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Research Trends and Emerging Themes
in Gut Microbiota-Systemic Lupus
Erythematosus Research: A Bibliometric
Analysis (2014-2025)

ABSTRACT

Background/Aims: Growing evidence indicates that gut microbiota dys-
regulation plays a crucial role in the pathogenesis of systemic lupus ery-
thematosus (SLE); yet, a quantitative overview of research activity in this
field is lacking. This study aimed to provide a bibliometric analysis of global
research trends and thematic evolution concerning gut microbiota and
SLE between 2014 and 2025.

Materials and Methods: Relevant publications were retrieved from the
Web of Science Core Collection and Scopus databases, and only original
research articles and review articles published in English between January
1, 2014, and December 31, 2025, were included. Bibliometric analyses were
performed using the bibliometrix package in R and CiteSpace to evaluate
publication trends, country and institutional contributions, collaboration
networks, keyword co-occurrence, and citation burst patterns.

Results: A total of 525 publications were included, comprising 248 origi-
nal articles and 277 reviews. Annual publication output increased steadily,
with accelerated growth after 2019 (annual growth rate of 121.20%), and
91 papers were published in 2025. China and the United States were the
main contributors, accounting for more than half of the total publica-
tions, with field-normalized contributions of 1.0927 and 1.2268. The Medical
University of South Carolina and Zhejiang Chinese Medical University
were the most productive institutions (10 articles). Citation burst analysis
showed that “Intestinal dysbiosis associated with systemic lupus erythe-
matosus” laid the foundation for research in this field. Keyword analy-
sis indicated a gradual shift from descriptive microbial characterization
toward themes related to immune regulation and dysbiosis. In addition,
increasing research attention has been directed toward microbiota-based
therapeutic approaches in SLE.

Conclusion: Research on gut microbiota in SLE has expanded substantially
over the past decade, with an observable shift from association-based
studies toward more mechanistic and translational research themes.
Distinct regional research emphases were noted, highlighting the poten-
tial value of enhanced international and interdisciplinary collaboration in
advancing research in this field.

Keywords: Bibliometric analysis, gastrointestinal microbiome, Scopus, sys-
temic lupus erythematosus, web of science
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Introduction

Systemic lupus erythematosus (SLE) is a chronic, multi-
system autoimmune disease characterized by dysregu-
lated immune activation, autoantibody production, and
widespread inflammmatory organ damage."* The epidemi-
ology of SLE exhibits pronounced geographic and sex-
specific disparities, with a global prevalence estimated
at 40-200 per 100 000 individuals and a markedly higher
incidence among women, particularly those of reproduc-
tive age, highlighting the contributory role of hormonal
factors in disease susceptibility.#> Clinically, SLE is highly
heterogeneous, presenting with manifestations rang-
ing from cutaneous involvement and arthritis to lupus
nephritisand neuropsychiatric complications.®’ Its patho-
genesis is multifactorial, involving genetic predisposition
(e.g., HLA-DR, IRF5, STAT4), epigenetic dysregulation, and
environmental triggers such as ultraviolet exposure, viral
infections, and chemical agents.®"

The gut microbiota represents the largest and most met-
abolically active microbial ecosystem in the human body
and plays a fundamental role in immune homeostasis.”?
Through the production of microbial metabolites, modu-
lation of immune cell differentiation, and maintenance
of intestinal barrier integrity, gut microbiota critically
shapes host immune responses.® While a substantial
proportion of the gut microbial community remains
relatively stable over time, microbial composition can be
dynamically influenced by age, diet, lifestyle, and envi-
ronmental exposures.>®Perturbations in this ecosystem
have been increasingly implicated in the development
and progression of immune-mediated and metabolic
disorders, including SLE.""?°

In recent years, a growing body of experimental and
clinical evidence has highlighted a close association
between gut microbiota dysbiosis and SLE pathogenesis.
Preclinical studies have demonstrated that alterations in
microbial composition can promote autoantibody pro-
duction, with reductions in Lachnospiraceae and enrich-
ment of Enterobacteriaceae correlating positively with
disease activity indices such as SLEDAI.??2 Metagenome-
wide association studies further revealed disease-spe-
cific microbial signatures in patients with SLE, including
increased abundance of Streptococcus anginosus and
Streptococcus intermedius, accompanied by functional

MAIN POINTS

- Global research on gut microbiota and systemic
lupus erythematosus has increased markedly since
2019.

