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Background: To evaluate the methodological quality, report quality, and

evidence quality of meta-analysis (MA) and systematic review (SR) on the

efficacy of probiotics in the treatment of rheumatoid arthritis (RA).

Methods: Databases were used to identify eligible SRs/MAs until February 12,

2024. The methodological quality of the studies was assessed using AMSTAR-2

tool, the quality of the literature reports was scored using PRISMA checklists, and

the quality of the evidence was graded using GRADE system.

Results: Seven reviews including 21 outcomes were included. Methodological

quality of the included reviews was of general low, and the entries with poor

scores were 2, 4, and 7. By PRISMA checklists, there were some reporting

deficiencies, and quality problems were mainly reflected in the reporting

registration and protocol, comprehensive search strategy and additional

analysis. GRADE results elevated the quality of evidence to be low or very

low overall.

Conclusions: Probiotics may have a therapeutic effect on RA, based on the

evidence provided by the SRs/MAs in this overview. Nevertheless, there is still a

lack of conclusive evidence due to methodological limitations in the included

research. To make trustworthy judgments regarding the efficacy of probiotics in

the treatment of RA, more large-scale, high-quality randomized controlled trials

are still required.
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1 Introduction

Rheumatoid arthritis (RA) is an autoimmune systemic

inflammatory disease involving multiple joints in the human body

(1). Failure to effectively block disease progression can lead to cartilage

and bone erosion, ultimately leading to joint deformity (2). RA is the

most common inflammatory disease, with a global prevalence of 0.5 to

1% (3). Although many factors have been reported that may have a

significant impact on the development and progression of RA, the

pathophysiologic mechanisms of RA remain unelucidated (4).

Accumulating evidence reveals an association between gut microbe

and RA (5). In contrast to normal rats, germ-free rats are more likely to

develop RA and have more severe symptoms (6). In addition, patients

with inflammatory bowel disease who have disturbed gut microbe are

also more likely to exhibit joint inflammation (7). Furthermore, fasting

and vegan diets have been associated with reduced RA activity

attributed to altered gut microbiota (8, 9). Therefore, modulation of

gut microbes has been recognized as a potential strategy for the

treatment of patients with RA (10).

Probiotics have recently demonstrated encouraging outcomes

when used as adjuvant therapy for treating RA (11). Probiotics are

described as “living microorganisms that, when ingested in sufficient

quantities, provide a health benefit to the host” because they can

decrease the number of harmful bacteria by competing for nutrition

and colonization sites (12). The effectiveness of probiotics for RA has

been assessed in a number of overlapping systematic reviews (SRs)

and meta-analyses (MAs) to date (13–19). Nevertheless, there has

been inconsistent evidence from these SRs/MAs. Trustworthy

evidence is produced by high-quality SRs/MAs, while low-quality

SRs and MAs may unintentionally affect choices (20, 21). As a result,

when several studies with similar findings are published, an overview

of prior SRs/MAs on the subject is frequently required (22). The

purpose of this study was to offer evidence for clinical decisions by

methodically gathering, assessing, and synthesizing prior SRs/MAs

on the use of probiotics in the treatment of RA.
2 Methods

2.1 Included and excluded criteria

The following inclusion criteria were taken into consideration:

(a) SRs/MAs that used probiotics for RA were eligible; (b) patients

with a clear diagnosis of RA; (c) studies comparing probiotics to

placebo were eligible; (d) disease activity score (DAS), swollen joints

count (SJC), level of C-reactive protein (CRP) and tumor necrosis

factor-a (TNF-a) were used as outcomes. The eligibility of each

article was established by consensus between the two reviewers. The

following exclusion criteria were taken into consideration: (a)

studies unrelated to the subject; (b) conference proceedings and

protocols; (c) animal experiments.
2.2 Strategy for searching

We comprehensively searched Embase, PubMed, Web of

Science, Cochrane Library, and screened qualified SRs that had
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been released from database inception to February 12, 2024. We

used a mix of free keywords and Mesh phrases to perform our

search. The keywords mainly included RA, probiotics SA, and MA.

