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Objective: Whether fecal microbiota transplantation (FMT) in patients with
irritable bowel syndrome (IBS) is effective in improving outcomes remains
controversial. We assessed the safety and efficacy of FMT for patients with IBS.

Methods: In this systematic review and meta-analysis, we searched PubMed,
Embase, Web of Science, the Cochrane Library, the clinicaltrials.gov and
International Clinical Trials Registry Platform (ICTRP) up to February 25, 2022,
updated to March 28, 2023. Randomized controlled trials (RCTs) compared the
stool and capsule FMT with placebo in patients with IBS were included. Two
authors independently assessed study eligibility, extracted the data, and assessed
risk of bias. We did meta-analysis with RevMan, and the Stata software was used
for sensitivity analysis and meta-regression. The GRADE system was used to
assess the quality of evidences. Mean difference (MD) or standardized Mean
difference (SMD) with 95% ClI for continuous data, and risk ratios (RR) with 95% ClI
for dichotomous data were used with random-effects models. The primary
outcomes included the clinical response rate and IBS-SSS score. This study is
registered with PROSPERO: CRD42022328377.

Results: Nineteen reports from nine RCTs were included finally. Compared with
the placebo, a single stool FMT could significantly decrease the IBS-SSS score at
1 month (MD=-65.75, 95%ClI [-129.37, -2.13]), 3 months (MD=-102.11, 95% ClI
[-141.98, -62.24]), 6 months (MD=-84.38, 95%CI [-158.79, -9.97]), 24 months
(MD=-110.41, 95%ClI [-145.37, -75.46]), and 36 months (MD=-104.71, 95%Cl
[-137.78, -71.64]). It also could improve the clinical response rate at 3 months
(RR=1.91, 95% [1.12, 3.25]), 24 months (RR=2.97, 95% [1.94, 4.54]), and 36 months
(RR=2.48, 95% [1.65, 3.72]), and increase the IBS-Qol score at 3 months, 24
months, and 36 months. FMT did not increase the serious adverse event. The risk
of bias was low, and the quality of evidence based on GRADE system was
moderate in the stool FMT group. However, we did not find positive effect of
capsule FMT on patients with IBS based on the current available data.
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Conclusion: A single stool FMT is effective and safe for patients with IBS.
However, some factors may affect the effectiveness of FMT, and the
relationship between the gut microbiome and the effect of FMT for IBS is still

unclear.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier

CRD42022328377.
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fecal microbiota transplantation, irritable bowel syndrome, systematic review, meta-
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Introduction

Irritable bowel syndrome (IBS) is one of the most common
functional gastrointestinal disorders (FGIDs) which now called
disorders of gut-brain interaction (1). The prevalence of IBS
appears to vary widely between different countries all over the
world, according to the latest research, the average varies between
9.2%-10.1% and 3.8%-4.1% used the Rome III criteria and the
Rome IV criteria, respectively (1, 2). IBS is characterized by
symptoms including recurrent abdominal pain associated with a
change in stool form or frequency, it has resulted in significant
global health care costs and impaired health-related quality of life
(3-6).

IBS is difficult to treat and conventional therapies are often
ineffective at controlling symptoms and restoring function (7). The
pathophysiology of IBS is complex and incompletely understood up
to now, it may associate with the altered gut-brain axis, stress,
disordered gastrointestinal motility, abnormal intestinal secretion,
visceral hypersensitivity, immunomodulation, and intestinal
permeability, and all of these can be affected by the gut microbial
community (3, 8). More and more researches show that gut
microbiota dysbiosis plays an important role in IBS pathogenesis
(9-11).

Fecal microbiota transplantation (FMT) is a non-conventional
therapy in which fecal material from healthy donors is given to
patients attempt to cure disease or relieve symptoms (7). It is an
efficient way of modulating the gut microbiota and aims to introduce
a balanced conglomerate of microorganisms (12). It has shown
definite efficacy for the treatment of recurrent Clostridioides difficile
infection (13, 14). In addition, it has also been used for some
gastrointestinal diseases such as inflammatory bowel disease (15).
FMT is being explored as a therapeutic option for the patients of IBS,
positive effects on IBS symptoms in various degrees were obtained in
some randomized controlled trials (RCTs), while there was no effect
in the others, so the results from these RCTs are inconsistent (16).

So far, some meta-analyses have evaluated the efficacy of FMT
in the treatment of IBS, and they unanimously concluded that FMT
is ineffective for IBS (17-19). Unfortunately, some recently
published RCTs (20-22) were not included in these analyses, so
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the conclusions may not represent the real results very well. We
therefore conduct an updated meta-analysis and systematic review
of RCTs to re-estimate the efficacy and safety of FMT for the
treatment of IBS.

Methods

The systematic review and meta-analysis was performed in
accordance with the Cochrane Handbook for Systematic Reviews
of Intervention (23) and the PRISMA statement (24). The study was
registered in PROSPERO (CRD42022328377).

Eligibility criteria

The PICOS (patients, intervention, comparison, outcomes, and
study design) tool was used to specify eligibility criteria for the
systematic review and meta-analysis (25, 26). Patients with
moderate to severe IBS diagnosed according to the Rome IIT or
IV criteria, aged > 18 years, the subtypes of IBS were not restricted;
allogenic FMT was used as the intervention, the routes, frequency
and does were not restricted; autologous FMT or placebo capsules
were used as comparison measures for patients in the placebo
group; the main outcomes included clinical response rate, IBS-SSS
score, IBS-QoL score, abdominal pain, frequency of stool, side
effects and the change of microbiome profiles; only randomized
controlled trials were included.

Search strategy

We systematically searched the electronic databases PubMed,
Embase, Web of Science, the Cochrane Library, the clinicaltrials.gov
and International Clinical Trials Registry Platform up to February
25, 2022, updated to March 28, 2023. This search was performed
using both free text and Mesh terms. Search terms included fecal,
faecal, feces, faeces, stool, microbiota, microbiome, microflora,
bacteria, transplantation, transplant, transfer, irritable bowel
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syndrome, IBS. The full search syntaxes were supplied in
Supplementary Table 1.

Study selection

The study screening and selection was performed in accordance
with the PRISMA 2020 flow diagram (24) by a three-step process. In
the first step, all database citations got by preliminary searching
were imported and de-duplicated in EndNote (27). In the second
step, titles, abstracts, and keywords of citations were screened
separately by two authors (MCW and XFX) to identify potentially
eligible studies. In the third step, the full texts of these potentially
eligible studies were examined to identify the studies that ultimately
met the eligibility criteria above. If consensus could not be reached,
a third co-author (YCZ) provided input. In the case of multiple
papers from the same RCTs, relevant data were extracted from all
papers, they were included as a single study in the analysis and
identified uniformly by the only register number.

Data extraction

Two reviewers (MCW, XFX) independently extracted data from
all full-text articles that met eligibility criteria in a prespecified
Microsoft Excel spreadsheet, and any disagreement was resolved by
discussion with a third co-author (YCZ). The means and standard
deviations were collected for continuous variables, if they were not
reported in the text, the data would be extracted from their plots,
images, and maps using a web-based tool WebPlotDigitizer 4.5 (28,
29). When these data were not available and whenever possible, the
95% CIs and P values were used to calculate means and standard
deviations using the RevMan Calculator which was provided in the
Review Manager 5 (Version 5.4). Where sample size, median, range
and/or interquartile range were reported, they were converted to
means and standard deviations according to the conversion
formulas of Wan et al. (30) and Shi et al. (31), which will often
give an advantage over the omission of trials with missing means or
standard deviations from a meta-analysis (32). Where insufficient
data were available to calculate or extract the means and standard
deviations, the study was excluded from quantitative analysis.

