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ABSTRACT

Background & Aims: Helicobacter pylori (H. pylori) is an obligate pathogen affecting approximately 50%
of the world population. With rising antibiotic resistance rates in H. pylori and increasing dropout rates from
eradication therapies due to adverse effects, H. pylori treatment is increasingly challenged. Saccharomyces
boulardii (S. boulardii), a probiotic yeast, was shown to reduce infection- and therapy-associated adverse
events and increase H. pylori eradication rates. Our meta-analysis summarizes the beneficial effects of S.
boulardii supplementation on H. pylori eradication and therapy-associated side effects

Methods: We conducted a systematic literature review and meta-analysis on PubMed, Cochrane Library, and
Google Scholar from inception (1993) to October 24, 2024. Research and analysis were performed in accordance
with the ‘Preferred Reporting Items of Systematic Reviews and Meta-Analyses’ (PRISMA) guidelines.
Results: The supplementation of S. boulardii to H. pylori therapy caused a significant increase in overall
eradication rates and a significant decrease in overall diarrhea, nausea, and epigastric pain rates. Subgroup
analysis showed that S. boulardii supplementation also decreased taste disturbance rates in patients receiving
triple therapy. Symptoms, such as meteorism, vomiting, and urticaria/rash, were not significantly reduced
through the supplementation of S. boulardii.

Conclusions: S. boulardii was shown to be an effective add-on to H. pylori eradication therapy. Significant
improvements in eradication and frequency of the most common adverse events were observed. However,
more studies are needed to validate those findings for patients receiving bismuth-based quadruple therapy.

Key words: Saccharomyces boulardii — H. pylori — probiotic — meta-Analysis — H. pylori treatment — H. pylori
eradication.

Abbreviations: CI: confidence interval; H. pylori: Helicobacter pylori; ITT: intention-to-treat (ITT); L:
Lactobacillus; LogRR: log risk ratio; PP: per-protocol; PPI: proton pump inhibitor; RCT: randomized controlled
trial; RR: risk ratio; S. boulardii: Saccharomyces boulardii.

INTRODUCTION

Helicobacter pylori (H.
pylori) is a microaerophilic,
Gram-negative pathogen that
causes chronic gastritis, which
may eventually progress to a
series of complications [1, 2]. H.
pylori is commonly eradicated
through a combination of acid
suppressors and antibiotics [3].
However, the increasing rates of
antibiotic resistance in H. pylori
(e. g., up to 22.2% resistance
to clarithromycin & 69.2%
resistance to metronidazole

within European cohorts) [4], coupled with treatment failure
partly due to early discontinuation [5], pose a major problem
in clinical practice. This highlights the need for adjusted
treatment options. Several studies have documented that H.
pylori eradication and treatment-associated side-effects can
be significantly improved by the supplementation with certain
probiotic bacteria, including Lactobacillus (L) gasseri [6], L.
reuteri [7, 8], or L. rhamnosus [9].

In this context, numerous meta-analyses have investigated
the potentially beneficial effects of probiotics on H. pylori
eradication and side effects. However, the majority of meta-
analyses have been performed on probiotic, lactic acid bacteria,
mostly belonging to the following genera: Lactobacillus,
Clostridium, Bifidobacterium [10-16]. In this study, we
systematically analyzed published data on the probiotic yeast
Saccharomyces boulardii. S. boulardii was already shown to
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significantly reduce diarrhea rates and duration [17, 18], a
frequent adverse event associated with eradication therapy.
Our meta-analysis summarizes the beneficial effects of S.
boulardii supplementation on H. pylori eradication [19-21]
and therapy-associated side effects, such as diarrhea [19, 22-
28], nausea [26], epigastric pain/abdominal discomfort [22,
26], and taste disturbance [27]. Further analysis is performed
on the supplementation of S. boulardii to triple (proton pump
inhibitor + two antibiotics) or quadruple therapy (proton pump
inhibitor + two antibiotics + bismuth). Subgroup analysis
shows the beneficial effects of S. boulardii supplementation,
depending on different dosages of the probiotic.

METHODS

Research Strategy

We conducted a systematic literature review and meta-
analysis, according to the ‘Preferred Reporting Items of
Systematic-Reviews and Meta-Analyses’ (PRISMA) guidelines
[29]. Research was conducted on PubMed, Cochrane Library,
and Google Scholar from inception (1993) to October 24,
2024. Search terms included: “Saccharomyces”, “S. boulardii”,
“Helicobacter pylori”, and “H. pylori”. The research question was
defined according to the Population, Intervention, Comparison,
Outcomes, and Study (PICOS) framework (Table I).

