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Abstract

Fecal microbiota transplantation (FMT) is an increasingly indicated therapy for intestinal disorders. This meta-meta-analysis aimed to evaluate the clinical outcomes
of FMT in ulcerative colitis, Crohn'’s disease, and recurrent CDI. We searched the PubMed online database for meta-analyses of intestinal disorders. After accounting
for overlap, 11 publications on CDI and 13 on inflammatory intestinal diseases were obtained. Based on a meta-meta-analysis of these patients, this study quanti-
fied the impact of FMT on clinical outcomes. We combined the effects under the random-effects model and pooled the estimates as odds ratios (OR). In recurrent
CD], clinical remission was identified in 86% of patients in the FMT group versus 49% (n=449) in the control group [OR 1.82, CI95% 1.69-1.96, P < 0.0001]. Eleven
studies included data from patients with ulcerative colitis in clinical remission, identified in 36% (n=903) of patients in the FMT group versus 16% (n=217) in the
control group [OR 3.58, CI95% 2.99-4.28, P < 0.0001]. FMT in patients with Crohn’s disease was not different from that in the controls. FMT is a promising therapy
for recurrent CDI and ulcerative colitis; however, more clinical trials are needed, as well as standardization of the FMT technique and preparation.
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Trasplante de microbiota fecal en la infeccidn por Clostridioides difficile y enfermedades inflamatorias intestinales — un
meta-meta-andlisis

Resumen

El trasplante de microbiota fecal (TMF) es una terapia cada vez mas indicada para los trastornos intestinales. El objetivo de este meta-meta-analisis es evaluar los
resultados clinicos del TMF en la colitis ulcerosa, la enfermedad de Crohn y la infeccién recurrente por Clostridioides difficile (CDI). Se realizé una busqueda en
la base de datos PubMed de estudios de metaanalisis sobre trastornos intestinales. Tras considerar la superposicién de estudios, se incluyeron 11 publicaciones
sobre CDI y 13 sobre enfermedades inflamatorias intestinales. Con base en este meta-meta-analisis, se cuantifico el impacto del TMF en los resultados clinicos.
Se combinaron los efectos mediante un modelo de efectos aleatorios y se agruparon las estimaciones como razén de momios (OR). En casos de CDI recurrente,
se observé remision clinica en el 86% de los pacientes tratados con TMF, frente al 49% (n=449) en el grupo control [OR 1.82, IC95% 1.69-1.96, P < 0.0001]. Once
estudios incluyeron datos de pacientes con colitis ulcerosa, observandose remisién clinica en el 36% (n=903) de los pacientes tratados con TMF frente al 16%
(n=217) en el grupo control [OR 3.58, 1C95% 2.99-4.28, P < 0.0001]. En pacientes con enfermedad de Crohn, el TMF no mostré diferencias significativas respecto
al grupo control. EIl TMF es una terapia prometedora para la CDI recurrente y la colitis ulcerosa, aunque se necesitan mas ensayos clinicos y una estandarizacion
de la técnica y preparacion del TMF.
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Introduction

Clostridioides difficile colonization may reach up to 20% of
patients admitted to healthcare institutions (35202793).
However, it is estimated that 25% of these patients present
with C. difficile infection (CDI)'. Additionally, it is estimated
that 1% of hospitalized patients may present with C. difficile-
related diarrhea during admission?.

According to the Infectious Diseases Society of America
Guidelines for C. difficile treatment, fecal microbiota trans-
plantation (FMT) is recommended for second or subsequent
recurrences®. Recurrence may occur in up to 35% of patients,
and vancomycin efficacy on CDI is approximately 60%. The
indications for FMT have increased, but gastrointestinal di-
sorders remain the most important area of concentrated
research. There are some concerns about the ideal time for
FMT, but some studies have included early indications of ul-
cerative colitis (UC)*. However, there is controversy regarding
the indications for FMT and Crohn’s disease (CD)>®.