Quality assessment

Two authors (MCW, XFX) independently assessed the quality
of the systematic review and meta-analysis, disagreements were
resolved by discussing with a third co-author (YCZ). The risk of
bias of each included studies was assessed with the Cochrane
Collaboration’s tool in the Cochrane Handbook for Systematic
Reviews of Interventions (RevMan software, Version 5.4) (23).
The quality of evidence for each outcome was assessed with the
GRADE system (GRADEpro software, Version 3.6), the quality
could be downgraded by one level (serious concern) or two levels
(very serious concerns) due to these factors: risk of bias (33),
inconsistency (34), indirectness (35), imprecision (36), and
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publication bias (37), the grade was specified four categories as
high, moderate, low, and very low (38, 39).

Outcomes and summary measures

The primary outcome was the IBS-SSS score at different time
points after FMT. The secondary outcomes included the clinical
response rate, IBS-QoL score, abdominal pain, frequency of stool,
stool consistency, adverse events, and the change of microbiome
profiles. The clinical response rate was defined by the relief level of
IBS symptoms, and the symptoms were assessed using the IBS-
severity scoring system (IBS-SSS) (40), or Gastrointestinal
Symptom Rating Scale for IBS (GSRS-IBS) (41), or a daily
symptom diary (22).

Data synthesis and analysis

Data synthesis and analysis was performed using the RevMan
software (Version 5.4). we reported data in terms of mean difference
(MD) and 95% confidence interval (CI) for continuous data. When
different studies used different rating instruments to measure the
same outcome, the standardized mean difference (SMD) would be
reported (42). For dichotomous data, we reported risk ratios (RR)
and 95% CI. We identified heterogeneity from forest plots using the
Chi (2) test with a significance level of p= 0.1. The heterogeneity was
quantified using the I* statistic, where I* > 50% indicated a
significant heterogeneity (43). When the I* > 50%, we would
assess the possible sources of heterogeneity using sensitivity
analysis. All meta-analysis were performed used random-effects
models considering the heterogeneous in terms of interventions,
participant characteristics, donor characteristics, and outcome
measurements among included studies. Where meta-analysis was
not possible or appropriate, we would present results as qualitative
synthesis of intervention effects.

Where sufficient data were available, we planned to perform
subgroup analyses based on the stool FMT and capsule FMT, meta-
regression analysis would also be performed for different routes,
dose, frequency of FMT, number of donors, and for different style of
stools. When the number of included studies was more than 10 (44),
we would assess the publication bias for the outcomes of clinical
response rate, IBS-SSS and IBS-QoL using the funnel plot and
Egger’s test. The Stata software (Version 12) was used to assess the
publication bias, sensitivity analysis and meta-regression analysis.

Results
Study selection and the characteristics

Nineteen articles (7, 12, 20-22, 45-58) from nine eligible RCT's
were included finally with a total sample size of 516. All the RCT's
were registered in the clinicaltrials.gov or ICTRP. The flow chart of
study selection was shown in the PRISMA 2020 flow diagram (24)
(Figure 1). The characteristics of included studies were represented
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FIGURE 1

PRISMA 2020 flow diagram ICTRP, International Clinical Trials Registry Platform. *The study did not report the baseline data of patients for different
groups in detail, IBS-SSS score in the transplantation day between FMT group and placebo group was significantly statistical difference (352.1+27 vs.

309.8+20)

in Table 1. Of the nine included studies, two (7, 54) were conducted
in the USA, one (55) in China, and the rest were in European
countries. Patients with moderate to severe IBS symptoms were
enrolled in the included studies. For the IBS subtypes, IBS-D
(diarrhea-predominant IBS) and IBS-M (mixed-diarrhea-and
constipation IBS) accounted for about 81.7% of patients in these
studies in total. Diagnosis of IBS based on Rome III criteria in 8
RCTs and Rome IV criteria in one RCT (NCT03822299). The
follow-up time varied between 10 weeks and 52 weeks. The main
outcomes and design of these included studies were represented in
Supplementary Table 2.

FMT characteristics

The characteristics of FMT in these included RCTs were
represented in Table 2. The styles of FMT materials included
fresh or frozen donor stool and fecal microbiota capsule in the
FMT group. In the placebo group, the placebo materials included
autologous stool and placebo capsule. The route of FMT
administration included nasojejunal probe, gastroscope,
colonoscopy and oral capsules. In the stool FMT group, the dose
of fresh stool was 30g, 50g, 60g, and 50-80g, and in the capsule FMT
group, the dose of fresh stool was 14.25g, 28.5g and 600g. Two RCT's
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(45, 55) did not reported the dose of stool. All patients were given
just a single FMT in the stool FMT group, a second FMT was
offered only in one study (45) after the cross-over part in the capsule
FMT group.

Risk of bias

Risk of bias assessment showed low to moderate risk for all the
included studies (Figure 2). Randomized controlled design was
performed in all included studies, and the allocation concealment
for the random sequences was used in seven RCTs. Meanwhile,
study participants and investigators were blinded to treatment
allocation. Loss of follow-up was reported in detail in all studies
and managed appropriately. The number of lost to follow-up was
similar between FMT group and placebo group, there was no
significant difference in the meta-analysis (RR=1.30, 95%
[0.56, 3.01]).

Efficacy of FMT for IBS

An important feature of partially included studies (20, 22) was
that some of the outcomes in the FMT group changed significantly
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TABLE 1 The baseline characteristics of included studies.

Trial ID Journal Sample size (FMT/Control) Age Sex (M: F) Diagnostic
criteria
FMT placebo
NCT02299973 Belgium 2021 Gastroenterology Holvoet T 62(43/19) 18-75 13/30 11/8 Rome IIT
NCT02788071 Denmark 2018 Gut Halkjeer SI 51(25/26) 18-60 8/17 8/18 Rome IIT
2021 Scand | Gastroenterol Madsen AMA
2021 Gut Microbes Browne PD
NCT03822299 Norway 2020 Gut El-Salhy M 165(55/55/55) 18-85 14/40 8/47 Rome IV
46/9
2021 World J Gastroenterol El-Salhy M
2021 Neurogastroenterol Motil El-Salhy M
NCT03561519 Finland 2020 Aliment Pharmacol Ther Lahtinen P 49(23/26) 18-73 12/11 17/9 Rome IIT
NCT02154867 Norway 2018 Lancet Gastroenterol Hepatol Johnsen PH 83(55/28) 18-75 19/36 9/19 Rome IIT
2020 EBioMedicine Johnsen PH
2020 Gut Microbes Goll R
NCT02328547 USA 2019 Lancet Gastroenterol Hepatol Aroniadis OC 48(25/23) 18-65 16/9 14/9 Rome IIT
NCT02092402 Sweden 2019 Clin Transl Gastroenterol Holster S 17(8/9) 18-65 5/3 3/5 Rome 11T
2019 Biomolecules Holster S
NCT02847481 USA 2022 Gut Microbes Singh P 23(11/12) 18-80 5/6 715 Rome IIT
ChiCTR1900024924 China 2021 Microb Cell Fact Lin H 18(9/9) 18-80 5/4 5/4 Rome IIT
Trial ID IBS-SSS score IBS-QoL score IBS subtypes (FMT/placebo) Follow-up time Lost to follow-up
FMT placebo FMT placebo FMT placebo
NCT02299973 380(270-390) 370(310-440) 32.6(11-119) 29.1 (22-61) IBS-D 12 weeks 0/43 1/19
IBS-M 1 year
NCT02788071 341.68+95.02 345.04+79.56 42.07+14.75 40.11+15.42 IBS-C:7/10 1, 3, 6 months 1/26 0/26
IBS-D:7/8
IBS-M:11/8
NCT03822299 311.8476.8 313.9+87.3 315.2+77.1 109.1422.7 113.44+22.4 117.8+19.7 1BS-C:20/20/22 2 weeks 1/110 0/55
IBS-D:22/20/21 1, 3 months
IBS-M:13/14/12

(Continued)
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TABLE 1 Continued

