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Exploring the Gut Microbiome‑Immune Axis: 
Potential Benefit of Probiotics and Synbiotics in 
Systemic Lupus Erythematosus, a Meta‑Analysis 
of Randomized Control Trials
Muhammad Ifham HANIF1, Mentari Maratus SHOLIHAH1, Arief NURUDHIN2, Yulyani WERDININGSIH2, 
Indrayana SUNARSO2, Nurhasan Agung PRABOWO3, Taufik Ridwan Hadi KUSUMA4, Dwiana 
KARTIKAWATI1, Nasywa Zahida ROCHMAH5

Introduction: Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by periods of 
relapse and remission, in which gut microbiota imbalance plays a role in triggering and sustaining inflam-
mation through pro‑inflammatory cytokines. Therapeutic approaches targeting the gut microbiota, such as 
probiotics and synbiotics, have the potential to regulate disease activity by restoring microbial balance and 
reducing systemic inflammation. Several randomized controlled trials (RCTs) have explored the effects of 
microbiota‑based interventions in autoimmune diseases; however, comprehensive meta‑analyses summa-
rizing their efficacy remain limited.
Objective: To explore the potential benefit of probiotics and synbiotics supplementation in improving SLE 
disease activity and inflammatory markers.
Methods: RCTs relevant to the treatment of SLE with probiotics and synbiotics were systematically retrieved 
from Pubmed, EMbase, Cochrane, Sinomed in accordance with the PRISMA guideline. The meta‑analysis was 
performed using RevMan 5.4.1 software. A fixed‑effects model was applied, Cochrane Risk of Bias 2 (ROB 2.0) 
was used as a bias assessment tool. 
Results: Seven studies with a total 460 subjects were included in this meta‑analysis. Data consisting of 
SLEDAI‑2K, IL‑17 and IgG from studies RCTs. The pooled analysis demonstrated that probiotic or synbiotic 
supplementation significantly reduced disease activity of SLE as assessed by the SLEDAI‑2K score (MD = ‑2.33, 
95% CI ‑2.49, ‑2.16; P < 0.00001; I² = 61%). Similarly, the pro‑inflammatory markers of IL‑17 (MD = ‑1.04, 
95% CI ‑1.55, ‑0.52; P < 0.0001) and IgG (MD = ‑2.64, 95% CI ‑2.77, ‑2.51; P < 0.00001) revealed a significant 
reduction compared to control group. 
Conclusion: Gut microbiota‑based therapies, including synbiotics and probiotics supplementation, demon-
strate the potential benefit to reduce systemic inflammation and improve SLE disease activity through modu-
lating gut microbiota composition and function. While promising as an adjunctive treatment for SLE, further 
studies are required to investigate its mechanisms and therapeutic efficacy.
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic auto-
immune disease characterized by periods of relapse 
and remission, involving multiple organ systems and 
the production of a wide array of autoantibodies. The 
precise etiology of SLE remains incompletely under-
stood, but it is recognized as a multifactorial condition 
influenced by genetic, hormonal, and environmental 
factors. Recent advancements in research have increa-
singly highlighted the critical role of the gut microbi-
ota (GM) in the pathogenesis and progression of SLE. 
An imbalance in the composition and function of the 
gut microbiota, termed dysbiosis, is now understood to 
contribute to the initiation and perpetuation of inflam-
mation through the modulation of pro‑inflammatory 
cytokines and immune responses (Parodi et al., 2025).

Evidence suggests that gut dysbiosis in SLE patients 
is characterized by reduced microbial diversity and 
alterations in the abundance of specific bacterial phyla, 
such as an increase in Proteobacteria and a decrease in 
Firmicutes and Bacteroidetes. These microbial shifts 
can lead to increased intestinal permeability, often 
referred to as a “leaky gut syndrome,” which allows 
microbial antigens to translocate and trigger abnormal 
immune responses, thereby predisposing individuals to 
SLE and its complications, including lupus nephritis 
(LN) (Guo et al., 2021; Parodi et al., 2025). Specific 
bacterial species, such as Bacteroides thetaiotaomicron 
and Ruminococcus gnavus, have been implicated in driv-
ing autoimmune responses through mechanisms like 
molecular mimicry and immune dysregulation (Parodi 
et al., 2025).