Study Selection And Data Extraction

Table I. PICOS framework applied to the question of this meta-analysis

Population  H. pylori positive subjects (children and adults)

Intervention  Triple therapy or bismuth-based quadruple therapy for
H. pylori combined with S. boulardii for at least 7 days

Comparison  Triple therapy or bismuth-based quadruple therapy of H.
pylori without any further probiotic supplementation

Outcomes Differences in eradication rates of H. pylori, total
number of adverse events, and number of singular
symptoms/adverse events (diarrhea, abdominal pain,
nausea/vomiting, bloating, urticaria, diarrhea duration,
etc.)

Study Randomized clinical studies

PubMed, Cochrane, and Google Scholar were searched
separately. The obtained research results were exported to
Microsoft Excel (version 2404; Redmond, WA, USA) and
duplicates were removed. Subsequently, a total of 213 studies
were screened by title and abstract (Fig. 1). Data extraction was
performed manually and included the following: First author,
year of publication, country, study group sizes (intervention
and control groups), number of participants, mean age,
study type, treatment strategy for both groups, drug doses,
diagnostic methods for H. pylori infection, and re-evaluation
after eradication.

Exclusion criteria included: In vitro experiments; animal
experiments; monotreatment with S. boulardii without including
antibiotic eradication therapy; combination of multiple
probiotics in the interventional group (e. g. [30]); untreated
H. pylori-positive subjects as a control group; non-controlled
studies; (systematic) reviews; meta-analyses; letters; editorials;
conference abstracts and non-English/-German publications.
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Quality Assessment and Risk of Bias Evaluation

Study quality and risk of bias were assessed using the
revised ‘Cochrane Risk of Bias tool for randomized studies’
(RoB 2. 0). Bias domains included in the tool are:

(1) Bias arising from the randomization process.
2) Bias due to deviations from intended interventions.
3) Bias due to missing outcome data.
4) Bias in measurement of the outcome.
5) Bias in the selection of the reported results.

(6) Overall bias.

According to the tool, study bias was categorized as either
(a) low, (b) some concerns, or (c) high. Visualization of the
assessed risk of bias was performed using robvis software
(https://mcguinlu. shinyapps. io/robvis/).

(
(
(
(

Statistical Analysis

A Meta-analysis was performed using Jamovi software
(version: 2. 3. 28 [31]). In accordance with the Cochrane
Handbook of Systematic Reviews for Interventions [32], the
analysis was conducted using the Log Risk Ratio (LogRR) and
its 95% confidence interval (CI) as the outcome measure. A
random effects model was applied. Heterogeneity was assessed
using the Q-test [33], I, and tau®. In accordance with Higgins
et al. [34], heterogeneity based on I was classified as follows:
low: I? = 0-25%; moderate: I = 26-50%; high: I = 51-75%
and respectively: I? >76%. H. pylori eradication data were
analyzed by intention-to-treat (ITT) and by per-protocol (PP)
analysis. Subgroup analysis (different S. boulardii doses; triple
or quadruple therapy) and singular symptom analysis were
carried out using I'TT-analysis. The rank correlation test and
regression test were used to analyze funnel plot asymmetry,
thus estimating potential publication bias. Additional PP-
analysis and funnel plots are available upon request by
contacting the corresponding author.

RESULTS

Study Selection and Data Extraction

From the initially identified studies (n=253), 40 were
duplicates and have been removed. A total of 213 studies were
included for title and abstract screening (Fig. 1). One hundred
eighty-seven studies were excluded, leaving 24 studies for full-
text screening. Finally, 16 studies were included for qualitative
and quantitative evaluation that met all fulfillment criteria.

Study Characteristics

A total of 16 studies with 3087 randomized patients were
included in the analysis. The studies were published between
2002 and 2024. From these 16 studies, 12 were performed in
Asia [20, 22-26, 28, 35-39], three in Europe [21, 27, 40], and
one in Africa [19]. Three of the selected studies were performed
in a multi-center approach [24, 28, 39], while the remaining
13 were single-center studies [19, 20, 22, 23, 25-27, 35-38, 40]
(Table II).

Two of the studies treated children exclusively, whereas 14
studies measured treatment effects in adults. Adulthood was
not consistently defined. The majority of the studies defined
adulthood at 18 years of age, while one study also included
patients over 15 years [26], two studies included patients over
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———
n=40
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Included for title/abstract screening

v

Full-text screening
n=24

Excluded: n= 189

e Review, Meta-analysis: n= 46
Wrong language: n=5

No full-text available: n=10
Thematically not fitting: n= 128

v

Eligable studies
n=16

Excluded: n=8

e Combination of multiple probiotics: n=2
Saccharomyces monotreatment: n=2
Non-controlled: n=1

Non-fitting study setting: n=2

Data not shown: n=1

Fig. 1. Search strategy that was applied for the meta-analysis.