Although several systematic reviews and meta-analyses
have evaluated the efficacy of fecal microbiota transplan-
tation in gastrointestinal disorders, important limitations
remain. Many of these reviews include overlapping primary
studies, apply heterogeneous eligibility criteria, and report
inconsistent outcomes, particularly for ulcerative colitis and
Crohn's disease’. These methodological differences hinder
direct comparisons and may lead to misinterpretation of the
true clinical benefits of FMT. A meta-meta-analytic approach
allows for the quantitative synthesis of existing meta-analy-
ses, accounting for overlap while providing a higher-level es-
timate of effect size. By integrating evidence from multiple
reviews, this study seeks to clarify the overall efficacy of FMT
in recurrent CDI, ulcerative colitis, and Crohn'’s disease, the-
reby offering a more robust and comprehensive perspective
to guide clinical decision-making.

Considering the current controversies regarding FMT for
gastrointestinal diseases, this study aimed to evaluate the
overall efficacy of FMT in gastrointestinal disorders, including
CDI, UC, IBS, and CD, using meta-analysis.

Materials and methods

Eligibility criteria

This study was designed according to the PRISMA guideli-
nes (Supplementary material S1). Studies were considered
eligible if they were published in English between 2012 and
June 2022 (last 10 years), classified as systematic reviews or
meta-analyses, and evaluated fecal microbiota transplanta-
tion (FMT) in patients with CDI, ulcerative colitis, or Crohn's
disease. Studies that did not report extractable data were
excluded. For each eligible publication, data were collected
on the indication for FMT, route and type of administration,
follow-up duration, and reported adverse effects. As this
investigation represents a meta-analysis, the quality of the
included systematic reviews and meta-analyses was not for-
mally graded.

Information sources and search strategy

Two authors (JC and JT) independently screened the titles
and abstracts of systematic reviews and meta-analyses iden-
tified in PubMed, Scopus, MEDLINE, EMBASE, and LILACS.
Discrepancies in the study selection were resolved by con-
sensus with a third reviewer (FT). The full texts of potentially
eligible studies were reviewed to confirm inclusion.

Data collection process

Data extraction was performed independently by two authors
using standardized forms. The extracted information inclu-
ded study characteristics, disease type, sample size, route
and type of FMT, follow-up duration, and clinical outcomes.
Any inconsistencies were discussed and resolved by the se-
nior author.

Data items

The following variables were collected: (i) indication for FMT
(recurrent CDI, ulcerative colitis, and Crohn'’s disease); (ii) rou-
te and type of FMT administration; (iii) time of follow-up (mi-
nimum and maximum reported); (iv) adverse effects, when
available; and (v) measures of clinical remission or response.

Study risk of bias assessment

As this was a meta-meta-analysis, the risk of bias in indivi-
dual systematic reviews and meta-analyses was not formally
graded. Instead, we relied on the published data synthesized
in each review.

Effect measures

The primary effect measure was the odds ratio (OR) with 95%
confidence intervals (Cl) for clinical remission or response af-
ter FMT compared with the control groups.

Synthesis methods

Data from eligible meta-analyses were combined using a
random-effects model to account for between-study variabi-
lity. Categorical variables were summarized as percentages.
Pooled prevalence and ORs were calculated with correspon-
ding 95% confidence intervals (Cls). Heterogeneity was as-
sessed using the |2 statistic. In cases of high heterogeneity,
the results were interpreted with caution, given the absence
of sufficient information to perform subgroup analyses or
meta-regression.

Reporting bias assessment
Reporting bias was not formally assessed because no stan-
dardized method exists for meta-meta-analyses.

