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Introduction: A noteworthy correlation was seen between changes in the gut
microbiome and sarcopenia in older adults. Along with increasing research on
probiotic supplementation for various medical problems, we aimed to obtain
evidence and summarize the effect of probiotic supplementation on sarcopenic
indices among older adults.

Methods: We utilized PubMed, EBSCO, and Proquest, in addition to manual search
using synonyms and variation for ‘probiotic,’ ‘sarcopenia,’ and ‘older adults.’
Randomized controlled trials investigated the utilization of probiotics or probiotic-
containing products in older adults with sarcopenic indices including muscle mass and
strength. The random-effects model was applied to the meta-analysis process.

Results: Seven studies were obtained with 733 pooled older adults. Probiotic
supplementation resulted in a significant increase of muscle mass with adjusted
SMD (Standardized Mean Difference) of 0.962 (95% Cl: 0.288 to 1.635, p = 0.049)
using till and trim analysis and muscle strength with SMD of 1.037 (95% ClI:
0.077 to 1.996, p = 0.03). However, both outcomes were associated with
significantly high heterogeneity (1> = 89.5% and |> = 89.9%, respectively).

Conclusion: When opposed to a placebo, the probiotic treatment improved the
amount of muscle and its endurance based on recent evidence, however, further
studies should be done with larger samples and targeted populations.

probiotic, older adult, sarcopenia, muscle mass, muscle strength
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Introduction

There’s a shift in Indonesia’s population toward older ages. One
in six persons in the world will be 60 years old or more by 2030,
based on World Health Organization data. World Health
Organization [WHO], (2023) Additionally, the average life
expectancy at birth has risen significantly, rising from 47 years in
1950 to 72 years in 2020. World Health Organization [WHO],
(2019). This population aging comes with health consequences.
Numerous age-related diseases, such as cancer, immune system
disorders, musculoskeletal disorders, and neurological diseases, are
driven by aging. Li et al. (2021) Of particular note within the domain
of musculoskeletal disorders associated with aging are sarcopenia
and osteoarthritis (OA). Grote et al. (2019).

Muscular mass and strength drop over time as people get older,
but sarcopenic people have been shown to experience an accelerated
decline in muscular function. Grote et al. (2019) Sarcopenia is age-
related loss of skeletal muscle mass plus loss of muscle strength and/
or reduced physical performance. Bahat et al. (2016); Chen et al.
(2020) Meta-analyses conducted by Peterman-Rocha et al. have
indicated a prevalence range of sarcopenia spanning from 10% to
27% among individuals aged 60 years or older. Petermann-Rocha
et al. (2022) Sarcopenia’s muscle wasting can be an inflammation-
driven condition. In normal conditions, environmental stressors like
physical activity and protein consumption have an impact on the
harmony between the production and degradation of proteins.

The use of probiotic supplements for older adults with a variety of
medical illnesses is still being researched, with neuropsychiatric
conditions like dementia, mood disorders, and autism spectrum
disorder making up the majority of the conditions. Sandhu et al.
(2017); Rudzki et al. (2019); Handajani et al. (2020); Handajani et al.
(2023) All of them were predicated on the theory that the
microbiome-gut-brain axis could influence brain physiology.
Additionally, the host’s physiology, endocrinology, and immune
system are significantly influenced by the gut bacteria. Sharon
et al. (2016); Sandhu et al. (2017) The age of the host has an
impact on the variety of the microbiota, and these changes may
have an impact on how quickly people age and develop diseases.
Salazar et al. (2014). In a study by Liu et al., sarcopenia in older
persons was significantly correlated with the diversity of specific
bacteria. Liu et al. (2021) Furthermore, it is hypothesized that
in part, by
inflammation. Under ordinary circumstances, the ratio of protein

sarcopenia’s muscle wasting may be driven,
production to breakdown is adjusted in response to external stimuli
like exercise and protein from the diet intake playing essential roles.
An intriguing hypothesis posits that probiotics may mitigate muscle
wasting by potentially reducing gut permeability. Such modulation is
believed to contribute to muscle deterioration associated with
sarcopenia van Krimpen et al. (2021).

