsung-Hsuan, Hung)
independently screened the titles and abstracts then
reviewed full texts and assessed the relevant studies for
compliance with inclusion criteria. Any disagreement
was resolved by discussion.

The inclusion criteria are as follows: (1) RCTs enrolling
patients diagnosed with IBS by a clinician or on the basis
of specific criteria, such as Rome Criteria or Manning. (2)
Intervention with FMT at any dosage and through any
route of administration and control group treated with
a placebo or autologous transfer. (3) Primary outcomes
included clinical response and changes in the sever-
ity of IBS symptoms, including IBS-SSS and IBS-QOL
scores, and secondary outcomes included the safety and
side effects of the intervention. The clinical response was
the proportion of patients with clinical responses to the
total examined patients and was defined as decreases of
at least > 50 in IBS-SSS or>30% in GSRS-IBS or adequate
relief of global symptoms after 12 weeks.

The study design and protocol for this research were
registered with PROSPERO. Approval was granted
by its editorial team under registration number
CRD42020211002.
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Data extraction and quality assessment

Two authors (Yen-Tsen Lin and Tsung-Hsuan Hung)
independently extracted the data, including publica-
tion year, origin country, study design, sample size,
patients’ baseline characteristics, IBS diagnosis criteria
and subtype, intervention type, primary and secondary
outcomes, adverse events, follow-up information and
exclusion and inclusion criteria from the included stud-
ies. Two authors (Shao-Wei Lo and Chun-Shen Lee) inde-
pendently assessed quality by using the revised Cochrane
Risk-of-Bias tool for Randomised Trials (RoB 2) [28]. The
confidence levels of the outcome effect estimates were
evaluated by grading the quality of evidence as low risk,
some concern for risk or high risk. Any disagreement was
resolved by discussion.

Statistical analysis
We used random-effects models to analyse pooled effect
sizes and 95% confidence intervals (CIs) for all outcomes.
For binary data, such as clinical response and adverse
events, the meta-analysis used relative risk (RR). We ana-
lysed continuous data by using the standard mean dif-
ference (SMD) for the changes in IBS-SSS and IBS-QOL
due to discrepancies amongst scales in the included stud-
ies. P-value <0.05 was considered statistically significant.
Heterogeneity was evaluated by using the I? statistic [29].
TSA is a recently described cumulative frequentist
meta-analysis method used to weigh type I and II errors
and to provide information on the precision and uncer-
tainty of the meta-analysis results. TSA also provides
monitoring boundaries or futility boundaries to provid-
ing information on whether ongoing trials are necessary
[30]. TSA version 0.9.5.10 beta was used in this study,
and the details of model setting were mentioned in a pre-
vious report [31]. In summary, we analysed the data using
a random-effects model via the Biggerstaff—-Tweedie
method, with a 5% type I error rate, 80% statistical power,
and an improvement with a relative risk of 50%. The TSA
result was presented as MD and a-spending adjusted
ClIs. We performed subgroup analysis on the basis of the
following variables to explore possible causes leading
to the heterogeneity of treatment effects: (1) the route
of FMT delivery; (2) single or mixed donor samples; (3)
fresh or frozen donor stool and (4) risk of bias (RoB) in
the included studies. The differences in treatment effect
were tested between subgroups, and P<0.1 indicated
a potential subgroup effect [27]. We detected publica-
tion bias with Egger’s test and funnel plots where more
than 10 studies were present [32]. Data analysis and
RoB plots were completed with Review Manager ver-
sion 5.4 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2020).
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Grading of the certainty of evidence

The certainty of evidence is the extent to which we can be
confident that what the research tells us about a particu-
lar treatment effect is likely to be accurate. The levels of
evidence of all outcomes were assessed on the basis of the
Grading of Recommendations Assessment Development
and Evaluation (GRADE) methodology [33]. The overall
certainty of evidence (CoE) was evaluated in accordance
with the GRADE handbook by downgrading it to five
domains [33]. The CoE was judged as high, moderate,
low or very low and was constructed by using the online
GRADE Profiler (available from http://www.gradepro.

org).

Results

Search results and study characteristics

Study selection is illustrated in Fig. 1. The initial literature
search identified 639 potentially eligible articles. A total
of 576 unique, relevant studies were retrieved after dupli-
cate removal. After the titles and abstracts of the articles
were screened, 71 eligible studies were retrieved and then
subjected to full-text assessment. A total of 59 studies
were excluded for various reasons, and 12 randomised
trials were ultimately included in data extraction [11-22]
(Fig. 1).