16 years [20, 28], two studies included patients over 17 years
[25,37], and one study defined adulthood as the age of 22 [24].
The number of participants ranged from 43 to 661.

All patients included in the studies received eradication
therapy, either triple therapy or bismuth-based quadruple

Table II. Characteristics of the included studies

therapy, with supplementation of S. boulardii in cases of
randomization to the treatment arm. Triple therapy was
utilized as the treatment regimen in 12 studies [20-23, 25-
28, 36, 38-40], while bismuth-based quadruple therapy was
employed in 3 studies [24, 35, 37].

Study Country  Type Groups S. boulardii Eradication Mean Age H. pylori H. pylori
Treatment Treatment diagnosis Re-
Evaluation
Cindoruk, 2007, Prospective Control See eradication  Lansoprazole 30 mg At least 18: Histology UBT
[22] Randomized Group: 62 treatment + b.i.d Amoxicillin 48+-14.25
Placebo- Treatment S. boulardii 1000 mg b.i.d,
controlled Group: 62 500mg b.i.d Clarithromycin 500
Double-blind For 14 days mg b.i.d,
Study For 14 days
(single-center)
He, 2023, [35] Prospective Control See eradication ~ Esomeprazole 20 mg At least 18: Histology or UBT
Randomized- group: 86 treatment + S. b.i.d, Amoxicillin 40.48+-12.2  UBT
Controlled Treatment boulardii 1000 mg b.i.d (CG)
Study Group: 86 500mg b.i.d Antofloxacin 200 mg  42.79+-13.12
(single-center) (>5x10° CFU) q.i.d, (TG)
For 14 days Bismuth 200 mg t.i.d
For 14 days
Chang, 2019, Randomized Control See eradication ~ Pantoprazole 40 mg  53,2+-10.97  Rapid Urease UBT
[36] Clinical Trial Group: 61 treatment + b.i.d, Amoxicillin (CG) Test or UBT
(single-center) S.boulardii 1000 mg b.i.d, 55.6+-10.65
Treatment (3x10°CFU/g) Clarithromycin 500  (TG)
Group: 61 capsules mg b.i.d
For 7 days For 7 days
(probiotic t.i.d
for 4 weeks)
Naghibzadeh, Double- Control See eradication ~ PPI40 mgb.i.d, At least 16: Endoscopy Endoscopy
2022, [37] Blinded Group: 52 treatment + Amoxicillin 1000 mg  47.76+-13.92 Stool
Placebo- Treatment S.boulardii 250  b.i.d, Clarithromycin antigen
Controlled Group: 52 mgb.i.d + 500 mg b.i.d Test
Randomized Afterwards, Bismuth 120 mg
Clinical Trial additional PPI (2 tablets b.i.d)
(single-center) For 14 days For 14 days
Afterwards,
additional PPI for
14 days
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Table II (continued)