Given the significant interplay between the gut 
microbiome and the immune system, therapeutic strat-
egies aimed at modulating the gut microbiota have 
emerged as promising avenues for managing SLE. 
Interventions such as probiotics, prebiotics, and synbi-
otics are being explored for their potential to restore 
microbial balance, reduce systemic inflammation, 
and improve disease activity (Kim & Mills, 2024). 
Probiotics, defined as live microorganisms that confer 
a health benefit to the host when administered in ade-
quate amounts, have been shown to alter gut microbi-
ome composition and regulate immunomodulatory and 
inflammatory responses (Guo et al., 2021). Synbiotics, 
a synergistic combination of probiotics and prebiot-
ics, are designed to enhance the viability and benefi-
cial effects of these microorganisms in the gut (Kim 

& Mills, 2024). While several randomized controlled 
trials (RCTs) have investigated the impact of micro-
biota‑based interventions in autoimmune diseases, a 
comprehensive meta‑analysis specifically summarizing 
their efficacy in SLE remains crucial for guiding clin-
ical practice. This paper aims to explore the potential 
benefits of probiotics and synbiotics supplementation 
in improving SLE disease activity and inflammatory 
markers.

METHODS

Study Design and Reporting Guideline
This study was conducted as a systematic review 
and meta‑analysis of randomized controlled trials 
(RCTs) evaluating the effects of probiotic and synbi-
otic supplementation in patients with Systemic Lupus 
Erythematosus (SLE). The review was performed in 
accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta‑Analyses (PRISMA) 
2020 guidelines.
Eligibility Criteria
Studies were included if they were randomized con-
trolled trials (RCTs) involving adult patients diagno-
sed with Systemic Lupus Erythematosus (SLE) based 
on established classification criteria. Eligible studies 
evaluated the use of probiotics and/or synbiotics as an 
intervention and compared the outcomes with placebo 
or standard therapy. Studies were required to report 
at least one of the following outcomes: SLE Disease 
Activity Index (SLEDAI‑2K), interleukin‑17 (IL‑17), 
or serum immunoglobulin G (IgG).

Studies were excluded if they were observational 
studies, case reports, case series, systematic reviews, 
or meta‑analyses. Animal or in vitro studies were 
also excluded. In addition, studies with insufficient or 
incomplete outcome data and articles for which the full 
text was unavailable were not included in the analysis.
Information Sources and Search Strategy
A systematic literature search was conducted in the 
following electronic databases: PubMed, EMBASE, 
Cochrane Library, and Sinomed. The search was per-
formed without restrictions on publication status. 
Keywords and Medical Subject Headings (MeSH) 
related to Systemic Lupus Erythematosus, probiotics, 
synbiotics, and gut microbiota were used, combined 
using Boolean operators (“AND” and “OR”).
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The reference lists of eligible articles were also man-
ually screened to identify additional relevant studies.
Study Selection
All records retrieved from the electronic databases were 
imported into a reference management system, and 
duplicate records were removed. Two reviewers inde-
pendently screened the titles and abstracts to identify 
potentially eligible studies. Subsequently, full‑text arti-
cles were assessed for eligibility based on the predefi-
ned inclusion and exclusion criteria. Any disagreements 
between the reviewers were resolved through discussion 
and consensus.
Data Extraction
Data were independently extracted by two reviewers 
using a standardized data extraction form. The extrac-
ted information included the first author and year of 
publication, study design and sample size, type and 
dose of probiotic or synbiotic intervention, duration 
and route of administration, and reported outcomes, 
including SLE Disease Activity Index (SLEDAI‑2K), 
interleukin‑17 (IL‑17), and serum immunoglobulin G 
(IgG). Any discrepancies in data extraction were resol-
ved through discussion and consensus.
Risk of Bias Assessment
The methodological quality of the included randomi-
zed controlled trials was assessed using the Cochrane 
Risk of Bias tool version 2.0 (ROB 2.0). The assessment 
covered five domains: bias arising from the randomi-
zation process, bias due to deviations from intended 
interventions, bias due to missing outcome data, bias in 
measurement of the outcome, and bias in selection of 
the reported result. Each study was classified as having 
a low risk of bias, some concerns, or a high risk of bias.
Statistical Analysis

Meta‑analysis was conducted using Review Manager 
(RevMan) version 5.4.1. Continuous outcomes were 
analyzed using Mean Difference (MD) or Standardized 
Mean Difference (SMD) with 95% Confidence 
Intervals (CIs). The meta‑analysis was performed using 
the fixed‑effects model. Heterogeneity was assessed 
using the I² statistic, where I² > 50% indicated signifi-
cant heterogeneity.