The included trials were published between 2018 and
2023. When all the studies were combined, the total
numbers of patients in the FMT and control groups were
356 and 259, respectively. A summary of the included
studies and the baseline characteristics of the enrolled
participants are presented in Table 1.

RoB

The RoB assessment domains and authors’ judgments
with justifications based on the RoB 2.0 tool were sum-
marised (Supplementary Fig. 1). Five studies were of
some concern for allocation bias because no information
was available about concealment, [11, 16—18, 20]Addi-
tionally, one study [22] exhibited imbalanced baseline
characteristics between the two groups post-randomisa-
tion, including age and baseline IBS severity, which could
potentially confound the true effect. Only one study was
rated with high RoB for the domain of performance bias
because information about the blinding of the partici-
pants and personnel was unavailable and the authors did
not appropriately analyse the effect of adherence. [18]
Four studies were of some concern for RoB in the attri-
tion bias domain due to their relatively high and unequal
dropout rates without available explanations [12, 14, 19,
20]. Two studies were of some concern for detection bias
because no information was available about the asses-
sors being blinded. [16, 18] Overall, two of the included
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Fig. 1 PRISMA 2020 flow diagram of study selection

studies had low RoB [13, 15]; six were of some concern
for RoB [12, 14, 17, 19, 20, 22]; and three had high RoB
[11, 16, 18]. The RoB of the study of Aumpan et al., 2022
could not be assessed because only its abstract was
published.

Outcome

Compatrison of the clinical response of the FMT group

with that of the control group after 12 weeks

The pooled effect showed no significant differ-
ence between the FMT and control groups in clinical
response rate with high heterogeneity (RR=1.44, 95%
CI 0.88-2.33, I’=79%) (Fig. 2a). We further conducted
subgroup analyses in accordance with the route of FMT
delivery (Fig. 2a), the RoB of each study (Fig. 2b), the
use of a single or mixed donor sample (Supplementary
Fig. 2a) and fresh or frozen donor stool (Supplementary

Fig. 2b) to explore potential heterogeneity. The clinical
response of the group that received FMT via endoscopy
(colonoscopy [12, 13, 16] and gastroscopy [15, 22]),
nasojejunal tube [17] and rectal enema [21] was supe-
rior to that of the control group with moderate hetero-
geneity (RR=1.91, 95% CI 1.26-2.91, I>=61%) (Fig. 2a).
The pooled effect showed no statistically significant dif-
ference between FMT and the control administered via
oral capsule [11, 14, 18, 20] (RR=0.73, 95% CI 0.32—
1.68, 1*=70%) (Fig. 2a). Pooled data from RCTs with a
low RoB revealed that the FMT group was superior to
the control groups with low heterogeneity (RR=3.53,
95% CI 2.21-5.64, I*=0%) (Fig. 2b) [13, 15]. By con-
trast, the pooled effect showed no statistically signifi-
cant difference between the FMT and control groups in
studies with some concerns [11, 12, 14, 17, 22] or high



Page 5 of 15

(2024) 29:464

Lo et al. European Journal of Medical Research

uonualsip
|euiwopge ‘ured [euiuuopge
“100-54! ur sbueyd

JUSAD
9s1aApe ‘9jyoid e1oiqoidiw
‘AOUR1SISUOD |001S ‘WoIdWAS
581 100-541 ut 9bueyd
s|youd

£101qOJIDIW ‘AIBIXUE ‘UOIS
-saidap 100541 Ul ebuey)

a|yoid eroiqoudiul ‘“Aous
-15ISU0D |001S ‘A19IXUE ‘UOIS
-s31dap “J0D-5g Ul 9buey)

9|youd P10IGOIDIU ‘XSpUl
sIsolgsAp "J0D-5gl Ul obueyd

JUSAS

9SI9ApE ‘9]yoid e101qoIDIW
‘UJoy [001S ‘A12IXUE. ‘UOIS
-sa1dap “100-54I Ut abuey)

JUAD 3SIaAPE ‘Uo|ssaidap
‘A1a1xue ‘s|youd eyoigoioiul
'SSS-S91 100-581 U sbueyd

ATEYE)
3SIaAPR “JOD-Sg| Ul abueyd

1USAS 3sI9ApPeR ‘3|youd eloiq
-0IIW “JOD-SgI ut 9buey)

sujod
06 < SSS-Sg Ul dseainsg

SY99M 7| 18 swoldwiAs
|[BI2AO JO J31|21 21NbApY

syaam 7| 1e siuod
0S 2 SSS-Sd| Ul aseauda(

syaam 7| 1e siujod
06 < SSS-Sd| Ul aseaidsg

sypuow ¢ 1e syuiod
0S 2 SSS-Sg| Ul asea1dQ

S399Mm 7| 1e siujod
05 < SSS-Sg| ul asealdsg

%0¢ <S4l
-GYSD) Ul 95ea1d3(]

