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Abstract

Background: Many probiotic strains have been studied in relation to irritable bowel syn-
drome (IBS). The aim of this study was to identify probiotic strains demonstrating efficacy
in the management of IBS based on meta-analyses of randomized placebo-controlled trials
(RPCTs). Methods: This systematic review was registered in the PROSPERO database
(CRD420251047092). Searches were conducted in PubMed and Scopus on 8 April 2025. Ad-
ditional completed studies with available results were identified through ClinicalTrials.gov.
An additional search of the Cochrane Central Register of Controlled Trials (CENTRAL),
including records indexed in EMBASE, was conducted in December 2025 and did not
identify any additional studies. RPCTs were included if they evaluated single-strain pro-
biotics without additional active components compared with a placebo in patients with
IBS. Studies whose results could not be meta-analyzed were excluded. Results: A total of
2643 records were identified; 32 articles evaluating 10 probiotic strains were included in
the meta-analyses. Meta-analyses demonstrated the efficacy of Bifidobacterium longum (for-
merly Bifidobacterium infantis) 35624, Lactobacillus rhamnosus GG, Lactiplantibacillus plantarum
299v (DSM 9843), Saccharomyces cerevisiane CNCM 1-3856, and Bacillus coagulans Unique
IS2 (MTCC 5260) in improving key IBS symptoms. Meta-analyses also demonstrated that
Bacillus coagulans MTCC 5856 improved quality of life for those with IBS. Conflicting results
were observed for Saccharomyces boulardii CNCM I-745. Meta-analyses did not demonstrate
the efficacy of Escherichia coli Nissle 1917, Lactobacillus gasseri BNR17, or Lactobacillus casei
Shirota. Conclusions: Several probiotic strains demonstrated efficacy in the treatment of
IBS in meta-analyses of RPCTs.

Keywords: probiotic; gut; abdominal pain; bloating; diarrhea; constipation; functional gut
disease; microbiota; microbiome

1. Introduction

Irritable bowel syndrome (IBS) is one of the most common gastrointestinal disorders
worldwide [1]. Despite the wide range of pharmacological treatments proposed, their
efficacy is often limited [1-5]. Given the established role of the gut microbiota in the patho-
genesis of IBS [6-8], the use of live microorganisms (probiotics) has attracted considerable
interest as a therapeutic approach. Numerous clinical trials have investigated the efficacy of
probiotics in the management of IBS; however, their results have been inconsistent. To syn-
thesize the available evidence, multiple systematic reviews with meta-analyses have been
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published [9-38] (Supplementary Table S1). While most of these reviews concluded that
probiotics are generally effective in IBS, substantial heterogeneity was observed, suggesting
strain-specific differences in therapeutic effects.

Importantly, the vast majority of published systematic reviews did not perform meta-
analyses at the level of individual probiotic strains. The most recent strain-specific meta-
analysis of probiotic efficacy in IBS was published more than four years ago [33] and there-
fore requires updating. Moreover, this analysis included studies evaluating multi-strain
formulations [39-50], as well as probiotics combined with prebiotics [51] or simethicone [52],
which precludes a reliable assessment of the true effects of individual probiotic strains.

In accordance with the principles of evidence-based medicine, meta-analyses of ran-
domized placebo-controlled trials (RPCTs) provide the highest level of evidence, as they
minimize bias and allow an assessment of the reproducibility of results. In this systematic
review, we aimed to identify specific probiotic strains demonstrating reproducible benefits
across different IBS outcomes based on meta-analyses of RPCTs.

2. Materials and Methods

This systematic review was registered in the PROSPERO database (CRD420251047092)
and conducted in accordance with the PRISMA guidelines [53]. On 8 April 2025, searches
of the literature were performed in PubMed and Scopus using the search query “irritable
AND bowel AND syndrome AND probiotic”. A total of 2507 records were identified
in Scopus and 1400 in PubMed. After the removal of duplicates, the titles and abstracts
of 2635 publications were screened. Additional completed studies with available results
were identified through ClinicalTrials.gov using the condition “irritable bowel syndrome”
and the keyword “probiotic”, with the filter “results posted”. The reference lists of all
identified meta-analyses were also screened, yielding eight additional eligible studies. In

total, 2643 records were assessed (Figure 1).

Records identified from:
Scopus (0= 2507,

PubMed (n = 1400); p| Records removed before screening:
Identification Clinical trials (n = 4); Duplicate records removed (n = 2129)
Cochrane CENTRAL (n=616),
EMBASE (n=237)
Reference lists (n = 8).
Records excluded (n = 2576):
P ~ L - review, case or commentary (n= 2036);
- probictics in IBS were not studied (n= 189);
ReE.ords screened # - study on animals or cell culture, but not on patients (n= 100);
(n= 2643) - probiotic was used in combination with other active drugs (n= 22);
- not oral administration (n= 1);
- multi-strain probiotic was used (n= 108);
- strain not specified (n=9);
- not RPCTs (n=91).
Screening \
Reports assessed foreligibility Reports excluded (n=35):
(n=67) - full text could not be obtained and the abstract does not contain
information that can be meta-analyzed (n = 2);
-the only RCT on this strain in IBS (7 = 31);
- contains data that cannot be meta-analyzed (0 = 2).
_
Studies included in the review
Included and meta-analyses (7 = 32)

Figure 1. PRISMA flow diagram for the systematic review.
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Additional searches were performed using the following terms: “irritable AND bowel
AND syndrome AND Bacillus”, “irritable AND bowel AND syndrome AND Streptococ-
cus”, “irritable AND bowel AND syndrome AND Lactobacillus”, “irritable AND bowel
AND syndrome AND Bifidobacterium”, “irritable AND bowel AND syndrome AND
Saccharomyces”, and “(probiotici[MeSH Terms]) AND (irritable bowel syndrome[MeSH
Terms])”. These searches did not identify any additional eligible studies. An additional
search of the Cochrane Central Register of Controlled Trials (CENTRAL) was conducted
using the term “irritable bowel syndrome probiotic”. As of December 2025, 616 trials
were identified, including 237 records indexed in EMBASE. No new relevant studies with
available results were identified for inclusion. Searches using generic probiotic strain names
in this database did not increase the number of eligible studies.