Trial ID IBS-SSS score IBS-QoL score IBS subtypes (FMT/placebo) Follow-up time Lost to follow-up
FMT placebo FMT placebo FMT placebo
NCT03561519 282.5+85.4 263.5 (93.2) 56.9+19.9 57.2420.3 IBS-D:9/16 4,8, 12, 4/27 2/28
IBS-M:3/4 26, 52 weeks
IBS-other:11/6
NCT02154867 260(226-313) 278(223-254) 57.7+19.1 49.2420.6 IBS-D:31/13 3, 12 months 2/57 2/30
IBS-M:24/15
NCT02328547 282465 309464 53+18 52+18 IBS-D:25/23 12 weeks 3/25 0/23
24 weeks
NCT02092402 No reported No reported No reported No reported IBS-C:1/3 2, 4, 8 weeks 0/8 2/9
IBS-D:5/4 6 months
IBS-M:2/1
NCT02847481 347.5+59.0 282.3+70.7 42.7419.2 47.6+13.4 IBS-D: 11/12 1, 10 weeks 3/11 1/12
ChiCTR1900024924 291.11+42.28 284.44+40.86 43.33%7.53 44.11+7.61 IBS-D: 9/9 1 week 0/9 0/9
1, 2, 3 months
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TABLE 2 The characteristics of FMT in these included RCTs.

10.3389/fimmu.2023.1136343

Trial ID Intervening measure Route of FMT = Frequency Number Style of Dose of stool Effective
(position) of FMT of stools for IBS
FMT placebo donor
NCT02299973 non-capsule autologous nasojejunal tube single, 2 fresh, from 1 no report Yes
FMT stools (jejunum) second donor
NCT02788071 capsule FMT | placebo oral capsules 12 days 4 frozen, mixed 600g No
capsules (stomach) (50g/dayx12 days)
NCT03822299 non-capsule autologous gastroscope single 1 frozen, from 1 30g/60g Yes
FMT stools (distal duodenum) donor
NCT03561519 non-capsule autologous colonoscopy single 1 frozen, from 1 30g Yes
FMT stools (caecum) donor
NCT02154867 non-capsule autologous colonoscopy single 2 fresh/frozen, 50-80g Yes
FMT stools (caecum) mixed
NCT02328547 capsule FMT | placebo oral capsules 3 days 4 frozen, from 1 28.5g No
capsules (stomach) donor (9.5g/dayx3 days)
NCT02092402 non-capsule autologous colonoscopy single 2 frozen, from 1 30g Yes
FMT stools (caecum) donor
NCT02847481 capsule FMT | placebo oral capsules 1 day 6 frozen, mixed 14.25g No
capsules (stomach) (14.25g/dx1day)
ChiCTR1900024924 | capsule FMT | placebo oral capsules 3 days 1 frozen, from 1 no report Yes
capsules (stomach) donor (30 capsules/
dayx3 days)

NCT, national clinical trial; FMT, fecal microbiota transplantation; M, male; F, female; IBS-SSS, irritable bowel syndrome severity scoring system; IBS-QoL, irritable bowel syndrome specific

quality of life.

from baseline at the end of the intervention, which did not occur in
the placebo group, but there were no statistically significant
differences between the FMT group and placebo group at the end
of the intervention. Therefore, in order to comprehensively analyze
the effect of FMT on IBS patients, we not only vertically analyzed
the differences of these outcomes between the two groups after the
end of intervention, but also horizontally analyzed the differences
between the baseline and endpoint after intervention in the two

groups, separately.

Capsule FMT Stool FMT
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FIGURE 2
Risk of bias of included studies.
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FMT group versus placebo group at
different time points

IBS-SSS score

Four RCTs (20, 21, 46, 55) reported the IBS-SSS score at 1 month/
4weeks, one (54) reported at 10 weeks, six (7, 20, 21, 46, 50, 55) at 3
months/12 weeks, two (46, 50) at 6 months, one (20) at 52 weeks, one
(57) at 24 months, and one (57) at 36 months. Meta-analysis with
random-effects models shown that there were statistically significant

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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differences between FMT and placebo groups at 1 month, 3 months,
24months and 36 months (1 month: MD=-55.72, 95%CI [-105.01,
-6.43]; 3 months: MD=-69.60, 95%CI [-98.09, -41.12]; 24 months:
MD=-110.41, 95%CI [-145.37, -75.46]; 36 months: MD=-104.71, 95%
CI [-137.78, -71.64]), but there were not statistically significant
differences at other time points (10 weeks: MD=61.10, 95%CI
[-30.86, 153.06]; 6 months: MD =-27.87, 95%CI [-138.28, 82.54]; 52
weeks: MD =-12.68, 95%CI [-82.76, 57.40]) (Supplementary Figure 2).

Subgroup analysis based on the stool and capsule FMT shown
that, compared with the placebo group, there were statistically
significant differences in the stool FMT group at 1 month (MD=-
65.75, 95%CI [-129.37, -2.13]), 3 months (MD=-102.11, 95%ClI
[-141.98, -62.24]), 6 months (MD=-84.38, 95%CI [-158.79, -9.97]),
24 months (MD=-110.41, 95%CI [-145.37, -75.46]), and 36 months
(MD=-104.71, 95%CI [-137.78, -71.64]) (Figure 3). Significant
heterogeneity existed among these studies at both 1 month and 3
months. After sensitivity analysis, we respectively removed the
obviously heterogeneous study Lahtinen et al. (NCT03561519)
(20) at 1 month and at 3 months, the results were consistent with
that before (Supplementary Figure 3). The differences were not
statistically significant in the capsule FMT group compared with the
placebo group at 1 month, 10 weeks, 3 months, or 6 months
(p>0.05) (Supplementary Figure 4).

Clinical response rate

Five RCT's (7, 20, 21, 45, 50) reported the clinical response rate at
3 months/12 weeks, one (54) reported at 10 weeks, one (22) at 6
months, one (50) at 12 months, one (57) at 24 months, and one (57)
at 36 months. Meta-analysis with random-effects models shown that
there were not statistically significant differences between FMT and
placebo groups at any time points (10 weeks: RR=0.39, 95% [0.11,
1.41]; 3 months: RR=1.60, 95%CI [0.92, 2.78]; 6 months: RR=4.00,
95% [0.56, 28.40]; 12 months: RR=1.58, 95%ClI [0.91, 2.73]) except at
24 months (RR=2.97, 95% [1.94, 4.54]) and 36 months (RR=2.48,
95% [1.65, 3.72]) (Supplementary Figure 1).

FMT Placebo

10.3389/fimmu.2023.1136343

Subgroup analysis based on the stool and capsule FMT shown
that the clinical response rate in stool FMT group was significantly
improved at 3 months/12 weeks compared with the placebo group
(four RCTs, RR=1.91, 95% [1.12, 3.25]) (Figure 4). The difference
was not statistically significant in the capsule FMT group compared
with the placebo group (1 RCT, RR=0.82, 95%CI [0.48, 1.40])
(Figure 4). The average clinical response rate at 3 months with
different definition was 70.0% (161/230, 4 RCTs) in the stool FMT
group and 32.0% (41/128, 4 RCTs) in the placebo group. However,
it should be emphasized that the definition of clinical response rate
is not same in different studies (Supplementary Table 3). Significant
heterogeneity existed among these studies (Chi® = 10.30, I* = 71%).
After sensitivity analysis, we removed the obviously heterogeneous
study El-Salhy et al. (NCT03822299) (21), the result was consistent
with the previous one (Chi® = 1.56, I* = 0%; RR=1.48, 95%CI
[1.06, 2.08]).

