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Introduction: Sarcopenia, an age-related disorder marked by decreased skeletal
muscle mass, strength, and function, is associated with negative health impacts
in individuals and financial burdens on families and society. Studies have
suggested that age-related alterations in gut microbiota may contribute to the
development of sarcopenia in older people through the gut-muscle axis, thus
modulation of gut microbiota may be a promising approach for sarcopenia
treatment. However, the characteristic gut microbiota for sarcopenia has not
been consistent across studies. Therefore, the aim of this study was to compare
the diversity and compositional differences in the gut microbiota of older people
with and without sarcopenia, and to identify gut microbiota biomarkers with
therapeutic potential for sarcopenia.

Methods: The PubMed, Embase, Web of Science, Cochrane Library, China
National Knowledge Infrastructure, and Wanfang Database were searched
studies about the gut microbiota characteristics in older people with
sarcopenia. The quality of included articles was assessed by the Newcastle-
Ottawa Scale (NOS). Weighted standardized mean differences (SMDs) and 95%
confidence intervals (Cls) for a.-diversity index were estimated using a random
effects model. Qualitative synthesis was conducted for B-diversity and the
correlation between gut microbiota and muscle parameters. The relative
abundance of the gut microbiota was analyzed quantitatively and
qualitatively, respectively.

Results: Pooled estimates showed that a-diversity was significantly lower in older
people with sarcopenia (SMD: -0.41, 95% Cl: -0.57 to -0.26, 12: 71%, P < 0.00001).
The findings of B-diversity varied across included studies. In addition, our study
identified gut microbiota showing a potential and negative correlation with
sarcopenia, such as Prevotella, Slackia, Agathobacter, Alloprevotella, Prevotella
copri, Prevotellaceae sp., Bacteroides coprophilus, Mitsuokella multacida,
Bacteroides massiliensis, Bacteroides coprocola Conversely, a potential and
positive correlation was observed with opportunistic pathogens like Escherichia-
Shigella, Eggerthella, Eggerthella lenta and Collinsella aerofaciens.
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Discussion: This study showed that oa-diversity is decreased in sarcopenia,
probably predominantly due to diminished richness rather than evenness. In
addition, although findings of B-diversity varied across included studies, the
overall trend toward a decrease in SCFAs-producing bacteria and an increase
in conditionally pathogenic bacteria. This study provides new ideas for targeting
the gut microbiota for the prevention and treatment of sarcopenia.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/view/

CRD42024573090, identifier CRD42024573090.
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1 Introduction

Sarcopenia, a geriatric and generalized disorder, is characterized
by loss of skeletal muscle mass with low muscle strength and/or
physical performance (Kirk et al., 2024). The global prevalence of
age-related sarcopenia ranges from 10% to 27% in individuals over
60 years old (Petermann-Rocha et al, 2022). In China, the
prevalence of sarcopenia is 20.7%, with the highest prevalence in
people aged 80 years and older (45.4%), followed by people aged 70-
79 years (27.2%) and 60-69 years (15.7%) (Meng et al., 2024).
Sarcopenia is associated with an increased risk of various adverse
outcomes such as falls and fractures (Roh et al., 2017), disability
(Nascimento et al, 2019), cognitive impairment (Chang et al,
2016), cardiovascular diseases (Damluji et al., 2023), poor quality
of life (Beaudart et al., 2015) and premature death (De Buyser et al.,
2016), all of which impose a heavy economic burden on families
and societies (Mijnarends et al., 2018). This highlights the urgent
need for effective prevention and treatment strategies for
sarcopenia. Therefore, it is necessary to seek an effective
treatment for sarcopenia, and the modification of the gut
microbiota shows significant promise (Zhang et al., 2022b).

The human gut microbiota is composed of 10-100 trillion
microorganisms (Bakhtiar et al., 2013), which appears to play an
important role in the muscle mass and function through
regulating protein synthesis and degradation balance, systemic
inflammation, glucose, lipid and energy metabolism,
mitochondria and neuromuscular junction function (Liu et al,
2021a). Currently, the hypothesis of the “gut-muscle axis” has
been proposed to study the relationship between the gut
microbiota and musculoskeletal disorders (Bindels and
Delzenne, 2013). Gut microbiota dysbiosis, is characterized by
diminished biodiversity, higher pathogenic bacteria, lower
beneficial bacteria, as well as the reduced expression of genes
which produce short-chain fatty acids (SCFAs) (Buford, 2017;
Wellman et al., 2017). This imbalance of gut microbiota is
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particularly prevalent in older people, attributed to age-related
factors such as malnutrition, physical inactivity, chronic disease,
and polypharmacy (Vaiserman et al., 2017; Ticinesi et al., 2019;
Gemikonakli et al., 2021). Since gut dysbiosis can trigger adverse
changes such as inflammation and anabolic resistance, age-related
alterations in the gut microbiota have the potential to contribute
to sarcopenia in the older people via the gut-muscle axis (Ticinesi
et al,, 2019). Therefore, identifying gut microbial markers of
sarcopenia and targeting improvement of gut dysbiosis is a
promising strategy for the treatment of sarcopenia.

So far, studies focusing on the gut microbiota characteristics in
older people with sarcopenia have reached inconsistent and
sometimes contradictory conclusions (Kang et al., 2021; Lee et al,,
2022). Kang et al. reported a significant decrease in the abundance
of Roseburia in older people with sarcopenia compared to non-
sarcopenic individuals. In contrast, Lee et al. observed a significant
increase in Roseburia abundance in sarcopenic individuals. This
discrepancy may stem from methodological differences, particularly
in study design. Kang et al. employed a case-control design, while
Lee et al. utilized a cross-sectional approach. These differences in
study design could have resulted in variations in data collection,
sample selection, and analytical methods, which may have
influenced the outcomes. Furthermore, the participants in the two
studies differed in age, with the mean age of the sarcopenia group in
Kang et al.’s study being 76.45 years, compared to 66.5 years in Lee
et al’s study. Age-related differences in body function and gut
microbiota composition could have contributed to the observed
discrepancies. Therefore, the methodological differences,
particularly in study design and age, are likely key factors
underlying the inconsistent findings between the two studies,
which have impacted the comparability of their results. These
inconsistent findings revealed the complexity of the relationship
between the gut microbiota and sarcopenia, suggesting potential
influences of study design, participants’ characteristics (e.g., age,
gender, body composition, diet) and assessment methods on the
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observed discrepancies (Forrest et al., 2007; Beaudart et al., 20165
Marti et al., 2017; Deschasaux et al., 2018; Papadopoulou et al.,
2021). Therefore, there is an urgent need to synthesize the existing
studies and identify consistent gut microbiota characteristics
associated with sarcopenia in older people. Despite the current
studies that encompasses two systematic reviews separately
investigating the changes in gut microbiota associated with
muscle atrophy and frailty (Rashidah et al., 2022; Nikkhah et al,
2023), and a meta-analysis focusing on the characteristic alterations
of the gut microbiota in frail older people (Almeida et al., 2022),
these studies have not been directly targeted at the older people
with sarcopenia.

This meta-analysis aims to bridge this gap by comparing the
diversity and composition of the gut microbiota in older people
with and without sarcopenia. Our goal is to identify gut microbiota
profiles with therapeutic potential, thus providing new scientific
insights into the diagnosis and treatment of sarcopenia.

2 Methods
2.1 Protocol and registration

This systematic review and meta-analysis was pre-registered in
the International Prospective Register of Systematic Reviews
(PROSPERO, CRD42024573090) and conducted in accordance
with the guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) (Hutton et al., 2015).

2.2 Search strategy

We searched and identified relevant studies using six databases
in July 2024: PubMed, Embase, Web of Science, Cochrane Library,
China National Knowledge Infrastructure, and Wanfang Database.
The search strategy combined Medical Subject Headings (MeSH)
terms and their synonyms related to sarcopenia (e.g., “sarcopenia”
or “sarcopenic” or “muscular atrophy” or “muscle weakness”) and
gut microbiota (e.g., “gastrointestinal microbiome” or
“gastrointestinal microbiomes” or “fecal microbiota”). There is no
restriction on the date of publication. See details in Appendix S1 in

Supplementary Material.

2.3 Eligibility criteria

2.3.1 Inclusion criteria
1. Participants: Individuals diagnosed with sarcopenia

according to any established definitions (by a working
group or a clinical research), aged 60 years or older, of
both genders;

. Outcomes: Studies documenting variations in microbiota
diversity (o.-diversity or/and B-diversity) and composition
between sarcopenia and non-sarcopenia groups.
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2.3.2 Exclusion criteria
1. Studies did not include a full-text description;
2.
3.

Studies were not in English or Chinese languages;

Studies were non-original researches such as reviews,
conference reports, letters, case reports and commentaries;
4. Studies had unextractable data information; and
Participants received interventions affecting the gut

microbiota within one month.

2.4 Study selection

The records sourced from various databases were consolidated
within EndNote 20 (Clarivate Analytics in Philadelphia, PA, USA),
where duplicate entries were automatically detected and eliminated.
Two reviewers (YR and LW) independently conducted an
assessment of the titles and abstracts according to the inclusion
and exclusion criteria, followed by a thorough examination of the
full texts to ascertain the studies eligible for inclusion. If there were
discrepancies between the two reviewers, a third reviewer, XH,
mediated the discussion to reach a consensus.

2.5 Data extraction

Data extraction was performed independently by two researchers
(YR and LW), with cross-verification, and subsequently validated by
a third researcher (XH).

Data extraction included the following variables:

1. Study characteristics (such as first author, publication year,
the country and region where the data were collected, study
design, sample size, diagnostic criteria of sarcopenia, stool
sample collection and storage, and assessment method of
gut microbiota);

2. Participants’ characteristics (such as age, gender and BMI);

3. Community-level measures of gut microbiota composition:
o-diversity (Chaol index, Observed species/OTUs,
Shannon index, Simpson index and ACE index), B-
diversity, and taxonomic findings at the phylum, class,
order, family, and genus levels (relative abundance).

We consulted the authors of the included studies for raw data
about specific a-diversity and relative abundance data that were not
showed in the paper. For studies which raw data were not available
or data cannot be processed, we employed WebPlot Digitizer 4.7
software to extract numerical data from the figures of the studies.
The variables data of o-diversity and relative abundance were
presented as means (M) and standard deviation (SD). When
included studies presented variables data as median and
interquartile range (IQR), we utilized an online tool (https://
www.math.hkbu.edu.hk/~tongt/papers/median2mean.html) to
convert these data to M and SD.
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2.6 Quality assessment

The Newcastle-Ottawa Scale (NOS) was performed in case-control
and cohort studies, and a modified version of the NOS for cross-
sectional studies (Benites-Zapata et al., 2022). The NOS scale consists of
three assessment areas: selection, comparability, and exposure/
outcome; with a maximum score of 9 for case-control and cohort
studies, and 7 for cross-sectional studies. Case-control and cohort
studies with a total score of > 7 and cross-sectional studies with a total
score of > 4 are considered high-quality studies (Yeung et al., 2019).

2.7 Statistical analysis

2.7.1 Quantitative synthesis of a.-diversity

Various o-diversity indices were used in the included studies,
including the Chao 1 index, Observed species/OTUs, the Shannon
index, the Simpson index and ACE index. The pooled effect sizes
were estimated using the inverse variance method as the primary
statistical approach. In addition, a random effects model was used to
account for heterogeneity across studies and the 95% confidence
interval (CI) was calculated for the effect measure reported as
standardized mean difference (SMD).

Subgroup analyses were performed based on categorical
variables: age (<70 or 270 years old), gender (both or female), BMI
(< 24.5 or > 24.5 kg/m?), nutrition status (at a risk of malnutrition/
malnutrition or healthy), diagnostic criteria for sarcopenia [European
Working Group on Sarcopenia in Older People (EWGSOP), Asian
Working Group for Sarcopenia (AWGS) or other], evaluation
method for muscle mass [Bioelectrical Impedance Analysis (BIA),
Dual-energy X-ray Absorptiometry (DXA) or other], region
(Western countries or Eastern countries).

We used I? statistics to evaluate the heterogeneity of each
outcome included in the study (Higgins and Thompson, 2002).
I* > 50% indicates significant heterogeneity (Wang et al., 2022b).
The presence of publication bias was assessed through a dual
approach: a subjective evaluation of the symmetry in the funnel
plot and a statistical assessment using Egger’s test. Sensitivity
analyses were conducted to assess the stability of the findings by
sequentially excluding individual studies from the meta-analysis
(Duval and Tweedie, 2000). A result was deemed less robust if the
exclusion of a study caused the pooled eftect size to lie beyond the
95% confidence interval. Conversely, the results were classified as
robust if they remained within this range.

Review Manager software (RevMan 5.4; Cochrane, Linden, UK)
was used to perform subgroup analyses and STATA MP 17 software
(STATACorp LP, College Station, Texas, USA) was used to test for
publication bias and perform sensitivity analyses. P < 0.05 was
considered statistically significant in all analyses.

2.7.2 Qualitative synthesis of -diversity

We summarized the B-diversity indicators, statistical analysis
methods, findings regarding significant differences between groups,
and the reported p-values across the included studies.
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2.7.3 Quantitative/Qualitative synthesis of relative
abundance
2.7.3.1 Quantitative synthesis

We recorded quantitative comparisons of the relative
abundance of bacterial phyla, class, order, family, genus, and
species between the sarcopenia and non-sarcopenia groups,
including the p-values of these comparisons.

2.7.3.2 Qualitative synthesis

We identified gut microbes showing significant
differences (p < 0.05) in relative abundance between the
sarcopenia and non-sarcopenia groups and noted their changes.
In addition, we further summarized the microbes recorded in two
or more studies.

2.8 Correlation between gut microbiota
and sarcopenia parameters

We recorded gut microbes with significant correlations (p <
0.05) to muscle parameters (muscle mass, muscle strength and
muscle function) from the included studies. Muscle mass was
represented by three indices: skeletal muscle index (SMI),
appendicular skeletal muscle index (ASMI) and skeletal muscle
mass (SMM). Muscle strength was measured by handgrip strength
(HGS). Muscle function was assessed by five-time chair stand test
(5-STS) and gait speed (GS).

In this study, we defined the “Final relevance” between gut
microbiota and muscle parameters based on the following criteria.
When a microbe showed a significant correlation with only a single
muscle parameter, the correlation was considered “Final relevance”.
If a microbe showed significant correlations with multiple muscle
parameters and these correlations were consistent in direction, the
consistent correlation was recognized as “Final relevance”.
However, if the direction of the correlations was inconsistent, we
defined the “Final relevance” as “uncertain”.

2.9 Definition of gut microbiota with
potential relevance to sarcopenia

In our study, we established criteria to identify gut microbiota
that exhibit a potential correlation with sarcopenia.

A microbe was classified as potentially positive (or negative)
correlation with sarcopenia if it satisfies either of the
following conditions:

(1) Consistency in significant changes across studies: The
microbe was consistently reported as significantly increased (or
decreased) in the sarcopenia groups across two or more
included studies;

(2) Consistent correlations with muscle parameters: The
microbe was reported as significantly increased (or decreased) in
the sarcopenia groups in at least one study, and concurrently shows
a negative (or positive) “Final relevance” with muscle parameters.
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A microbe was classified as having a potential but unclear
correlation with sarcopenia if it satisfies either of the
following conditions:

1. Inconsistency in significant changes across studies: The
microbe was reported as significantly changed in the
sarcopenia groups across two or more included studies,
but the direction of these changes was inconsistent;

2. Inconsistent correlations with muscle parameters: The
microbe showed “Final relevance” as “uncertain” with
muscle parameters.

3 Results

3.1 Study selection

According to comprehensive literature search strategy, 5454
relevant articles were retrieved from six electronic databases. 4663
relevant articles were obtained when duplications were excluded.
After reading the titles and abstracts, 23 studies were potentially

10.3389/fcimb.2025.1480293

eligible according to the inclusion and exclusion criteria. After
carefully examining the full texts, the remaining 18 articles were
included in the final meta-analysis. The literature screening process is
shown in Figure 1.

3.2 Study characteristics

Table 1 summarized the characteristics of the 18 studies
included studies between 2019 and 2024 (Picca et al., 2019;
Ticinesi et al., 2020; Kang et al., 2021; Margiotta et al., 2021;
Ponziani et al, 2021; Han et al, 2022; Lee et al,, 2022; Wang
et al., 2022¢c; Wu et al., 2022; Yamamoto et al., 2022; Aliwa et al.,
2023; Lee et al., 2023; Liu et al., 2023; Peng et al., 2023; Wang et al.,
2023; Yan et al, 2023; Zhang et al., 2023, 2024), including two
cohort studies (Aliwa et al., 2023; Lee et al., 2023), seven case-
control studies (Kang et al., 2021; Ponziani et al., 2021; Wu et al,
2022; Yamamoto et al., 2022; Wang et al., 2023; Zhang et al., 2023,
2024) and nine cross-sectional studies (Picca et al., 2019; Ticinesi
et al., 2020; Margiotta et al., 2021; Han et al.,, 2022; Lee et al., 2022;
Wang et al.,, 2022¢; Liu et al.,, 2023; Peng et al., 2023; Yan et al,,
2023). The studies were conducted in five countries, which were

Records identified from Databases searching (n=5455):

PubMed (n=402), Web of Science (n=557), Embase (n=3144), Additional records identified
_; The Cochrane Library (n=182), Wanfang Database (n=1089), through other sources (n=0)
Bl China National Knowledge Infrastructure (n=81)
=
E
2

\d
Records after duplicates removed (n=4663)
o
£
£
]
3 Records excluded by screening of title and abstract
\ (n=4640):
Not older people (< 60 years) /Not sarcopenia /
Reco(:‘d_sdsecsrg)ened Did not evaluated gut microbiota (n=2840),
a Not in Chinese / English language (n=3),
Intervention experiments affecting the gut microbiota
(n=12),
Inappropriate article type (n=1785)

2
2
2 A
W ] Full-text articles excluded (n=6):

Full-text articles assessed Not full text (n=2),

for eligibility —> Not data to extract (n=1),
(n=24) Not older people (< 60 years) (n=3)
3
°
=
v
=
Studies included in qualitative analysis (n=18)

FIGURE 1

Flow of screening and selecting process according to Preferred Reporting Items for Systematic Reviews and meta-analysis (PRIAMA).
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TABLE 1 Characteristics of the studies included.

