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Abstract 

Bac kgr ound Observ ational studies hav e indicated a potential link between gut microbiota and sar copenia. How ev er, the underl ying 
mechanisms and a causal relationship have not been established. Thus, the objective of this study is to examine the possible causal 
association between gut microbiota and sarcopenia-related traits, including low hand-grip strength and appendicular lean mass 
( ALM ) , to shed light on the gut–muscle axis. 

Methods To investigate the potential impact of gut microbiota on low hand-grip strength and ALM, we utilized a two-sample 
Mendelian randomization ( MR ) appr oach. Summar y statistics were obtained from genome-wide association studies of gut micro- 
biota, low hand-grip strength, and ALM. The primary MR analysis employed the random-effects inv erse-v ariance weighted ( IVW ) 
method. To assess the robustness, we conducted sensitivity analyses using the MR pleiotropy residual sum and outlier ( MR-PRESSO ) 
test to detect and correct for horizontal pleiotropy, as well as the MR-Egger intercept test and leave-one-out analysis. 

Results Alcaligenaceae , Family XIII , and Paraprevotella were positively associated with the risk of low hand-grip strength ( P -values < 0.05 ) . 
Str eptococcaceae w ere ne gati v el y associated with low hand-grip str ength ( P -v alues < 0.05 ) . Eight bacterial taxa ( Actinomycetales , Acti- 
nom ycetaceae , Bacter oidaceae , Porph yr omonadaceae , Pr evotellaceae , Bacter oides , Marvinbr y antia , and Phascolarctobacterium ) w ere associated 

with a higher risk of ALM ( P -values < 0.05 ) . Eubacterium fissicatena group was negatively associated with ALM ( P -values < 0.05 ) . 

Conclusion We found several gut microbiota components causally associated with sar copenia-related tr aits. Our findings provided 

insights into novel str ate gies for the pr ev ention and tr eatment of sarcopenia through the regulation of the gut microbiota, contributing 
to a better understanding of the gut–muscle axis. 

Ke yw ords: gut microbiota, sarcopenia, low hand-grip strength, appendicular lean mass, Mendelian randomization, gut–muscle axis 
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Introduction 

The human intestine harbours a div erse comm unity of gut mi- 
crobiota that can be influenced by various factors such as diet,
en vironment, and genetics .1 Previous studies have demonstrated 

the crucial role of gut microbiota in the de v elopment of im- 
mune , metabolic , psychiatric , and inflammatory diseases .2–5 Sar- 
copenia, c har acterized b y lo w muscle mass and w eak muscle 
strength, is a common skeletal muscle syndrome that often ac- 
companies ageing and several chronic conditions,6 which leads 
to impaired mobility, increased morbidity and mortality,7–9 and 

substantiall y ele v ated healthcar e expenditur es for patients.10 Al- 
though the gut–muscle axis, which links gut health to muscle and 

physical function, has been proposed by several independent re- 
searc h gr oups,11–13 the association between gut microbiota and 

sarcopenia remains debatable. A better understanding of the role 
of gut microbiota in the management of sarcopenia could pave 
the way for more viable treatments. 
Recei v ed: April 24, 2023. Accepted: May 17, 2023. Published: 24 May 2023 
The Author ( s ) 2023. Published by Oxford Uni v ersity Pr ess on behalf of the W est Chi
an Open Access article distributed under the terms of the Cr eati v e Commons Attri
( https://creativecommons.org/licenses/by-nc/4.0/ ) , whic h permits non-commer cial
work is pr operl y cited. For commercial re-use, please contact: journals.permissions
The gut–muscle axis has been shown to play a crucial role in
 egulating a ge-r elated m uscle health in animal models and hu-
an studies. Ho w e v er, the underl ying mec hanisms r emain poorl y

nderstood, and the findings have been inconsistent across stud- 
es. Observational studies have reported that gut microbiota can 

mpact muscle mass and function thr ough v arious factors suc h as
nflammation, immunity, substance metabolism, endocrine func- 
ion, and insulin sensitivity.14 By regulating the composition and 

