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Abstract:

Sarcopenia, characterized by the decline in muscle mass and function that occurs with
aging, is a significant clinical condition that threatens independent living in older adults.
It leads to reduced physical capacity, greater risk of falls, and deterioration in quality of
life, creating a considerable burden on healthcare systems. The purpose of this review is
to examine comprehensively the role of current exercise modalities in the management
of sarcopenia, in light of its pathophysiology and epidemiological characteristics.
Progressive resistance training, power-oriented exercises, low load blood flow restriction
training, combined programs, and multicomponent approaches are evaluated in terms of
their physiological effects and implementation parameters. The findings indicate that
exercise is a central intervention for addressing sarcopenia, particularly when it is applied
as a multidisciplinary, individualized, and sustainable strategy.
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1. Introduction

Sarcopenia is a progressive disorder of the musculoskeletal system that develops in
association with the aging process and is characterized by declines in muscle strength,
muscle mass, and physical performance. According to the updated definition of the
European Working Group on Sarcopenia in Older People (EWGSOP2), the primary
criterion for diagnosis is reduced muscle strength; accompanying loss of muscle mass
and/or diminished physical performance are considered secondary diagnostic indicators
(Cruz-Jentoft et al., 2019). Functional assessments such as handgrip strength and gait
speed are regarded as key parameters during clinical evaluation.

The physiological basis of sarcopenia is multifactorial and reflects systemic
changes that occur with advancing age. Decreased levels of hormones such as
testosterone and IGF-1, degeneration of motor neurons, mitochondrial dysfunction,
chronic inflammation involving mediators such as IL-6 and TNF-a, and oxidative stress
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contribute to the disruption of muscle protein balance and lead to atrophy of muscle
tibers (Wilkinson et al., 2021). Environmental factors including a sedentary lifestyle and
insufficient protein intake further accelerate these biological processes, promoting the
development of sarcopenia (Park and Lee, 2023).

From an epidemiological perspective, sarcopenia has a high prevalence in older
age groups. For example, among individuals aged 80 years and above, the prevalence
exceeds 30 percent (Zhang et al., 2022). Its clinical consequences include increased
incidence of falls and fractures, greater rates of hospitalization, higher demand for long-
term care, and elevated mortality risk (Papadopoulou et al., 2020). In addition, sarcopenia
has psychosocial effects such as loss of functional independence, social isolation, and
reduced quality of life (Wu et al., 2025).

2. Pathophysiology of Sarcopenia and the Role of Exercise

Sarcopenia is a multifactorial syndrome that develops through the interaction of
physiological, molecular, and environmental factors associated with aging. Key
mechanisms in its pathogenesis include disruption of muscle protein balance, reduced
activity of anabolic signaling pathways such as IGF-1 and testosterone, chronic
inflammation marked by increased IL-6 and TNF-a levels, and oxidative stress (Tieland
et al., 2018; Wilkinson et al., 2021). Loss of motor neurons also contributes by preventing
the reinnervation of muscle fibers, resulting in both structural and functional muscle loss.
These biological changes lead to reduced muscle fiber diameter, a higher threshold for
response to stimuli, and diminished contractile capacity (Ogawa et al., 2024).

In contrast to these degenerative processes, exercise emerges as a potent
intervention that initiates physiological repair and adaptation. Resistance training in
particular stimulates muscle protein synthesis, thereby activating anabolic processes.
This adaptation is mediated through molecular pathways such as mTOR and PGC-1q,
supporting both the preservation and regeneration of muscle mass (Landi et al., 2023).
Recent studies indicate that the molecular responses of muscle tissue to exercise are
modulated by age, with the PGC-1a pathway showing weaker activation in individuals
with sarcopenia despite exercise stimulation (Korean Working Group on Sarcopenia,
2023). Power and balance training also enhance neuromuscular coordination,
strengthening nerve-muscle interactions that reduce the risk of falls. These effects
contribute both to prevention and to slowing the progression of sarcopenia.