RESULT

Study Selection
The selection process of the studies is presented in the 
PRISMA 2020 Flow Diagram (Figure 1), illustrating 
the flow of information from the identification stage 
through to inclusion.

 
Figure 1. PRISMA 2020 Flow Diagram

Figure 1 illustrates the flow of studies throughout 
the selection process. The systematic search identified 
a total of 416 records from the databases, consisting 
of 359 from ScienceDirect and 57 from PubMed. 
Before screening, 43 duplicate records were removed. A 
total of 373 records were screened based on titles and 
abstracts, and 327 records were excluded for not meet-
ing the inclusion criteria. This left 46 reports sought 
for retrieval. Among these, 26 reports could not be 
retrieved. A total of 20 reports were assessed for eligibil-
ity. After full‑text review, 13 reports were excluded for 
several reasons: full text not available (n = 4), system-
atic reviews (n = 2), and insufficient available data (n = 
7). Finally, 7 new studies were included in the review. 

Characteristics of Included Studies
First Author, 
Year

Type of Synbiotic/Prebiotic Supplement Intervention Dose and Route Key Outcome Reported (SLEDAI‑2K, 
IL‑17, IgG)

Widhani, 2022 Synbiotic (Lactobacillus helveticus R0052 60%, 
Bifidobacterium infantis R0033 20%, 
Bifidobacterium bifidum R0071 20%, and 80 mg 
fructo‑oligosaccharides)

3x10^9 CFU once daily for 60 
days, oral

SLEDAI‑2K: Significantly decreased (14 9; 

16 vs. 8 2; 12; p<0.001) 
IL‑17: No significant change IgG: Not 
mentioned

Mirfeizi, 2023 Synbiotic (L. helicus, B. infantis, B. bifidum) 3x10^9 CFU daily for up to 3 
months, oral SLEDAI‑2K: Significant improvement 

Zheng, 2024 Probiotics (various types, not specific) Various, not specific SLEDAI‑2K: Significantly lower (WMD = 
‑2.31, 95%CI ‑2.48, ‑2.14, P<0.00001) 
IgG: Significantly lower (WMD = ‑3.10, 
95%CI ‑3.84, ‑2.36, P<0.00001)

Banaki, 2025 Probiotic yogurt (Lactobacillus rhamnosus and 
Bifidobacterium bifidum)

200 g yogurt containing 10^6 
CFU daily for 13 weeks, oral

SLEDAI‑2K: No significant change 
(p=0.246) 
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The characteristics of the four eligible studies 
included in the systematic review are summarized in 
Table 2. These studies, published between 2022 and 
2025, investigated the effects of synbiotic or probi-
otic supplementation on disease activity and immu-
nological parameters in patients with Systemic Lupus 
Erythematosus (SLE).

All studies utilized oral supplementation with vary-
ing probiotic or synbiotic formulations and interven-
tion durations ranging from 60 days to 13 weeks. The 
most frequently used bacterial strains were Lactobacillus 
helveticus, Bifidobacterium infantis, and Bifidobacterium 
bifidum, either in synbiotic combinations or as part of 
probiotic yogurt preparations. One meta‑analysis also 
included multiple probiotic formulations from various 
studies without specifying individual strains.

Across the studies, clinical outcomes were primar-
ily assessed using the SLE Disease Activity Index 

(SLEDAI‑2K), while immunological biomarkers such 
as IL‑17 and IgG were variably reported. Two studies 
(Widhani et al., 2022; Mirfeizi et al., 2023) demon-
strated a significant reduction in SLEDAI‑2K scores 
following synbiotic supplementation, indicating clinical 
improvement. The meta‑analysis by Zeng et al. (2024) 
also reported significantly lower SLEDAI‑2K and IgG 
levels among probiotic users. In contrast, Banaki et al. 
(2025) observed no significant change in SLEDAI‑2K 
following daily probiotic yogurt intake.

