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ABSTRACT

Rheumatoid arthritis (RA) is a chronic autoimmune disorder characterized by systemic inflammation and joint destruction. Methotrexate (MTX)
remains the cornerstone of therapy but is often limited by variable efficacy and adverse effects. Emerging evidence suggests that gut microbiota
modulation, particularly through Lactobacillus supplementation, may enhance the efficacy of MTX via the gut-joint axis. To systematically review
and analyze the impact of Lactobacillus supplementation on methotrexate efficacy in rheumatoid arthritis, focusing on inflammatory biomarkers
and disease activity in both human and animal studies. A comprehensive search was conducted in PubMed, Scopus, Web of Science, and Cochrane
CENTRAL up to June 2025 for randomized controlled trials (RCTs) and animal studies comparing MTX+Lactobacillus versus MTX alone. Primary
outcomes included TNF-q, IL-6, IL-10, IL-17, CRP, and DAS28. Risk of bias was assessed using Cochrane RoB 2.0 for RCTs and SYRCLE for animal
studies. Meta-analysis employed a random-effects model. Human RCTs demonstrated significant reductions in CRP, TNF-a, and IL-6, accompanied
by increased IL-10 levels and modest improvement in DAS28 (SMD -0.41). Heterogeneity was attributed to strain, dose, and duration differences.
Animal studies provided mechanistic support, showing decreased pro-inflammatory cytokines, enhanced anti-inflammatory markers, and improved
histopathology, though findings were not pooled. Gut microbiota-targeted approaches hold promise for improving MTX response, warranting
further strain-specific clinical investigations.
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INTRODUCTION

Synovial hyperplasia is one of the hallmarks of rheumatoid arthritis
(RA), an autoimmune disease that primarily affects the synovial
joints. RA, which affects nearly 1% of the global population,
increases the risk of comorbid conditions such as osteoporosis and
cardiovascular disease, leading to significant morbidity and a
reduced quality of life. Immunological dysregulation, environmental
triggers, and genetic predisposition interact intricately in the
pathophysiology of RA [1-3].

Methotrexate (MTX) remains the cornerstone of pharmacological
management of RA due to its proven efficacy, safety profile, and
affordability. The anti-inflammatory, antiproliferative, and
immunosuppressive. Mechanisms of MTX-a disease-modifying
antirheumatic drug (DMARD)—involve inhibition of dihydrofolate
reductase and modulation of adenosine pathways [4, 5].

A microbial imbalance known as gut dysbiosis has been linked to
increased intestinal permeability, altered immune cell profiles, and
systemic inflammation-all of which may contribute to the onset and
progression of RA. Notably, RA patients often exhibit an abundance
of pro-inflammatory taxa such as Prevotella copri and a reduction in
overall microbial diversity. Conversely, beneficial bacteria belonging
to the genera Lactobacillus and Bifidobacterium possess
immunoregulatory properties that can attenuate inflammation [6-8].

Recent evidence highlights a bidirectional interaction between MTX
and the gut microbiota. MTX can alter the gut microbial ecosystem,
thereby influencing its own pharmacokinetics and safety profile.
Conversely, microbial composition can affect drug absorption,
bioavailability, immune modulation, and MTX metabolism [9]. This
reciprocal relationship suggests that microbiome-targeted strategies
may enhance MTX efficacy and tolerability.

Probiotic supplementation, particularly with Lactobacillus species,
has emerged as a promising adjunctive approach. Lactobacillus
strains—Gram-positive, facultative anaerobic bacteria commonly
found in the human gastrointestinal tract—exert anti-inflammatory
effects by regulating cytokine production, enhancing regulatory T-
cell activity, and maintaining intestinal barrier integrity. In animal

models of arthritis, Lactobacillus supplementation has improved
histopathological outcomes, reduced joint inflammation, and
lowered TNF-a and IL-6 levels. In clinical trials, RA patients
receiving Lactobacillus-based probiotics along with MTX therapy
demonstrated improvements in disease activity scores,
inflammatory biomarkers, and quality-of-life parameters [10-12].

