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Introduction: Rheumatoid arthritis (RA) is a multifactorial autoimmune disease.
Recently, growing evidence demonstrates that gut microbiota (GM) plays an
important role in RA. But so far, no bibliometric studies pertaining to GM in RA have
ever been published. This study attempts to depict the knowledge framework in this
field from a holistic and systematic perspective based on the bibliometric analysis.

Methods: Literature related to the involvement of GM in RA was searched and
picked from the Web of Science Core Collection (WOSCC) database. The annual
output, cooperation, hotspots, research status and development trend of this
field were analyzed by bibliometric software (VOSviewer and Bibliometricx).

Results: 255 original research articles and 204 reviews were included in the
analysis. The articles in this field that can be retrieved in WOSCC were first
published in 2004 and increased year by year since then. 2013 is a growth
explosion point. China and the United States are the countries with the most
contributions, and Harvard University is the affiliation with the most output.
Frontiers in Immunology (total citations = 603) is the journal with the most
publications and the fastest growth rate. eLife is the journal with the most citations
(total citations = 1248). Scher, Jose U. and Taneja, Veena are the most productive
and cited authors. The research in this field is mainly distributed in the evidence,
mechanism and practical application of GM participating in RA through the
analysis of keywords and documents. There is sufficient evidence to prove the
close relationship between GM and RA, which lays the foundation for this field.
This extended two colorful and tender branches of mechanism research and
application exploration, which have made some achievements but still have broad
exploration space. Recently, the keywords "metabolites”, “metabolomics”, "acid”,
"b cells”, "balance”, "treg cells”, "probiotic supplementation” appeared most
frequently, which tells us that research on the mechanism of GM participating
in RA and exploration of its application are the hotspots in recent years.

Discussion: Taken together, these results provide a data-based and objective
introduction to the GM participating in RA, giving readers a valuable reference to
help guide future research.
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1 Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease
with a high disability rate. It is characterized by destructive and
symmetrical joint diseases and synovitis, which seriously threaten
human health (1). The pathogenesis of RA is very complex, with
both genetic and environmental factors involved (2). More than 100
trillion microbes are inhabiting human bodies, the majority of
which reside in the gut (3). With the progress of bacterial DNA
sequencing technologies, the relationship between intestinal
bacteria and RA is gradually revealed, suggesting that gut
microbiota (GM) plays a notable role in RA (2, 4). It is reported
that there is a significant difference in GM between RA patients and
healthy individuals, and the alteration of GM can affect the
manifestation of RA (5, 6).

In recent years, studies on the relationship between RA and GM
have been carried out in large quantities. More and more researchers
devote themselves to this field. The systematic and holistic literature
review will help better understand the current research situation and
select research directions. Bibliometrics is an efficient method for
analyzing the development trend, research progress, hotspots,
discipline knowledge structure and its dynamic evolution
relationship in a field by quantitatively analyzing literature
materials through mathematical and statistical methods (7, 8). So
far, bibliometric analyses have not been seen in the field of GM in RA.
In this study, we used bibliometric analysis to sort out and analyze the
annual output, cooperation, hotspots, research structure and
development trend of this field from a holistic and systematic
perspective. We hope that this study can provide effective
information to understand the development status and trends in
the field of GM in RA and help to better carry out future work.

2 Materials and method
2.1 Data collection and filtration

We conducted a comprehensive literature search in the Web of
Science Core Collection (WOSCC) (https://www.webofscience.com/
wos/woscc/basic-search). Considering the rapid update of the
database, the literature retrieval was carried out in a single day
(November 14, 2022). The publication period in this study was set
from 1985 to 2022. The search terms were presented as follows: Topic
= “rheumatoid arthritis” AND Topic = “gut microbiota” or “intestinal
microbiota” or “fecal microbiota” or “gastrointestinal microbiota” or
“gut microbiome” or “intestinal microbiome” or “fecal microbiome”
or “gastrointestinal microbiome” or “intestinal bacteria” or “gut
bacteria” or “fecal bacteria” or “gastrointestinal bacteria” or
“intestinal flora” or “gut flora” or “fecal flora” or “gastrointestinal
flora” or “gut microflora” or “intestinal microflora” or “fecal
microflora” or “gastrointestinal microflora”. Document types for
articles and reviews in English were selected. In the articles initially
searched, the reported contents of some articles were not related to
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RA in GM, which were manually excluded. Finally,459 results were
obtained. The list of documents collected is provided in the
“Collected documents list” sheet in the Supplementary Material 1.

2.2 Bibliometric analysis

The data on annual publications output came from the section
“Analyze Results” in WOSCC. VOSviewer v1.6.18.0 (9) was used to
perform cooperation relationships between countries/regions or
affiliations, and keywords co-occurrence network. Bibliometricx
(10) was used to analyze the publication and cooperation of
countries/regions, the author’s output timeline, the citation of the
articles, topic migration and the thematic map. All raw data for the
bibliometric analysis can be obtained from https://doi.org/
10.6084/m9 figshare.c.6381747.v1.

3 Results

3.1 Quantities and trend of
publications output

In this study, a total of 459 pieces of literature related to the
involvement of GM in RA were included in the analysis. Among them,
there were 255 original research articles and 204 reviews (Figure 1).
Subsequently, these articles were used to access the discoveries and
trends of the relationship between RA and GM. The total citations of
these articles were 20153, including 10659 for research articles and
9494 for reviews. The annual output, citations and H-index in this
field were shown in Figure 1. As can be seen, the earliest original
research article was published in 2005, while the first report was a
review article in 2004. The total number of citations and publications
per year consistently did not change much from 2004 to 2012, and
then reached a turning point, showing continuous growth from 2013.
The H-index increased year by year, reaching 71 in 2022.

3.2 Analysis of countries/regions

These publications came from 64 countries/regions. The
Bibliometrix package was used to measure the output of
countries/regions by counting the number of “author’s
appearances by country affiliations”. There were two modes, one
was that all authors were included in the scope (Figure 2A, B), and
the other was that only corresponding authors were considered
(Figure 2C). The top 10 countries/regions according to the two
models are shown in Figures 2B, C respectively. The results showed
that in all 459 articles, the number of articles and citations in China
and the United States was significantly higher than that in other
countries/regions. The output of other countries was less than 50
articles, and 38 countries/regions had less than 5 articles.