Certainty assessment

The certainty of evidence was not graded, consistent with cu-
rrent recommendations for meta-meta-analyses. Therefore,
the results should be interpreted considering the heteroge-
neity of the included systematic reviews and the variability in
FMT protocols.
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Statistical analysis

A meta-analysis of the studies was performed using RevMan
(Cochrane, revman.cochrane.org). We unified all units of va-
riables, and categorized the variables as percentages. The
combined prevalence and 95% confidence intervals (Cl were
determined using a random-effects model. A meta-analysis
of odds ratios (OR) was performed. Studies were pooled using
fixed-effects meta-analytic models to combine odds ratios
(ORs) and prevalence with 95% confidence intervals (Cls).
The heterogeneity of effect size across trials was established
based on 12. However, as effect sizes were extracted from pu-
blished meta-analyses, there was insufficient information to
deal with heterogeneity through subgroup analysis or meta-
regression. Thus, in the case of a high 12, the results should be
interpreted with caution. Publication bias was not assessed
because there is no standard for meta-meta-analysis.

Results

A total of 4,376 publications were identified in PubMed un-
til June 2022. After title and abstract review, 50 systematic
reviews and/or meta-analyses were selected for full-text as-
sessment. Only four studies were eligible for inclusion in this
review. Of these, 32 articles were included in the meta-meta-
analysis. The first article was published in 2013 and the last
in 2021 (flowchart is detailed in Supplementary material S2).

C. difficile infection

Eleven systematic reviews and meta-analyses included arti-
cles focused on CDI, first published in 2013 and last in 2021
(8-18). Variability was identified in regard to the number of
included studies in the systematic reviews (6 to 34), accou-
nting for a total of 167 studies with 9,496 patients (8,585 in
FMT and 911 in comparator regimens). Clinical remission was
identified in 86% (n=7387) of patients in the FMT group ver-
sus 49% (n=449) in the control group [OR 1.82, CI95% 1.69-
1.96, P < 0.0001] (Figure 1).

Inflammatory bowel diseases

Thirteen systematic reviews and meta-analyses included arti-
cles focused on inflammatory bowel diseases (IBD), first pu-
blished in 2014 and last in 2021 (19-30). One article included
both types of IBD (UC and CD) and was excluded from the
data analysis. The article with the lowest number of studies
included four, whereas the highest had 56. The 12 studies
accounted for 4,220 patients.

Eleven studies included data from patients with UC, accoun-
ting for 3,872 patients (2508 in the FMT; 1364 in the compa-
rator group). Clinical remission was identified in 36% (n=903)
of patients in the FMT group versus 16% (n=217) in the con-
trol group [OR 3.58, CI95% 2.99-4.28, P < 0.0001] (Figure 2).

Five studies included data from patients with CD, accounting
for 348 patients (FMT, n = 330; comparator regimens, n = 18).
Clinical remission was identified in 49% (n=162) of patients
in the FMT group versus 22% (n=4) in the control group [OR
1.40, CI195% 0.36-5.50, P = 0.48] (Figure 3).
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Across the included reviews, pooled analyses confirmed
that FMT is effective in improving clinical remission in recu-
rrent CDI and UC but showed no superiority over standard
treatment in CD. The findings were consistent across diffe-
rent meta-analyses, although heterogeneity was observed
in the sample size, study design, and FMT protocols. Repor-
ting bias was not formally assessed because standardized
methods have not been established for meta-meta-analyses.
Some reviews may have been subject to selectively repor-
ted outcomes. The certainty of the evidence was not graded.
Therefore, the results should be interpreted cautiously, parti-
cularly because of the heterogeneity among reviews, variable
methodological quality, and differences in FMT techniques
and follow-up periods.

Discussion

According to our findings, clinical remission is more likely to
occur with FMT than with standard treatment for CDI recu-
rrence. Our results showed that clinical remission was obser-
ved in 86% (7,387 patients) of the treatment group and 49%
(449 patients) of the control group [OR 1.82, CI95% 1.69-1.96,
P < 0.0001]. These data provide evidence for the solid effecti-
veness of FMT in the treatment of CDI, as most publications
from our meta-meta-analysis have previously reported™.