IBS-QolL score

Two RCTs (21, 46) with three pairs of data reported the IBS-
QoL score at 1 month/4weeks, one RCT (54) reported at 10 weeks,
four RCTs (7, 21, 45, 46) with five pairs of data reported at 3
months/12 weeks, one RCT (57) with two pairs of data reported at
24 months and 36 months. Meta-analysis shown that there were not
statistically significant differences between FMT and placebo groups
at 1 month/4 weeks (SMD=0.14, 95%CI [-0.11, 0.38]) and 10 weeks
(SMD=0.30, 95%CI [-0.53, 1.12]), but there was statistically
significant difference at 3 months/12 weeks, 24 months and 36
months (3months: SMD=0.62, 95%CI [0.33, 0.90]; 24 months:
SMD=0.85, 95%CI [0.37, 1.33]; 36 months: SMD=1.07, 95%CI
[0.67, 1.46]) (Supplementary Figure 5).

Subgroup analysis shown that, compared with the placebo
group, there were statistically significant differences in the stool
EMT group at 3 months (SMD=0.78, 95%CI [0.53, 1.02]), 24
months (SMD=0.85, 95%CI [0.37, 1.33]), and 36 months
(SMD=1.07, 95%CI [0.67, 1.46]) (Figure 5). However, there was

Mean Difference Mean Difference

Study or Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
At 1 month/ 4 weeks

NCT03561519 2018 23848 119.16 23 223.46 100.16 26 29.4% 15.02 [-47.06, 77.10] N
NCT03822299 2019(30g) 2134 100.1 55 2995 106.1 55 355%  -86.10[-124.65, -47.55] —
NCT03822299 2019(60g) 186.8 107 55 2995 106.1 55 352% -112.70[-152.52, -72.88] —

Subtotal (95% CI) 133 136 100.0%  -65.75[-129.37, -2.13] ———
Heterogeneity: Tau? = 2584.14; Chi? = 11.69, df = 2 (P = 0.003); I = 83%

Test for overall effect: Z =2.03 (P = 0.04)

At 3 months/ 12 weeks

NCT02154867 2014(fresh) 148.59 147.85 26 233.03 232.29 28 11.1% -84.44 [-187.55, 18.67] I~
NCT02154867 2014(frozen) 156.01 258.09 29 233.03 23229 28 8.0% -77.02 [-204.40, 50.36] —
NCT03561519 2018 188.91 12543 23 216.15 127.98 26 18.3% -27.24 [-98.29, 43.81] e
NCT03822299 2019(30g) 186.3 109 55 307 87.1 55 31.7% -120.70[-157.57, -83.83] —

NCT03822299 2019(60g) 166.8 117.9 55 307 87.1 55 30.9% -140.20 [-178.94, -101.46] —

Subtotal (95% Cl) 188 192 100.0% -102.11 [-141.98, -62.24] .

Heterogeneity: Tau? = 950.07; Chi? = 8.25, df = 4 (P = 0.08); I = 52%

Test for overall effect: Z = 5.02 (P < 0.00001)

At 6 months

NCT02154867 2014(fresh) 14237 14274 26 237.92 237.92 28 51.4% -9555[-199.36,8.26) — W
NCT02154867 2014(frozen) 165.34 165.34 29 237.92 237.92 28 48.6% -72.58 [-179.29, 34.13] — &7
Subtotal (95% CI) 55 56 100.0% -84.38 [-158.79, -9.97] ——
Heterogeneity: Tau? = 0.00; Chi? = 0.09, df = 1 (P = 0.76); I* = 0%

Test for overall effect: Z = 2.22 (P = 0.03)

At 52 weeks

NCT03561519 2018 231.74 107.64 23 244.42 14191 26 100.0% -12.68 [-82.76, 57.40] i
Subtotal (95% CI) 26 100.0% -12.68 [-82.76, 57.40]

Heterogeneity: Not applicable

Test for overall effect: Z=0.35 (P = 0.72)

Test for subaroun differences: Chi? = 4.91. df = 3 (P = 0.18). I = 38.9%

FIGURE 3
IBS-SSS score in the stool FMT group at different times.
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FMT Placebo Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. 95% Cl M-H 95% Cl
Stool FMT
NCT02154867 2014 36 55 12 28 28.1% 1.53 [0.96, 2.44] T
NCT02299973 2014 24 43 5 19  19.9% 2.12[0.95, 4.71] T =
NCT03561519 2018 1" 23 1" 26 242% 1.13[0.61, 2.10] -
NCT03822299 2019 90 109 13 55 27.8% 3.49[2.16, 5.66] &
Subtotal (95% Cl) 230 128 100.0% 1.91[1.12, 3.25] —~
Total events 161 41
Heterogeneity: Tau? = 0.20; Chi? = 10.30, df = 3 (P = 0.02); I?= 71%
Test for overall effect: Z = 2.38 (P = 0.02)
Capsule FMT
NCT02328547 2014 " 22 14 23 100.0% 0.82[0.48, 1.40] 1_
Subtotal (95% CI) 22 23 100.0% 0.82[0.48, 1.40]
Total events " 14
Heterogeneity: Not applicable
Test for overall effect: Z=0.73 (P = 0.47)
0.2 0.5 1 2 5
) . Favours placebo Favours FMT
Test for subaroun differences: Chiz =4 .83 df =1 (P = 0.03). I2=79.3%
FIGURE 4

Subgroup analysis of clinical response rate in the stool and capsule FMT at 3 months.

no significant difference between capsule FMT group and placebo
group at 1 months or 3 months.

Abdominal pain

The subgroup analysis was performed based on the stool FMT
and capsule FMT for the abdominal pain at 3 months. Two RCT's
(21, 45) with three pairs of data reported the abdominal pain in the
stool FMT group, meta-analysis shown that there was significantly
statistical difference compared with the placebo group (Chi* = 0.05,
I = 0%, SMD=-0.60, 95%CI [-0.84, -0.35]). One RCT (46) reported
the outcome in the capsule group, there was no difference compared
with the placebo group (SMD=0.38, 95%CI [-0.17, 0.93]).

Frequency of stool

The frequency of stool was reported in one RCT each in the
stool FMT group (45) and capsule FMT group (46) at 3 months.
Compared with the placebo group, there was significantly statistical
difference in the stool FMT group (MD=-0.50, 95%CI [-0.93,

FMT

Placebo
SD

-0.07]), while there was no difference in the capsule FMT group
(MD=0.02, 95%CI [-0.63, 0.67]).

Stool consistency

The stool consistency was reported in one RCT each in the stool
FMT group (45) and capsule FMT group (46) at 3 months.
Compared with the placebo group, there was significantly
statistical difference in the stool FMT group (MD=-0.33, 95%CI
[-0.61, -0.05]), while there was no difference in the capsule FMT
group (MD=0.06, 95%CI [-0.62, 0.44]).

FMT group and placebo group versus
their baseline

IBS-SSS score
In both the donor stool FMT group (FMT group) and the
autologous stool FMT group (placebo group), two RCTs (20, 21)

Mean Difference Mean Difference

1.13.1 at 1 month

NCT03822299 2019(30g)  121.6 239 55 1229 254 55
NCT03822299 2019(60g)  127.7 255 55 1229 254 55
Subtotal (95% CI) 110 110

Heterogeneity: Tau? = 0.00; Chi? = 0.81, df =1 (P = 0.37); I?= 0%
Test for overall effect: Z = 0.49 (P = 0.62)

1.13.2 at 3 months

NCT02299973 2014 4743 1527 43 3653 1273 19
NCT03822299 2019(30g) 1315 216 55 113 243 55
NCT03822299 2019(60g) 132 24.8 55 113 243 55
Subtotal (95% Cl) 153 129
Heterogeneity: Tau? = 4.90; Chi* = 2.54, df =2 (P = 0.28); I’ = 21%

Test for overall effect: Z = 5.66 (P < 0.00001)

1.13.3 At 24 months

NCT03822299 2019(30g) 1352 26.2 37 1196 246 37
NCT03822299 2019(60g)  142.7 16.5 39 1196 246 37
Subtotal (95% CI) 76 74
Heterogeneity: Tau? = 0.00; Chi> = 0.97, df = 1 (P = 0.33); I? = 0%