The cooperation between countries was shown in Figures 2C, D.
In Figure 2C, Multiple Country Publications (MCP) referred to the
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Quantities and trend of publications output and annual citations of GM in RA from 2004 to 2022.

number of articles co-signed with authors from other countries/
regions, while Single Country Publications (SCP) referred to the
number of articles whose authors were all from the same country/
region. The proportion of MCP can reflect the current situation of
international cooperation and the exchange of academic research in
this field. It could be seen that academic research in this field in most
countries/regions was mainly carried out locally. However, it also had
a certain foundation for international cooperation, with MCP
accounting for about one-third. The cooperation network between
countries/regions was drawn through Vosviewer (Figure 2D), which
told us that international cooperation was mainly carried out by
countries/regions actively studying this field. In the cooperation
network, China and the United States had the closest cooperation
and showed their core position. The two have carried out extensive

cooperation with Germany, the UK, Italy, Japan and other
countries/regions.

3.3 Analysis of affiliations

Publications in the study of GM in RA came from 845
affiliations, most of which were universities. The top 10
affiliations in the number of academic output in this field were
shown in Figure 3A. Harvard University had the highest number of
publications (10 research articles and 7 reviews), followed by New
York University (10 research articles and 6 reviews) and Mayo
Clinic (9 research articles and 6 reviews). About two-thirds of the
affiliations only had one article.
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Visualization of countries/regions analysis. (A) Geographical distribution of global outputs; (B) The top 10 countries/regions in the output list and
their citations (all authors included); (C) The top 10 countries/regions in output (corresponding authors included), MCP, Multiple Country
Publications; SCP, Single Country Publications; (D) Cooperation networks across countries.
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Visualization of affiliations analysis. (A) The top 10 affiliations with the most publications; (B) Cooperation networks across affiliations.

As shown in the affiliation cooperation network (Figure 3B), the
cooperation between affiliations was mainly centered on Harvard
University, New York University, University of California System
and Chinese Academy of Medical Sciences. Although Mayo Clinic
ranks among the top three in academic output in this field, its
cooperation with other affiliations was not frequent, so it was not
included in the network.

3.4 Analysis of authors

A total of 2472 authors participated in the study of GM in RA. It
is worth noting that the analysis results of research articles and
reviews differed greatly. Table 1 listed the authors who have
published 4 or more research articles with a total citation of more
than 100, as well as the four authors with fewer publications but
significant total citations. Table 2 listed the authors who have
published more than 2 reviews or whose total citations of more
than 200. From the results of research and review articles, it could
be seen that Scher, Jose U. from New York University in the USA
and Taneja, Veena from Mayo Clinic in the USA had the most
prolific output and citations. The number of publications by most
authors had not a wide gap.

According to the year when each author published the articles,
the number of articles and the total citations per year of the article
published in that year, the chart “Authors’ Production Over Time”
(Figures 4A, B) was drawn by Bibliometrix. Taneja, Veena and
Scher, Jose U. have been studying in this field for more than 10 years
and were continuing (there were still their new publications last
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year). There were two pivotal periods, 2011-2013 and 2016-2017,
which were the concentrated periods for these authors to publish
their first articles.

3.5 Analysis of journals

A total of 210 journals have published manuscripts in this field.
The top 10 journals in the total number of relevant publications
were listed in Table 3. About 26.36% of the articles were published
in these journals. Frontiers in Immunology (32 publications, impact
factor (IF) = 8.786) published the most papers in this field, followed
by Frontiers in Microbiology (14 publications, IF = 6.064) and
Nutrients (13 publications, IF = 6.706). Seven of the top 10
journals began to focus on this field after 2013 (Figure 5). Table 4
listed the top 10 journals with the most citations, which was quite
different from the list of published quantity (Table 3). eLife (1248
citations, IF = 8.713), Nature Medicine (847 citations, IF = 87.241),
and Cell (824 citations, IF = 66.85) were the most cited journals.

3.6 High-cited articles

Because of the distinct types of original research and review
articles and the different concerns of researchers on the two, we
conducted citation analysis separately. There were two concepts,
“Global Citations (GCS)” and “Local Citations (LCS)” in
Bibliometrix. GCS meant the total citations of this article in
WOSCC, while LCS meant citations in our collections. In this
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TABLE 1 The top authors with the most research articles and total citations.

Author Cour)try/ Affiliation Resgarch Reviews Total citatiops of research
region articles articles
1 Taneja, Veena USA Mayo Clinic 8 5 713
2 Scher, Jose U. USA New York University 6 7 1299
3 Abd()ll;}::}ﬁ:()dsaz’ Netherlands Radboud University Medical Center 5 1 11
4 Koenders, Marije 1. Netherlands Radboud University Medical Center 5 2 511
5 Strowig, Till Germany Helmholtz Association 5 0 572
6 van den l;.erg, Wim Netherlands Radboud University Medical Center 4 0 04
7 Maeda, Yuichi Japan Osaka University 4 2 433
8 Takeda, Kiyoshi Japan Osaka University 4 2 433
9 Zaiss, Mario M. Germany Universitits Klinikum Erlangen 4 3 429
10 Davis, John M. USA Mayo Clinic 4 0 405
11 Wu, Hsin-Jung Joyce USA University of Arizona 4 2 251
12 Manasson, Julia USA New York University 4 1 174
13 Rogier, Rebecca Netherlands Radboud University Medical Center 4 1 144
14 van der I;:an, Peter Netherlands Radboud University Medical Center 4 0 i
15* Abramson, Steven B. USA New York University 3 4 1191
16* Ubeda, Carles Spain University of Valencia 3 1 1163
17* Huttenhower, Curtis USA Harvard University 2 1 1587
18* Littman, Dan R. USA New York University 2 0 1417

*authors with less publications but significant total citations.

TABLE 2 The top authors with the most reviews and total citations.

Country/ o . Research Total citations of
Y. Affiliation Reviews . .
region articles SIS

1 Scher, Jose U. USA New York University 7 6 774

2 Taneja, Veena USA Mayo Clinic 5 8 252

Ab , St
3 rams‘l’: even USA New York University 4 3 474
4 Shoenfeld, Yehuda Israel Tel Aviv University 4 1 266
Fonseca, Joao . . .
5 . Portugal Universidade de Lisboa 4 0 85
Eurico

Chinese Academy of Medical Sciences and Peking

6 Zhang, X Chi 3 1 209
ang, Auan mna Union Medical College
Gi iro, Catari
7 uerretro, Latarina Portugal Universidade de Lisboa 3 0 80
Sousa
8 Kuhn, Kristine A. USA University of Colorado - Anschutz Medical Campus 3 3 76
9 Niu, Haitao China Chinese Academ?r of Mec‘hcal Sciences and Peking ) 0 253
Union Medical College
10 Shi, Na China Chinese Academ?r of Mec%lcal Sciences and Peking ) 0 253
Union Medical College
11 van Eden, Willem Netherlands Utrecht University 2 0 217
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study, LCS reflected the influence of an article in the field of GM in
RA. The top 10 highly local-cited research and review articles were
presented in Tables 5, 6. In original research articles, “Zhang X,
2015, Nat Med” and “Scher JU, 2013, eLife” had not only a large
number of GCS but also a lot of LCS in this field, indicating that the
two had a great influence in this field. In reviews, “Scher JU, 2011,
Nat Rev Rheumatol”, “Brusca SB, 2014, Curr Opin Rheumatol” and
“Horta-Baas G, 2017, ] Immunol Res” had the top 3 LCS.