IBD comprises a group of chronic diseases that affect the
digestive tract, including UC and CD. The severity and pre-
valence of IBD have increased over the years. Advanced
therapies, including biologics and small molecules, can re-
sult in loss of response and limitations, making it important
to identify effective treatments for these conditions'. This
group was classified by disease: UC and CD. Clinical remis-
sion in the UC group was observed in 36% (903 patients) of
the treatment group and 16% (217 patients) of the control
group [OR 3.58, CI95% 2.99-4.28, P < 0.0001]. These results
indicate that FMT was associated with a significantly higher
rate of clinical remission than that of the controls. Complete
remission at 8 weeks after FMT is uncommon, but the full
Mayo score and Mayo clinical score significantly decreased at
week 832, However, we cannot attribute any efficacy of FMT
in severe cases.

In the CD group, clinical remission was observed in 49% (162
patients) of the treatment group and 22% (4 patients) of the
control group [OR 1.40, C195% 0.36-5.50, P = 0.48]. These re-
sults indicate that there was no significant difference in remis-
sion between the two groups, as stated by Cheng, 2021%*. The
Harvey-Bradshaw Index (HBI) is a score used to evaluate the
clinical response in patients with CD. Even though FMT impro-
ves HBI in CD, the improvement was not superior to of that
standard treatment, suggesting that FMT can be an adjuvant
therapy in selected patients®*. Currently, in the IBD field, re-
search on FMT is mostly focused on UC, guided by the eviden-
ce included in these systematic reviews and meta-analyses.

Although our pooled results demonstrate the consistent effi-
cacy of FMT in recurrent CDI and UC, the findings for CD were
inconclusive. This discrepancy may, in part, reflect the hete-
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FMT Control Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bascuiiana 2021 962 1054 41 109  13.0% 2.43[1.90, 3.09] —
Furuya-Kanamori 2017 258 305 [y] 0 Not estimable
Khan 2018 304 404 16 44 5.1% 2.07 [1.39, 3.07] SR
Moayyedi 2017 113 157 50 127 9.7% 1.83[1.44,2.32] —
Noortje 2015 795 883 0 o] Not estimable
Quraishi 2017 1666 1905 27 69 9.1% 2.23[1.66, 3.00] —
Rokkas 2019 145 205 48 143 9.9% 2.11[1.65, 2.70] —
Tariq 2019 439 455 68 155 17.8% 2.20[1.84,263] —-—
Tariq 2021 2217 2671 0 0 Not estimable
Wenijia 2017 243 273 199 264 35.4% 1.18 [1.09, 1.28] -
Zain 2013 245 273 0 0 Not estimable
Total (95% CI) 8585 911 100.0% 1.82 [1.69, 1.96] .
Total events: 7387 449
Heterogeneity: Chi? = 124.00, df = 6 (P < 0.00001); I> = 95% 0.2 0.5 2 5
Test for overall effect: Z = 15.62 (P < 0.00001) Favours control Favour FMT
Test for subgroup differences: Not applicable

Figure 1. Forest plot of meta-analyses evaluating fecal microbiota transplantation (FMT) for recurrent Clostridioides difficile
infection (CDI). The figure illustrates the proportion of patients achieving clinical remission in the FMT group compared with
those receiving standard antibiotic therapy, with pooled odds ratios and 95% confidence intervals.