Publications that did not report clinical trials evaluating the efficacy of orally adminis-
tered probiotics in human patients with IBS were excluded. Specifically, reviews, systematic
reviews, editorials, case reports, commentaries, corrections, animal or in vitro studies, stud-
ies involving non-viable bacteria (metabiotics), and studies evaluating non-oral routes
of probiotic administration were excluded. Studies were also excluded if they lacked a
placebo control, evaluated probiotics in combination with other active treatments, did not
specify the probiotic strain, or investigated multi-strain probiotic formulations.

Subsequently, the number of eligible publications available for each probiotic strain
was assessed. Strains supported by only a single eligible publication were excluded. The
final analysis included only probiotic strains for which efficacy in IBS was evaluated in
more than one randomized placebo-controlled trial (RPCT).

No language restrictions were applied.

Study selection was performed independently by two reviewers (R.M. and one of
the co-authors: E.G., AK,, LK, or VA.). Any disagreements were resolved by consensus;
if consensus could not be reached, the decision of the principal investigator (V.I.) was
considered final. The authors attempted to obtain full-text versions of all potentially
eligible studies. When necessary, corresponding authors were contacted by email or via the
scientific social network ResearchGate. Studies were excluded if the full text could not be
obtained and if the data reported in the abstract were insufficient for meta-analysis.

Data were extracted from all included studies using a predefined data extraction
form. Extracted variables included country of origin, probiotic strain, daily dose, treatment
duration, sample size in each study arm, IBS subtype, diagnostic criteria, and patient
demographics (age and sex). Whenever possible, data were extracted specifically for
participants included in the final analyses of the original studies; otherwise, data reported
at baseline or study inclusion were used.

Outcome data were also extracted. The primary outcomes were a reduction in abdom-
inal pain, bloating, and other IBS-related symptoms, as well as an improvement in quality
of life and overall IBS symptom severity. The secondary outcome was the incidence of
adverse events. Data extraction was performed independently by two reviewers (R.M. and
one of the co-authors: E.G., AK,, LK, or V.A.). Discrepancies were resolved by consensus,
with arbitration by the principal investigator (V.I.) when necessary.

The risk of bias of the included studies was assessed using the Cochrane Risk of Bias 2
(RoB 2) tool [54]. Assessment was performed independently by two reviewers (R.M. and
one of the co-authors: E.G., AK,, LK, or V.A.). Discrepancies were resolved by consensus,
and if consensus could not be reached, the decision of the principal investigator (V.I.) was
considered final.

The primary outcomes were the standardized mean differences in changes from
baseline in symptom rating scales, stool frequency, and stool consistency according to the
Bristol Stool Scale. Additionally, the odds ratio (OR) for clinically significant symptom
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improvement with probiotics versus placebo was analyzed. Visual data were digitized
using Screen Calipers 4.0 (Iconico, USA). Standard errors of the mean were converted
to standard deviations by multiplying by the square root of the sample size. Statistical
heterogeneity was assessed using the I? statistic. Values of I> < 25% were considered
indicative of low heterogeneity, whereas values > 75% indicated high heterogeneity. A
random-effects model was applied in cases of high heterogeneity (I> > 75%) and a fixed-
effects model was used otherwise. Meta-analysis results were presented as forest plots.
When a meta-analysis included more than four studies, publication bias was evaluated
using funnel plots and the Begg-Mazumdar rank correlation test. All calculations, meta-
analyses, and publication bias assessments were performed using the Comprehensive
Meta-Analysis software (version 3.3.0.70).

This study was conducted without financial support, and there are no conflicts of
interest. The detailed study protocol has not been published. Additional data can be
obtained from the corresponding author by e-mail upon reasonable request.

3. Results

Among the 2643 studies reviewed, 67 RPCTs assessed the efficacy of oral single-strain
probiotics in IBS, with the specific strain indicated. Of these, 10 strains were investigated in
at least 2 studies to meta-analyze, with a total of 32 studies describing their efficacy. These
studies were included in this systematic review. The characteristics of these studies are
presented in Tables 1-3.

Table 1. Main characteristics of the included studies.

Probiotic/

Study Country Probiotic Strain Dose 2;‘5: I:l;:/;llg)o CI:?:;; I(%Slcpléll\tlt/elflr)l F?I:\lai/e M(ePa:/lP?)ge
g}‘z%rEO[I;g?a“ USA ?Jﬁ‘fffl’.;’“m“m 35624 107 cells/d 8wk 39/37 hii ND 14/62 47/43
%gga[g‘g]“y L Treland Zﬁ‘%‘;“em‘m 35624 10 cells/d 8wk 22/22 i} 21/20/34/0 27/48 44
%ggr[;;‘iu FJ UK ?Jﬁi”f;;’“m”m 35624 10° cells/d 4wk 72/76 it 163/60/70/0  0/148 3/42
2335155‘[’;33“ M USA f;;fjﬁgggi“s GG 2 % 101 cells/d 6wk 25/25 i ND 10/40 12/12
gsallgc[;;}lla R Ttaly Lactobacillus 6 % 10° cells/d 8wk 67/69 1 ND 78/47 7/6
2603‘0“7’?23]51“‘ A Poland fg;;fg‘;gﬁi“s GG 6 x 10° cells/d 4wk 18/19 1 ND ND 12/11
I;S?gi[fg‘f]H Iran f:;;‘;ﬁggﬁi”s GG 2 % 101 cells/d 4wk 26/26 i 9/12/31/0 27/25 7/7
ﬁi“zlgg;f})z] Ireland ffiﬁfﬁiilfﬁ”s GG 4x10'° cells/d 4wk 24/19 I ND 3/16 39
%‘f{%‘; P Frances ;;’;;‘;ff;gf“s 299y 10" cells/d 4wk 105/99 11 ND 151/63 37/38
g;’;%zgl[ 4y  Pakistn ;f;;?:f;ﬁ”s 299v  5x 10" cells/d 4wk 55/53 i 33/28/47/0 63/45 38/34
gggf[zg?]m Poland ;;ﬁ‘;ffﬂ“s 299y 2 % 10 cells/d 4wk 20/20 Nc[ralrt‘::gg ND 8/32 45
12\8%%121215 Sweden zfg C;?:f;;ﬁ”s 299v 2 % 101 cells/d 4wk 25/27 I ND 16/36 51/46
ggel‘f[’(‘;‘]’“ C i‘;ﬁi‘ ;;ii‘;ff;ﬁf“s 299v 10 cells/d 8wk 23+17/25 i ND 2/79 48/47
%‘;Vf[‘gss(]’“ C. South ;;‘;:;ffﬂ”s 299y 10 cells/d 8wk 35/17 i 28/24/0/0 1/51 52/46
5313;“[2;?1{ Iran Escherichia coli gif;le ND 6wk 67/69 1 49/55/30/0 68/71 39/38
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Table 1. Cont.
Probiotic/
- . Dura- Rome IBS Pattern Male/ Mean Age
Study Country Probiotic  Strain Dose Tion Izllj‘:/;ll’)" Criteria  (D/C/M/U) Female (P/P1)