3.7 Keywords co-occurrence network

Keywords co-occurrence network of papers of the GM in RA
was conducted by Vosviewer software. Considering the readability
and aesthetics of the graph, the minimum occurrence of keywords
in these articles was set to 5, and 146 keywords were included in the
co-occurrence network. The keywords of these articles were divided

TABLE 3 The top 10 journals with the most articles.

Journal Total Articles

Research Articles

into four clusters with different colors (Figure 6). The four clusters
of the keywords co-occurrence network had the characteristics of
overlap and intersection, which indicated that the research in this
field was not scattered and isolated.

The red cluster included 45 nodes, in which the keywords

» » » «

were “dysbiosis”, “association”, “immune system”, “classification”,
“bacterial-dna”, “early rheumatoid-arthritis”, “mucosal immunity”,
etc. This cluster was the commonly concerned theme in this
field, mainly focusing on exploring the association between GM
and RA, especially the alteration of GM in different RA
disease conditions.

The green cluster included 37 nodes, reflecting the researchers’
exploration of regulating GM and thus affecting the condition of
RA. Tt could be seen that there were mainly three paths being tried.
The first was probiotic supplementation, suggested by keywords
“probiotic”, “lactobacillus”, “probiotic supplementation”,

» o«

“prevotella”, “fecal microbiota transplantation”, “bifidobacterium”

Reviews = Total Citations Start Year

IF (2022)

Frontiers in Immunology 32 14 18 603 8.786 2017
Frontiers in Microbiology 14 8 6 343 6.064 2016
Nutrients 13 2 11 306 6.706 2018
Rheumatology 11 8 3 163 7.046 2010
Frontiers in Pharmacology 10 6 4 127 5.988 2018
Microorganisms 9 5 4 61 4.926 2019
Annals of the Rheumatic Diseases 8 8 0 483 27.973 2010
Current Opinion in Rheumatology 8 0 8 254 4.941 2014
Frontiers in Cellular and Infection Microbiology 8 6 2 130 6.073 2019
Journal of Autoimmunity 8 4 4 566 14.511 2010
Frontiers in Immunology 06 frontiersin.org
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Journals’ production in over time.

and so on. Then there was dietary intervention, which could be

» o«

extracted from keywords “diet”, “mediterranean diet”, “nutrition”,
“vegetarian diet”, etc. The last was the redevelopment of RA drugs
in terms of GM, as shown by keywords such as “methotrexate”,

» o«

“nonsteroidal antiinflammatory drugs”, “proton pump inhibitors”
and “sulfasalazine”.

The blue cluster included 37 nodes, mainly covering the
keywords in the experimental research of GM in RA. It could be
seen that in related experiments, the commonly used experimental
animals were “mice” and “rats”, and the universally applied model
was “collagen-induced arthritis” (CIA). “Chain fatty-acids”,
“metabolites”, “metabolomics”, “butyrate”, “biomarker”, “t cells”
and “b cells” were high-frequency keywords in this cluster, which
indicated that metabolome was a commonly used method and the
role of short chain fatty acids in the process of GM in RA were
widely concerned.

The yellow cluster included 30 nodes. This cluster

» o«

contained keywords such as “gut inflammation”, “regulatory t cells”,

TABLE 4 The top 10 journals with the most citations.

“commensal microbiota”, “th17”, “dendritic cells”, “immune-
response”, “toll-like receptors”, “genome-wide association”,
“growth-factor-beta”, and “il-17”. It could be seen that this cluster
mainly involved the immune mechanism of intestinal bacteria
participating in rheumatoid arthritis.

3.8 Hotspots and topic migration

The density visualization of the keywords co-occurrence
network was shown in Figure 7A. We can see that the research
contents of these articles were around “rheumatoid arthritis” and
“gut microbiome”. The hot keywords included “microbiome”,
“autoimmune”, “inflammation”, “gut inflammation”, “dysbiosis”,
“collagen-induced arthritis”, “double-blind”, “t cells”,
“porphyromonas gingivalis”, “mechanisms”, “regulatory t cells”,
“probiotic”, “chain fatty-acids”, “th17” and so on. Some pivotal
information could be revealed from these hot keywords. For

Total Articles Research Articles Reviews Total Citations IF (2022)  Start Year
eLife 2 2 0 1248 8.713 2013
Nature Medicine 1 1 0 847 87.241 2015
Cell 2 2 0 824 66.85 2015
Journal of Clinical Investigation 3 2 1 630 19.456 2008
Arthritis & Rheumatogy 6 6 0 628 15.483 2016
Immunology 3 0 3 621 7.215 2017
Frontiers in Immunology 32 14 18 603 8.786 2017
Journal of Autoimmunity 8 4 4 566 14.511 2010
Immunology Letters 3 1 2 505 423 2004
Annals of the Rheumatic Diseases 8 8 0 483 27.973 2010
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TABLE 5 The top 10 highly local cited research articles.