The search strategy for PubMed is presented in Table 1, which was

adjusted to adapt to different databases.
2.3 Data collection and extraction

Two reviewers independently conducted literature screening.

All search results were imported into Endnote 20 to remove

duplicates and inconsistent articles were removed based on the

title and abstract. Finally, the full text was read out and eligible SRs

were included. Two reviewers independently extracted the basic

characteristics of eligible literature, including author, publication

year, diagnostic criteria, sample size, intervention, comparison, and

outcomes. Two reviewers crosschecked what was extracted, and

consulted a third reviewer for any discrepancies.
2.4 Methodological evaluation

Using AMSTAR-2 tool (23), the methodological quality of the

included SRs/MAs was evaluated independently by two

investigators. A third investigator was consulted on any

disagreement. Out of the 16 items that the tool evaluates, 7 are

considered essential domains (items 2, 4, 7, 9, 11, 13, and 15). Three

possibilities remain for the evaluation: “Yes,” “Partially Yes,”

and “No.”
TABLE 1 Search strategy for PubMed.

Query Search term

# 1 Rheumatoid arthritis [Mesh]

# 2 Rheumatoid arthritis [Title/Abstract] OR Arthritis
rheumatoid [Title/Abstract] OR RA [Title/Abstract]

# 3 #1 OR #2

# 4 Probiotics [Mesh]

# 5 Probiotic [Title/Abstract] OR beneficial bacteria [Title/
Abstract] OR microecological preparation [Title/
Abstract] OR lactobacillus [Title/Abstract] OR
streptococcus thermophilus [Title/Abstract] OR
bifidobacterium [Title/Abstract] OR clostridium
butyricum [Title/Abstract] OR saccharomyces [Title/
Abstract] OR bacillus [Title/Abstract]

# 6 #4 OR #5

# 7 Meta-analysis as Topic [Mesh]

# 8 Systematic review [Title/Abstract] OR meta-analyses
[Title/Abstract] OR meta analyses [Title/Abstract] OR
meta-analysis OR metaanalysis [Title/Abstract]

# 9 #7 OR #8

# 8 #3 AND #6 AND #9
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2.5 Reporting quality appraisal

Using PRISMA checklists (24), the reporting quality of the

included SRs/MAs was evaluated independently by two

investigators. A third investigator was consulted on any

disagreement. Out of the 7 sections that the tool evaluates, 27

checklists are considered essential domains. Three possibilities

remain for the evaluation: “Yes,” “Partially Yes,” and “No.”
2.6 Evidence quality evaluation

Using GRADE system (25), the evidence quality of the included

SRs/MAs was evaluated independently by two investigators. A third

investigator was consulted on any disagreement. The publication

bias, bias risk, inconsistency, indirectness and imprecision are used

to evaluate the GRADE scoring system. Four categories are used to

group the results: high, moderate, low, and very low.
Frontiers in Immunology 03
3 Results

3.1 Selection of literature

A total of 122 studies were retrieved, and 94 studies were

obtained after excluding duplicate studies. After reading the titles

and abstract, 10 literatures were obtained. Of the remaining studies,

3 studies were excluded: conference abstracts (n = 2), not SR/MA (n

= 1). Ultimately, this review includes 12 SR-MAs (13–19) that

satisfied the inclusion requirements. The literature screening

process is illustrated in Figure 1.
3.2 Study characteristics

A summary of the data extracted from the seven SRs/MAs is

provided in Table 2. These include the SRs/MAs published between

2017 and 2023. All reviews were published in English. The number of
FIGURE 1

Publication selection procedure.
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trails included in these SRs varied widely, ranging from 4 to 10, and

the total number of participants ranged from 153 to 632. Interventions

in the therapy group were probiotics, whereas placebo was used in the

control group. Almost all SRs/MAs reached a positive conclusion.
3.3 Methodological evaluation

AMASTAR-2 was used to assess the methodological quality,

two included studies were rated as moderate quality, and the

remaining studies ware rated as critically low quality. The key
Frontiers in Immunology 04
factors affecting the quality of the studies included items 2 (only two

reviews registered a protocol), 4 (only two reviews used a

comprehensive literature search strategy), and 7 (no reviews

provided a list of excluded studies and justified the exclusions).