Hurduc, 2008, Romania Randomized, Control See eradication ~ Ome-/Esomeprazole 3-18 years: Histology, Histology,
[40] Open Trial Group: 42 treatment + 1mg/kg/day b.i.d, 10.9 (CG) Rapid Urease Rapid
(single-center) S.boulardii 250 Amoxicillin 50mg/ 11.5 (TG) Test Urease
Treatment mgb.i.d For 28  kg/day, b.i.d, Test
Group: 48 days Clarithromycin
15mg/kg/day, b.i.d,
PPI: 21 days
Antibiotics: 7-10
days
Bin, 2015, [23] China Randomized Control See eradication ~ Omeprazole, Children: Anti-H. UBT
Intervention Group: 100 treatment + Amoxicillin/ 8.63+-3.54 pylori-1gG or
Study Treatment S.boulardii 250 ~ Metronidazole, (CG) Histology
(probably Group: 105 mg b.i.d Clarithromycin 8.41+-3.66
single-center) Eradication For 14 days For 14 days (TG)
analysis was
done with 21
subjects of
each group
Chotivitayatara-  Thailand Double- Control See eradication ~ Dexlansopra-zole 40 At least 18 Culture or UBT
korn, 2017, [37] Blinded Group: 27 treatment + mgb.i.d, Histology and
Randomized S.boulardii Moxifloxacin 400 Rapid Urease
Placebo- Treatment 282.5mgb.id  mg(1/day) Test
Controlled Group: 27 For 7 days Clarithromycin
Study (single- 1000 mg (1/day)
center) For 7 days
Chotivitayatara- ~ Thailand Double- Control See eradication  Dexlansopra-zole 40 At least 18 Culture or UBT
korn, 2017, [37] Blinded Group: 27 treatment + mg b.i.d, Histology and
Same study as Randomized S.boulardii Moxifloxacin 400 Rapid Urease
above Placebo- Treatment 282.5mgb.id  mg(1/day) Test
Controlled Group: 27 For 14 days Clarithromycin
Study (single- 1000 mg (1/day)
center) For 14 days
Seddik, 2019, Morocco  Randomized Control See eradication ~ Omeprazole 20 mg At least 18: Histology UBT
[19] Open Trial Group: 99 treatment + b.id, 46.3+-13.8
(single-center) S.boulardii 250  Amoxicillin 1000mg  (CG)
Treatment mgb.i.d b.id, 43+-13.2
Group: 100 For 10 days For 5 days followed by  (TG)
Omeprazole 20 mg
b.i.d, Metronidazole
500 mg b.i.d,
Clarithromycin 500
mgb.id
For 5 days
Song, 2010, [25]  Korea Randomized Control See eradication ~ Omeprazole 20 mg At least 16: Histology or UBT
Intervention Group: 331 treatment + b.i.d, Amoxicillin 49.84+-11.4  Rapid Urease
Study (single- S.boulardii 1000 mg b.i.d, (CG) Test
center) Treatment 3x10" CFU/g Clarithromycin 500  49.76+-11.7
Group: 330 tid mgb.i.d, For 7 days  (TG)
For 28 days
Zhao, 2021, [24]  China Prospective Control See eradication ~ Esomeprazole At Jeast 22: UBT UBT
Randomized Group: 179 treatment + 20 mg b.i.d, 46.68+-12.85
Controlled S.boulardii 500  Amoxicillin (CG)
Trial (multi- Treatment mg b.i.d, For 14 1000 mg b.i.d, 45.31+-11.46
center) Group: 169 days Clarithromycin 500  (TG)
mg b.i.d,
Bismuth 600 mg
b.id,
For 14 days
Zhang, 2024, China Randomized Control Rabeprazole Rabeprazole 20 mg At least 18: Histology, UBT
[11] Clinical Trial Group: 48 20 mgb.i.d, b.i.d, Amoxicillin 48.77+-10.05 Rapid Urease
(multi-center) Amoxicillin 1000 mg b.i.d, (CG) Test and UBT
Treatment 1000 mg b.i.d,  Clarithromycin 500  50.22+-10.97
Group: 48 Clarithromycin  mgb.i.d (TG)
500 mg b.i.d, For 10 days

For 10 days +
S.boulardii 500
mg b.i.d, For 14
days
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Table II (continued)
Zojaji, 2013, Iran Randomized, Control See eradication ~ Omeprazole 20 mg At least 15: Histology UBT
[26] Controlled Group: 80 treatment + b.i.d, 47.1+-11.4
Clinical Trial S.boulardii 250  Amoxicillin
(single-center)  Treatment mgb.i.d, For 14 1000 mg b.i.d,
Group: 80 days Clarithromycin 500
mgb.i.d
For 14 days
Chu, 2012, [20]  China Randomized Control See eradication ~ Omeprazole 20 mg At least 17: Histology Histology,
Intervention Group: 50 treatment + b.i.d, 38.72+-11.81  (staining), Rapid
Study (single- S.boulardii 250  Amoxicillin Rapid Urease Urease
center) Treatment mgb.i.d For 14 1000 mgb.i.d, Test Test
Group: 50 days Clarithromycin 500
mgb.id
For 14 days
Duman, 2005, Turkey Prospective, Control See eradication ~ Omeprazole 20 mg At least 17: Histology UBT  ?
[28] Open, Group: 185 treatment + b.i.d, Amoxicillin 44.65+-13.9
Randomized Treatment S.boulardii 500 1000 mg b.i.d, (CG)
Study (multi- Group: 204 mgb.i.d For 14  Clarithromycin 500  45.68+-12.7
center) days mgb.i.d (TG)
For 14 days
Cremonini, Italy Randomized, Control See eradication ~ Rabeprazole 20 mg At least 18: UBT UBT
2002, [27] Double- Group: 21 treatment + b.i.d, (max. 81)
Blinded Study ~ Treatment S.boulardiibid Tinidazole 500 mg
Group: 22 (1x10™ CFU) b.i.d,
For 14 days Clarithromycin 500
mg b.i.d
For 7 days
Kyriakos, 2013,  Greece Prospective, Control See eradication ~ Omeprazole 20 mg At least 18: Urease Test, UBT
[21] Randomized, Group: 34 treatment + b.i.d, Amoxicillin (max. 75) Histology
Controlled, Treatment S.boulardii 100 1000 mg b.i.d,
(single-center)  Group: 36 mg tid (2x10°  Clarithromycin 500
CFU) mg b.i.d
For 14 days For 14 days

B.i.d (bis in die): twice a day; t.i.d (ter in die): three times a day; q.i.d (quater in die): four times a day; UBT: urease breath test.