Given the expanding body of literature on the gut microbiota’s
influence on MTX response in RA, a comprehensive evaluation of
Lactobacillus supplementation’s impact on MTX efficacy and toxicity is
warranted. This review systematically compiles the latest data from
randomized controlled trials (RCTs) and preclinical studies to assess
the effect of Lactobacillus on MTX treatment outcomes in RA [13-15].

Methods
Protocol and registration

This systematic review and meta-analysis were meticulously planned
and executed in compliance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines to
guarantee transparency, reproducibility and methodological rigor.
According to the International Prospective Register of Systematic
Reviews (PROSPERO) the protocol for this study was prospectively
registered to reduce the possibility of bias and to follow best practices
in systematic review methodology. In the file the name is [Prospero ID:
CRD 420251109054]. Using a novel synthesis of existing data this
work aims to close significant knowledge gaps about the therapeutic
effect of Lactobacillus supplementation on methotrexate efficacy in
rheumatoid arthritis patients.

Inclusion criteria

The inclusion criteria were RCTs that investigated the effects of
methotrexate (MTX) treatment in (RA) either human subjects or in
vivo animal models with or without Lactobacillus supplementation.
Participants had to have a verified diagnosis of RA. The primary
intervention was MTX, which could be administered alone or in
combination with any formulation or strain of Lactobacillus. ESR,
CRP, DAS28, TNF-q, IL-6, IL-10, were among the immunological or
clinical outcomes that were considered eligible for inclusion in the
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study. To ensure that there was enough time to evaluate the
treatments effects a minimum follow-up period of four weeks was
required.

Exclusion criteria

Studies that included probiotics other than Lactobacillus or that
used mixed interventions that might obscure the effects of
Lactobacillus alone were not included nor were they reviews meta-
analyses editorials or case reports. Furthermore, studies with no
baseline or endpoint data for any of the main outcomes of interest
(e. g. TNF-a IL-6 IL-10 DAS28 CRP or ESR) were not included.
Additionally, articles written in languages other than English were
not taken into consideration for inclusion.

Information sources

Using a variety of database: PubMed/MEDLINE Scopus Web of
Science Cochrane CENTRAL, restricted search of Google Scholar a
thorough literature review was carried out from January 2000-July
2025. In order to automate duplicate removal and enable blinded
screening all recovered records were imported into Rayyan QCRI.
The studies were independently screened by 2 reviewers who then
evaluated the full texts of any potentially eligible articles. To
guarantee uniformity and objectivity in the inclusion of studies any
disagreements or inconsistencies during the selection process were
settled by talking with a 3rd reviewer.

Data extraction

To guarantee accuracy, consistency across investigations were
extracted using a standardized data extraction form. Important
study identifiers like authors publication year and country of origin
were among the extracted data along with the study design and
population characteristics and thorough explanations of the
intervention and control groups, including the precise Lactobacillus
strain or strains used dosage and administration time. Results were
gathered for the following: ESR, IL-6, TNF-a, CRP, IL-10, DAS28. In
order to evaluate included studies risk, bias and transparency
details regarding funding sources and possible conflicts of interest
were also documented.

Bias assessment

To evaluate bias in RCTs the Bias 2. 0 (RoB 2. 0) was used. This tool
assesses potential sources of bias in a number of important areas
such as allocation. The Cochrane Risk of Bias tool was used to assess
the included studies methodological rigor. This instrument evaluates
a number of crucial areas that could cause systematic errors in RCTs.
Among these domains are:

To find out if the assignment to intervention groups was sufficiently
shielded from selection bias allocation concealment was used. To
assess the possibility of performance bias, participants and staff are
blinded. To mitigate the risk of detection bias outcome assessment is
blinded. To evaluate how robust the randomization process is
random sequence generation is employed. The tool also takes into
consideration other sources of bias, including selective outcome
reporting (reporting bias) and incomplete outcome data (attrition
bias). An independent rating of low high or unclear risk of bias was
assigned to each domain. These ratings offered a methodical way to
evaluate each included studys overall internal validity.

Statistical analysis

R software (the meta and meta for packages) and RevMan 5. 4 were
used for all statistical analyses. For continuous outcomes such as
(TNF-a, IL-6, IL-10, CRP DAS28, CRP) Stand SMDs with 95% Cls
were produced. Means and standard deviations were adjusted using
accepted procedures when research reported results in different
units or scales. According to the Cochrane Handbook values for
missing standard deviations were either computed using standard
errors interquartile ranges or p-values or they were imputed from
confidence intervals (v6. 3).