ZKSES‘[;’(‘)’] Germany  Escherichiacoli o5 05-5x100 cells/d 12wk 54/49 1 35/54/71/0 28/92 16/45
Gayathri R . Saccharomyces ~ CNCM 9
2000 [71] India cerevisiae 13856 4 x 107 cells/d 8wk 48/44 11T 61/20/11/0 66/34 42/40
Mourey F Saccharomyces ~ CNCM 9
2022[72] France cerevisiae 13856 8 x 107 cells/d 8wk 208/201 v 0/409/0/0 86/392 41/40
Pineton G Saccharomyces ~ CNCM 9
2015 [73] France cerevisine 1-3856 8 x 107 cells/d 8wk 86/93 11T 51/84/44/0 25/154 43/45
Spiller R Saccharomyces ~ CNCM 9
2016 [74] France cerevisiae 1-3856 8 x 107 cells/d 12wk 132/131 11T 79/180/120/0 62/317 45/45
KimJY Lactobacillus 9
2017 [75] Korea qasseri BNR17 10 x 107 cells/d 4wk 10/12 ND ND 13/9 29/27
Shin 2018 [76] Korea ;’igff"’””s BNR17 10 x 10° cells/d 8wk 24/27 I 51/0/0/0 22/29 35/38
Madempudi . Bacillus Unique 9
RS 2019 [77] India coagulans 52 2 x 107 cells/d 8wk 53/55 I 3/35/70/0 78/30 44/42
Sudha MR . Bacillus Unique
2018 [78] India coagulans 152 ND 8wk 72/69 11T 58/73/10/0 80/61 8/8
Bennani A Saccharomyces ~ CNCM 30
1990 [79] France boulardii 1745 500mg/d days 28/34 ND 27/10/18/0 19/43 35
Maupas JL. Saccharomyces ~ CNCM
1983 [30] France boulardii 745 9caps/d 1mo 16/18 ND ND 20/14 42
Abbas Z . Saccharomyces ~ CNCM
2014[81] Pakistan boulardii L745 750 mg/d 6wk 37/35 11T 72/0/0/0 53/19 38/33
Choi CH Saccharomyces ~ CNCM 11
2011 [82] Korea boulardii 1745 8x10'" cells/d 4wk 45/45 I 53/0/21/0 37/37 40/41
Majeed M . Bacillus MTCC 9 90
2016 [$3] India coagulans 5856 2 x 107 cells/d days 18/18 11T 36/0/0/0 17/19 36/35
Majeed M . Bacillus MTCC 9 90
2018 [84] India coagulans 5856 2 x 107 cells/d days 20/20 I ND 6/34 40/44
;5‘1‘165?;2]“ Netherlands CL:SC;Z’”C’” U Shirota 65 x 10° cells/d 8wk 39/41 1l 24/20/23/13 25/55 41/42
B Australia  LAIODcIlS gporn 65 10%cells/d 6wk 24/21 I 17/17/15/7  10/46 41/31

Note: ND—no data.

Table 2. Parameters reported in the included studies.

1BS . Number of
Study DI symptomein AU g ey swaming [T P mwece S0 TR quisale e
eneral Habits

ghza(ﬁb; nneau 6-point scale + + + + + + + NSD
;)U’(l;élahﬂny - i‘ii:i?gcale * + * 1BS-QOL NsSD
%E‘g“"'ﬂl v 6-point scale + + + + + DCnMA NSD
B, M .
poteasiing GSRS + ND
g[‘)‘;gca"ma R 11-point VAS + NAE
Gawroriska A Faces Pain
G freet .
Kianifar H 5-point
20?; e Lii:rrt‘scale + * NAE
Quulina g . . peavi
%ﬁczrotté P 4-point scale CA + + NSD
g;’:e;(‘]zgl 11-point VAS + ND
Dhedziclin 11-point scale cA ca ca ca NAE
Iz\g)%%“ek 5. 8-point VAS + +/CA +/CA + cA NAE
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Table 2. Cont.
1BS . Number of
Study Symptom Symptoms in Abdm.nmal Bloating Urgency Straining Incompl.e(e Passage Flatulence SlPol Con- Bowel QoL Scale Adverse
Scale Pain Evacuation of Mucus sistency . Effects
General Habits
Stevenson C.
2014 FS-IBS-S + QoL-IBS NSD
Stevenson C.
2001 FS-IBS-S + NSD
Faghihi AH B-IBS-SQ + cA +/CA ca cA ca ca ND
Kruis W 2012 IMPSS CA CA CA CA CA HRQL NSD
Gayathri R 8-point
2020 Likert scale +/CA * NSD
8-point
Mourey F 2022 Likert scale +/CA + IBS-QOL NSD
. 8-point
Pineton G 2015 Likert scale +/CA NSD
. 8-point
Spiller R 2016 Likert scale +/CA + + + + + 1BS-QOL NSD
Kim JY 2017 S-point + + + ND
Likert scale
Shin 2018 6-point scale + + + +/CA IBS-QOL NSD
Madempudi .
RS 2019 11-point scale +/CA +/CA + + + + + CA + NAE
Sudha MR 11-point
2018 Likert scale + +/CA + + + + + CA NSD
Bennani A .
1990 4-point scale DCnMA CA CA CA NAE
Maupas JL. .
1983 5-point scale DCnMA CA DCnMA DCnMA NAE
Abbas Z 2014 4-point scale + + + + + + + + + + IBS-QOL NSD
. 7-point
Choi CH 2011 Likert scale + + + + + + + + + + 1BS-QOL NSD
Majeed M 2016 VAS + + + IBS-QOL NSD
Majeed M 2018 Not assessed 1BS-QOL NSD
Thijssen AY 5-point Likert . . N N RAND-36 NSD
2016 scale
Yao CK 2015 VAS + + + + NSD

