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Abstract: Despite over 30 years of microbiome and skeletal muscle research, no quantitative analysis of sarcopenia and the
microbiome literature had been conducted. Our bibliometric study examined research status, hotspots, and future trends. We utilized
bibliometric techniques to search the Science Citation Index Extended Database on February 27, 2023, using the Bibliometrix package
in R to create a map displaying scientific production and subject categories. Collaborative network maps between countries/regions
were visualized using Scimago Graphica, while VOSviewer explored collaboration modes among individuals and institutions. We
analyzed the top 25 emerging keywords, top co-occurring keyword networks, and co-occurring keyword clusters using CiteSpace.
A total of 997 articles were retrieved for sarcopenia and microbiome, of which 633 papers were analyzed. Both the number of
publications and total citation frequency had been continuously increasing. The United States had the highest total citation frequency,
while China had the highest number of publications. Research on the impact of the microbiome on sarcopenia was in its nascent stage
and spans multiple disciplines, including nutrition, microbiology, geriatrics, immunology, endocrinology and metabolism, molecular
biology, and sports medicine. The University of Copenhagen contributed the most to the number of publications (n=16), with Tibbett
M (n=7) and Hulver MW (n=7) among the top authors. The most published journal was “Nutrients” (n=24). Analysis of keywords and
clusters revealed new research hotspots in microbes and sarcopenia, such as malnutrition, dietary fiber, signaling pathways, frailty, and
intestinal permeability. Research on the impact of the microbiome on sarcopenia is in its infancy and spans multiple disciplines.
Malnutrition, dietary fiber, signaling pathways, frailty, and intestinal microbes are currently research hotspots. Furthermore, the visual
atlas analysis of research on microbes and sarcopenia helps to track the knowledge structure in research fields related to sarcopenia and
microbes, providing direction for future research.
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Introduction

Sarcopenia is a progressive and systemic skeletal muscle disorder characterized by an age-related reduction in skeletal
muscle mass, accompanied by decreased muscle strength and/or physical function, which is associated with adverse
outcomes such as falls, fractures, physical disability, and even mortality.'* The prevalence of sarcopenia was particularly
high in the elderly population, with studies in China showing that it ranged from 10.7% to 41.4% in men and 8.9% to
40.1% in women, with a higher prevalence observed in nursing homes and hospitalized patients.” The onset of sarcopenia
was closely associated with certain factors, such as dietary habits, physical activity, nutritional status, gut microbiome
and disease,™> which significantly impacted the health and quality of life of older individuals. Especially in recent years,

with in-depth research on the muscular-gut axis, it had been found that intestinal microbial imbalance could promote
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muscle atrophy, reduce muscle mass and muscle strength, and microbial preparations could delay the occurrence and
development of sarcopenia.’®

The human body exists in symbiosis with hundreds of millions of microorganisms, and as humans age, their microbiome
also undergoes changes. Consequently, the human microbiome is often referred to as the “second largest genome” of human
beings.”® Over the past 10 years, studies had found that microbial imbalance could lead to a decrease in microbial diversity,
a change in the structure of the flora, and increased intestinal permeability, which could promote chronic persistent
inflammation, resulting in decreased muscle synthesis and increased muscle consumption, thereby promoting the occurrence
of sarcopenia.” However, interventions that restored the balance of gut microorganisms through dietary modifications,
exercise, and supplementation with probiotics or prebiotics have been shown to improve muscle strength and reverse muscle
atrophy.®*'® Therefore, the relationship between gut microbes and sarcopenia had gained significant attention, with certain
gut bacteria and their metabolites being considered as potential biomarkers for predicting sarcopenia.'"'> Zhang et al
discovered that the genera and species of Enterobacteriaceae in gut microbiota are the primary pathogens in sarcopenia
patients, showing a significant negative correlation with muscle mass. Shigella-Klebsiella were identified as key biomarkers of
sarcopenia,'® while in elderly women, Bifidobacterium was also considered a potential biomarker.'* Additionally, microbial-
derived metabolites, such as short-chain fatty acids from fatty acid metabolism,'* urea, uremic metabolites and plasma indoxyl

15,16

sulfate from amino acid derivatives, secondary bile acids, deoxycholic acid, lithocholic acid, 12-a-hydroxylated to non-