First Author,
Year

Comorbidity

Setting

Age
(Mean + SD)

Cirrhosis with S

BMI
(Mean + SD)

Cirrhosis with S

Nutrition assessment

Country

Sarcopenia
criteria

1) L3-muscle area of
< 52.4 cm*/m? (M) and

Methods of IM
assessment

16S rDNA sequencing

. . . . 64 (61; 68) 25.7 (24.2; 27.1) . < 38.5 cm?*/m?® (F) of V1-V2 for o
Al 1., 202 . Lo . Lo . . . .
iwa etal, 2023 | Cirrhosis Hospital Cirrhosis without S | Cirrhosis without S Both ND Austria 116/86/30 | EWGSOP 2010 2) HGS < 27 kg (M) diversity, B diversity and
62 (60; 67) 29.5 (27.4; 31.2) and < 16 kg (F) relative abundance
3) GS < 0.8 m/s
16S rRNA sequencing of
. LM 723 +£54 LM 19.7 £ 1.7 . ASMI < 7.23 kg/m2 (M) V3-V4 for o diversity, B
H 1., 2022 * . .
an et al., 20 ND Community NM 700 + 4.2 NM 22.5 + 2.2 Both MNA| China 88/28/60 IWGS and < 5.67 kg/m? (F) diversity and
relative abundance
2
(112/[1)\2/2 ; ;Egll(i/;n(lz) 16S rRNA sequencing of
. S 76.45 + 8.58 S 20.67 £3.27 . . V3-V4 for o diversity, B
Kang et al,, 2021 | ND Hospital NS 68.38 + 5.79 NS 23.66 + 2.49 Both ND China 87/36/51 AWGS 2019 i) II;KIC:{S (<F§8 kg (M) or diversity and
35 S'I%S < 12 relative abundance
Cirrhosis with S cirrhosis with S SGAT* 1) ASMI < 7.0 kg/m* 16S rRNA sequencing of
. . . 62.7 (54.3-66.5) 22.4 (21.1-23.6) . . (M) and < 5.4 kg/m* (F) = V3-V4 for o diversity, B
Lee et al., 2023 Cirrhosis Hospital NS 58.4 Healthy controls Both ﬁﬁ?% China 105/82/23 AWGS 2019 2) HGS < 28 kg (M) diversity and
(49.6-64.5) 23.3 (22.3-24.7) and < 18 kg (F) relative abundance
2
(112/[1):51?1/{11 << 57;] llzgg//nl?’ ® 16S rRNA sequencing of
+ + : _ iversi
Lee etal, 2022 | ND Community 5 00> £46 $230:£34 Both 24 h dietary recall Korea 60/15/45 | AWGS 2019 2) HGS < 28 kg (M) V3-Vi for o diversity, B
NS 64.8 + 3.4 NS 264 + 3.5 and < 18 kg (F) diversity and
3) GS < 1 mls relative abundance
1) ASMI < 7.0 kg/m? )
Shotgun metagenomic
(M) and < 5.7 kg/m* (F) .
. R $69.1 +8.0 $225+27 R 283/ sequencing for o,
Li 1., 202 . . . .
uetal,2023 | ND Community | \¢'641 + 0.2 NS 262 + 3.4 Both | ND China  gg/105 AWGS 2014 21?51581;6(;3 ™) diversity, B diversity and
3) GS < 0.8 m/s relative abundance
. 16S rRNA sequencing of
Margiotta . S$83.1+57 $255+26
et al. 2021 CKD Community NS 797 + 6.2 NS 293 + 4.8 Both MIST Italy 63/44/19 EWGSOP 2 ND V3—Y4 for
relative abundance
1) ASMI < 7.0 kg/m? )
HE 7176 + 7.93 HF 2424 + 2.81 (M) or < 5.7 kg/m? (F) ;‘;S;il\f]i ;e‘zi‘il‘e]::;ing ‘E,)f
Peng et al,, 2023 HF Hospital SHF 75.14 + 8.18 SHF 20.27 + 3.75 Both ND China 77145/32 AWGS 2019 2) HGS < 28 kg (M) or diversity and ty,
HC 67.67 +9.76 | HC 23.52 + 3.12 <18 kg () iversity
3)GS < 1 mis relative abundance
PE&S 1) SPPB score between
PF&S 75.5 + 3.9 3214 + 6.02 3/12 and 9/12 16S rRNA sequencing of
Picca et al,, 2019 | ND Community = NonPF&S N(;nPI; &é Both ND Italy 35/20/15 FNIH 2) (a) ALM/BMI V3-V4 for o diversity
739 +32 2627 + 2.55 < 0.789 (M) and and relative abundance

< 0.512(F)

(Continued)
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TABLE 1 Continued

First Author,
Year

Age
(Mean + SD)

Comorbidity

Setting

BMI
(Mean + SD)

Gender

Nutrition assessment

Country

N/M/F

Sarcopenia
criteria

Methods of IM
assessment

or (b) crude ALM
< 19.75 kg (M) and
< 15.02 kg (F)
3) Absence of
mobility disability
7day FFQ:
red meat(times/wk), 1) (a) ALM/BMI
Cirrhosis with S Cirrhosis with S non-red meat(times/ < 0.789 (M) and
70 (63-74) 29 (25.48-30.91) wk), < 0.512 (F)
Cirrhosis without S | Cirrhosis without S milk(times/wk)<«, fish or (b) crude ALM 16S rRNA sequencing of
Ponziani . . . 66 (58.5-76.5) 27.27 (24.36-29.12) (times/wk)1,eggs(times/ < 19.75 kg (M) and V3-V4 for o diversity, B
et al., 2021 Cirrhosis Community Control with S Controls with S Both wk)1, Ttaly 100/36/64 | FNIH < 15.02 kg (F) diversity and
75.5 (72-77.25) 29.99 (29-31.79) cereals and bakery 2) HGS < 26 kg (M) relative abundance
Control without S Controls without S products(times/wk) <, and <16 kg (F)
72.5 (58.2575.25) 26.2 (24.39-28.68) legumes(times/wk) <, 3) Absence of
Veg(times/wk)<«, fruits mobility disability
(times/wk)<
EPIC FFQ: total P(g)!,
animal P(g)|, vegetal P
()1, total F(g)|, animal
F(g)l, vegetal F(g)l, 1) SPPB score between
total SFA(g)|, total Shallow-shotgun
Ticinesi S 77 (75.5-86) § 24.3 (209-26.7) PUFA(g)|, sugar(g)? 3/12 and 9/12 metagenomics for
ND Community ' NS 27.4 Both B)% Sugarigi Italy 17/3/14 EWGSOP 1 2) SMI < 8.87 kg/m? “CIage
et al,, 2020 NS 71.5 (70-75) fiber(g)1, E(Kcal)l, Fe diversity and
(24.5-29.1) (M) and < 6.42 kg/ )
(mg)|, Ca(mg)|, m? (F) relative abundance
Zn(mg)|, Vit C(mg)|,
Vit B6(mg)l, B
Carotene(ug)|, Vit E
(ug)l, Vit D(mg)|
1417 1) ASMI < 7.0 kg/m?
SFFQ: meat/eggs(times/ /582 (M) or < 5.7 kg/m” (F) Shotgun metagenomic
Wang . $722+85 $214+25 Wk,)l’ . . /835 2) HGS < 28 kg (M) sequencing for o
ND Community Both dairy products(times/ China AWGS 2019 and < 18 kg (F) o L
et al., 2022¢ NS 62.3 £ 8.5 NS 242 + 3.4 diversity, B diversity and
wk)|, 3) 2) SPPB score < 9; 5- clative abundance
Veg(times/wk) | STS > 12 s; or GS relative abu
< 1.0 m/s
FFQ:
1 * *
E(kj){ ,tcltal P(g)l*, 1) SARC.F
HQ P(g)l*, F(g)!, Ca i ) -
(mg)] WGsop q;leé Slonnalrea/ score > Metagenomic
Wang . S684+35 §$225+23 X ; . 2018 2 < 1.0 m/s .
et al., 2023 ND Community NS 68.7 + 3.4 NS 241 + 2.4 Female Vit D(IU)«, soy'bean China 100/0/100 + AWGS 2019 3) HGS < 18 kg (F) sequ.encmg for
products(g)1, dairy relative abundance
4) ASMI < 5.7 kg/
products(g) |, m? (F)
Veg(g)!, fruit(g)}, meat
(g1, fish(g)
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TABLE 1 Continued

First Author,
Year

Comorbidity

Setting

Age
(Mean + SD)

BMI
(Mean + SD)

Nutrition assessment

Country

N/M/F

Sarcopenia
criteria

1) muscle strength <

Methods of IM
assessment

16S rRNA sequencing of

. S 77(65-95) $22.87 £3.17 . 192/87 27 kg K K
/1 P -
Wu et al., 2022 ND Hospital NS 70(65-84) NS 23.52 + 3039 Both ND China /105 EWGSOP 2 2) ASM < 20 kg V3-V4 f0-r o diversity
3) SPPB score < 8 and relative abundance
N-SMI Questionnaire on 16S rRNA sequencing of
o _ 272 B B :
Yamamoto CLD Hospital 66 (57:5-71.5) ND Both dietary lifestyle: Japan 69/25/44 Other SMI < 42 sz /zm ™ V.3 V{l for o diversity, B
et al., 2022 LSMI Ufish(g) ], Veg(@)| and 38 cm?*/m?® (F) diversity and
68 (62.0-73.3) meat/shig)l, Veg(s relative abundance
1) MNAJ*
2) FFQ:E(kcal/d)], P(g/ .
ke/d)1*, F(g/d))* 8 16S RNA sequencing
’ . 1) ASMI < 5.7 kg/m* without region
. S753+7.14 S 23.60 + 3.07 CHO(g/d) . fiber(g/d)|*, ) ; )
an et al,, 2023
Yan et al., 202 ND Community NS 70.26 + 6.03 NS 25.88 + 3.67 Female Vit C(mg/d)1, Vit E China 276/0/276 AWGS 2019 2) HGS < 18 kg 1rTforn'1at10n for (l.
(mg/d)}*, Ca(mg/d)} 3) GS < 1.0 m/s diversity, p diversity and
> > relative abundance
Mg(mg/d)}*, Fe(mg/
d)I*, Zn(mg/d)|*,
2
(112/[1)\251?1? << 57 2 llzgg//nn; ® 16S rRNA sequencing of
Zhang . S 71.21 + 6.85 $22.83 £191 . ’ V4 for o diversity, B
et al, 2023 ND Hospital NS 71.00 + 6.67 NS 23.57 + 2.18 Both ND China 3510125 | AWGS 2019 i)u?f? 8<k28 (l;‘;" ™) diversity and
3)GS<1 Ogm /s relative abundance
2
(112/[1)\2\1/{:11 << 57 ;) II:gg//rIr?z () 16S rRNA sequencing of
Zhang . S 55.39 + 7.59 $21.02 +1.37 . : V4 for o diversity, B
et al, 2024 ND Community NS 49.81 + 6.84 NS 22.20 + 1.26 Both ND China 62/30/32 AWGS 2019 2) HGS < 28 kg (M) diversity and

and < 18 kg (F)
3) GS<1m/s

relative abundance

SD, + standard; 16S rRNA, 16S Ribosomal Ribonucleic Acid; V1-V2, regions of the 16S rRNA gene; V1-V9, regions of the 16S rRNA gene; V3-V4, regions of the 16S rRNA gene; V4, regions of the 16S rRNA gene; S, sarcopenia; NS, Non-sarcopenia; PF&S, Physical frailty
and sarcopenia; Non PF&S, Not Physical frailty or sarcopenia; CKD, chronic Kidney Disease; HF, heart failure; SHF, heart failure patients with sarcopenia; CLD, chronic liver disease; LM, low muscle mass group; NM, normal muscle mass group; MNA, mini nutritional
assessment; SGA, subjective global assessment; MUST, malnutrition universal screening tool; MIS, malnutrition inflammation score; FFQ, food frequency questionnaires; EPIC, European Prospective Investigation into Cancer and Nutrition; SFFQ, semi-quantitative
food frequency questionnaire; 1, denote increases in evaluated outcome measures in sarcopenia compared to control group; |, denote decreases in evaluated outcome measures in sarcopenia compared to control groups; «<», denote comparable evaluated outcome
measures between sarcopenia and control groups; *, denote statistically significant difference evaluated outcome between sarcopenia and control groups; wk, week; d, day; h, hour; g, gram; mg, milligram; g, microgram; IU, international unit; RAE, Retinol Activity
Equivalent; keal, kilocalories; kj, kilojoule; Veg, vegetables; P, protein; F, fat; SFA, saturated fatty acids; PUFA, polyunsaturated fatty acids; E, energy; Fe, iron; Ca, calcium; K, potassium; Zn, zing; Vit, vitamin; HQ, high-quality; CHO, carbohydrate; Mg, magnesium; Zn,
zinc; EWGSOP, European Working Group on Sarcopenia in Older People; IWGS, International Working Group on Sarcopenia; AWGS, Asian Working Group for Sarcopenia Guidelines; FNTH, Foundation for the National Institutes of Health sarcopenia project; M,
men; F, female; ASM, appendicular skeletal muscle mass; ASMI, appendicular skeletal muscle mass index; SMM, skeletal muscle mass; SMI, skeletal muscle index; HGS, handgrip strength; GS, gait speed; SPPB, short-physical performance battery; 5-STS, five times sit to
stand test; ALMBMI, appendicular lean mass to body mass index ratio; ND, No data.
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categorized into Western countries (Austria, Italy) (Picca et al,
2019; Ticinesi et al., 2020; Margiotta et al., 2021; Ponziani et al,,
2021; Aliwa et al,, 2023) and Eastern countries (China, Korea,
Japan) (Kang et al,, 2021; Han et al.,, 2022; Lee et al,, 2022; Wang
et al,, 2022¢c; Wu et al., 2022; Yamamoto et al., 2022; Lee et al., 2023;
Liu et al., 2023; Peng et al., 2023; Wang et al., 2023; Yan et al., 2023;
Zhang et al., 2023, 2024). In terms of gender, 16 studies included
both males and females (Picca et al., 2019; Ticinesi et al., 2020; Kang
et al,, 2021; Margiotta et al., 2021; Ponziani et al., 2021; Han et al.,
2022; Lee et al,, 2022; Wang et al., 2022¢; Wu et al., 2022; Yamamoto
et al,, 2022; Aliwa et al., 2023; Lee et al., 2023; Liu et al., 2023; Peng
etal., 2023; Zhang et al., 2023, 2024), while two studies were limited
to females (Wang et al, 2023; Yan et al, 2023). The studies
comprised a total of 3,132 participants, 886 with sarcopenia and
2,246 without sarcopenia. The mean age of the participants ranged
from 49.81 to 83.1 years. In addition, 29.4% of the participants had
comorbidities( (Margiotta et al, 2021; Ponziani et al, 2021;
Yamamoto et al., 2022; Aliwa et al., 2023; Lee et al., 2023; Peng
et al., 2023).

Ten studies evaluated the dietary and nutritional status of the
participants using various scales (Ticinesi et al,, 2020; Margiotta
et al., 2021; Ponziani et al., 2021; Han et al., 2022; Lee et al., 2022;
Wang et al., 2022¢; Yamamoto et al., 2022; Lee et al., 2023; Wang
et al, 2023; Yan et al., 2023). Tools such as the Mini-Nutritional
Assessment (MNA), Malnutrition Universal Screening Tool
(MUST), and Malnutrition Inflammation Score (MIS) were
utilized to directly assessed nutritional status. Furthermore,
dietary intake was evaluated using the Food Frequency
Questionnaire (FFQ), 24-hour dietary recall, and Dietary Lifestyle
Questionnaire (DLQ), with the findings used in conjunction with
the Dietary Guidelines for Chinese Residents (DGCR) to indirectly
infer participants’ nutritional status (Zhang et al., 2022a). Exception
for two studies that lacked specific assessment results (Margiotta
et al,, 2021; Lee et al,, 2022), the remaining eight studies ultimately
identified nutritional status (Ticinesi et al., 2020; Ponziani et al.,
2021; Han et al., 2022; Wang et al., 2022¢; Yamamoto et al., 2022;
Lee et al,, 2023; Wang et al, 2023; Yan et al, 2023), with five
indicating risks of malnutrition (Margiotta et al., 2021; Han et al,,
2022; Wang et al., 2022¢, 2023; Yan et al., 2023).

The majority of studies adhered to AWGS (Kang et al.,, 2021; Lee
et al,, 2022; Wang et al., 2022¢; Lee et al., 2023; Liu et al., 2023; Peng
et al, 2023; Wang et al., 2023; Yan et al,, 2023; Zhang et al., 2023, 2024)
and EWGSOP (Ticinesi et al., 2019; Margiotta et al., 2021; Wu et al.,
20225 Aliwa et al, 2023; Wang et al, 2023) criteria for diagnosing
sarcopenia. Gut microbiota was analyzed using 16S rRNA sequencing
in 14 studies (Picca et al., 2019; Kang et al., 2021; Margiotta et al., 2021;
Ponziani et al., 2021; Han et al., 2022; Lee et al., 2022; Wu et al., 2022;
Yamamoto et al., 2022; Aliwa et al., 2023; Lee et al,, 2023; Peng et al,,
2023; Yan et al, 2023; Zhang et al, 2023, 2024), and shotgun
sequencing in four studies (Ticinesi et al., 2020; Wang et al,, 2022
Liu et al,, 2023; Wang et al, 2023). The relative abundance of gut
microbiota was assessed in all 18 included studies (Picca et al., 2019;
Ticinesi et al., 2020; Kang et al., 2021; Margiotta et al., 2021; Ponziani
et al,, 2021; Han et al,, 2022; Lee et al,, 2022; Wang et al., 2022¢; Wu
et al., 2022; Yamamoto et al., 2022; Aliwa et al., 2023; Lee et al., 2023;
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Liu et al,, 2023; Peng et al., 2023; Wang et al., 2023; Yan et al., 2023;
Zhang et al,, 2023, 2024), with 15 studies assessing o-diversity (Picca
et al,, 2019; Kang et al., 2021; Ponziani et al,, 2021; Han et al., 2022; Lee
et al,, 2022; Wang et al., 2022¢; Wu et al., 2022; Yamamoto et al., 2022;
Aliwa et al., 2023; Lee et al., 2023; Liu et al., 2023; Peng et al., 2023; Yan
et al, 2023; Zhang et al, 2023, 2024) and 14 studies assessing B-
diversity (Ticinesi et al., 2020; Kang et al., 2021; Ponziani et al., 2021;
Han et al,, 2022; Lee et al., 2022; Wang et al., 2022¢; Yamamoto et al,,
2022; Aliwa et al.,, 2023; Lee et al,, 2023; Liu et al., 2023; Peng et al,
2023; Yan et al, 2023; Zhang et al, 2023, 2024). Details of fecal
processing and DNA extraction methods in the different studies are
given in Supplementary Table S1.