Note: B-IBS-SQ—Birmingham IBS Symptom Questionnaire; CA—categorical assessment (improvement/non-
improvement); DCnMA—data cannot be meta-analyzed; IMPSS—Integrative Medicine Patient Satisfaction Scale;
FS-IBS-S—Francis Severity IBS score; NAE—mno adverse effects; ND—no data; NSD—no significant difference
between probiotic and placebo groups; QoL—quality of life; VAS—visual analog scale.

Table 3. Assessment of biases in included studies.

Study R D Mi Me S (0)
Charbonneau D 2013
O’Mahony L 2005 ? ? ? ?
Whorwell 2006 ISR e
Gawronska A2007 [
O’Sullivan MA 2000 ? ?
Mocen-UlHaq 2022 |
Niedzielin 2001 o+ o+ o+ o+
Nobacks 2000 [EEEEEEESEEEE
Faghihi AH 2015
cuiswao2 [ -
Gayathi R 2020 >
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Table 3. Cont.

Study R D Mi Me S o
MoureyT2022 |
spilleriz0ts [ S
Kmiv2o7 (R 0 o SN
Shin 2018 » BN 2 » BN
Madempudi 52019 [EEEESSSS
sudhaMR20is |
Bermani A 1990 [
Maupas JL. 1983

avbesz20u |
croicrizo [SEEE
Majeed M2016 (SIS
Majeed 205 |
Thisen Av2016 [

G ZpY]

Note: green colour and “+” sign—low bias risk, yellow and “?” sign—moderate bias risk.

3.1. Bifidobacterium longum (Bifidobacterium infantis) 35624

The use of Bifidobacterium longum (Bifidobacterium infantis) 35624 as a single strain has
been studied in the treatment of IBS in three studies [55-57] that met the inclusion criteria
(Tables 1-3). A meta-analysis of their results demonstrated that this strain effectively
reduces the severity of abdominal pain, straining/difficulty during defecation, and IBS
symptoms in general (Figure 2). However, its effect on bloating, urgency, a feeling of
incomplete evacuation, and passage of gas was insufficient (Figure 2). The heterogeneity of
the study results varied significantly (12 = 57.9%, 10.4%, 50.8%, 20.6%, 10.3%, 46.3%, 19.5%,
respectively). Indicators of quality of life were reported in a manner that did not allow
for meta-analysis. The incidence of adverse effects in the probiotic groups did not differ
significantly from that in the placebo groups (Table 2).

3.2. Lactobacillus rhammnosus (Lacticaseibacillus rhammnosus; Lactobacillus casei subsp. rhamnosus) GG

The use of Lactobacillus rhamnosus (Lacticaseibacillus rhamnosus; Lactobacillus casei
subsp. rhamnosus) GG as a single strain has been studied in the treatment of IBS in five
studies [58-62] that met the criteria (Tables 1-3). This probiotic significantly reduced pain
(Figure 3). The heterogeneity of study results was moderate (I? = 25.9%). When only studies
in children were considered, the positive effect was maintained (1% = 42.7%). However, the
beneficial effect was lost across all subgroups in a meta-analysis based on the diagnostic
criteria used for IBS (Supplementary Figure Sla). In a subgroup analysis by drug dose, a
beneficial effect was observed with a daily probiotic dose of 6 billion cells, but not with
20 or 40 billion cells (Supplementary Figure S1b). In a subgroup analysis by treatment
duration, benefits were seen only with 8 weeks of treatment, but not with 4 or 6 weeks
(Supplementary Figure S1c). Other IBS symptoms and quality of life indicators could not
be meta-analyzed from these studies. Most studies reported no adverse effects with this
strain (Table 2). No publication bias was detected (p = 0.807) (Figure 4a).
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(a)study name Statistics for each study Std diff in means and 95% Cl
Std diff  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
- Charbonneau D 2013 0.165 0.257 0.066 -0.339 0.670 0643 0.520 ‘
O'Mahony L 2005 -0,639 0.309 0096 -1.245 -0.033 -2.067 0.039
Whorwell PJ 2006 -0.387 0.166 0.028 -0.712 -0.062 -2.330 0.020 —.—
-0.295 0.127 0016 -0544 -0046 -2318 0.020 ‘
—-2.00 -1.00 0.00 1.00 2.00
Statistics for each study Difference in means and 95% CI
(b) Difference Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Charbonneau D 2013 -0.070 0.231 0.053 -0.523 0.383 -0.303 0.762 ‘
O'Mahony L 2005 -1.100 0.249 0.062 -1587 -0613 -4.424 0.000
Whorwell PJ 2006 -0.310 0.140 0.020 -0.584 -0.036 -2.218 0.027 ‘ —.—
-0.406 0.108 0.012 -0618 -0.195 -3.769 0.000 ’
-2.00 -1.00 0.00 1.00 2.00
(C) Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Charbonneau D 2013 0.940 0651 0424 -0336 2216 1444 0149 | | | |
O'Mahony L 2005 -0.710 0.693 0480 -2.068 0648 -1.025 0.305
Whorwell PJ 2006 -0.340 0.134 0.018 -0603 -0.077 -2.537 0.011 —.—
-0.303 0.129 0.017 -0.555 -0.050 -2.347 0.019 ‘
-2.00 -1.00 0.00 1.00 2.00
(d) Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Charbonneau D 2013 0.070 0.231 0053 -0.383 0523 0.303 0.762
O'Mahony L 2005 0.000 0.249 0.062 -0487 0487 0.000 1.000
Whorwell PJ 2006 -0.270 0.140 0020 -0544 0004 -1.931 0.053
-0.145 0.108 0012 -0357 0066 -1.348 0.178
-2.00 -1.00 0.00 1.00 2.00
(C) Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Charbonneau D 2013 0.070 0.215 0.046 -0.351 0.491 0.326 0.744
Whorwell PJ 2006 -0.200 0.140 0.020 -0474 0074 -1.431 0.153
-0.120 0.117 0.014 -0.349 0110 -1.021 0.307
-2.00 -1.00 0.00 1.00 2.00
(f) Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Charbonneau D 2013 0.060 0.224 0.050 -0.379 0499 0.268 0.789
Whorwell PJ 2006 -0.300 0.140 0020 -0574 -0.026 -2.146 0.032 —.—
-0.199 0.119 0.014 -0431 0033 -1678 0.093
—-2.00 -1.00 0.00 1.00 2.00
(g) Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Charbonneau D 2013 0.050 0.233 0.054 -0407 0507 0.214 0.830
Whorwell PJ 2006 -0.240 0.115 0.013 -0466 -0.014 -2.085 0.037
-0.183 0.103 0.011 -0.386 0019 -1.775 0.076
-2.00 -1.00 0.00 1.00 2.00

