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Abstract

Sarcopenia is the progressive loss of skeletal muscle mass, strength, and function, significantly contributing to frailty, disability, and
mortality in aging populations. As life expectancy rises, sarcopenia presents a growing public health challenge, increasing healthcare
costs, and diminishing quality of life. Despite its prevalence, sarcopenia is often underdiagnosed due to limitations in current diagnostic
tools, including the lack of standardized cut-off values and reliance on physical performance tests. The causes of sarcopenia are multifac-
torial, involving oxidative stress, chronic inflammation, mitochondrial dysfunction, satellite cell depletion, and impaired angiogenesis.
Recent research highlights the role of microRNAs (miRs) in regulating these molecular pathways. miRs influence muscle homeostasis
by modulating gene expression related to muscle atrophy, apoptosis, inflammation, and insulin resistance. While non-pharmacological
interventions such as resistance training and blood flow restriction therapy remain the primary treatment strategies, their effectiveness is
often limited in older adults with reduced muscle regenerative capacity. The identification of miRs as biomarkers could enhance early
diagnosis and enable more personalized treatment approaches. However, further research is required to validate their clinical utility
and therapeutic potential. This review comprehensively analyses the molecular mechanisms underlying sarcopenia, current diagnostic
challenges, and emerging miR-based strategies that could transform its management. Future efforts should focus on integrating these
molecular insights into clinical practice to improve early detection and intervention strategies.
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1. Introduction increased risks of hospitalisation, adding further strain on
public healthcare systems [8]. The global healthcare system
incurs $50 billion in costs due to physical inactivity [11].
Thus, understanding its mechanisms, identifying potential
treatment targets, and improving diagnostic capabilities are
imperative. If left unaddressed, the burden of sarcopenia

will continue to grow.

As a result of considerable human advancement, life
expectancy has significantly increased. In the 1900s, the
average life expectancy for men and women was 55 and 58
years, respectively [1]. By 2010, the averages had risen
to 78 and 83 years [2]. Consequently, the population is
shifting towards an aged demographic, with the number
of individuals aged 60 years and over expected to triple
by 2050 from 894 million as estimated in 2010 [3]. This
phenomenon, termed population ageing [3], has unsurpris-
ingly led to an increased incidence of age-related condi-

2. Sarcopenia: The Age-Related Decline of
Skeletal Muscle

Sarcopenia is the progressive loss of skeletal muscle

tions, such as cancer, cardiovascular disease, organ failure,
and sarcopenia [4]. Compared to projections for 2025, by
2060, projections estimate the incidence of diabetes will in-
crease by 39%, hypertension by 27% and dyslipidaemia by
28% for the general population [5]. Regarding sarcopenia,
in 2010, the incidence of sarcopenia was estimated to be
around 50 million individuals, a value expected to rise to
more than 200 million by 2050 [6]. Sarcopenia not only im-
pacts the quality of life, but there is a significant economic
and social burden [7-9]. In the United States alone, the esti-
mated healthcare cost attributed to sarcopenia in 2000 was
$18.5 billion, approximately 1.5% of the total healthcare
expenditure for that year [10]. Furthermore, individuals
with sarcopenia often require nursing home admission, de-
velop physical disabilities and depression, and experience

mass, strength and function with age [12]. Although it does
not directly lead to death, sarcopenia significantly increases
the risk of all-cause mortality [13]. Furthermore, sarcope-
nia is strongly associated with frailty, which increases the
likelihood of falls, disability, hospitalisations, and a re-
duced overall quality of life [13]. Although sarcopenia is
referred to as an age-related disease affecting muscle func-
tion, for decades, the term was generalised to include mus-
cle wasting regardless of muscle function [14].

Due to the inaccuracy of screening tools, many cases
of sarcopenia remain undiagnosed. Diagnoses often rely
on a case-finding approach, where individuals are eval-
uated only after presenting symptoms [6]. This ap-
proach is most suitable in care settings such as hospi-
tals and nursing homes, where sarcopenia prevalence is
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higher [14] and symptoms are more apparent. However,
this method is less effective for the general population,
as it depends on self-reporting, a notoriously unreliable
method for diagnoses. While diagnosing sarcopenia is
relatively straightforward—using measurements of muscle
mass, strength, and performance—a lack of standardised
cut-off points limits its application in clinical practice [14].

Diagnosis typically begins with an evaluation of hand-
grip strength to identify probable sarcopenia. However, this
method does not account for other factors contributing to
reduced muscle strength, such as rheumatoid arthritis [15].
Following the grip strength test, muscle mass is assessed
using techniques such as dual-energy X-ray absorptiometry
(DEXA), computed tomography (CT), magnetic resonance
imaging (MRI), or bioimpedance analysis to estimate lean
mass [14,16].

Although each of these methods has its strengths and
weaknesses, the primary limitation is the absence of a
widely accepted and standardised cut-off point [14]. De-
spite these challenges, a definitive diagnosis can often be
made with muscle mass measurements, though the sever-
ity of sarcopenia cannot always be determined. The fi-
nal diagnostic step is a physical performance test, which
evaluates an individual’s ability to perform daily tasks in-
dependently. Common physical performance assessments
include 400-meter timed walks, gait speed tests, or timed
up-and-go tests. These evaluations are crucial in determin-
ing sarcopenia severity and guiding appropriate interven-
tions [14]. While current diagnostic methods for sarcope-
nia lack standardised parameters, extensive cohort studies,
such as those conducted by the European Working Group
on Sarcopenia in Older People (EWGSOP), have devel-
oped evidence-based cut-off recommendations that should
be widely adopted [17]. However, the criteria for identify-
ing pre-sarcopenia remain unconvincing. For instance, cur-
rent guidelines suggest that individuals are considered pre-
sarcopenic if diagnosed with a reduction in muscle mass.
Ideally, pre-sarcopenia should be diagnosed before the on-
set of muscle loss, highlighting the need for alternative di-
agnostic approaches.

One promising avenue is using biomarkers, which
are already well-established for other diseases, such as
troponins in cardiovascular disease [18]. In sarcopenia,
biomarkers could complement current diagnostic methods
by increasing accuracy and enabling earlier identification
of at-risk individuals [19,20]. Unfortunately, no clinically
validated biomarkers for sarcopenia currently exist. Iden-
tifying such biomarkers could revolutionise the diagnostic
process, allowing for earlier intervention when it is most
effective.

2.1 Treatments for Sarcopenia: Alleviating the Burden

Treating sarcopenia remains challenging due to the
lack of approved pharmacological interventions. Although
various drugs, including growth hormone, testosterone, and

selective androgen receptor modulators, have been tested,
their results have been underwhelming [14,21]. While
bimagrumab, an activin type II receptor antagonist, has
shown promise in phase II clinical trials by significantly
increasing lean muscle mass, no pharmacological treat-
ment has yet been approved [22]. As such, the primary
approach to managing sarcopenia currently lies in non-
pharmacological interventions such as resistance training,
blood flow restriction training (BFRT), suspension-based
resistance training (S-RT) and nutritional supplements.