- Research focus has shifted from microbial profiling
toward immune regulation and dysbiosis-related
mechanisms.

- Distinct national research patterns emphasize the
importance of international collaboration.

250

Yang and Wang. Gut Microbiota and SLE: A Bibliometric Analysis

shifts in pathways related to sulfur metabolism and fla-
gellar assembly.2® Moreover, germ-free and fecal micro-
biota transplantation models have provided compelling
causal evidence, showing that transplantation of SLE
patient-derived microbiota can induce autoimmune
phenotypes in recipient mice, whereas probiotic inter-
ventions—particularly Lactobacillus species—can ame-
liorate lupus nephritis.?42>

Although a previous scientometric study has exam-
ined microbial dysbiosis in SLE?** dysbiosis represents
an important dimension of gut microbiota research. A
comprehensive and updated bibliometric evaluation
encompassing the broader SLE-gut microbiota research
landscape, integrating multiple databases and expanded
analytical indicators, remains warranted. Bibliometric
analysis, which applies quantitative and statistical meth-
ods to evaluate patterns in scientific publications, offers
an objective framework to characterize research produc-
tivity, collaboration networks, knowledge structures, and
emerging trends.?” The absence of such analyses in the
SLE-gut microbiota domain hampers a comprehensive
understanding of its developmental trajectory and limits
evidence-based planning for future research directions.

Therefore, the present study conducted a bibliometric
analysis of publications indexed in the Web of Science
Core Collection from 2014 to 2025 to systematically map
the global research landscape in this field. Specifically,
the study aimed to address the following research ques-
tions: (1) How has the annual publication output evolved
over time? (2) Which countries, institutions, authors, and
journals have made the most influential contributions?
(3) What collaboration patterns can be identified at the
national and institutional levels? (4) How has the intel-
lectual structure of the field evolved based on co-cita-
tion and keyword analyses? (5) What emerging research
hotspots and future directions can be identified?

Materials and Methods

Data Source and Search Strategy

All publications included in this study were retrieved
from the Web of Science Core Collection and Scopus
databases. In Web of Science, a search was performed
using the following strategy: (“systemic lupus erythema-
tosus” OR “SLE") (Topic) AND (“gut microbiota” OR “gut
microbiome” OR “gut flora” OR “gastrointestinal microbi-
ota” OR “gastrointestinal microbiome” OR “gastrointesti-
nal flora”) (Topic). In Scopus, a TITLE-ABS-KEY search was
performed using the following strategy: (TITLE-ABS-KEY
(“systemic lupus erythematosus” OR “SLE") AND TITLE-
ABS-KEY (“gut microbiota” OR “gut microbiome” OR
“gut flora” OR “gastrointestinal microbiota” OR “gastro-
intestinal microbiome” OR “gastrointestinal flora”)). The
literature search was conducted on February 24, 2026.
Original research articles and review articles published
in English between January 1, 2014, and December 31,
2025 were included. Only 2 relevant publications were



Yang and Wang. Gut Microbiota and SLE: A Bibliometric Analysis

identified in each of the years 2011, 2012, and 2013. Given
the extremely low and stable annual output during this
period, these early years were considered insufficient to
support meaningful trend analysis. Therefore, 2014 was
selected as the starting point to ensure greater statistical
robustness and reliability in the bibliometric evaluation.

Data Collection and Preprocessing

Records meeting the inclusion criteria were downloaded
from the Web of Science (https://mwww.webofscience
.com/wos/alldb/basic-search) and Scopus (https:/Avww.
scopus.com/pages/homettbasic) databases with full bib-
liographic information and cited references. To ensure
data accuracy and consistency, all retrieved records
were independently screened by 3 researchers accord-
ing to predefined inclusion and exclusion criteria. Any
discrepancies in study selection were resolved through
discussion until consensus was reached. Records were
excluded if they met the following criteria: (1) conference
papers or editorials; (2) content unrelated to SLE and gut
microbiota; and (3) duplicate, republished, or retracted
literature. All data were exported in plain text format and
subsequently processed using the bibliometrix pack-
age (version 521, https://www.bibliometrix.org/home/)
in R software (version 4.5, https://www.r-project.org/) (R
Foundation for Statistical Computing; Vienna, Austria) for
format conversion and duplicate removal prior to analy-
sis. To reduce inconsistencies in author and institutional
names across databases, name harmonization proce-
dures were performed using the bibliometrix package,
including normalization of name variants. Major contrib-
uting institutions were manually reviewed to ensure con-
sistent attribution and to minimize duplication caused by
formatting differences.