Overall, despite heterogeneity in probiotic strains, 
dosages, and study durations, the majority of the 
included studies suggested a beneficial effect of syn-
biotic or probiotic supplementation on SLE disease 
activity, while the effects on IL‑17 and IgG remained 
inconsistent or underreported.
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Figure 2 presents the Risk of Bias (RoB) assessment 
for the included randomized controlled trials, evalu-
ated using the Cochrane Risk of Bias 2.0 (ROB 2.0) 
tool. Overall, the methodological quality of the seven 
included studies was considered moderate to good. 
Most studies demonstrated a low risk of bias in key 
domains, particularly in randomization (D1), deviations 
from intended interventions (D2), and measurement of 
outcomes (D4), indicating that random allocation and 
outcome assessments were generally well conducted.

However, several studies exhibited “some concerns” 
in domains related to missing outcome data (D3) and 
selection of the reported result (D5), suggesting poten-
tial limitations in data completeness and selective 
reporting. Despite these concerns, no study was rated 
as having a high overall risk of bias.

In summary, the overall risk of bias among the 
included studies was low to moderate, supporting the 
reliability of the evidence while acknowledging minor 
methodological limitations that may influence the 
interpretation of pooled results.

These inherent risks of bias highlight the impor-
tance of performing sensitivity analyses during the 
quantitative synthesis phase to ensure that the pooled 

effect estimates are robust and not disproportionately 
influenced by individual studies with methodological 
concerns.

A quantitative synthesis (meta‑analysis) was con-
ducted for the principal clinical and immunological 
outcomes reported by at least three included studies, 
namely SLE Disease Activity Index (SLEDAI‑2K), 
serum IgG level, and IL‑17 concentration. A fixed‑ef-
fects model was applied for all pooled estimations to 
determine the overall effect size of the interventions.

Figure 3A illustrates the pooled analysis of five stud-
ies evaluating changes in SLE disease activity following 
synbiotic or probiotic supplementation. The meta‑anal-
ysis revealed a significant reduction in SLEDAI‑2K 
score among the intervention groups compared to 
controls (MD = −2.33; 95% CI −2.49, −2.16; p < 0.00001). 
This finding indicates a robust improvement in overall 
disease activity associated with probiotic or synbiotic 
administration. The heterogeneity was moderate (I² = 
61%), suggesting that differences in strain composition, 
duration, and baseline disease severity contributed to 
some variability in effect size, but the overall direction 
of benefit was consistent.

Risk of Bias in Included Studies

Figure 2. Risk of Bias Assessment using Cochrane ROB 2.0
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Figure 3B summarizes the meta‑analysis of three 
studies that assessed serum IgG concentrations as an 
immunological marker of disease activity. The pooled 
results demonstrated a significant reduction in IgG lev-
els in the probiotic/synbiotic group compared to control 
(MD = −2.64; 95% CI −2.77, −2.51; p < 0.00001). No het-
erogeneity was observed (I² = 0%), indicating a highly 
consistent suppressive effect of supplementation on 
humoral immune activation across studies. These find-
ings suggest that probiotic and synbiotic interventions 

may help attenuate B‑cell hyperactivity characteristic 
of systemic lupus erythematosus.

Figure 3C presents the pooled analysis of two stud-
ies measuring IL‑17, a key pro‑inflammatory cytokine 
in lupus pathogenesis. The meta‑analysis revealed a sig-
nificant decrease in IL‑17 levels following probiotic or 
synbiotic administration (MD = −1.04; 95% CI −1.55, −0.52; 
p < 0.0001). Despite high heterogeneity (I² = 99%), the 
direction of effect consistently favored the intervention 

Figure 3A. Effect of Synbiotic and Probiotic Supplementation on SLEDAI‑2K Score

Figure 3B. Effect of Synbiotic and Probiotic Supplementation on Serum IgG Level

Figure 3C. Effect of Synbiotic and Probiotic Supplementation on IL‑17 Levels
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group, indicating an overall immunomodulatory effect 
through suppression of Th17‑mediated inflammation.