10.3389/fimmu.2023.1131933

NO. Document Title DOl Year LCS GCS
The oral and gut microbiomes are perturbed in rheumatoid arthritis
1 Zhang X, 2015, Nat Med . 10.1038/nm.3914 2015 107 847
and partly normalized after treatment
E ion of intestinal Prevotell i lates with enhanced
2 Scher JU, 2013, eLife pansion of fnfestinal Frevarea copri correlates with enhance 107554/elife01202 | 2013 | 102 1090
susceptibility to arthritis
3 Chen J, 2016, Genome Med An expansion of rare lineage ir'ltestinal' fnicrobes characterizes 10.1186/513073-016- 2016 6 361
rheumatoid arthritis 0299-7
https://
4 Vaahtovuo J, 2008, ] Rheumatol Fecal microbiota in early rheumatoid arthritis www.jrheum.org/ 2008 57 301
content/35/8/1500
Maeda Y, 2016, Arthritis Dysbiosis Contributes to Arthritis Development via Activation of
5 . . . 10.1002/art.39783 2016 45 313
Rheumatol Autoreactive T Cells in the Intestine
6 Liu XF, 2013, Current Analysis of Fecal Lactobacillus Community Structure in Patients with 10.1007/500284-013- 2013 35 134
Microbiology Early Rheumatoid Arthritis 0338-1
Role of the Gut Microbi in Modulating Arthritis P ion i
7 Liu XF, 2016, Scientific Reports ol of the Lt Microblome i M;e" ating Arthrilis Progression in 10.1038/srep30594 2016 | 31 102
Abdollahi-Roodsaz S, 2008, The Stimulation of TLR2 and TLR4 differentially skews the balance of T
8 L - . L. 10.1172/JCI32639 2008 30 367
Journal of Clinical Investigation cells in a mouse model of arthritis
Picchianti-Diamanti A, 2018, Int | Analysis of Gut Microbiota in Rheumatoid Arthritis Patients: 10.3360/iims19102938 2018 29 9
Mol Scis Disease-Related Dysbiosis and Modifications Induced by Etanercept ’ ’
Vaghef-Mehrabany E, 2014, Probiotic supplementation improves inflammatory status in patients 10.1016/
10 . ) ) i, . 2014 24 156
Nutrition with rheumatoid arthritis j.nut.2013.09.007

example, RA is an autoimmune disease and most of the studies of
GM in RA were carried out from the perspective of immune and
inflammatory response. And cell-mediated immunity mediated by
T cells was a research hotspot. At present, no animal model can

from Figure 6A that collagen-induced arthritis (CIA) model was the
most commonly used animal model, indicating that this model has
been recognized by most researchers in this field. In mechanism
research, the chain fatty-acids produced by GM and the influence of
GM on Th17 cells were the focus of attention.

perfectly simulate human rheumatoid arthritis, but it can be seen

TABLE 6 The top 10 highly local cited review articles.

NO. Document Title DOI Year LCS GCS
Scher JU, 2011, Nat Re 10.1038
1 cher J asey The microbiome and rheumatoid arthritis / 2011 27 296
Rheumatol nrrheum.2011.121
) Brusca SB, 2014, Curr Opin Microbiome and mucosal inflammation as extra-articular triggers 10.1097/ 2014 18 133
Rheumatol for rheumatoid arthritis and autoimmunity BOR.0000000000000008
3 Horta-Baas G, 2017, ] Immunol Intestinal Dysbiosis and Rheumatoid Arthritis: A Link between 10.1155/2017/4835189 2017 15 136
Res Gut Microbiota and the Pathogenesis of Rheumatoid Arthritis ’
De Oliveira GLV, 2017, Intestinal dysbiosis and probiotic applications in autoimmune .
4 . 10.1111/imm.12765 2017 13 150
Immunology diseases
5 Maeda Y, 2017, ] Clin Med Role of Gut Microbiota in Rheumatoid Arthritis 10.3390/jcm6060060 2017 11 118
6 Zhong DL, 2018, Clinical The role of gut microbiota in the pathogenesis of rheumatic 10.1007/s10067-017- 2018 1 45
Rheumatology diseases 3821-4
Bodkhe R, 2019, Therapeutic 10.1177/
7 Advances in Musculoskeletal The role of microbiome in rheumatoid arthritis treatment : 2019 11 56
. 1759720X19844632
Disease
Guerreiro CS, 2018, Frontiers in Diet, Microbiota, and Gut Permeability—The Unknown Triad in 10.3389/
8 . . o 2018 10 56
Medicine Rheumatoid Arthritis fmed.2018.00349
10.1038/s12276-019-
9 Maeda Y, 2019, Exp Mol Med Host-microbiota interactions in rheumatoid arthritis 02883 6 2019 10 59
. Gene, environment, microbiome and mucosal immune tolerance in 10.1093/rheumatology/
10 Catrina Al 2016, Rheumatology . . 2016 9 63
rheumatoid arthritis keu469

Frontiers in Immunology

08

frontiersin.org



https://www.jrheum.org/content/35/8/1500
https://www.jrheum.org/content/35/8/1500
https://www.jrheum.org/content/35/8/1500
https://doi.org/10.3389/fimmu.2023.1131933
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Dong et al. 10.3389/fimmu.2023.1131933

ptapran

W e dabmice

dendrtecells

egulstry sl
—— anhyrcaon ecepror

autoimrine diease

commensalnierobiota

ot el

suphocsus s

cibians
nevtophl excetitr vaps

oy, e
«

P = e Sl

FIGURE 6
Visualization map of keywords co-occurrence network according to clusters.

In Figure 7B, each node was marked with different colors  “metabolomics”, ‘acid’, “b cells”, “balance”, “treg cells”, “probiotic
according to the average time multiple of the keyword. We can  supplementation”, etc., have appeared in about 2020 on average.
see that the average occurrence time of most high-frequency  This suggested that the research hotspots in recent years was mainly
keywords was after 2015, which indicated that this was a  to study the mechanism of GM participating in RA and explore its
burgeoning field. Some keywords such as “metabolites”,  application (such as probiotic supplementation).
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FIGURE 7
Analysis results of hotspot and topic migration in the field of GM in RA. (A) The density visualization of keywords co-occurrence network. (B) The
timestamp visualization of keywords co-occurrence network. (C) The historical migration of research hotspots.
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To better take in the historical changes of research hotspots in
this field, the “Trend Topics” analysis was carried out by the
Bibliometric package. As shown in Figure 7C, in the early stage,
the output was very low. Until 2013, the continuity of high-
frequency keywords was not good every year. In 2013 and 2014,
the high-frequency keywords were “fecal microbiota”, “nf-kappa b”,
“tregs”, “il-17 (interleukin-17)”, “autoreactive t”, “oxide”, etc.,
suggesting that a large number of studies focused on the function
of immune cells to explore the involvement of GM in the process of
RA. High-frequency keywords in the documents from 2015 to 2017
included autoimmune diseases such as “psoriatic arthritis”, “lupus
erythematosus”, “ankulosing spondylitis” and “psoriasislupus
erythematosus”, and immune bowel diseases such as “crohn’s
disease” and “celiac disease”. Similar to RA, these diseases are
closely related to immune function and GM, and some
pathogenesis and mechanisms have common points, which could
provide novel ideas for the research of GM participating in RA.
Since 2018, high-frequency keywords such as “metabolomics”,
“biomarker”, “immunology”, “b cells”, “cia”, “adjuvant-induced
arthritis”, “diet” and “lactobacillus” have emerged, indicating that
the research hotspots in recent years were the mechanism and
application of GM participating in RA, which was consistent with
the result in Figure 7B.