The doses of S. boulardii supplementation varied from 300
mg/day (100 mg three times a day) to 1000 mg/day (500 mg
twice a day). Most commonly, S. boulardii doses were 250 mg
twice daily or 500 mg twice daily.

The treatment durations ranged from 7 to 14 days, with two
studies extending PPI treatment up to 21 [40] and 28 days [37].
The majority of the studies (n=10) treated patients for 14 days with
eradication therapy and S. boulardii supplementation (Fig. 2).
Two studies employed a 7-day treatment regimen of eradication
and S. boulardii supplementation [36, 38], whereas two other
studies treated patients for 7 days with eradication therapy, but
S. boulardii was supplemented for 14 [27] and 28 [25] days.

Quality Assessment and Risk of Bias Evaluation

From the 16 included studies, five showed a ‘low’ overall
risk of bias [22, 24, 27, 35, 37]. Seven studies had ‘some
concerns [20, 21, 25, 26, 36, 38, 39] and four studies were
assessed as ‘high’ in their overall risk of bias [19, 23, 28, 40]
(Supplementary Fig. 1). None of these studies showed a
high risk of bias occurring from ‘deviations from intended
intervention, ‘measurement of the outcome; or ‘selection of the
reported results’ (Supplementary file, Fig. 2), thus showing that
the initially planned treatments were performed in accordance
with the intervention plan. Substantial deviations were not
observable here, thus supporting the reliability of the obtained
results. Three studies were identified as having a high risk of
bias due to ‘randomization process’ [19, 28, 40], and one study

due to ‘missing outcome data’ [23]. Especially, bias occurring
from the ‘randomization process’ might limit the reliability
of the obtained results. Potential confounders in certain
individuals might influence outcomes more extensively, thus
biasing the actual effect on eradication or treatment-associated
side effects.

Statistical Analysis

Eradication

A total of 15 studies were included in the analysis of
potential effects on eradication (Fig. 3). One study [28] did
not measure eradication effects and is therefore not included
in this part of the analysis. The overall analysis of all studies
measuring eradication yielded a significant Log Risk Ratio
(LogRR) 0f 0.09 [95%CI: 0. 05-0.12; p<0.001; Risk Ratio (RR)
1. 09] in ITT analysis. Similar results were observed in PP
analysis (LogRR: 0.08; 95%CI: 0.04-0.12; p<0.001; RR=1.08).
Thus, a small but significant increase in the eradication rate
of H. pylori caused by the supplementation of S. boulardii was
shown. Q-test (ITT:Q=15. 4, p=0. 43 vs. PP:17. 4, p=3. 0) and
I* (ITT: 6. 8% and PP: 23. 36%) showed no significant study
heterogeneity.

Subgroup analysis confirmed the significant increase of H.
pylori eradication in subjects treated with conventional triple
therapy, supplemented with S. boulardii, in comparison with
patients receiving only triple therapy (LogRR=0.11; 95%CI:
0.06-0.16; p<0.001; RR=1.12) (Supplementary file, Table V).
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Fig. 2. Overview of the included studies and the various treatment
regimens. Dark blue: eradication therapy; Green: S. boulardii regimen;
Blue: additional PPI (that was given longer than the regular eradication
therapy). The upper arrow marks the control group. The lower arrows
mark the eradication + S. boulardii. For abbreviations see Table L.
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Log Risk Ratio Log Risk Ratio

Study 95%Cl Weight 95%Cl

Chotivitayatarakorn, 2017 (14 days) - 7.49% -0.04[-0.17, 0.09]
Cremonini, 2002 e 1.25% 0.01[-0.32, 0.34]
He, 2023 HiH 14.59% 0.03 [-0.06, 0.11]
Zhao, 2021 i 14.11% 0.04 [-0.05, 0.13]
Chang, 2020 ] 5.24% 0.04 [-0.12, 0.20]
Naghibzadeh, 2022 [ 7.85% 0.09[-0.04, 0.21]
Song, 2010 C 3l 15.27% 0.11[0.02, 0.20]
Chotivil o, 2017 (7 days) ] 5.83% 0.12[-0.03, 0.26]
Seddik, 2019 ] 6.59% 0.14[0.00, 0.28]
Bin, 2015 [ — 0.73% 0.14[-0.29, 0.57]
Zojaji, 2013 —m— 8.72% 0.14[0.02, 0.26]
Hurduc, 2009 —— 4.85% 0.15[-0.02, 0.31]
Cindoruk, 2007 ——a—— 2.00% 0.17 [-0.09, 0.43]
Zhang, 2024 ————— 1.80% 0.18 [-0.09, 0.46]
Chu, 2012 —_— 2.32% 0.27[0.08, 0.51]
Kyriakos, 2013 —— 1.35% 0.35[0.03, 0.67]
RE Model * 100.00% 0.09 [0.05, 0.12]

-04 0 0.2 0.6

Favours [Control] Favours [S. boulardii]

n=16, Heterogeneity: Tau®=0.00, Q = 15.34 (p = 0.43), df = 15.00, I’=6.8 %
Test for overall effect: 4.56 (p <0.0001)

Fig. 3. Forest plot, with ITT data, displaying the effect of S. boulardii
supplementation on the eradication of H. pylori.