Figure 2. Meta-analysis of studies on the effect of Bifidobacterium longum 35624 on the severity of
abdominal pain (a), straining/difficulty during defecation (b), symptoms in general (c), bloating (d),
urgency (e), a feeling of incomplete evacuation (f), and passage of gas (g) in irritable bowel syndrome.
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Figure 3. Meta-analysis of studies on the effect of Lactobacillus rhamnosus GG on the severity of
abdominal pain in irritable bowel syndrome.
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Figure 4. Funnel plots for assessment of publication bias in a meta-analysis of the results of a study
on the efficacy of Lactobacillus rhamnosus GG (a) and Saccharomyces cerevisise CNCM 1-3856 (b) in the
treatment of abdominal pain in IBS.

3.3. Lactiplantibacillus plantarum (Lactobacillus plantarum) 299v (DSM 9843)

The use of Lactiplantibacillus plantarum (Lactobacillus plantarum) 299v (DSM 9843) as
a single strain has been studied in the treatment of IBS in six studies [63-68] that met the
criteria (Tables 1-3). A meta-analysis of their results showed that this strain effectively
reduces the severity of abdominal pain and feelings of incomplete evacuation/disordered
defecation function. The number of patients reporting significant improvements in abdomi-
nal pain, flatulence, and general digestive symptoms was higher in the probiotic group than
in the placebo group. This strain did not have a significant effect on the rate of constipation
resolution and severity of bloating/flatulence (Figure 5). The heterogeneity of the results
of studies was different (I* = 50.1; 0.0; 62.9; 61.1; 0,0; 88.4; 68.4; 92.1%, respectively). The
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incidence of adverse effects in the probiotic groups did not differ significantly from that
observed in the placebo groups (Table 2).

(a) Study name

Statistics for each study

-2.00
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Figure 5. Meta-analysis of studies on the effect of Lactobacillus plantarum 299v on the severity of
abdominal pain (a), bloating/flatulence (b), feeling of incomplete evacuation/disordered defecation
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(a) Study name

Faghihi AH 2015
Kruis W 2012

(b)

Faghihi AH 2015
Kruis W 2012

function (c), digestive symptoms in general (d), abdominal pain improvement rate (e), flatulence
improvement rate (f), constipation improvement rate (g), and rate of improvement of digestive
symptoms in general (h) in irritable bowel syndrome.

3.4. Escherichia coli Nissle 1917

The use of Escherichia coli Nissle 1917 as a single-strain probiotic in the treatment of
IBS was studied in two studies [69,70] that met the inclusion criteria (Tables 1-3). Of the
data presented, only the incidence of reduction in abdominal pain and urgency could be
included in a meta-analysis. Neither of these outcomes showed a significant difference
between the probiotic and placebo groups (Figure 6). There was no heterogeneity in the
results of these studies (I> = 0% for both). The incidence of adverse effects in the probiotic
groups did not differ significantly from that observed in the placebo groups (Table 2).

Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio  limit limit Z-Value p-Value
1704 0.861 3.373 1.529 0.126
1214 0458 3.222 0.390 0.697
1524 0.871 2667 1.477 0.140

0.01 0.1 1 10 100
Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
1.040 0479 2.260 0.099 0.921
1.200 0.552 2.607 0.461 0.645
1117 0.645 1.934 0.396 0.692
0.01 0.1 1 10 100

Figure 6. Meta-analysis of studies on the effect of Escherichia coli Nissle 1917 on abdominal pain
improvement rate (a) and urgency improvement rate (b) in irritable bowel syndrome.

3.5. Saccharomyces cerevisiane CNCM I-3856

The use of Saccharomyces cerevisine CNCM 1-3856 as a single-strain probiotic in the treat-
ment of IBS was studied in four studies [71-74] that met the criteria (Tables 1-3). Moreover,
in 2 of them, data were provided separately for each form of IBS [71,74]. This strain reduced
abdominal pain severity in the meta-analysis of all data, as well as in the constipation-
predominant subgroups, but not in the diarrhea-predominant and mixed-disorders sub-
groups (Figure 7a). The heterogeneity of the study’s results was high (I?> = 76.9). No publi-
cation bias was detected (p = 0.174; Figure 4b). Patients who received this strain were more
likely to report a reduction in abdominal pain than those in the placebo group (Figure 7b).
This strain had no significant effect on bloating (Figure 7c; I? = 35.5). This strain significantly
improved stool consistency (Bristol Stool Scale) in the constipation-predominant subgroup
(Figure 7d; I = 58.5). The incidence of adverse effects in the probiotic groups did not differ
significantly from that observed in the placebo groups (Table 2).
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Figure 7. Meta-analysis of studies on the effect of Saccharomyces cerevisine CNCM 1-3856 on ab-
dominal pain severity (a) and improvement rate (b), bloating severity (c), and Bristol Stool Scale
improvement (d) in irritable bowel syndrome.