Resistance training is the most effective intervention
among non-pharmacological strategies, supported by sub-
stantial evidence [11,23]. High-volume resistance training
has increased muscle mass and strength in individuals with
sarcopenia [24,25]. However, its effectiveness diminishes
in older adults due to blunted muscle hypertrophic potential,
emphasising the importance of early diagnosis and inter-
vention [25-27]. In addition to improving muscle mass and
strength, resistance training enhances muscle functional-
ity, as evidenced by improvements in timed up-and-go tests
[28], gait speed [29], and standing balance [29]. Resistance
training combats age-related muscle wasting by stimulating
muscle protein synthesis and inducing metabolic and mor-
phological adaptations with sustained effects lasting for 24
hours [30]. Furthermore, resistance training activates key
molecular pathways implicated in sarcopenia, such as phos-
phatidylinositol 3kinase protein (PI3K)/Akt [31], mitogen-
activated protein kinase (MAPK) [32], mammalian target
of rapamycin (mTOR) [33], and forkhead box O3 (FOXO3)
[33]. It also increases anabolic hormone production, such
as testosterone [34], which activates satellite cells, pro-
motes muscle regeneration, and slows sarcopenia progres-
sion [35].

BFRT is another potential intervention for sarcope-
nia. When combined with nutritional supplementation also
shows promise, though to a lesser extent [36,37]. This
technique involves performing strength training while re-
stricting venous return but maintaining arterial blood flow
[14]. BFRT creates a hypoxic environment that amplifies
metabolite accumulation, thereby enhancing muscle hyper-
trophy with lower loads than traditional resistance training
[38]. This makes BFRT more tolerable for older adults
or frail individuals [39,40]. Studies suggest that low-load
BFRT can achieve results comparable to high-load resis-
tance training. However, the potential adverse effects of
BFRT remain poorly understood, and its application should
currently be supervised by trained professionals [14,41].
Further research into its safety and the development of stan-
dardised training protocols could make BFRT a more acces-
sible option for sarcopenic individuals.

S-RT is a novel exercise modality that involves an-
choring body segments to suspended straps to perform
multi-joint, multi-planar movements in an unstable envi-
ronment. This approach challenges the musculoskeletal and
neuromuscular systems by requiring continual engagement
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of stabilizing muscles to maintain balance and control dur-
ing exercises [42].

A study by Aguilera-Castells et al. [43] suggests that
S-RT elicits comparable acute responses to traditional resis-
tance training performed in stable environments. In particu-
lar, a systematic review reported greater core muscle activa-
tion during exercises such as push-ups, inverted rows, prone
bridges, and hamstring curls using S-RT compared to con-
ventional weight-based RT. This enhanced activation may
offer unique benefits for older adults with sarcopenia, a con-
dition characterized by progressive muscle loss and func-
tional decline [43]. Further, a 12-week randomized con-
trolled trial comparing suspension and traditional resistance
training in older men demonstrated that S-RT led to signif-
icant improvements in handgrip strength, a key indicator
of overall muscle function [44]. Furthermore, suspension
training has been associated with favorable changes in body
composition and bioimpedance vector patterns, as well as
increased serum levels of muscle growth factors, suggest-
ing a potential role in promoting muscle hypertrophy and
metabolic health in sarcopenic individuals [45]. However,
despite these advantages, there are notable limitations to S-
RT in this population. The unstable nature of the training
environment may pose a higher risk of falls or injury, par-
ticularly among frail older adults with poor balance or co-
morbid conditions. Additionally, proper technique and su-
pervision are crucial to avoid compensatory movements or
joint strain. Accessibility and familiarity with suspension
systems may also limit widespread adoption among elderly
populations.

For individuals with comorbidities such as cardiovas-
cular disease, diabetes, or chronic obstructive pulmonary
disease, resistance training may be impractical or impossi-
ble [46]. In such cases, nutritional supplementation might
be the only viable option [47]. However, evidence support-
ing its efficacy in sarcopenia is weak. For example, whey
protein supplementation has not significantly improved
lean body mass, strength, or physical function [48]. Simi-
larly, multi-nutrient supplementation (a combination of car-
bohydrates, fats, and proteins) has not demonstrated notable
benefits without concurrent exercise [49,50]. Vitamin D
plays a role in muscle regulation and is commonly deficient
in older adults [51,52]. However, another study found no
significant improvements in muscle mass or strength fol-
lowing vitamin D supplementation alone [53]. Nutritional
supplementation is most effective when combined with ex-
ercise and administered early in sarcopenia’s progression
[54,55]. Over the past few decades, a growing body of re-
search has indicated that incorporating creatine supplemen-
tation into resistance training regimens may enhance mus-
cle mass and performance outcomes in older adults more
effectively than resistance training alone. Nonetheless, the
strength of this evidence is constrained by the small sample
sizes and limited statistical power of many existing studies
[56,57]. Unfortunately, because sarcopenia is often diag-
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nosed after significant muscle loss has occurred, the poten-
tial benefits of supplementation are often diminished. This
underscores the need for early diagnostic methods to enable
timely interventions.

The lack of effective treatment options for sarcope-
nia means that, in advanced stages, individuals may be-
come bedridden and require palliative care. This decline
is often accompanied by emotional distress, with sarcope-
nia being linked to an increased risk of depression [58].
As the condition progresses, the quality of life deteriorates
significantly. While developing effective treatments is es-
sential, advancements are limited by an incomplete under-
standing of the disease’s mechanisms. Therefore, further
research into sarcopenia’s molecular and physiological un-
derpinnings is critical to identifying new therapeutic tar-
gets.

2.2 Sarcopenia: Unravelling the Mechanism

Muscle mass begins to decline at a rate of approxi-
mately 1-2% per year after the age of 50, and by old age,
muscle strength is approximately 30—40% lower than in in-
dividuals in their 20s [12]. At the organ level, sarcope-
nia is associated with morphological changes, including
myosteatosis (fat and connective tissue infiltration), reduc-
tions in muscle fibre size (atrophy) and number, and shifts
in muscle fibre composition [59]. However, the cellular
and molecular mechanisms driving these changes remain
under-researched. Current evidence suggests that sarcope-
nia is a multifaceted disease arising from a complex inter-
play between multiple dysfunctional processes. The pro-
cesses range from dysfunction within the regeneration pro-
cess, with evidence linked to satellite cell senescence and
reduced function, to chronic inflammation and oxidative
stress (Fig. 1) [12,60]. Additionally, age-related changes
outside of the muscle itself may contribute to the pro-
gression of sarcopenia, such as hormonal changes, neural
deficits and dysregulated angiogenesis (Fig. 1) [61]. A key
step in treating sarcopenia will arise from elucidating the
various mechanisms. As such, this review aims to explore
the firmly established evidence surrounding the proposed
mechanisms of sarcopenia.