In order to estimate the effect of the dosage of
supplemented S. boulardii, a subgroup analysis of the two
most commonly used doses was performed. A significant
effect on the eradication rates for patients receiving 500mg/
day of S. boulardii was observed (LogRR=0.14; 95%CI: 0.07-
0.20; p<0.001; RR=1.15) (Supplementary file, Table VI).
Although the same trend of reduced Risk Ratio was seen in
patients receiving higher doses of 1000mg/day, significance
was not achieved.

Symptoms and Adverse Events

Seven of the reported symptoms, including diarrhea,
epigastric pain/abdominal discomfort, nausea, taste
disturbance, meteorism, vomiting, and urticaria/rash, were
assessed in at least five studies and therefore included in this
meta-analysis.

The ITT analysis revealed that the supplementation of S.
boulardii to eradication therapy caused a significant decrease
in the overall occurrence of diarrhea (n=14; LogRR=-0.84;
95%CI: -1.06 to -0.61; p<0.001; RR=0.43), epigastric pain
(n=10; LogRR=-0.67; 95%CI: -0.97 to -0.63; p<0.001;
RR=0.51)and nausea (n=10; LogRR=-0.64; 95%CI: -0.95 to
-0.33; p<0.001; RR 0.46) (Figs 4-6). The heterogeneity of the
studies was low. Although a slight reduction in the rates of
taste disturbance (n=8), urticaria/rash (n=5), vomiting (n=>5),
and meteorism (n=5) was observed, it was not statistically
significant.

Dividing the studies by the eradication regimens
revealed that patients who received triple therapy, along
with S. boulardii, presented significantly lower rates of
diarrhea, nausea, epigastric pain, and taste disturbance
(Supplementary file, Table V). The estimated heterogeneities
for diarrhea, nausea, and epigastric pain in triple therapy-
treated patients were low, and for taste disturbance moderate
(I% 38.2%).
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Log Risk Ratio Log Risk Ratio
Study 95 % CI Weight 95 % CI
Seddik, 2019 —— 270% -3.12[-4.51,-1.73]
Naghibzadeh, 2022 —_— 0.65% -2.71[-5.55, 0.13]
Chotivitayatarakorn, 2017 (14 days) [ ] 0.63% -2.20[-5.07, 0.68]
Cremonini, 2002 ] 1.26% -1.84[-3.87, 0.19]
Zhang, 2024 C—— 1.21% -1.79[-3.87, 0.29]
Chotivitayatarakorn, 2017 (7 days) —_— 0.52% -1.10[-4.26, 2.06]
Chu, 2012 ] 3.25% -0.98 [-2.25, 0.29]
Bin, 2015 - 13.28% -0.82[-1.45, -0.20]
Duman, 2005 - 14.02% -0.79 [-1.40, -0.18]
Cindoruk, 2007 - 10.33% -0.75[-1.46, -0.04]
Zojaji, 2013 [~ 11.07% -0.74 [-1.43, -0.06]
He, 2023 —a— 5.99% -0.69 [-1.63, 0.24]
Zhao, 2021 HEH: 20.13% -0.64 [-1.14, -0.13]
Song, 2010 .- 10.07% -0.59 [-1.31, 0.12]
Chang, 2020 —— 4.88% -0.59 [-1.62, 0.45]
RE Model * 100.00% -0.84 [-1.06, -0.61]

—r T T 1 1

6 -4 2 0 2 4

Favours [S. boulardii] ~ Favours [Control]

n=15, Heterogeneity: Tau® = 0.00, Q = 16.27 (p = 0.30), df = 14.00, I>°=0 %
Test for overall effect: -7.17 (p < 0.0001)
Fig. 4. Forest plot, with ITT data, displaying the effect of S. boulardii
supplementation on decreasing diarrhea rates associated with H. pylori
infection and eradication.