In summary, the pooled quantitative evidence indi-
cates that probiotic and synbiotic supplementation 
significantly improves disease activity and immuno-
logical parameters in patients with SLE. The consis-
tent reductions in SLEDAI‑2K, IgG, and IL‑17 levels 
collectively support the potential role of gut‑microbi-
ota modulation as an adjunctive therapeutic strategy 
for lupus management. However, moderate to high 
heterogeneity and limited sample sizes warrant cau-
tious interpretation and encourage further high‑quality 
randomized trials.

DISCUSSION

The findings of this meta‑analysis provide compe-
lling clinical evidence that probiotic and synbiotic 
supplementation significantly improves disease acti-
vity and modulates systemic inflammation in Systemic 
Lupus Erythematosus (SLE). The robust reduction in 
SLEDAI‑2K scores suggests that targeting the gut‑mi-
crobiome‑immune axis can effectively facilitate clinical 
remission and reduce the frequency of disease flares 
(Widhani et al., 2022). This clinical improvement is 
biologically substantiated by the significant suppression 
of pro‑inflammatory markers, namely serum IgG and 
IL‑17, indicating a profound restoration of systemic 
immune tolerance (Habiballah, Li and Jiang, 2025).

Gut Dysbiosis, Barrier Integrity, and Molecular 
Mimicry
SLE is fundamentally characterized by profound gut 
dysbiosis, which acts as a primary driver of immune 
dysregulation through several pathways (Sahu et al., 
2025). The reduction in microbial diversity and the 
altered Firmicutes/Bacteroidetes (F/B) ratio facilitate 
“leaky gut syndrome,” where impaired intestinal barrier 
integrity allows for the translocation of microbial pro-
ducts like lipopolysaccharides (LPS) into the systemic 
circulation (Zhu et al., 2025). This translocation trig-
gers Toll‑like receptors (TLRs), particularly TLR7 and 
TLR9, which are central to the production of type I 
interferons and the initiation of autoimmune responses 
(Zhu, Wu and Deng, 2025). Furthermore, the pheno-
menon of molecular mimicry—where microbial epito-
pes from species such as Bacteroides thetaiotaomicron 
resemble host self‑antigens like Ro60—perpetuates the 
production of pathogenic autoantibodies (Greiling et 

al., 2018). The administration of probiotics and synbio-
tics helps restore this barrier by upregulating tight junc-
tion proteins and promoting a more balanced microbial 
community (Parodi et al., 2025).

Restoration of the Th17/Treg Balance and Cytokine 
Modulation
The significant reduction in IL‑17 levels observed in 
our study highlights the role of the gut microbiota in 
balancing the Th17/Treg axis (Mohamed et al., 2025). 
Probiotics ferment dietary fibers into short‑chain fatty 
acids (SCFAs), such as butyrate, which act as signaling 
molecules to promote the expansion of anti‑inflam-
matory regulatory T cells (Tregs) via the induction of 
Foxp3 expression (Novotny Núñez et al., n.d.). con-
currently, increased SCFA production suppresses the 
differentiation of pro‑inflammatory Th17 cells, effec-
tively lowering the systemic concentration of IL‑17 
(Yurtseven, Aydemir and Ayaz, 2025). This immuno-
modulatory effect is further enhanced by tolerogenic 
dendritic cells (DCs), which are stimulated by probiotic 
interactions to induce T‑cell tolerance (Esmaeili et al., 
2021).

Suppression of B‑cell Hyperactivity and Humoral 
Immunity
A hallmark of SLE pathogenesis is B‑cell hyperacti-
vity, leading to the overproduction of autoantibodies 
and subsequent tissue damage (Wang et al., 2025). Our 
results showing reduced serum IgG levels indicate that 
microbiota modulation can effectively attenuate this 
humoral immune activation (Wang, Yu and Yu, 2025). 
Probiotics have been shown to regulate B‑lymphocyte 
immune responses by modulating the expression of cri-
tical activation genes, such as CD19 and CD22, and 
influencing the differentiation of plasma cells in the 
bone marrow (Hevia et al., 2014). This reduction in 
B‑cell driven autoantibody synthesis is crucial for pre-
venting severe complications, including lupus nephri-
tis and cardiovascular disease (De la Visitación et al., 
2019).