syauow ¢ 1e syuiod
G/ <SSS-Sg| Ul asealnaq

sypuow ¢ je syujod
05 < SSS-Sg| ut aseaidsg

eUIBUSD |23l BIA |001S
snobojoine b 0g a|bulg

agni [eun(af-oseu eia
|001s snobojoine a|buIg

sajnsded |ejo Aidwia o

Adodsouo|0d el [001S
snobojoine 6 pg 3|buls

Adoosonseb eia
|003s snobojoine 3|buls

pexAjiep
sa|nsded |e1o ogade(d Gz

Adodsouojod ela
|001s snobojoine b o

Adodsouojod eln
|003s snobojoine b 08-05

pzLXAjiep
sa|nsded |e1o ogadeld 9z

BWISUD [P)
-D3J BIA |003S Jouop b 0g JO
BunsISUOd | |N4 3buls
SIOUOp 7 9yl

JO Jayua Jo ojdwies 9|bulg
S9N |eun(sf-oseu eiA

|001S Jouop Ysalj Jo
Bunsisuod 4 91buls

sauil € 10j ‘sKep 7 4ad ‘s9|ns

-ded oua1ua eso [|N4 0
Jouop 3|buIs v

Adod

-SOUO|0D BIA WIND3D 3y} 0}
|003S Jouop Uazoly b o€ Jo
Bunsisuod N4 91buls

Jouop a|bulIs v

Adodsouiseb ein wnusponp

[BISIP 9Y3 0} |001S Jouop
uazouy b 09 40 b o€ Jo
Bunsisuod | |\4 3|buls

SIOUOP 7 Y3

4O Jayad Jo ajdules 3buls

pe xAjtep |003s

Jouop uszoyy b gz Jo bunsis

-uod sajnsded [elo N4 ST

SIOUOp 7 3y}
4O JayuL Jo ajdues ajbuls
Adod

-SOUO|0D BIA WINJ3D 3yl 0}
|003S Jouop udzoly b Of Jo
punsisuod [N 91buls

SIouop ¢ Jo sajduies paxipy
Ado>
-SOUO|0D BIA WIND3D 9y} 0}

|003s JOUOp (|:]) USZOJ) pue

ysayj y1oq 6 08-05 40
punsisuod N4 91buls

SIOUOP # JO s9|dwies paxi
pZLxAjiep joois

Jouop uazoly 6 g Jo bupsis

-uod sajnsded [e1o J N4 57

Al WOy

IN-Sdl
‘a-Sg| ‘buneo|q 21aA3s Yyum
Sg| A1010R1j31 ‘||| DUIOY

8<Q-WVH pue
7LV-WVYH WM piq
-I0Wo> d-S41 %001
N-S41 %9'8¢

‘W-S9I %E L
2-591%1°9
‘Q-S91%0°LS

| SWoy
IN-Sg1 %8'€C
D-S91 %8 LE
‘a-S91 %v'8€
'S/1=2SSS-Sdl
‘Al Swoy

@-s41 %001
'S/12SSS-Sdl
Il swoy

W-S91 %881
‘-S4l %C9s
'2-591%0'5¢C

‘Il swoy

W-S919%0"L¥
‘Q-5891%0°€S
'S/12SSS-sdl
‘llrswioy

N-Sdl %E'LE

‘-S89l %v'6C

D-S91 %EEE

'S/12SSS-sdl
‘lirswioy

(W/N) 0T

(62) 61

(€€1) ¥9L

(81) 8¥

(s9) €8

(s€) ¢S

(puejieyy)
2202 “|e 32 ueduwiny

(wnib

-[99) 1Z0T " 19 190A|0H

(eUIYD) 10T "2 12 ONS

(puejuid)
0707 "[e 19 Usunye]

(AemuoN))
6107 “[e 18 Ayjes-3

(VYSN) 610Z "2 12 sipeluoly

(usp
-9MS) 610 “[e 13 131S|OH

(KemuIoN)
810¢ “[e 19 ussuyor

(pew
-uaQ) 810t "[e 30 4oefijeH

sawo031no A1epuod3g

sawod3no Aiewlid

UOIIUBAIRIUI OQde|d

uonuUAAIRIL | N4

sadfigns pue euaiud-sg|

(9]ewy) azis a)dwes

(A13unod) seak 4oyny

S3IPN3S PapN|DUl JO SOIISIIDRIRYD 3y | djqeL



Page 6 of 15

(2024) 29:464

Lo et al. European Journal of Medical Research

Buljyoid diwousbelaul swo
-1GoJDIUI [BDDR) 3yl JO Adjenb
‘suoldwiAs sg| [e1auab jo
91191 '555-5g| ur abueyd