Throughout the meta-analysis a random-effects model, DerSimonian
and Laird method was used because of expected inter-study variability
in probiotic strains durations of interventions and population
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variables. Studies heterogeneity was evaluated using 12 statistics
moderate to substantial heterogeneity was indicated by 12 50%. For
heterogeneity the chi-square test (Q-test) was also reported with p 0.
10 deemed significant. When there was enough data (=5 studies)
subgroup analyses were carried out according to the population type
(human vs. animal) Lactobacillus type length of treatment and dosage.

To evaluate the robustness of pooled effect sizes, sensitivity analyses
were performed by progressively eliminating each study. Each outcomes
level of evidence certainty was evaluated using the GRADE methodology
value less than 0. 05 were significant, all p-values were two-tailed.

RESULTS

The effects of supplementing with Lactobacillus in rheumatoid arthritis
(RA) patients and models receiving methotrexate (MTX) were assessed
through a meta-analysis of 31 studies, including 18 human randomized
controlled trials and 13 animal model studies. When Lactobacillus was
added the pooled analysis showed a significant improvement in both
inflammatory markers and disease activity indices.

A significant decrease in C-reactive protein (CRP) was reported by
ten studies with 784 participants SMD = -0. 76, 95 percent CI: -1. 05
to -0. 47 p 0. 0001) with moderate heterogeneity (I> = 58. 1
percent). The results of subgroup analysis showed that
interventions with durations of eight weeks or more produced
larger reductions (SMD = -0. 84) than those with shorter durations
(SMD = -0. 58). Eight studies (n = 648) revealed a moderate but
statistically significant improvement in the Disease Activity Score-28
(DAS28) SMD = -0. 41, CI: -0. 73 to -0. 09 p = 0. 012, I* = 45. 6
percent. Long-duration trials showed more pronounced benefits
(SMD = -0. 47) and the effects were consistent across human RCTs.
There was a decrease in TNF-a in seven studies with 513
participants SMD = -0. 55, CI: -0. 84 to -0. 26 p = 0. 001, 1> = 51.9
percent. The effect was larger in animal models SMD = -0. 67 than in
low-dose Lactobacillus subgroups (SMD = -0. 41). Interleukin-6 (IL-
6) data from six studies (n = 480) showed a significant decrease
SMD= -0. 49, CI: -0. 88 to -0. 10 p = 0. 014, I* = 64. 3 percent).
Larger decreases were seen in long-duration interventions (SMD = -
0. 52) and animal studies (SMD = -0. 73). Last but not least,
interleukin-10 (IL-10), which was measured in five studies (n =
386), significantly increased MeanSMD=+0. 34, CI: 0. 03 to 0. 66 p =
0. 030, 1> = 39. 7 percent. Indicating increased anti-inflammatory
activity when Lactobacillus supplementation was used.

Characteristics of included studies

A total of 18 studies were included, of which 10 were human
randomized controlled trials (RCTs) and 8 were animal model
studies. Human study characteristics are summarized in table 1,
while animal study characteristics are presented in table 10.

C-reactive protein (CRP)

The meta-analysis of 10 RCTs (n = 784) demonstrated a significant
reduction in CRP levels with Lactobacillus supplementation (SMD =
-0.76, 95% CI: -1.05 to -0.47; p<0.0001; table 2; fig. 2).
Heterogeneity was substantial (I? = 58.1%).

Tumor necrosis factor-a (TNF-a)

Lactobacillus supplementation was associated with a significant
reduction in TNF-a levels (SMD = -0.55, 95% CI: -0.91 to -0.19; p =
0.002; table 3; fig. 3). Heterogeneity was substantial (I = 51.9%)).

Interleukin-6 (IL-6)

The pooled analysis showed a moderate reduction in IL-6 (SMD = -
0.49, 95% CI: -0.88 to -0.10; p = 0.013; table 4; fig. 4). Substantial
heterogeneity was observed (I = 64.3%).

Interleukin-10 (IL-10)

A small but significant increase in IL-10 was observed (SMD =+0.34,
95% CI: 0.05 to 0.62; p = 0.021; table 5; fig. 5).

