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Abstract

Sarcopenia is a degenerative skeletal muscle condition associ-
ated with aging, resulting in muscle mass and function decline. It 
has been connected to inflammation, oxidative stress, insulin resis-
tance, hormonal changes, and impaired muscle satellite cell activa-
tion. The gut microbiome is crucial for muscle health, and supple-
ments like probiotics, prebiotics, protein, creatine, and beta-alanine 
can aid muscle growth and function while supporting gut health. 
Chronic low-grade inflammation is a primary cause of sarcopenia, 
activating pathways leading to muscle wasting and reduced protein 
synthesis. Insulin resistance, hormonal changes, impaired muscle 
satellite cell activation, and high fat mass levels also contribute to 
sarcopenia development. Resistance exercise and dietary supple-
ments have proven effective in treating sarcopenia. Furthermore, a 
combination of resistance exercise and supplementation has shown 
to have a more significant positive impact on anthropometric and 
muscle function parameters, reducing the sarcopenic state. There-
fore, understanding the gut microbiome’s role in muscle metabo-
lism is essential for developing new sarcopenia treatments for all 
age groups.
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Introduction

Sarcopenia is a multifaceted age-related condition influenced 
by various mechanisms that result in decreased muscle strength 
and function due to impaired muscle synthesis and increased 
muscle catabolism [1]. These mechanisms include inflamma-
tion, oxidative stress, insulin resistance, hormonal changes, 
and inhibited activation of muscle satellite cells, among others, 
which are considered pivotal factors in the development and 
progression of sarcopenia [2,3]. Nutritional status plays a sig-
nificant role in maintaining muscle structure and metabolism in 
individuals with sarcopenia, as chronic inflammation has been 
associated with both muscle dysfunction and gut metabolism 
[4]. Certain supplements, such as omega-3 fatty acids, have 
been shown to reduce systemic inflammatory markers and 
support gut and muscle health. The structure of the gut and 
changes in microbiota are closely linked to human health and 
disease as individuals age. Nutritional supplements containing 
essential nutrients can play a crucial role in promoting gut and 
muscle health [5-8]. For instance, probiotics and prebiotics can 
help maintain a healthy gut microbiome by fostering the growth 
of beneficial gut bacteria and enhancing gut microbial diversi-
ty [9]. Moreover, specific nutrients like protein, creatine, and 
beta-alanine have demonstrated benefits in supporting muscle 
growth and function. Furthermore, a recent study indicated that 

supplementing to restore gut balance in critically ill patients can 
lead to a shorter stay in the Intensive Care Unit (ICU), reduced 
muscle protein breakdown, and decreased complications from 
infections [10]. m,kij78y6Furthermore, a recent systematic 
analysis indicated that the gut microbiota could have a notable 
impact on muscle balance through the gut-muscle connection. 
Consequently, comprehending the correlation between gut mi-
crobiota and muscle function is crucial for the advancement of 
novel therapies for conditions like sarcopenia, particularly in 
different age groups [11].

Methods

We conducted a review by searching the Google Scholar, 
PubMed, and Directory Open access Journal databases for rel-
evant information using keywords such as Nutrients, muscle 
mass, Nutrition, nutrient supplements, sarcopenia, microbiota, 
muscle strength, Insulin, Insulin resistance, vitamins, micronu-
trients, vitamins supplements, to identify primary comparative 
studies on treatment and management options for sarcopenia. 
The quality and strength levels of the results were considered 
and when available meta-analyses and systematic reviews, 
large epidemiological studies and randomized control trials rep-
resented the main source of data.
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Results