1U9AS
as1aApe ‘s|youd e10igoidiw
“100-S91 ‘SSS-S81 Ut 9bueyd

9|yoid eyoigoiw
‘uoissaidap ‘A1a1xue ‘“Aouaisis
-U0D |001S 'S5S-Sg| Ul 9bueyd

syujod
05 <SSS-Sg| Ul esealdsg

sjujod
05 < SSS-Sg| ul asealdsg

(pamodai JoN) saulod
05 < SSS-Sd| ul asealdsg

 %99Mm pue
3UI|95€q 1B UO[IBPSS SNOIDS
-U0d JSpUN WNUspoNp
[e1sIp ay3 03Ul Adodsopua
Jaddn eiA pasnjur suljes
[eWIOU JO W 001

sa|nsded |e1o ogade(d 6|

Adodsouseb eia |003s
snobojoine b o¢ 3|bulg

JOUOp SUO WOl
|001s paAIadal syuaed

61 buluiewsal ayy pue
'SIOUOP OM] WOJJ |001S
paAI9dal sjuaiied 6
 Y99M pue au|jaseq 1e
wnuaponp [eisip Oul
Adodsopua Jaddn eia
pasnjul Sem |003S JOUOp
605 yum 1IN4 Jo TW 00L
Jouop a|bulIs v

|001S JOUOp USZ0J4 JO
667040 Bunsisuod |d
yoea ‘so|nsded [e1o |IN4 61

(s9AI1e|21 9peRIb-1SIY) SI9q
-wsw Ajiwiey Ayljeay woly
Jouop 9|buls v
Adodsolseb eia

|001s Jouop ysaij b o€ Jo
punsisuod N4 9|buls

[l WOy

a-s81 %001

0§ 1 <SSS-S4I
||] Wy

'

@a-sg1 %001
G/1 <SSS-Sdl
‘Il swoy

'

(90) 95

(V/N) 9T

(eUIYD) £20T “[B 19 NeA

(VSN) 220z “Ie 38 ybuis

(AemUoN)
TC0T "|e 12 IMeZZRN

sowiodino ?.mﬁ:Ouwm

sawodino A1ewild

uonusaAialul ogade|d

uonuanIdul JIN4  sadAigns pue euaiud-sg|

(9]eway) azis ajdwes

(A13unod) seak 4oyiny

(panunuOd) | 3jqey



Lo et al. European Journal of Medical Research (2024) 29:464

A

T Placebo Risk Ratio Risk Ratio Risk of Bias
udy or Subgroup _ Events_Total Events Total Weight M.H, Random, 95% CI_Year M-H, Random, 95% C1. 3

211 Oral capsule

Halkjaer 2018 8 25 19 26 109%  044024,081) 2018 -

Aroniadis 2019 M25 14 23 13%  072(042,125) 2019 -

Guo 2021 8 9 19 45%  800[124,5151] 2021

Singh 2022 2 9 712 67%  038(010,1.42) 2022 —

Subtotal (95% CI) 68 70 334% 074[0.33,1.68) -

Total events 29 a

Heterogeneity. Tau?= 0.43; ChP= 9.83, df= 3 (P = 0.02); F= 69%

Testfor overall effect Z= 0.72 (P = 0.47)

2.2 Endoscopylnasojejunal tubeirectal enema

Johnsen 2018 3% 85 12 28 118% 153(0.96,2.44) 2018 — 002007

Holster 2019 4 8 18 42%  400[056,28.40) 2019

Lahtinen 2020 123 11 26 109% 113(061,210] 2020 - - 200200

€+Salhy 2020 91 M0 13 55 117% 350(216,567) 2020 -

Holvoet 2021 2% 43 5 19 97% 212(085,471) 2021 — 7200007

Aumpan 2022 8 10 210 69%  400[1.11,1435 2022 —

Yau2023 1628 13 28 115% 123(074,205) 2023 T2 200007

Subtotal (95% CI) 217 174 66.6% 1.91(1.26,291) >

Total events 190

Heterogenelty. Tau"= 0.17, Ch"= 15.47, 0f= 6 (P = 0.02); P= 61%

Testfor overall effect Z= 3.03 (P = 0.002)

Total (95% CI) 345 244 100.0% 1.440.88,2.33) .