Test for overall effect: Z = 5.37 (P < 0.00001)

1.13.4 At 36 months

NCT03822299 2019(30g)  136.2 23.1 37 1172 199 37
NCT03822299 2019(60g) 142 18.6 39 1172 199 37
Subtotal (95% CI) 76 74

Heterogeneity: Tau? = 0.00; Chi? = 0.75, df = 1 (P = 0.39); I = 0%
Test for overall effect: Z = 6.71 (P < 0.00001)

Test for subarou differences: Chi? = 22.30. df = 3 (P < 0.0001). I> = 86.5%

FIGURE 5

51.6%
48.4%
100.0%

40.2%
31.5%
28.3%
100.0%

40.1%
59.9%
100.0%

43.8%
56.2%
100.0%

-1.30 [-10.52, 7.92]
4.80 [-4.71, 14.31]

1.65 [-4.97, 8.27] L 4
10.90 [3.58, 18.22] -+
18.50 [9.91, 27.09] -
19.00 [9.82, 28.18] -

15.58 [10.18, 20.98] >

15.60 [4.02, 27.18] —.—
23.10 [13.63, 32.57] b
2010 [12.77, 27.42] L 2
19.00 [9.18, 28.82]
24.80 [16.13, 33.47] -+
22.26 [15.76, 28.76] *
400 -50 0 50 100
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Subgroup analysis of IBS-QoL score in the stool and capsule FMT at 3 months.
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reported IBS-SSS score at baseline and at 1 month and 3 months
after FMT, and one RCT (57) reported at 24 months and 36
months. Meta-analysis shown that, compared with its baseline,
IBS-SSS score were significantly reduced at 1 month, 3 months,
24 months, and 36 months in the donor stool FMT group (1month:
MD=-101.72, 95%CI [-124.49, -78.95]; 3 months: MD=-129.01,
95%CI [-153.05, -104.97]; 24 months: MD=-156.95, 95%CI
[-188.41, -125.49]; 36 months: MD=-150.70, 95%CI [-179.91,
-121.49]). But there were no statistical differences at 1 month
(MD=-23.07, 95%CI [-52.01, 5.87]), 3 months (MD=-18.60, 95%
CI [-52.50, 15.29]), 24 months (MD=-28.60, 95%CI [-70.01, 12.81]),
or 36 months (MD=-27.70, 95%CI [-68.91, 13.51]) after FMT in the
autologous stool FMT group.

In both the fecal microbiota capsule FMT group (FMT group)
and the placebo capsule FMT group (placebo group), two RCT (46,
55) reported IBS-SSS score at baseline and at 1 month, three RCTs
(7, 46, 55) reported IBS-SSS score at baseline and at 3 months, one
RCT (46) reported it at 6 months after FMT. Meta-analysis shown
that, compared with its baseline in the fecal microbiota capsule
FMT group, IBS-SSS score were significantly reduced at 1 month
and 3 months after FMT (MD=-102.66, 95%CI [-158.41, -46.91];
MD=-82.69, 95%CI [-126.74, -38.63]), while there was no difference
between baseline and 6 months (MD=-43.95, 95%CI [-107.25,
19.35]). Surprisingly, in the placebo capsule FMT group, IBS-SSS
score were also significantly reduced at 3 months and 6 months
after FMT in the placebo capsule FMT group when compared with
its baseline (MD=-66.92, 95%CI [-117.31, -16.53]; MD=-114.34,
95%CI [-171.73, -56.95]).

IBS-Qol score

In both the donor stool FMT group (FMT group) and the
autologous stool FMT group (placebo group), one RCT (21)
reported IBS-QoL score at baseline and at 1 month and 3 months
after FMT, one RCT (45) reported it at baseline and at 3 months
after FMT, and one RCT (57) reported it at 24 months and 36
months. Meta-analysis shown that, compared with its baseline, IBS-
QoL score was significantly improved at 1 month, 3 months, 24
months, and 36 months after FMT in the donor stool FMT group (1
month: SMD=0.56, 95%CI [0.29, 0.83]; 3 months: SMD=0.75, 95%
CI [0.52, 0.98]; 24 months: MD=27.76, 95%CI [20.79, 34.73]; 36
months: MD=27.61, 95%CI [20.66, 34.56]). However, there were no
statistical differences at any time after FMT in the autologous stool
FMT group compared with its baseline (1month: SMD=5.10, 95%
CI [-3.40, 13.60]; 3 months: SMD=-0.02, 95%CI [-0.52, 0.47]; 24
months: MD=1.80, 95%CI [-8.46, 12.06]; 36 months: MD=-0.60,
95%CI [-9.74, 8.54]).

In both the fecal microbiota capsule FMT group (FMT group)
and the placebo capsule FMT group (placebo group), one RCT (46)
reported IBS-QoL score at baseline and at 1 month and 3 months
after FMT, another RCT (7) reported it at baseline and at 3 months
after FMT. Meta-analysis shown that, compared with its baseline,
there were no statistical differences at both 1 month and 3 months
after FMT in the fecal microbiota capsule FMT group (SMD=-0.49,
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95%CI [-1.05, 0.07]; SMD=0.10, 95%CI [-0.30, 0.51]). In the
placebo capsule FMT group, the IBS-QoL score was reduced at 1
month after FMT (SMD=-13.73, 95%CI [-22.40, -5.06]), but there
was no statistical difference at 3 months after FM'T when compared
with its baseline (SMD=-0.10, 95%CI [-1.83, 1.63]).

Safety of FMT for IBS

The main adverse events reported in these RCTs included
abdominal pain, nausea, diarrhea, constipation, bloating or
flatulence, headache, fatigue, fever and others. Only one serious
adverse event was reported in one RCT (50). A participant in the
FMT group was admitted to hospital for a few hours of observation
after the FMT procedure due to transient vertigo and nausea, and
the researchers deemed this to be related to the medication and
instrumentation used during colonoscopy (50). Meta-analysis with
random effects model shown that there were no significant
statistical differences for these adverse events between the FMT
group and placebo group. When I (2) >50%, we removed studies
with significant heterogeneity after sensitivity analysis, meta-
analysis with fixed effects model shown that FMT may increase
the incidence of abdominal pain, constipation, and
diarrhea (Table 3).

Meta-regression analysis

Meta-regression analysis was performed for the primary
outcome IBS-SSS score at 3 months after FMT, the covariates
included the year of study, material of FMT (stool vs. capsule),
route of FMT (gastroscope, colonoscopy, and oral capsules), total
number of donors for all patients, number of donors for each
patient (one to one, or mixed to one), single dose of stool, total
dose of stool, and different style of stool (fresh vs. frozen). The
results shown that there were significant relations between IBS-
SSS score and these covariates of material of FMT (Coef. = 116.63,
p=0.03, 95%CI: 15.23, 218.02), route of FMT (Coef. = 78.45,
p=0.00, 95%CIL: 34.90, 121.99), total number of donors for all
patients (Coef. = 40.36, p=0.01, 95%CI: 9.73, 70.99), and number
of donors for each patient (Coef. = 46.87, p=0.04, 95%CI: 0.62,
93.13) (Figure 6). However, due to the small number of included
RCTs, the statistical reliability of the results above will be
significantly reduced, although these four covariates are of great
clinical significance.

Publication bias

Because of small number of RCTs included, we did not perform
a publication bias analysis. However, the included RCTs were
mainly small sample studies, and the possibility of publication
bias cannot be ruled out (37).

Summary of evidences

The summary of findings and the GRADE evidence profile were
shown in Table 4 and Supplementary Table 4. In order to
comprehensively analyze the effect of FMT on IBS patients, we
analyzed the differences between the baseline and endpoint after
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TABLE 3 Meta-analysis results of adverse events.