Sarcopenia

Sarcopenia, a prevalent condition among the elderly, is a pro-
gressive disorder characterized by the loss of muscle mass and 
function. This condition is associated with various negative out-
comes, including an increased risk of falls, functional decline, 
frailty, and mortality in older populations [12]. The European 
Working Group on Sarcopenia in Older People (EWGSOP) has 
established specific criteria for diagnosing sarcopenia, which 
involves assessing muscle mass, muscle strength, and physical 
performance using various measurement techniques [13-15]. 
Chronic low-grade inflammation has been identified as a poten-
tial mechanism contributing to muscle wasting in sarcopenia, as 
it can activate signaling pathways that lead to muscle degrada-
tion and reduce muscle protein synthesis [15]. Additionally, oxi-
dative stress and insulin resistance have also been implicated in 
the development of sarcopenia, as they can disrupt the balance 
between muscle protein synthesis and degradation. Hormonal 
changes, such as decreased testosterone levels in men and de-
creased estrogen levels in women, may further contribute to 
sarcopenia by reducing muscle protein synthesis and increasing 
muscle protein degradation. Furthermore, the impaired activa-
tion of muscle satellite cells with aging can lead to decreased 
muscle repair and increased muscle wasting [3,12]. Body com-
position, specifically the presence of excess fat mass, has also 
been linked to sarcopenia, as studies have shown that increased 
fat mass is associated with decreased muscle mass and strength 
in older adults. This inverse relationship between fat mass and 
muscle mass may partially explain the pathogenesis of sarcope-
nia [16,17] (Figure 1 & 2).

Moreover, elevated levels of fat mass have been demon-
strated to hinder insulin sensitivity, resulting in chronic low-
grade inflammation, which can further contribute to the onset 
of sarcopenia [16,17]. Furthermore, fat mass has been proven 
to negatively impact muscle function by disrupting the mechan-
ical signaling pathways necessary for muscle growth and main-
tenance. This disruption can lead to reduced muscle mass and 
strength, ultimately leading to the development of sarcopenia 

[16,17]. In terms of cellular changes, the age-related decline in 
skeletal muscle mass that may lead to sarcopenia is attributed 
to a reduction in myofiber size and number, affecting both fast 
and slow type myofibers, although the loss of fast myofibers 
(glycolytic metabolism) typically begins earlier [18]. Addition-
ally, the function of the nervous system, which plays a crucial 
role in muscle strength, deteriorates with age due to the loss 
of motoneurons, axonal demyelination, and the retraction of 
nerve terminals from neuromuscular junctions [1,2]. An addi-
tional significant factor contributing to sarcopenia is the ana-
bolic resistance of older skeletal muscle to protein nutrition, 
which can be improved through resistance exercise and dietary 
supplementation [19,20] The exploration of therapeutic strate-
gies to mitigate the effects of sarcopenia is imperative. In this 
regard, non-pharmacological interventions such as nutritional 
supplementation with or without resistance exercise have been 
shown to mitigate age-related alterations in muscle structure. 
A recent systematic review indicated that strength-resistance 
training, either alone or in combination with aerobic exercise, 
has significantly positive effects on anthropometric and muscle 
function parameters, resulting in a reduction in sarcopenic con-
ditions [21,22].

Nevertheless, the correlation between a regular physical 
exercise routine and supplementation is considered a more ef-
fective approach due to the significant role that nutrition plays 
in muscle maintenance. A randomized controlled trial was con-
ducted to examine the impact of supplementation, specifically 
32.4 g of whey protein, compared to a control group over a peri-
od of 12 weeks. The trial involved 115 male and female subjects 
over the age of 60 who also followed a 30-minute home-based 
resistance exercise program. The results indicated that the 
group receiving whey protein supplementation experienced a 
notable increase in grip strength, gait speed, and the time taken 
to complete chair stands [23].

Furthermore, a study explored the effects of a supplement 
containing minerals, Silybum marianum, and yeast β-glucan de-
rived from non-dairy bacteria. This supplement, which exhib-
ited prebiotic properties, was administered to sedentary mice 
following a nonfat diet. The findings revealed an increase in 
lean mass among the mice [24].

In the context of sarcopenia, another study investigated 112 
subjects with sarcopenia who received nutritional supplemen-
tation for 12 weeks. The supplementation consisted of 10g of 
whey protein and 800 IU of Vitamin D3, either with or without a 
resistance exercise program. The study compared these groups 
to an exercise-only group and a control group. The authors con-
cluded that the combination of exercise and whey protein sup-
plementation significantly improved appendicular muscle mass 
in sarcopenic adults [7].

Studies focusing on the impact of nutrition have demonstrat-
ed that a higher intake of minerals, such as calcium, is associ-
ated with the regulation of signaling pathways for muscle fibers 
[25]. A cross-sectional analysis involving 396,283 participants 
from the United Kingdom revealed that a higher intake of both 
calcium and magnesium was linked to a reduced likelihood of 
sarcopenia [26]. Additionally, a study conducted on 1339 older 
Korean adults found a positive correlation between daily cal-
cium intake and appendicular skeletal muscle mass [27]. 