Total events 219 9

Heterogeneity. Tau’= 0.46; Chi*= 47.65, df= 10 (P < 0.00001); F= 79%

—
Test for overall effect Z=1.46 (P = 0.14) FUZ?LUISU‘;‘J‘EDQ Fa-wv;?FW" U“

Test for subgroup differences: Chi*= 4.1, df= 1 (P= 0.04), F= 756%
Risk of bias legend

(A) Bias arising from the randomization process

(B) Bias due to deviation from intended interventions

(C)Bias due to missing outcome data

(D) Bias in measurement of the outcome

(E) Bias in selection of the reported result

(F) Overall bias

C

Cumulative RIS is a Two-sided graph
-Score

8]
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Placebo
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!
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B

T Placebo Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M.H, Random, 95% Cl M-H, Random, 95% CI
2.2.1 Low risk of bias
EFSalhy 2020 91 110 13 55 126% 350(2.16,567) -
Holster 2019 4 1 8  45% 4.00(0.56, 28.40) =
Subtotal (95% CI) 118 63 17.0% 3.53[2.21,5.64] *

Total events 95 1
Heterogeneity. Tau*= 0.00; Chi*= 0.02, df=1 (P = 0.90); F'= 0%
Testfor overall effect Z= 5.27 (P < 0.00001)

2.2.2 Some concerns/high risk of bias

Aroniadis 2019 1M25 14 23 121% 0.72(0.42,1.25]
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Fig. 2 Forest plot of the clinical responses of patients with IBS to FMT or the placebo. a Subgroup analysis based on the route of FMT delivery. b
Subgroup analysis based on the RoB of a study. ¢ TSA of the FMT treatment effect on patients with IBS

RoB [16, 18, 20] (RR=1.07, 95% CI 0.69-1.65, I>=69%)
(Fig. 2b).

Because the subgroup analysis of FMT via direct deliv-
ery methods (including endoscopy, nasojejunal tube
and rectal enema) showed more promising results, we
performed further post hoc analysis by TSA in this
subgroup. The Z-curves crossed the O’Brien—Fleming
a-spending monitoring boundaries, indicating a poten-
tially significant effect. Nevertheless, the sample size
included in this subgroup analysis did not exceed the
required information size, limiting the findings’ strength
(Fig. 2¢).

Change in IBS-SSS scores from the baseline after 8-12 weeks

The overall pooled estimates revealed no statistically sig-
nificant difference in IBS-SSS scores after 8—12 weeks
between the FMT and control groups with high hetero-
geneity (SMD= —0.31, 95% CI —0.72 to 0.09, I*=77%)
(Fig. 3a). Subgroup analyses showed that FMT delivered
via endoscopy [12, 13, 15, 16, 19, 22], nasojejunal tube
and rectal enema had significantly reduced IBS-SSS

scores after 8-12 weeks compared with the control
with low heterogeneity (SMD= —0.43, 95% CI —0.73
to —0.13, »=43%) (Fig. 3a). No statistically signifi-
cant difference was found between the FMT and con-
trol groups treated with oral capsules [11, 14, 18, 20]
(SMD= —0.16, 95% CI —1.22 to 0.90, I>’=86%) (Fig. 3a).
Pooled data from RCTs with a low RoB [13, 15] indicated
that FMT was superior to the control with low hetero-
geneity (SMD = —0.66, 95% CI —0.99 to —0.33, ?=2%)
(Fig. 3b).

Change in IBS-QOL scores from the baseline after 8-12 weeks
Pooled estimates showed no statistically significant dif-
ference in IBS-QOL scores after 8—12 weeks between
the FMT and control groups (SMD =0.30, 95% CI —0.09
to 0.69, ’=68%) (Fig. 4a). Subgroup analyses demon-
strated that FMT delivered via endoscopy [13, 15, 16],
nasojejunal tube [17] and rectal enema significantly
improved IBS-QOL scores after 8-12 weeks com-
pared with the control (SMD=0.53, 95% CI 0.20-0.86,
PP=34%) (Fig. 4a). However, the pooled effect showed
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Fig. 3 Forest plot of the change in the IBS-SSS of patients with IBS in response to FMT or the placebo. a Subgroup analysis based on the route

of FMT delivery. b Subgroup analysis based on the RoB in a study

no statistically significant difference between the FMT
and control delivered via oral capsule [11, 14, 18, 20]
(SMD=0.03, 95% CI —0.78 to 0.85, ’=79%) (Fig. 4a).

Pooled data from RCTs with a low RoB [13, 15] showed
that FMT was superior to the control with low heteroge-
neity (SMD=0.77, 95% CI 0.45-1.09, I*=0%) (Fig. 4b).
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Fig. 4 Forest plot of the change in the IBS-QOL of patients with IBS in response to FMT or the placebo. a Subgroup analysis based on the route

of FMT delivery. b Subgroup analysis based on the RoB of a study

Adverse events

Pooled analysis revealed no significant difference
between the FMT and control groups in adverse events,
including nausea, abdominal pain/cramping/tenderness,
diarrhoea, constipation, bloating/flatulence and fever
(Fig. 5).