17-1% and bacterial quorum sensing peptides like iAM373,'° were all

12-a-hydroxylated bile acids from bile acid derivatives,
reported to be closely associated with the development of sarcopenia. Manipulating the gut microbiota through interventions

may hold promise as a therapeutic strategy for sarcopenia.
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To our knowledge, there had been no bibliometric analyses of studies on sarcopenia and the microbiome. To gain
insights into the historical development, current trends, research hotspots, and future directions in the field of microbes
and sarcopenia, this study employed bibliometric analysis to analyze the literature published between 1981 and 2023.%°
The aim is to comprehensively understand the research landscape in this area and visually map the relationships between
microbes and sarcopenia using knowledge visualization techniques, with the ultimate goal of providing a solid reference
for future research directions.

Data and Methods

Our study was a bibliometric analysis that did not involve human subjects and did not require ethical approval from an
institutional review board.

Data Collection
We searched the Science Citation Index Expanded (SCI-EXPANDED) database via WoS on February 27, 2023. The
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following keywords were combined to search the databases: “sarcopenia”, “sarcopenic”, “muscle depletion”, “muscle
wasting”, “muscle atrophy”, “skeletal muscle”, “microbiome”, “microbiota”, “microbial” and “microorganisms” in the
“Title” field. The search results were refined by “article” in order to identify the core literature for this bibliometric
analysis. The full records and the full citation of the search results were exported to “Other File Formats” with “All

Fields Available” selected.

Bibliometric Analysis
Bibliometric visualization analysis was conducted on the retrieved and downloaded data using CiteSpace 5.7r5, R-4.2.2,
VOSviewer 1.6.19, and Scimago Graphica to obtain a summary and development trend of microbiology and sarcopenia research.
First, we used the “Citation Report” application from the WoS database to obtain the following bibliometric
indicators: publication trend, publication types, times cited, publications over time, and the productive journal’s with
their impact factors (IF). Each journal’s impact factor (IF) was obtained from the Journal Citation Report (JCR) Science
Edition 2021 (https://jcr.clarivate.com).
The CiteSpace software was used to perform keyword co-occurrence, keyword emergence, and cluster analysis.

Keyword cluster analysis used the LLR algorithm for weighted calculations.>' >* The LLR is an algorithm to determine
each type of label, which presents the core concept of each cluster with professional words. The keywords had been
manually cleaned to obtain the initial keywords, including merging synonymous keywords, deleting incorrect keywords,
and removing irrelevant keywords. In this study, the first article retrieved from the literature was published in 1981.
Therefore, the parameter settings were as follows: “time slicing” set to January 1981-February 2023, “year per slice” set
to 1, “Node types” selected keywords, “pruning” selected Critical path “pathfinder” and “pruning sliced networks”.

The Bibliometrix package in R software version 4.2.2 (R Foundation for Statistical Computing, Vienna, Austria) was
used to summarize annual scientific research results, annual average citation frequency, most relevant institutions,
national scientific research results, and most cited countries, and generated a visual map of national scientific research
results and subject categories.**

VOSviewer (1.6.19) was utilized to construct a collaborative network of authors and their institutions.*> Scimago
Graphica was employed to analyze collaborative network graphs between countries/regions.*®

Results

According to the analysis of the core collection of Web of Science using keyword search, a total of 997 articles were
retrieved for sarcopenia and microbes. After excluding review papers (n=311), conference proceedings (n=23), online
publications (n=9), conference abstracts (n=8), editorial materials (n=7), book chapters (n=4), data papers (n=1), news
articles (n=1), and considering 633 papers for analysis, A total of 61 countries or regions, 83 subject areas, 394 journals,

and 1162 institutions researched on sarcopenia and microbes.
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Publication Trend

As shown in Figure 1, In our literature search, the earliest literature in this field was published in 1981, Bajjalich et al
used a synthetic antimicrobial compound (carbadox) to feed male Sprague-Dawley rats and evaluated its effects on
protein synthesis and degradation in rat liver and muscle.”” Research on skeletal muscle and microorganisms has been
continuous since 1992. The number of published papers and citations per year remained relatively stable until 2011, after
which the number of published papers started to increase rapidly, particularly in the past three years (2020-2022),
reaching an average annual publication volume of over 100 papers, with 121 papers expected to be published in 2022.