Disease activity score-28 (DAS28)

Across five RCTs, Lactobacillus supplementation reduced DAS28
scores (SMD =-0.41, 95% CI: -0.68 to -0.13; p = 0.004; table 6). This
corresponds to a small-to-moderate clinical effect.
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Subgroup and sensitivity analyses

Subgroup analyses based on strain, dosage, and duration are
summarized in tables 7-9. Sensitivity analysis excluding lower-
quality trials did not substantially alter effect estimates.

Risk of bias

Risk of bias assessments are shown in table 11 for human RCTs (RoB
2.0) and table 12 for animal studies (SYRCLE tool). Overall, most
RCTs were at low to moderate risk of bias, while animal studies
showed some concerns in randomization and blinding.

Publication bias

Funnel plots for each primary outcome (CRP, TNF-a, IL-6, IL-10,
DAS28) are presented in fig. 6-10. Visual inspection suggested no
major asymmetry, and Egger’s test did not indicate publication bias
(p>0.10 for all outcomes).

DISCUSSION

This meta-analysis and systematic review offer strong evidence that
Lactobacillus supplementation can improve the effectiveness of
methotrexate (MTX) in rheumatoid arthritis (RA) by reducing
systemic inflammation and enhancing disease activity. Significant
declines in DAS28 and CRP in line with earlier meta-analyses imply
probiotic-induced changes in gut microbiota could reduce systemic

Int ] App Pharm, Vol 18, Issue 1, 2026, 1-7

inflammatory reactions and promote clinically significant
advancements in the treatment of RA. As previously noted in animal
models the supplementation also markedly decreased in cytokines
TNF-a, IL-6 while raising in IL-10 levels, suggesting an
immunoregulatory shift that may be mediated by downregulating
Th1/Th17 pathways and enhancing regulatory T cell (Treg) activity.

The importance of sustained and appropriately dosed probiotic
administration was highlighted by subgroup analyses that showed
that animal studies demonstrated stronger cytokine suppression
than human trials, likely due to controlled conditions and higher
dosing. Interventions lasting >8 w and doses 21 x 10° CFU/day
produced more pronounced benefits. Given interindividual
variability in MTX efficacy and the growing role of the gut-joint axis
in autoimmune regulation, co-administration of Lactobacillus with
MTX offers a promising non-pharmacological strategy to improve
treatment response, lower systemic inflammation and possibly
alleviate gastrointestinal side effects caused by MTX.

This systematic review and meta-analysis demonstrated that
Lactobacillus supplementation, when used alongside methotrexate,
significantly improved inflammatory outcomes in rheumatoid
arthritis. Specifically, supplementation reduced CRP (table 1), TNF-a
(table 2), and IL-6 (table 3), while increasing IL-10 (table 4). The
pooled evidence also indicated a small-to-moderate improvement in
DAS28 (table 5 and 6).

Table 1: Summary meta-analysis, this table summarizes the pooled effect sizes of key inflammatory mediators from the current meta-
analysis evaluating Lactobacillus supplementation in rheumatoid arthritis

Inflammatory Total no of No of Size CI P value I? (%) Interpretation

mediators studies samples

CRP 10 784 -0.76 [-1.05-0.47 <0.0001 58.1 CRP reduction in lactobacillus

DAS28 8 648 -0.41 [-0.73,-0.09] 0.012 45.6 Improvement in disease activity

TNF-a 7 513 -0.55 [-0.84,-0.26] 0.001 51.9 Reduction in pro-inflammatory cytokines
IL-6 6 480 -0.49 [-0.88,-0.10] 0.014 64.3 IL-6 levels significantly lowered

IL-10 5 386 +0.34 [0.03, 0.66] 0.030 39.7 Anti-inflammatory cytokine increased

Table 2: Effect of lactobacillus supplementation on C-reactive protein (CRP)

Parametr Value

Number of studies 10

Total participants 784 (405 intervention, 379 control)

SMD -0.76

CI [-1.05,-0.47]

p-value <0.0001

1% Heterogeneity 58.1% (moderate)

Interpretation Significant reduction in CRP, indicating reduced systemic inflammation

Data derived from 10 studies included in this meta-analysis assessing changes in CRP levels following Lactobacillus supplementation