Log Risk Ratio Log Risk Ratio
Study 95%Cl Weight 95% Cl
Cremonini, 2002 — 217% -1.43 [-3.54, 0.68]
Chotivitayatarakorn, 2017 (14 days) — 6.78% -1.10[-2.29, 0.09]
Chotivitayatarakorn, 2017 (7 days) [ —— 1.99% -1.10[-3.30, 1.10]
Chu, 2012 — 3.80% -0.92[-2.51, 0.68]
Zojaji, 2013 i 31.08% -0.73[-1.29,-0.17]
Cindoruk, 2007 . 13.39% -0.62 [-1.47, 0.23]
Naghibzadeh, 2022 i 24.51% -0.60[-1.23, 0.03]
Chang, 2020 L —— 3.14% -0.41[-2.16, 1.35]
Song, 2010 —e—i 7.45% -0.33 [-1.47, 0.80]
Seddik, 2019 —_— 2.56% -0.01[-1.95, 1.93]
Zhang, 2024 — 3.17% 0.41[-1.34, 2.15)
RE Model - 100.00% -0.64 [-0.95, -0.33]

| I I . B

-4 -2 0 2 4
Favours [S. boulardii]  Favours [Control]

n=11, Heterogeneity: Tau®= 0,00, Q = 3.64 (p = 0.96), df =10.00, I*=0%
Test for overall effect: -4.06 (p <0.0001)

Fig. 5. Forest plot, with ITT data, displaying the effect of S. boulardii
supplementation on decreasing nausea rates associated with H. pylori
infection and eradication.

Log Risk Ratio Log Risk Ratio
Study 95%Cl Weight 95%Cl
Chotivitayatarakorn, 2017 (14 days) —_— 1.18% -2.71[-5.52, 0.11]
Zhang, 2024 ] 1.09% -1.95[-4.88, 0.99]
Chotivitayatarakorn, 2017 (7 days) I 0.94% -1.10 [-4.26, 2.06]
Cindoruk, 2007 e 20.42% -1.10[-1.77, -0.43]
Naghibzadeh, 2022 —e—= 5.77% -0.98 [-2.25, 0.29]
Seddik, 2019 —— 3.33% -0.70[-2.38, 0.97]
Zojaji, 2013 - 39.31% -0.69[1.17,-0.22]
Chang, 2020 ——— 4.41% -0.29[-1.74, 1.17]
He, 2023 ——— 5.68% -0.22[-1.50, 1.06]
Cremonini, 2002 e 4.24% -0.05[-1.53, 1.44]
Song, 2010 . 13.62% 0.00 [-0.82, 0.82]
RE Model - 100.00% -0.67 [-0.97, -0.36]

—r 1 1 1 1

6 -4 2 0 2 4
Favours [S. boulardii] ~ Favours [Control]

n=11, Heterogeneity: Tau®= 0.00, Q = 8.63 (p = 0.57), df = 10.00, I*=1.26 %
Test for overall effect: -4.27 (p < 0.0001)

Fig. 6. Forest plot, with ITT data, displaying the effect of S. boulardii
supplementation on decreasing epigastric pain rates associated with
H. pylori infection and eradication

In quadruple therapy-treated patients, the supplementation
of S. boulardii caused a significant decrease in diarrhea rates
(Supplementary file, Table V). The following symptoms,
including nausea, epigastric pain, taste disturbance, meteorism,
and urticaria, were not assessed due to low study numbers
(n<3).

Subgroup analysis of the different S. boulardii doses
revealed that 500 mg/day resulted in a significant decrease in
diarrhea, nausea, and epigastric pain rates (Supplementary
file, Table VI). The estimated heterogeneity for nausea and
epigastric pain was low. However, study heterogeneity was
high (I%:73.3%) for diarrhea.

Patients receiving 1000mg/day of S. boulardii also showed
a significant decrease in diarrhea rates (LogRR: -0.73; CL: -1
.05;-0 .42; p<0.001; RR: 0 .48) (Supplementary file, Table VI).
Estimated heterogeneity was assessed as low (I% 0%).

DISCUSSION

This meta-analysis investigated the potential effects of the
probiotic yeast S. boulardii on improving H. pylori eradication
rates by reducing infection-associated symptoms. We
demonstrated that S. boulardii supplementation significantly
enhanced overall eradication rates. Subgroup analysis further
revealed that eradication rates were significantly increased
in patients treated with triple therapy and those receiving
S. boulardii in a dose of 500 mg/day. However, H. pylori-
positive subjects treated with quadruple therapy did not
show significant benefits from S. boulardii supplementation.
Similarly, no significant improvement was observed in patients
receiving higher doses of S. boulardii (1000 mg/day). In both
cases, low study numbers might explain the insignificance.

This meta-analysis showed that the supplementation of S.
boulardii decreased overall diarrhea cases, independent of the
chosen eradication regimen, significantly. Those observations
were transferable to the investigated subgroups. Additionally,
diarrhea duration was significantly decreased, although study
heterogeneity was assessed as respectively (Supplementary
file, Fig. 3). Nausea and epigastric pain rates were significantly
decreased in the overall analysis. A Subgroup analysis revealed
a significant decrease in diarrhea, nausea, epigastric pain, and
taste disturbance rates only in patients receiving triple therapy.
Insignificance in the quadruple therapy subgroup might again
be due to lower study numbers.

