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Abstract

Background. Sarcopenia is an age-related syndrome characterized by progressive loss of

skeletal muscle mass, strength, and physical performance, leading to increased risks of

disability, falls, hospitalization, and mortality. Myostatin, a negative regulator of muscle

growth, has emerged as a potential therapeutic target in sarcopenia.

Aim. The aim of this review was to evaluate the current evidence regarding the use of myostatin

inhibitors in sarcopenia, with particular emphasis on their effects on muscle mass, strength, and

physical function.

Material and methods. A narrative review of the literature was conducted, including

experimental studies, randomized controlled trials, systematic reviews, and meta-analyses

investigating myostatin inhibition in sarcopenia and related muscle-wasting conditions.
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Results. Available evidence indicates that myostatin inhibitors increase lean body mass and
promote skeletal muscle hypertrophy. Clinical studies, particularly those involving
bimagrumab, demonstrated significant gains in muscle volume and lean mass. However,
improvements in muscle strength and physical performance were generally limited and not
always proportional to increases in muscle mass. Current evidence is constrained by
heterogeneous study populations and short follow-up periods.

Conclusions. Myostatin inhibitors may represent a useful pharmacological strategy for
increasing muscle mass in sarcopenia. Nevertheless, their effects on functional outcomes
remain uncertain. Further studies are needed to assess long-term clinical benefits and the
effectiveness of combining pharmacological treatment with exercise and nutritional
interventions.

Keywords: sarcopenia, myostatin inhibitors, bimagrumab, muscle mass, muscle strength,

physical function

1. Introduction

Sarcopenia is one of the most significant health issues facing an aging population. Its prevalence
in people over 60 is estimated to range from 10% to 27%, depending on the diagnostic criteria
used, while in hospitalized patients or those in nursing homes, it can exceed 40%. This means
that as societies age, the problem of muscle mass and function loss will grow. Sarcopenia is not
merely a morphological change; it is a syndrome leading to decreased muscle strength, impaired
physical performance, and an increased risk of falls, disability, and mortality (1,2).

In recent years, its definition has been refined, emphasizing that the key element of diagnosis
is not only low muscle mass but, above all, reduced strength and functionality (3,4). This
represents a significant shift from structural to clinical parameters. In practice, this means that
an increase in muscle mass does not necessarily equate to an improvement in the patient’s
functional capacity.

Sarcopenia often coexists with chronic diseases. In patients with liver cirrhosis, its prevalence

ranges from 30 to 70%, and its presence is associated with a poorer prognosis and higher
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mortality (5,6). Similar associations are observed in hospitalized elderly populations, where the
coexistence of frailty and sarcopenia significantly increases the risk of complications (7). This
phenomenon therefore has not only geriatric but also internal medicine and rehabilitation
implications.

The cornerstone of treatment remains resistance training and nutritional interventions (8).
However, their effectiveness may be limited in patients with severe comorbidities, advanced
muscle mass loss, or limited capacity for physical exertion. For this reason, pharmacological
strategies targeting molecular regulators of muscle homeostasis are being developed (9,10).
One of the key negative regulators of muscle growth is myostatin (GDF-8). It inhibits the
proliferation and differentiation of satellite cells by activating the ActRIIB/Smad pathway,
thereby limiting muscle fiber hypertrophy. Molecular studies indicate that its expression may
be regulated, among other things, by the HDAC6 and FoxO3a pathways (11). Importantly,
elevated myostatin levels correlate with impaired functional parameters and a state of
malnutrition (12,13). This suggests that its role extends beyond the regulation of muscle mass
alone.

In preclinical studies, myostatin blockade led to a significant increase in muscle mass and
strength (14,15). However, in clinical trials, the results proved to be more complex.
Randomized phase Il trials using bimagrumab demonstrated an increase in lean body mass
(16,17), and a meta-analysis confirmed its effect on body composition (18) Nevertheless,
functional improvement was moderate and not always proportional to the increase in muscle
mass.

The difference between muscle hypertrophy and actual functional improvement is currently one
of the key issues in assessing the efficacy of myostatin inhibitors. It appears that an increase in
muscle mass is a necessary but insufficient condition for functional improvement. There is a
growing emphasis on the need to combine pharmacotherapy with exercise interventions and to
personalize therapy (10).

The aim of this study is to provide a critical review of current data on the therapeutic use of
myostatin inhibitors in the treatment of sarcopenia, with particular emphasis on their impact on

muscle mass, strength, and functionality in patients.



2. Diagnostic criteria for sarcopenia
Sarcopenia is currently recognized as a clinical syndrome encompassing not only muscle mass
loss but, above all, a decline in muscle strength and a deterioration in physical performance. In
recent years, there has been a significant shift in the diagnostic approach, with the emphasis
shifting from morphological to functional parameters. According to current recommendations,
low muscle strength is the primary criterion for diagnosing sarcopenia, while reduced muscle
mass confirms the diagnosis, and limited physical performance helps determine the severity of
the condition (1,4).
Assessment of muscle strength is most often based on handgrip strength measurement or the
chair stand test. These are simple, reproducible methods with documented prognostic value that
correlate with the risk of falls, hospitalization, and mortality (1). It is worth noting that reduced
muscle strength can occur even with relatively preserved muscle mass, which confirms its key
diagnostic significance.
Muscle mass is typically assessed using dual-energy X-ray absorptiometry (DXA) or
bioelectrical impedance analysis (BIA). The parameter most commonly used in clinical practice
is the lean muscle mass index (ASM/height?). Reduced muscle mass confirms the diagnosis of
sarcopenia, but by itself does not allow for an assessment of its clinical significance (1,4). This
limitation is particularly important in the context of therapies aimed at increasing muscle mass.
The third diagnostic component is the assessment of physical performance, which includes
measurement of walking speed, the Short Physical Performance Battery (SPPB) test, or the 6-
minute walk test. These parameters enable the assessment of the severity of sarcopenia and the
prediction of the risk of clinically adverse events. In clinical practice, limited physical fitness
is one of the strongest predictors of loss of independence (1).
In Asian populations, different threshold values for muscle strength and mass have been
proposed, taking into account anthropometric and metabolic differences (4). These differences
underscore the need to adapt diagnostic criteria to the specific characteristics of the study
population and to exercise caution when comparing the results of clinical trials conducted in
different regions of the world.
The use of functionality-based diagnostic criteria has significant implications for the evaluation
of new pharmacological therapies. In the case of myostatin inhibitors, an increase in muscle