The article aimed to systematically explore the utilization of
probiotic supplementation effects on sarcopenic indices in older persons.

Methods

This systematic review was performed based on Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines (CRD42023466881).
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Inclusion criteria

Randomized controlled trials (RCTs) that investigate the utilization
of probiotics or probiotic-containing products in older adults with
sarcopenic indices including muscle mass and strength as outcome
measures. Studies other than RCTs were excluded from this review.
Comparators in these studies could be placebo or standard treatment.

Search methodology

We utilized three databases, including PubMed, EBSCO, and
Proquest, in addition to a manual search of reference lists of relevant
research or reviews. The search covered the synonyms and variations
for ‘probiotic,’ ‘sarcopenia,” and ‘older adults’ using medical subject
headings (MeSH) and free text terms (Supplementary File S1) with
English or Indonesian language and no year of publication restriction.

Data selection, collection, and extraction

We used Zotero as our reference manager. Following the collection
of the identified studies, duplicates were eliminated, and titles and
abstracts were used to assess the studies for eligibility. Two co-authors
(AH and GH) worked independently on this process. After the initial
screening, all studies that might be relevant will go through a full-text
evaluation independently. If there are any disagreements during the
selection and quality evaluation processes, the remaining co-authors
(YSH and YT) will discuss them. Following full-text evaluation, studies
that met the requirements were extracted for synthesis and summary of
the results by working together (AH and GH). Data were confirmed by
other co-authors (YSH and YT). Author, year, country, population
characteristics included in the study, allocations, total samples,
intervention, and comparator (types and quantities of probiotic),
duration of study, outcome measure, outcomes at the end of study
(muscle mass and strength), and general findings were all collected from
the study.

Quality assessment

We used RoB2 to assess the quality of RCT studies that
we included.

Data analysis and synthesis

We did both qualitative and quantitative synthesis. In qualitative
synthesis, we present the summary of included studies, elaboration of
these studies, and discuss the possible benefits of probiotic
supplementation, in addition to providing an elaboration of possible
mechanisms based on existing evidence. Probiotics’ impact on lean
muscle mass and strength was measured in a meta-analysis using a
model with random effect. I” was used to present heterogeneity and treat
it qualitatively. In order to assess publication bias, Egger’s test was
applied, and then fill and trim analysis was used to correct it. Relevant
data will be combined and calculated using statistical software
Comprehensive Meta-Analysis version 3.
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FIGURE 1
PRISMA flow diagram

Results
Study characteristics

We initially found 1,111 studies by searching through
databases and conducting manual searches (Figure 1). After
removing 166 duplicates, we screened 945 studies, leading to
22 studies for a thorough examination of their full text.
Ultimately, we decided to include 7 studies in this review. Some
studies were excluded due to the absence of pertinent data and
because they involved younger populations. Figure 2 displays the
evaluation of the risks of bias.
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In these 7 studies, there were a total of 733 pooled participants,
with quite heterogenous populations (Table 1). Three studies used a
mixture of multistrain probiotics, while the other 4 used single-
strain probiotics with follow-up ranging from 8 weeks to 12 months.

Probiotics on muscle mass

The probiotic group displayed a significant increase in muscle
mass in contrast to the control group, with a standardized mean
difference (SMD) of 0.684 (95% confidence interval: 0.002 to 1.366,
p =0.049) (Figure 3). However, there was a significant heterogeneity
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FIGURE 2
Risk of bias assessment using RoB2.

(I2 = 89.5%, p < 0.01) in these results. Additionally, there was proof
of a major bias in publications (Egger’s p = 0.03) in this outcome. To
address this, we performed a trim-and-fill analysis, which provided
an adjusted SMD value of 0.962 (95% CI: 0.288-1.635) (Figure 4).

Probiotics on muscle strength

There was a significant improvement in muscle strength in the
probiotic group in contrast to the control group, as mentioned by an

Frontiers in Aging

SDM of 1.037 (95% confidence interval: 0.077 to 1.996, p = 0.03)
(Figure 5). Nevertheless, there was a significantly high heterogeneity
in these findings (I12 = 89.9%, p < 0.01). It is crucial to remember that
there was no proof of publication bias (Egger’s p = 0.38).