Distribution by National Publication, Cooperation and Citation

A total of 61 countries or regions had contributed to research on sarcopenia and microbes, with most of the research
coming from European and Asian countries. African countries had relatively fewer publications in this field. Figure 2a
shows the trend of national publications, with darker colors indicating more published papers. Figure 2b shows the top 28
countries with the most cooperation, with larger node sizes indicating more publications from the country, and darker the
node indicating more publications in cooperation with other countries, this figure indicated international collaboration in
research on sarcopenia and microbes. Table 1 provides a summary of the top countries in terms of publications and
citations in this field. China has the largest number of publications with 150 papers, followed by the United States and the
United Kingdom. In terms of total citations, the United States has the highest number with 6753 citations, followed by
China and the United Kingdom with 2005 and 1505 citations respectively.

Distribution by Disciplines

Research on sarcopenia and microbiology encompassed 83 subject areas, with the top 20 subject areas illustrated in
Figure 3. Analysis of published articles revealed that the top five subject areas were “Nutrition and Dietetics” (105, 11%
of publications), “Biochemistry and Molecular biology” (80, 8%), “Food Science and Technology” (56, 6%),
“Endocrinology and Metabolism” (54, 6%), and “Multidisciplinary sciences” (48, 5%). This indicated that the research
on sarcopenia and the microbiome spanned across diverse disciplines, with a clear interdisciplinary nature.

Distribution and Network by Authors and Institutions

By utilizing network analysis of institutions and authors’ contributions in VOSviewer, it was determined that a total of
1162 institutions were involved in research on sarcopenia and microbes. Among them, the institutions with the highest
number of publications were the University of Copenhagen (n=16), China Agricultural University (n=14), the University
of Western Australia (n=13), Chinese Academy of Sciences (n=11), and Texas A&M University (n=10), leading the
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Figure | Number of annual publications in the sarcopenia and microbiota research field and the frequency of citations per year.

3014

https:

Dove!

Journal of Multidisciplinary Healthcare 2024:17


https://www.dovepress.com
https://www.dovepress.com

Dove Li et al

N.Documents

W s
[ B
B -
| K
H-:

34

Figure 2 Map visualization of publications and international collaboration network on sarcopenia and microbiota by countries/territories. (a): Map visualization of
publications on sarcopenia and microbiota by countries/territories. (b): International collaboration network between countries. The size of each circle represents the
number of publications in the country. The bigger the circle, the more the number of publications the country has contributed. The links between the circle signify the
collaboration between every two countries.

forefront. In terms of author contributions, Tibbett M(n=7) and Hulver MW (n=7) contributed the most in terms of
number of publications, followed by Neilson, AP(n=6), McMillan, RP (n= 6), and Yin, Y (n=5). The top 5 authors with
the most cited publications are: Backhed F (1793 citation instances), Semenkovich CF (1741 citation instances),
Manchester JK (1741 citation instances), Gordon JI (1741 citation instances), and Ziegler TR (556 citation instances).
Figure 4a illustrates the top 73 network relationships based on the total link strength of inter-institutional cooperation.
Figure 4b depicts the network relationship diagram of the top 1000 authors based on connection strength, the cooperative
relationships were visibly clustered, indicating close research cooperation among these authors, which facilitated the

development of related research.
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Table | The Top 10 Country in Terms of Number of Articles Published About Sarcopenia and Microbiota

RANK | Country Total Average No. of RANK | Country Total Average No. of
Citation Article publications Citation Article publications
Citations Citations
| USA 6753 51.90 130 6 ITALY 685 22.10 31
2 CHINA 2005 13.40 150 7 CANADA 673 37.40 I8
3 UK 1505 62.70 24 8 FRANCE 666 37.00 18
4 GERMANY 992 52.20 19 9 BELGIUM 543 49.40 I
5 JAPAN 965 21.90 44 10 KOREA 488 18.10 27

Abbreviations: No. of publications, Number of publications.