Exercise further benefits muscle function through metabolic and vascular
mechanisms. Regular physical activity promotes mitochondrial biogenesis and oxidative
capacity, improves glucose metabolism, and increases insulin sensitivity (Dent et al.,
2023). Suppression of intramuscular inflammatory responses and preservation of
vascular integrity also support the regenerative capacity of muscle tissue. Taken together,
these multidimensional benefits make exercise a more comprehensive and effective
approach than the isolated effects of pharmacological agents (Lee et al., 2024).
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3. Exercise Models: Theoretical Basis and Implementation Parameters

3.1 Progressive Resistance Training (PRT)

Progressive resistance training is considered the most effective exercise model for
counteracting the loss of muscle mass and strength associated with aging. This approach
involves applying gradually increasing resistance to muscles in order to maximize
mechanical loading and stimulate the anabolic response. The physiological basis of PRT
lies in the activation of mTOR signaling pathways through mechanotransduction in
muscle fibers, which leads to increased protein synthesis. This process promotes muscle
hypertrophy and neuromuscular adaptations, thereby improving functional
performance in older adults (Valenzuela et al., 2021; Park and Lee, 2023).

In clinical practice, PRT is generally recommended two to three times per week, at
an intensity of 60 to 80 percent of one repetition maximum (1RM), with 8 to 12 repetitions
for two to three sets. Selecting multijoint exercises that target major joints such as the
hip, knee, and ankle enhances functional transfer. Due to its favorable safety profile, this
protocol can be adapted for older adults at beginner levels and applied in both home and
clinical settings (Lee et al., 2024).

Randomized controlled trials have demonstrated that 12 weeks of PRT can lead to
significant improvements in gait speed, the five-times sit-to-stand test, and Short Physical
Performance Battery (SPPB) scores (Landi et al., 2023). In addition, the literature reports
that PRT has positive effects on depressive symptoms, cognitive function, and sleep
quality. These multidimensional benefits make PRT one of the primary interventions in
the clinical management of sarcopenia.

3.2 Power Training

Power training aims to develop the ability of muscles to produce maximum force in the
shortest possible time and is essential for preserving functional reserve in older adults.
Because muscle power declines earlier with age than maximal strength, programs that
target not only hypertrophy but also speed-related neuromuscular adaptations are
recommended (Fragala et al., 2019). This type of training activates fast-twitch type II
muscle fibers, which helps reduce the risk of falls and improves mobility (Geraedts et al.,
2023).

Power training typically involves concentric muscle contractions performed at
high speed with low loads, usually 30 to 60 percent of one repetition maximum (1RM).
Exercises often include explosive movements such as step-ups, fast squats, and repeated
sit-to-stand actions. These sessions can be integrated into the weekly program one or two
times per week and have been shown to improve balance, reaction time, and gait speed
in older adults (Izquierdo et al., 2021). Recent research suggests that power training may
have superior effects compared to progressive resistance training in outcomes such as
muscle power, quickness, and walking speed (Ramirez-Vélez et al., 2023).

Comparative studies further indicate that power training produces greater
improvements in mobility and balance than progressive resistance training. For
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individuals with low muscle power and slow walking speed, introducing power-based
exercises at an early stage is important for preventing functional decline. Consequently,
for older adults at risk of falls, it is advisable to include power training either in
conjunction with or prior to progressive resistance training (Chen et al., 2023).

3.3 Blood Flow Restriction (BFR) Training

Blood flow restriction exercise is an innovative approach that can promote muscle
hypertrophy and strength gains even at low loads. The protocol involves applying elastic
cuffs to the proximal portion of a limb to partially restrict venous return. This restriction
increases metabolite accumulation and reduces intramuscular oxygen levels, creating
localized muscle stress and enabling high levels of muscle activation despite the use of
low loads (Centner et al., 2021).