Given its heavy functional demands, skeletal muscle
possesses a high regenerative capacity [62], primarily me-
diated by progenitor satellite cells [63]. These muscle stem
cells are indispensable for muscle repair, as their elimi-
nation completely prevents regenerative myogenesis [64].
Evidence suggests that impaired satellite cell function con-
tributes significantly to sarcopenia. Studies have demon-
strated a decline in the number and function of satellite cells
with age, leading to reduced muscle regenerative capacity
[65—67]. This has been illustrated by the diminished ability
of aged myofiber-derived clones to proliferate compared to
those from younger individuals [68]. However, the rate of
proliferation and differentiation of muscle precursor cells
between young and aged individuals may not differ signif-
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Fig. 1. Ageing-associated changes in skeletal muscle. Ageing leads to various physiological changes that contribute to sarcopenia.

Key factors involved include insulin resistance; impaired angiogenesis; satellite cell senescence and apoptosis; reactive oxygen species

(ROS) accumulation and inflammation; mitochondrial dysfunction; and hormonal dysregulation. Created with Biorender.com.

icantly [69]. Instead, alterations due to senescence have
been reported with senescent cells exhibiting impaired ex-
pression of differentiation markers, reduced fusion capac-
ity, and the formation of smaller myotubes, suggesting that
cellular senescence plays a pivotal role in sarcopenia [69].

Oxidative stress is another critical factor implicated in
the pathogenesis of sarcopenia. It has been closely linked
to cellular senescence [70] and several other hallmarks of
sarcopenia [71]. Oxidative stress markers, such as mal-
ondialdehyde (MDA) and 4-hydroxy-2,3-nonenal (HNE),
are elevated in sarcopenic individuals compared to non-
sarcopenic controls [72]. Similar increases in MDA have
been observed in aged populations and animal models, sug-
gesting a strong relationship between oxidative stress and
age-related muscle loss [73]. Oxidative stress often leads

to a pro-inflammatory state. Elevated levels of inflamma-
tory markers, including C-reactive protein and fibrinogen,
have been observed in individuals with sarcopenia [74,75].
This evidence supports a model in which oxidative stress
triggers inflammation, further exacerbating muscle degen-
eration. Together, these processes create a detrimental feed-
back loop that accelerates sarcopenia progression.

In addition to inflammation and oxidative stress, ev-
idence suggests that mitochondrial dysfunction may play
a role in age-related muscle loss [76]. Mitochondria are
highly dynamic organelles that undergo constant remod-
elling through mitophagy, fission, biogenesis, and fusion in
response to fluctuating cellular conditions [77]. Although
their primary role is to provide ATP, they participate in sig-
nal transduction, cell cycle regulation, and thermogenesis
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[78]. Given their critical role in maintaining skeletal muscle
homeostasis, impairments in mitochondrial biogenesis or
function can have severe consequences [77]. Several stud-
ies have demonstrated a significant association between mi-
tochondrial dysfunction and an age-related increase in mito-
chondrial DNA damage [79-81]. Under normal conditions,
when mitochondria become dysregulated, they undergo fis-
sion and mitophagy to maintain a healthy mitochondrial
population [77]; however, this process becomes impaired
with age [77]. In aged mice, mitochondria appear swollen
and exhibit a loss of cristae, suggesting dysregulated mi-
tophagy [82]. Furthermore, Goljanek-Whysall et al. [82]
found that overexpressing microRNA (miR)-181a, a reg-
ulator of mitochondrial dynamics in aged mice, restored
a healthy mitochondrial population and improved muscle
function, as evidenced by enhanced force production. A re-
cent study showed that recombinant Sestrin 2 treatment re-
duced DNA damage and improved mitochondrial function
in an in vitro model of sarcopenia [83]. These findings indi-
cate that mitochondrial function and regulation are tightly
linked to muscle performance and suggest that miR manip-
ulation may have therapeutic potential for treating sarcope-
nia [82].

Another proposed mechanism contributing to age-
related muscle loss is endothelial dysfunction coupled with
impaired angiogenesis. Angiogenesis, forming new blood
vessels from existing ones, is essential for remodelling the
vascular network and may be key in developing sarcopenia.
Skeletal muscle requires an adequate blood supply to de-
liver nutrients and oxygen while removing metabolic waste
products, and its microcirculation must be highly adapt-
able to meet increased demands during exercise or growth.
As muscle mass increases, so does the need for enhanced
blood flow. The accompanying increase in shear stress on
arteriole and capillary walls is a stimulus for angiogene-
sis [84]. This process involves the migration, prolifera-
tion, and differentiation of endothelial cells and pericytes
[85]. However, research indicates that the angiogenic re-
sponse becomes impaired with ageing. For example, stud-
ies comparing young and old mice subjected to hindlimb
hypoxia/ischemia have found that older mice exhibit re-
duced capillary density at the injury site, suggesting dimin-
ished angiogenic potential [86,87]. Similarly, when used
as a model, endothelial cells derived from older donors or
aged human umbilical vein endothelial cells demonstrate
reduced proliferation, migration, and tube formation com-
pared to cells from younger individuals [86]. In addition,
retinal vessels in aged rats often appear distorted with re-
duced luminal patency, further supporting the notion that
angiogenesis is dysregulated with age [88]. The net effect
of impaired angiogenesis is a reduced blood flow to skeletal
muscle, which limits oxygen and nutrient delivery and ham-
pers the clearance of metabolic waste. These changes can
lead to reduced protein synthesis and contribute to the mus-
cle atrophy observed in sarcopenia [89,90]. These findings
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suggest that dysregulation of angiogenesis, likely initiated
by endothelial dysfunction, plays an important role in the
progression of age-related muscle loss.

The pathogenesis of sarcopenia is multifactorial, with
several dysregulated processes, including oxidative stress,
chronic inflammation, cellular senescence, and impair-
ments in mitochondrial and angiogenic function playing
significant roles. Although these mechanisms are not ex-
haustive, their combined effects contribute to the decline
in muscle mass, regenerative capacity, and overall muscle
function characteristic of sarcopenia. While our current un-
derstanding of these processes provides valuable insights
into the aetiology of sarcopenia, the disease’s complexity
and the absence of effective interventions underscore the
need for further research to elucidate its underlying molec-
ular pathways fully.