3.9 Thematic map

Through the keywords co-occurrence network, we could know
the general research theme categories in this field. However, it was
still difficult to pick which research direction should pursue in the
future. Therefore, the “Thematic Map” module of the Bibliometric
package was further applied to assist decision-making.

In the thematic map, the horizontal axis represented the
centrality, which meant the relevance degree of the theme to this
field. The vertical axis represented the density, which meant the
development degree of the theme in this field. Four quadrants were
drawn accordingly. The theme in the first quadrant (Motor
Themes) was both important and well-developed. It could be seen
from Figure 8 that this quadrant contained keywords such as

Deicpment egree
By

10.3389/fimmu.2023.1131933

“association”, “gut microbiome”, “antibodies”, “autoimmune”,
“protein antibodies”, “shared epitope”, “autoantibodies”,
“bacterial-dna”. These keywords were partially coincident with
those in Cluster 1 of the keywords co-occurrence network, mainly
discussing the association between GM and RA. It told us that there
was ample evidence to prove the close association between GM and
RA, as well as the immune system, which was the cornerstone of
research in this field.

The theme in the second quadrant (Niche Themes) was well-
developed but not much relevant to the current field. It mainly
contained two themes as Figure 8. One theme contained keywords
“aryl-hydrocarbon receptor”, “risk-factors”, “bowel-disease”,
“controlled-trial”, “receptor”, “polyunsaturated fatty-acids”,
“vegetarian diet”, “vitamin-d”, “c-reactive protein” and
“mediterranean diet”, and the development degree was larger but
less central. It showed that a lot of studies have been carried out on
eating habits affecting RA and GM. Another theme had better

»

centrality, including keywords “chain fatty-acids”, “inflammation”,

» «

“mechanisms”, “metabolites”, “dysbiosis”, “immunity”, “escherichia-
coli”, “intestinal permeability” and “diet”. It could be seen that the
studies on the mechanism of GM participating in RA from the
perspective of metabolite analysis have made decent progress.

The theme in the third quadrant (Emerging or Declining
Themes) was not well-developed, just now emerging or about to
disappear. It could be seen from Figure 8 that the theme of this
quadrant also belonged to mechanism research, which mainly
focused on more targeted studies on the impact of some
microorganisms such as “segmented filamentous bacteria” and
“clostridium-difficile” on RA, and the role of some immune cells
or immune factors such as “growth-factor-beta”, “innate lymphoid-
cells” and “tgf-beta” in GM participating in RA.

The theme in the fourth quadrant (Basic Themes) was
important but not well-developed in the field. One of the themes

» o«

included keywords “double-blind”, “supplementation”, “therapy”,

» o«

“metabolism”, “probiotic” and so on, concerning the studies on
regulating GM to remedy RA. Another theme has better
development and was mainly related to experimental research
and important mechanism research, such as “th17” and “toll-

like receptors”.

FIGURE 8
The thematic map of the field of GM in RA.
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4 Discussion

4.1 Overview of development in the field of
GM in RA

In this study, we retrieved 255 original research articles and 204
reviews related to the involvement of GM in RA from 2004 to 2022
in WOSCC. 2013 was the turning point of the annual growth of
publications and the annual total citations, while 2018 was the vital
time for further growth. These were two important periods. A large
number of researchers have devoted themselves to this field
(Figure 4), and many journals have begun to pay attention to it at
this time (Figure 5). This might be related to the development and
popularization of metanomic and metatranscriptomic tools, such as
16S rRNA gene pyrosequencing, metagenomic shotgun sequencing
and ¢cDNA sequencing, which made it more in-depth and
convenient to carry out the research on the multi-species system
of GM.

China and the United States had the deepest academic
accumulation and the greatest influence in this field with the
highest number of publications and citations. The affiliations with
the largest contribution were also those of the United States and
China. Interestingly, although the number of articles in China was
slightly more than that in the United States, the number of citations
was less than half of that in the United States, which should be due
to the difference in the length of their research in this field. As can
be seen from Figure 2D, the average output time of articles in China
was later than that of the United States. It demonstrated that
although the output of China was growing rapidly, the depth,
breadth and accuracy of academic research in this field in the
United States were far greater than that of China, which has newly
joined this field. China and the United States also played a leading
role in cooperation in this field (Figures 3B, 2D).

About two-thirds of the affiliations only had one article. It
indicated that most affiliations in this field had not made an in-
depth investment, mainly a few affiliations have carried out
continuous research.

The number of publications and the total citations can help
objectively analyze the authors with the highest contribution and
influence in this field. Scher, Jose U. from New York University in
the USA and Taneja, Veena from Mayo Clinic in the USA
undoubtedly had the greatest contribution in this field according
to their most prolific output and citations. Although China had the
largest number of outputs, few of the top-contributed authors were
from China. Considering the late start of China, this suggested that
there were a large number of researchers who have just invested in
this field in China. They have contributed a lot of output but were
generally not abundant for their personal accumulation.

There were many journals concerned with this field. The
development of Frontier serial journals in this field showed
vigorous momentum. In particular, although Frontiers in
Immunology participated since 2017, its excellent annual growth
made it the most productive. Notably, of the top-productive 10 and
top-cited 10 journals, all but two had high a IF greater than 5.000.
This meant that it was not a challenge to publish research on the
GM in RA in high-quality journals.
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In original research articles, “Zhang X, 2015, Nat Med” and
“Scher JU, 2013, eLife” had the highest LCS. Similarly, the two
articles mainly compared the GM differences between RA patients
and healthy people. Among them, “Zhang X, 2015, Nat Med”
reported that the intestinal flora of RA patients had dysbiosis,
which could be alleviated after treatment with disease-modifying
antirheumatic drugs (DMARDs). The metagenomic shotgun
sequencing and a metagenome-wide association study (MGWAS)
were used. “Scher JU, 2013, eLife” found that Prevotella Copri was
closely related to RA by 16S sequencing and shotgun sequencing on
feces samples from RA patients and healthy people, and they
identified the potential role for P. copri in the pathogenesis of RA
by fecal colonization experiment in mice. The top 10 highly local-
cited original research articles mainly focused on the difference in
GM between RA patients and healthy people, and the role of GM in
the pathogenesis of RA. These articles provided important evidence
for the relationship between GM and RA, and the applied
technologies and research methods also gave references for
relevant research.