3.6. Lactobacillus gasseri BNR17

The effects of Lactobacillus gasseri BNR17 as a single-strain probiotic were described
in two studies (Tables 1-3) [75,76], the data of which had to be reprocessed before meta-
analysis. This strain did not show a significant effect on abdominal pain and bloating
(Figure 8). The heterogeneity of the study results varied (I> = 76.9 and 0.0%, respectively).
Further studies with standardized outcome reporting (mean =+ standard deviation or
standard error of the mean before and after the study) are needed to clarify the effect of
this strain on IBS symptoms. The incidence of adverse effects in the probiotic groups did
not differ significantly from that observed in the placebo groups (Table 2).
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Statistics for each study Std diff in means and 95% CI
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in means error Variance limit limit Z-Value p-Value
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Figure 8. Meta-analysis of studies on the effect of Lactobacillus gasseri BNR17 on severity of abdominal
pain (a) and bloating (b) in irritable bowel syndrome.

3.7. Bacillus coagulans Unique IS2 (MTCC5260)

The effects of Bacillus coagulans Unique 152 (MTCC5260) as a single-strain probiotic
were described in two studies (Tables 1-3) [77,78]. This strain reduced the severity of
abdominal pain, bloating, urgency, incomplete evacuation, straining, flatulence, bowel habit
dissatisfaction, and overall IBS symptoms (Figure 9a—h). The heterogeneity of the study
results varied (I2 = 94.7%; 0.0%; 64.1%; 66.3%; 76.0%; 0.0%; 33.0%; 74,3%). Normalization of
stool consistency occurred more frequently than in the placebo group (Figure 9i; 12 = 0.0%).
The incidence of adverse effects in the probiotic groups did not differ significantly from
that observed in the placebo groups (Table 2).

3.8. Saccharomyces boulardii CNCM I-745

The effects of Saccharomyces boulardii CNCM 1-745 as a single-strain probiotic were
described in five studies (Tables 1-3) [79-83]. We were unable to obtain the full text of one
of these studies [83], and therefore its data were not included in our meta-analyses. In two
studies, this strain was more likely to produce significant reductions in abdominal pain
compared to placebo (Figure 10a; I? = 0.0%). However, analysis of the other two studies,
which reported the values of symptom scales before and after treatment rather than the
number of patients with symptom improvement, showed that this strain did not have
a sufficient effect on the severity of abdominal pain, bloating, urgency, straining, sense
of incomplete evacuation, and passage of mucus (Figure 10b-g; 1> = 0.0%; 0.0%; 0.0%;
68.9%; 60.3%; 0.0%, respectively). These studies were characterized by high variability in
the characteristics (mean values were often equal to or less than the standard deviation).
Further studies are needed to clarify its effectiveness in the treatment of IBS. The incidence
of adverse effects in the probiotic groups did not differ significantly from that observed in
the placebo groups (Table 2).
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(1) Statistics for each study
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Figure 9. Meta-analysis of studies on the effect of Bacillus coagulans Unique IS2 on severity of abdomi-
nal pain (a), bloating (b), urgency (c), incomplete evacuation (d), straining (e), flatulence (f), bowel
habit dissatisfaction (g), and IBS symptoms in general (h), as well as the frequency of normalization
of stool consistency after taking this probiotic compared with placebo (i).
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Figure 10. Meta-analysis of studies on the effect of Saccharomyces boulardii CNCM I-745 on rate
of patients with significant reductions in abdominal pain (a), as well as on severity of abdominal
pain (b), bloating (c), urgency (d), straining (e), incomplete evacuation (f), and passage of mucus (g).
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3.9. Bacillus coagulans MTCC 5856

The effects of Bacillus coagulans MTCC 5856 as a single-strain probiotic were described
in two studies (Tables 1-3) [84,85]. Unfortunately, the effect of this probiotic on quality
of life is the only parameter whose results could be meta-analyzed. This strain showed a
positive effect on this parameter (Figure 11; 12 = 0.0%). The incidence of adverse effects in

the probiotic groups did not differ significantly from that observed in the placebo groups
(Table 2).

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper
inmeans error Variance Ilimit limit 2Z-Value p-Value

Majeed M 2016 -0.769 0.345 0.119 -1.446 -0.092 -2.227 0.026
Majeed M 2018  -0.963 0.334 0.112 -1.618 -0.309 -2.884 0.004
-0.870 0.240 0.058 -1.340 -0.399 -3.621 0.000

-2.00 -1.00 0.00 1.00 2,00

Figure 11. Meta-analysis of studies on the effect of Bacillus coagulans MTCC 5856 on quality of life of
IBS patients.

3.10. Lactobacillus casei Shirota

The effects of Lactobacillus casei Shirota as a single-strain probiotic were described in
two studies (Tables 1-3) [86,87]. This strain did not have a sufficient effect on the severity
of abdominal pain, bloating, flatulence, and IBS symptoms in general (Figure 12; 12 = 0.0%;
0.0%; 0.0%; 68.9%, respectively). The incidence of adverse effects in the probiotic groups
did not differ significantly from that observed in the placebo groups (Table 2).