etabolism of proteins and amino acids, gut microbiota can 

nfluence muscle synthesis.15 , 16 Tryptophan, for instance, may 
timulate the production of insulin-like growth factor-1 in mus- 
le cells, promoting the expression of myofibril-related genes.17 

onv ersel y, a pr otein-ric h diet has been shown to shift bacte-
ial metabolism to the degradation and fermentation of amino 
cids.18 A healthy gut microbiota can impr ov e intestinal barrier 
unction and act as an immunomodulator. Ho w ever, short-chain
atty acids ( SCFAs ) , which are produced by certain gut microbiota,
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F igure 1. Flo wchart for the study of the association between gut microbiota and sarcopenia-related traits. LD: linkage disequilibrium; SNP: single 
nucleotide pol ymor phism. 
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ave been linked to increased chronic inflammation, which in
urn can lead to sarcopenia.19 Nonetheless, observational stud-
es are subject to methodological challenges, such as confounding
ias and r e v erse causation, and methods that can infer causation
re needed to identify the association between gut microbiota and
arcopenia. 

Mendelian randomization ( MR ) is a valuable approach for es-
ablishing potential relationships that overcomes the method-
logical issues commonly present in observational studies by us-
ng genetic variations as instrumental variables ( IVs ) for expo-
ures .20 T he goal of this study was to unco ver the potential causal
ssociation between gut microbiota and sarcopenia, which would
ead to a better understanding of the gut–muscle axis. 

aterial and methods 

tudy design 

o establish potential causal relationships between gut mi-
r obiota and sarcopenia-r elated tr aits, namel y low hand-grip
tr ength and a ppendicular lean mass ( ALM ) , w e emplo y ed a tw o-
ample MR anal ysis, whic h pr ovides str onger associations by min-
mizing many of the major biases present in traditional epidemi-
logic observational studies. A flow chart of the study design is
hown in Fig. 1 . 

ata sources and instruments 

ut microbiota 

e selected single-nucleotide pol ymor phisms ( SNPs ) associated
ith the gut microbiota as IVs for our study. The summary-level
ata for these SNPs were obtained from the MiBioGen consortium,
hic h anal yzed 16S rRNA gene sequencing data from 18 340 par-

icipants of various ethnicities and nationalities ( 72.3% of the pop-
lation were European, with the remainder including individuals
rom Middle-Eastern, East Asian, American Hispanic/Latin, and
frican American populations ) .21 

To select the most a ppr opriate SNPs, we established a P -value
hreshold of < 10 −5 .21 , 22 All SNPs need to be independently associ-
ted with the microbiota ( linkage disequilibrium [LD], r 2 < 0.001,
lumping distance = 10 000 kb ) . Following the r emov al of 15 un-
no wn bacterial traits, w e identified a total of 2 559 SNPs as-
ociated with 196 bacterial traits, including 9 phyla, 16 classes,
0 orders, 32 families, and 119 genera. An ov ervie w of genome-
ide association studies ( GWAS ) datasets for gut microbiota is

hown in supplementary Table 1, see online supplementary ma-
erial. IVs are listed in Supplementary Table 2, see online sup-
lementary material. To avoid potential pleiotropy, we also used
he PhenoScanner V2 ( http://www.phenoscanner.medschl.cam.a
.uk/) to exclude IVs associated with confounding or risk factors
or sarcopenia, such as older age, low socioeconomic status, low
hysical activity, and poor diet.23 We submitted SNPs str ongl y

inked to gut microbiota for r etrie v al on the website. SNPs asso-
iated with risk factors for sarcopenia, including older age, low
ocioeconomic status, low physical activity, and poor diet, were
xcluded ( using a P -value threshold of < 10 −5 ) . Finally, we discov-
red no SNPs that were significantly associated with the afore-
entioned four variables. As a result, 2 559 SNPs were available

or further MR analysis. All the confounders and excluded SNPs
re listed in supplementary Table 3, see online supplementary
aterial. 