10.3389/fimmu.2023.1136343

Adverse events Reported Incidence rate Heterogeneity = Meta-analysis results Meta-analysis results
RCTs (random effects model) (fixed effects model)
FMT group Placebo group = Chi? 2 RR 95% ClI RR 95% ClI
Any adverse events 6 54.98% (149/271) 36.97% (71/192) 29.71 83% 1.14 0.63, 2.05 0.94# 0.64, 1.38
Abdominal pain 5 14.91% (37/248) 8.43% (14/166) 7.65 48% 1.32 0.51, 3.38 1.96* 1.08, 3.58
Nausea 5 13.30% (33/248) 10.77% (18/167) 1.75 0% 122 0.74, 2.03 1.26 0.76, 2.09
Diarrhea 5 19.15% (41/214) 8.02% (13/162) 12.84 69% 2.25 0.56, 9.10 3.81#* 1.28,11.33
Constipation 3 15.75% (26/165) 1.80% (2/111) 3.87 48% 341 0.41, 28.44 5.74* 1.62, 20.32
Bloating/flatulence 4 16.19% (17/105) 14.95% (16/107) 6.8 56% 1.14 0.40, 3.28 1.78# 0.76, 4.19
Headache 3 16.78% (24/143) 6.74 (6/89) 7.75 74% 1.42 0.10, 20.20 0.54# 0.09, 3.34
Fatigue 3 4.87% (4/82) 7.31% (6/82) 1.15 0% 0.68 0.20, 2.30 0.69 0.22, 2.19
Fever 3 3.50% (2/57) 10.16% (6/59) 3.61 45% 0.48 0.05, 4.58 0.48 0.14, 1.67
*The difference was statistically significant between FMT group and placebo group with fixed effects model.
# Fixed effects model was not suitable for meta-analysis because of >50%, the results were obtained after removing studies with significant heterogeneity.
FMT, fecal microbiota transplantation; RCTs, randomized controlled trials; RR, relative risk; CI, confidence interval.
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Meta-regression analysis of the primary outcome IBS-SSS score at 3 months after FMT. (A) material of FMT (stool vs. capsule); (B) route of FMT
(gastroscope, colonoscopy, and oral capsules); (C) total number of donors for all patients; (D) number of donors for each patient (one to one, or

mixed to one).
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TABLE 4 The GRADE evidence profile for the primary outcomes at 3 months/12 weeks.

Quiality assessment

No Design Risk of bias Inconsistency

Clinical response rate at 3 months/12 weeks (total)

Indirectness

Imprecision

Other considerations

No of patients

FMT Placebo

Effect

Relative

(95% Quality

cly/
Absolute

Importance

5 randomized no serious risk of no serious no serious no serious reporting bias(1) 172/ 55/151 RR 1.6 OPPO CRITICAL
trials bias inconsistency indirectness imprecision 252 (36.4%) (0.92 to MODERATE
(68.3%) 2.78)
Subgroup: Clinical response rate at 3 months/12 weeks for stool FMT
4 randomized no serious risk of no serious no serious no serious reporting bias(1) 161/ 41/128 RR 1.91 DDDO CRITICAL
trials bias inconsistency indirectness imprecision 230 (32%) (1.12 to MODERATE
(70%) 3.25)
Subgroup: Clinical response rate at 3 months/12 weeks for capsule FMT
1 randomized no serious risk of no serious no serious serious(2) reporting bias(1) 11/22 14/23 RR 0.82 DPDO CRITICAL
trials bias inconsistency indirectness (50%) (60.9%) (0.48 to LOW
1.4)
IBS-SSS at 3 months/12 weeks (total)
6 randomized no serious risk of serious(3) no serious no serious reporting bias(1) 247 250 MD -63.77 SPDO IMPORTANT
trials bias indirectness imprecision lower LOW
(-103.36 to
-24.18
lower)
Subgroup: IBS-SSS at 3 months/12 weeks for stool FMT
3 randomized no serious risk of no serious no serious no serious reporting bias(1) 188 192 MD SDDO IMPORTANT
trials bias inconsistency indirectness imprecision -102.11 MODERATE
lower
(-141.98 to
-62.24
lower)
Subgroup: IBS-SSS at 3 months/12 weeks for capsule FMT
3 randomized no serious risk of serious(4) no serious no serious reporting bias(1) 59 58 MD -14.19 SPDO IMPORTANT
trials bias indirectness imprecision lower LOW
(-103.21
lower to
74.83
higher)

! The included studies were all small sample RCTs, which may have significant publication bias. > The actual sample size was significantly smaller than the optimal information size (OIS). > Chi® = 40.52, I* = 85%.

* Chi® = 3.52, I ~ 72%. FMT, fecal microbiota transplantation; IBS-SSS, irritable bowel syndrome severity scoring system; MD, mean difference; CI, confidence interval.
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intervention in different groups, the consistency of different
outcomes was shown in Table 5, the best consistency of these
different outcomes were shown at 3 months, 24 months, and 36
months after stool FMT, and at 3 months after capsule FMT. The
risk of bias of study design was shown in Figure 2. In summary, the
quality was moderate to high in terms of the design of the included
studies, and the quality of these primary outcomes after pooled was
moderate to low.

10.3389/fimmu.2023.1136343

Discussion

As is known, IBS is one of the most common disorders of gut-
brain interaction worldwide, its effects on the individual in terms of
their quality of life, and on health-care delivery and society in terms
of economic costs, are considerable (6, 59). As a non-conventional
method, FMT is being explored as a therapeutic option for the
patients of IBS. So far, twenty RCTs about FMT for IBS have been

TABLE 5 Results of this meta-analysis and consistency of different outcomes.

Results

FMT group versus placebo

FMT group versus its

Placebo group versus its Consistency of

group baseline baseline conclusions *'
donor fecal microbi-  donor fecal micro- autologous | Placebo stool | capsule
stool FMT ota capsule stool FMT | biota capsule = stool FMT capsule FMT FMT
group FMT group group FMT group group FMT group
versus versus versus its versus its versus its Versus its
placebo placebo group = baseline baseline baseline baseline
group
Clinical 3 1, 4 RCTs x, 1 RCT - - - - - -
response months
rate
6 %, 1 RCT - - - - - Bl _
months
12 %, 1 RCT - - - - - - -
months
24 V1, 1 RCT - - - - - - -
months
36 V1, 1 RCT - - - - - B _
months
IBS-SSS 1 V], 2 RCTs x, 2 RCT V1,2 RCTs V], 2 RCT x, 2 RCTs %, 2 RCT
month
3 Y, 3 RCTs x*, 3 RCTs V1,2 RCTs Y, 3 RCTs x, 2 RCTs V1,3 RCTs
months
6 V], 1 RCTs x,1 RCT - x, 1 RCT - V], 1 RCT
months
24 V1, 1 RCTs - V1,1 RCTs - x, 1 RCT -
months
36 V], 1 RCTs - V1,1 RCTs - %, 1 RCT -
months
IBS-QoL 1 x, 1 RCT x, 1 RCT V1, 1 RCT x, 1 RCT x, 1 RCT V1, 1 RCT No No
month
3 V1, 2 RCTs x, 2 RCTs V1, 2 RCTs x, 2 RCTs x, 2 RCTs x, 2 RCTs
months
6 - - - - - — - -
months
24 V1,1 RCT - V1,1 RCT - x, 1 RCT - -
months
36 V1, 1 RCT - V1, 1 RCT - x, 1 RCT - -
months
Abdominal 3 V1,2 RCTs x, 1RCTs - - - - - -
pain months
Frequency 3 \/l, 1RCTs X, 1IRCTs - - - - - -
of stools months
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TABLE 5 Continued

Results FMT group versus placebo

group baseline

donor
stool FMT
group
versus its
baseline

fecal microbi-
ota capsule
FMT group
versus
placebo group

donor
stool FMT

group
versus

placebo
group

Y}, IRCTs

Stool 3
consistency

X, 1IRCTs

Consistency
of

conclusions
#2

months

FMT group versus its

10.3389/fimmu.2023.1136343

Placebo group versus its
baseline

Consistency of
conclusions *!

stool
FMT

Placebo
capsule
FMT group
versus its
baseline

fecal micro-
biota capsule
FMT group
versus its
baseline

capsule
FMT

autologous
stool FMT
group
versus its
baseline

V, The difference between the two groups compared in the table header was statistically significant; x, The difference between the two groups compared in the table header was not statistically
significant; 1, The change trend of outcome was upward or increasing; |, The change trend of outcome was downward or decreasing. -, The change trend of outcome or the consistency cannot be

evaluated.