3.3 Quality assessment

The majority of the studies included in this meta-analyses
presented a high-quality score on NOS. One cohort study (Lee
etal., 2023) and five case-control studies (Kang et al., 2021; Ponziani
et al, 2021; Wu et al., 2022; Wang et al., 2023; Zhang et al., 2023)
scored > 7 points, and nine cross-sectional studies (Picca et al,
2019; Ticinesi et al,, 2019; Margiotta et al., 2021; Han et al., 2022;
Lee et al., 2022; Wang et al., 2022¢; Liu et al., 2023; Peng et al., 2023;
Yan et al,, 2023) scored > 4 points, which were of high quality. The
remaining studies were of average medium quality: one cohort
study (Aliwa et al., 2023) and two case-control studies (Yamamoto
etal, 2022; Zhang et al.,, 2024) had a score of 6 points (Tables 2-4).

3.4 Quantitative synthesis of o-diversity

3.4.1 Meta-analysis summary

A total of 1167 sarcopenic and 2566 non-sarcopenic older people
were included in 15 studies assessing o-diversity. Various o-diversity
indices were used in the studies, including the Chao 1 index (Picca
etal, 2019; Kang et al., 2021; Ponziani et al,, 2021; Han et al., 2022; Wu
et al,, 2022; Yamamoto et al., 2022; Aliwa et al., 2023; Peng et al., 2023;
Yan et al, 2023; Zhang et al,, 2023, 2024), Observed species/OTUs
(Kang et al,, 2021; Han et al., 2022; Wu et al., 2022; Yamamoto et al.,
2022; Peng et al., 2023), the Shannon index (Han et al., 2022; Lee et al,,
2022; Wang et al., 2022¢; Yamamoto et al., 2022; Lee et al., 2023; Liu
et al,, 2023; Peng et al,, 2023; Yan et al., 2023; Zhang et al., 2023, 2024),
the Simpson index (Lee et al., 2022; Peng et al., 2023; Yan et al,, 2023;
Zhang et al,, 2023, 2024) and ACE index (Yan et al, 2023; Zhang
et al, 2024).

Pooled estimates showed that o-diversity was significantly
lower in older people with sarcopenia than without sarcopenia,
with significant heterogeneity (SMD: -0.41, 95% CI: -0.57 to -0.26,
I%: 71%, P < 0.00001). To be specific, the Chaol index (SMD: -0.45,
95% CI: -0.67 to -0.23, I*: 48%, p < 0.0001), Observed species/OTUs
(SMD: -0.62, 95% CI: -0.82 to -0.42, I*: 0%, p < 0.00001) and the
Shannon index (SMD: -0.30, 95% CI: -0.60 to -0.00, I*: 80%, p =
0.05) were significantly lower in the sarcopenia groups. However,
there were no significant differences in the Simpson index (SMD:
-0.30, 95% CI: -0.76 to 0.17, I*: 68%, p = 0.21) or the ACE index
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TABLE 2 Newcastle-Ottawa Scale assessment cohort studies.

Selection C o Qutcome

: omparabilit .
First author, year P y Total Quality
Aliwa et al., 2023 * * * * _ * * _ 6 M

Lee et al., 2023 * * * * * * * _ 7 H

*One point attributed in the question; -: None point attributed in the question; 1: Representativeness of the exposed cohort with sarcopenia; 2: Ascertainment of exposure: how is sarcopenia
diagnosis made; 3: Selection of the non-exposed cohorts; 4: Demonstration of normal gut microbiota at start of study; 5: Comparability of cohorts on the basis of the design or analysis controlled
for confounders; 6: Assessment of gut microbiota outcome; 7: Was follow-up long enough for gut microbiota outcomes to occur; 8: Adequacy of follow-up of cohorts; H: High-quality; M:

Medium-quality.

(SMD: -0.38, 95% CI: -1.06 to 0.29, I*: 64%, p = 0.26) between the
two groups (Figure 2).

3.4.2 Subgroup analyses

According to participants’ characteristics and study design, we
conducted subgroup analyses of various o-diversity indexes
including the Chaol index, Observed species/OTUs, Shannon
index, and Simpson index (Table 5).

3.4.2.1 Chaol index

In Table 5, a significant reduction in the Chaol index was both
observed in aged < 70 years (SMD: -0.48, 95% CI: -0.90 to -0.06, p:
0.02) or = 70 years (SMD: -0.45, 95% CI: -0.70 to -0.19, p: 0.0006),
both genders (SMD: -0.42, 95% CI: -0.65 to -0.18, p: 0.0005) or
females (SMD: -0.77, 95% CI: -1.41 to -0.13, p: 0.02), with AWGS
(SMD: -0.59, 95% CI: -1.00 to -0.18, p: 0.005) or other sarcopenia
criteria (SMD: -0.42, 95% CI: -0.80 to -0.04, p: 0.03)

The Chaol index also significantly decreased in participants with a
BMI < 24.5 (SMD: -0.57, 95% CI: -0.85 to -0.29, p < 0.0001), originating
from Eastern countries (SMD: -0.58, 95% CL: -0.79 to -0.36, p <
0.0001), utilizing BIA for muscle mass measurement (SMD: -0.70, 95%
CI: -1.05 to -0.36, p < 0.0001), at risk of malnutrition or suffering from
malnutrition (SMD: -0.78, 95% CI: -1.17 to -0.38, p: 0.0001).

3.4.2.2 Observed species/OTUs
In Table 5, the Observed species/OTUs significantly decreased
in participants in aged < 70 years (SMD: -0.79, 95% CI: -1.19 to

TABLE 3 Newcastle-Ottawa Scale assessment case control studies.

-0.40, p: < 0.00001) or > 70 years (SMD: -0.58, 95% CI: -0.83 to
-0.33, p: < 0.00001), with AWGS (SMD: -0.87, 95% CI: -1.34 to
-0.41, p: 0.0002), EWGSOP (SMD: -0.50, 95% CI: -0.79 to -0.21, p:
0.0007) or other sarcopenia criteria (SMD: -0.66, 95% CI: -1.01 to
-0.30, p: 0.0003), utilizing BIA (SMD: -0.83, 95% CI: -1.17 to -0.49,
p < 0.00001) or CT/MRI (SMD: -0.52, 95% CI: -1.02 to -0.02,
p: 0.04) for muscle mass measurement.

3.4.2.3 Shannon index

In Table 5, the Shannon index significantly decreased in
participants in aged > 70 years (SMD: -0.49, 95% CI: -0.83 to
-0.16, p: 0.004), with other sarcopenia criteria (SMD: -0.49, 95% CI:
-0.84 to -0.14, p: 0.006), and in healthy status (SMD: -1.79, 95% CI:
-2.52 to -1.07, p < 0.00001).

3.4.2.4 Simpson index

In Table 5, the Simpson index showed no significant differences
between the sarcopenia and non-sarcopenia groups, regardless of
age, sex, or body mass index subgroups.

3.4.3 Risk of bias

According to the funnel plot in Supplementary Figure SI and
Egger’s regression test in Supplementary Table S3, there was no
publication bias in the Chao 1 index (p: 0.559) or the Observed
species/OTUs (p: 0.067). However, publication bias was detected in
the Shannon index (p: 0.018) and the Simpson index (p: 0.039).

First author, year pelecion Comparability SHicome Quality
Kang et al., 2021 * * * * _ * * * 7 H
Ponziani et al., 2021 * * * * * * * - 7 H
Wang et al., 2023 * * * * * * * _ 7 H
Wu et al., 2022 * * * _ ok * * * 7 H
Yamamoto et al., 2022 - - * * b * * - 6 M
Zhang et al., 2023 N * * * * * * _ 7 H
Zhang et al., 2024 * * * * _ * * _ 6 M

*One point attributed in the question; **Two points attributed in the question; -: None point attributed in the question; 1: Representativeness of the cases; 2: Is the case definition adequate; 3:
Selection of controls; 4: Definition of controls; 5: Comparability of cases and controls on the basis of the design or analysis; 6: Ascertainment of exposure; 7: Same method of ascertainment for
cases and controls; 8: Non-response rate; H: High-quality; M: Medium-quality.
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TABLE 4 Newcastle-Ottawa Scale assessment cross-sectional studies.

10.3389/fcimb.2025.1480293

. Selection Comparability Outcome .
First author, year Quality
Han et al., 2022 * * * - * * 5 H
Lee et al.,, 2022 * * * * * - 5 H
Liu et al., 2023 * * * - * - 4 H
Margiotta et al., 2021 * * * * * - 5 H
Peng et al,, 2023 * * * * * - 5 H
Picca et al., 2019 * * * * * * 6 H
Ticinesi et al., 2020 * * * o * * 7 H
Wang et al., 2022¢ * * * - * * 5 H
Yan et al., 2023 * * * - * * 5 H

*One point attributed in the question; **Two points attributed in the question; -: None point attributed in the question; 1: Representativeness of the sample; 2: Selection of the non-exposed
subjects; 3: Ascertainment of exposure: how is sarcopenia diagnosis made; 4:The subjects in different outcome groups are comparable, based on the study design or analysis. Confounding factors

are controlled; 5: Assessment of gut microbiota outcome; 6: Response rate; H: High-quality.

3.4.4 Sensitivity analysis

The sensitivity analysis revealed that the pooled effect size for all
o-diversity indicators remained within the 95% CI after the
exclusion of any individual study. This finding indicates the
stability of the a-diversity indicators (Supplementary Figure S2).
In addition, the sensitivity analysis revealed that different studies
had the greatest influence on various o-diversity indices.
Specifically, Aliwa et al. had the greatest impact on Chaol (Aliwa
etal, 2023), Wu et al. on Observed species/OTUs (Wu et al., 2022),
Lee et al. on Shannon index (Lee et al., 2023), and Peng et al. on the
Shannon index (Peng et al., 2023).

3.5 Quantitative synthesis of 3-diversity

14 studies employed various methods to assess B-diversity. Six
studies used the Bray-Curtis similarity. Six studies used the Bray-
Curtis similarity (Han et al., 2022; Lee et al, 2022; Wang et al,
2022¢; Peng et al.,, 2023; Zhang et al.,, 2023, 2024), two used the
Unweighted UniFrac distances (Kang et al., 2021; Lee et al., 2023),
one used the Weighted UniFrac distances (Ponziani et al., 2021),
and two used the PLS-DA (Kang et al., 2021; Zhang et al., 2024), all
of which demonstrated significant differences in B-diversity
between the sarcopenia and non-sarcopenia groups. In contrast,
the remaining studies showed no significant differences between the
two groups (Ticinesi et al., 2020; Yamamoto et al., 2022; Aliwa et al.,
2023; Liu et al., 2023; Yan et al., 2023) (Table 6).

3.6 Quantitative/qualitative synthesis of
relative abundance

Quantitative comparisons of relative abundance at phyla, class,
order, family, genus, and species levels between the sarcopenia and
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non-sarcopenia groups are presented in Supplementary Table S2.
The qualitative analysis of relative abundance at the genus and
species levels were shown in Figure 3, while qualitative analyses of
the phylum, class, order and family levels were shown in
Supplementary Figure S3.

In Figure 3, we observed that the following microbes which
showed significant differences in two and more studies: The
Lactobacillus, Bifidobacterium, Escherichia-Shigella and
Eggerthella at the genus level significantly increased in the
sarcopenia groups compared to non-sarcopenia groups. In
contrast, there were significant reductions in Prevotella and
Slackia at the genus level, and Prevotella copri at the species level.
The relative abundance of the Roseburia, Coprobacillus,
Catenibacterium, Bacteroides and Akkermansia genera, and the
Bacteroides fluxus and Faecalibacterium prausnitzii species
presented inconsistent results across the studies.

3.7 Correlation between gut microbiota
and sarcopenia parameters

3.7.1 Gut microbiota with a positive “Final
relevance” to muscle parameters

In Figure 4, gut microbiota that showed a positive ‘Final
relevance’ to muscle parameters include the Gammaretrovirus,
Agathobacter, Alloprevotella, Succinivibrio at the genus level, and
the Prevotellaceae sp., Leuconostoc sp., Christensenellaceae R-7
group sp, Ruminococcaceae UCG-010 sp., Marvinbryantia sp.,
Ruminococcaceae NK4A214 group sp., Parabacteroides johnsonii
CL02T12C29, Bacteroides eggerthii DSM 20697, Bacteroides
coprophilus, Mitsuokella multacida, Bacteroides massiliensis,
Bacteroides coprocola, Bacteroides fluxus and Bacteroidales
bacterium ph8 at the species level.
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Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference

IV, Random, 95% ClI

Ren et al.
Sarcopenia Control
Study or Subgrou Mean SD_Total Mean SD _Total Weight
1.1.1 Chao1
Aliwa 2023 21.39 6.11 78 213 6.98 38 37%
Han 2022 193.63 44.2 24 26473 10456 52 32%
Kang 2021 26279 117.94 11 669.53 53936 60 26%
Peng 2023 829.53 43718 29 133562 35067 15 25%
Picca 2018 54541 141.95 18 597.98 109.86 17 25%
Ponziani 2021 535.29 136.53 14 52293 18298 36 27%
Wu 2022 278.95 110.72 88 33865 12253 104 41%
Yamamoto 2022 1181 5003 25 15021 653 44 32%
Yan 2023 20966 7719 16 27182 8083 27 26%
Zhang 2023 1,101.46 181.68 14 1,123.36 13465 21 25%
Zhang 2024 265.87 89.38 31 27785 6691 31 3.2%
Subtotal (95% CI) 348 445 32.8%
Heterogeneity: Tau*= 0.06; Chi*=19.21, df=10 (P = 0.04); F= 48%
Test for overall effect: Z= 4.00 (P < 0.0001)
1.1.2 Observed species/OTUs
Han 2022 19242 4489 24 25851 9518 52 32%
Kang 2021 19207 87.85 11 437.41 32458 60 26%
Peng 2023 691.93 410.22 29 1,059.14 32657 15 26%
Wu 2022 136.7 496 88 161.3 485 104 41%
Yamamoto 2022 1181 50.02 25 14992 6535 44 3.2%
Subtotal (95% CI) 177 275 15.6%
Heterogeneity: Tau®= 0.00; Chi*= 2.46, df= 4 (P = 0.65); F= 0%
Testfor overall effect: Z=6.04 (P < 0.00001)
1.1.3 Shannon
Han 2022 393 037 24 415 038 52 32%
Lee 2022 6.97 076 27 6.87 068 33 32%
Lee 2023 425 0.63 29 5.34 053 16 2.4%
Liu 2023 3.39 02 141 3.37 024 142  43%
Peng 2023 5.31 17 29 6.42 0.77 15 26%
Wang 2022 11.45 054 141 1136 068 1276 45%
Yamamoto 2022 336 058 25 357 046 44 32%
Yan 2023 2.92 0.81 16 312 0.56 29 2.7%
Zhang 2023 6.49 0.61 14 6.82 052 21 25%
Zhang 2024 277 097 3 254 048 31 32%
Subtotal (95% CI) 477 1659  31.7%
Heterogeneity: Tau®= 0.16; Chi*= 44.14, df= 9 (P < 0.00001); I*= 80%
Testfor overall effect: Z=1.99 (P = 0.05)
1.1.4 Simpson
Lee 2022 098 001 27 098 001 33 32%
Peng 2023 092 005 29 096 002 15 26%
Yan 2023 0.14 017 17 012 0.88 29 28%
Zhang 2023 0.97 0.01 14 0.98 0.01 21 2.4%
Zhang 2024 079 015 31 077 005 31 32%
Subtotal (95% CI) 118 129 14.1%
Heterogeneity: Tau®= 0.19; Chi*=12.52, df= 4 (P = 0.01);, F=68%
Testfor overall effect: Z=1.26 (P = 0.21)
1.1.5 ACE
Yan 2023 21116 7565 16 26972 7585 27  26%
Zhang 2024 265.24 9089 31 27079 618 31  32%
Subtotal (95% Cl) 47 58 5.8%
Heterogeneity: Tau?= 0.15; Chi*= 2.76, df =1 (P = 0.10); F= 64%
Testfor overall effect: Z=1.12 (P = 0.26)
Total (95% Cl) 1167 2566 100.0%
Heterogeneity: Tau?= 0.13; Chi*= 112.03, df = 32 (P < 0.00001); = 71%
Test for overall effect: Z=5.16 (P < 0.00001)
Test for subaroun differences: Chi*= 4.00. df=4 (P=041.F=0.1%
FIGURE 2
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a-diversity forest plots of sarcopenia compared with non-sarcopenia in total and divided subgroups: Chaol index, Observed species/OTUs, Shannon
index, Simpson index and ACE index.

3.7.2 Gut microbiota with a negative “Final

relevance” to muscle parameters
In Figure 4, gut microbiota that showed a negative ‘Final

relevance’ to muscle parameters include the Escherichia-Shigella.
Bifidobacterium and Faecalibacterium at the genus level, and the
Lachnospiraceae sp., Streptococcus sp., Fusobacterium sp.,
Flavonifractor sp., Sellimonas sp., Eggerthella lenta, Collinsella
aerofaciens and Subdoligranulum variabile at the species level.

3.7.3 Gut microbiota with an uncertain “Final
relevance” to muscle parameters

In Figure 4, gut microbiota that showed an uncertain ‘Final
relevance’ to muscle parameters include the Roseburia.
Eubacterium rectale group and Lachnospira at the species level.
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3.8 Summaries of gut microbiota with
potential relevance to sarcopenia

3.8.1 Gut microbiota with potential and negative
relevance to sarcopenia

Gut microbiota that have a potentially negative relevance with
sarcopenia include the Prevotella, Slackia, Agathobacter and
Alloprevotella at the genus level, and the Prevotella copri,
Prevotellaceae sp., Parabacteroides johnsonii CL02T12C29,
Bacteroides coprophilus, Bacteroides massiliensis, Bacteroides
coprocola and Bacteroidales bacterium ph8 species and
Mitsuokella multacidaat the species level.
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TABLE 5 Subgroup analysis of the alpha diversity of the gut microbiota in patients with sarcopenia.