arcopenia-related traits 
or each outcome variable, we have chosen the most recent
nd largest GWAS studies a vailable . Summary-level data for low
and-grip str ength wer e extr acted fr om a lar ge meta-anal ysis
WAS including 256 523 participants of European ancestry 24 

 ebi-a-GCST90007526 ) . The cutoff le v el of low hand-grip strength
as male < 30 kg, female < 20 kg. Summary statistics of ALM

http://www.phenoscanner.medschl.cam.ac.uk/
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Figure 2. IVW estimates for association between gut microbiota and 
sarcopenia-r elated tr aits . T he color of eac h bloc k r epr esents the 
IVW-deriv ed P -v alue for eac h MR anal ysis. 
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wer e r etrie v ed fr om a GWAS, in which 450 243 participants of 
the UK Biobank Study were included 

25 ( ebi-a-GCST90000025 ) . An 

ov ervie w of GWAS datasets for low hand-grip strength and ALM 

is shown in supplementary Table 1. 

Instrument strength 

To rule out the influence of weak IVs bias in association effect 
estimation, we tested the strength of IVs with an F statistic > 10.
The following equation was used to compute the F statistic: F = 

( R 

2 /1 −R 

2 ) ( n −k −1/ k ) , where R 

2 is the variance interpreted by IVs 
( per gut microbiota ) , and n is the sample size.26 The minor allele 
frequency ( MAF ) and effect estimates ( β) were used to calculate 
R 

2 : R 

2 = 2MAF ( 1 −MAF ) ( β/SD ) 2 . SD is the standard deviation. The 
F values of all variables in the present study were > 10. 

Sta tistical anal ysis 

Our study utilized two-sample MR analysis as the primary sta- 
tistical technique to investigate the potential causal association 

between gut microbiota and low hand-grip strength and ALM. To 
obtain a robust and reliable result, we combined several statisti- 
cal methods . T he in v erse-v ariance w eighted ( IVW ) method w as 
used as the primary a ppr oac h, whic h has stable and balanced 

pleiotropic effects. In addition, we employed the MR-Egger r egr es- 
sion, weighted median, and MR pleiotr opy r esidual sum and out- 
lier ( MR-PRESSO ) tests as complementary methods to IVW, to es- 
timate the relationship between exposures and outcomes under 
various conditions.27 , 28 When the tw o-sided P -value w as < 0.05,
statistical significance was considered. 

The MR estimates are presented as odds ratios ( ORs ) and corre- 
sponding 95% confidence intervals ( CIs ) . The TwoSampleMR pack- 
a ge ( v ersion 0.5.6 ) in R ( v4.2.2 ) was used for the statistical analy- 
ses.29 

Sensitivity analysis 

In our study, we utilized se v er al methods to ensure the robust- 
ness and reliability of our findings. To detect any potential het- 
erogeneity, w e emplo y ed Coc hr an’s Q statistic and visualized fun- 
nel plots with a significance threshold of P -value < 0.05. Then we 
utilized the MR-PRESSO test to detect and r emov e outliers, and 

retested the results. Additionally, to detect horizontal pleiotropy, 
we used the MR-Egger intercept test, with a significance threshold 

of P -value < 0.05. Results are displayed using scatter plots. 
We also performed leav e-one-out anal yzes wher e we r epeated 

the IVW anal ysis, r emoving one exposur e-r elated SNP at a time, to 
assess the robustness of our findings. By combining these meth- 
ods, we aimed to ensure the validity and reliability of our findings 
in determining the potential causal association between gut mi- 
crobiota and the risk of low hand-grip strength and ALM. 

Results 

Gut microbiota and low hand-grip strength 

Four bacterial taxa were found to be statistically associated with 

the risk of low hand-grip strength using the IVW method ( Fig. 2 ) .
Alcaligenaceae , Family XIII , and Paraprevotella were found to have 
significant positive causal effects on low hand-grip strength ( OR: 
1.167, 95% CI: 1.051–1.297, P = 0.004 for Alcaligenaceae ; OR: 1.111,
95% CI: 1.022–1.209, P = 0.013 for Family XIII ; OR: 1.088, 95% CI: 
1.036–1.142, P = 0.001 for Paraprevotella ; Table 1 ) . Streptococcaceae 
had a negative impact on low hand-grip strength ( OR: 0.920, 95% 