In reviews, “Scher JU, 2011, Nat Rev Rheumatol”, “Brusca SB,
2014, Curr Opin Rheumatol” and “Horta-Baas G, 2017, ] Immunol
Res” received the most attention. These three articles have reviewed
the link between microorganisms and RA, but the emphasis was
different. “Scher JU, 2011, Nat Rev Rheumatol” was the highest
cited review in this field and summarized the historical clues of the
role of microorganisms in rheumatoid arthritis. In this review,
Scher JU and Abramson SB combed the origin and paleopathology
of RA and found that the concept of oral or GM associated with RA
had emerged for more than a century. Moreover, from the
relationship between microorganisms and their host to the
relationship between microorganisms and the immune system,
and finally to the relationship between microorganisms and RA
pathogenesis, a series of possible evidence for microorganisms to
participate in RA have been listed step by step in this review. It also
pointed out that 16S rRNA pyrosequencing methods, shotgun
analyses and gnotobiotic experiments were important methods
for studying microorganisms and RA. “Brusca SB, 2014, Curr
Opin Rheumatol” summarized the connection between mucosal
microorganisms (the gut, the gingival, and the respiratory tree) and
RA. “Horta-Baas G, 2017, ] Immunol Res” combed the link between
GM and RA from the perspective of autoimmune mechanism, in
which the summary of relevant immune cells and immune factors
was particularly detailed, and systematically sorted out the gut flora
related to RA reported at that time. In these reviews, some drugs for
RA that might be related to GM were also briefly introduced, such
as sulfasalazine (SSZ). In the top 10 highly local-cited reviews, we
can get a systematic understanding of the evidence of the
association between GM and RA, and also get in-depth directions
and results of researchers in this field.

4.2 Research structure, current status and
future development trend of GM in RA

The keywords are a high summary of the theme and content of
the literature. The frequency of keywords appearing in the literature
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of a field can reveal the research hotspots in this field. The frequency
of two or more keywords appearing in the same literature can
indicate the research structure of this field. Keywords co-occurrence
analysis conducted by the two can indicate the research category
and research hotspots in this field, and facilitate the discovery of
new disciplinary growth points and trends. A systematic and
general understanding of the research status in this field was
presented to us after the analysis of keywords. However, more in-
depth exploration is needed for the research details, which requires
reading and sorting out the documents themselves. Therefore,
keywords analysis and literature sorting were used to learn the
research structure, current status and future development trend.

From the keywords co-occurrence network according to the
time stamp (Figure 7B) and the changes of high-frequency
keywords over the years (Figure 7C), it could be seen that
although the studies on GM participating in RA have not been
officially carried out for a long time, researchers have begun to
actively explore in multiple directions. Especially since 2013, the
research boom has begun and continues to this day. The research
structure in this field could be summarized through the keywords
co-occurrence network (Figure 6), as shown in Figure 9. The first
part was to find evidence that RA is related to GM, which was the
trunk. Then there was the mechanism research, in which there were
several research branches, such as “th17” and “toll-like receptors”,
“chain fatty-acids”, etc. In addition, there was also practical
application research, such as probiotics supplement, dietary
intervention and drug targeting GM. The collected documents
were carefully read to obtain the details of the current status of
GM in RA.

4.2.1 Relationship between RA and GM

The first is the evidence that RA is related to GM and its
mechanism. The two are often inseparable and belong to the
research on the relationship between RA and GM. Relevant
reports on the interaction between RA and GM have been

10.3389/fimmu.2023.1131933

presented in “Interaction between RA and GM” sheet in the
Supplementary Material 1. A wide variety of microorganisms
exist in the gut of human beings and play a noteworthy role in
human health. The dysbiotic GM occurs in RA individuals,
characterized by the changed abundance of many bacteria
compared with that of healthy individuals (11-13). Significant
disorders of GM appeared before visible arthritis symptoms and
continued to evolve in the course of the disease (14, 15),
representing different gut flora profiles at separate disease stages
(16). The dysbiotic gut microbiota could partially be recovered after
RA treatment (17). The condition of RA will also be affected when
confronted with disturbed GM. The gut bacterial DNA was
observed in synovial samples from RA patients, which could
directly affect the severity of arthritis (18). Through the case-
control study, it is found that antibiotic prescriptions are
associated with a higher risk of RA, which may be due to
immunological responses induced by dysfunctional GM (19, 20).
And this is further proved by experimental evidence that oral
administration of antibiotic (enrofloxacin) would aggravate
arthritis (21). SKG mice transplanted with gut microbiota from
RA patients showed more severe arthritis and increased intestinal
THI17 cells (12). A higher frequency of arthritis induction occurred
in germ-free mice transplanted with the gut microbiota of CIA-
susceptible mice instead of CIA-resident mice (22). These tell us
that the relationship between GM and RA is not unidirectional
but bidirectional.

Among the diverse microbiota, which is close to RA and plays
what role in the disease course? We have summarized the detected
microbes in human intestines that may be related to RA, see
Supplementary Material 2. Most bacteria in the human gut
belong to the phylum Firmicutes and Bacteroidetes. The genera
Bacteroides and Prevotella play an important role in the balance of
gut microbiota as the dominant bacteria of Bacteroides. The
abundance of Prevotella significantly increased in RA patients
generally, whether before or after clinical diagnosis (12, 23, 24).

toll-like

Evidence of the
relationship betweeRA
and GM

FIGURE 9
Research structure tree summarized from keywords analysis.
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Most species of Prevotella are generally considered to be pathogenic
to RA and will promote inflammation. Prevotella has an association
with the genotype of RA, that is, the high-risk individuals with RA
(25). The enrichment of Prevotella in the feces of pre-clinical RA
individuals further confirms it (23). P. copri, the most widely known
species in Prevotella, could develop severe arthritis and induce the
proinflammatory reaction of intestinal Th17 cells when it is
colonized to mice (12, 26). But not all species in Prevotella are
pathogenic to RA, for example, P. histicola is a therapeutic
bacterium, which could reduce the incidence and severity of
arthritis significantly and restore the microbial profile and
metabolites of arthritis mice through the regulation of the
CD1031 dendritic cells and myeloid suppressors (CD11b+Gr-1
+cells), production of intestinal Treg cells and the further
inhibition of antigen-specific Th17 responses and increase of
transcription of IL-10 (27, 28). The alteration of the abundance of
Bacteroides is not so consistent in different RA patients, and some
are increasing (29-31), some are decreasing (32, 33). In fact, its role
in immune function needs to be viewed in two ways (34). For
instance, lipopolysaccharide (LPS) of B. fragilis significantly
suppressed arthritis development in CIA model animals (35),
while its strong virulence may destroy the immune balance of the
host (34). The specialized research on the relationship between the
bacteria in the genus Bacteroides and RA is unexpectedly few at
present, so it can be further excavated.