Bibliometric Analysis

Bibliometric analyses were performed to evaluate publi-
cation output, citation patterns, and scholarly contribu-
tions across countries, institutions, journals, and authors.
To provide a relative assessment of national research
intensity, field-normalized contribution was calculated
by dividing the number of SLE-gut microbiota publi-
cations by the total publication output of each country
during the same period. This normalization allows com-
parison independent of overall national research volume.
Key indicators, including annual publication counts,
H-index, and citation frequency, were calculated using
R and the bibliometrix package. The annual growth
rate was derived using the bibliometrix package based
on changes in publication output over time. Scientific
knowledge mapping analyses, including co-citation net-
works, keyword co-occurrence, and thematic evolution,
were conducted using CiteSpace software (version 6.4.R1,
https://citespace.podia.com/) (Massimo Aria; Naples,
Italy). Citation burst detection was applied to identify
emerging research fronts and evolving hotspots within
the field. All statistical analyses and visualizations were
generated using R software (R Foundation for Statistical
Computing; Vienna, Austria). For network construction,
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institutions, authors, and keywords with an occurrence
frequency greater than 5 were included to improve visu-
alization clarity and reduce noise.

Ethical Considerations

As this study is a bibliometric analysis based on publicly
available data from scientific databases (e.g., Web of
Science, Scopus), it did not involve direct interaction with
human participants, animal subjects, or access to private
clinical data. Therefore, ethical approval from an institu-
tional review board or ethics committee was not required
for this type of research. Similarly, informed consent was
not applicable as no individual-level data were collected
or used.

Results

Overview of Publication Output

A total of 371 and 431 records were initially retrieved
from the Web of Science Core Collection and Scopus
databases. After merging records from the 2 databases
and excluding records with incomplete information,
525 publications were included for subsequent analysis,
comprising 248 original research articles and 277 review
articles. As shown in Figure 1A, annual publication output
remained below 30 articles from 2014 to 2018, followed by
a sharp increase between 2019 and 2025, with an average
annual growth rate of 121.20%. After 2021, the number of
published papers each year exceeded 60, with the high-
est number of 91 papers published in 2025. Overall, these
findings indicate a rapidly expanding research interest in
the association between SLE and the gut microbiota.

National Contributions and International Collaboration
Analysis of national publication output (Figure 1B)
showed that China was the leading contributor with 172
publications, followed by the United States (n=103), Italy
(n=37), Spain (n=30), and Japan (n=12). After normaliza-
tion to overall national publication volume, China and
the United States remained leading contributors. The
field-normalized contributions were 1.0927 for China and
1.2268 for the USA, while other countries were all less
than 1. International collaboration analysis revealed that
China-United States cooperation was the most frequent
(21 collaborations), followed by collaborations between
the United States and Germany (9), between China and
the United Kingdom (5), and between Italy and Spain
(5) (Table 1). These results highlight the dominant roles
of China and the United States in shaping the global
research landscape of this field.

Institutional Contributions

A total of 370 institutions worldwide contributed to pub-
lications related to SLE and gut microbiota. The top 20
most productive institutions are presented in Figure 1C
and Supplementary Table 1. The Medical University of
South Carolina (USA) and Zhejiang Chinese Medical
University (China) were the most productive institutions,
each contributing 10 publications, followed by Virginia
Polytechnic Institute and State University (USA) with 8
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Figure 1. Global publication landscape of research on the association between systemic lupus erythematosus and gut

microbiota. (A) Annual publication trends from 2014 to 2025. (B) Geographic distribution of publications by country. (C)
Leading institutions contributing to systemic lupus erythematosus-gut microbiota research.

publications. Among the top 20 institutions, 9 were from
China and 5 from the United States, indicating strong
institutional engagement from both countries.

Journals and Publication Impact

The included publications were distributed across 258
academic journals, and 19 journals had published more
than 5 articles each. The top 10 most productive journals
are summarized in Table 2. Frontiers in Immunology
published the largest number of articles (n=67), followed
by International Journal of Molecular Sciences (n=19)
and Journal of Autoimmunity (n=16). Based on the latest

available 2024-2025 Journal Citation Reports data, the
top 10 journals were all ranked in JCR Ql. Notably, articles
published in Gut Microbes, Autoimmunity Reviews, and
Journal of Autoimmunity generally exhibited higher cita-
tion impact (IF was 11.00, 8.3, and 7.0), suggesting greater
academic influence within this research domain.