3. MicroRNA: Regulator of Molecular
Mechanisms, a Promising Biomarker and
Exciting Therapeutic Target in Sarcopenia

An emerging promising area of research is miR. miRs
are short, noncoding RNA molecules, typically 20-22 long
nucleotides. Although evidence exists for multiple miR
biogenesis pathways, the canonical pathway is the most
common. In this pathway, miR genes in the DNA are tran-
scribed by RNA polymerase II into a primary miR (pri-
miR) [91]. This immature transcript is then processed in
the nucleus by the DROSHA/Di-George syndrome critical
region 8 (DGCRS) complex into a precursor miR (pre-miR)
[91]. Following export from the nucleus via exportin-5, the
pre-miR is further processed in the cytoplasm by DICER
into a miR duplex [91]. Finally, this duplex is incorpo-
rated into the RNA-induced silencing complex (RISC) with
Argonaute (AGO) proteins, during which the duplex un-
winds and the passenger strand is degraded [91]. RISC
then targets the 3’ untranslated regions (UTR) of specific
mRNAs; complete complementary binding typically re-
sults in mRNA cleavage, while imperfect binding leads to
translational suppression (Fig. 2). Many miRs have been
evaluated for their therapeutic potential, with several miR-
therapeutics currently undergoing clinical trials [92]. For
example, miR-122 has completed a phase 2 clinical trial for
the treatment of hepatitis virus infection, while miR-16 has
completed a phase 1 trial for malignant pleural mesothe-
lioma. Other microRNAs currently under investigation in-
clude miR-92 (for wound healing and heart failure), miR-
132 (for heart failure), and miR-29 (for keloid disorder).
While miRs exert effects within the cells that produce them,
they can also be released into the extracellular environment.
Once released, they may be taken up by neighboring cells or
enter the systemic circulation. In circulation, miRs remain
stable and are protected from degradation by binding to car-
rier proteins or by being encapsulated within microvesicles
or nanovesicles. This stability enables miRs to exert regu-
latory effects on distant cells and tissues. Owing to these
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Fig. 2. Canonical pathway of microRNA biogenesis. In the canonical pathway, the miRNA gene is transcribed by RNA polymerase II
to form a primary miRNA (pri-miRNA). The pri-miRNA is cleaved by DROSHA and Di-George syndrome critical region 8 (DGCRS)
to form the precursor miRNA (pre-miRNA). Pre-miRNA is transported to the cytoplasm by exportin-5. In the cytoplasm, pre-miRNA is
cleaved by DICER to form a duplex mature miRNA. The mature miRNA is loaded to RNA-induced silencing complex (RISC), leading to

the cleavage of the passenger strand. miR-RISC binds to the target mRNA leading to its degradation or translational repression depending

on the binding complementarity. Created with Biorender.com.

properties, miRs are being explored not only for their ther-
apeutic potential but also as diagnostic biomarkers, as their
expression is often dysregulated in various disease states
[93]. Due to this property, in addition to their therapeutic
applications, miRs are also being investigated as diagnos-
tic biomarkers, as many exhibit dysregulated expression in
disease states [94].

MicroRNA and Sarcopenia

Recent studies have begun to elucidate the role of
miRs in age-related muscle loss. Differential expression
analyses comparing young and aged samples have iden-
tified many miRs whose levels change with age [95-97].
The following section will summarize miRs associated with
pathological features in sarcopenia. Fig. 3 summarizes
known miRs associated with sarcopenia.

Search Strategy to Identify the miRs Associated With
Pathological Features With Sarcopenia

A systematic search strategy was developed to identify
relevant literature without bias. Keyword-based searches

were conducted in both PubMed and Scopus databases us-
ing Boolean operators (“AND”, “OR”) to combine search
terms. In PubMed, the keywords used were: “age-related
muscle loss” OR “age-associated muscle loss” OR “sar-
copenia” AND “microRNA” OR “miRNA” OR “miR”. In
Scopus, the author keyword function was used with the
terms: skeletal muscle AND ageing OR aging OR deterio-
ration AND microRNA OR miRNA OR miR. To ensure the
inclusion of recent and relevant primary research, studies
published before 2020, review articles, and those lacking
a direct comparison between young and aged groups with
statistically significant results were excluded. Both search
strategies were applied to both databases to ensure compre-
hensive coverage and minimize the risk of omitting eligi-
ble studies. As this review aims to identify skeletal muscle
miRNAs dysregulated with aging, studies were excluded if
they were not directly related to skeletal muscle aging or
if their methodologies did not include a young/adult group
compared to an aged group. In total, 243 publications were
initially identified across both databases. After excluding
studies published before 2020, 142 publications remained.
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Further screening to eliminate studies lacking comparisons
between young and old groups yielded a final selection
of 12 relevant studies (summarized in Tables 1,2,3, Ref.
[82,96,98-107]).

Atrophy

Skeletal muscle atrophy is a key component of sar-
copenia. Several studies have identified miRs involved in
atrophy (Tables 1,2). Shao et al. (2022) [98] (Table 1)
identified miR-690 as upregulated in ageing male mice ex-
tracellular vesicles (EVs) and human muscle. Initially de-
tected in atrophy- and ageing-induced cell models, miR-690
was validated in human and murine samples. In vitro and
in vivo experiments confirmed that miR-690 targets my-
ocyte enhancer factor 2C (Mef2c), a transcription factor in-
volved in skeletal muscle regeneration. Inhibition of miR-
690 in aged mice reduced atrophy markers (muscle-specific
ring finger protein-1 and atrogin-1), concurrently increas-
ing muscle cross-sectional area (CSA) and maximal tetanic
force, suggesting that miR-690 promotes skeletal muscle
atrophy. Additionally, overexpression of miR-690 reduced
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Mef2c expression, impairing satellite cell myogenic poten-
tial and differentiation. These findings indicate a dual role
of miR-690: promoting skeletal muscle atrophy and inhibit-
ing differentiation. Similarly, Liang et al. (2023) [99] in-
vestigated miRs during ageing in male rat muscle (Table 2).
While primarily assessing the effects of exercise on ageing,
the study also explored skeletal muscle ageing mechanisms.
Results showed that miR-7a-1-3p and miR-151-5p were
significantly upregulated, targeting androgen receptor (Ar),
insulin-like growth factor 1 (IGF-1), and brain-derived neu-
rotrophic factor (BDNF), respectively. Conversely, miR-
135a-5p, which targets focal adhesion kinase (FAK), was
downregulated. Ar, IGF-1, and BDNF promote muscle cell
proliferation, differentiation, and regeneration, while IGF-
1 has an added role in inhibiting atrophy [98]. FAK plays
a role in muscle morphology, metabolism, and insulin sen-
sitivity, and its impaired signalling has been linked to age-
related muscle regeneration decline [108]. However, Liang
et al. (2023) [99] only validated four out of 764 identified
miRs, potentially overlooking additional key targets.
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Table 1. Summary of studies demonstrating association of microRNAs in sarcopenia.

Xhuti et al. (2023) [100]

Yu et al. (2022) [96]

Jia et al. (2020) [101]

Shao et al. (2022) [98]

Samples & controls

Human: young group averaging 21.8
& aged group averaging 74.9. The
number of participants varied
depending on the analysis.