Table 3: Effect on disease activity score-28 (DAS28), Compiled from eight studies evaluating DAS28 improvements in RA patients
supplemented with lactobacillus strains

Parameter Value

Number of studies 8

Total participants 648

Standardized mean Difference -0.41

Confidence Interval [-0.73,-0.09]

P-value 0.012

Heterogeneity 45.6% (moderate)

Interpretation Moderate improvement in RA disease activity

Table 4: Effect on TNF-a: includes findings from seven studies (four human and three animal studies) on the effect of lactobacillus on TNF-
o cytokine levels

Number of studies

7 (4 human, 3 animal)

Total participants 513

SMD -0.55

95% CI [-0.84, -0.26]

p-value 0.001

12 Heterogeneity 51.9% (moderate)

Interpretation Significant suppression of TNF-a cytokine expression
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Table 5: Effect on Interleukin-6 (IL-6), Data summarized from six included studies investigating the impact of Lactobacillus
supplementation on IL-6 concentrations in RA models and patients

Parametr Value

Number of studies 6

Total participants 480

SMD -0.49

95% CI [-0.88,-0.10]

p-value 0.014

1% Heterogeneity 64.3% (moderate to high)

Interpretation Lactobacillus effectively reduced IL-6 levels in RA models and patients

Table 6: Effect on interleukin-10 (IL-10), analysis derived from five studies reporting the effect of lactobacillus on anti-inflammatory
cytokine IL-10

Parameter Value

Number of studies 5 (3 animal, 2 clinical)

Total participants 386

Standardized mean Difference +0.34

Confidence Interval [0.03, 0.66]

P-value 0.030

I 39.7% (low to moderate)

Interpretation IL-10 significantly increased, suggesting enhanced anti-inflammatory response

The presence of substantial heterogeneity (I> = 51-64%) suggests variability between studies, potentially due to differences in Lactobacillus strains, dosing
regimens, study populations, and treatment durations (tables 7-9). This was acknowledged in our sensitivity analyses and discussed as a limitation.

Table 7: Subgroup analysis of lactobacillus supplementation on key inflammatory markers, disease activity in RA

Subgroup Outcome  No. of studies Pooled SMD (95% CI) _ p-value 1? (%) Interpretation
Human RCTs CRP 6 -0.62 [-0.89,-0.35] <0.001 421 Moderate reduction
DAS28 6 -0.39[-0.71,-0.07] 0.017 46.4 Modest clinical improvement
Animal Models TNF-a 4 -0.67 [-1.08,-0.26] 0.002 38.9 Strong suppression of inflammation
IL-6 3 -0.73[-1.32,-0.15] 0.013 57.3 Significant IL-6 lowering
Intervention group
Short (<8 w) CRP 5 -0.58[-0.94,-0.22] 0.002 48.5 Effective but lower than longer interventions
TNF-a 4 -0.47 [-0.79,-0.16] 0.004 34.6 Cytokine reduction
Long (28 w) CRP 5 -0.84 [-1.22,-0.47] <0.0001 54.3 Anti-inflammatory effect
DAS28 4 -0.47 [-0.83,-0.10] 0.013 49.1 Disease control with prolonged use
Lactobacillus dose
Low (<1 x 10° CFU/day)  TNF-a 3 -0.41[-0.77,-0.06] 0.022 32.4 Suppression
High (21 x 10° CFU/day)  TNF-« 4 -0.71 [-1.09,-0.33] 0.001 46.7 cytokine inhibition
Table 8: Human studies (RCTSs)
Outcome  Studies Total SMD  95%CI p-value I? Interpretation Outcome  Studies (n)
(n) sample (%)
CRP 10 784 -0.76  [-1.05,-0.47] <0.0001 58.1 Significant reduction CRP 10
DAS28 8 648 -0.41  [-0.73,-0.09] 0.012 45.6 Small-to-moderate improvement DAS28 8
TNF-a 7 513 -0.55  [-0.84,-0.26] 0.001 51.9 Reduction in pro-inflammatory cytokine TNF-a 7
IL-6 6 480 -0.49  [-0.88,-0.10] 0.014 64.3 IL-6 significantly lowered IL-6 6
IL-10 5 386 0.34 [0.03, 0.66] 0.030 39.7 Anti-inflammatory cytokine increased IL-10 5
Table 9: Subgroup analyses (Human vs animal; duration/dose)
Subgroup Outcome No. of studies SMD 95% CI p-value I (%)
Human RCTs CRP 6 -0.62 [-0.89,-0.35] <0.001 42.1
Human RCTs CRP 6 -0.62 [-0.89,-0.35] <0.001 42.1
Animal Models TNF-a 4 -0.67 [-1.08,-0.26] 0.002 38.9
Animal Models IL-6 3 -0.73 [-1.32,-0.15] 0.013 57.3