Test overall

Test for Subgroup

Variable Subgroup Studies N SMD [95% CIl  Heterogeneity S 7 Diff;arence.
Chi? (p)
Tau?

o diversity

o diversity indicator Chaol 11 793 -0.45 [-0.67, -0.23] 0.06 19.21 0.04 48% 4.00 (< 0.0001) 4.00 (0.41)
Observed species/OTUs 5 452 -0.62 [-0.82, -0.42] 0.00 2.46 0.65 0% 6.04 (< 0.00001)
Shannon 10 2136 -0.30 [-0.60, -0.00] 0.16 44.14 <0.00001 80% 1.99 (0.05)
Simpson 5 247 -0.30 [-0.76, 0.17] 0.19 12.52 0.01 68% 1.26 (0.21)
ACE 2 105 -0.38 [-1.06, 0.29] 0.15 2.76 0.10 64% 1.12 (0.26)

Chaol

Age (years) <70 5 362 -0.48 [-0.90, -0.06] 0.15 12.49 0.01 68% 2.26 (0.02) 0.02 (0.89)
>70 6 431 -0.45 [-0.70, -0.19] 0.03 7.14 0.21 30% 3.41 (0.0006)

Gender Both 10 750 -0.42 [-0.65, -0.18] 0.07 18.86 0.03 52% 3.46 (0.0005) 1.01 (0.32)
Female 1 43 -0.77 [-1.41, -0.13] Not applicable 2.34 (0.02)

BMI (kg/m?) 2245 4 244 -0.21 [-0.60, 0.18] 0.07 5.66 0.13 47% 1.07 (0.28) 2.13 (0.14)
<24.5 6 480 -0.57 [-0.85, -0.29] 0.05 9.02 0.11 45% 3.94 (< 0.0001)

Region Eastern country 8 592 -0.58 [-0.79, -0.36] 0.02 9.46 0.22 26% 5.29 (< 0.0001) 8.41 (0.004)
Western country 3 201 -0.04 [-0.33, 0.26] 0.00 1.55 0.46 0% 0.24 (0.81)

Sarcopenia diagnostics criteria AWGS 5 255 -0.59 [-1.00, -0.18] 0.12 8.57 0.07 53% 2.83 (0.005) 0.99 (0.61)
EWGSOP 2 308 -0.26 [-0.77, 0.25] 0.11 4.46 0.03 78% 1.01 (0.31)
Other 4 230 -0.42 [-0.80, -0.04] 0.06 535 0.15 44% 2.19 (0.03)

Muscle mass measurement BIA 5 296 -0.70 [-1.05, -0.36] 0.07 7.06 0.13 43% 3,96 (< 0.0001) 5.49 (0.06)
DXA 3 120 -0.12 [-0.49, 0.26] 0.00 1.40 0.50 0% 0.60 (0.55)
CT/MRI 2 185 -0.23 [-0.76, 0.30] 0.09 2.81 0.09 64% 0.86 (0.39)

Nutrition status Malnutrition 2 119 078 [-117,038] 000 0.00 0.98 0% 3.85 (0.0001) 6.06 (0.01)
/malnutrition risk
Healthy 1 50 0.15 [-0.47, 0.76] Not applicable 0.46 (0.64)
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TABLE 5 Continued

Test overall Test for Subgroup

Variable Subgroup Studies N SMD [95% CIl  Heterogeneity A ) Difference.

Chi? (p)

Tau?

Observed species/OTUs

Age (years) <70 3 184 -0.79 [-1.19, -0.40] 0.03 2.55 0.28 22% 3.97 (< 0.00001) 0.85 (0.36)
>70 2 268 -0.58 [-0.83, -0.33] 0.00 0.86 0.35 0% 4.51 (< 0.00001)

Sarcopenia diagnostics criteria AWGS 2 115 -0.87 [-1.34, -0.41] 0.00 0.08 0.78 0% 3.68 (0.0002) 1.83 (0.40)
EWGSOP 1 192 -0.50 [-0.79, -0.21] Not applicable 3.40 (0.0007)
Other 2 145 -0.66 [-1.01, -0.30] 0.00 0.55 0.46 0% 3.63 (0.0003)

Muscle mass measurement BIA 3 191 -0.83 [-1.17, -0.49] 0.00 0.14 0.93 0% 4.80 (< 0.00001) 1.02 (0.31)
CT/MRI 1 69 -0.52 [-1.02, -0.02] Not applicable 2.05 (0.04)

Shannon

Age (years) <70 7 1980 -0.24 [-0.59, 0.12] 0.17 35.83 <0.00001 83% 1.30 (0.19) 1.08 (0.30)
=70 3 156 -0.49 [-0.83, -0.16] 0.00 0.56 0.76 0% 2.88 (0.004)

Gender Both 9 2091 -0.31 [-0.62, 0.01] 0.17 43.46 <0.00001 82% 1.88 (0.06) 0.00 (0.99)
Female 1 45 -0.30 [-0.91, 0.32] Not applicable 0.95 (0.34)

BMI (kg/m?) <24.5 6 1679 -0.49 [-1.04, 0.05] 0.38 39.51 <0.00001 87% 1.78 (0.07) 3.48 (0.06)
>24.5 3 388 0.06 [-0.14, 0.26] 0.00 1.46 0.48 0% 0.55 (0.58)

Sarcopenia diagnostics criteria AWGS 8 1991 -0.25 [-0.59, 0.08] 0.17 36.83 <0.00001 81% 1.48 (0.14) 0.95 (0.33)
Other 2 145 -0.49 [-0.84, -0.14] 0.00 0.22 0.64 0% 2.77 (0.006)

Muscle mass measurement BIA 7 1987 -0.06 [-0.30, 0.17] 0.05 15.37 0.02 61% 0.53 (0.60) 4.46 (0.11)
DXA 2 80 -1.18 [-2.37, 0.01] 0.61 5.66 0.02 82% 1.94 (0.05)
CT/MRI 1 69 -0.41 [-0.91, 0.09] Not applicable 1.62 (0.11)

Nutrition status Malnutrition 3 1538 -0.20 [-0.69, 0.29] 0.14 8.29 0.02 76% 0.80 (0.42) 1276 (0.0004)
/malnutrition risk
Healthy 1 45 -1.79 [-2.52, -1.07] Not applicable 4.86 (< 0.00001)
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3.8.2 Gut microbiota with potential and positive
relevance to sarcopenia

Gut microbiota that have a potentially positive relevance with
sarcopenia include the Lactobacillus, Escherichia-Shigella,
Eggerthella, Bifidobacterium at the genus level, and the
Eggerthella lenta, Collinsella aerofaciens, Subdoligranulum
variabile at the species level.

3.8.3 Gut microbiota with potential but unclear
relevance to sarcopenia

Gut microbiota that have a potentially but unclear relevance
with sarcopenia include the Roseburia, Coprobacillus,
Catenibacterium, Lachnospira, Bacteroides, Akkermansia and
Eubacterium rectale group at the genus level, and Bacteroides
fluxus and Faecalibacterium prausnitzii at the species level.

4 Discussion

Our study systematically compare the diversity and composition of
gut microbiota between older people with and without sarcopenia. The
main findings of this study include the following: Firstly, older people
with sarcopenia showed a significant reduction in o-diversity, probably
predominantly due to diminished richness rather than evenness.
Secondly, the findings of (3-diversity varied across included studies.
Thirdly, our study identified certain gut microbiota which had a
potential and negative correlation with sarcopenia, such as Prevotella,
Slackia, Agathobacter, Alloprevotella, Prevotella copri, Prevotellaceae
sp., Bacteroides coprophilus, Mitsuokella multacida, Bacteroides
massiliensis, Bacteroides coprocola, suggesting their potential
probiotic role for sarcopenia. In addition, we also identified
conditionally pathogenic bacteria with a potential and positive
association with sarcopenia like Escherichia-Shigella, Eggerthella,
Eggerthella lenta and Collinsella aerofaciens, implying that their
targeted suppression may be beneficial in sarcopenia treatment.

Numerous studies align with the outcomes of our meta-analysis,
consistently reporting a significant reduction in o-diversity among
individuals with sarcopenia (Wang et al., 2022¢; Lou et al., 2024). o
diversity in the gut microbiota is a key indicator of host health, with
higher diversity typically associated with a stable gut ecosystem.
Low o-diversity in older people with sarcopenia likely indicates gut
dysbiosis and an impaired state of health (Lloyd-Price et al., 2016).
In this study, we observed that the Chao 1 index and observed
species/OTUs, indicators of species richness, showed significant
reductions in older people with sarcopenia, suggesting a loss of
certain gut microbial species. The Shannon and Simpson indices,
which account for both richness and evenness, provide additional
insights (Lozupone et al., 2012). A decline in the Shannon index
suggesteds that reduced o-diversity may be accompanied by
decreased evenness, which may be due to an increase in
pathogenic microbes or a decrease in beneficial microbes in
sarcopenia (Zhang et al., 2022b). However, the constancy of the
Simpson index may indicate that the overall evenness of the gut
microbial community has not changed significantly. These findings
suggest that sarcopenia is closely associated with a significant
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TABLE 6 Summary of B diversity assessments in the included studies.

10.3389/fcimb.2025.1480293

Stud N o Statistic
y Beta diversity Findings
(author, year) value
Aliwa et al., 2023 Bray-Curtis dissimilamty using PCoA No significant difference in gut microbial composition between NR
Cirrhosis with S and Cirrhosis without S
Han et al., 2022 Bray-Curtis dissimilamty using PCoA A significant difference in gut microbial composition between NM p =0.037
and LM
Kang et al., 2021 Unweighted UniFrac distances using PCoA A significant difference in gut microbial composition between S and NS p = 0.08
PLS-DA A significant difference in gut microbial composition between S and NS = p = 0.0001
Lee et al,, 2023 Unweighted UniFrac distances A significant difference in gut microbial composition between Cirrhosis = p = 0.001
with S and NS
Lee et al., 2022 Bray-Curtis dissimilarity using NMDS based on A significant difference in gut microbial composition between S and NS p = 0.049
species abundance
Liu et al,, 2023 Bray-Curtis dissimilamty using PCoA based on No significant difference in gut microbial composition between S NR
genus abundance and NS
Peng et al,, 2023 Bray-Curtis dissimilamty using PCoA based on A significant difference in gut microbial composition between SHF p = 0.002
OTUs abundance and NS
Ponziani et al., 2021 Weighted UniFrac distances using PCoA A significant difference in gut microbial composition between S and NS p = 0.03
Ticinesi et al., 2020 Bray-Curtis dissimilamty using PCoA based on No significant difference in gut microbial composition between S p =036
species abundance and NS
Wang et al., 2022¢ Bray-Curtis dissimilamty using PCoA based on A significant difference in gut microbial composition between S and NS = p = 0.042
genus abundance
Bray-Curtis dissimilamty using PCoA based on A significant difference in gut microbial composition between S and NS = p = 0.02
species abundance
Yamamoto et al., 2022 Bray-Curtis dissimilamty No significant difference in gut microbial composition between N-SMI NR
and L-SMI
Yan et al., 2023 Bray-Curtis dissimilamty using PCoA based on No significant difference in gut microbial composition between S NR
OTUs abundance and NS
Zhang et al., 2023 Bray-Curtis dissimilamty using PCoA based on A significant difference in gut microbial composition between S and NS p = 0.001
ASVs abundance
Zhang et al., 2024 PLS-DA A significant difference in gut microbial composition between S and NS~ NR
Bray-Curtis dissimilamty using PCoA based on A significant difference in gut microbial composition between S and NS = p = 0.015

OTUs abundance

NS, Non-sarcopenia; S, Sarcopenia; NM, Normal muscle mass; LM, Low muscle mass; SHF, Heart failure with sarcopenia; N-SMI, Normal skeletal muscle mass index; L-SMI, Low skeletal muscle
mass index; OTUs, Operational Taxonomic Units; ASVs, amplicon sequence variants; PCoA, Principal Coordinate Analysis; NMDS, Non-metric multi-dimensional scaling; PLS-DA, Partial

Least squares Discriminant Analysis; NR, Not reported.

reduction in o-diversity of the gut microbiota, with a primary
reduction in species richness and a less pronounced impact
on evenness.

Subgroup analyses consistently revealed an overall decline in ot-
diversity among older people with sarcopenia, though significant
heterogeneity existed between subgroups. The reduction in Chaol
index and OTUs across age groups (<70 and >70 years) suggested
that the age-related effects on a-diversity stem from multiple factors
rather than a single age threshold. Specifically, aging may lead to
immune system dysregulation, resulting in chronic low-grade
inflammation (Franceschi and Campisi, 2014), which negatively
impacts both muscle function (Nardone et al, 2021) and gut
microbiota (Evenepoel et al., 2023). Furthermore, the cumulative
effects of comorbidities, such as diabetes (Yang et al., 2021) and
cardiovascular diseases (Chen et al., 2023), may exacerbate these
changes by altering metabolism and promoting inflammation,

Frontiers in Cellular and Infection Microbiology

16

ultimately affecting o-diversity. Notably, a marked decrease in the
Chaol index was observed in individuals with a BMI below 24.5 or at
risk of malnutrition, suggesting a potential link between low BMI,
malnutrition, and reduced gut microbial diversity (Lozupone et al,
2012; Sergeev et al.,, 2020; Iddrisu et al., 2021). Consistent with these
findings, Farsijani et al. conducted a cross-sectional analysis of 775
older men from the Osteoporotic Fractures in Men Study (MrOS),
which showed that higher protein intake, whether from animal or
vegetable sources, was associated with increased gut microbiome
diversity (Farsijani et al., 2023). Similarly, Dominianni et al.
highlighted that both BMI and dietary fiber intake contribute to
shaping the human gut microbiome (Dominianni et al, 2015).
Collectively, these studies underscore the critical role of nutritional
interventions in improving both gut microbiota and sarcopenia
(Chen et al., 2020). Moreover, subgroup analyses revealed a
significant impact of geographic region on a-diversity. An
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FIGURE 3

Changes in the relative abundance of microbes in the included studies. (A) Genus level. (B) Species level. The red and blue grids indicate statistically
significant increases and decreases in taxa with sarcopenia, respectively. In the total row, the numerical value represents the number of studies reporting
significant changes in the taxa. Red grids indicate a significant increase, blue grids a significant decrease, and brown grids indicate both increases and
decreases in sarcopenia. *Represents studies using shotgun metagenomic sequencing. Each microbe is labeled with the level to which it belongs.

observational study exploring the significant differences in gut

microbiota composition between older women from island and

inland areas supports this view (Shin et al., 2016). The study
found that the subjects from the island area exhibited higher gut
microbial diversity, with notable differences in microbial community
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composition between the two groups. Specifically, Catenibacterium

was enriched in the island group, while Butyricimonas was enriched

in the inland group. These differences were associated with

environmental factors such as diet and physical activity.

Additionally, subgroup analyses indicated that the diagnostic
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FIGURE 4

Correlation between gut microbiota and sarcopenia parameters. The green grids: negative and significant correlation; The orange grids: positive and
significant correlation; SMI, skeletal muscle index; ASMI, appendicular skeletal muscle mass index; SMM, skeletal muscle mass; HGS, handgrip

strength; 5-STS, five times sit to stand test; GS, gait speed.

criteria for sarcopenia and methods for measuring muscle mass
significantly influenced o-diversity.

In Table 6, B-diversity of the 14 studies showed significant
inconsistencies. Similar to o-diversity, differences in B-diversity
across studies may stem from the metrics to measure [3-diversity,
the statistical methods applied, the participants” characteristics and
study design. For example, there are significant differences in gut
microbiota composition between East Asian and Western
populations. Specifically, East Asian populations generally exhibit
a Prevotella-dominated enterotype, while Western populations are
predominantly Bacteroides-dominated. These differences may arise
from geographic-specific factors such as dietary patterns, host
genetic backgrounds, and early microbial colonization patterns
(Wu et al, 2011). In addition, different sarcopenia diagnostic
criteria place varying emphasis on participant inclusion.
Specifically, the AWGS criteria may include more individuals
with mildly reduced muscle mass but relatively preserved
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function (Chen et al., 2020), while the EWGSOP criteria tend to
include individuals with more severe muscle function impairment
(Cruz-Jentoft et al., 2010). The severity of sarcopenia, along with
associated chronic low-grade inflammation and alterations in
immune system function, can influence the composition of the
gut microbiota. In fact, the majority of the studies included in our
review analyzed B-diversity without conducting subgroup analyses
based on participants’ characteristics or study design, which may
limit the identification of confounding factors that could affect -
diversity. Of particular note, the small sample size of the study by
Ticinesi et al (Ticinesi et al.,, 2020), which included only five patients
in the sarcopenia group, may not have been sufficient to accurately
assess inter-individual microbial diversity, and thus the reliability of
the results is limited.

According to the criteria established by this study, we identified
gut microbiota with potential and negative relevance to sarcopenia:
the Prevotella, Slackia, Agathobacter and Alloprevotella at the genus
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level, and the Prevotella copri, Prevotellaceae sp., Parabacteroides
johnsonii CL02T12C29, Bacteroides coprophilus, Bacteroides
massiliensis, Bacteroides coprocola, Bacteroidales bacterium ph8
and Mitsuokella multacida at the species level. The Prevotella
(Trautmann et al., 2020), Agathobacter (Scott et al., 2014),
Alloprevotella (Han et al., 2024) and Mitsuokella multacida (De
Vos et al, 2024) were recognized as producers of SCFAs and
previous research suggests that Slackia also reacts positively to
SCFAs (Jin et al, 2021). SCFAs, key metabolic products of the
gut microbiota, primarily include butyrate, acetate, and propionate
(Tramontano et al., 2018). SCFAs play crucial roles in regulating
muscle cell function through various mechanisms, such as reducing
inflammation (Vinolo et al., 2011), enhancing mitochondrial
activity (Saint-Georges-Chaumet and Edeas, 2016), stimulating
protein synthesis (Lin et al., 2017), and improving energy supply
(Yang et al., 2018). Besten et al. demonstrated that SCFAs regulate
skeletal muscle by increasing the AMP/ATP ratio or activating
AMPK via the FFAR2-leptin pathway (den Besten et al., 2013).
Additionally, SCFAs promote the expression of genes involved in
muscle protein synthesis through the mTOR/IGF-1 pathway (Hay
and Sonenberg, 2004; Grosicki et al., 2018). Further research has
shown that SCFAs raise GLP-1 concentrations in the blood, which
has been shown to enhance glucose-stimulated insulin secretion
(Delzenne et al., 2007). Therefore, a reduction in SCFAs production
is associated with insulin resistance and the accumulation of fatty
acids in muscle cells (Gao et al., 2009), leading to a decline in muscle
mass and exacerbating insulin resistance, ultimately contributing to
the development of sarcopenia (Poggiogalle et al., 2019; Sachs et al.,
2019). Consequently, the observed potential and negative
correlation between SCFA-producing bacteria and sarcopenia
suggested that these bacteria may play a protective role against
muscle atrophy, and these bacteria may be considered as potential
probiotic candidates for the treatment of sarcopenia.