Mice: 3-month-old (young) and aged
17-month-old (aged) (n = 2; male

mice).

Sika Deer: 1, 3, 5 and 10 years old (n
=3 for each group).

Mice: 3-month-old & 24-month-old
(n = 6; male).

Human: Adult group averaging 31
years (n = 9) & aged group averaging
71 years (n = 10).

Methods

Exosome isolation &
characterisation. Skeletal muscle
biopsy, histology, nanoparticle
tracking, TEM & cell culture.

Quantitative reverse transcription
polymerase chain reaction
(qRT-PCR), miR target prediction
and protein gene network mapping.

qRT-PCR, miR-mRNA interaction
network construction, gene ontology
& Kyoto encyclopedia of genes and
genomes (KEGG) Analyses.

Histology, force generation,
histology, qRT-PCR, western blot
(WB) & luciferase.

miRs; targets (analysed)

miR-1-3p, -23a-3p, -23b-5p, -92a,
-146a-5p, -181a-3p, -199a-3p, -206,
-422a (]). miR-34a (1).

130 miRs exhibited a 2-fold change
with ageing. Raising the threshold to
5-fold identified 14 miRs.

miR-378b & miR-17-5p (1); WWPI,
DEK, DHCR24, PTTG, & HSPA9.

miR-7 & miR-199a-5p (|); UCP3,
FUS, CAVI, RAB6A, & TOMI.

miR-690 (1); Mef2c.

Results

Loss of skeletal muscle mass and

reduced cross sectional area (CSA) of

Type 1A fibers. Exercise ameliorated
some miRs and protein changes.

Gene mapping identified Notchl,
Egr2 and MyoD as significant nodes.

Alteration in calcium signalling
pathway was the major gene
signalling pathway during ageing.
Enrichment analysis identified
changes in metabolism and energy.

Ageing caused a reduction in CSA,
maximal tetanic force & elevated
levels of atrophy genes.

Up and down arrows indicate if miR was upregulated or downregulated respectively. WWPI, WW domain-containing E3 ubiquitin protein ligase 1; DHCR24, 33-hydroxysterol-A24
reductase; PTTG, Pituitary tumour transforming gene; HSPA9, heat shock protein family A (Hsp70) member 9; UCP3, uncoupling protein 3; FUS, Fused in Sarcomere; CAV1, caveolin 1;

RAB64, Ras-related protein 6A; TOM1, Target of Myb protein 1; Egr2, Early growth response protein 2; MyoD, myoblast determination protein 1; Mef2c, myocyte enhancer factor 2C.
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Table 2. Summary of studies demonstrating association of microRNAs in sarcopenia.

Liang et al. (2023) [99]

Fukuoka et al. (2021) [102]

Shin e al. (2020) [103]

Gao et al. (2021) [104]

Samples & Controls

Rats: 6 & 21-months-old (n=3;
male).

Mice: 6-weeks & 23-months-old (n =
5; male).

Human: age varying from 25-80
years (n = 20).

Mice: 3 (young) & 24 months (aged)
(n=06).

Rats: 8 and 18 months old.
Sedentary or exercise starting at 8 or
18 months of age (n = 12; female).

Methods

Exercise training, muscle weight,
histology, qRT-PCR, miR target
prediction & western blotting
analysis.

Cell culture, target prediction,

qRT-PCR, miR administration,

histology, strength test, reporter
assay.

Cell culture, luciferase assay,
gRT-PCR, western blotting analysis,
morphometric analysis, force &
fatigue analysis.

Exercise, qRT-PCR, in-silico analysis
of signalling pathways, target
prediction & western blotting

analysis.

miRs; targets (analysed)

miR-7a-1-3p (1); Ar & IGF-1.
miR-135a-5p (|); FAK.

miR-151-5p (1); BDNF.

miR-199-3p (|); Lin28 & Suzl2.

42 miRs in the DIk1-Dio3 cluster

were analysed.

miR-486, -145, -133a, -19a & -133¢
(O3
miR-126, -23a, -182, -206, -199a &
-208b (1).

Results

Exercise ameliorated dysregulation
of atrophy-associated miRs &
proteins in aged rats.

Reduced expression of muscle
differentiation markers with age.
miR overexpression improved
muscle function.

miR-376-3¢ reduced muscle atrophy.

Anti-apoptotic, mitochondrial
function & autophagy gene markers
downregulated with age. miR-486
target PTEN.

Up and down arrows indicate if miR was upregulated or downregulated respectively. Ar, androgen receipt; IGF-1, insulin growth factor-1; FAK, focal adhesion kinase; BDNF, Brain-derived
neurotrophic factor; DIkI-Dio3, delta-like homolog 1 gene and the type III iodothyronine deiodinase; PTEN, Phosphatase and tensin homolog deleted on chromosome 10.
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Table 3. Summary of studies demonstrating association of microRNAs in sarcopenia.

Chen et al. (2020) [105]

Borja-Gonzalez et al. (2020) [106]

Goljanek-Whysall et al. (2020) [82]

Kukreti et al. (2020) [107]

Samples & Controls

Human: young group averaged 26.3
years old, and the aged group
averaged 64.3 (aged) (n = 24; male).

Mice: 6-month-old (young) and
24-month-old (aged) (n = 3; male).

Mice: 6-month-old (young), and
22-24-month-old (aged) (n = 3;
male).

Mice: 3 months (young) old and 2
years (aged) old (n = 3; male).

Cells: Human myoblasts.

Methods

RNA isolation, microarray,
qRT-PCR, western blotting analysis,
serum cytokine measurement, cell
culture & chromatin
immunoprecipitation.

Satellite cell isolation, transfection &
myogenesis, myoblast cell culture,
qRT-PCR & MTT assay.

qRT-PCR, western blotting analysis,
functional analysis, histology &
liquid chromatography-mass
spectrometry.

Cell culture, target prediction,
gqRT-PCR, western blotting analysis,
reporter assay, glucose uptake assay,

ceramide immunocytochemistry &
histology.

miRs; targets (analysed)

20 miRs changed with age with 6 of
interest.
miR-532-3p () as the top
dysregulated miR; BAK1.

miR-21 (1); FOXO3 or IL6R.

miR-181a (]); p62/SQSTMI1, parkin,
DJ-1.

miR-34a (1); CERK.

Results

miR-532-3p associated with ageing

induced apoptosis and inflammation.

miR-21 inhibition increased PTEN,
IL6R & FOXO3. miR-21 may
reduce regenerative potential.

miR-181a mediate the tuning of
mitochondrial dynamics through
several autophagy genes (upregulated
in ageing).

Downregulated CERK caused
dysregulation of the insulin signalling
pathway. Reduced glucose uptake &
insulin resistance. Antagonising miR
ameliorated sensitivity.