Animal studies consistently demonstrated reductions in TNF-a and IL-6, and increases in IL-10, as well as improvements in synovial histopathology (table
10). However, these findings were reported narratively and not pooled due to methodological differences from human RCTs.

Table 10: Animal studies (Characteristics summary)

Study (Year) Model/Strain Lactobacillus strain and dose Key outcomes Notes

Kumar etal, 2018 CIA rat/lewis L. rhamnosus (1x1079 CFU/d) U{TNF-q, VIL-6, TIL-10; improved histopathology Mechanistic; not pooled
Lietal, 2019 CIA rat/Wistar L. casei (2x1079 CFU/d) LCRP, ITNF-q, TIL-10; reduced synovial damage Mechanistic; not pooled
Ahmed et al, 2020 CIA rat/Sprague-D. L. rhamnosus GG (1x1079 CFU/d) LIL-6, TIL-10; improved arthritis score Mechanistic; not pooled
Zhang et al, 2021 CIA rat/lewis L. reuteri (5x1078 CFU/d) ITNF-q, lIL-6; improved joint histology Mechanistic; not pooled
Patel et al, 2022 CIA rat/lewis L. plantarum (1x1079 CFU/d) lIL-6, TIL-10; reduced paw swelling Mechanistic; not pooled

Risk of bias assessment indicated overall moderate quality of included RCTs (table 11), with some concerns regarding allocation concealment and
blinding. Animal studies were at variable risk of bias, particularly in randomization and outcome assessment (table 12).
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Table 11: Risk of bias summary-human RCTs (RoB 2.0)

Domain Randomization process Deviations from intended Missing outcome Outcome Selection of
interventions data measurement reported results
Overall Low/Some Low/Some Low Low Low/Some

Table 12: Risk of bias summary - animal studies (SYRCLE)

Domain Sequence generation Baseline characteristics  Allocation concealment  Blinding

Incomplete outcome data

Overall Low/Unclear Low Unclear

Unclear Low

Publication bias was not evident from funnel plots (fig. 1-5), although
the number of included studies per outcome was limited. These findings
support the hypothesis that Lactobacillus exerts immunomodulatory

Forest plot: CRP
Summary plot for CRP with SMD:-0.76, 95% CI: [-1.05,-0.47]

effects that may enhance the efficacy of methotrexate in rheumatoid
arthritis, particularly through downregulation of pro-inflammatory
cytokines and upregulation of anti-inflammatory pathways.

CRP: Pooled Effect (95% ClI)

I ]
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DAS28: Pooled Effect (95% Cl)

-1.5 -1.0 -0.5

0.5 1.0 15

Standardized Mean Difference (SMD)

Forest Plot: TNF-a
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IL-6: Pooled Effect (95% CI)
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Forest Plot: IL-10
Summary plot for IL-10 with SMD: 0.34, 95% CI: [0.03, 0.66]
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Figure 1: CRP - pooled SMD with 95% CI



M.F.K. etal.

LIMITATIONS

The complexity of probiotic interventions in rheumatoid arthritis
(RA) is highlighted by the moderate heterogeneity across multiple
outcomes, which calls for cautious interpretation despite the meta-
analysis generally positive findings. Several factors such as the use
of various Lactobacillus strains (e. g. A. L. Hamnosus L. The casei L.
acidophilus among other things) differences in treatment durations
variations in dosing schedules (from 107 to more than 10° CFU/day)
and irregularities in participant attributes like age disease severity
preexisting medications and coexisting conditions. It is challenging
to distinguish the effects of Lactobacillus alone because of this
variability which can have a substantial impact on the hosts immune
response and gut microbiota composition. Further contributing to
heterogeneity are methodological variations such as risk of bias and
outcome measurement strategies used in different studies.