CI: 0.855–0.991, P = 0.027 ) . We did not find evidence of heterogene- 
ity or horizontal pleiotropy based on the funnel, scatter, and forest 
lots ( Supplementary Figs. 1–3 ) . Multiple test corrections for the
 -v alues ar e shown in supplementary Table 4, see online supple-
entary material. 

ut microbiota and ALM 

her e wer e nine bacterial taxa causall y associated with ALM in
he IVW method ( Fig. 2 ) . Actinom ycetales , Actinom ycetaceae , Bac-
eroidaceae , P orph yromonadaceae , Prevotellaceae , Bacteroides , Marvin-
ryantia , Phascolarctobacterium had positive effects on ALM ( OR: 
.029, 95% CI: 1.005–1.053, P = 0.017 for Actinomycetales ; OR: 1.029,
5% CI: 1.005–1.052, P = 0.016 for Actinomycetaceae ; OR: 1.041,
5% CI: 1.010–1.073, P = 0.008 for Bacteroidaceae ; OR: 1.036, 95%
I: 1.002–1.071, P = 0.037 for P orph yromonadaceae ; OR: 1.034, 95%
I: 1.007–1.061, P = 0.012 for Prevotellaceae ; OR: 1.041, 95% CI:
.010–1.073, P = 0.008 for Bacteroides ; OR: 1.041, 95% CI: 1.000–
.046, P = 0.045 for Marvinbryantia ; OR: 1.027, 95% CI: 1.001–1.054,
 = 0.041 for Phascolarctobacterium ) . Eubacterium fissicatena group 

ad a negative effect on ALM ( OR: 0.983, 95% CI: 0.967–1.100,
 = 0.044 ) ( Table 2 ) . Multiple test corrections for the P -values are
hown in supplementary Table 4. 

In the sensitivity anal ysis, onl y two bacterial taxa, Prevotellaceae
nd Eubacterium fissicatena group, sho w ed heter ogeneity. We r e-
oved the outliers and performed the MR-PRESSO test to cor-

ect the heterogeneity. The results sho w ed a significant associa-
ion ( outlier-corrected: P = 0.034 for Prevotellaceae ; P = 0.039 for
ubacterium fissicatena group ) . Detailed information is provided in 

upplementary Table 5, see online supplementary material. We 
id not find evidence of horizontal pleiotropy based on the fun-
el, scatter, and forest plots ( supplementary Figs. 4–6, see online
upplementary material ) . 

iscussion 

his stud y re presents the first comprehensive MR analysis inves-
igating the potential causal relationships between gut microbiota 
nd sarcopenia-r elated tr aits. Our systematic e v aluation of the ge-
eticall y pr edicted causal association between gut microbiota and

ow hand-grip strength and ALM yielded novel findings indicating 
hat different gut microbiota taxa exert different effects on mus-
le . T hese findings are consistent with earlier observational stud-
es highlighting the pathophysiological interactions between gut 
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Table 1. MR estimates of the association between gut microbiota and the risk of low hand-grip strength. 

Exposure Outcome No. of IVs Method OR ( 95% CI ) P -value a Heterogeneity MR Egger 
Cochran’s Q 

( P- value ) 
Intercept 
( P -value ) 

Alcaligenaceae LHGS 18 IVW 1.167 ( 1.051, 1.297 ) 0.004 18.589 ( 0.069 ) −0.002 ( 0.922 ) 
MR Egger 1.197 ( 0.721, 1.986 ) 0.502 
Weighted median 1.194 ( 1.053, 1.353 ) 0.006 

Family XIII LHGS 14 IVW 1.111 ( 1.022, 1.209 ) 0.013 9.990 ( 0.441 ) −0.002 ( 0.866 ) 
MR Egger 1.140 ( 0.846, 1.534 ) 0.411 
Weighted median 1.109 ( 0.990, 1.243 ) 0.075 

Streptococcaceae LHGS 17 IVW 0.920 ( 0.855, 0.991 ) 0.027 9.492 ( 0.735 ) 0.003 ( 0.782 ) 
MR Egger 0.883 ( 0.657, 1.186 ) 0.425 
Weighted median 0.906 ( 0.819, 1.002 ) 0.054 

Paraprevotella LHGS 13 IVW 1.088 ( 1.036, 1.142 ) 0.001 9.180 ( 0.688 ) 0.009 ( 0.337 ) 
MR Egger 1.006 ( 0.858, 1.180 ) 0.939 
Weighted median 1.073 ( 1.000, 1.151 ) 0.049 

a Bold values indicate P -value < 0.05. LHGS, low hand-grip strength. 