Up and down arrows indicate if miR was upregulated or downregulated respectively. BAK1, Bcl-2 homologous antagonist/killer 1; FOXO3, Forkhead box O3; IL6R, Interleukin 6 receptor;

SQSTMI, Sequestosome-1; DJ-1, Parkinson disease protein 7; CERK, ceramide kinase.
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Fukuoka et al. (2021) [102] (Table 2) analyzed
atrophy-associated miRs in male mice serum using DNA
microarrays. They identified miR-1, miR-26a, let-7¢, miR-
125b, miR-133a, miR-133b, miR-214, miR-199-3p, miR-
351, and miR-6412 as significantly downregulated. /n vitro
experiments showed that serum from young mice induced
stronger myogenic differentiation than aged serum, sug-
gesting reduced myogenic capacity with ageing. Using lu-
ciferase assays, they confirmed that Lin28b and Suz12 were
key targets. Lin28b, an RNA-binding protein, regulates
miR processing and modulates miR-1 expression [102].
Suz12, a component of the polycomb repressive complex 2
(PRC2), represses chromatin and suppresses myogenic dif-
ferentiation [109]. Therefore, Lin28b and Suzl2 could be
targeted as novel therapeutic targets for age-related mus-
cle loss. Notably, administering a miR-199-3p mimic in
aged mice mitigated CSA loss and increased differentia-
tion markers in injured muscle, suggesting its role in hyper-
trophy and muscle regeneration. Additionally, the mimic
downregulated atrogin-1, an E3 ligase crucial for protein
degradation and muscle atrophy [110]. This result show-
cases the potential use of miR-199 mimics as a therapeutic
tool for treating age-related muscle loss. Shin et al. (2020)
[103] (Table 2) focused on miR-376¢-3p, identified within
a cluster of 42 miRs from the delta-like homolog 1 gene
and the type III iodothyronine deiodinase (D/kI-Dio3) re-
gion in murine muscle. Unlike Liang et al. (2023) [99],
they confirmed seven miRs directly targeting atrogin-1 us-
ing luciferase assays. In vitro and in vivo findings showed
that miR-376¢-3p increased myotube diameter and had
anti-apoptotic effects in transfected mice. Moreover, they
demonstrated downregulation of miR-337-3p, miR-379-
5p, miR-431-5p, miR-485-5p, miR-1197-3p, miR-409-5p,
miR-411-3p, miR-134-3p, miR-1193-5p, miR-377-3p, and
miR-127-3p in human muscle samples from individuals
aged 25 to 50 years. Correlation analysis confirmed that
these miRs negatively correlated with age. However, no
significant link was drawn between miR-376¢-3p and age-
ing, possibly due to stage-specific expression fluctuations.
A more consistent age-stratified sample size could have
clarified this discrepancy.

Collectively, these studies highlight a complex regu-
latory network of miRNAs involved in age-related skele-
tal muscle atrophy, with both pro-atrophic (e.g., miR-690,
miR-7a-1-3p) and anti-atrophic (e.g., miR-199-3p, miR-
376¢-3p) roles identified. While several miRs have been
functionally validated in vitro and in vivo, discrepancies
remain in their reported expression patterns across mod-
els, time points, and sample types. For instance, differ-
ences in findings between tissue-derived and circulating
miRs underscore the need for more tissue-specific inves-
tigations. Furthermore, the limited temporal and histolog-
ical data hinder our understanding of the causal relation-
ship between miR dysregulation and muscle degeneration.
Nevertheless, identifying recurrent targets such as atrogin-
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1, IGF-1, and Mef2c suggests conserved molecular path-
ways through which miRs may modulate muscle atrophy,
presenting promising avenues for therapeutic intervention.

Apoptosis

Apoptosis, often accompanying atrophy, is another
key mechanism associated with sarcopenia [111]. Gao et
al. (2021) [104] (Table 2) investigated the role of apoptosis
in age-related muscle loss and evaluated the timing of exer-
cise interventions for its prevention. They analyzed miR ex-
pression in female rat skeletal muscle, identifying miR-486,
miR-145, miR-133a, miR-19a, and miR-133¢ as down-
regulated, while miR-126, miR-23a, miR-182, miR-206,
miR-199a, and miR-208b were upregulated. In addition
to miR expression changes, they observed downregulation
of anti-apoptotic, mitochondrial function, and autophagy
markers alongside increased atrophy markers. This study
specifically focused on miR-486, as it was significantly
upregulated in their exercise intervention group. Using a
luciferase assay, they confirmed phosphatase and tensin
homolog (PTEN)—a negative regulator of the PI3K/Akt
pathway—as a direct target of miR-486. In vitro, apply-
ing a miR-486 mimic reduced PTEN mRNA expression
while increasing phosphorylated Akt levels. These molecu-
lar changes were accompanied by improved mitochondrial
function, enhanced autophagy, and inhibition of atrophy
and apoptosis, suggesting that miR-486 is critical in me-
diating these processes. In addition to regulating apoptosis,
miR-486 is also extensively studied for its role in muscle re-
generation in sarcopenia. This is through the direct action of
miR-486 on insulin growth factor 1 to activate the PI3K/Akt
pathway that promotes muscle growth [112]. Chronic exer-
cise has been shown to positively impact muscle growth in
sarcopenia by altering miR-486 expression [113]. Interest-
ingly, the findings related to miR-23a, miR-206, and miR-
199a contrast with those of Xhuti et al. (2023) [100], who
reported downregulation of these miRs. One possible ex-
planation for this discrepancy is the small sample size in
Xhuti et al. (2023) [100] which may have led to chance
findings. Additionally, differences in species and sex com-
position could contribute to the variation, as Xhuti et al.
(2023) [100] analyzed both male and female human sam-
ples, while Gao et al. (2021) [104] examined only female
rats.

The studies reviewed suggest that apoptosis is closely
intertwined with miRNA regulation in the progression of
sarcopenia, with several miRs playing dual roles in mod-
ulating both apoptotic and atrophic pathways. Notably,
miR-486 emerges as a central regulator, promoting mito-
chondrial integrity and autophagy while inhibiting PTEN-
mediated apoptosis. However, inconsistencies in the ex-
pression patterns of miR-23a, miR-206, and miR-199a be-
tween studies underscore the influence of experimental
variables such as species, sex, and sample size. These dif-
ferences highlight the need for standardized models and
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sex-specific analyses in future research. Despite these limi-
tations, the convergence on pathways like PI3K/Akt signal-
ing reinforces the importance of miRs as upstream modula-
tors of apoptosis and points to their potential as therapeutic
targets in mitigating sarcopenia-associated muscle degen-
eration.