Furthermore, although the incorporation of animal research yielded
significant  mechanistic =~ understandings  of  Lactobacillus
immunomodulatory capacity their applicability to human RA is
intrinsically restricted. Artificially created arthritis is frequently
used in experimental models but these not accurately illustrate the
chronicnature of human RA. Furthermore, the findings are less
applicable to actual human populations due to the use of higher
probiotic dosages than are usually used in clinical settings
genetically homogeneous animal populations and controlled
laboratory conditions. Rodent immune systems are also very
different from human immune systems in terms of structure and
function especially when it comes to gut microbial interactions and
cytokine signaling pathways.

These drawbacks imply that although research on animals lends
credence to the biological plausibility of immune modulation
mediated by Lactobacillus conclusions drawn from these studies
should be applied cautiously in clinical settings. Future research
should emphasize standardized probiotic formulations precise
dosing guidelines and consistent outcome reporting in order to
bolster the body of evidence. It should also concentrate on
conducting extensive meticulously monitored human trials to verify
clinical efficacy and safety.

Future directions

To improve the translational value of existing evidence future
randomized controlled trials (RCTs) examining the adjunctive role
of Lactobacillus in rheumatoid arthritis (RA) should aim for
increased methodological rigor and biological precision. Since the
use of various Lactobacillus strains each with unique immunological
and metabolic characteristics has led to heterogeneity and
inconsistent results across studies standardizing probiotic
formulations is a top priority. uniformity in dosage and strain
selection (e. g. G. CFU/day) as well as the method of delivery
(capsules fermented foods etc.). will support direct comparisons
between trials and aid in ensuring reproducibility. Furthermore,
prolong follow-up periods are mandatory to evaluate to identify
durability microbiome shifts ascertain whether clinical benefits are
sustainable and keep an eye out for any potential tolerance to
probiotic interventions or delayed side effects. The incorporation of
high-throughput sequencing for thorough gut microbiota profiling
(e. g A. Meta transcriptomics metagenomics or 16S rRNA gene
sequencing) ought to be a standard part of probiotic trials. By doing
so scientists would be able to map the diversity of microorganisms
at baseline identify (responders and non-responders) and track
changes composition and function of microorganisms over time.

Personalized microbiome-based interventions that are suited to each
person’s distinct microbial landscape immunological profile and
clinical phenotype could be developed using this data. Additionally
new data indicates that microbial function might be more important
than taxonomy. For this reason, metabolomic profiling should be
included to capture the metabolic effects of probiotic intervention
downstream especially for microbiota-derived metabolites. By
promoting regulatory T cells (Tregs) suppressing pro-inflammatory
cytokines (e. g. TNFs) and promoting dietary Fibers through microbial
fermentation SCFAs have shown considerable immunomodulatory
potential. A. TNF-a IL-6) and improvement of the integrity of the
epithelial barrier. Both a biomarker of probiotic effectiveness and a
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mechanism linking gut microbial activity to systemic inflammation in
RA may be found by measuring the levels of SCFA in serum or feces.
Multi-omics techniques that integrate proteomics metabolomics
transcriptomics and genomics should also be taken into account in
trials in order to decipher the intricate relationships between the host
microbiota and immune system.

In conclusion future studies should investigate combination approaches
like symbiotic formulations (probiotics plus prebiotics) co-
administration of DMARDSs other than methotrexate and dietary changes
that promote probiotic colonization and activity. In order to enhance the
generalizability of results trials should also include a variety of patient
demographics such as varying age ranges ethnic groups and comorbidity
profiles. Future RCTs could unlock the full therapeutic potential of
Lactobacillus and transform the microbiome-informed management of
autoimmune diseases like RA by adopting a systems biology approach
and coordinating clinical design with mechanistic science.

CONCLUSION

Lactobacillus supplementation may improve the effectiveness of
methotrexate in treating rheumatoid arthritis by balancing gut
bacteria and reducing inflammation. Both human and animal studies
show promising results, but more high-quality clinical trials are
needed to confirm these benefits and determine the best way to use
probiotics alongside methotrexate.
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