Although direct evidence of SCFAs production by Prevotella
copri and Prevotellaceae sp. was lacking, their taxonomic affinity to
Prevotella suggested that they may also contribute positively to
muscle health (Prasoodanan et al,, 2021). Additionally, within the
Bacteroides genus, several species have shown a potential and
negative correlation with sarcopenia. For instance, Bacteroides
massiliensis was known for its production of SCFAs (Sokol et al.,
2021). B. coprophilus was found to be inversely associated with the
pro-inflammatory cytokines (Yan et al., 2019), and inflammatory
reactions play a significant role in the development of sarcopenia
(Wumaer et al., 2022), suggesting that it may have a positive impact
on the treatment of sarcopenia through anti-inflammatory effects.
Furthermore, the reduction of Bacteroides coprocola in patients
with polycystic ovary syndrome (PCOS) implied a potential link
between the microbe and poor health (Yang et al., 2022b), but the
specific mechanisms by which this bacterium might be related to
sarcopenia require further investigation.

At the same time, we also summarized gut microbiota with
potential and positive relevance to sarcopenia: the Lactobacillus,
Bifidobacterium, Escherichia-Shigella, Eggerthella at the genus
level, and the Eggerthella lenta, Collinsella aerofaciens,
Subdoligranulum variabile at the species level.

Frontiers in Cellular and Infection Microbiology

19

10.3389/fcimb.2025.1480293

There was a significant increase in certain conditionally
pathogenic bacteria in sarcopenia. For instance, the Escherichia-
Shigella, merged into one genus in the 16S SILVA database (Lu and
Salzberg, 2020), may promote inflammation and amino acid
metabolism abnormalities by increasing the permeability of the
intestinal barrier, thereby disrupting the normal metabolism of
muscles (Sartor, 2008; Wang et al., 2021; Yang et al., 2022a). The
genus Eggerthella contains many pathogenic species, including
Eggerthella lenta, which is associated with gastrointestinal
diseases (Krogius-Kurikka et al., 2009; Wiirdemann et al., 2009;
Thota et al., 2011). Eggerthella lenta was associated with systemic
inflammation and insulin resistance (Koh et al., 2018; Vieira-Silva
et al, 2020). The uremic toxins and inflammatory mediators
produced by this bacteria may lead to a loss of muscle mass
(Popkov et al., 2022; Hung et al., 2023). Additionally, an increase
in the Eggerthella genus among the older people with frailty
indicated a potential role in the progression of sarcopenia
(Jackson et al., 2016). Collinsella aerofaciens was abundant in
inflammatory diseases (Malinen et al., 2010; Joossens et al., 2011;
Walker et al., 2011), metabolic syndrome and obesity (Gomez-
Arango et al,, 2018; Gallardo-Becerra et al., 2020), so we speculated
its increase may be associated with the host’s metabolic
abnormalities and inflammatory status, both of which are key
factors in the development of sarcopenia.

Conditional pathogens can trigger systemic inflammation (La
Ragione et al., 2004) and interfere with the metabolic homeostasis
through the production of harmful metabolites such as
lipopolysaccharide (LPS), which further affects muscle protein
synthesis and catabolic processes, ultimately leading to sarcopenia
(Sawicka et al., 2018; Liu et al., 2021b). Specifically, TNF-a. activates
the NF-kB pathway, which prevents myogenic differentiation,
leading to muscle atrophy (Langen et al., 2001). Elevated levels of
IL-6 are associated with insulin resistance (Rehman et al., 2017)
accelerating muscle wasting. LPS-induced activation of TLR4 and
p38 MAPK leads to C2C12 muscle atrophy by enhancing
autophagy and increasing the expression of ubiquitin ligases
(Doyle et al, 2011). Moreover, gut microbiota dysbiosis may
further promote the growth of conditional pathogens, creating a
vicious cycle that exacerbates the decline in muscle mass and
function (Huang et al, 2017; Chen et al., 2022). Therefore,
targeting the regulation of gut microbiota, especially inhibiting
the proliferation of these conditionally pathogenic bacteria, could
serve as an important strategy for the prevention and treatment
of sarcopenia.

In addition, our research has revealed an interesting
phenomenon: some bacteria typically associated with health
benefits, such as Lactobacillus (Zhai et al., 2019), Bifidobacterium
(Xu et al, 2021), and Subdoligranulum variabile (Van Hul et al.,
2020), have been found to increase in older people with sarcopenia.
This phenomenon may be explained by two mechanisms. Firstly,
these bacteria were capable of benefiting muscle through the
production of SCFAs or other pathways (Louis and Flint, 2009;
2017; Wang et al., 2022a; Xiao et al., 2022). Thus, their increase in
sarcopenia may represent a compensatory response, aimed at
combating the chronic inflammation and metabolic dysregulation
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associated with sarcopenia. Additionally, Bifidobacterium
facilitated the absorption and utilization of essential nutrients like
vitamin D and minerals (Montazeri-Najafabady et al., 2019),
potentially improving the nutrient malabsorption in sarcopenic
patients (Nishida et al., 2020). Secondly, although these genera
generally exhibited beneficial effects, certain species within them
may demonstrate pathogenic potential under specific conditions
(Costa et al., 2020). For instance, some Lactobacillus species have
been observed to increase under inflammatory conditions
(Salminen et al., 2006; Liu et al, 2013), and their treatment in
mice has led to a significant upregulation of inflammatory cytokines
(Roh et al,, 2018), suggesting a complex relationship between these
bacteria and sarcopenia.

The Roseburia, Coprobacillus, Catenibacterium, Lachnospira,
Bacteroides, Akkermansia, and Eubacterium rectale group genera,
as well as Bacteroides fluxus and the Faecalibacterium prausnitzii
species, were categorized as gut microbiota with potential but
unclear relevance to sarcopenia. Except for Bacteroides fluxus
which was pathogenic (Li et al., 2022), the remaining microbes
were typically beneficial for their direct or indirect favorable role in
producing SCFAs (Kageyama and Benno, 2000; Duncan and Flint,
2008; Sokol et al., 2008; Reichardt et al., 2014; Barrett et al., 2018;
Ding et al, 2019; Leyva-Diaz et al., 2021; Pardesi et al.,, 2022).

10.3389/fcimb.2025.1480293

Consequently, we anticipated observing reduced abundances of
these bacteria in sarcopenia. The growth of these microbes in
some studies might be ascribed to compensatory mechanisms, as
well as differences in species levels within genera (Costa et al., 2020).

Figure 5 showed the potential mechanisms by which the gut
microbiota above contribute to sarcopenia. Gut dysbiosis,
characterized by an overgrowth of pathogenic bacteria and a
deficiency of beneficial bacteria, can compromise the intestinal
barrier and increase intestinal permeability (Ling et al, 2022).
This gut microbiota imbalance leads to a decrease in beneficial
metabolites such as SCFAs and an increase in harmful metabolites
such as LPS (Sun and Shen, 2018). Specifically, SCFAs provide
approximately 10% of the daily energy required by the human body
(Marchesi et al., 2016) and play a crucial role in regulating cell
growth and differentiation (Rosser et al., 2020). SCFAs have been
shown to influence skeletal muscle by modulating myelocyte
function and protein synthesis pathways, increasing ATP
production, improving insulin sensitivity, promoting fat
oxidation, limiting muscle fat deposition, and reducing
inflammation (Lv et al, 2021). Walsh et al. demonstrated that
supplementation with butyrate in mice could inhibit histone [3-
hydroxybutyrylase activity and provide protection against hindlimb
muscle atrophy (Walsh et al., 2015).
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Conversely, the increase in LPS resulting from gut microbiota
dysbiosis activates pro-inflammatory pathways, leading to
elevated levels of pro-inflammatory cytokines such as
interleukin-6 (IL-6), interleukin-1f (IL-1fB), and tumor necrosis
factor-oo (TNF-0) in the blood, which may induce systemic
chronic inflammation (Liu et al., 2021a). In addition, gut
dysbiosis may inhibit muscle protein synthesis by disrupting the
Insulin-like growth factor 1/Mechanistic target of rapamycin
(IGF-1/mTOR) signaling pathway (Dukes et al., 2015; de Marco
Castro et al., 2021), which in turn affects muscle growth and repair
processes. Meanwhile, upregulation of F-box only protein 32
(Atrogin-1) and Muscle RING finger protein 1 (MuRF1)
promoted muscle protein degradation and exacerbated the loss
of muscle mass (Kang et al., 2024). Furthermore, gut dysbiosis
may inhibit mitochondrial function by down-regulating key
metabolic regulators, such as PPAR-gamma coactivator 1-alpha
(PGC-1a), Sirtuin 1 (SIRT1) and AMP-activated protein kinase
(AMPK), affecting energy metabolism and function of muscle cells
(Zhang et al., 2022b).

In summary, gut microbiota dysbiosis, through metabolic
disturbances, chronic inflammation, and an imbalance in protein
synthesis and degradation, ultimately leads to a decline in skeletal
muscle mass, strength, and function, thereby contributing to
sarcopenia. Moreover, studies have shown that additional
supplementation with probiotics has been considered a viable
nutritional intervention for sarcopenia. Oral probiotics containing
Lactobacillus roche and Lactobacillus galaei can reduce serum pro-
inflammatory cytokine levels and improve muscle mass (Bindels
et al., 2012). Karim et found the multistrain probiotic enhances
muscle strength and functional performance in COPD patients by
decreasing intestinal permeability and stabilizing the
neuromuscular junction (Karim et al., 2022). Therefore,
identifying gut microbiota biomarkers associated with sarcopenia
and regulating dysbiosis through targeted interventions to
supplement beneficial bacteria is crucial for the treatment
of sarcopenia.

We performed an meta-analysis of 18 articles to discern
differences in the gut microbiota diversity and composition
between older people with and without sarcopenia. Through this
analysis, we have pinpointed specific gut microbiota that
demonstrate therapeutic potential as targets for sarcopenia
intervention. However, there were several limitations of the study.
First, our relatively small sample size and the participants from
specific racial groups may limit the generalizability of our results.
Second, the heterogeneity across studies may stem from a variety of
factors, including subject-specific characteristics, diagnostic criteria
for sarcopenia, sample collection and storage conditions, and
differences in DNA extraction and sequencing techniques.
Although we have conducted subgroup analyses of a-diversity for
some confounding factors such as age and BMI, we were unable to
fully reveal the role of all factors because the lack of relevant
information. For example, protein and fiber intake have a
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significant effect on the gut microbiota of patients with
sarcopenia. High-protein diets, especially animal protein intake,
may promote the growth of certain protein-degrading bacteria,
whereas plant-based proteins have the potential to have a positive
effect on the abundance of probiotics (Strasser et al., 2021). Dietary
fiber promotes the production of SCFAs by providing an energy
source for beneficial intestinal bacteria (Holscher, 2017), which in
turn improves gut health and enhances the diversity of intestinal
microorganisms. On the other hand, medication use, especially
antibiotics (Ramirez et al., 2020) and proton pump inhibitors
(Imhann et al, 2016), may inhibit the growth of beneficial
bacteria and promote the proliferation of harmful bacteria. In
addition, we failed to perform subgroup analyses of B-diversity
and relative abundance of gut microbiota. Third, the majority of the
studies were based on 16S rRNA gene sequencing, which provided
valuable information for identifying microbial community diversity
but may not be a sufficiently deep approach to the species level.
Fourth, the use of self-reported FFQs in included studies may result
in measurement error. Fifth, our study showed a risk of bias for the
Shannon and Simpson indices, but sensitivity analyses showed that
our results were robust. In conclusion, the present study
summarizes the characteristics of the gut microbiota in older
people with sarcopenia. Future studies should aim to expand the
sample size, incorporate more diverse populations, and use more
advanced sequencing technologies to improve the accuracy and
generalizability of the results. Moreover, a more thorough
exploration and control of confounding factors will be essential to
identify potential microbial targets in older adults with sarcopenia.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

Author contributions

YR: Writing - original draft, Writing - review & editing. XH:
Writing - original draft, Writing - review & editing. LW: Writing -
original draft, Writing - review & editing. NC: Writing -
original draft.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study is supported
by the project of National Natural Science Foundation of China
“Mechanism of BCAT2-mediated branchchain amino acid

metabolism inhibiting iron death in the progression of sarcopenia

frontiersin.org


https://doi.org/10.3389/fcimb.2025.1480293
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Ren et al.

alleviated by intestinal P.merdae” (N0.82372575), Center for Whole
Population Whole Lifecycle Cohort Clinical Research
(22MC2022001) and Research on Early Screening and
Intervention Strategies for Cognitive Impairment in the
Community-dwelling older people with Sarcopenia (20254Z0006).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The reviewer RS declared a shared affiliation with the author(s)
YR and LW to the handling editor at the time of review.

References

Aliwa, B., Horvath, A., Traub, J., Feldbacher, N., Habisch, H., Fauler, G, et al. (2023).
Altered gut microbiome, bile acid composition and metabolome in sarcopenia in liver
cirrhosis. J. Cachexia Sarcopenia Muscle 14, 2676-2691. doi: 10.1002/jcsm.13342

Almeida, H. M., Sardeli, A. V., Conway, J., Duggal, N. A., and Cavaglieri, C. R.
(2022). Comparison between frail and non-frail older adults’ gut microbiota: A
systematic review and meta-analysis. Ageing Res. Rev. 82, 101773. doi: 10.1016/
j.arr.2022.101773

Bakhtiar, S. M., LeBlang, J. G., Salvucci, E., Ali, A., Martin, R, Langella, P., et al.
(2013). Implications of the human microbiome in inflammatory bowel diseases.
FEMS Microbiol Lett. 342, 10-17. doi: 10.1111/1574-6968.12111

Barrett, H. L., Gomez- Arango, L. F., Wilkinson, S. A, McIntyre, H. D., Callaway, L. K.,
Morrison, M., et al. (2018). A vegetarian diet is a major determinant of gut microbiota
composition in early pregnancy. Nutrients 10, P20, P22. doi: 10.3390/nu10070890

Beaudart, C., McCloskey, E., Bruyere, O., Cesari, M., Rolland, Y., Rizzoli, R,, et al.
(2016). Sarcopenia in daily practice: assessment and management. BMC Geriatr. 16,
170. doi: 10.1186/s12877-016-0349-4

Beaudart, C., Reginster, J. Y., Petermans, J., Gillain, S., Quabron, A., Locquet, M.,
et al. (2015). Quality of life and physical components linked to sarcopenia:
The SarcoPhAge study. Exp. Gerontol 69, 103-110. doi: 10.1016/j.exger.2015.05.003

Benites-Zapata, V. A., Ulloque-Badaracco, J. R., Alarcon-Braga, E. A., Hernandez-
Bustamante, E. A., Mosquera-Rojas, M. D., Bonilla-Aldana, D. K,, et al. (2022). Clinical
features, hospitalisation and deaths associated with monkeypox: a systematic review
and meta-analysis. Ann. Clin. Microbiol Antimicrob 21, 36. doi: 10.1186/s12941-022-
00527-1

Bindels, L. B., Beck, R., Schakman, O., Martin, J. C., De Backer, F., Sohet, F. M., et al.
(2012). Restoring specific lactobacilli levels decreases inflammation and muscle atrophy
markers in an acute leukemia mouse model. PloS One 7, ¢37971. doi: 10.1371/
journal.pone.0037971

Bindels, L. B., and Delzenne, N. M. (2013). Muscle wasting: the gut microbiota as a
new therapeutic target? Int. J. Biochem. Cell Biol. 45, 2186-2190. doi: 10.1016/
j.biocel.2013.06.021

Buford, T. W. (2017). (Dis)Trust your gut: the gut microbiome in age-related
inflammation, health, and disease. Microbiome 5, 80. doi: 10.1186/540168-017-0296-0

Chang, K. V., Hsu, T. H, Wu, W. T,, Huang, K. C, and Han, D. S. (2016).
Association between sarcopenia and cognitive impairment: A systematic review and
meta-analysis. J. Am. Med. Dir Assoc 17, 1164.e7-1164.e15. doi: 10.1016/
j.jamda.2016.09.013

Chen, L. H,, Chang, S. S., Chang, H. Y., Wu, C. H,, Pan, C. H,, Chang, C. C,, et al.
(2022). Probiotic supplementation attenuates age-related sarcopenia via the gut-muscle
axis in SAMP8 mice. J. Cachexia Sarcopenia Muscle 13, 515-531. doi: 10.1002/
jesm.12849

Chen, L. K,, Woo, J., Assantachai, P., Auyeung, T. W., Chou, M. Y, Jijima, K., et al. (2020).
Asian working group for sarcopenia: 2019 consensus update on sarcopenia diagnosis and
treatment. J. Am. Med. Dir Assoc 21, 300-307.€2. doi: 10.1016/jjamda.2019.12.012

Chen, X, Zhang, H., Ren, S, Ding, Y., Remex, N. S., Bhuiyan, M. S,, et al. (2023).
Gut microbiota and microbiota-derived metabolites in cardiovascular diseases.
Chin. Mid. J. (Engl). 136, 2269-2284. doi: 10.1097/cm9.0000000000002206

Costa, D., Tavares, R. M., Baptista, P, and Lino-Neto, T. (2020). Cork Oak
Endophytic Fungi as Potential Biocontrol Agents against Biscogniauxia mediterranea
and Diplodia corticola. J. Fungi (Basel) 6, P20, P22. doi: 10.3390/j0f6040287

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2025.1480293

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fcimb.2025.
1480293/full#supplementary-material