Inflammation

Chen et al. (2020) [105] (Table 3) investigated the
role of inflammation and apoptosis in male sarcopenic pa-
tients. Their study confirmed the involvement of inflam-
mation in age-related muscle loss by demonstrating in-
creased levels of pro-inflammatory cytokines in sarcopenic
individuals. miR expression analysis identified miR-532-
3p, miR-4256, miR-34a-3p, miR-663a, miR-922, miR-126-
5p, miR-328-3p, miR-22-3p, and miR-370 as downregu-
lated, while miR-17-3p, miR-873-5p, miR-1225, miR-192-
3p, miR-2052, miR-590-3p, miR-30a-3p, miR-208, miR-
107, and miR-361-5p were upregulated. The three most
upregulated and downregulated miRs were validated in hu-
man samples, with miR-532-3p emerging as a key candi-
date. Further analysis confirmed that Bcl-2 homologous
antagonist/killer 1 (BAK1) was a direct target of miR-532-
3p. Through in vitro analysis, they identified transcrip-
tion factors capable of binding to the promoter region of
miR-532p. Specifically, binding sites for nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-xB),
signal transducer and activator of transcription 1 (STAT1),
and activator protein-1 (AP1), with NF-xB as the regula-
tors of miR-532. These findings suggest that miR-532-
3p modulates inflammation and apoptosis in sarcopenia by
targeting BAK1 and is regulated, at least in part, by NF-
xB. Similarly, Borja-Gonzalez et al. (2020) [106] (Ta-
ble 3) explored the role of miR-21 in muscle inflamma-
tion in aged male mice. Their study demonstrated that in-
creased pro-inflammatory cytokines correlated with upreg-
ulated miR-21 expression. Importantly, miR-21 expres-
sion increased with ageing, suggesting its involvement in
inflammation-mediated muscle deterioration. Using iso-
lated satellite cells, the researchers found that miR-21 over-
expression resulted in the formation of fewer and smaller
myotubes, linking miR-21 to impaired myogenesis in age-
ing muscle. To further elucidate the role of miR-21 in mus-
cle ageing, the researchers identified interleukin-6 recep-
tor (IL6R) and PTEN as potential targets. While overex-
pression of miR-21 in cell culture reduced IL6R expres-
sion, it had no significant effect on PTEN levels. How-
ever, miR-21 inhibition led to upregulation of both IL6R
and PTEN, suggesting that PTEN may be indirectly regu-
lated. Due to the lack of a luciferase assay, direct targeting
of miR-21 to IL6R and PTEN remains unconfirmed. Fur-
ther, they also demonstrated that miR-21 overexpression
increased FOXO3 nuclear translocation, coinciding with
elevated damage markers, possibly through inhibition of
PI3K/Akt activation.
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These studies highlight the role of specific miRNAs,
such as miR-532-3p and miR-21, in linking inflamma-
tion to muscle deterioration in sarcopenia. Both appear to
regulate key targets involved in apoptosis and inflamma-
tory signaling, including BAK1 and IL6R. Upstream reg-
ulation by factors like NF-xB further supports their role
in inflammation-mediated muscle loss. However, limita-
tions such as incomplete target validation (e.g., absence
of luciferase assays for miR-21) constrain mechanistic in-
sights. Overall, inflammation-associated miR dysregula-
tion emerges as a contributing factor to impaired muscle
regeneration and atrophy in ageing.

Mitochondrial Dynamics and Insulin Signalling

As discussed above, mitochondrial dysfunction plays
a key role in sarcopenia [76]. Recent studies have inves-
tigated the role of miRs in mitochondrial dynamics and
insulin signaling in age-related muscle loss [82,107] (Ta-
ble 3). Goljanek-Whysall et al. (2020) [82] examined
mitochondrial function in male mice skeletal muscle and
identified a significant downregulation of key mitochon-
drial proteins with ageing, including p62/sequestosome 1
(SQSTM1), Parkin, and Parkinson disease protein 7 (DJ-
1). Interestingly, while histological analysis showed mal-
formed mitochondria characterised by swelling, contractile
and autophagy proteins were upregulated. This suggests
that although autophagy proteins are present, the process of
mitophagy and biogenesis is impaired. Using target predic-
tion analysis, the miR-181 family was identified as a regu-
lator of mitochondrial dynamics, with experimental valida-
tion showing downregulation of miR-181a in aged mice by
directly inhibiting p62 and Park2 (parkin). In vitro experi-
ments further confirmed that miR-181a overexpression in-
creased mitophagy, with a concurrent increase in ATP pro-
duction. However, cell viability remained unaffected, sug-
gesting that miR-181a fine-tunes mitochondrial dynamics
rather than directly influencing cell survival [82]. Function-
ally, miR-181 upregulation ameliorated mitochondrial mor-
phology and improved muscle function in a mouse model,
suggesting a minor but significant role in age-related mus-
cle loss through modulation of mitochondrial homeostasis.
Kukreti ef al. (2020) [107] investigated the interplay be-
tween miR-34a and ceramide kinase (CERK) in male mice
muscle. While sirtuin-1 (SIRT1) has been reported as a tar-
get of miR-34a, this study failed to demonstrate a signifi-
cant downregulation of SIRT1in their model. Instead, us-
ing target prediction analysis and luciferase assays, CERK
was identified as a direct target of miR-34a. Further analy-
sis confirmed that upregulation of protein phosphatase 2A
(PP2A) and c-Jun N-terminal kinases (JNK) which are as-
sociated with insulin signalling following CERK inhibi-
tion. Furthermore, miR-34a overexpression exhibited sim-
ilar molecular changes, while miR-34a inhibition restored
insulin signalling. These findings suggest that miR-34a
plays a role in insulin resistance in ageing muscle by sup-
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pressing CERK expression and disrupting insulin signalling
cascades.

These studies reveal a role for specific miRNAs, such
as miR-181a and miR-34a, in regulating mitochondrial dy-
namics and insulin signaling in aged muscle. miR-181a
appears to promote mitophagy and improve mitochondrial
function, while miR-34a contributes to insulin resistance
by targeting CERK and disrupting downstream signaling.
Although the effects on overall cell viability and SIRT1
expression were limited, the findings highlight how miRs
can fine-tune key metabolic pathways linked to sarcopenia.
Further research is needed to clarify their broader physio-
logical relevance and therapeutic potential.