BFR training is typically performed with resistance set at 20 to 30 percent of one
repetition maximum (1RM), following a four-set structure of 30, 15, 15, and 15 repetitions.
This method is particularly advantageous for frail older adults and for individuals with
conditions such as osteoarthritis or coexisting cardiac disease, where heavy load lifting is
contraindicated. Recent randomized controlled trials have reported significant
improvements in muscle cross-sectional area, gait speed, balance, and functional
performance following BFR exercise (Zhang et al., 2024).

However, certain risk factors must be carefully considered before initiating this
protocol. Contraindications include cardiovascular disease, coagulopathy, a history of
deep vein thrombosis, and uncontrolled hypertension. For appropriate individuals, BFR
offers a valuable alternative in clinical settings, as it enables effective muscle activation
with low mechanical loads and can improve exercise tolerance.

3.4 Combined (Resistance and Aerobic) Programs

Combined exercise programs are comprehensive approaches designed to improve
muscle strength and cardiorespiratory endurance simultaneously in older adults. Adding
aerobic exercise to resistance training creates a synergistic effect that supports muscle
hypertrophy, strength gains, cardiovascular health, and metabolic regulation, making
this combination particularly valuable in the management of sarcopenia (Carcelén Fraile
et al., 2023).

In a randomized controlled trial conducted by Liu et al. (2024), a 12-week home-
based program combining resistance and aerobic training for community-dwelling
individuals with sarcopenia led to significant improvements in physical performance
measures, including knee extensor muscle strength and six-minute walking distance.
These findings highlight the clinical and practical benefits of combined exercise for
enhancing functional capacity.

A large-scale epidemiological study also found that individuals meeting both
aerobic and resistance exercise recommendations demonstrated the highest preservation
of handgrip strength compared to those adhering to only one exercise type. This suggests
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that combined training offers a protective effect on physical functions that are more
sensitive to decline (Sung et al., 2022).

3.5 Multicomponent Exercise Approaches
Multicomponent exercise programs integrate resistance, balance, agility, flexibility, and
aerobic elements to simultaneously reduce the risk of falls and enhance overall functional
capacity in older adults. These approaches promote concurrent positive adaptations in
neuromuscular and cardiometabolic systems, playing a key role in maintaining
functional independence (Sanchez-Sanchez et al., 2023).

For example, in a randomized controlled trial conducted by Makizako et al. (2020),
a 12-week home-based multicomponent program consisting of resistance, balance,
flexibility, and aerobic exercises led to significant improvements in chair stand
performance and Timed Up and Go (TUG) test results. Although no statistically
significant change was observed in muscle mass, the program had a clear positive impact
on physical function.

4. Implementation Parameters and Clinical Adaptations

An exercise prescription should be carefully individualized according to the person’s
clinical condition, functional capacity, age related limitations, and level of motivation.
The FITT VP model recommended by the American College of Sports Medicine, which
includes frequency, intensity, time, type, volume, and progression, serves as the
foundation for this process (Baptista et al., 2024). The model suggests starting older adults
who are new to exercise at 40 to 50 percent of one repetition maximum (1RM) and
gradually increasing the load as tolerated.

Exercise programs should begin under the supervision of a physiotherapist,
followed by a gradual transition to home-based individual routines. During this
adaptation phase, technological solutions such as mobile applications and tele-
rehabilitation systems can be valuable for remote monitoring, feedback, and adherence
(He et al., 2024). Incorporating social support and behavioral strategies further enhances
long term commitment to exercise.

When evaluating the effects of exercise, it is important to consider not only
physical performance but also quality of life, mental health, and the ability to perform
activities of daily living. Sustainability and personal relevance of the program should be
reinforced through regular feedback sessions, goal setting, and progress tracking
strategies. This comprehensive approach optimizes the intervention and strengthens
participant motivation.