Cruz-Jentoft, A. J., Baeyens, J. P., Bauer, ]. M., Boirie, Y., Cederholm, T., Landi, F.,
etal. (2010). Sarcopenia: European consensus on definition and diagnosis: Report of the
European Working Group on Sarcopenia in Older People. Age Ageing 39, 412-423.
doi: 10.1093/ageing/afq034

Damluji, A. A, Alfaraidhy, M., AlHajri, N., Rohant, N. N., Kumar, M., Al Malouf, C.,
et al. (2023). Sarcopenia and cardiovascular diseases. Circulation 147, 1534-1553.
doi: 10.1161/circulationaha.123.064071

De Buyser, S. L., Petrovic, M., Taes, Y. E., Toye, K. R., Kaufman, J. M., Lapauw, B.,
et al. (2016). Validation of the FNIH sarcopenia criteria and SOF frailty index as
predictors of long-term mortality in ambulatory older men. Age Ageing 45, 602-608.
doi: 10.1093/ageing/afw071

Delzenne, N. M., Cani, P. D., and Neyrinck, A. M. (2007). Modulation of glucagon-
like peptide 1 and energy metabolism by inulin and oligofructose: experimental data.
J. Nutr. 137, 2547s-2551s. doi: 10.1093/jn/137.11.2547S

de Marco Castro, E., Murphy, C. H., and Roche, H. M. (2021). Targeting the gut
microbiota to improve dietary protein efficacy to mitigate sarcopenia. Front. Nutr. 8.
doi: 10.3389/fnut.2021.656730

den Besten, G., van Eunen, K., Groen, A. K., Venema, K., Reijngoud, D. J., and
Bakker, B. M. (2013). The role of short-chain fatty acids in the interplay between diet,
gut microbiota, and host energy metabolism. J. Lipid Res. 54, 2325-2340. doi: 10.1194/
jlr.R036012

Deschasaux, M., Bouter, K. E,, Prodan, A., Levin, E., Groen, A. K., Herrema, H., et al.
(2018). Depicting the composition of gut microbiota in a population with varied ethnic
origins but shared geography. Nat. Med. 24, 1526-1531. doi: 10.1038/s41591-018-0160-1

De Vos, W. M., Nguyen Trung, M., Davids, M., Liu, G., Rios-Morales, M., Jessen, H.,
et al. (2024). Phytate metabolism is mediated by microbial cross-feeding in the gut
microbiota. Nat. Microbiol 9, 1812-1827. doi: 10.1038/s41564-024-01698-7

Ding, Y., Song, Z, Li, H., Chang, L., Pan, T., Gu, X,, et al. (2019). Honokiol ameliorates
high-fat-diet-induced obesity of different sexes of mice by modulating the composition of
the gut microbiota. Front. Immunol. 10. doi: 10.3389/fimmu.2019.02800

Dominianni, C., Sinha, R., Goedert, J. J., Pei, Z., Yang, L., Hayes, R. B,, et al. (2015).
Sex, body mass index, and dietary fiber intake influence the human gut microbiome.
PloS One 10, €0124599. doi: 10.1371/journal.pone.0124599

Doyle, A., Zhang, G., Abdel Fattah, E. A, Eissa, N. T., and Li, Y. P. (2011). Toll-like
receptor 4 mediates lipopolysaccharide-induced muscle catabolism via coordinate
activation of ubiquitin-proteasome and autophagy-lysosome pathways. FASEB J. 25,
99-110. doi: 10.1096/1j.10-164152

Dukes, A., Davis, C., El Refaey, M., Upadhyay, S., Mork, S., Arounleut, P., et al.
(2015). The aromatic amino acid tryptophan stimulates skeletal muscle IGF1/p70s6k/
mTor signaling in vivo and the expression of myogenic genes in vitro. Nutrition 31,
1018-1024. doi: 10.1016/j.nut.2015.02.011

Duncan, S. H.,, and Flint, H. J. (2008). Proposal of a neotype strain (A1-86) for
Eubacterium rectale. Request for an opinion. Int. J. Syst. Evol. Microbiol 58, 1735-1736.
doi: 10.1099/ijs.0.2008/004580-0

Duval, S., and Tweedie, R. (2000). Trim and fill: A simple funnel-plot-based method
of testing and adjusting for publication bias in meta-analysis. Biometrics 56, 455-463.
doi: 10.1111/j.0006-341x.2000.00455.x

Evenepoel, P., Stenvinkel, P., Shanahan, C., and Pacifici, R. (2023). Inflammation and
gut dysbiosis as drivers of CKD-MBD. Nat. Rev. Nephrol. 19, 646-657. doi: 10.1038/
s41581-023-00736-7

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcimb.2025.1480293/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2025.1480293/full#supplementary-material
https://doi.org/10.1002/jcsm.13342
https://doi.org/10.1016/j.arr.2022.101773
https://doi.org/10.1016/j.arr.2022.101773
https://doi.org/10.1111/1574-6968.12111
https://doi.org/10.3390/nu10070890
https://doi.org/10.1186/s12877-016-0349-4
https://doi.org/10.1016/j.exger.2015.05.003
https://doi.org/10.1186/s12941-022-00527-1
https://doi.org/10.1186/s12941-022-00527-1
https://doi.org/10.1371/journal.pone.0037971
https://doi.org/10.1371/journal.pone.0037971
https://doi.org/10.1016/j.biocel.2013.06.021
https://doi.org/10.1016/j.biocel.2013.06.021
https://doi.org/10.1186/s40168-017-0296-0
https://doi.org/10.1016/j.jamda.2016.09.013
https://doi.org/10.1016/j.jamda.2016.09.013
https://doi.org/10.1002/jcsm.12849
https://doi.org/10.1002/jcsm.12849
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1097/cm9.0000000000002206
https://doi.org/10.3390/jof6040287
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1161/circulationaha.123.064071
https://doi.org/10.1093/ageing/afw071
https://doi.org/10.1093/jn/137.11.2547S
https://doi.org/10.3389/fnut.2021.656730
https://doi.org/10.1194/jlr.R036012
https://doi.org/10.1194/jlr.R036012
https://doi.org/10.1038/s41591-018-0160-1
https://doi.org/10.1038/s41564-024-01698-7
https://doi.org/10.3389/fimmu.2019.02800
https://doi.org/10.1371/journal.pone.0124599
https://doi.org/10.1096/fj.10-164152
https://doi.org/10.1016/j.nut.2015.02.011
https://doi.org/10.1099/ijs.0.2008/004580-0
https://doi.org/10.1111/j.0006-341x.2000.00455.x
https://doi.org/10.1038/s41581-023-00736-7
https://doi.org/10.1038/s41581-023-00736-7
https://doi.org/10.3389/fcimb.2025.1480293
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Ren et al.

Farsijani, S., Cauley, J. A., Peddada, S. D., Langsetmo, L., Shikany, J. M., Orwoll, E. S.,
et al. (2023). Relation between dietary protein intake and gut microbiome composition
in community-dwelling older men: findings from the osteoporotic fractures in men
study (MrOS). J. Nutr. 152, 2877-2887. doi: 10.1093/jn/nxac231

Forrest, K. Y., Zmuda, J. M., and Cauley, J. A. (2007). Patterns and correlates of
muscle strength loss in older women. Gerontology 53, 140-147. doi: 10.1159/000097979

Franceschi, C., and Campisi, J. (2014). Chronic inflammation (inflammaging) and its
potential contribution to age-associated diseases. J. Gerontol A Biol. Sci. Med. Sci. 69
Suppl 1, S4-89. doi: 10.1093/gerona/glu057

Gallardo-Becerra, L., Cornejo-Granados, F., Garcia-Lopez, R., Valdez-Lara, A., Bikel,
S., Canizales-Quinteros, S., et al. (2020). Metatranscriptomic analysis to define the
Secrebiome, and 16S rRNA profiling of the gut microbiome in obesity and metabolic
syndrome of Mexican children. Microb Cell Fact 19, 61. doi: 10.1186/5s12934-020-
01319-y

Gao, Z., Yin, J., Zhang, J., Ward, R. E., Martin, R. J., Lefevre, M., et al. (2009). Butyrate
improves insulin sensitivity and increases energy expenditure in mice. Diabetes 58,
1509-1517. doi: 10.2337/db08-1637

Gemikonakli, G., Mach, J., and Hilmer, S. N. (2021). Interactions between the aging
gut microbiome and common geriatric giants: polypharmacy, frailty, and dementia.
J. Gerontol A Biol. Sci. Med. Sci. 76, 1019-1028. doi: 10.1093/gerona/glaa047

Gomez-Arango, L. F., Barrett, H. L., Wilkinson, S. A., Callaway, L. K., McIntyre, H.
D., Morrison, M., et al. (2018). Low dietary fiber intake increases Collinsella abundance
in the gut microbiota of overweight and obese pregnant women. Gut Microbes 9, 189-201.
doi: 10.1080/19490976.2017.1406584

Grosicki, G. J., Fielding, R. A., and Lustgarten, M. S. (2018). Gut microbiota
contribute to age-related changes in skeletal muscle size, composition, and function:
biological basis for a gut-muscle axis. Calcif Tissue Int. 102, 433-442. doi: 10.1007/
s00223-017-0345-5

Han, B, Shi, L., Bao, M. Y., Yu, F. L, Zhang, Y., Lu, X. Y., et al. (2024). Dietary ellagic
acid therapy for CNS autoimmunity: Targeting on Alloprevotella rava and propionate
metabolism. Microbiome 12, 114. doi: 10.1186/s40168-024-01819-8

Han, D.-S.,, Wu, W.-K,, Liu, P.-Y,, Yang, Y.-T., Hsu, H.-C., Kuo, C.-H,, et al. (2022).
Differences in the gut microbiome and reduced fecal butyrate in elders with low skeletal
muscle mass. Clin. Nutr. 41, 1491-1500. doi: 10.1016/j.cInu.2022.05.008

Hay, N., and Sonenberg, N. (2004). Upstream and downstream of mTOR. Genes Dev.
18, 1926-1945. doi: 10.1101/gad.1212704

Higgins, J. P., and Thompson, S. G. (2002). Quantifying heterogeneity in a meta-
analysis. Stat. Med. 21, 1539-1558. doi: 10.1002/sim.1186

Holscher, H. D. (2017). Dietary fiber and prebiotics and the gastrointestinal
microbiota. Gut Microbes 8, 172-184. doi: 10.1080/19490976.2017.1290756

Huang, G., Sun, K., Yin, S., Jiang, B., Chen, Y., Gong, Y., et al. (2017).
Burn injury leads to increase in relative abundance of opportunistic pathogens
in the rat gastrointestinal microbiome. Front. Microbiol 8. doi: 10.3389/
fmicb.2017.01237

Hung, K. C,, Yao, W. C,, Liu, Y. L., Yang, H. J,, Liao, M. T., Chong, K., et al. (2023).
The potential influence of uremic toxins on the homeostasis of bones and muscles in
chronic kidney disease. Biomedicines 11, P19, P23. doi: 10.3390/biomedicines11072076

Hutton, B., Salanti, G., Caldwell, D. M., Chaimani, A., Schmid, C. H., Cameron, C,,
et al. (2015). The PRISMA extension statement for reporting of systematic reviews
incorporating network meta-analyses of health care interventions: checklist and
explanations. Ann. Intern Med. 162, 777-784. doi: 10.7326/m14-2385

Iddrisu, I, Monteagudo-Mera, A., Poveda, C., Pyle, S., Shahzad, M., Andrews, S.,
et al. (2021). Malnutrition and gut microbiota in children. Nutrients 13, P16, P23.
doi: 10.3390/nu13082727

Imhann, F., Bonder, M. ], Vich Vila, A,, Fu, J., Mujagic, Z., Vork, L., et al. (2016).
Proton pump inhibitors affect the gut microbiome. Gut 65, 740-748. doi: 10.1136/
gutjnl-2015-310376

Jackson, M. A,, Jeffery, I. B., Beaumont, M., Bell, J. T,, Clark, A. G,, Ley, R. E,, et al.
(2016). Signatures of early frailty in the gut microbiota. Genome Med. 8, 8. doi: 10.1186/
513073-016-0262-7

Jin, J., Cheng, R, Ren, Y., Shen, X., Wang, J., Xue, Y., et al. (2021). Distinctive gut
microbiota in patients with overweight and obesity with dyslipidemia and its responses
to long-term orlistat and ezetimibe intervention: A randomized controlled open-label
trial. Front. Pharmacol. 12. doi: 10.3389/fphar.2021.732541

Joossens, M., Huys, G., Cnockaert, M., De Preter, V., Verbeke, K., Rutgeerts, P., et al.
(2011). Dysbiosis of the faecal microbiota in patients with Crohn’s disease and their
unaffected relatives. Gut 60, 631-637. doi: 10.1136/gut.2010.223263

Kageyama, A., and Benno, Y. (2000). Catenibacterium mitsuokai gen. nov., sp. nov., a
gram-positive anaerobic bacterium isolated from human faeces. Int. J. Syst. Evol.
Microbiol 50 Pt 4, 1595-1599. doi: 10.1099/00207713-50-4-1595

Kang, M., Kang, M., Yoo, J., Lee, J., Lee, S., Yun, B., et al. (2024). Dietary
supplementation with Lacticaseibacillus rhamnosus IDCC3201 alleviates sarcopenia
by modulating the gut microbiota and metabolites in dexamethasone-induced models.
Food Funct. 15, 4936-4953. doi: 10.1039/d3fo05420a

Kang, L., Li, P,, Wang, D., Wang, T., Hao, D., and Qu, X. (2021). Alterations in
intestinal microbiota diversity, composition, and function in patients with sarcopenia.
Sci. Rep. 11, 4628. doi: 10.1038/s41598-021-84031-0

Frontiers in Cellular and Infection Microbiology

23

10.3389/fcimb.2025.1480293

Karim, A., Muhammad, T., Shahid Igbal, M., and Qaisar, R. (2022). A multistrain
probiotic improves handgrip strength and functional capacity in patients with COPD:
A randomized controlled trial. Arch. Gerontol Geriatr. 102, 104721. doi: 10.1016/
j.archger.2022.104721

Kirk, B., Cawthon, P. M., Arai, H., Avila-Funes, J. A., Barazzoni, R., Bhasin, S.,
et al. (2024). ) the conceptual definition of sarcopenia: delphi consensus from the
global leadership initiative in sarcopenia (GLIS). Age Ageing 53, P2, P23. doi: 10.1093/
ageing/afae052

Koh, A., Molinaro, A., Stdhlman, M., Khan, M. T., Schmidt, C., Manneras-Holm, L.,
et al. (2018). Microbially Produced Imidazole Propionate Impairs Insulin Signaling
through mTORCI. Cell 175, 947-961.e17. doi: 10.1016/j.cell.2018.09.055

Krogius-Kurikka, L., Lyra, A., Malinen, E., Aarnikunnas, J., Tuimala, J., Paulin, L.,
et al. (2009). Microbial community analysis reveals high level phylogenetic alterations
in the overall gastrointestinal microbiota of diarrhoea-predominant irritable bowel
syndrome sufferers. BMC Gastroenterol. 9, 95. doi: 10.1186/1471-230x-9-95

Langen, R. C.,, Schols, A. M., Kelders, M. C., Wouters, E. F., and Janssen-
Heininger, Y. M. (2001). Inflammatory cytokines inhibit myogenic differentiation
through activation of nuclear factor-kappaB. FASEB J. 15, 1169-1180. doi: 10.1096/
£.00-0463

La Ragione, R. M., Narbad, A., Gasson, M. J., and Woodward, M. J. (2004).
In vivo characterization of Lactobacillus johnsonii FI9785 for use as a defined
competitive exclusion agent against bacterial pathogens in poultry. Lett. Appl.
Microbiol 38, 197-205. doi: 10.1111/j.1472-765x.2004.01474.x

Lee, P. C, Lee, K. C,, Yang, T. C,, Lu, H. S,, Cheng, T. Y., Chen, Y. J,, et al. (2023).
Sarcopenia-related gut microbial changes are associated with the risk of complications
in people with cirrhosis. JHEP Rep. 5, 100619. doi: 10.1016/j.jhepr.2022.100619

Lee, Y. A, Song, S. W,, Jung, S. Y., Bae, ], Hwang, N.,, and Kim, H. N. (2022).
Sarcopenia in community-dwelling older adults is associated with the diversity and
composition of the gut microbiota. Exp. Gerontol 167, 111927. doi: 10.1016/
j.exger.2022.111927

Leyva-Diaz, A. A., Hernandez-Patlan, D., Solis-Cruz, B., Adhikari, B., Kwon, Y. M.,
Latorre, J. D., et al. (2021). Evaluation of curcumin and copper acetate against
Salmonella Typhimurium infection, intestinal permeability, and cecal microbiota
composition in broiler chickens. J. Anim Sci. Biotechnol. 12, 23. doi: 10.1186/s40104-
021-00545-7

Li, K., Zeng, Z., Liu, J., Pei, L., Wang, Y., Li, A, et al. (2022). Effects of short-chain
fatty acid modulation on potentially diarrhea-causing pathogens in yaks through
metagenomic sequencing. Front. Cell Infect. Microbiol 12. doi: 10.3389/
fcimb.2022.805481

Lin, R, Liu, W., Piao, M., and Zhu, H. (2017). A review of the relationship between
the gut microbiota and amino acid metabolism. Amino Acids 49, 2083-2090.
doi: 10.1007/s00726-017-2493-3

Ling, Z., Liu, X., Cheng, Y., Yan, X,, and Wu, S. (2022). Gut microbiota and aging.
Crit. Rev. Food Sci. Nutr. 62, 3509-3534. doi: 10.1080/10408398.2020.1867054

Liu, C.,, Cheung, W. H,, Li, J., Chow, S. K,, Yu, J., Wong, S. H,, et al. (2021a).
Understanding the gut microbiota and sarcopenia: a systematic review. J. Cachexia
Sarcopenia Muscle 12, 1393-1407. doi: 10.1002/jcsm.12784

Liu, R,, Peng, C,, Jing, D, Xiao, Y., Zhu, W., Zhao, S., et al. (2021b). Biomarkers of gut
microbiota in chronic spontaneous urticaria and symptomatic dermographism. Front.
Cell Infect. Microbiol 11. doi: 10.3389/fcimb.2021.703126

Liu, X, Wu, J,, Tang, J., Xu, Z,, Zhou, B., Liu, Y., et al. (2023). Prevotella copri
alleviates sarcopenia via attenuating muscle mass loss and function decline. J. Cachexia
Sarcopenia Muscle 14, 2275-2288. doi: 10.1002/jcsm.13313