*For capsule FMT (fecal bacteria capsule vs. placebo capsule), IBS-SSS scores in both the fecal bacteria capsule and placebo capsule groups were significantly lower than their baseline, resulting in

no statistical difference in the final outcome between the two groups.

#1, the consistency of the change trend of vertical (FMT group versus placebo group) and horizontal (FMT group/placebo group versus baseline) comparison results of the same outcome at the
same time point; #2, the consistency of clinical significance of different outcomes (IBS-SSS score, IBS-QOL score or clinical response rate) at the same time point.

Light green, indicating that the consistency of #1 or #2 in stool FMT group is Yes; Light red, indicating that the consistency of #1 or #2 in capsule FMT group is Yes;

Deep green, indicating that the consistency of both #1 and #2 in stool FMT group is Yes. Deep red, indicating that the consistency of both #1 and #2 in capsule FMT group is Yes.

IBS-SSS, irritable bowel syndrome severity scoring system; IBS-QoL, irritable bowel syndrome specific quality of life; FMT, fecal microbiota transplantation.

registered in the clinicaltrials.gov and International Clinical Trials
Registry Platform (Supplementary Table 5). Among them, 10 RCTs
have been completed, 9 have been included in this study, and the
results of one RCT (60) (NCT05088434) was excluded because of
imbalanced baseline. Of the 20 registered RCTs, 13 were or would
be conducted in European countries, 5 in China, and 2 in the United
States, 15 had a sample size of less than 100.

We finally included nine RCTs in this systematic review and
meta-analysis, of which five for stool FMT, and four for capsule
FMT. Our meta-analysis results shown that the stool FMT could
increase the clinical response rate, decrease IBS-SSS score, and
improve the quality of life of patients with IBS, without increasing
the incidence of serious complications. However, based on the
current available data, our study did not confirm the positive
effect of capsule FMT on patients with IBS.

The risk of bias of included RCTs was low to moderate. In the
stool FMT group, random allocation, allocation concealment and
blinding were all performed properly, and the risk of bias was low.
In the capsule group, one RCT (54) did not report the specific
random allocation scheme, two RCTs (54, 55) did not report
whether the allocation concealment for the random sequences
was performed, and the risk of bias was moderate (Figure 2). In
this study, we used the GRADE system to estimate the quality of
evidence for these main outcomes, which based on the five factors of
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risk of bias, inconsistency, indirectness, imprecision, and
publication bias. In the stool FMT group, the qualities of the
primary outcomes (included clinical response rate and IBS-SSS
score) were moderate, which were downgraded by one level due to
publication bias, and the reason for publication bias was that all
RCTs included were small sample studies. In the capsule FMT
group, the qualities of the same primary outcomes were low, which
were downgraded by two levels due to publication bias and
imprecision, and the reasons for publication bias and inaccuracy
were respectively the small sample size of the included studies and
the heterogeneity among different studies (Table 4). Therefore, it
can be seen that the smaller sample size of the included RCTs is one
of the main reasons for reducing the reliability of the conclusions
for the stool FMT. Predictably, this conclusion will be further
confirmed with the emergence of larger RCTs in the future.

As well as stool FMT, capsule FMT has also been shown to be
effective and safe in the treatment of recurrent Clostridioides difficile
infection (13, 61). Halkjeer et al. (46) proved that IBS patients in the
placebo group experienced greater symptom relief compared with
the capsule FMT group after 3 months. Aroniadis et al (7) shown
that capsule FMT did not induce symptom relief of IBS patients at
12 weeks compared with placebo. Our study did not also prove that
the capsule FMT has a positive therapeutic effect on patients with
IBS, but we still refuse to deny the obvious advantages and attractive
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application prospects of capsule FMT compared with stool FMT. In
this systematic review and meta-analysis, the following deficiencies
may be the main factors affecting the authenticity of the conclusion
that capsule FMT is applied to IBS treatment. First, only four RCT's
(7, 46, 54, 55) for capsule FMT were included, the sample size of all
included studies was small and the follow-up time was different. As
a result, the available data for analysis was insufficient. Second, the
heterogeneity among different studies was significant, and
the GRADE level of main outcomes was low. Third, in two of the
four included studies, the randomization and allocation
concealment schemes were unclear, and the risk of bias was
moderate. Therefore, it will be very necessary to continue more
in-depth and normative research on the application of capsule FMT
for patients with IBS in future studies.

Many factors may affect the effectiveness and safety of FMT for
patients with IBS (46). These factors were shown in Tables 1-3 in
this study. 1) Characteristics of donors. The study by Holvoet et al.
(45) shown that higher similarity of microbial community
composition between patients and donors at baseline might
increase chances of successful FMT in IBS, and the stability of the
microbial composition in the donors might be an important
predictor of success. Our meta-regression analysis shown that
there were significant relations between IBS-SSS score and these
covariates of total number of donors for all patients and number of
donors for each patient (Figure 6). Most of the trials (5/6) that
favored FMT used fecal material from one donor, whereas two
thirds of the trials that did not favor FMT used mixed fecal material
from multiple donors (Table 2). The standards for donor screening
could refer to the recently published consensus statements for FMT
(62-64).

2) Material of FMT. The material styles of FMT included stool
and capsule. Of the nine included RCTs, all studies using stool FMT
were found to be effective in patients with IBS, while only one of the
studies using capsule FMT reached the same conclusion (Table 2).
Our meta-regression analysis shown that there was significant
relation between IBS-SSS score and the material of FMT
(Figure 6). All fecal microbiota capsule were stored in a frozen
state. In this meta-analysis, two RCT's (45, 50) used fresh stool FMT,
and four RCTs (20-22, 50) used frozen FMT. Unfortunately, we
were unable to perform a subgroup analysis of these two different
stool FMT due to the limited data available for extraction. Although
frozen stool FMT has been shown to be non-inferior to fresh stool
FMT for patients with recurrent Clostridioides difficile infection (65,
66), this might not be the case for IBS and warrants further
study (7).

3) Route of FMT. Several routes of FMT administration are
available at the current, such as nasojejunal tube, gastroscope,
duodenoscopy, colonoscopy, enema, and oral capsules. Of which
nasojejunal tube (45), gastroscope (21), colonoscopy (20, 22, 50)
and oral capsules (7, 46, 54, 55) were used in this study. Meta-
regression analysis showed that the route of FMT was correlated
with IBS-SSS score at 3 months (Figure 6). Similarly, the cure rates
of recurrent Clostridioides difficile infection with FMT performed
with colonoscopy are superior to enema and nasojejunal tube, while
FMT with colonoscopy and capsule are comparable (67).
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4) Stool dose and frequency of FMT. In the stool FMT group,
the single dose of stool was 30g-80g, and in the capsule FMT group,
the single dose of stool was 9.5g-50g (Table 2). Meta-regression
analysis showed that neither single stool dose nor total stool dose of
FMT were associated with IBS-SSS score (p>0.05). The frequency of
FMT has also differed between included RCTs and might account
for differences in results (7). Except for Holvoet et al (45), all other
RCTs performed a single FMT administration for the stool FMT in
this meta-analysis. Our results shown that, ignoring the different
definitions of clinical response rate (Supplementary Table 3), the
total clinical response rate at 3 months was 70.0% in the stool FMT
group and 32.0% in the placebo group. In the study of Holvoet et al
(45), the continued response rate was 21% at 1 year after first FMT,
and the median time to loss of response was four months (3.5
months-12 months). A second FMT was performed for patients
who responded initially to first FMT but lost the effect at 1 year in
the study, and it was successful in 67% of patients (45). It suggested
that repeated FMT might be a better way to induce a lasting effect in
patients with IBS. Previously RCTs that have shown positive results
in patients with ulcerative colitis have used an FMT dosing/
frequency strategy of enemas once weekly for 6 weeks (68), or 5
days per week for 8 weeks (69, 70).