Discussions

Recent research suggested that probiotic supplementation
may have some benefits for muscle strength and mass,
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TABLE 1 Characteristics of included studies.

Author,
year

Country

Included
population

Allocation

Intervention

Control

Intervention

Control

Outcome
measure

Duration
of study

General findings

Chaiyasut, et al. Thailand Healthy older 24 24 Mixture of probiotics (2.0 x 10 g of corn starch in similar | Muscle Mass (%) 12 weeks The intervention improved
(2022) adults 1010 CFU of L. paracasei HII01; package of probiotics obesity-related anthropometric
2.0 x 1010 CFU of B. breve; 1.0 x biomarkers (body fat %, visceral fat
1010 CFU of B. longum) %, muscle %, arm, waist, and hip
(Lactomason Co., Ltd., Jinju-si, South circumference), short-chain fatty
Korea) acids, and intestinal barrier
function. HDL-C was increased in
intervention groups. Adverse event
was not reported
Karim et al. UAE Older adults 48 44 Mixture of probiotics (B. longum Inactive agent ASM (kg) 12 weeks Probiotics intervention improved
(2022) with CHF DSM 24736, B. breve DSM 24732, HGS (kg) HGS, gait speed, and plasma Dkk-
DSM 24737, lactobacilli DSM 24735, 1. No significant difference in
DSM 24730, DSM 24733, L. ASM, fat mass%, BMI, and ASMI
delbrueckii subsp. bulgaricus DSM was observed. Adverse event was
24734, and S. thermophilus DSM not reported
24731) (11.2 x 10" CFU)
(Vivomixx” 112)
Lee et al. (2021) Taiwan Older adults with 36 19 L. plantarum isolated from The composition was similar | Muscle Mass (kg) 18 weeks Intervention increase muscle mass,
frailty Taiwanese pickled cabbage cultivated = to TWKI10 capsules, but HGS (kg) HGS, lower limb muscle strength,
(TWK10) (Synbio Tech Inc., TWKI10 was not added gait speed, and balance, especially
Kaohsiung, Taiwan). TWK-10-H in TWK10-H group. Adverse event
(high-dose group) = 6 x 10'° CFU/ was not reported
day TWK10-L (low-dose group) =
2 x 10" CFU/day
Inoue et al. Japan Healthy older 20 19 Mixture of B. longum BB536, B. Placebo (dextrin with water) LBM (kg) 12 weeks There were significant decrease of
(2018) adults infantis M-63, B. breve M-16 V, and | with resistance training body composition (body mass,
B. breve B-3 (1.25 x 10" CFU each) = programme BMI, and fat %) within probiotic
(Morinaga Milk Industry Co., Ltd., group, however, changes in body
Kanagawa, Japan) with resistance composition between the groups
training programme were not significant. There was no
adverse events among participants
Nilsson et al. Sweden Post menopausal 32 36 L. reuteri 6,475 (1 x 1010 CFU) with =~ Maltodextrin powder LBM (kg) 12 months There was no significant difference
(2018a) older adults maltodextrin (BioGaia AB, in total lean mass between groups.
Stockholm, Sweden) Adverse events were reported in
80% and 87% participants of
probiotic and placebo groups,
respectively. The most common
adverse events was gastrointestinal
disorder such as change of bowel
habit, flatulence, and nausea and
vomiting
Rondanelli Italy Older adults with 22 28 Formulated product: probiotic L. ALM (g) 8 weeks ALM and HGS improved and
et al. (2022) sarcopenia paracasei PS23 (3 x 10" CFU), HGS (kg) visceral fat decreased significantly

(Continued on following page)
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TABLE 1 (Continued) Characteristics of included studies.