Liu, X,, Zou, Q., Zeng, B, Fang, Y., and Wei, H. (2013). Analysis of fecal Lactobacillus
community structure in patients with early rheumatoid arthritis. Curr. Microbiol 67,
170-176. doi: 10.1007/s00284-013-0338-1

Lloyd-Price, J., Abu-Ali, G., and Huttenhower, C. (2016). The healthy human
microbiome. Genome Med. 8, 51. doi: 10.1186/s13073-016-0307-y

Lou, J., Wang, Q., Wan, X,, and Cheng, J. (2024). Changes and correlation analysis of
intestinal microflora composition, inflammatory index, and skeletal muscle mass in
elderly patients with sarcopenia. Geriatr. Gerontol Int. 24, 140-146. doi: 10.1111/
ggi.14661

Louis, P., and Flint, H. J. (2009). Diversity, metabolism and microbial ecology of
butyrate-producing bacteria from the human large intestine. FEMS Microbiol Lett. 294,
1-8. doi: 10.1111/j.1574-6968.2009.01514.x

Louis, P., and Flint, H. J. (2017). Formation of propionate and butyrate by the human
colonic microbiota. Environ. Microbiol 19, 29-41. doi: 10.1111/1462-2920.13589

Lozupone, C. A., Stombaugh, J. I, Gordon, J. I, Jansson, J. K., and Knight, R. (2012).
Diversity, stability and resilience of the human gut microbiota. Nature 489, 220-230.
doi: 10.1038/naturel 1550

Lu, J., and Salzberg, S. L. (2020). Ultrafast and accurate 16S rRNA microbial
community analysis using Kraken 2. Microbiome 8, 124. doi: 10.1186/s40168-020-
00900-2

Lv, W. Q, Lin, X,, Shen, H,, Liu, H. M., Qiu, X, Li, B. Y, et al. (2021). Human gut
microbiome impacts skeletal muscle mass via gut microbial synthesis of the short-chain
fatty acid butyrate among healthy menopausal women. J. Cachexia Sarcopenia Muscle
12, 1860-1870. doi: 10.1002/jcsm.12788

frontiersin.org


https://doi.org/10.1093/jn/nxac231
https://doi.org/10.1159/000097979
https://doi.org/10.1093/gerona/glu057
https://doi.org/10.1186/s12934-020-01319-y
https://doi.org/10.1186/s12934-020-01319-y
https://doi.org/10.2337/db08-1637
https://doi.org/10.1093/gerona/glaa047
https://doi.org/10.1080/19490976.2017.1406584
https://doi.org/10.1007/s00223-017-0345-5
https://doi.org/10.1007/s00223-017-0345-5
https://doi.org/10.1186/s40168-024-01819-8
https://doi.org/10.1016/j.clnu.2022.05.008
https://doi.org/10.1101/gad.1212704
https://doi.org/10.1002/sim.1186
https://doi.org/10.1080/19490976.2017.1290756
https://doi.org/10.3389/fmicb.2017.01237
https://doi.org/10.3389/fmicb.2017.01237
https://doi.org/10.3390/biomedicines11072076
https://doi.org/10.7326/m14-2385
https://doi.org/10.3390/nu13082727
https://doi.org/10.1136/gutjnl-2015-310376
https://doi.org/10.1136/gutjnl-2015-310376
https://doi.org/10.1186/s13073-016-0262-7
https://doi.org/10.1186/s13073-016-0262-7
https://doi.org/10.3389/fphar.2021.732541
https://doi.org/10.1136/gut.2010.223263
https://doi.org/10.1099/00207713-50-4-1595
https://doi.org/10.1039/d3fo05420a
https://doi.org/10.1038/s41598-021-84031-0
https://doi.org/10.1016/j.archger.2022.104721
https://doi.org/10.1016/j.archger.2022.104721
https://doi.org/10.1093/ageing/afae052
https://doi.org/10.1093/ageing/afae052
https://doi.org/10.1016/j.cell.2018.09.055
https://doi.org/10.1186/1471-230x-9-95
https://doi.org/10.1096/fj.00-0463
https://doi.org/10.1096/fj.00-0463
https://doi.org/10.1111/j.1472-765x.2004.01474.x
https://doi.org/10.1016/j.jhepr.2022.100619
https://doi.org/10.1016/j.exger.2022.111927
https://doi.org/10.1016/j.exger.2022.111927
https://doi.org/10.1186/s40104-021-00545-7
https://doi.org/10.1186/s40104-021-00545-7
https://doi.org/10.3389/fcimb.2022.805481
https://doi.org/10.3389/fcimb.2022.805481
https://doi.org/10.1007/s00726-017-2493-3
https://doi.org/10.1080/10408398.2020.1867054
https://doi.org/10.1002/jcsm.12784
https://doi.org/10.3389/fcimb.2021.703126
https://doi.org/10.1002/jcsm.13313
https://doi.org/10.1007/s00284-013-0338-1
https://doi.org/10.1186/s13073-016-0307-y
https://doi.org/10.1111/ggi.14661
https://doi.org/10.1111/ggi.14661
https://doi.org/10.1111/j.1574-6968.2009.01514.x
https://doi.org/10.1111/1462-2920.13589
https://doi.org/10.1038/nature11550
https://doi.org/10.1186/s40168-020-00900-2
https://doi.org/10.1186/s40168-020-00900-2
https://doi.org/10.1002/jcsm.12788
https://doi.org/10.3389/fcimb.2025.1480293
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Ren et al.

Malinen, E., Krogius-Kurikka, L., Lyra, A., Nikkild, J., Jadskeldinen, A., Rinttild, T.,
et al. (2010). Association of symptoms with gastrointestinal microbiota in
irritable bowel syndrome. World J. Gastroenterol. 16, 4532-4540. doi: 10.3748/
Wig v16.i36.4532

Marchesi, J. R,, Adams, D. H., Fava, F., Hermes, G. D., Hirschfield, G. M., Hold, G.,
et al. (2016). The gut microbiota and host health: a new clinical frontier. Gut 65, 330-339.
doi: 10.1136/gutjnl-2015-309990

Margiotta, E., Caldiroli, L., Callegari, M. L., Miragoli, F., Zanoni, F., Armelloni, S.,
et al. (2021). Association of sarcopenia and gut microbiota composition in older
patients with advanced chronic kidney disease, investigation of the interactions with
uremic toxins, inflammation and oxidative stress. Toxins (Basel) 13, P5, 6, 9, 11, 24.
doi: 10.3390/toxins13070472

Marti, J. M., Martinez-Martinez, D., Rubio, T., Gracia, C., Pefia, M., Latorre, A, et al.
(2017). Health and disease imprinted in the time variability of the human microbiome.
mSystems 2, P2, 22. doi: 10.1128/mSystems.00144-16

Meng, S., He, X,, Fu, X,, Zhang, X., Tong, M., Li, W., et al. (2024). The prevalence of
sarcopenia and risk factors in the older adult in China: a systematic review and meta-
analysis. Front. Public Health 12. doi: 10.3389/fpubh.2024.1415398

Mijnarends, D. M., Luiking, Y. C,, Halfens, R. J. G., Evers, S., Lenaerts, E. L. A,
Verlaan, S., et al. (2018). Muscle, Health and Costs: A Glance at their Relationship.
J. Nutr. Health Aging 22, 766-773. doi: 10.1007/s12603-018-1058-9

Montazeri-Najafabady, N., Ghasemi, Y., Dabbaghmanesh, M. H., Talezadeh, P.,
Koohpeyma, F., and Gholami, A. (2019). Supportive role of probiotic strains in
protecting rats from ovariectomy-induced cortical bone loss. Probiotics Antimicrob
Proteins 11, 1145-1154. doi: 10.1007/s12602-018-9443-6

Nardone, O. M., de Sire, R., Petito, V., Testa, A., Villani, G., Scaldaferri, F., et al.
(2021). Inflammatory bowel diseases and sarcopenia: the role of inflammation and gut
microbiota in the development of muscle failure. Front. Immunol. 12. doi: 10.3389/
fimmu.2021.694217

Nascimento, C. M., Ingles, M., Salvador-Pascual, A., Cominetti, M. R, Gomez-
Cabrera, M. C,, and Vifa, J. (2019). Sarcopenia, frailty and their prevention by exercise.
Free Radic. Biol. Med. 132, 42-49. doi: 10.1016/j.freeradbiomed.2018.08.035

Nikkhah, A., Ejtahed, H. S., Ettehad Marvasti, F., Taghavi, M., Pakmehr, A,,
Hajipour, F., et al. (2023). The critical role of gut microbiota dysbiosis in skeletal
muscle wasting: a systematic review. J. Appl. Microbiol 134, P3, 24. doi: 10.1093/jambio/
Ixac014

Nishida, Y., Tanaka, S., Nakae, S., Yamada, Y., Shirato, H., Hirano, H., et al. (2020).
Energy gap between doubly labeled water-based energy expenditure and calculated
energy intake from recipes and plate waste, and subsequent weight changes in elderly
residents in Japanese long-term care facilities: CLEVER study. Nutrients 12, P20, 24.
doi: 10.3390/nu12092677

Papadopoulou, S. K., Papadimitriou, K., Voulgaridou, G., Georgaki, E., Tsotidou, E.,
Zantidou, O., et al. (2021). Exercise and nutrition impact on osteoporosis and
sarcopenia—the incidence of osteosarcopenia: A narrative review. Nutrients 13, P2, 24.
doi: 10.3390/nul13124499

Pardesi, B., Roberton, A. M., Lee, K. C,, Angert, E. R, Rosendale, D. I, Boycheva, S.,
et al. (2022). Distinct microbiota composition and fermentation products indicate
functional compartmentalization in the hindgut of a marine herbivorous fish. Mol.
Ecol. 31, 2494-2509. doi: 10.1111/mec.16394

Peng, J., Gong, H., Lyu, X,, Liu, Y,, Li, S,, Tan, S., et al. (2023). Characteristics of the
fecal microbiome and metabolome in older patients with heart failure and sarcopenia.
Front. Cell Infect. Microbiol 13. doi: 10.3389/fcimb.2023.1127041

Petermann-Rocha, F., Balntzi, V., Gray, S. R, Lara, J., Ho, F. K,, Pell, J. P, et al.
(2022). Global prevalence of sarcopenia and severe sarcopenia: a systematic review and
meta-analysis. J. Cachexia Sarcopenia Muscle 13, 86-99. doi: 10.1002/jcsm.12783

Picca, A., Ponziani, F. R., Calvani, R., Marini, F., Biancolillo, A., Coelho-Junior, H. J.,
et al. (2019). Gut microbial, inflammatory and metabolic signatures in older people
with physical frailty and sarcopenia: results from the BIOSPHERE study. Nutrients 12,
P5, 6, 11, 24. doi: 10.3390/nul2010065

Poggiogalle, E., Lubrano, C., Gnessi, L., Mariani, S., Di Martino, M., Catalano, C.,
et al. (2019). The decline in muscle strength and muscle quality in relation to metabolic
derangements in adult women with obesity. Clin. Nutr. 38, 2430-2435. doi: 10.1016/
j.cInu.2019.01.028

Ponziani, F. R,, Picca, A., Marzetti, E., Calvani, R., Conta, G., Del Chierico, F,, et al.
(2021). Characterization of the gut-liver-muscle axis in cirrhotic patients with
sarcopenia. Liver Int. 41, 1320-1334. doi: 10.1111/1iv.14876

Popkov, V. A, Zharikova, A. A., Demchenko, E. A., Andrianova, N. V., Zorov, D. B,,
and Plotnikov, E. Y. (2022). Gut microbiota as a source of uremic toxins. Int. J. Mol. Sci.
23, P19, 24. doi: 10.3390/ijms23010483

Prasoodanan, P. K. V., Sharma, A. K., Mahajan, S., Dhakan, D. B., Maji, A., Scaria, J.,
et al. (2021). Western and non-western gut microbiomes reveal new roles of Prevotella
in carbohydrate metabolism and mouth-gut axis. NPJ Biofilms Microbiomes 7, 77.
doi: 10.1038/s41522-021-00248-x

Ramirez, J., Guarner, F., Bustos Fernandez, L., Maruy, A., Sdepanian, V. L., and
Cohen, H. (2020). Antibiotics as major disruptors of gut microbiota. Front. Cell Infect.
Microbiol 10. doi: 10.3389/fcimb.2020.572912

Rashidah, N. H,, Lim, S. M., Neoh, C. F., Majeed, A. B. A, Tan, M. P, Khor, H. M,,
et al. (2022). Differential gut microbiota and intestinal permeability between frail and

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2025.1480293

healthy older adults: A systematic review. Ageing Res. Rev. 82, 101744. doi: 10.1016/
j.arr.2022.101744

Rehman, K., Akash, M. S. H,, Liagat, A., Kamal, S., Qadir, M. I, and Rasul, A.
(2017). Role of interleukin-6 in development of insulin resistance and type 2 diabetes
mellitus. Crit. Rev. Eukaryot Gene Expr 27, 229-236. doi: 10.1615/
CritRevEukaryotGeneExpr.2017019712

Reichardt, N., Duncan, S. H., Young, P., Belenguer, A., McWilliam Leitch, C,,
Scott, K. P, et al. (2014). Phylogenetic distribution of three pathways for propionate
production within the human gut microbiota. Isme J. 8, 1323-1335. doi: 10.1038/
ismej.2014.14

Roh, Y. S., Cho, A, Cha, Y. S, Oh, S. H,, Lim, C. W., and Kim, B. (2018).
Lactobacillus aggravate bile duct ligation-induced liver inflammation and fibrosis in
mice. Toxicol. Res. 34, 241-247. doi: 10.5487/tr.2018.34.3.241

Roh, Y. H,, Koh, Y. D., Noh, J. H,, Gong, H. S., and Baek, G. H. (2017). Evaluation of
sarcopenia in patients with distal radius fractures. Arch. Osteoporos 12, 5. doi: 10.1007/
s11657-016-0303-2

Rosser, E. C,, Piper, C. J. M., Matei, D. E,, Blair, P. A, Rendeiro, A. F., Orford, M.,
et al. (2020). Microbiota-derived metabolites suppress arthritis by amplifying aryl-
hydrocarbon receptor activation in regulatory B cells. Cell Metab. 31, 837-851.e10.
doi: 10.1016/j.cmet.2020.03.003

Sachs, S., Zarini, S., Kahn, D. E., Harrison, K. A., Perreault, L., Phang, T, et al. (2019).
Intermuscular adipose tissue directly modulates skeletal muscle insulin sensitivity in
humans. Am. J. Physiol. Endocrinol. Metab. 316, E866-¢879. doi: 10.1152/
ajpendo.00243.2018

Saint-Georges-Chaumet, Y., and Edeas, M. (2016). Microbiota-mitochondria inter-
talk: consequence for microbiota-host interaction. Pathog Dis. 74, ftv096. doi: 10.1093/
femspd/ftv096

Salminen, M. K., Rautelin, H., Tynkkynen, S., Poussa, T., Saxelin, M., Valtonen, V.,
et al. (2006). Lactobacillus bacteremia, species identification, and antimicrobial
susceptibility of 85 blood isolates. Clin. Infect. Dis. 42, e35-e44. doi: 10.1086/500214

Sartor, R. B. (2008). Microbial influences in inflammatory bowel diseases.
Gastroenterology 134, 577-594. doi: 10.1053/j.gastro.2007.11.059

Sawicka, A. K., Hartmane, D., Lipinska, P., Wojtowicz, E., Lysiak-Szydlowska, W.,
and Olek, R. A. (2018). I-carnitine supplementation in older women. A pilot study on
aging skeletal muscle mass and function. Nutrients, 10 (2), 10. doi: 10.3390/nu10020255

Scott, K. P., Martin, J. C., Duncan, S. H., and Flint, H. J. (2014). Prebiotic stimulation
of human colonic butyrate-producing bacteria and bifidobacteria, in vitro. FEMS
Microbiol Ecol. 87, 30-40. doi: 10.1111/1574-6941.12186

Sergeev, I. N., Aljutaily, T., Walton, G., and Huarte, E. (2020). Effects of synbiotic
supplement on human gut microbiota, body composition and weight loss in obesity.
Nutrients 12, P16, 24. doi: 10.3390/nu12010222

Shin, J. H,, Sim, M., Lee, J. Y., and Shin, D. M. (2016). Lifestyle and geographic
insights into the distinct gut microbiota in elderly women from two different
geographic locations. J. Physiol. Anthropol 35, 31. doi: 10.1186/s40101-016-0121-7

Sokol, H., Contreras, V., Maisonnasse, P., Desmons, A., Delache, B., Sencio, V., et al.
(2021). SARS-CoV-2 infection in nonhuman primates alters the composition and
functional activity of the gut microbiota. Gut Microbes 13, 1-19. doi: 10.1080/
19490976.2021.1893113

Sokol, H., Pigneur, B., Watterlot, L., Lakhdari, O., Bermudez-Humaran, L. G,,
Gratadoux, J. J., et al. (2008). Faecalibacterium prausnitzii is an anti-inflammatory
commensal bacterium identified by gut microbiota analysis of Crohn disease patients.
Proc. Natl. Acad. Sci. U S A 105, 16731-16736. doi: 10.1073/pnas.0804812105

Strasser, B., Wolters, M., Weyh, C.,, Kriiger, K., and Ticinesi, A. (2021). The effects of
lifestyle and diet on gut microbiota composition, inflammation and muscle
performance in our aging society. Nutrients 13, P21, 24. doi: 10.3390/nu13062045

Sun, M. F,, and Shen, Y. Q. (2018). Dysbiosis of gut microbiota and microbial
metabolites in Parkinson’s disease. Ageing Res. Rev. 45, 53-61. doi: 10.1016/
j.arr.2018.04.004

Thota, V. R, Dacha, S., Natarajan, A., and Nerad, J. (2011). Eggerthella lenta
bacteremia in a Crohn’s disease patient after ileocecal resection. Future Microbiol 6,
595-597. doi: 10.2217/fmb.11.31

Ticinesi, A., Mancabelli, L., Tagliaferri, S., Nouvenne, A., Milani, C,, Del Rio, D, et al. (2020).
The gut-muscle axis in older subjects with low muscle mass and performance: A proof of
concept study exploring fecal microbiota composition and function with shotgun metagenomics
sequencing. Int. J. Mol. Sci. 21, P5, 7, 9, 11, 16, 18, 24. doi: 10.3390/ijms21238946