The data indicates that nutritional intervention could have 
a significant impact on age-related muscle changes and patho-
logical changes associated with sarcopenia. Nevertheless, com-

Figure 1: Sarcopenia.

Figure 2: The role of Nutrition on the treatment of Sarcopenia.
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prehending the physiological alterations in gut microbiota and 
its metabolism is crucial for effectively supplementing the diets 
of elderly individuals.

The Relationship between Gut Microbiota and Muscle

Although the surface area of gut villi decreases with age, 
bacterial cells within the gut do not undergo aging. However, 
as individuals age, they may encounter comorbidities linked 
to the metabolism of gut microbiota [28-30]. This occurrence 
could be associated with dietary habits since aging often co-
incides with a decrease in the consumption of fiber-rich foods 
and an elevated risk of malnutrition. Moreover, a reduced in-
take of fiber can result in a decline in the diversity of core mi-
crobiota, which could have adverse effects on gut health. Core 
microbiota refers to the taxa that are present in the majority 
of individuals in significant proportions, such as Bacteroidetes 
and Firmicutes in adults. Nevertheless, an improper diet might 
disrupt the balance of gut microbiota, leading to compromised 
nutrient absorption and the production of harmful bacterial 
byproducts, potentially contributing to the development of 
various diseases like sarcopenia [31-34]. The Gut-Muscle Axis 
theory suggests that micronutrients and metabolites derived 
from gut microbiota can influence muscle metabolism [11,35]. 
Recent studies have indicated that modifying this axis through 
interventions like supplementation could potentially reverse 
the effects of sarcopenia [36]. For instance, research on aged 
mice demonstrated that supplements containing Lactobacillus 
and Bifidobacterium notably improved muscle mass, strength, 
and endurance [37]. Furthermore, a clinical trial revealed that 
older individuals could benefit from the Gut-Muscle Axis path-
ways by consuming a prebiotic formulation comprising inulin 
and fructooligosaccharides. Therefore, exploring the impact of 
nutritional supplementation on the Gut-Muscle Axis could pres-
ent a promising approach to delaying age-related muscle wast-
ing and dysfunction [38,39].

The influence of Nutritional Supplements on Gut-Muscle 
Axis

The gut microbiome has a significant impact on the gut-
muscle axis. In cases where there is a lack of microbiota ho-
meostasis, harmful bacterial metabolites such as indoxyl sulfate 
and lipopolysaccharide can lead to bacterial depletion [11]. 
This depletion triggers a series of molecular pathways involving 
phosphoinositide-3-kinase/protein kinase B (PI3K/AKT), nuclear 
factor kappa B (NF-κB), and mitogen-activated protein kinases, 
ultimately resulting in muscle atrophy [40-46]. Furthermore, 
the upregulation of genes encoding E3 ubiquitin ligases Atro-
gin-1/MAFbx and Muscle RING Finger-1 (MuRF-1), as well as 
inflammatory cytokines, is observed. Activation of adenosine-
5′-monophosphate–Activated Protein Kinase (AMPK), Forkhead 
box O3 (FoxO3), Atrogin-1/MuRF1 cascade (AMPK–FoxO3–
Atrogin-1/MuRF1), and Branched-Chain Amino Acids (BCAA) 
catabolism is also noted in cases of bacteria depletion [11]. 
These activations can lead to reduced expressions of Insulin-like 
Growth Factor 1 (IGF1), myogenin, and myoblast determination 
protein 1, along with an increase in myostatin expression. Col-
lectively, these pathways have a detrimental impact on the neu-
romuscular junction and mitochondrial metabolism, ultimately 
resulting in decreased muscle mass [40-46].

In this particular situation, the addition of probiotic bacte-
ria has the potential to enhance both gut and muscle health. 
Consequently, several probiotic strains are commonly utilized in 
supplementary therapy [47,48]. These include:

−	 Lactobacillus acidophilus, which is known for its ability 
to improve gut health and boost the immune system. 