GRADE assessment

The certainty of evidence in consideration of the out-
comes with clinical response and changes in IBS-SSS and
IBS-QoL scores were all judged as ‘very low’ in accord-
ance with GRADE criteria. We downgraded the CoE in
the domain of risk of bias because more than half of the
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included studies were judged as having some concern to
high RoB. We also downgraded in the domain of incon-
sistency due to high heterogeneity, and in the domain
of imprecision due to wide confidence intervals. (Sup-
plementary Table 2). Indirectness and publication bias
were not considered with the Egger’s regression test
(P=0.72725) and the funnel plot showed no evidence of
publication bias (Supplementary Fig. 3).

Discussion

IBS is a prevalent gastrointestinal disorder that sig-
nificantly impacts patients’ quality of life and imposes
substantial economic burdens globally [34, 35]. Recent
research has delved into the potential of microbiota-
targeting treatments for IBS sufferers [36]. The rationale
behind these interventions hinges on the direct influ-
ence of microbiota on the gut’s mucosal environment and
their regulatory impact on the gut—brain communication
pathway [36], aiming to preserve gut mucosal integrity,
alter gut microbiome composition and mitigate inflam-
matory cytokine release [37, 38]. However, the definitive
effectiveness and safety of FMT in IBS patients remain
inconclusive.

To address this gap, our study performed a compre-
hensive systematic review and meta-analysis to explore
the efficacy and safety of FMT in patients with IBS. We
included updated studies and eventually identified 12
RCTs. In addition, we combined various scoring systems
in IBS-QOL by using SMD while considering the changes
in IBS-SSS and IBS-QOL scores from the baseline. We
further strengthened our analysis by applying the rigor-
ous TSA method to test the robustness of our findings.
As a result, our study provides a highly reliable and
insightful perspective on the effectiveness of FMT in IBS
treatment.

Consistent with the meta-analyses published recently
in 2022 and 2023, our study revealed no significant differ-
ences between the FMT and control groups in terms of
clinical responses after 12 weeks [23, 24, 26, 39]. A simi-
lar result was shown in terms of the changes in IBS-SSS
and IBS-QOL after 8—12 weeks. We also observed high
heterogeneity amongst studies, suggesting that caution is
needed in interpreting results. No serious adverse events
were related to FMT in IBS. The GRADE assessments
indicated that the CoE for all clinical outcomes in our
study was very low.

Various delivery routes are currently utilised for FMT.
They include oesophagogastroduodenoscopy; nasogas-
tric, nasojejunal or nasoduodenal tube; colonoscopy;
rectal enema and oral capsule delivery. Our subgroup
analyses revealed that the route of FMT delivery signifi-
cantly influenced its efficacy. FMT delivered via routes
with more direct delivery to the gut, such as endoscopy,
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nasojejunal tube, or rectal enema, significantly improved
all three outcomes, including clinical response, change in
IBS-SSS and change in IBS-QOL compared to control.
In contrast, oral capsule FMT did not demonstrate any
benefits, suggesting that direct delivery to the target site
may be more effective. Several biological and physiologi-
cal factors may explain the superiority of direct delivery
routes. Firstly, the live bacterial counts of FMT capsules
range widely from 100 million bacteria per capsule to
100 billion bacteria per capsule and decline rapidly over
time, reaching only 10% of their initial values after 24
hours [40]. This rapid decline in bacterial viability can
significantly impact the effectiveness of the treatment.
Secondly, the capsules expose bacteria to harsh gastric
conditions, reducing bacterial viability and colonisa-
tion potential in the gut [41, 42]. Direct delivery meth-
ods like endoscopic, nasojejunal and rectal enema bypass
the stomach, allowing for better survival and engraft-
ment of the transplanted microbiota. [43] Thirdly, the
gastrointestinal tract, particularly the lower intestines,
is an anaerobic environment. Many of the beneficial gut
microorganisms, such as obligate anaerobes, are highly
sensitive to oxygen exposure [44]. Oral capsules may
expose these anaerobic microorganisms to oxygen dur-
ing transit through the upper gastrointestinal tract,
potentially compromising their viability and functional-
ity. Direct delivery minimises exposure to oxygen, main-
taining the anaerobic environment necessary for these
microorganisms to thrive. [45] Lastly, deviations from
recommended protocols, such as using suboptimal doses
or improper storage conditions, may have decreased the
efficacy of oral capsule FMT in some studies. As noted
previously by Rodrigues et al. [39] the recommended
dose for a faecal transplant is 30 g. However, Aroniadis
et al. administered less than the recommended dose.
[14] In addition, Halkjaer et al. stored their final faecal
suspensions at—20 °C [11], whereas guidelines suggest
storage at—80 °C [46]. These deviations from the rec-
ommended protocol may have decreased the efficacy of
oral capsule FMT, thereby diminishing the overall pooled
effect of its efficacy.