Ticinesi, A., Nouvenne, A., Cerundolo, N., Catania, P., Prati, B., Tana, C., et al.
(2019). Gut microbiota, muscle mass and function in aging: A focus on physical frailty
and sarcopenia. Nutrients 11, P2, 9, 24. doi: 10.3390/nul11071633

Tramontano, M., Andrejev, S., Pruteanu, M., Kliinemann, M., Kuhn, M., Galardini,

M, et al. (2018). Nutritional preferences of human gut bacteria reveal their metabolic
idiosyncrasies. Nat. Microbiol 3, 514-522. doi: 10.1038/s41564-018-0123-9

Trautmann, A., Schleicher, L., Deusch, S., Gitgens, J., Steuber, J., and Seifert, J.
(2020). Short-chain fatty acids modulate metabolic pathways and membrane lipids in
prevotella bryantii B(1)4, P19, 24. Proteomes 8. doi: 10.3390/proteomes8040028

Vaiserman, A. M., Koliada, A. K., and Marotta, F. (2017). Gut microbiota: A player in
aging and a target for anti-aging intervention. Ageing Res. Rev. 35, 36-45. doi: 10.1016/
j.arr.2017.01.001

frontiersin.org


https://doi.org/10.3748/wjg.v16.i36.4532
https://doi.org/10.3748/wjg.v16.i36.4532
https://doi.org/10.1136/gutjnl-2015-309990
https://doi.org/10.3390/toxins13070472
https://doi.org/10.1128/mSystems.00144-16
https://doi.org/10.3389/fpubh.2024.1415398
https://doi.org/10.1007/s12603-018-1058-9
https://doi.org/10.1007/s12602-018-9443-6
https://doi.org/10.3389/fimmu.2021.694217
https://doi.org/10.3389/fimmu.2021.694217
https://doi.org/10.1016/j.freeradbiomed.2018.08.035
https://doi.org/10.1093/jambio/lxac014
https://doi.org/10.1093/jambio/lxac014
https://doi.org/10.3390/nu12092677
https://doi.org/10.3390/nu13124499
https://doi.org/10.1111/mec.16394
https://doi.org/10.3389/fcimb.2023.1127041
https://doi.org/10.1002/jcsm.12783
https://doi.org/10.3390/nu12010065
https://doi.org/10.1016/j.clnu.2019.01.028
https://doi.org/10.1016/j.clnu.2019.01.028
https://doi.org/10.1111/liv.14876
https://doi.org/10.3390/ijms23010483
https://doi.org/10.1038/s41522-021-00248-x
https://doi.org/10.3389/fcimb.2020.572912
https://doi.org/10.1016/j.arr.2022.101744
https://doi.org/10.1016/j.arr.2022.101744
https://doi.org/10.1615/CritRevEukaryotGeneExpr.2017019712
https://doi.org/10.1615/CritRevEukaryotGeneExpr.2017019712
https://doi.org/10.1038/ismej.2014.14
https://doi.org/10.1038/ismej.2014.14
https://doi.org/10.5487/tr.2018.34.3.241
https://doi.org/10.1007/s11657-016-0303-2
https://doi.org/10.1007/s11657-016-0303-2
https://doi.org/10.1016/j.cmet.2020.03.003
https://doi.org/10.1152/ajpendo.00243.2018
https://doi.org/10.1152/ajpendo.00243.2018
https://doi.org/10.1093/femspd/ftv096
https://doi.org/10.1093/femspd/ftv096
https://doi.org/10.1086/500214
https://doi.org/10.1053/j.gastro.2007.11.059
https://doi.org/10.3390/nu10020255
https://doi.org/10.1111/1574-6941.12186
https://doi.org/10.3390/nu12010222
https://doi.org/10.1186/s40101-016-0121-7
https://doi.org/10.1080/19490976.2021.1893113
https://doi.org/10.1080/19490976.2021.1893113
https://doi.org/10.1073/pnas.0804812105
https://doi.org/10.3390/nu13062045
https://doi.org/10.1016/j.arr.2018.04.004
https://doi.org/10.1016/j.arr.2018.04.004
https://doi.org/10.2217/fmb.11.31
https://doi.org/10.3390/ijms21238946
https://doi.org/10.3390/nu11071633
https://doi.org/10.1038/s41564-018-0123-9
https://doi.org/10.3390/proteomes8040028
https://doi.org/10.1016/j.arr.2017.01.001
https://doi.org/10.1016/j.arr.2017.01.001
https://doi.org/10.3389/fcimb.2025.1480293
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Ren et al.

Van Hul, M,, Le Roy, T, Prifti, E., Dao, M. C,, Paquot, A., Zucker, J. D,, et al. (2020).
From correlation to causality: the case of Subdoligranulum. Gut Microbes 12, 1-13.
doi: 10.1080/19490976.2020.1849998

Vieira-Silva, S., Falony, G., Belda, E., Nielsen, T., Aron-Wisnewsky, J., Chakaroun, R.,
et al. (2020). Statin therapy is associated with lower prevalence of gut microbiota
dysbiosis. Nature 581, 310-315. doi: 10.1038/5s41586-020-2269-x

Vinolo, M. A., Rodrigues, H. G., Nachbar, R. T., and Curi, R. (2011). Regulation
of inflammation by short chain fatty acids. Nutrients 3, 858-876. doi: 10.3390/
nu3100858

Walker, A. W, Ince, J., Duncan, S. H., Webster, L. M., Holtrop, G., Ze, X,, et al.
(2011). Dominant and diet-responsive groups of bacteria within the human colonic
microbiota. Isme J. 5, 220-230. doi: 10.1038/isme;j.2010.118

‘Walsh, M. E., Bhattacharya, A, Sataranatarajan, K., Qaisar, R., Sloane, L., Rahman,
M. M., et al. (2015). The histone deacetylase inhibitor butyrate improves metabolism
and reduces muscle atrophy during aging. Aging Cell 14, 957-970. doi: 10.1111/
acel.12387

Wang, K. K, He, K. Y., Yang, J. Y., Liu, M. ],, Guo, J. R, Liang, J. Y., et al. (2022a).
Lactobacillus suppresses tumorigenesis of oropharyngeal cancer via enhancing anti-
tumor immune response. Front. Cell Dev. Biol. 10. doi: 10.3389/fcell.2022.842153

Wang, X, Xiao, Y., Xu, X,, Guo, L., Yu, Y., Li, N,, et al. (2021). Characteristics of fecal
microbiota and machine learning strategy for fecal invasive biomarkers in pediatric
inflammatory bowel disease. Front. Cell Infect. Microbiol 11, P5, 7, 9, 10, 25.
doi: 10.3389/fcimb.2021.711884

Wang, Z., Xu, X,, Deji, Y., Gao, S., Wu, C,, Song, Q., et al. (2023). Bifidobacterium as
a potential biomarker of sarcopenia in elderly women. Nutrients 15. doi: 10.3390/
nul5051266

Wang, Y., Zhang, Y., Lane, N. E., Wu, ], Yang, T., Li, J., et al. (2022c). Population-
based metagenomics analysis reveals altered gut microbiome in sarcopenia: data from
the Xiangya Sarcopenia Study. J. Cachexia Sarcopenia Muscle 13, 2340-2351.
doi: 10.1002/jcsm.13037

Wang, L., Zhang, C., Liang, H., Zhou, N., Huang, T., Zhao, Z., et al. (2022b).
Polyunsaturated fatty acids level and bone mineral density: A two-sample Mendelian
randomization study. Front. Endocrinol. (Lausanne) 13. doi: 10.3389/
fendo.2022.858851

Wellman, A. S., Metukuri, M. R,, Kazgan, N,, Xu, X,, Xu, Q,, Ren, N. S. X, et al.
(2017). Intestinal epithelial sirtuin 1 regulates intestinal inflammation during aging in
mice by altering the intestinal microbiota. Gastroenterology 153, 772-786. doi: 10.1053/
j.gastro.2017.05.022

Wu, G. D,, Chen, J., Hoffmann, C,, Bittinger, K., Chen, Y. Y., Keilbaugh, S. A., et al.
(2011). Linking long-term dietary patterns with gut microbial enterotypes. Science 334,
105-108. doi: 10.1126/science.1208344

Wu, Y., Xia, Y., Huang, S, Liu, S., Yang, J., Yang, Y., et al. (2022). The composition of
the gut microbiome in patients with sarcopenia. Turkish J. Biochem. 47, 325-332.
doi: 10.1515/tjb-2021-0197

Wumaer, A., Maimaitiwusiman, Z., Xiao, W., Xuekelati, S., Liu, J., Musha, T, et al.
(2022). Plasma tumor necrosis factor-o. is associated with sarcopenia in elderly
individuals residing in agricultural and pastoral areas of Xinjiang, China. Front. Med.
(Lausanne) 9. doi: 10.3389/fmed.2022.788178

Wiirdemann, D., Tindall, B. J., Pukall, R., Linsdorf, H., Strompl, C., Namuth, T.,
et al. (2009). Gordonibacter pamelacae gen. nov., sp. nov., a new member of the
Coriobacteriaceae isolated from a patient with Crohn’s disease, and reclassification of
Eggerthella hongkongensis Lau et al. 2006 as Paraeggerthella hongkongensis gen. nov.,
comb. nov. Int. ]. Syst. Evol. Microbiol 59, 1405-1415. doi: 10.1099/ij5.0.005900-0

Frontiers in Cellular and Infection Microbiology

25

10.3389/fcimb.2025.1480293

Xiao, W., Su, J., Gao, X,, Yang, H., Weng, R,, Ni, W,, et al. (2022). The microbiota-
gut-brain axis participates in chronic cerebral hypoperfusion by disrupting the
metabolism of short-chain fatty acids. Microbiome 10, 62. doi: 10.1186/s40168-022-
01255-6

Xu, Q., Ni, J. ., Han, B. X, Yan, S. S., Wei, X. T., Feng, G. ], et al. (2021). Causal
relationship between gut microbiota and autoimmune diseases: A two-sample
mendelian randomization study. Front. Immunol. 12. doi: 10.3389/fimmu.2021.746998

Yamamoto, K., Ishizu, Y., Honda, T., Ito, T., Imai, N., Nakamura, M., et al. (2022).
Patients with low muscle mass have characteristic microbiome with low potential for
amino acid synthesis in chronic liver disease. Sci. Rep. 12, 3674. doi: 10.1038/s41598-
022-07810-3

Yan, X, Li, H, Xie, R,, Lin, L., Ding, L., Cheng, X,, et al. (2023). Relationships
between sarcopenia, nutrient intake, and gut microbiota in Chinese community-
dwelling older women. Arch. Gerontol Geriatr. 113, 105063. doi: 10.1016/
j.archger.2023.105063

Yan, Y., Xu, B, Yin, B,, Xu, X,, Niu, Y,, Tang, Y., et al. (2019). Modulation of gut
microbial community and metabolism by dietary glycyl-glutamine supplementation
may favor weaning transition in piglets. Front. Microbiol 10. doi: 10.3389/
fmicb.2019.03125

Yang, Z., Fu, H, Su, H,, Cai, X,, Wang, Y., Hong, Y., et al. (2022b). Multi-omics
analyses reveal the specific changes in gut metagenome and serum metabolome of
patients with polycystic ovary syndrome. Front. Microbiol 13. doi: 10.3389/
fmicb.2022.1017147

Yang, J., Li, Q., Henning, S. M., Zhong, J., Hsu, M., Lee, R,, et al. (2018). Effects of
prebiotic fiber xylooligosaccharide in adenine-induced nephropathy in mice. Mol.
Nutr. Food Res. 62, €1800014. doi: 10.1002/mnfr.201800014

Yang, G., Wei, ], Liu, P., Zhang, Q., Tian, Y., Hou, G,, et al. (2021). Role of the gut
microbiota in type 2 diabetes and related diseases. Metabolism 117, 154712.
doi: 10.1016/j.metabol.2021.154712

Yang, L., Xiang, Z., Zou, J., Zhang, Y., Ni, Y., and Yang, J. (2022a). Comprehensive
analysis of the relationships between the gut microbiota and fecal metabolome in
individuals with primary Sjogren’s syndrome by 16S rRNA sequencing and LC-MS-
based metabolomics. Front. Immunol. 13. doi: 10.3389/fimmu.2022.874021

Yeung, S. S. Y., Reijnierse, E. M., Pham, V. K., Trappenburg, M. C,, Lim, W. K,
Meskers, C. G. M., et al. (2019). Sarcopenia and its association with falls and fractures in
older adults: A systematic review and meta-analysis. J. Cachexia Sarcopenia Muscle 10,
485-500. doi: 10.1002/jcsm.12411

Zhai, Z., Zhang, F.,, Cao, R, Ni, X,, Xin, Z, Deng, J., et al. (2019). Cecropin A
alleviates inflammation through modulating the gut microbiota of C57BL/6 mice with
DSS-induced IBD. Front. Microbiol 10. doi: 10.3389/fmicb.2019.01595

Zhang, T., Cheng, J. K,, and Hu, Y. M. (2022b). Gut microbiota as a promising
therapeutic target for age-related sarcopenia. Ageing Res. Rev. 81, 101739. doi: 10.1016/
j.arr.2022.101739

Zhang, Q., Li, X,, Huang, T., Zhang, S., Teng, K., Rousitemu, N., et al. (2024).
Alterations in the diversity, composition and function of the gut microbiota in
Uyghur individuals with sarcopenia. Exp. Gerontol 187, 112376. doi: 10.1016/
j.exger.2024.112376

Zhang, S., Wang, L., Jia, X, Zhang, J., Jiang, H., Li, W, et al. (2022a). A comparison
between dietary consumption status and healthy dietary pattern among adults aged 55
and older in China. Nutrients 14. doi: 10.3390/nu14132778

Zhang, Y., Zhu, Y., Guo, Q., Wang, W., and Zhang, L. (2023). High-throughput
sequencing analysis of the characteristics of the gut microbiota in aged patients with
sarcopenia. Exp. Gerontol 182, 112287. doi: 10.1016/j.exger.2023.112287

frontiersin.org


https://doi.org/10.1080/19490976.2020.1849998
https://doi.org/10.1038/s41586-020-2269-x
https://doi.org/10.3390/nu3100858
https://doi.org/10.3390/nu3100858
https://doi.org/10.1038/ismej.2010.118
https://doi.org/10.1111/acel.12387
https://doi.org/10.1111/acel.12387
https://doi.org/10.3389/fcell.2022.842153
https://doi.org/10.3389/fcimb.2021.711884
https://doi.org/10.3390/nu15051266
https://doi.org/10.3390/nu15051266
https://doi.org/10.1002/jcsm.13037
https://doi.org/10.3389/fendo.2022.858851
https://doi.org/10.3389/fendo.2022.858851
https://doi.org/10.1053/j.gastro.2017.05.022
https://doi.org/10.1053/j.gastro.2017.05.022
https://doi.org/10.1126/science.1208344
https://doi.org/10.1515/tjb-2021-0197
https://doi.org/10.3389/fmed.2022.788178
https://doi.org/10.1099/ijs.0.005900-0
https://doi.org/10.1186/s40168-022-01255-6
https://doi.org/10.1186/s40168-022-01255-6
https://doi.org/10.3389/fimmu.2021.746998
https://doi.org/10.1038/s41598-022-07810-3
https://doi.org/10.1038/s41598-022-07810-3
https://doi.org/10.1016/j.archger.2023.105063
https://doi.org/10.1016/j.archger.2023.105063
https://doi.org/10.3389/fmicb.2019.03125
https://doi.org/10.3389/fmicb.2019.03125
https://doi.org/10.3389/fmicb.2022.1017147
https://doi.org/10.3389/fmicb.2022.1017147
https://doi.org/10.1002/mnfr.201800014
https://doi.org/10.1016/j.metabol.2021.154712
https://doi.org/10.3389/fimmu.2022.874021
https://doi.org/10.1002/jcsm.12411
https://doi.org/10.3389/fmicb.2019.01595
https://doi.org/10.1016/j.arr.2022.101739
https://doi.org/10.1016/j.arr.2022.101739
https://doi.org/10.1016/j.exger.2024.112376
https://doi.org/10.1016/j.exger.2024.112376
https://doi.org/10.3390/nu14132778
https://doi.org/10.1016/j.exger.2023.112287
https://doi.org/10.3389/fcimb.2025.1480293
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Comparison of the gut microbiota in older people with and without sarcopenia: a systematic review and meta-analysis
	1 Introduction
	2 Methods
	2.1 Protocol and registration
	2.2 Search strategy
	2.3 Eligibility criteria
	2.3.1 Inclusion criteria
	2.3.2 Exclusion criteria

	2.4 Study selection
	2.5 Data extraction
	2.6 Quality assessment
	2.7 Statistical analysis
	2.7.1 Quantitative synthesis of α-diversity
	2.7.2 Qualitative synthesis of β-diversity
	2.7.3 Quantitative/Qualitative synthesis of relative abundance
	2.7.3.1 Quantitative synthesis
	2.7.3.2 Qualitative synthesis


	2.8 Correlation between gut microbiota and sarcopenia parameters
	2.9 Definition of gut microbiota with potential relevance to sarcopenia

	3 Results
	3.1 Study selection
	3.2 Study characteristics
	3.3 Quality assessment
	3.4 Quantitative synthesis of α-diversity
	3.4.1 Meta-analysis summary
	3.4.2 Subgroup analyses
	3.4.2.1 Chao1 index
	3.4.2.2 Observed species/OTUs
	3.4.2.3 Shannon index
	3.4.2.4 Simpson index

	3.4.3 Risk of bias
	3.4.4 Sensitivity analysis

	3.5 Quantitative synthesis of β-diversity
	3.6 Quantitative/qualitative synthesis of relative abundance
	3.7 Correlation between gut microbiota and sarcopenia parameters
	3.7.1 Gut microbiota with a positive “Final relevance” to muscle parameters
	3.7.2 Gut microbiota with a negative “Final relevance” to muscle parameters
	3.7.3 Gut microbiota with an uncertain “Final relevance” to muscle parameters

	3.8 Summaries of gut microbiota with potential relevance to sarcopenia
	3.8.1 Gut microbiota with potential and negative relevance to sarcopenia
	3.8.2 Gut microbiota with potential and positive relevance to sarcopenia
	3.8.3 Gut microbiota with potential but unclear relevance to sarcopenia


	4 Discussion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