Metabolic Restoration and Advanced Therapeutic 
Frontiers
Beyond direct immune modulation, synbiotics facili-
tate metabolic restoration by normalizing dysregula-
ted amino acid and purine metabolic pathways (Zhu 
Q et al., 2024). Recent metagenomic and metabolomic 
evidence suggests that synbiotic administration shifts 
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the microbial community structure to reduce pathoge-
nic bacteria like Prevotella while increasing beneficial 
Actinobacteria (Zhu, Cui and Liu, 2024). Emerging 
research also points to the potential of cell‑free thera-
pies, such as mesenchymal stem cell‑derived extracellu-
lar vesicles (MSC‑EVs) or exosomes, which can mimic 
the immunomodulatory effects of probiotics by polari-
zing macrophages from a pro‑inflammatory M1 to an 
anti‑inflammatory M2 phenotype (Zhang et al., 2022). 
These vesicles alleviate renal injury in lupus nephritis by 
regulating the IL‑6/STAT3/IL‑17 signaling pathway 
and improving the survival rate in murine models (Li 
et al., 2024). Furthermore, MSC‑EVs primed with 
disease‑conditioned media show enhanced production 
of TGF‑β1, offering a novel avenue for personalized 
biotherapeutics (Choi et al., 2024).

Clinical Implications and External Influences
The efficacy of microbiota‑targeted therapies is influ-
enced by various external factors, including the use of 
medications such as proton pump inhibitors (PPIs) 
and non‑steroidal anti‑inflammatory drugs (NSAIDs), 
which are common in SLE management (Hu et al., 
2025). PPI use has been associated with significant 
gut dysbiosis and increased intestinal inflammation, as 
evidenced by elevated fecal calprotectin levels (Pribadi, 
2021). Additionally, NSAIDs can cause both gas-
tropathy and enteropathy, further compromising gut 
barrier integrity and potentially exacerbating SLE 
symptoms (Maulahela, 2021). The management of 
oxidative stress is also vital, as reactive oxygen species 
(ROS) can trigger mitochondrial damage and acce-
lerate the apoptotic cascade in gastric and intestinal 
mucosa (Makmun, 2021).

Conclusion and Future Outlook
In conclusion, the modulation of the gut‑microbio-
me‑immune axis through probiotics and synbiotics 
represents a promising adjunctive therapeutic strategy 
for SLE (Kragsnaes et al., 2025). These interventions 
address the multifactorial pathogenesis of lupus by res-
toring gut homeostasis, balancing T‑cell subsets, and 
suppressing pathogenic B‑cell responses (Zhu, Wu 
and Deng, 2025). Future research should prioritize lar-
ge‑scale, multicenter trials that incorporate integrated 
metagenomic and metabolomic profiling to develop 
personalized microbial interventions tailored to the 
unique microbial signatures of SLE patients (Zhu, Cui 
and Liu, 2024).

Importantly, these conclusions are consistent with 
broader conceptual evidence from multidisciplinary 
clinical literature, which indicates that alterations in the 
gut microbiota significantly influence systemic immune 
responses and inflammatory pathways beyond localized 
gastrointestinal phenomena. Narrative and integrative 
reviews have demonstrated that gut microbiota dysbi-
osis modulates host immune signaling through mecha-
nisms such as the gut –brain axis and microbial‑derived 
inflammatory pathways, thereby reinforcing the bio-
logical plausibility of microbiota‑targeted interventions 
in chronic inflammatory conditions. This conceptual 
framework aligns with our findings, showing that pro-
biotic and synbiotic supplementation is associated with 
improvements in disease activity and immune markers 
in systemic lupus erythematosus (Pahomeanu et al., 
2025; Ioghen et al., 2025).

CONCLUSION

Gut microbiota‑based therapies, including synbio-
tics and probiotics supplementation, demonstrate a 
potential benefit in reducing systemic inflammation 
and improving SLE disease activity by modulating gut 
microbiota composition and function. While promising 
as an adjunctive treatment for SLE, further studies are 
required to investigate its mechanisms and therapeutic 
efficacy comprehensively.
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