Another emerging way to deliver FMT is colonic
transendoscopic enteral tubing (TET), which has shown
potential in treating various gut disorders, including IBS
[47]. This procedure involves inserting a long, soft tube
through the rectum into the colon using a colonoscope
to infuse the faecal suspension directly into the colonic
region. This tube allows for targeted infusion of the fae-
cal suspension throughout the colonic region [47]. Com-
pared to traditional colonoscopic delivery, TET is less
invasive, better tolerated by patients and eliminates the
need for full colon preparation [47]. Growing evidence
suggests that administering FMT through a colonic TET
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could serve as a promising and more patient-friendly
treatment strategy for patients with inflammatory bowel
disease [47]. A recent prospective observational study
by Zhang et al. demonstrated that washed microbiota
transplantation delivered via mid-gut TET in 12 patients
(16.4%) and colonic TET in 61 patients (83%) effectively
improved both gastrointestinal and extraintestinal symp-
toms in individuals with IBS [48]. Despite these promis-
ing findings, further research through rigorous clinical
trials specifically evaluating colonic TET-delivered FMT
for IBS treatment is necessary.

The quality of the pooled studies could affect the
reported effectiveness of FMT treatment. In our study,
subgroup analysis based on overall RoB showed that in
studies with a low RoB, the patients who received FMT
had a significant improvement in all clinical outcomes,
suggesting that methodological rigour is crucial in evalu-
ating the true efficacy of FMT. Potential biases like inad-
equate allocation concealment, lack of blinding and high
dropout rates may have obscured true effects in lower-
quality studies. Further large-scale, high-quality RCTs are
warranted to confirm the therapeutic role of FMT in the
management of IBS.

Our study also analysed the effect of different faecal
origins on FMT and its efficacy in patients with IBS. The
results of subgroup analysis did not reveal a significant
clinical response to FMT samples from single or mixed
donors and in patients who received FMT using fresh,
frozen or mixed stool samples. However, due to the lim-
ited sample size of our study, further research is needed
to reach a conclusion on the preferable type of faeces.

The present study has several limitations. One major
limitation is the heterogeneity of the enrolled partici-
pants, which persisted even after extensive subgroup
analyses. This heterogeneity can be attributed to several
factors. Firstly, the enrolled participants exhibited high
heterogeneity, with variations in the diagnostic criteria
employed IBS as well as the specific IBS subtypes repre-
sented. These RCTs included participants with different
IBS subtypes (IBS-C, IBS-D, IBS-M, IBS-U) and most of
the RCTs included a mixture of patients with differing
IBS subtypes, which may respond differently to FMT due
to varying underlying pathophysiologies. This variation
makes it challenging to determine whether FMT efficacy
differs among IBS subtypes. Future studies should focus
on specific IBS subtypes to identify patient populations
most likely to benefit from FMT.

Secondly, the inclusion criteria for symptom severity
varied across studies. Some included participants with
more severe IBS symptoms (e.g. IBS Symptom Sever-
ity Score (IBS-SSS) >175) [11, 12, 14, 15, 20], while oth-
ers did not specify symptom severity criteria, potentially
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leading to differences in treatment response [13, 16, 18,
19, 21]. Furthermore, utilising different diagnostic crite-
ria, Rome IV versus Rome III, leads to the inclusion of
distinct patient populations with varying disease severi-
ties, as Rome IV criteria tend to identify individuals
with a more severe clinical presentation of IBS [48, 49].
This discrepancy in the recruited cohorts based on diag-
nostic criteria introduces a fundamental difference in
the study populations, complicating the interpretation
and comparison of treatment outcomes across studies.
Future studies should focus on implementing standard-
ised symptom severity criteria and unified diagnostic
standards (preferably Rome IV) across all trials. Studies
are recommended to incorporate pre-planned subgroup
and sensitivity analyses to evaluate the impact of different
inclusion criteria on outcomes.