Distribution by Journals

A total of 394 journals successfully published research on sarcopenia and the microbiome. Table 2 displays the citation frequency
and impact factor of articles published in the top ten journals in terms of publication volume. The top five journals with the
highest publication output were NUTRIENTS (n=24), SCIENTIFIC REPORTS (n=19), PLOS ONE (n=16), FRONTIERS IN
NUTRITION (n=13), and INTERNATIONAL JOURNAL OF MOLECULAR SCIENCES (n=11). Among the top ten journals
by publication volume, when adjusted for the total number of publications in the same period, the top five journals were
respectively JOURNAL OF CACHEXIA SARCOPENIA AND MUSCLE, FRONTIERS IN NUTRITION, JOURNAL OF
AGRICULTURAL AND FOOD CHEMISTRY, NUTRIENTS, FOOD & FUNCTION. Notably, PLOS ONE boasted the
highest average citation frequency, with a remarkable score of 42.68. The influence and 5-year influence of the aforementioned
journals remained relatively stable in 2021. Notably, the JOURNAL OF CACHEXIA SARCOPENIA AND MUSCLE had the
most substantial influence factor, with an approximate score of 12, while other journals exhibited comparable influence.

Research Hotspots and Evolution
Figure 5 depicts the keyword co-occurrence of 633 papers, with larger circles representing the higher frequency of
occurrence of the keyword in the articles. The thickness of the lines connecting these keywords indicated the strength of
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Figure 3 The top 20 subject categories regarding articles published about sarcopenia and microbiota.
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Figure 4 Total link strength networks of inter-institutional and authors’ contributions collaborations in sarcopenia and microbiota research. (a): Total link strength network
of inter-institutional collaborations in sarcopenia and microbiota research. (b): Total link strength network of authors’ contributions collaborations in sarcopenia and
microbiota research. Each node represents an institutional/author’s contributions determined in the Web of Science database. The size of each node represents the number
of publications. The bigger the node, the more the number of publications in the research field. The link between the nodes represents a collaborative relationship. The

thicker the link, the more cooperation strength between the nodes.
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Table 2 The Top 10 Journals in Terms of Number of Articles Published About Sarcopenia and Microbiota

Journal No. of Total Mean Impact of Impact factors Proportion of

publications | citation | citation factors 2021 (five years) publications
counts | counts

NUTRIENTS 24 304 12.66 6.706 7.185 1327x10°¢

SCIENTIFIC REPORTS 19 731 38.47 4.997 5.516 111x10°®

PLOS ONE 16 683 42.68 3.752 4.069 6x10°°

FRONTIERS IN NUTRITION 13 67 5.15 6.59 6.873 2987x10°°

INTERNATIONAL JOURNAL OF 11 114 10.36 6.208 6.628 241x10°¢

MOLECULAR SCIENCES

JOURNAL OF CACHEXIA I 75 6.8l 12.063 12.879 11,853x10°¢

SARCOPENIA AND MUSCLE

FASEB JOURNAL 10 175 17.5 5.834 6.103 781x10°¢

FRONTIERS IN MICROBIOLOGY 9 109 12.11 6.064 6.843 380x10°¢

JOURNAL OF AGRICULTURAL AND 8 210 26.25 5.895 6.048 1560%10°¢

FOOD CHEMISTRY

FOOD & FUNCTION 6 182 3033 6.317 6.375 1017x10°¢

Abbreviations: No. of publications, Number of publications.

their association, with thicker lines denoting a higher frequency of co-occurrence. Our research confirmed that skeletal
muscle, gut microbiota, obesity, insulin resistance, inflammation, metabolism, exercise, high-fat diet, aging, and others
were the prominent research hotspots in the field of microbes and sarcopenia.

Figure 6 reveals the emergence of the top 25 keywords, with the red portion indicating the time period of keyword bursts.
Research on keywords related to skeletal muscle tissue and sarcopenia commenced surging in 2008, followed by an upsurge in