Table 2. MR estimates of the association between gut microbiota and the risk of ALM. 

Exposure Outcome No. of IVs Method OR ( 95% CI ) P -value a Heterogeneity MR Egger 
Cochran’s Q 

( P- value a ) 
Intercept 
( P -value ) 

Actinomycetales ALM 5 IVW 1.029 ( 1.005, 1.053 ) 0.017 5.085 ( 0.279 ) 0.003 ( 0.358 ) 
MR Egger 0.999 ( 0.943, 1.058 ) 0.972 
Weighted median 1.015 ( 0.987, 1.044 ) 0.278 

Actinomycetaceae ALM 5 IVW 1.029 ( 1.005, 1.052 ) 0.016 5.064 ( 0.281 ) 0.003 ( 0.361 ) 
MR Egger 0.999 ( 0.943, 1.058 ) 0.978 
Weighted median 1.015 ( 0.988, 1.043 ) 0.275 

Bacteroidaceae ALM 12 IVW 1.041 ( 1.010, 1.073 ) 0.008 12.005 ( 0.151 ) 0.002 ( 0.711 ) 
MR Egger 1.008 ( 0.852, 1.192 ) 0.927 
Weighted median 1.022 ( 0.987, 1.060 ) 0.215 

P orph yromonadaceae ALM 11 IVW 1.036 ( 1.002, 1.071 ) 0.037 13.816 ( 0.087 ) 0.005 ( 0.232 ) 
MR Egger 0.951 ( 0.832, 1.086 ) 0.481 
Weighted median 1.047 ( 1.010, 1.086 ) 0.013 

Prevotellaceae ALM 18 IVW 1.034 ( 1.007, 1.061 ) 0.012 38.021 ( 0.001 ) 0.003 ( 0.359 ) 
MR Egger 0.990 ( 0.902, 1.087 ) 0.838 
Weighted median 1.018 ( 0.994, 1.043 ) 0.142 

Bacteroides ALM 12 IVW 1.041 ( 1.010, 1.073 ) 0.008 12.005 ( 0.151 ) 0.002 ( 0.711 ) 
MR Egger 1.008 ( 0.852, 1.192 ) 0.927 
Weighted median 1.022 ( 0.987, 1.060 ) 0.223 

Eubacterium fissicatena group ALM 9 IVW 0.983 ( 0.967, 1.100 ) 0.044 16.317 ( 0.038 ) 0.004 ( 0.540 ) 
MR Egger 0.954 ( 0.870, 1.047 ) 0.353 
Weighted median 0.978 ( 0.961, 1.995 ) 0.010 

Marvinbryantia ALM 12 IVW 1.023 ( 1.000, 1.046 ) 0.045 12.223 ( 0.201 ) −0.001 ( 0.769 ) 
MR Egger 1.037 ( 0.946, 1.137 ) 0.457 
Weighted median 1.033 ( 1.007, 1.059 ) 0.013 

Phascolarctobacterium ALM 11 IVW 1.027 ( 1.001, 1.054 ) 0.041 14.772 ( 0.064 ) −0.001 ( 0.888 ) 
MR Egger 1.037 ( 0.909, 1.183 ) 0.603 
Weighted median 1.014 ( 0.984, 1.042 ) 0.322 

a Bold values indicate P -value < 0.05. 
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icrobiota and muscle, commonly referred to as the gut–muscle
xis.11–13 

