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Table 1 Diagnostic criteria for age—related sarcopenia
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Fig.1 Quiescence and activation of MSCs
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Fig. 2 Exercise stimulates tissue regeneration through MSCs to fight age—related sarcopenia
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Improves muscle mass and strength

Abstract Age-related sarcopenia is a progressive, systemic skeletal muscle disorder associated with aging. It is

primarily characterized by a significant decline in muscle mass, strength, and physical function, rather than being
an inevitable consequence of normal aging. Despite ongoing research, there is still no globally unified consensus
among physicians regarding the diagnostic criteria and clinical indicators of this condition. Nonetheless,

regardless of the diagnostic standards applied, the prevalence of age-related sarcopenia remains alarmingly high.
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With the global population aging at an accelerating rate, its incidence is expected to rise further, posing a
significant public health challenge. Age-related sarcopenia not only markedly increases the risk of physical
disability but also profoundly affects patients’ quality of life, independence, and overall survival. As such, the
development of effective prevention and treatment strategies to mitigate its dual burden on both societal and
individual health has become an urgent and critical priority. Skeletal muscle regeneration, a vital physiological
process for maintaining muscle health, is significantly impaired in age-related sarcopenia and is considered one of
its primary underlying causes. Skeletal muscle satellite cells (MSCs), also known as muscle stem cells, play a
pivotal role in generating new muscle fibers and maintaining muscle mass and function. A decline in both the
number and functionality of MSCs is closely linked to the onset and progression of sarcopenia. This dysfunction
is driven by alterations in intrinsic MSC mechanisms—such as Notch, Wnt/B-Catenin, and mTOR signaling
pathways—as well as changes in transcription factors and epigenetic modifications. Additionally, the MSC
microenvironment, including both the direct niche formed by skeletal muscle fibers and their secreted cytokines,
and the indirect niche composed of extracellular matrix proteins and various cell types, undergoes age-related
changes. Mitochondrial dysfunction and chronic inflammation further contribute to MSC impairment, ultimately
leading to the development of sarcopenia. Currently, there are no approved pharmacological treatments for age-
related sarcopenia. Nutritional intervention and exercise remain the cornerstone of therapeutic strategies.
Adequate protein intake, coupled with sufficient energy provision, is fundamental to both the prevention and
treatment of this condition. Adjuvant therapies, such as dietary supplements and caloric restriction, offer
additional therapeutic potential. Exercise promotes muscle regeneration and ameliorates sarcopenia by acting on
MSCs through various mechanisms, including mechanical stress, myokine secretion, distant cytokine signaling,
immune modulation, and epigenetic regulation. When combined with a structured exercise regimen, adequate
protein intake has been shown to be particularly effective in preventing age-related sarcopenia. However,
traditional interventions may be inadequate for patients with limited mobility, poor overall health, or advanced
sarcopenia. Emerging therapeutic strategies—such as miRNA mimics or inhibitors, gut microbiota transplantation,
and stem cell therapy—present promising new directions for MSC-based interventions. This review
comprehensively examines recent advances in MSC-mediated muscle regeneration in age-related sarcopenia and
systematically discusses therapeutic strategies targeting MSC regulation to enhance muscle mass and strength.
The goal is to provide a theoretical foundation and identify future research directions for the prevention and

treatment of this increasingly prevalent condition.
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