Impaired Regeneration

Skeletal muscle regeneration is comprised of two dis-
tinct yet necessary processes: satellite cell proliferation and
differentiation. Satellite cells, located beneath the basal
lamina surrounding each myofiber, function as stem cells
for muscle growth and repair [114]. Under normal condi-
tions, these cells remain quiescent under active transcrip-
tional control [115]. Upon receiving extrinsic signals, satel-
lite cells become activated, migrate to the injury site, and
begin proliferating; a subset of these cells subsequently
commits to differentiate into myofibers [62]. Among the
proteins involved in this process, serum response factor
(SRF) is of note as it is the direct target of miR-133a, a crit-
ical skeletal muscle developmental miR [116]. SRF is vital
in mediating satellite cell proliferation and fusion by regu-
lating actin cytoskeleton genes [117,118]. Deletion of SRF
reduces actin expression and disrupts the actin cytoskele-
ton [119], leading to diminished satellite cell motility and
fusion. SRF modulates the actin cytoskeleton by activat-
ing the ras homolog gene family, member A (RhoA), stim-
ulating skeletal muscle a-actin promoter activity [120]. In
yeast, reduced actin dynamics have been linked to increased
reactive oxygen species (ROS) production and cell death,
whereas enhanced actin dynamics can extend lifespan by
over 65% [121]. Following migration and proliferation,
a subset of satellite cells exits the cell cycle and commits
to differentiation. In this context, histone deacetylase 4
(HDACA4), is noteworthy due to its direct interaction with
miR-1, another critical skeletal muscle developmental miR
[116]. Inhibition of HDAC4 in satellite cells impairs dif-
ferentiation, underscoring the importance of this process
[122]. HDAC4 specifically represses the myocyte enhancer
factor-2 (MEF2) [123], a transcription factor family that
plays a critical role in myoblast differentiation and is an ab-
solute requirement in muscle regeneration [124]. Thus, the
balance between satellite cell proliferation and differentia-
tion is tightly regulated to ensure continuous muscle growth
and maintenance [125].

Despite the established role of miR-1, miR-133a and
their respective targets in skeletal muscle biology, their pre-
cise contribution to age-related muscle loss remains un-
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clear. Although differential expression of these miRs with
ageing has been reported, findings are inconsistent. For
example, Yu et al. (2022) [96] observed upregulation of
miR-1 and miR-133a in the serum of aged rats, while Xhuti
et al. (2023) [100] found that miR-1 was downregulated
with no significant change in miR-133a expression in hu-
man aged skeletal muscles biopsies. Interestingly, Mytidou
et al. [126] reported sustained increase in miR-1 and miR-
133a until the early adolescence in mice, before reaching
a plateau phase and showing no difference at least until 52
weeks of age. In contrast, Ling ef al. [127] reported a de-
crease in miR-1 and miR-133 with maturity in goat skeletal
muscle. These studies therefore suggest that the age asso-
ciated changes in the expression pattern of miR-1 and miR-
133 can be different in different species, warranting further
research to elucidate their specific roles in the development
of sarcopenia.

Dysregulated Angiogenesis

Considering the plasticity of skeletal muscle, it is
key that the supporting microvasculature is healthy and
adaptable. The body relies on angiogenesis to maintain
a healthyted, the reduced angiogenic response to hypoxia
in aged animals suggests dysregulation in angiogenesis
[86,87]. The losses to angiogenic potential with age could
be linked to the miR-126 axis. Despite identifying a change
in miR-126, the findings vary between studies. For exam-
ple, Gao et al. (2021) [104] demonstrated an increase in ex-
pression, while Chen ef al. (2020) [105] reported downreg-
ulation of miR-126-5p. Further, the changes to miR expres-
sion could translate to a protein level with SPRED-1 iden-
tified as downregulated in an aged human umbilical vein
endothelial cell model [128].

The miR-126—-SPRED-1 axis plays a central role
in regulating angiogenesis by promoting endothelial cell
proliferation and migration through the Raf-1/ERK and
PI3K/Akt pathways. While its importance in vascular
integrity is well established, especially in developmental
models, its role in ageing skeletal muscle remains ambigu-
ous. Conflicting reports on miR-126 expression, with some
studies showing upregulation and others downregulation,
highlight the need for further investigation. These discrep-
ancies may reflect differences in tissue type, model systems,
or stages of ageing. Although SPRED-1 downregulation
has been observed in aged endothelial cells, a clear mech-
anistic link between miR-126 dysregulation and impaired
angiogenesis in sarcopenia has yet to be established.

4. Conclusions

Sarcopenia is a complex and multifaceted condition
characterised by the progressive loss of skeletal muscle
mass, strength, and function with age. As global life ex-
pectancy continues to rise, sarcopenia poses a growing
public health challenge, leading to significant increases in
healthcare costs, disability, and reduced quality of life. De-
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spite its prevalence and detrimental consequences, sarcope-
nia remains underdiagnosed due to limitations in current di-
agnostic methodologies, including a lack of standardised
cut-off values and the reliance on physical performance
tests that may not capture early-stage muscle deterioration.
At the molecular level, sarcopenia arises from an inter-
play of multiple mechanisms, including oxidative stress,
inflammation, mitochondrial dysfunction, satellite cell ex-
haustion, and impaired angiogenesis. While these pathways
contribute to muscle degeneration, their interactions remain
incompletely understood. Recent advances in molecular bi-
ology have highlighted the role of miRs as key regulators
of these pathogenic processes. Emerging evidence suggests
that miRs such as miR-1, miR-133a, and miR-126 play cru-
cial roles in skeletal muscle homeostasis, influencing satel-
lite cell proliferation, differentiation, and vascular integrity.
However, their precise contributions to sarcopenia remain
elusive, with conflicting reports on their differential expres-
sion in aged muscle tissue. Given the complexity of sar-
copenia, a multifaceted approach to diagnosis and treatment
is necessary. Non-pharmacological interventions such as
resistance training and blood flow restriction therapy re-
main the most effective strategies for mitigating muscle
loss. However, their efficacy is limited in older adults with
diminished muscle regenerative potential. While pharma-
cological approaches such as selective androgen receptor
modulators and myostatin inhibitors have shown promise,
no approved drug therapies exist. Identifying miRs as po-
tential biomarkers and therapeutic targets presents an ex-
citing opportunity to enhance early diagnosis and develop
novel treatments tailored to the molecular underpinnings
of sarcopenia. However, care should be taken when us-
ing miRs as a biomarker due to the factor that miRs associ-
ated with sarcopenia may also be influenced by other mech-
anisms. Hence, future research should elucidate the pre-
cise molecular pathways linking miR dysregulation to age-
related muscle loss. Large-scale, longitudinal studies are
needed to validate the diagnostic utility of miRs and deter-
mine their suitability as therapeutic targets. Additionally,
efforts should be directed towards integrating miR profiling
with current diagnostic tools to enable early detection and
intervention. The ultimate goal is to translate these discov-
eries into clinically effective strategies that preserve muscle
function, enhance longevity, and improve the overall qual-
ity of life for ageing populations. By advancing our under-
standing of the molecular mechanisms driving sarcopenia
and harnessing the potential of miRs, we can move closer
to developing targeted therapies that address this growing
health crisis. A concerted effort from researchers, clini-
cians, and policymakers are required to ensure that sarcope-
nia is recognised as a critical health priority and that inno-
vative solutions are implemented to combat its far-reaching
consequences.
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