Our results indicated that Alcaligenaceae , Family XIII , and Para-
revotella had significant positive causal effects on low hand-grip
tr ength, whic h is negativ el y corr elated with m uscle str ength.
n contrast, Streptococcaceae had a significantly negative effect
n low hand-grip str ength. Pr e vious studies have linked Para-
revotella to the onset and pr ogr ession of irritable bo w el syn-
rome ( IBS ) and associated chronic intestinal inflammation.30 

hronic intestinal inflammation and malabsorption of nutri-
nts can lead to decreased muscle function. Ho w ever, in pa-
ients with c hr onic kidney disease, Paraprevotella inv ersel y cor-
elates with the inflammatory factors interleukin 10 ( IL-10 )
nd IL-4,31 which suggests that the association between Para-
revotella and muscle function may be modulated by under-
ying disease states. In a pr e vious study, Streptococcaceae di-
tary supplements were found to help muscles recover from
trenuous eccentric exercise, with a corresponding decrease in
lood IL-6 le v els after 3 weeks of supplementation.32 Ov er all,
ur MR-derived associations between gut microbiota and mus-
le function are largely consistent with previous observational
tudies. 
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Figure 3. Ov ervie w of the gut–muscle axis. 
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For another sarcopenia-related trait, Actinomycetales , Actino- 
mycetaceae , Bacteroidaceae , P orph yromonadaceae , Prevotellaceae , Bac- 
teroides , Marvinbryantia , and Phascolarctobacterium were found to 
hav e significant positiv e causal effects on ALM, while Eubac- 
terium fissicatena group were found to have significant negative 
causal effects on ALM in the present study. Patients with liver 
cirrhosis combined with muscle wasting had a higher abun- 
dance of Bacteroides in their gut than those without muscle wast- 
ing.33 Bacteroides can utilize both endogenous and exogenous 
pol ysacc harides to cr eate materials that might be adv anta geous 
to the host. When substances like cellulose enter the colon, Bac- 
teroides ferment and break them down into SCFAs, which are 
thought to reduce inflammation and aid in the maintenance of 
skeletal muscle mass. SCFAs appear to improve skeletal mus- 
cle function, and some studies suggested that SCFAs supple- 
mentation may impr ov e exercise performance or strength.34 , 35 

Pei et al .’s r esearc h discov er ed that Bacter oides could also im- 
pr ov e the barrier function of the intestinal mucosa and inhibit 
the Mystn/ActRIIB/SMAD2 pathway to pr e v ent m uscle atr ophy.36 

In general, Bacteroides can affect muscle function and mass by 
impr oving intestinal absor ption and ener gy metabolism. A study 
transplanted the feces of HF ( high-function ) and LF ( low-function ) 
elderl y separ atel y into germ-fr ee mice, and the grip str ength of 
HF-colonized mice increased after a 1-month follow-up, which 

suggested that these gut microbiota had a beneficial role in main- 
taining muscle strength in the elderly over 65 years old.37 The gut 
microbiota Prevotellaceae was present in the HF group in the ex- 
periment. Community-dwelling older adults with sarcopenia had 

a higher concentration of Phascolarctobacterium than the control 
group . 38 Moreover, the reduction of Phascolarctobacterium was asso- 
ciated with increased intestinal permeability, inflammation, and 

n utritional imbalance. Another stud y found that the body mass 
index, hand-grip strength, and mid-upper arm muscle circumfer- 
ence were positively correlated with Phascolarctobacterium .39 
Ho w e v er, ther e wer e se v er al studies’ r esults inconsistent with
he present study. Eubacterium fissicatena group was significantly 
ositiv el y corr elated with a ppendicular skeletal mass index and
rip strength, and significantly negatively correlated with five- 
ime chair standing test time, indicating that the Eubacterium fis-
icatena group’s abundance is positively correlated with muscle 
ass and muscle function.40 The inconsistency in the results 

ould be attributed to the observational studies’ confounding fac- 
ors . T he positive correlation betw een P orph yromonadaceae and ex-
ess visceral adipose tissue ( VAT ) suggests that it ma y ha ve an
mpact on the body’s endocrine system.41 Through the endocrine 
athwa y of adipokines , obesity, especiall y centr al obesity with in-
reased V AT , increases the likelihood of sarcopenia.14 This condi-
ion is known as sarcopenic obesity. Further r esearc h into whether
 orph yromonadaceae affects muscle is necessary. There is currently
o r esearc h on the effects of Alcaligenaceae and Family XIII on