Four RCTs (7, 46, 54, 55) performed capsule FMT in this
systematic review and meta-analysis. The frequencies of oral
capsules were respectively 25 capsules per day for 12 days (46),
25 capsules per day for 3 days (7), 19 capsules per day for 1 day (54),
and 30 capsule per day for 3 days (55). Three RCTs (7, 46, 54) did
not confirm that capsule FMT has a positive effect on patients with
IBS, which was consistent with the conclusion of our study.
However, considering the effect of dose and frequency of FMT on
the results, we suggest that the duration of capsule FMT should be
increased to 6-8 weeks in future studies.

5) IBS subtypes. IBS is diagnosed using the Rome criteria, which
have volved over the years from the Rome I criteria to the latest
Rome IV (71). It is categorized into 4 subtypes based on the
predominant stool form or frequency reported by the individual:
IBS with constipation (IBS-C); IBS with diarrhea (IBS-D); IBS with
mixed bowel habit (IBS-M); or IBS unclassified (IBS-U), where stool
form or frequency cannot classify the patient accurately into one of
the other 3 subtypes (71). Of the nine RCTs included, eight used
Rome III and one used Rome IV, six RCTs included a mixture of
patients with differing IBS subtypes, and three RCTs included
patients only with IBS-D (Table 1). Compared with Rome III,
Rome IV is more restrictive and less stable among both functional
bowel disorder groups and IBS subtypes (72, 73), the rate of the
subtypes change is respectively 24.5% and 31.7% for Rome III and
Rome IV in one year (71). Therefore, we are more inclined to
support the Rome III as the diagnostic and classification criteria for
studies of patients with IBS, and it may be more preferable to
subgrouping IBS patients based on the subtypes in future studies.

6) Gender difference. Holvoet et al (45) shown that there was a
clear gender difference in the response to FMT, with female patients
responding significantly better to active treatment compared to
males. However, another RCT (21) found no effect of gender on
FMT. Our meta-analysis based on the IBS subtypes shown that the
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difference in clinical response rate was statistically significant
between male and female for patients with IBS-D and IBS-M
(two RCTs, RR=0.58, 95% [0.37, 0.89], p=0.01), but there were no
differences in IBS-SSS score and IBS-QoL score for IBS patients of
all subtypes (P>0.05). It is worth mentioning that this phenomenon
exists not only in the FMT process, but also in other IBS treatment
options, such as serotonin antagonist alosetron, ibodutant and
adding cognitive behavioral therapy to medical treatment, which
in favor of effectiveness towards female in either satisfactory relief of
overall IBS symptoms or percentage of pain-free days (74). In
addition, studies have confirmed that IBS is more common in
females (75, 76), and they are more likely to have severe symptoms
and coexistent anxiety or depression (77). Thus, gender is one of the
possible factors affecting the effect of FMT, which should be paid
attention to in future studies.

The safety of FMT for patients with IBS may still one of the
focuses of concern (78-80). In this study, seven RCTs (7, 20-22, 46,
50, 54) reported the adverse events, of which most were mild self-
limiting gastrointestinal symptoms (Table 3). Only one serious
adverse event was reported in a participant, who was admitted to
hospital for a few hours of observation due to transient vertigo and
nausea during colonoscopy (50).

It is generally accepted that IBS is characterized by gut
microbiome dysbiosis, but a specific microbial pattern that
characterizes all patients with IBS has not been identified due to
the lack of consistency in results which seems to be related to the
heterogeneity of microbiota assessment (81, 82). All of nine
included RCTs reported the characteristics and changes of
microbiome profiles after FMT for patients with IBS in this
systematic review and meta-analysis, the main conclusions were
shown in Supplementary Table 6. In all these RCTs, the gut
microbiome profiles changed significantly in the groups received
FMT. Three RCTs (45, 46, 52) shown that the microbial diversity or
richness could be increased after FMT for IBS patients, and five
RCTs (7, 20, 22, 46, 52) shown that the microbial composition of the
FMT-treated patients shifted towards the donors after the
intervention. Holster et al. (53) shown that the microbe-host
response was influenced by FMT on the mucosal gene expression
level. However, it is a pity that they found none of these changes
correlated with clinical improvements. The relationships between
the microbiome and the effect of FMT and the etiology of IBS
remain unsolved. In addition, microbiota-derived metabolites, such
as bile acids, short-chain fatty acids, vitamins, amino acids,
serotonin and hypoxanthine, are proposed as possible etiological
factors of IBS, and they may provide some new avenues for the
diagnosis and treatment of IBS (8, 49).

We believe that this study is the most comprehensive systematic
review and meta-analysis so far for use of FMT in patients with IBS.
The risk of bias of included RCTs was low in the stool FMT, and was
moderate in the capsule FMT. Although there is heterogeneity
among different studies, the results of main outcomes obtained after
removing the studies with obvious heterogeneity are the same as the
former. We used different methods to analyze the quality and
reliability of the main outcomes from different perspectives, and
the conclusion is reliable (Figure 2; Tables 4, 5).
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There are some limitations in this RCTs-based meta-analysis,
and we put forward some suggestions for future studies about FMT
for IBS patients. First, although nine RCT's were included, they were
all small sample studies, the qualities of the primary outcomes were
downgraded by one level to moderate. In the clinical practice
guidelines for IBS published in recent years, FMT was not
recommended as a first-line or even second-line treatment
because of the low quality of clinical evidence (9, 83, 84). Thus,
RCTs with large sample size is urgently needed, which is of great
significance to further improve the qualities of outcomes. Second,
most of the included RCTs in this meta-analysis were conducted in
European countries, and the epidemiological data shown a wide
variation in the prevalence of IBS globally. Considering the
influence of an individual’s geographical and cultural context on
IBS, researches need to be multicultural in design, encouraging
global collaboration (59). Third, most of the RCTs included a
mixture of patients with differing IBS subtypes, and the rate of
the subtypes change to each other is significant in one year, it may
be more preferable to subgrouping IBS patients based on the
subtypes in future studies. Fourth, different outcomes were
reported in these RCTs, and different criteria were used to define
the same outcomes. We suggest that the clinical remission rate, IBS-
SSS Score, IBS-QoL score and other outcomes should be reported in
future studies. Clinical remission rate should be defined as IBS-SSS
score decreased by 250 points after FMT (7, 20, 21, 54), IBS-SSS
Score and IBS-QoL score should be measured by using the disease-
specific questionnaire (40, 85). Fifth, this meta-analysis showed that
a single FMT was effective for IBS patients within 3 months. The
median time to loss of response is four months (3.5 months-12
months) (45), and repeated FMT may be a better way to induce a
lasting effect in the future studies. Sixth, fecal material from one
donor may be better than that from multiple donors in the FMT for
a single IBS patient. Seventh, capsule FMT needs to be further
studied. Eighth, the relationship between the microbiome and the
effect of FMT for IBS is still unclear.

In conclusion, a single stool FMT is effective and safe for
patients with IBS, and the efficacy of capsule FMT for IBS
remains to be studied in the future. Some factors may affect the
effect of FMT, and the relationship between the gut microbiome and
FMT for IBS is still unclear.
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