General findings
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in the intervention group

compared to placebo. Body weight,

BMI, and waist circumference
increased in intervention

group. There was no intervention-
related adverse events among

participants

There significant improvement in

HGS among intervention group in
early phase (2-5 months) of the

study, however, no difference was

observed in the end (6 months) of
the study. Adverse event was not

reported
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particularly for old persons. However, these studies pose some
concerns, primarily due to the differences in the included
population. Although only older adults were included, some
studies used older adults with already existing sarcopenia or
frailty, the others used patients with CHF (chronic heart failure),
postmenopausal women, and patients with fractures. Lei et al.
(2016); Nilsson et al. (2018a); Lee et al. (2021); Karim et al.
(2022); Rondanelli et al. (2022) The effects of probiotics on each
of these conditions were unknown to the overall muscle mass and
strength. Most of these studies had positive outcomes, although
some were not significant. In our study, three out of six studies
that measure muscle mass used bioelectrical impedance analysis,
while the other three used dual-energy x-ray absorptiometry,
however, the brands were different and the technologies may
vary. Four studies that measure muscle strength, all used a hand
dynamometer to measure handgrip strength. Lean body mass or
muscle mass can be measured by different modalities, such as
dual energy x-ray absorptiometry, computed tomography,
magnetic resonance imaging, and bioelectrical impedance
analysis. Tosato et al. (2017); Buckinx et al. (2018) There are
no currently available techniques that serve all requirements for
muscle mass measurement, each has its advantages and
disadvantages. Buckinx et al. (2018) The results between
measurements might differ and affect the overall results. This
also applies to muscle strength which can be measured using
manual muscle testing, field tests, hand-held dynamometry, and
handgrip dynamometry. However, according to AWGSOP/
EWGSOP, for standardized measurement, muscle mass should
be measured using dual-energy x-ray absorptiometry or
bioelectrical impedance analysis while muscle strength uses
handgrip strength Bahat et al. (2016); Chen et al. (2020).
Chaiyasut et al. also found improved intestinal barrier function
by up to 48%, obesity-related anthropometric biomarkers (hip and
waist circumference, muscle, body fat, and BMI), and short-chain
fatty acids after supplementation with multistrain probiotics
containing L. paracasei HIIOL, B. breve, B. longum in healthy
elderly people Chaiyasut et al. (2022). Levels of HDL-C increased
significantly, but no significant changes to TC, hsCRP, LDL-C, and
TG were observed. Lee et al. used L. plantarum TWKI10 and found
significant improvement in muscle strength and mass, balance, and
walking speed in older adults with frailty, especially in the high-dose
group with 6 x 10" CFU/day Lee et al. (2021). No significant
improvement in bone mineral density was observed. Probiotic
supplementation was added to the training program of healthy
elderly people with normal BMI in Inuoe et al.’s study, which led
to a significant decrease in body weight, BMI, and fat percentage, but
no difference in lean body mass Inoue et al. (2018). Some studies
have found that supplementation of probiotics might have body fat-
decreasing impacts. Kondo et al. showed that B. breve B-3 prevented
mice fed a diet high in fat from gaining weight or accumulating fat
Kondo et al. (2010). This probiotic might also affect the regulation of
gene expression responsible for lipid metabolism Kondo et al.
(2013). The L. reuteri 6,475 supplementations in postmenopausal
women significantly reduced bone loss in Nilsson et al., however,
there was no difference in total lean mass or inflammatory markers
(N-terminal telopeptide, ALP, CRP, and TNF-a) between both
groups. Nilsson et al. (2018a) In in vivo studies, L. reuteri
6,475 could interfere with TNF-a-mediated inflammation,
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Comparison of Muscle Mass Between Probiotic and Control Group

Study name Outcome Statistics for each study
std diff  Standard Lower Upper
inmeans error  Variance limit limit
Chaiyasut, et al., 2022 Muscle Mass 3,950 0,496 0,246 2,978 4,922
Karim, et al., 2022 Muscle Mass 0,152 0,209 0,044 -0258 0,561
Lee (A), etal., 2021  Muscle Mass 0,212 0,330 0109 -0,434 0,859
Lee (B), et al., 2021 Muscle Mass 0,165 0,329 0,109 -0,481 0,811
Inoue, et al., 2018 Muscle Mass 0,044 0,320 0,103 -0,584 0,672
Nilsson, etal., 2018  Muscle Mass 0,101 0,243 0,059 -0,375 0,578
Rondanell, et al., 2022 Muscle Mass 0,701 0,293 0,086 0,126 1,276
0,684 0,348 0121 0,002 1,366

FIGURE 3
Meta-analysis of probiotic supplementation in muscle mass.