The detailed results are presented in Table 3.
3.4 Reporting quality appraisal

PRISMA was used to assess the reporting quality, and overall,

the quality of reporting remains not fully satisfactory. The key
TABLE 2 Characteristics of the included reviews.

Studies Country Trials
(subjects)

Experimental
Intervention

Control
Intervention

Outcomes Conclusion summary

Mohammed,
2017 (13)

Egypt 9 (361) Probiotics Placebo ①, ②, ③, ④ Probiotics lowered the pro-
inflammatory cytokine IL-6, which
is an indicator for joint destruction
in RA; however, the clinical effect
of probiotics is still unclear.

Pan, 2017 (14) China 6 (249) Probiotics Placebo ①, ③, ④ We found that probiotic
supplementation may show a
limited improvement in RA
therapy in existing reports because
of a lack of sufficiently high-
quality work on the part
of clinicians.

Rudbane,
2018 (15)

Iran 4 (153) Probiotics Placebo ①, ②, ③, ④ Probiotics seem to be less effective
in RA; however, to reach a firm
conclusion, we need
further evidence.

Lowe, 2020 (16) Australia 8 (378) Probiotics Placebo ①, ③ This review indicates probiotics are
generally safe to take for older
individual with established RA
alongside many common
rheumatology medications, but
they have not been investigated
alongside the newer medications.

Sanchez,
2022 (17)

France 8 (344) Probiotics Placebo ①, ③ Probiotic supplementation might
decrease RA activity with a
moderate decrease effect on CRP,
but lack of evidence and studies’
heterogeneity do not allow us to
propose them to patients with
inflammatory arthritis to control
their disease.

Zeng, 2022 (18) China 10 (632) Probiotics Placebo ①, ②, ③ Probiotic supplements may
improve RA. However, more
randomized controlled trials are
needed in the future to determine
the efficacy and optimal dosing
design of probiotics.

Yuan, 2023 (19) China 9 (385) Probiotics Placebo ①, ③, ④ The effects of probiotic
consumption on RA are very
beneficial and have some reference
significance for formulating
treatment guidelines for RA.
However, more trials are needed to
confirm the influence of probiotics
on RA patients.
①: disease activity score; ②: swollen joints count; ③: level of C-reactive protein; ④: tumor necrosis factor-a (TNF-a).
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factors affecting the quality of the studies included Q5 (only two

reviews registered a protocol), Q8 (only two reviews used a

comprehensive literature search strategy), Q16 (three reviews

provided an additional analysis), and Q23 (three reviews

provided an additional analysis). The detailed results are

presented in Table 4.
3.5 Evidence quality evaluation

The seven SRs included 21 outcomes related to the treatment of

RA with probiotics. The results showed that 16 (19.05%) were rated

as low quality and 5 (80.95%) as critically low quality. The risk of

bias (21/21, 100%), imprecision (21/21,100%) and inconsistency

(15/21,71.43%) were the main factors in obtaining the results. The

details are presented in Table 5.
4 Discussion

The level of evidence from SRs is considered to be the highest

(26, 27), provided that the SRs stand up to the process of

producing evidence.
4.1 A definitive conclusion cannot
be reached

In the seven included articles, all literatures reported positive

results, which indicated the prospect of treatment of RA with

probiotics. However, due to the low methodological quality

and evidence quality of the included SRs/MAs, the results of

these studies should be treated with caution. At present, due to

factors such as the pathogenesis of RA and the lack of objective

diagnostic criteria for RA, the long-term clinical efficacy evaluation

of RA is not satisfactory, and more studies are needed in the

future to conduct in-depth analysis and discussion on the above

issues. In addition, the existing clinical studies also have

shortcomings, such as small sample size, short follow-up time,

and inconsistent efficacy evaluation. There is still insufficient

evidence to confirm the superiority of probiotics treatment for

RA. In the future, it is necessary to improve the quality of the

original trails and conduct more prospective clinical studies with

large samples and multiple centers to provide more high-quality

evidence-based evidence for clinical workers to apply probiotics

treatment for RA.
4.2 Research deficiencies to be improved

No SR was rated as high quality according to AMSTAR-2

tool, and no SR reported all 27 entries according to PRISMA.