5. Safety, Screening, and Monitoring

In prescribing exercise, safety should be given as much priority as effectiveness. In
individuals with sarcopenia, comorbidities such as hypertension, cardiac rhythm
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disorders, osteoporosis, and metabolic diseases are common. For this reason, a thorough
pre-exercise evaluation is necessary. The clinical assessment should include medical
history, medication use, physical activity level, balance status, and cardiovascular risk
factors (Damluji et al., 2023; Lin et al., 2024).

Functional assessment tests play an important role in both diagnosis and follow-
up. Handgrip strength, gait speed, the five times sit to stand (5xSTS) test, and the Short
Physical Performance Battery (SPPB) are widely used to objectively evaluate an
individual’s physical capacity (Lin et al., 2024). The 5xSTS test is also a safe and valid
measure of lower limb strength, balance, and fall risk (de Melo et al., 2023).

During exercise, parameters such as heart rate, blood pressure, and perceived
exertion (RPE) should be regularly monitored. Symptoms such as dizziness, chest pain,
or shortness of breath after exercise should be regarded as warning signs. Before
implementing specific protocols, such as blood flow restriction training,
contraindications, including thromboembolism, coagulation disorders, and uncontrolled
hypertension, should be clearly identified (de Melo et al., 2023; Toro Roman et al., 2024).
In addition, regular assessment of psychosocial parameters such as exercise adherence,
quality of life, and sleep patterns can enhance the overall effectiveness of the intervention.

6. Future Perspectives and Recommendations

In the fight against sarcopenia, accessibility and sustainability of exercise-based
approaches are becoming as critical as their effectiveness. In this context, the
development of community-based exercise programs is among the most strategic steps.
Group exercise sessions organized through local resources, such as municipalities or
senior centers, can increase participation in physical activity while also promoting social
interaction (Sepulveda Loyola et al., 2025).

Digital health technologies make home-based exercise programs more accessible
and trackable. Mobile applications, tele-physiotherapy systems, and wearable devices
allow real-time sharing of exercise data with health professionals, enabling personalized
interventions. For example, the PF Life mobile health program demonstrated high
adherence, usability, and safety in pre-frail older adults and resulted in significant
improvements in physical functions such as the Timed Up and Go (TUG) test and
handgrip strength (Li et al., 2024).

Looking ahead, it will be important to investigate not only the physical but also
the cognitive, psychological, and social effects of exercise through multicenter studies.
Multidisciplinary approaches yield stronger outcomes, with teams consisting of
physiotherapists, geriatricians, nutrition specialists, and psychologists delivering
comprehensive interventions at both clinical and community levels (Park et al., 2023).
Strategies that account for cultural, socioeconomic, and individual differences will
enhance the reach and sustainability of these interventions within the broader
population.
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7. Conclusion

This review has provided a comprehensive overview of the scientific evidence and
practical strategies for exercise-based interventions in the prevention and management
of sarcopenia. Strong evidence in the literature demonstrates that progressive resistance
training has a clear effect on increasing muscle mass and strength, while power-focused
training plays a critical role in maintaining functional independence and reducing the
risk of falls. Low-load blood flow restriction exercise offers an effective option for
individuals who are frail or have painful joint conditions, whereas multicomponent
programs stand out for their benefits in improving overall physical performance and
quality of life.

The success of exercise programs depends not only on accurate prescription but
also on individualized dosing, ensuring safety, and adopting a multidisciplinary
approach. Regular use of functional assessment tests allows the effectiveness of exercise
programs to be monitored. Similarly, monitoring strategies supported by telehealth
systems and digital tools are important elements for enhancing long-term adherence and
participation.

Looking ahead, personalized exercise prescriptions, artificial intelligence-assisted
health technologies, and community-based initiatives will be at the forefront of
combating sarcopenia. Promoting evidence-based, accessible, and sustainable exercise
strategies should be considered a priority in health policy to enable older adults to
maintain an active and independent life.
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