Most Cited Publications and Citation Burst Analysis

Citation analysis was performed on 26 017 referenced
articles, and the top 10 most cited publications are listed
in Table 3. Among them, 3 landmark studies were par-
ticularly influential. “The Bidirectional Relationship of

Table 1. International Collaboration Networks Among Leading Countries in Systemic Lupus Erythematosus-Gut Microbiota

Research

Number of Articles Field-Normalized Number of
Nation Published Contribution Partnership Co-Operation
China 172 1.0927 China, USA 21
USA 103 1.2268 USA, Germany 9
Italy 37 0.9451 China, United Kingdom 5
Spain 30 0.6996 Spain, Italy 5
Japan 12 0.7348 USA, ltaly 4
Brazil 12 0.6847 USA, United Kingdom 4
Iran 12 0.9640 China, Australia 4
Korea n 0.9283 Israel, Russia 3
United Kingdom n 0.4537 USA, Brazil 3
India 7 0.5647 USA, Egypt 3
252
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Table 2. Top 10 Journals Publishing Studies on Systemic Lupus Erythematosus and Gut Microbiota

Journal Citation Number Average

Impact Factor Reports - of Number of
Journal Country Articles (2024-2025) Category Citations Citations
Frontiers in Immunology Switzerland 67 59 Ql 1368 20.4179
International Journal of Molecular USA 19 49 Ql 346 18.2105
Sciences
Journal of Autoimmunity United Kingdom 16 7.0 Ql 556 34.7500
Autoimmunity Reviews USA 13 8.3 Ql 369 28.3846
Frontiers in Cellular and Infection  Switzerland 13 4.8 Ql 139 10.6923
Microbiology
Frontiers in Microbiology Switzerland 13 45 Ql 313 24.0769
Nutrients Switzerland 9 5.0 Ql 347 38.5555
Scientific Reports United Kingdom 7 39 Ql 602 86.5714
Microorganisms Switzerland 6 4.2 Ql 88 14.6667
Gut Microbes USA 6 1.0 Ql 280 46.6667
Depression and Inflammation: Double Trouble” was in Autoimmune Lupus” (burst=20.2236, 2015-2019) and

the most cited (1,598 citations), providing a theoretical
framework linking gut microbiota to neuroinflammation
and immune dysregulation relevant to SLE comorbidi-
ties. “Does the Epithelial Barrier Hypothesis Explain the
Increase in Allergy, Autoimmunity, and Other Chronic
Conditions?” (851 citations) proposed a novel hypoth-
esis emphasizing epithelial barrier dysfunction in auto-
immune disease pathogenesis. “Intestinal Dysbiosis
Associated with Systemic Lupus Erythematosus” (741
citations) systematically demonstrated how gut dysbiosis
contributes to SLE through molecular mimicry, impaired
gut barrier function, and immune modulation.

Citation burst analysis identified publications with
strong temporal influence (Figure 2). “Intestinal Dysbiosis
Associated with Systemic Lupus Erythematosus” exhib-
ited the strongest burst (citation burst =25.5002) between
2015 and 2019, followed by “Dynamics of Gut Microbiota

“Control of Lupus Nephritis by Changes of Gut Microbiota”
(burst=15.3546, 2018-2022). These studies collectively
mark key turning points in the evolution of this research
field. Detailed citation burst values and corresponding
time periods are summarized in Supplementary Table 2.

Keyword Analysis and Thematic Evolution

Keyword co-occurrence analysis identified 47 high-
frequency keywords (occurrence > 5), visualized in
Figure 3A. The most frequently occurring terms were
SLE (n=293), gut microbiota (n=227), and intestine flora
(n=145). Co-occurrence analysis revealed the strongest
association between gut microbiota and SLE (154 co-
occurrences), followed by SLE and intestine flora (143
co-occurrences).