FMT Control Odds ratio Odds ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI|
Colman 2014 5 79 0 0 Not estimable
Costello 2017 132 308 13 137 72% 7.15[3.87,13.22] —_—
Dang 2020 53 141 21 137 9.3% 3.33(1.87,5.92) =18
Fang 2018 92 365 13 137 9.8% 3.21[1.73,5.97] —
Green 2020 36 21 8 197 4.8% 4.86[2.20, 10.74) ——
Imdad 2018 77 140 24 137 7.6% 5.75([3.31, 10.00] ——
Narula 2017 81 140 31 137 9.2% 4.69[2.78 ,7.91] —-—
Paramsothy 2017 201 554 24 137 17.1% 2.68 [1.67 , 4.30) —-—
Shi 2016 84 219 7 62 47% 4.89[2.13,11.24) ——
Sun 2016 38 134 9 69 5.9% 2.64[1.19,5.84] —_—
Tang 2020 104 217 67 214 24.5% 2.02[1.36, 2.99] -
Total (95% CI) 2508 1364 100.0% 3.58 [2.99, 4.28] 0
Total events: 903 217
Heterogeneity: Chi? = 20.19, df = 9 (P = 0.02); I* = 55% 001 01 10 100
Test for overall effect: Z = 13.97 (P < 0.00001) Favours control Favours FMT
Test for subgroup differences: Not applicable

Figure 2. Forest plot of meta-analyses assessing the efficacy of fecal microbiota transplantation in patients with ulcerative
colitis (UC). The outcome measured is clinical remission, comparing patients treated with FMT to those receiving standard
medical therapy. Pooled estimates are displayed with corresponding odds ratios and 95% confidence intervals.

Experimental Control

Odds ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

Odds ratio
M-H, Fixed, 95% CI

Test for subgroup differences: Not applicable

Cheng 2021 56 106 4 9 100.0% 1.40[0.36 , 5.50]

Colman 2014 24 39 0 0 Not estimable

Fang 2018 40 94 0 0 Not estimable

Green 2020 0 8 0 9 Not estimable

Paramsothy 2017 42 a3 0 0 Not estimable

Total (95% Cl) 330 18 100.0%  1.40 [0.36 , 5.50)

Total events: 162 4

Heterogeneity: Not applicable 001 01 o 100
Test for overall effect: Z = 0.48 (P = 0.63) Favours control Favours FMT

Figure 3. Forest plot summarizing meta-analyses of fecal microbiota transplantation in Crohn’s disease (CD). The analysis
reports the rates of clinical remission in patients undergoing FMT compared with control groups. Odds ratios and 95%

confidence intervals are shown to reflect the overall effect.
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rogeneity in treatment protocols and patient characteristics
across the included studies. The donor selection criteria,
preparation methods (fresh, frozen, or encapsulated stool),
and routes of administration (upper vs. lower gastrointesti-
nal delivery) varied considerably, potentially influencing the
treatment outcomes. Furthermore, patients with CD typically
present with greater clinical heterogeneity than those with
UC, including variability in disease location, severity, and
history of prior biological or immunosuppressive therapy,
which may limit the effectiveness of FMT in this population.
In addition, outcome definitions differed across studies, with
some assessing clinical remission using patient-reported
indices (e.g., Harvey-Bradshaw Index) rather than objective
or endoscopic endpoints, thereby complicating cross-study
comparisons. Recognizing these sources of heterogeneity
is critical for interpreting the apparent differences between
UC and CD and underscores the need for standardized FMT
protocols and harmonized outcome measures in future trials.

Our study has inherent limitations that need to be interpreted
with caution. These limitations include the limited availability
of data from meta-analyses and the inability to access certain
studies to access certain studies, particularly those published
in earlier periods. Limitations regarding the standardization
of fecal microbiota protocols should also be considered, such
as variability in donor selection criteria, route of infusion, and
microbiome standards. In 2023, a commercial fecal microbio-
ta was approved by the Food and Drug Administration (FDA)
for the treatment of recurrent CDI. However, the cost of this
product is very high for some developing countries.

In summary, this meta-meta-analysis demonstrated that FMT
leads to increased clinical remission rates in CDI and UC but
not in CD and IBS. Several trials testing the efficacy of FMT for
different indications are ongoing. Further research can lead
to the development and widespread use of fecal microbiota
banks, which can help physicians treat challenging and re-
fractory digestive diseases such as CDI and UC.
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