,,,,\ske/eta/ muscle
metabolic syndrome
TR, agin
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Figure 5 Keywords co-occurrence network of sarcopenia and microbiota research. The nodes are composed of tree rings that represent the frequency of the
corresponding keyword over time. The links between the nodes represent the frequency of co-occurrence of the two corresponding keywords. The thicker the links,
the more the frequency of the two keywords occurring together. The color of the links represented the corresponding time slices. The darker the color of the links was, the
newer the keywords occurred in the publications.
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Keywords
skeletal muscle tissue
adipose tissue
obesity
gene expression
insulin resistance
metabolic syndrome
high fat diet
lipid metabolism
probiotics
fatty liver disease
glucose metabolism
energy metabolism
chain fatty acid
signaling pathway

mitochondrial function

homeostasis

exercise

biomarker

intestinal permeability

microbiota composition

gut microbiome
dietary fiber

body composition
frailty
malnutrition

Top 25 Keywords with the Strongest Citation Bursts

Year
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981

Strength
37
39

417
464
333
2.57
424
277
2.67
3.76
3.76
2.03
192
2.68
196
196
318
2.53
2.53
21
3.66
3.56
217
211
211

Begin
2008
2009
2013
2014
2014
2014
2015
2015
2015
2018
2018
2018
2018
2019
2019
2019
2020
2020
2020
2020
2021
2021
2021
2021
2021

End
2013
2015
2017
2016
2018
2017
2019
2020
2018
2020
2020
2019
2021
2023
2020
2020
2021
2021
2021
2021
2023
2023
2023
2023
2023

1981 - 2023

Figure 6 Top 25 keywords with the strongest citation bursts. The figure shows the strength of the keyword citation bursts. The higher the value, the greater the strength,
and the higher the research heat of the keyword in the period. The red represents the time of the keyword citation bursts, and the red length represents the duration of the
research heat of the keyword.

metabolism-related keywords such as adipose tissue, obesity, insulin resistance, and others. The keywords sarcopenia, gut

microbiota, dietary fiber, body composition, frailty, and malnutrition were projected to experience bursts from 2021 to 2023,

signifying that the research on sarcopenia and microbes continued to be a focal point in the current stage.

We also conducted a cluster analysis on keywords, as illustrated in Figure 7. The top ten clusters were short-chain fatty

acids (cluster #0), sarcopenia (cluster #1), obesity (cluster #2), metabolism (cluster #3), inflammation (cluster #4), skeletal

Figure 7 Top 10 keywords cluster map. Each node represents a data point, and the lines between nodes indicate how similar they are.
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Table 3 Cluster Analysis of Keywords

Clustering Number Clustering Name Subcluster Name

#0* Short-chain fatty acids Butyrate, homeostasis, sarcopenia, lipopolysaccharide, etc.
#l Sarcopenia Microbiome, aging, diet, physical function, probiotic, etc.
#2 Obesity Sarcopenia, tight junction protein, metabolic syndrome, etc.
#3 Metabolism Inflammation, stress, gut microbiome, etc.

#4 Inflammation Insulin resistance, lipopolysaccharide, signaling pathway, etc.
#5 Skeletal muscle Diabetes, butyrate, gut microbiota dysbiosis, lipolytic, etc.
#6 Amino acid Myofibrillar proteins, proteolysis, etc.

#7 Gut microbiota Dietary modulation, strength training, systemic inflammation, etc.
#8 Immune response Immunization, gut microbiota, obesity, sarcopenia, etc.

#9 Aging TNE, toll-like receptor, gut-muscle axis, anabolic resistance, etc.

Note: a, #, Clustering.
Abbreviations: etc, Etcetera.

muscle (cluster #5), amino acid (cluster #6), gut microbiota (cluster #7), immune response (cluster #8), and aging (cluster #9).
Each clustering silhouette coefficient was between 0.669—1, the overall clustering effect was good and the reliability was high.
Table 3 presents the keywords encompassed in each cluster. Cluster #0 and cluster #7 revolved around gut microbes and their
metabolites, specifically short-chain fatty acids, to investigate their impact on sarcopenia. Cluster #1, cluster #2, and cluster #5
emphasized skeletal muscle and sarcopenia, with a focus on microbiome, diet, obesity, metabolism, hormones, probiotics, and
more. The relationship between microbes and sarcopenia was primarily explored through metabolism-related pathways
associated with microbes. Cluster #3, cluster #4, and cluster #6 centered on amino acids, metabolism, and inflammation,
delving into the impact of microorganisms on sarcopenia through the analysis of amino acid metabolism and related pathways,
inflammatory factors, and others. Cluster #8 and cluster #9 spotlighted aging and immunity, exploring the intricate relationship
between the muscular-gut axis and aging, and immune inflammation.