(a) Study name Statistics for each study Std diff in means and 95% Cl
Std diff  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Thijssen AY 2016 0.375 0.226 0051 -0.087 0817 1.862 0.097
Yao CK 2015 0.000 0.299 0089 -0.586 0.586 0.000 1.000
0.239 0.180 0.032 -0.114 0.592 1.326 0.185
—2.00 -1.00 0.00 1.00 2.00
b Statistics for each study Std diff in means and 95% CI
( ) Std diff  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Thijssen AY 2016 0.311 0.225 0051 -0.130 0.752 1.382 0.167
Yao CK 2015 0.334 0.301 0091 -0256 0924 1.110 0.267
0.319 0.180 0.032 -0.034 0673 1.772 0.076
-2.00 -1.00 0.00 1.00 2.00
Statistics for each study Std diff in means and 95% CI
(C) Std diff  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Thijssen AY 2016 -0.176 0224 0050 -0616 0263 -0.787 0.431
Yao CK 2015 0.000 0.299 0.089 -0.586 0.586 0.000 1.000
-0.113 0.179 0.032 -0464 0238 -0.630 0.529
-2.00 -1.00 0.00 1.00 2.00
(d) Statistics for each study Std diff in means and 95% CI
Std diff  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Thijssen AY 2016 -0.133 0.224 0.050 -0572 0306 -0593 0.553
Yao CK 2015 -0.236 0.300 0090 -0.824 0352 -0.787 0.432
-0.170 0.179 0032 -0521 0182 -0946 0.344
-2.00 -1.00 0.00 1.00 2.00

Figure 12. Meta-analysis of studies on the effect of Lactobacillus casei Shirota on severity of abdominal
pain (a), bloating (b), flatulence (c), and IBS symptoms in general (d).
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4. Discussion

A meta-analysis of RPCT outcomes is the gold standard for confirming its effectiveness
in treating an illness. We were able to identify ten probiotic strains whose data could be
meta-analyzed out of the numerous probiotics evaluated for the treatment of IBS. Bifidobac-
terium longum 35624, Lactobacillus rhamnosus GG, Lactobacillus plantarum 299v (DSM 9843),
Saccharomyces cerevisine CNCM 1-3856, and Bacillus coagulans Unique IS2 were found to be
associated with an improvement of all or core IBS symptoms.

The work by Hun L. et al. [88], which detailed the impact of Bacillus coagulans GBI-30,
6086 on IBS, was excluded from the analysis since we were unable to access the complete
text of the article by Dolin BJ et al. [87] that studied the same strain.

Despite the fact that 30 systematic studies (Supplementary Table S1) on the effects of
probiotics in IBS have been published thus far, the majority of them either describe all of
these drugs collectively or additionally perform analysis by genus or, less frequently, species.
More than four years have passed since the publication of the last systematic study that
attempted to perform a strain-specific analysis [33]. We were able to considerably update the
data in that review by incorporating 13 new studies into our meta-analyses. According to
that review, Bacillus coagulans MTCC5260 and Lactobacillus rhamnosus GG lessen the intensity
of abdominal pain in IBS, while Bacillus coagulans MTCC5260, Lactobacillus plantarum 299v,
Saccharomyces boulardii CNCM 1-745, and Saccharomyces cerevisite CNCM 1-3856 increase the
frequency of abdominal pain relief, which is in line with our findings.

According to a systematic review by Goodoory et al. [10], Saccharomyces cerevisiae
1-3856 significantly reduces abdominal pain, while Lactobacillus plantarum 299V improves
overall IBS symptoms without significantly affecting abdominal pain. Bifidobacterium
bifidum MIMBDb75 has little effect on overall IBS symptoms. Bloating is likewise unaffected
by the latter. These results align with our findings for Saccharomyces cerevisiae 1-3856.
Since the effects of living and dead bacteria can differ greatly, we excluded Bifidobacterium
bifidum MIMBDbZ5 from our evaluation because one [89] of the two studies included in
that review investigated dead bacteria (metabiotics) of this strain. In contrast to that
review, ours showed that Lactobacillus plantarum 299V reduces the intensity of IBS-related
abdominal pain. Unfortunately, a specific forest plot for this strain was not included in
that study, which would have helped us comprehend the variations in review outcomes.
Furthermore, in contrast to that review, ours examined seven additional strains and a
greater number of IBS symptoms. Consistent with our results, Wen et al. [17] demonstrated
that Lactobacillus casei Shirota has no discernible effect on IBS. In that review, other strains
were not examined independently.

Consistent with our findings, Ford et al. [20] showed that Lactobacillus plantarum DSM
9843 (299V) considerably decreased the intensity of IBS symptoms. In that analysis, Bifidobac-
terium longum 35624 was not found to be beneficial for stomach pain; however, our review,
which included additional research, discovered that this strain was beneficial for IBS symp-
toms. In that review, the outcomes of other strains were not independently meta-analyzed.

In line with our findings, Wu et al. [26] showed that Saccharomyces cerevisiae I-3856 was
useful in lessening the intensity of IBS symptoms. In that review, the outcomes of other
strains were not independently meta-analyzed.

The mechanism by which probiotics may exert a beneficial effect in IBS is complex
and not fully understood, much as IBS pathogenesis itself. It is believed that probiotics
strengthen the intestinal barrier and modulate the composition and function of the gut
microbiota, altering the signals it transmits to the intestinal nervous and immune systems
and thereby reducing visceral sensitivity and normalizing intestinal motility [90-93].

A limitation of our systematic review is that we were unable to obtain the full texts of
two articles [83,87], whose data could have influenced the results of our review. In addition,
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the lack of a standard form for reporting study results (mean and standard deviation for

results before and after treatment) could have led to biased data conversion. Furthermore,

most meta-analyses included only a small number of studies.

Another limitation is that a number of potentially beneficial probiotic strains were

excluded from our meta-analyses because they only had one RCPI. This could lead to

selection bias, favoring the most well-known probiotic strains over others that are less

well-known and, hence, have received less research. Table 4 summarizes the findings of

studies on the efficacy of excluded probiotic strains in the treatment of IBS [87,88,94-123].

Table 4. Main results of efficacy of excluded probiotic strains in the treatment of irritable bowel

syndrome (IBS).