The risk of bias was high of the included SRs for the following

reasons: no comprehensive retrieval strategy was adopted, failure
T
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TABLE 4 Results of the reporting quality.

z, 2022 (17) Zeng, 2022 (18) Yuan, 2023 (19) Compliance (%)

Y Y Y 100%

Y Y Y 100%

Y Y Y 100%

Y Y Y 100%

N N N 28.57%

Y Y Y 100%

Y Y Y 100%

Y PY Y 71.43%

Y Y Y 100%

Y Y Y 100%

Y Y Y 100%

Y Y Y 100%

Y Y Y 100%

Y Y Y 100%

Y Y Y 100%

Y N Y 57.14%

Y Y Y 100%

Y Y Y 100%

Y Y Y 100%

Y Y Y 100%

Y Y Y 100%

Y Y Y 100%

(Continued)

Lie
t
al.

10
.3
3
8
9
/fim

m
u
.2
0
2
4
.13

9
7716

Fro
n
tie

rs
in

Im
m
u
n
o
lo
g
y

fro
n
tie

rsin
.o
rg

0
6

Section/topic Items Mohammed, 2017 (13) Pan, 2017 (14) Rudbane, 2018 (15) Lowe, 2020 (16) Sanch

Title Q1. Title Y Y Y Y

Abstract Q2. Structured
summary

Y Y Y Y

Introduction Q3. Rationale Y Y Y Y

Q4. Objectives Y Y Y Y

Methods Q5. Protocol and
registration

Y N N Y

Q6. Eligibility
criteria

Y Y Y Y

Q7. Information sources Y Y Y Y

Q8. Search Y PY Y Y

Q9. Study selection Y Y Y Y

Q10. Data collection
process

Y Y Y Y

Q11. Data items Y Y Y Y

Q12. Risk of bias in
individual studies

Y Y Y Y

Q13. Summary
measures

Y Y Y Y

Q14. Synthesis of results Y Y Y Y

Q15. Risk of bias
across studies

Y Y Y Y

Q16. Additional analyses N Y N Y

Results Q17. Study selection Y Y Y Y

Q18. Study characteristics Y Y Y Y

Q19. Risk of bias
within studies

Y Y Y Y

Q20. Results of
individual studies

Y Y Y Y

Q21. Synthesis of results Y Y Y Y

Q22. Risk of bias
across studies

Y Y Y Y
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to provide a list of excluded documents with reasons, evaluation

and discussion of publication bias and evidence credibility,

insufficient analysis of sources of heterogeneity and their

impact on results, and lack of reporting and discussion of

registration options and funding sources. According to

the Cochrane handbook, all systematic evaluations should

report the registered protocol and registration number in the

methodology section (28). Unfortunately, none of the included

studies declared that they had registered the protocol and

provided the registration number, so we determined that they

did not have a prior registered protocol, which increases the risk

of bias while decreasing the transparency of the study (29). In

addition, additional analyses, such as subgroup analysis,

sensitivity analysis, and publication bias assessment, were not

performed in the included studies when performing MA, which

means that the efficacy of different probiotics for different

populations of RA has not been precisely explored, and

the results of current SRs are not necessarily robust and are

likely to be altered by further analysis (30). According to

GRADE evaluation results, all included outcomes were low or

extremely low, indicating that the conclusions of the included

SRs/MAs are likely to be significantly different from the actual

situation. The main factors contributing to the evidence

downgrade were risk of bias, imprecision and inconsistency.