Evolution of Clinical Trials and IP’s (Patents) in the Context of Microbiota-Sarcopenia
We further analyzed the evolution of clinical trials and intellectual property (patents) related to the microbiome and
sarcopenia. By searching ClinicalTrials.gov from 1981 to 2022 using relevant keywords and removing duplicate entries,
we obtained results on microbiota-sarcopenia clinical trial registrations. From the first related trial in 2008 to 2016, the
number of clinical registrations in this field gradually increased, reaching 12 registered trials by 2022 (Figure S1).
Among all clinical trials, there were 40 interventional models, including 4 non-randomized controlled trials, 3 labeled as
NA, and the remainder as RCTs. Additionally, there were 14 observational models. Subsequently, we analyzed patent
registrations in this domain. Using relevant keywords on Google Patents and excluding duplicates, we gathered
microbiota-sarcopenia patent registration data from 1981 to 2022. Patent registrations showed a rapid upward trend
from 1981, peaking in 2000 (N=1283), followed by a slow decline, maintaining over 500 registrations per year. This
trend began rising again in 2010, reaching a second peak in 2020 (N=899) (Figure S2).

Discussion

Our study was the first to describe the landscape of sarcopenia and microbiome research based on more than 600 papers
retrieved from the WoS database. Muscle constitutes a significant component of the musculoskeletal system and serves as
the powerhouse of the human body. Additionally, muscle also functions as a vital endocrine and metabolic organ.*® Over
the past decade, with the advancement of the Human Genome Project, the relationship between microorganisms and
various diseases had gained increasing recognition and study,”” Rapid growth in research on sarcopenia and the
microbiome Our findings suggested that the study of sarcopenia and the microbiome is a very active field with
a dramatic increase in the number of publications, especially in the recent decade. More than 80 disciplines were
included in sarcopenia and microbes research, of which, “Nutrition and Dietetics” is the most activated discipline.
Notably, from 2019 to 2022, research specifically focusing on the association between microbes and sarcopenia exhibited
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an explosive growth trend, thereby driving collaborative efforts among countries and institutions, particularly in Asia,
North America, and Europe. Moreover, the evolution of microbiome-sarcopenia-related clinical trials and patents
markedly increased during this period. The rapid growth of publications facilitated more randomized controlled trials
(RCTs) and patents, offering insights for translating research findings into clinical practice and technological innovation.
This provided a valuable perspective on the impact of research in this field, potentially leading to new therapies and
interventions. Our study also summarized the most prolific or highly cited authors, journals, and institutions, and the most
highly cited publications in the research field of sarcopenia and the microbiome. We also performed keyword and cluster
analysis and a summary of studies related to sarcopenia and the microbiome.

In 2020, the World Health Organization (WHO) released the Baseline Report for the Decade of Healthy Ageing,
which highlighted that at least 14% of elderly individuals aged 60 and above (equivalent to 142 million people) had
unmet basic daily needs.>® Sarcopenia, a significant health issue among the elderly, often led to falls, frailty, reduced
daily activity capacity, and even disability, severely undermining healthy aging.' Consequently, it was imperative to
strengthen the prevention and treatment of sarcopenia to promote healthy aging and improve the living environment for
the elderly in their homes and communities. With the implementation of the Human Genome Project, research on the role
of human microbiota in sarcopenia had proliferated. Clinical trial registrations on ClinicalTrials.gov and research funding
through NIH Research Portfolio Online Reporting Tools (RePORT) increased annually, addressing mechanisms of
microbiota in sarcopenia (NCT04985877) and microbial interventions in sarcopenia (NCT05348694). For instance, the
NIH National Institute on Aging funded a project titled “The Role of the Gut Microbiota in Sarcopenia” (Project
Number: 1R21AG071888-01), aiming to explore how gut microbiota dysbiosis promoted sarcopenia through TLR4
overactivation of mTORCI signaling, inducing a state of anabolic resistance in skeletal muscle. These initiatives
underscored the importance and necessity of research on sarcopenia and microbiota.