Study Probiotic Strain Main Effects
glgé?gg])-Radomaﬁska Bacillus coagulans BC300 (DSM 33836)  Pr reduced some IBS symptoms
Shaikh 2024 [99] Bacillus coagulans BCP92 Pr reduced IBS severity
Dolin 2009 [87] Bacillus coagulans GBI-30, 608 Eforjéi;zzc:snumber of bowel
Hum 2009 [88] Bacillus coagulans GBI-30, 608 Pr reduced severity of abdominal

pain and bloating

Gupta 2021 [100]

Bacillus coagulans

LBSC (DSM17654)

Pr reduced bloating, abdominal
pain, diarrhea, constipation,
stomach rumbling, nausea,
vomiting, headache, and anxiety

Pr reduced abdominal pain,

Kallur 2024 [101] Bacillus coagulans LMG S-31876 bloating, and diarrhea
Garvey 2022 [102] Bacillus subtilis BS50 Pr reduced bloating, burping,
and flatulence
MIMBb75 Pr reduced global IBS symptoms,

Guglielmetti 2011 [104]

Bifidobacterium bifidum

(SYN-HI-001)

abdominal pain, bloating, and
improved quality of life

Skrzydto-Radomariska . . , BI040 (DSM

2023 [98] Bifidobacterium lactis 33812,/34614) Pr reduced some IBS symptoms

JanssenDuijghuijsen 2024 [103]  Bifidobacterium lactis BLa80 Pr reduced IBS severity
Pr reduced abdominal pain and

. - . . abdominal distension,

Martoni 2020 [108] Bifidobacterium lactis UABIla-12 normalized bowel habits and
improved quality of life

Srivastava 2024 [106] Bifidobacterium longum CECT 7347 Pr reduced IBS.severl.ty and
improved quality of life

. . . Pr increases quality of life; no

Pinto-Sanchez 2017 [95] Bifidobacterium longum ~ NCC3001 significant effect on IBS symptoms

Lewis 2020 [105] Bifidobacterium longum R0O175 Pr reduced IBS'seven.ty and
improved quality of life

Enck 2009 [109] Escherichia coli DSM17252 Pr reduced IBS severity

Lacticaseibacillus IDCC 3201 .
Kwon 2024 [110] (Lactobacillus) rhamnosus  (RH 3201) Pr reduced IBS severity
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Table 4. Cont.

Study Probiotic Strain Main Effects
. Lacticaseibacillus Pr had no effect in the whole
Dapoigny 2012 [118] (Lactobacillus) rhamnosus LCR35 IBS population
Pr reduced abdominal pain,
Lactiplantibacillus APsulloc 331261 bloating, feeling of incomplete
Jung 2022 [111] (Lactobacillus) plantarum  (GTB1) evacuation, diarrhea, and
improved quality of life.
Lactiplantibacillus Pr reduced IBS severity and
Yang 2021 [114] (Lactobacillus) plantarum CCEMI143 improved quality of life
. Lactiplantibacillus Pr reduced IBS severity and
Liu 2021 [121] (Lactobacillus) plantarum CCEMB610 improved quality of life
. Lactiplantibacillus .
Kim 2024 [113] (Lactobacillus) plantarum JSA22 Pr reduced bloating
. Lactiplantibacillus .
Martoni 2023 [112] (Lactobacillus) plantarum Lpla33 (DSM34428)  Pr reduced IBS severity
. Lactiplantibacillus Pr had unfavorable effect on
Ligaarden 2010 [96,97] (Lactobacillus) plantarum MF 1298 IBS symptoms
Pr reduced moderate to severe
Lyra 2016 [115] Lactobacillus acidophilus ~ NCFM abdominal pain, but not other
IBS symptoms
Sinn 2008 [116] Lactobacillus acidophilus ~ SDC 2012, 2013 Pr reduced abdominal pain
Pr reduced abdominal pain and
. . . . abdominal distension,
Martoni 2020 [108] Lactobacillus acidophilus ~ DDS-1 normalized bowel habits and
improved quality of life
Murakami 2012 [117] Lactobacillus brevis KB290 Pr reduced abdominal pain
Nobutani 2017 [119] Lactobacillus gasseri CP2305 Pr reduced IBS severity
O’Mahony 2005 [56] Lactobacillus salivarius UCC4331 gsh:;mrgltréilnsl effect on
Cremon 2018 [120] Lactocasez.baczllus ' CNCM 11572 Pr had no significant effect on
(Lactobacillus) paracasei IBS symptoms
. Lactocaseibacillus Pr reduced IBS severity and
Lewis 2020 [105] (Lactobacillus) paracasei HA-196 improved quality of life
. Lactocaseibacillus Pr improved peristalsis and
Lin 2024 [122] (Lactobacillus) paracasei NTU 101 shortened defecation interval
. Limosilactobacillus Pr had no significant effect on
Niv 2005 [107] (Lactobacillus) reuteri ATCC 55730 IBS symptoms
. Limosilactobacillus Pr had no significant effect on
Konig 2024 [123] (Lactobacillus) reuteri ATCCPTA 6475 IBS symptoms
Limosilactobacillus No significant effect on
Amirimani 2013 [94] DSM 17938 abdominal pain, bloating, and

(Lactobacillus) reuteri

other IBS symptoms

Note: Pr—probiotic.

Our research is further limited by the fact that we often meta-analyzed studies that
used various approaches, such as varying probiotic dosages, treatment durations, IBS vari-
ants, participant age, and diagnostic criteria (Rome I, II, III, IV, and others). We conducted
subgroup meta-analyses for various patient age groups and IBS variations in addition
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to the overall meta-analysis wherever feasible (e.g., for Lactobacillus rhamnosus GG and
Saccharomyces cerevisinie CNCM 1-3856). However, unfortunately, in most cases, the number
of studies was too small to conduct subgroup analyses.

A strength of our work is that it represents the most up-to-date and most comprehen-
sive strain-specific meta-analyses on this topic.

More strain-specific RPCTs are needed for subsequent meta-analyses with other probi-
otic strains tested in IBS.

5. Conclusions

Meta-analyses confirmed the efficacy of Bifidobacterium longum 35624, Lactobacillus
rhamnosus GG, Lactobacillus plantarum 299v (DSM 9843), Saccharomyces cerevisite CNCM
1-3856, and Bacillus coagulans Unique IS2 in relation to the main symptoms of IBS. Bacillus
coagulans MTCC 5856 improves quality of life for those with IBS. Conflicting results were
obtained from meta-analyses of Saccharomyces boulardii CNCM 1-745 efficacy. Meta-analyses
did not confirm the efficacy of Escherichia coli Nissle 1917, Lactobacillus gasseri BNR17, and
Lactobacillus casei Shirota in the treatment of IBS.
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