Almost all the original SR/MA-included trials had some

defects in randomization, hiding blindness, and follow-up, and

the risk of publication bias was high. Small sample sizes trails

with a lack of randomization, blinding, and allocation

concealment cause evidence quality to range from moderate to

very low. To guarantee the availability of evidence, future SRs/

MAs must be planned and carried out strictly in accordance

with AMSTAR-2 and PRISMA.
4.3 Strengths and limitations

Insofar as we are aware, this study offers the first thorough

evaluation and synopsis of the evidence bolstering probiotic

usage in RA. But there are some limitations that need to be

recognized. First, the outcomes of various original studies

included in the relevant SR/MA are different, and the number of

original studies and sample size of some outcome indicators are

small, which can lead to low evidence strength of outcome

indicators. Furthermore, due to the large difference in the

outcome indicators of the included studies, quantitative

combination and analysis were not carried out in this study, and

only the study was described according to the conclusion of

the original text.
5 Conclusion

Probiotics may have a therapeutic effect on RA, based on the

evidence provided by the SRs/MAs in this overview. Nevertheless,

there is still a lack of conclusive evidence due to methodological
T
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TABLE 5 Results of Evidence Quality.

№ of patients
Relative effect

(95% CI)
Quality

l Control

65 MD 0.023 [-0.584, 0.631] ⨁⨁⨁◯◯
Low

95 MD 0.171 [-0.391, 0.733] ⨁⨁⨁◯◯
Low

95 MD -2.660
[-6.144, 0.823]

⨁⨁◯◯◯
Very low

63 MD -0.092
[-0.940, 0.756]

⨁⨁◯◯◯
Very low

65 MD -0.11 [-0.47, 0.24] ⨁⨁◯◯◯
Very low

78 MD -0.77 [-1.48, -0.05] ⨁⨁◯◯◯
Very low

59 MD -1.35 [-1.99, -0.71] ⨁⨁⨁◯◯
Low

53 MD -0.58 [-0.97, -0.19] ⨁⨁⨁◯◯
Low

78 SMD -0.30 [-0.62, 0.02] ⨁⨁⨁◯◯
Low

66 SMD -0.32 [-0.66, 0.00] ⨁⨁⨁◯◯
Low

59 SMD 0.01 [-1.41, 1.43] ⨁⨁⨁◯◯
Low

105 MD-0.28 [-0.50, -0.05] ⨁⨁⨁◯◯
Low

163 MD -2.34 [-4.26, -0.41] ⨁⨁⨁◯◯
Low

68 SMD -0.54 [-1.94, 0.85] ⨁⨁◯◯◯
Very low

89 MD -3.04 [-4.47, -1.62] ⨁⨁⨁◯◯
Low

121 MD -0.55 [-1.33, 0.24] ⨁⨁⨁◯◯
Low

107 SMD -0.10 [-0.64, 0.44] ⨁⨁⨁◯◯
Low
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Review Outcomes № of trails
Certainty assessment

Limitations Inconsistency Indirectness Imprecision Publication bias Experiment

Mohammed,
2017 (13)

DAS 3 Seriousa No No Seriousc No 67

SJC 5 Seriousa No No Seriousc No 96

CRP 5 Seriousb Seriousb No Seriousc No 96

TNF-a 4 Seriousa Seriousb No Seriousc No 64

Pan, 2017 (14) DAS 3 Seriousa Seriousb No Seriousc No 67

CRP 4 Seriousa Seriousb No Seriousc No 75

TNF-a 2 Seriousa No No Seriousc No 59

Rudbane,
2018 (15)

DAS 2 Seriousa No No Seriousc No 53

SJC 4 Seriousa No No Seriousc No 76

CRP 4 Seriousa Seriousb No Seriousc No 66

TNF-a 3 Seriousa Seriousb No Seriousc No 59

Lowe, 2020 (16) DAS 4 Seriousa Seriousb No Seriousc No 105

CRP 7 Seriousa Seriousb No Seriousc No 162

Sanchez, 2022 (17) DAS 3 Seriousa Seriousb No Seriousc No 72

CRP 5 Seriousa Seriousb No Seriousc No 93

Zeng, 2022 (18) DAS 4 Seriousa Seriousb No Seriousc No 122

SJC 4 Seriousa Seriousb No Seriousc No 103
a
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limitations in the included research. To make trustworthy

judgments regarding the efficacy of probiotics in the treatment

of RA, more large-scale, high-quality randomized controlled

trials are still required.
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