Numerous studies have unequivocally established that a diet high in fat and sugar, low in fiber,*' malnutrition,** and
a sedentary lifestyle®” are closely linked to the occurrence and progression of sarcopenia. Furthermore, microorganisms

are also influenced by diet and exercise,”* >

as supported by the subject areas depicted in Figure 3. For instance, in the
field of nutrition, a diet rich in fat and sugar can alter the composition of the host’s intestinal microbiota, resulting in
changes in bacterial diversity and flora composition, ultimately leading to a decline in the production of short-chain fatty
acids. These alterations subsequently impact muscle strength and physical activity capacity, thus promoting the onset and
development of sarcopenia.® Conversely, supplementation of a diet abundant in fiber,® polyphenols,®’ saponins,*®
flavonoids,* and other similar components can modulate the balance of intestinal microbiota, enhance the production
of short-chain fatty acids, and ameliorate muscle wasting, and skeletal muscle strength. In the realm of biochemistry and
molecular biology, numerous microorganisms, such as Lachnospira, Fusicatenibacter, Roseburia, Eubacterium,"" and
others, have been identified to promote the production of short-chain fatty acids through the fermentation of dietary fibers
ingested by the host, particularly carbohydrates. In the realm of exercise, it has been well established that a sedentary
lifestyle can exacerbate muscle atrophy, whereas physical activity can modulate the composition of gut microbiota,
leading to an increase in the abundance of beneficial bacteria such as Akkermansia, Allobaculum, and Lactobacillus,
which in turn promotes muscle strength and enhances muscle mass.*® These findings highlight the interplay between the
muscle-gut axis, involving multidisciplinary research encompassing nutrition, endocrinology, metabolism, molecular
biology, and other fields. Furthermore, these results underscore that the impact of these factors extends beyond isolated
body parts and affects the entire body. After analyzing published journals, this study elucidated the direction of
submitting research related to sarcopenia and microbes. This information could serve as a guide for selecting suitable
journals for submission of our research papers and facilitate our search for relevant articles within those journals.
Based on a comprehensive analysis of published literature, we categorized the findings into four main clusters for further
discussion. The first two clusters, labeled as cluster #0 and cluster #7, are associated with short-chain fatty acids (SCFAs) and
gut microbiota. Relevant studies had investigated the effects of gut microbe-derived metabolites, particularly SCFAs such as
butyric acid, acetic acid, and propionic acid,*’ which play a role by regulating metabolism, the immune system, and cell

proliferation,****

and can affect the host various physiological processes. Notably, SCFAs also exert beneficial effects on the
gut by reducing the influx of inflammatory substances such as lipopolysaccharides (LPS) and intestinal bacteria, strengthening

the intestinal epithelial barrier,** and thus reducing systemic inflammation and inhibiting skeletal muscle inflammation.
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Collectively, these studies highlight the potential of SCFAs to positively impact various physiological processes. Therefore, in
the future, further investigations into the influence of microbial-mediated metabolites and intestinal barrier function on
sarcopenia and its underlying mechanisms are warranted. Overall, these studies shed light on the potential therapeutic
implications of SCFAs and highlight the need for further research in this area.

In cluster #1, cluster #2, and cluster #5, the clusters encompassed topics such as diet, obesity, metabolism, intestinal
permeability, probiotics, and more, all of which impact skeletal muscle through microbial-mediated pathways.
Alterations in gut microbiota have been correlated with muscle mass, muscle strength, and physical function.*>
Furthermore, obesity, as revealed in cluster #2, exhibited a close association with sarcopenia, insulin resistance, intestinal
tight junction proteins, and metabolic syndrome.*’*° However, intervention with probiotics (Lactobacillus mixture)
increased the expression levels of intestinal tight junction proteins, improved intestinal epithelial permeability, and
decreased serum LPS levels,* thereby reducing the systemic inflammatory response. This suggests that an imbalance in
gut microbiota can lead to chronic inflammation, increased gut permeability, and sarcopenia, but probiotic intervention
holds promise in improving gut barrier function. In summary, the evidence suggested that modulating gut microbiota
through interventions such as prebiotic and probiotic administration may offer potential therapeutic strategies for
mitigating the development and progression of sarcopenia in older adults. Further research is warranted to elucidate
the underlying mechanisms and optimize the therapeutic approaches.