Keyword burst analysis (Figure 3B) revealed emerging
research hotspots over time. Segmented filamentous

Table 3. Top 10 Most Cited References in Systemic Lupus Erythematosus-Gut Microbiota Research

Total
Title Journal Citations
The Bidirectional Relationship of Depression and Inflammation: Neuron 1598
Double Trouble
Does the Epithelial Barrier Hypothesis Explain the Increase in Allergy, Nature Reviews Immunology 851
Autoimmunity, and Other Chronic Conditions?
Intestinal Dysbiosis Associated with Systemic Lupus Erythematosus mBio 741
Leaky Gut as a Danger Signal for Autoimmune Diseases Frontiers in Immunology 488
The Microbiome in Autoimmune Diseases Clinical and Experimental Immunology 486
The Gut Microbiota in Immune-Mediated Inflammatory Diseases Frontiers in Microbiology 463
Lupus Nephritis Is Linked to Disease-Activity Associated Expansions Annals of the Rheumatic Diseases 450
and Immunity to a Gut Commensal
Gut Microbiota-Derived Metabolites in the Regulation of Host Cellular and Molecular Immunology 443
Immune Responses and Immune-Related Inflammatory Diseases
Control of Lupus Nephritis by Changes of Gut Microbiota Microbiome 440
The Oral Microbiota Is Modified by Systemic Diseases Journal of Dental Research 405
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Title
Intestinal dysbiosis associated with systemic lupus erythematosus
Dynamics of gut microbiota in autoimmune lupus

Impact of dietary deviation on disease progression and
gut microbiome composition in lupus-prone SNF1 mice
Th17 responses and natural IgM antibodies are related to gut microbiota
composition in systemic lupus erythematosus patients
The oral and gut microbiomes are perturbed in rheumatoid arthritis
and partly normalized after treatment
Alterations of the gut microbiome in Chinese patients
with systemic lupus erythematosus
Control of lupus nephritis by changes of gut microbiota

Gut Microbiota in Human Systemic Lupus Erythematosus
and a Mouse Model of Lupus
Translocation of a gut pathobiont drives autoimmunity in mice and humans

Antibiotics ameliorate lupus-like symptoms in mice

Top 10 references with the Strongest Citation Bursts

Year Begin End Strength 2014-2025

2014 2015 2019 25.5002 - EE———— @
2014 2015 2019 20.2236 - EE—— @
2015 2016 2020 11.7520 . ——
2016 2016 2021 9.6272 I
2015 2016 2020 8.7917 C E—
2016 2017 2021 13.4006 . IE———
2017 2018 2022 15.3546 . E——
2018 2019 2022 13.8755 .
2018 2019 2022 10.4213 .
2017 2019 2022 9.0579 . e

Figure 2. Top cited publications and citation burst analysis in systemic lupus erythematosus—-gut microbiota research.

bacteria showed the strongest burst (burst=5.9293, 2015-
20176), followed by expression (burst=4.4674, 2019-2020)
and mechanisms (burst=4.3911, 2022-2022). Temporal
keyword analysis further indicated a clear thematic evo-
lution: early studies (2014-2016) focused on exploratory
microbial profiling, especially segmented filamentous
bacteria; subsequent research (2017-2019) emphasized
bacterial metabolites, mainly focusing on short-chain
fatty acids; and recent studies (2020 onward) increasingly
concentrated on dysbiosis-driven immune regulation
and inflammation. This progression reflects a systematic
shift from descriptive analyses toward mechanistic and
translational research, such as fecal microbiota trans-
plantation, drug therapy, and etiology. The keyword co-
occurrence matrix, detailed burst statistics, and annual
keyword distributions are provided in Supplementary
Tables 3-5.

Discussion

Research Trends and Growth Dynamics

This bibliometric analysis demonstrates a clear stage-
wise evolution of research on the association between
SLE and the gut microbiota. From 2014 to 2018, the field
remained in an exploratory phase, characterized by rela-
tively low annual publication output and a primary focus
on descriptive microbial profiling.?® Early studies mainly
sought to identify compositional differences in gut
microbiota between patients with SLE and healthy con-
trols, laying the conceptual foundation for subsequent
investigations.

A marked acceleration in publication output was
observed after 2019, coinciding with an increasing num-
ber of experimental studies exploring the potential role