Std diff in means and 95%Cl
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FIGURE 4
Funnel plot of muscle mass outcome.

however, it did not show significant changes in body compositions.
Komaroff, (2017); Nilsson et al. (2018b) Rondanelli et al. is the only
study that investigated the effects of probiotic L. paracasei PS23 for
sarcopenia in older adults. Lean mass of the appendices and strength
of grip was significantly increased in the group that consumed
probiotics compared to placebo, with decreased visceral adiposity.
Rondanelli et al. (2022) Amino acids including valine, leucine, and
all
Administration of probiotics (L. paracasei LPC-SO1 and L.

isoleucine, and combined also increased significantly.

paracasei LP-DG) might also improve amino acids absorption,
therefore probiotic supplementation should be combined with

acids. Jdger et (2020) have
demonstrated that leucine might help alter muscular protein

amino al. Several studies

turnover by enhancing production and reducing proteolysis.
Balage and Dardevet, (2010); Dai et al. (2021) Intake of 3 g

Frontiers in Aging 07

leucine combined with 25-30 protein was found to be beneficial
to prevent loss of lean mass in older adults. Kim et al. (2012) Lei et al.
study that investigated probiotics on older adults with distal radius
fracture found the acceleration of the healing process, leading to
faster handgrip strength recovery compared to placebo. Muscle
strength improved faster in the early 1-5months, however, both
groups ended up with no difference in strength after 6 months of
follow-up. Lei et al. (2016) Mutistrain probiotics investigated by
Karim et al. in CHF patients also showed favorable effects of
probiotics on handgrip strength, gait speed, and Wnt family
protein (Dkk-1, Dkk-3, and SREBP1). Karim et al. (2022) Wnt
signaling plays an essential role in myogenesis, muscle repair, and
stem cell regeneration. Arthur and Cooley, (2012).

In this study, probiotic administration led to a considerable increase

in muscle mass. Multiple animal studies have shown that
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Comparison of Muscle Strength Between Probiotic and Control Group

Study name Outcome Statistics for each study
Std diff  Standard Lower Upper
in means error  Variance  limit limit
Karim, et al., 2022 Muscle Strength 1,016 0,222 0,049 0582 1,451
Lee (A), etal., 2021  Muscle Strength 0,459 0,333 0111 -0,194 1,112
Lee (B), et al., 2021 Muscle Strength 0,045 0,329 0,108 -0,599 0,690
Rondanelli, et al., 2022 Muscle Strength 2,701 0,393 0,154 1,932 3,471
1,037 0,490 0,240 0,077 1,996

FIGURE 5
Meta-analysis of probiotic supplementation in muscle strength.

supplementation with probiotics affects muscle mass by enhancing
muscle weight, muscle fiber size, and the size of the tibialis muscle.
Bindels et al. (2012); Sugimura et al. (2022) Some studies have tried to
explain the mechanism of this finding. Muscle mass is maintained by
the balance between its synthesis and degradation. Muscle synthesis
involving insulin-like growth factor (IGF-1), Akt/Protein Kinase
B-mTOR pathway promotes ribosomal biogenesis and translation to
form new myofibril protein. Barclay et al. (2019) Insulin resistance and
diminished response to the mTOR pathway can be found in sarcopenia.
The gut microbiome in this case was linked to increased expression of
IGF-1 by increasing the production of tryptophan (Trp). It was also
bound to upregulate mTOR/eif4/p70s6k pathway molecules in muscle
samples. Dulkes et al. (2015) Another study by Lahiri, et al. comparing
germ-free mice with mice that had gut microbiota found that germ-free
mice had reduced expression of IGF. Lahiri et al. (2019); Nay et al.
(2019) In vivo and in vitro settings have also demonstrated that short-
chain fatty acids (SCFA) produced by gut microbiota affect the
preservation of skeletal muscle mass, increasing GLUT4 expression,
insulin sensitivity, and blood circulation. Haran et al. (2012); Frampton
et al. (2020); de Marco Castro et al. (2021) Gut microbiota was found to
counteract anabolic resistance by reducing low-grade inflammation
from the intestines and improving food digestion that contains proteins,
thus favoring muscle protein synthesis. Haran et al. (2012); de Marco
Castro et al. (2021) Muscle atrophy involves several pathways such
as the ubiquitin-proteasome system (UPS) which involves
Atrogin-1/MAFbx and MuRF1. Sartori et al. (2021) It was
found that germ-free mice had increased expression of
Atrogin-1 and Murf-1 which encode E3 ubiquitin ligase
involved in muscle atrophy. Lahiri et al. (2019) Muscle
the
autophagy-lysosome system and FoxOs-astrogenes. Sartori