Cluster #3, cluster #4, and cluster #6, denoted as metabolism, inflammation, and amino acid respectively, are associated with
amino acid metabolism, inflammation, oxidative stress, and signaling pathways, among others, in investigating the impact of
microorganisms on sarcopenia. It is known that skeletal muscle mass is maintained through a delicate balance between protein
synthesis and protein degradation, and the synthesis and breakdown of certain amino acids are influenced by intestinal
microorganisms, resulting in an imbalance in muscle protein. As demonstrated in cluster #3, cluster #4, and cluster #6,
microorganisms play a role in the occurrence and progression of sarcopenia by influencing changes in amino acid metabolism,
cellular oxidative stress, mitochondrial function, insulin resistance, and signaling pathways. In individuals with sarcopenia, genes
involved in amino acid metabolism (such as glutamine and isoleucine degradation, methionine, lysine, and threonine biosynth-
esis) are downregulated, while genes associated with glycolysis and glyoxylate are enriched. Additionally, exogenous supple-
mentation of B-alanine has been shown to improve endurance and physical function.’’ Microbial regulation of amino acid
metabolism may be influenced by various metabolic pathways. For instance, the expression and activation of the IGF1/AKT/
mTOR signaling pathway can modulate skeletal muscle hypertrophy and atrophy.>® Moreover, the AMPK-Foxo3-Atrogin
cascade has been implicated in causing muscle protein degradation to surpass protein synthesis, resulting in reduced skeletal
muscle mass.”®> The degradation of muscle proteins also involves the ubiquitin E3-proteasome pathway.”* Furthermore,
disturbances in the intestinal flora, as observed by QIU Y et al>, can interfere with the BA-FXR-FGF15/19-ERK signaling
axis, subsequently leading to reduced muscle protein synthesis and inducing skeletal muscle atrophy in the host.

CEINT3 LEINNT3

The cluster labels for cluster #8 and cluster #9 were “immune response”, “immunity”, “involving microorganisms”,
“immune system”, “inflammatory factors”, “insulin resistance”, and “muscle-gut axis”, among others. Aging is a complex
process that unfolds over time, encompassing genetics, diet, metabolism, microorganisms, inflammation, immunity, and more,
which can impact the functions of various organs and systems throughout the body. Furthermore, aging constitutes
a significant factor in the development of numerous age-related diseases, ultimately affecting the health and quality of life
of individuals aged.’*® As exemplified by cluster #8 and cluster #9, the microbiome and sarcopenia are closely intertwined
with immunity and aging.” Notably, the diversity and composition of microorganisms in the body decline with age, and the
effects of various immune cells and factors on skeletal muscle are also regulated by intestinal flora. Current research on the
role of the immune system in microbes and sarcopenia mainly focuses on the effects of microbiome-related metabolites on
46,39 60-62 and the effects of

probiotics and dietary interventions on immune responses.®® We had not found research on the mechanistic role of the immune

host immune cells, the effects of immune-related cytokines on skeletal muscle mass and sarcopenia,

system in the microbiome and sarcopenia, and further studies may be needed to confirm the role of immune senescence in

sarcopenia and the microbiome.
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limitations

This paper presents certain limitations. Firstly, the study only encompassed articles selected from the Web of Science,
which could lead to deviations in indicators like the number of papers published by the country and the contribution of
magazine publications. Secondly, the study had a deadline for the included articles, thus, articles after the deadline as
well as reports and other articles were not taken into account.

Conclusion

Our study provided a comprehensive overview of sarcopenia and microbiome research, analyzed through bibliometric
analysis of sarcopenia and the microbiome. We analyzed publishing trends, publishing countries, highly cited countries,
highly published journals, highly cited publications, highly publishing institutions, and highly published authors.
Research on the impact of the microbiome on sarcopenia is in its infancy and spans multiple disciplines. Malnutrition,
dietary fiber, signaling pathways, frailty, and intestinal microbes are currently research hotspots.

Additionally, our study provided crucial information and guidance for future researchers and decision-makers by
analyzing network connection graphs of countries, institutions, and individuals. The increasing number of published
papers each year indicates a growing interest in this research field by scholars worldwide. Our analysis of keywords and
clusters revealed new research hotspots in microbes and sarcopenia, including malnutrition, dietary fiber, signaling
pathways, frailty, and intestinal microbes. Furthermore, the visual atlas analysis of research on microbes and sarcopenia
could help to track the knowledge structure in research fields related to sarcopenia and microbes, providing direction for
future research.
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