A. B.
Keywords co-occurrence Network Top 10 Keywords with the Strongest Citation Bursts
‘ Keywords Year Strength Begin End 2014-2025
u
A obesity segmented filamentous bacteria 2014  5.9293 2015 2016
diet bactptia . N expression 2014 4.4674 2019 2020 S e o o e
.. microbiome
aqxgantibodjes " short-chain fatty acids association 2014 40551 2019 2019 [
lupus nephrtis. " autojmmune diseases '
/ ﬁm,tanﬂammanon aryl hydrocarbon receptor 2014  3.8372 2020 2020 T
sjogren's syndrome . oxjdative stress oxidative stress 2014 42001 2021 2021 -
=T ~ probiotics
o lea rthritis -~ hypertension t microbi
‘ 1 N < intestinal dysbiosis imni’fr’]és ol gut microbiome 2014 36173 2021 2022
imm{l:mmsregd pus Sthomaiase et olial éysfu); <ton mechanisms 2014 43011 2022 2022 ———
Wit inflammatory bowel disease intestinal microbiota 2014 38618 2023 2025 C —
cytoKines— | | ~*"fecal microbiota transplantati
S ona % SR mé’mm“"e response fecal microbiota 2014 41616 2024 2025 ——
[ _metaboliteg” multiple sclerosis . .
gut microbiota dysbiosis type 1 diabetes ulcerative colitis 2014 41616 2024 2025 -
mendelian randomization

Figure 3. Keyword analysis in systemic lupus erythematosus—-gut microbiota research. (A) Keyword co-occurrence

network. (B) Keywords with the strongest citation bursts (2014-2025).
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of gut dysbiosis in lupus pathogenesis. In particular,
animal studies demonstrating that modulation of gut
microbiota could influence autoantibody production
and disease severity provided a critical turning point,
stimulating widespread interest in microbiota-immune
system interactions.?® Together, these findings suggest
a transition from hypothesis-driven exploration to more
mechanism-oriented and translational research.

Geographic Distribution and Collaborative Patterns
The analysis identified China and the United States
as the 2 leading contributors to SLE-gut microbiota
research, collectively accounting for more than half of the
total publications. Despite their comparable productiv-
ity, notable differences were observed in research focus.
Institutions in the United States have predominantly
emphasized mechanistic investigations, exploring links
between gut microbiota, intestinal permeability, inflam-
matory mediators, and systemic immune activation. In
contrast, Chinese research groups have focused more
extensively on clinical association studies, particularly
characterizing microbiota composition and diversity in
patients with SLE.*°

International collaboration analysis revealed that
China-United States cooperation represents the most
prominent collaborative axis within this field, suggest-
ing a potentially complementary relationship between
mechanistic and clinical research approaches. Although
European countries contributed a smaller proportion
of publications overall, their relative strength in micro-
biome-related metabolomic studies underscores the
potential value of broader multinational collaborations.
Enhanced cross-regional cooperation may facilitate the
integration of mechanistic insights with population-
based clinical evidence.

Evolution of the Knowledge Structure and Emerging
Research Fronts

Keyword evolution and citation burst analyses revealed
3 major thematic shifts in the intellectual structure of
this field. During the initial phase, research was largely
driven by immuno-inflammatory hypotheses linking SLE
and gut microbiota, with emphasis on microbial compo-
sition and diversity. Subsequently, studies increasingly
focused on mechanistic pathways, including molecu-
lar mimicry, epithelial barrier dysfunction, and immune
modulation. More recently, research attention has shifted
toward translational themes, such as dysbiosis-driven
immune regulation and therapeutic modulation of the
gut microbiota.

Notably, emerging keywords related to specific bacterial
taxa and autoantibody production highlight a growing
interest in identifying microbial drivers of immune dys-
regulation in SLE. This evolution reflects a broader shift
in research focus from descriptive associations toward
mechanism-oriented and intervention-related investiga-
tions, aligning with current priorities in autoimmune dis-
ease research.

Archives of Rheumatology 2026;41(3):249-257

Implications for Pathogenesis and Clinical Translation
The progressive refinement of research themes observed
in this bibliometric analysis indicates growing scientific
interest in the potential involvement of gut microbiota
in SLE. Existing experimental evidence and clinical stud-
ies have explored associations, suggesting that specific
microbial taxa and their metabolites can influence pro-
inflammatory and regulatory immune pathways, alter
autoantibody production, and modulate disease activ-
ity33* In addition, recent reviews have highlighted the
broader role of the microbiome in rheumatic diseases,
further supporting the relevance of microbiota-immune
interactions in autoimmune conditions.*® However, it
should be emphasized that bibliometric analysis itself
reflects research dynamics rather than providing direct
mechanistic or causal evidence.

The increasing prominence of keywords related to pro-
biotics, dietary interventions, and microbiota modulation
highlights expanding translational exploration within the
field. However, translating these approaches into clinical
practice remains challenging. Variability in microbiota
composition across populations, differences in disease
phenotype, and the lack of standardized intervention
protocols currently limit clinical applicability. Future inte-
grative and longitudinal investigations may further clarify
the therapeutic potential of microbiota-based strategies
in SLE.