Comparison with previous meta-analyses

Previous meta-analyses showed beneficial effects of
probiotics on H. pylori eradication and therapy-associated
side effects. Most studies focused on probiotic, lactic acid
bacteria, including lactobacilli, clostridia, and bifidobacteria
[10-14].

Few meta-analyses were previously performed on S.
boulardii. In contrast to this meta-analysis, previous analyses
focused only on children [41], only on adults [18], or only on
bismuth-based eradication therapies [42]. In comparison with
early works from 2010 [43] and 2015 [44], which analyzed five
and eleven randomized controlled trials (RCTs) respectively,
this meta-analysis included sixteen RCTs. As a result, it was
shown that S. boulardii supplementation to the standard
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eradication regimen reduces epigastric pain/abdominal
discomfort significantly. Moreover, this meta-analysis showed
that S. boulardii supplementation significantly reduces taste
disturbance rates in patients undergoing triple therapy. Those
findings have not been previously shown. Additionally, early
meta-analyses [43-45] did not investigate different S. boulardii
doses for supplementation in subgroup analysis.

Quality and bias assessment of the included studies revealed
an overall low’ risk of bias in five studies. Four studies were
assessed as ‘high’ in their overall risk of bias, and seven had
‘some concerns’ (Supplementary file, Fig. 1). The most critical
bias domain for most studies was ‘Bias arising from the
randomization process. Especially, open-label studies [19, 28,
40] might show an increased risk of bias in this context.

A comparison of the study settings showed a variety of
eradication strategies and effect measurements. Although the
majority of studies employed a 14-day treatment regimen (Fig.
2), some studies used a 7-day regimen [36, 38], and others
applied different durations of S. boulardii administration
and PPI + antibiotics [25, 27, 39, 40]. Additionally, the used
drugs showed a huge variety. Although 14 of 16 studies
included amoxicillin and 15 of 16 studies administered
clarithromycin, the PPI treatment differed substantially.
Administered PPIs included: lansoprazole [22], pantoprazole
[36], esomeprazole [24, 35, 40], omeprazole [19-21, 23, 25, 26,
28, 40], dexlansoprazole [38], and rabeprazole [27, 39]. Due
to the huge diversity of PPI drugs, it is possible that observed
effects are modulated by the administered drug. With that
variety in consideration, the comparability of studies is partly
challenged.

Analyzing the different approaches of effect measurement
revealed that all studies tested H. pylori eradication through
UBT (Table II) or histology/endoscopy in combination
with the Rapid Urease test or Stool antigen test [20, 37, 40].
This homogeneity in the evaluation of H. pylori eradication
increases the comparability of the study results. In contrast,
adverse events and symptoms were assessed heterogeneously.
Only three studies applied established questionnaires, such
as the Glasgow Dyspepsia Severity Scale [22, 37, 46] or De
Boer’s scale for H. pylori treatment-associated side effects [27,
47]. Most studies employed non-structured questionnaires
[19, 26, 35, 38, 40], assessed symptoms through direct contact
with the patients [28, 36], or provided symptom diaries [25].
Considering this, there is a substantial need to standardize the
assessment of symptoms in future studies.

As mentioned above, 12 of the 16 studies were performed
in Asia. Only three studies were performed in Europe and
one in Africa. Thus, a transferability to other high-prevalence
areas, such as South America, Africa, or South-East Asia [48],
remains limited. Future studies are required to address this
knowledge shortfall.

Additionally, future research is needed to show the effect of
S. boulardii supplementation on treatment adherence. Current
adherence rates to standard triple/quadruple eradication therapy
range from 71.4 to 89. 6% [5]. Non-adherence is often associated
with uninvestigated dyspepsia and non-controlled adverse
events [49, 50]. S. boulardii was shown to decrease adverse
events significantly, thus possibly increasing therapy adherence.
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CONCLUSIONS

Current evidence shows that the supplementation of
S. boulardii to H. pylori eradication treatment significantly
increases overall H. pylori eradication rates and reduces
overall diarrhea, nausea, and epigastric pain rates. Subgroup
analyses revealed that eradication rates could be increased
by supplementing S. boulardii at a dosage of 500 mg/day,
compared to a dosage of 1000 mg/day. Additionally, the
eradication rates were increased by supplementing S. boulardii
to triple therapy. Patients receiving quadruple therapy did not
benefit from S. boulardii supplementation.

Independent of the eradication regimen (triple therapy
or quadruple therapy) or the amount of supplemented S.
boulardii (500 mg/day or 1000 mg/day), the supplementation
of the probiotic yeast always led to a significant reduction of
diarrhea rates. A significant decrease in nausea, epigastric
pain, and taste disturbance rates was observed only in patients
undergoing triple therapy.
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