ow hand-grip strength, and the effects of Actinomycetales , Actino-
ycetaceae , Prevotellaceae , and Marvinbryantia on ALM need to be

urther explor ed. Theor eticall y, low hand-grip str ength and ALM
hould coexist in most cases of sarcopenia patients. Howe v er, the
ut microbiota related to these two variables in this study did
ot ov erla p. This may be due to se v er al r easons: first, differ ent
ut microbiota may affect muscle mass or strength by secret-
ng similar factors. Second, there is a certain thr eshold r ange in
he study, and gut microbiota that reaches this threshold range
s determined to hav e statisticall y significant effects. Ho w e v er, if
he threshold is relaxed, gut microbiota related to low hand-grip
trength and ALM may have further ov erla p. In gener al, the r e-
ationships discov er ed in this study between gut micr obiota taxa
nd ALM were partially consistent with previous research find- 
ngs, but there were still some research findings inconsistent or
 v en contr adictory. Futur e r esearc h into the mec hanism under-
ying the relationship between specific gut microbiota taxa and 

uscle function and muscle mass is needed. 
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Our finding demonstrates the presence of four gut microbiota
ssociated with reduced hand-grip strength, and nine gut micro-
iota associated with ALM. It is worth noting that other gut mi-
r obiota not cov er ed in this study may also play a role in regu-
ating muscle function and mass . T hese findings provide valuable
nsights for potential pharmacological interventions in the treat-

ent of sarcopenia.42 A study by Eloe-Fadrosh et al . found that
 supplement of Lactobacillus could modify resident microbiota to
ncrease the production of the SCFAs, which could increase the
r oss-sectional ar ea of m uscle fibers and stop intr am uscular fat
r om accum ulating.43 Munukka et al . suggested that supplement
f Faecalibacterium prausnitzii could impr ov e intestinal integrity, re-
uce inflammatory responses from the body, and impr ov e insulin
ensitivity, which will help prevent sarcopenia.44 Though there
ave been some human and animal studies about the gut–muscle
xis, the mechanism behind it is still unclear. An ov ervie w of the
ut–muscle axis is shown in Fig. 3 . 

This study has se v er al str engths. First, it is the largest and most
ompr ehensiv e MR study of the gut microbiota and sarcopenia-
 elated tr aits. Second, the GWAS data used in this paper to iden-
ify IVs has a large sample size and a high le v el of accurac y. Thir d,
he UK Biobank undergoes extensive genetic and phenotypic data
nalysis and is strictly supervised and operated to ensure high
uality . Finally , several MR analysis methods were used in this
tudy, which allo w ed us to estimate the potential causal relation-
hip between the gut microbiota and the two sarcopenia-related
 ariables without interfer ence fr om r esidual confounding or r e-
erse causality. Ho w ever, the study still has certain limitations.
irst, because of the inherent nature of MR analysis, we can-
ot be sure that our findings were not influenced b y w eak IVs,
 v en though all genetic tools were strongly associated with ex-
osur e ( F v alue > 10 ) . Second, most of the GWAS data for gut
icr obiota wer e fr om Eur opeans, wher eas all the GWAS data for

arcopenia-r elated tr aits wer e fr om Eur opeans, whic h may con-
ain some bias . T hir d, the 16S rRN A gene sequencing method only
escribes the gut microbiota from genus to phylum level. Future
eta genomics and m ulti-omics a ppr oac hes may be able to de-

cribe gut microbiota taxa at a finer le v el, avoiding species-r elated
ias. In order to provide mor e theor etical support for the mecha-
ism r esearc h of the ’gut–m uscle’ axis, we will expand the sam-
le size in future studies to investigate the relationship between
ifferent gut microbiota taxa and sarcopenia-related traits at the
ene le v el. 

With a particular emphasis on the impacts of various gut mi-
robiota taxa on muscle, our findings give researchers a plat-
orm to investigate the connection between gut microbiota and
arcopenia-r elated tr aits. Futur e studies should investigate the
echanism by which the gut microbiota and muscle are related,

s well as novel therapeutic strategies involving the gut micro-
iota in the management of sarcopenia. 
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upplementary data is available at PCMEDI online. 
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