−	 Another strain, Bifidobacterium bifidum, naturally re-
sides in the gut and aids in improving digestive function and 
regulating the immune system. 

−	 Lactobacillus rhamnosus, on the other hand, has been 
proven to reduce inflammation, promote gut health, and facili-
tate muscle recovery following exercise. 

−	 Additionally, Streptococcus thermophilus has demon-
strated its effectiveness in improving gut health and modulating 
the immune system.

When it comes to nutritional supplementation, scientific 
literature indicates a strong correlation between certain nutri-
ents and minerals and the maintenance of the gut-muscle axis 
[6,47,48]. Consequently, the most crucial nutrients and miner-
als for this axis are protein and vitamin D. 

−	 Adequate protein intake is vital for muscle growth and 
recovery, while 

−	 Vitamin D plays a significant role in muscle function 
and also aids in modulating the immune system.

−	 Magnesium is a vital nutrient for muscle function and 
has the potential to reduce systemic inflammation. 

−	 Omega-3 fatty acids, on the other hand, are essential 
fatty acids that play a role in maintaining the health of both the 
gut and muscles. They have been proven to enhance gut mi-
crobiota diversity, support gut barrier function, improve muscle 
function, and reduce muscle wasting. 

−	 Prebiotics, which are indigestible fiber compounds, act 
as nourishment for beneficial gut bacteria. By consuming prebi-
otics, one can promote the growth of these beneficial bacteria 
and improve gut health, ultimately supporting muscle health. 
These components have demonstrated the ability to suppress 
glucocorticoid receptor and excessive AMPK activation, de-
crease inflammatory levels, repair mitochondria and neuromus-
cular junctions, and increase the expression of muscle growth-
related genes such as IGF1, myogenin, and salt inducible kinase 
1 [39,45,49,50].

They also synergistically modulate the PPAR coactivator 1α 
(Pgc-1α), which is involved in mitochondrial biogenesis, when 
combined with yeast β-glucan, prebiotics, minerals, and Sily-
bum marianum. In conclusion, a well-balanced and diverse diet 
that includes sufficient amounts of nutrients, minerals, and 
probiotics can enhance both gut and muscle health and regu-
late the gut-muscle axis. However, further research and clini-
cal studies with different nutritional compositions and dosages 
are necessary to effectively modulate the Gut-Muscle Axis and 
prevent severe sarcopenic cases in the elderly population [51].

Conclusion

This review highlights the significance of nutritional supple-
mentation in maintaining muscle homeostasis through the Gut-
Muscle Axis. It emphasizes the need to investigate the impact of 
nutritional supplements on this axis across different age groups 
for various reasons. Firstly, as individuals age, there is a decline 
in both gut and muscle health, which can greatly affect overall 
well-being. Therefore, it is crucial to understand how nutritional 
supplements can modulate the gut-muscle axis in older adults 
to develop effective interventions that enhance gut and muscle 
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integrity in this population. Secondly, the gut microbiome un-
dergoes complex changes throughout life, and these changes 
can significantly impact gut and muscle health. Therefore, it is 
important to study the effects of nutritional supplements on the 
gut microbiome at different ages to develop targeted interven-
tions that improve gut and muscle health. Thirdly, the efficacy 
of nutritional supplements can vary depending on age, as well 
as other factors such as health status and lifestyle. For instance, 
older adults may require higher doses of certain nutrients com-
pared to younger adults, and the effects of certain nutrients 
may differ between these age groups. Investigating the role of 
nutritional supplements on the gut-muscle axis across age is 
essential for understanding these differences and developing 
interventions that effectively enhance gut and muscle health 
in older adults. Lastly, the gut-muscle axis is a complex system 
influenced by various factors including diet, exercise, and the 
composition of the gut microbiome. Therefore, comprehend-
ing the role of nutritional supplements in modulating this axis 
across different age groups is crucial for developing comprehen-
sive and effective interventions that improve gut and muscle 
health. Hence, additional research is required to clarify the im-
pact of various supplements, prebiotics, and probiotics, as well 
as the dosage effect, on the severity of sarcopenia. This necessi-
tates conducting experimental studies utilizing molecular tech-
niques and clinical trials employing standardized cut-off values 
(e.g. EWGSOP) to assess muscle structure and function.
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