Thirdly, the FMT interventions differed in terms of
their origin, dosage, therapy duration, frequency, com-
parators and study protocols, making it difficult to ana-
lyse and compare the results. The dosages of donor stool
ranged from 25 capsules (50g) to a single dose of 30-80g,
and the frequency of administration varied from a sin-
gle dose to multiple doses over several days. The placebo
interventions varied across studies, with some using
autologous stool transplantation and others using inert
capsules or solutions. These variations may differently
impact the gut microbiota, placebo response and the rel-
ative efficacy of FMT. Additionally, several studies lacked
clear reporting of the inclusion and exclusion criteria
used for donor selection, which may limit the generalis-
ability of the findings. To enhance consistency and repro-
ducibility, future trials should adopt a comprehensive,
standardised protocol that includes donor screening and
selection, FMT dosage, frequency, duration and placebo
interventions, all guided by the latest consensus state-
ments on best practices for FMT [50-52].

The heterogeneity observed in our meta-analysis, aris-
ing from the diverse features discussed, underscores the
complex and multifaceted nature of both IBS and FMT
as a therapeutic intervention. Although this heterogene-
ity limits the robustness of our conclusions, it also offers
valuable insights into the factors that may influence the
efficacy of FMT in treating IBS.

Another limitation of our study is that the included
RCTs primarily focused on gut-specific symptoms like
abdominal pain, bloating and bowel habits (i.e. IBS-SSS)
and their impacts on quality of life (i.e. IBS-QOL). How-
ever, it’s crucial to recognise that IBS is a multifaceted
condition that affects more than just the gastrointestinal
system, and these broader effects can significantly impair
a patient’s quality of life [53]. Psychological distress,
including anxiety and depression, is common among IBS
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patients, influencing various aspects like gut physiology
and immune response through the gut-brain axis [54].
Unfortunately, most RCTs do not adequately capture
these outcomes, leading to a high degree of variability
among studies that do include them. Guo et al. focused
on patients with IBS-D who also suffered from depres-
sion and anxiety [18]. Their findings revealed that FMT
therapy reduced not only gastrointestinal symptoms
but also anxiety and depression. [18] Conversely, stud-
ies by Aroniadis et al., Mazzawi et al., Holster et al. and
Lahtinen et al. reported no significant effect of FMT on
depression and anxiety [13, 14, 16, 19]. Notably, Maz-
zawi et al. and Lahtinen et al. did not provide baseline
data on depression and anxiety [16, 19], and Holster
et al. explicitly excluded patients with depression prior
to intervention [13]. Factors like concurrent psychologi-
cal disorders, diet variations, co-medications and follow-
up care are often overlooked in current RCTs, potentially
limiting the efficacy evaluation of FMT for IBS [55].
Future research should adopt a comprehensive approach,
including standardised tools to assess not only gastro-
intestinal symptoms but also psychological health and
other relevant outcomes.

Despite these limitations, our study provides valuable
insights into the effectiveness of FMT for IBS treatment.
While the overall pooled estimates did not show a signifi-
cant benefit of FMT, the subgroup analyses suggest that
FMT, particularly when delivered via endoscopy, naso-
jejunal tube, or rectal enema, and in well-designed stud-
ies, may be an effective treatment option for improving
symptoms and quality of life in IBS patients. However,
the certainty of evidence was rated as “very low” due
to concerns about bias, heterogeneity and imprecision,
indicating limited confidence in the effect estimates.
The true effect may differ from the estimates presented
in our meta-analysis. Although the TSA results for the
most important outcome, clinical response, suggest that
the current evidence is a true positive, the sample size
remains insufficient to draw a definitive conclusion. This
inadequacy in sample size leads to a downgrade in the
GRADE assessment in the domain of imprecision. Fur-
ther well-designed studies with more participants should
strive to standardise study designs, donor screening,
treatment protocols, outcome metrics and the stratifica-
tion of participants by IBS subtype to enhance the con-
sistency and applicability of FMT research in IBS. It is
imperative to explore potential effect modifiers through
pre-specified subgroup analyses and meta-regression,
as well as to examine the long-term effects and safety of
EMT, to effectively integrate these findings into clinical
practice.
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Conclusion

This study revealed that while the overall pooled esti-
mates did not show a significant benefit of FMT for IBS,
subgroup analyses revealed that FMT delivered via routes
with more direct delivery to the gut, such as endoscopy,
nasojejunal tube, or rectal enema, and in well-designed
studies, may be an effective treatment option for improv-
ing symptoms and quality of life in IBS patients. The
overall certainty of evidence was very low and the TSA
indicated that the current evidence is inconclusive.
Therefore, larger well-designed randomised controlled
trials with rigorous methodology are warranted. Future
studies should aim to standardise protocols for donor
screening, treatment regimens and outcome assessments
to enhance the consistency and clinical applicability of
findings.
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