In the phylum Firmicutes, several genera such as Lactobacillus,
Faecalibacterium, Streptococcus, Blautia have been proven to be
related to RA. Among them, Lactobacillus, exiting not only in the
gut but also in many fermented foods, receives a lot of attention.
Many species of Lactobacillus can attenuate arthritis and
inflammation, examples illustrating as L. reuteri, L. casei (36-38),
L. rhamnosus, L. acidophilus (39, 40), L. brevis, L. salivarius (41) and
L. fermentum (42). These strains of Lactobacillus protected against
RA by rebalancing the GM and metabolites (short-chain fatty acids,
SCFAs). Their therapeutic activity may involve different pathways,
give examples, L. salivarius and L. plantarum reduce the Th17 cell
fraction and increase the Treg fraction (41), L. reuteri and L. casei
debilitate Thl immune response, while L. rhamnosus and L.
fermentum impair Th17 responses (42). The immunomodulatory
properties of Lactobacillus depend on the strains and prebiotics (42,
43). It can be seen that most species of Lactobacillus play the role of
beneficial bacteria in RA. It is generally believed that the abundance
of beneficial bacteria is reduced while that of pathogenic bacteria is
increased in the intestinal bacteria of diseased individuals. This is
consistent with the decrease of Lactobacillus abundance in most RA
patients and arthritis animal models (22, 32, 44, 45). However, there
are exceptions, Xuan Zhang et al. (17) identified the gut, dental and
saliva microbiome of RA patients, and the results showed that L.
salivarius was over-represented on these three sides. Enrichment of
Lactobacillus observed in RA patients was reported by Yumei Chen
et al. (30) and Liu, XF et al. (46). Different manifestations of
Lactobacillus in RA patients may be a consequence of RA
progression and the different conditions of subjects.

In addition to the bacteria mentioned above, there are other
ones whose functions on RA have been explored. Bifidobacterium
longum RAPO could significantly reduce RA incidence, arthritis
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and bone damage by inhibiting the production of IL-17 and other
proinflammatory mediators (47). Bifidobacterium sp. decreased the
production of pro-inflammatory monocyte chemotactic protein-1
(MCP-1) and MCP-3 and the number of inflammatory monocytes
CDI1lc+Ly6c+ (48). But the function of another species B.
adolescentis in the genus Bifidobacterium showed a contradiction
in different experiments. The colonization with B. adolescentis in K/
BxN mouse model could induce Th17 cells in the murine intestine
and exacerbate autoimmune arthritis just like segmented
filamentous bacteria (49). Early B. adolescentis administration
before modelling reduced the clinical symptoms, maintained the
fecal concentration of SCFAs, as well as restoring the intestinal
dysbiosis in CIA rats, which performed better than late-treatment
(50). The opposite functional performance of B. adolescentis may be
due to the differences in research objects or disease stages, or other
factors, which needs further research to explain. Clostridioides.
difficile VP110463 could reduce the incidence of CIA, but its
intervention after the establishment of CIA has weakened
therapeutic effect (51). Eggerthella lenta and Collinsella aerofaciens
could enhance gut permeability (48). Mice treated with E. lenta
increased Th17 cytokines and the arthritis was augmented in CIA
model mice gavaged with C. aerofaciens. Candida albicans also
plays an unfavorable role that making arthritis heavier (52). It is
worth mentioning that the highly concerned oral bacteria,
Porphyromonas gingivalis, could also cause intestinal flora
dysbiosis, improve the Th17 cell proportions in mesenteric
lymphocytes and the level of citrullinated protein and IL-6, and
then aggravate arthritis (53, 54).

Besides, some researchers explored the intervention effect of
several mixed bacteria on RA such as probiotics supplements. The
mixture of Lactobacillus acidophilus, L. casei, L. lactis,
Bifidobacterium lactis and B. bifidum could reduce the
inflammatory biomarkers and improve the oxidative/nitrosative
profile in RA patients (40). Bifidobacterium triple viable
(Bifidobacterium, Lactobacillus and Enterococcus) could partially
reverse the gut flora and serum inflammation in rats with RA (39).

At present, the mechanisms of GM participating in RA
pathogenesis mainly include regulating the differentiation of
immune cells, inducing the production of inflammatory
mediators, and molecular simulation. Disturbed GM can trigger
the innate and adaptive immunity abnormally, which may lead to
aberrant systemic immunity (55-57). The mucosal immunity is the
first line of defense against exogenous pathogens in the
gastrointestinal tract (58, 59). The GM can regulate the activation
of innate immune cells, causing the release of pro-inflammatory or
anti-inflammatory cytokines such as IL-6, TNF-o., IL-1f3, IL-12 and
IL-23 (6, 60). The differentiation of T cells and B cells is affected by
GM and then instigates RA, especially Th17 and Treg cells (22). IL-
17 secreted by Th17 cells can promote RA (61). Conversely, IL-10
and TGF-P1 secreted by Treg cells can inhibit RA and inhibit Th17
cells (62, 63). Th17/Treg balance is closely related to RA and
strongly affected by GM (64). Human leukocyte antigen (HLA)
may be directly or indirectly involved (65). Autoantibodies and
cytokines produced by immune cells are transported to tissues and
organs through circulation to activate macrophages, which leads to
the release of pro-inflammatory factors (60). In addition, the GM
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can cross the damaged intestinal barrier and migrate to the tissues,
triggering autoimmune inflammation and then increasing the risk
of RA (11, 18). The epitopes of intestinal microbial proteins
homologous to self-peptides may trigger autoimmunity, which is
called molecular mimicry (66). The GM may participate in the
pathogenesis of RA through molecular mimicry. For instance, the
HLA-DR-presented N-acetylglucosamine-6-sulfatase share
sequence homology with sulfatase proteins of Parabacteroides sp.
and Prevotella sp., and the HLA-DR-presented filamin A is also
homologous with epitopes from proteins of the Butyricimonas sp.
and Prevotella sp. (67). Aside above mechanisms, the GM may affect
RA by regulating the level of sex hormone levels, protein
citrullination, etc. (68, 69). In these processes, the metabolites of
GM, such as short-chain fatty acids, bile acids and tryptophan
metabolites, play a bridge role in the immune response triggered by
GM (57). However, most of the details in these mechanisms are
not clear.