Limitations and Future Perspectives

Several limitations of this study should be acknowl-
edged. First, the analysis was restricted to publications
indexed in the Web of Science Core Collection and the
Scopus database, and limited to English-language arti-
cles, potentially underrepresenting research output from
non-English-speaking regions. Therefore, the global
research output and collaboration patterns reported in
this study should be interpreted with this limitation in
mind. Second, only original research articles and reviews
were included, excluding conference proceedings, pre-
prints, and patent data, which may contain emerging or
translational insights. Finally, the bibliometric approach
emphasizes quantitative patterns and does not provide
in-depth qualitative evaluation of individual studies.

Despite these limitations, this study offers a comprehen-
sive overview of the global research landscape on SLE and
gut microbiota. Future research should prioritize large-
scale, population-based studies and integrative multi-
disciplinary approaches to better elucidate the causal
mechanisms linking gut dysbiosis and autoimmune
responses. Strengthening international collaboration
and bridging basic research with clinical investigation
may ultimately facilitate the development of microbiota-
based therapeutic strategies for patients with SLE.

Conclusion
This bibliometric analysis provides an overview of the

global research landscape concerning studies on SLE
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and the gut microbiota from 2014 to 2025. The findings
suggest a growing body of literature and an apparent
shift from descriptive microbial profiling toward mecha-
nistic and translational research. China and the United
States emerged as major contributors, with comple-
mentary research focuses that underscore the value of
international collaboration. Overall, this study offers a
structured overview of publication trends and thematic
evolution and may help inform future research directions
in this field.
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Supplementary Table 3. High-frequency keyword co-occurrence matrix
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systemic lupus erythematosus 293 gut microbiota; systemic lupus erythematosus 154
gut microbiota 227 systemic lupus erythematosus; intestine flora 143
intestine flora 145 systemic lupus erythematosus; human 139
human 139 gut microbiota; dysbiosis 137
dysbiosis 128 T-cells; pathogenesis n7
autoimmunity 18 systemic lupus erythematosus; autoimmunity N3
humans n3 systemic lupus erythematosus; gastrointestinal microbiome 1o
gastrointestinal microbiome m autoimmunity; systemic lupus erythematosus 109
inflammation 105 systemic lupus erythematosus; inflammation 108

nonhuman 103 gut microbiota; inflammation 107




Supplementary Table 4. Top keywords with citation bursts and corresponding time periods

Begin End Strength Year Keywords
2015 2016 59293 2014 segmented filamentous bacteria
2019 2020 4.4674 2014 expression

2019 2019 4.0551 2014 association

2020 2020 3.8372 2014 aryl hydrocarbon receptor
2021 2021 4.2901 2014 oxidative stress

2021 2022 3.6173 2014 gut microbiome

2022 2022 43911 2014 mechanisms

2023 2025 3.8618 2014 intestinal microbiota
2024 2025 4.1616 2014 fecal microbiota

2024 2025 4.1616 2014 ulcerative colitis

Supplementary Table 5. Annual distribution of high-frequency keywords (2014-2025)

Term Frequency Year (Ql) Year (Median) Year (Q3)
Segmented filamentous bacteria n 2016 2016 2020
innate lymphoid-cells 5 2016 2016 2020
commensal microbiota 7 2016 2017 2021
murine lupus 5 2015 2017 2020
priority journal 23 2018 2018 2019
crohns-disease 9 2017 2018 2023
disease association 8 2017 2018 2020
classification criteria 7 2018 2019 2022
periodontitis 7 2019 2019 2020
short-chain fatty acids 7 2018 2019 2024
systemic-lupus-erythematosus 88 2017 2020 2023
gastrointestinal tract 20 2018 2020 2022
dysbiosis 16 2019 2020 2024
autoimmunity n8 2019 2021 2023
microbiota 96 2019 2021 2023
systemic lupus erythematosus 291 2020 2022 2024
intestine flora 145 2020 2022 2024
gut microbiota 227 2020 2023 2024
fecal microbiota transplantation 44 2020 2023 2024
microbial community 24 2022 2024 2024
systematic review 22 2022 2024 2025
animal model 20 2022 2024 2025
therapy 16 2024 2025 2025
drug therapy 8 2024 2025 2025

etiology 7 2024 2025 2025