catabolism also includes another system such as

et al. (2021) SCFA which is produced by gut microbiome
increases the production of AMPK and PGCla which

regulates this FoxO et (2020)
Inflammation increases muscle atrophy. SCFA was also

activity. Frampton al.
demonstrated to affect the breakdown of fat, carbohydrates,
and protein in skeletal muscle tissue, maintaining oxidative
phenotype, and thus was shown to prevent muscle atrophy and
increase muscle strength. Frampton et al. (2020) Detailed
pathways of molecular mechanisms in which gut microbiome
affects muscle mass can be seen in Figure 6.
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Std diff in means and 95%Cl

Z-Value p-Value

4583 0,000 L =
1,378 0,168
0138 0,890
6,880 0,000
2118 0,034
4,00 2,00 0,00 2,00 400

Favours Control Favours Probiotic

Our study brought to light the substantial impact of probiotic
supplementation on the improvement of muscle strength. This
was in concordance with previous studies in which probiotics
were found to increase muscle strength. Buigues et al. (2016)
Animal study also revealed similar results, it increased grip
strength in rats compared with age-matched controls. Ni et al.
(2019) Several studies reviewed by Lustgarten et al. showed an
increase in muscle strength and endurance exercise capacity
(2019)
and  Barnesiella

compared to germ-free control. Lustgarten,

Prevotellaceae,  Prevotella,  Barnesiella,
intestinihominis were found to be conjunct with higher muscle
strength. Barnesiella and Prevotellaceae, specifically, were
learned to contain genes that produce acetate, propionate, and
butyrate. These SCFAs were able to increase Nuclear factor
erythroid 2-related factor 2 (Nrf2), a regulator of cellular
antioxidant defenses, and also bound G-protein coupled
receptor (GPR) 41 or GPR43 intracellularly, which in turn
activated several pathways including the release of
Ca’*;  ERK1/2; inhibition of cAMP
accumulation, thus had an effect in increase of skeletal muscle
function. Otten et al. (2023) Different ratios of SCFAs influenced

higher glucose uptake in C2C12 myotubes, which increased

intracellular and

skeletal muscle glucose uptake. Otten et al. (2023) Germ-free
mice were also found to have reduced genes encoding Rapsyn and
Lrp4 which are essential for neuromuscular junction assembly.
Lahiri et al. (2019).

The strength of our study lies in its depth and thorough
exploration of the probiotics utilization that may influence
risk/status.  This comprehensive
understanding of this novel topic. This review is the first to

sarcopenia demonstrates a
evaluate the utilization of probiotics on sarcopenic indices in older
adults. We also highlighted the issues related to the heterogeneity of
study populations in the literature showing a keen awareness of
potential biases. This critical evaluation demonstrates a thoughtful
consideration of the available evidence. While we have rightly
identified the heterogeneity in study populations as a point of
consideration, it also serves as a limitation. The heterogeneity may
introduce confounding variables, making it challenging to draw
generalizable conclusions from the combined findings. This
limitation should be acknowledged, especially if extrapolating
findings to specific demographic groups or clinical conditions.
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FIGURE 6
Mechanism of gut microbiome affecting muscle mass.

Conclusion

Probiotic supplementation in older adults may provide benefits
on sarcopenic indices, such as muscle mass and strength.
Considering the potential benefits and the no serious adverse
events reported, probiotics could be suggested especially for older
adults. However, further studies should be done with larger samples
and targeted populations that might benefit from intervention.
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