Due to the abundance and diversity of intestinal microorganisms
and the complex pathological mechanism of RA, the research work in
this field is not easy to carry forward. Fortunately, with the
development of science and technology, 16S rRNA gene sequencing,
metagenome sequencing, gene chip, fluorescence in situ hybridization,
etc. have become fashionable. In particular, 16S rRNA gene
sequencing has become a mainstream bacterial identification
technology, which helps researchers have a better understanding of
the complex composition of gut microbiota. Fecal microbiota
transplantation (FMT)/colonization is also effective means to help
observe the influence of flora on the host.

Obviously, evidence is sufficient to prove that there is a
correlation between GM and RA, but many details are unclear at
present. Some bacteria have been reported to have significant
differences between healthy and RA individuals, or affect immune
function, or be related to other autoimmune diseases, but there is no
specific report on RA, which is not much and deep-going (5, 6, 70).
FMT/colonization is a method worth considering, but it is not
feasible in all cases. For example, the dysbiotic gut microbiota of
TNF**®***'~ mice could be transferred to germ-free mice but not to
conventional healthy mice (71). This suggests that we should
carefully design and choose the experiment according to the
purpose. In addition, the GM is such a colorful composition that
they usually act together rather than alone. However, it is not clear
which microorganisms interact with each other and what details are
involved. There are few reports in this regard. In the mechanism
study, the researchers have gone through different tracks, but it is so
complicated that it has only shown only a speck in a vast ocean from
current reports. It can be seen that this field has already had a solid
foundation, but there is still broad space to explore in the future.

4.2.2 Application potential of GM in RA

There is no doubt that the GM is closely related to RA, which is a
worthy way to explore for the diagnosis and treatment of RA, and
relevant reports have been presented in “Application of GM in RA”
sheet in the Supplementary Material 1. The alternation of GM can be
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applied in the prediction and treatment of RA. Before the onset of RA,
there are some presages about the high risk of the disease such as
rheumatoid factor (RF) and anti-citrullinated protein (anti-CCP) (23,
72). The gut microbiome of Anti-CCP/RF positive high-risk
individuals without clinical synovitis differs significantly from that of
healthy individuals. The study of SCREEN-RA cohort also uncovered
gut microbiome as a risk factor for RA development (73). This can help
discover new biological markers of progression toward RA, which is
beneficial to identify high-risk populations precisely.

In addition, there is a connection between the gut microbial
signatures and the trajectory of disease activity in RA (74), so there
are potential therapeutic targets to be dug. A lot of work has been
carried out and particularly some researchers have introduced in
silico methods such as data mining and machine learning
algorithms to analyze clinical data, microbiome and multiomics
data, so as to discover biomarkers and pathways, and then help
explore key bacteria and mechanisms (74-78). However, many
results from in silico research need further verification.

Interventions to prevent/treat RA through GM mainly include
probiotics and their metabolites, diet and RA drugs. Probiotics such
as Lactobacillus strains, Bifidobacterium spp. and their metabolites
such as SCFAs (especially butyrate) display a great development
prospect (79-81). Fasting therapy and high fiber diet can help
alleviate RA and can be used as auxiliary treatment, while the
Mediterranean diet aggravates arthritis (82-84). In addition,
researchers also pay attention to the application of GM in
existing RA drugs. For example, It has been reported that the
response of RA patients to methotrexate (MTX) is related to the gut
microbiota profiles (85, 86), which can help the better clinical
application of MTX. However, the role of MTX in intestinal
bacteria is not beneficial. MTX will cause gut microbiota disorder
in RA patients, and affect the conserved pathways of many gut
bacteria to reduce immune activation (87, 88). This adverse effect on
gut microbiota can be compensated by probiotics or propionate (88,
89). SSZ has an antibacterial effect, and its metabolism depends on
azoreductase (AR). Probiotic strains possess AR activity and can
metabolize SSZ but have no effect on plasma levels of SSZ and
sulfapyridine (SP) (90). Etanercept (ETN), a TNF-o: antagonist, can
partially restore a beneficial microbiota of RA patients and alter gut
microbiota in CIA mice (91, 92). It is worth noting that many
traditional medicines, such as traditional Chinese medicine (TCM),
have also shown their regulatory effects on gut microbiota (seen in
“Application of GM in RA” sheet in Supplementary Material 1).
The properties of multi-component and multi-target, and oral
administration as the common administration mode of TCM
stimulate researchers to pay attention to this field. It can be seen
that researchers are actively exploring the application of GM in the
treatment of RA. However, it is restricted that most related studies
are efficacy studies plus microbiota identification, which is still on
the surface and can only tell us that the treatment of these objects
will affect the composition of gut microbiota. The role of microbial
regulation in drug efficacy is still mysterious, let alone its
internal mechanism.
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4.2.3 Future development trend

It can be seen from “Thematic Map” (Figure 8) that there
were abundant studies to reveal the relationship between GM
and RA so as to build a solid foundation for this field. But it
was still at the superficial level at present, and the deeper and
more detailed mechanism exploration has just begun to develop
and is insufficient. These were consistent with the results of
literature sorting. First, the effect of most bacterial strains on
RA was still unknown. Only a small amount strains had
special reports on RA. It is generally believed that in disease
condition the beneficial bacteria will decrease and the
pathogenic bacteria will increase, but not without exception,
such as L. Salivarius, whose reason is still unknown. Even some
bacteria have contradictory effects on RA in current reports
(B. adolescentis). In addition, the internal mechanisms insight
to causality are still inadequate. Some progress has been made in
tracks such as TH17 and Treg cells, toll-like receptors, chain
fatty-acids, etc., but further research is needed. It indicates
that more specialized research and data are needed to clarify
the role of GM in RA. Gratifyingly, the applications in this field
have also developed rapidly and shown desirable potential.
Omics technology, machine learning technology and animal
models also provide opportunities for in-depth exploration of
mechanisms. Therefore, researchers should pay more attention
to the in-depth mechanism, which is a broad space to explore.

5 Conclusion

Based on the review and original articles from WOSCC in this
field, we got a comprehensive and systematic understanding of
the research field of GM in RA through bibliometrics. Output in
this field was growing vigorously, especially in the past decade.
More and more researchers and affiliations in different countries/
regions have joined this field, and the increasing number of
academic journals have paid attention to it. China and the
United States played the most active roles. Recently, the
mechanism and application of GM participating in RA have
become hotspots of researches. There has been abundant
evidence from research on humans and animals that RA and
GM have a mutual influence on each other. However, the
complicated details in it have not been explained clearly. In a
word, this field has already established a solid foundation, and
more efforts are needed to build it higher so as to seek new
strategies for the treatment of RA patients.
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