mass should be interpreted in the context of concurrent improvements in strength and physical



performance. The absence of such improvements may limit the clinical significance of the

observed changes.

3. The role of myostatin in the pathogenesis of sarcopenia

Myostatin (growth differentiation factor 8, GDF-8) belongs to the transforming growth factor
B (TGF-B) family and acts as a “brake” on skeletal muscle growth. Under normal conditions, it
controls the proliferation and differentiation of myoblasts and limits excessive muscle fiber
hypertrophy. Animal models with myostatin gene knockouts exhibit significant muscle mass
gain, confirming its function as a potent inhibitor of myogenesis (1,19). However, in the context
of aging and chronic diseases, this physiological regulatory function may transform into a factor
promoting progressive muscle loss.

The mechanism of myostatin action is primarily based on the activation of type Il activin
receptors (ActRIIA and ActRIIB). Upon binding to the receptor, Smad2/3 proteins are
phosphorylated, which then form a complex with Smad4 and translocate to the cell nucleus,
where they regulate the expression of genes associated with the inhibition of muscle protein
synthesis and the intensification of proteolytic processes (15,19). The ActRI1A/ActRIIB/Smad
pathway influences, among other things, the activity of the ubiquitin—proteasome system and
the expression of muscle atrophy factors, such as atrogin-1 and MuRF-1. As a result, anabolism
is inhibited and the degradation of contractile proteins is enhanced. This pathway interacts with
other signaling axes, including insulin-like growth factor 1 (IGF-1) and the mTOR pathway,
which further exacerbates metabolic imbalances in aging muscle (1,2).

The regulation of myostatin expression is a multilevel process dependent on the metabolic
context. Experimental studies have shown that transcription factors, such as FoxO3a, can
enhance myostatin expression under catabolic conditions, promoting muscle atrophy (11). At
the same time, histone deacetylase 6 (HDACS6) participates in the epigenetic regulation of this
process by modulating the activity of transcription factors and chromatin accessibility (11).
These data suggest that the increased expression of myostatin in sarcopenia is not a random
phenomenon but results from specific molecular changes associated with aging, oxidative
stress, and metabolic disorders. It is worth noting, however, that most of these observations
come from cellular or animal models, and their direct translation to the elderly population

requires further clinical studies.



The role of myostatin in sarcopenia is also supported by clinical data. In studies involving
patients meeting the diagnostic criteria for sarcopenia, a correlation was found between
myostatin levels and reduced muscle mass and impaired physical function (12). Similar
observations have been reported in populations with chronic diseases, where elevated myostatin
levels correlated with the severity of muscle mass loss and indicators of malnutrition (13). At
the same time, not all studies unequivocally demonstrate higher myostatin concentrations in
older adults with sarcopenia compared to control groups. These discrepancies may result from
methodological differences (various assay techniques, lack of measurement standardization),
heterogeneity of the study populations, and the influence of comorbid factors, such as
inflammation or liver disease (12,13).

A critical analysis of the available data indicates that myostatin is an important, but not the
only, component of the complex regulatory network responsible for the development of
sarcopenia. Its role may be modulated by environmental (physical activity, diet), hormonal, and
genetic factors (1,2). Furthermore, some studies have observed paradoxical relationships in
which myostatin levels did not correlate linearly with the severity of muscle mass loss,
suggesting the existence of compensatory mechanisms or differences in the protein’s biological
activity (12). For this reason, the interpretation of myostatin levels as a standalone biomarker
of sarcopenia should be approached with caution.

Despite these limitations, understanding the role of myostatin in the pathogenesis of sarcopenia
has significant translational implications. As a central regulator of the muscle growth-inhibiting
pathway, it represents an attractive therapeutic target, as evidenced by recent reviews analyzing
the development of myostatin inhibitors and type Il activin receptors (19). Theoretically,
inhibiting ActRI1A/ActRI1B/Smad signaling could restore the balance between anabolism and
catabolism, increase muscle mass, and improve physical function. However, the key question
remains whether modulation of a single molecular pathway is sufficient to effectively inhibit
the multifactorial process of sarcopenia.

In summary, myostatin plays a central role in the regulation of skeletal muscle mass and
function, and its excessive activity may contribute to the development and progression of
sarcopenia (1,2,19). The ActRIIA/ActRIIB/Smad pathway and transcriptional regulatory
mechanisms involving FoxO3a and HDACG constitute the molecular basis of this phenomenon
(11,15). Clinical data confirm the association between myostatin and the loss of muscle mass

and function, although their interpretation requires caution (12,13).
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4. Therapeutic strategies for the treatment of sarcopenia
Therapeutic management of sarcopenia encompasses a broad spectrum of interventions aimed
at both halting the progression of muscle mass loss and improving skeletal muscle strength and
function. Current strategies focus primarily on non-pharmacological methods, such as
resistance training and nutritional interventions, which form the basis of clinical management.
At the same time, intensive research is underway on pharmacological therapies targeting
molecular mechanisms regulating muscle metabolism, including the modulation of anabolic
pathways and the inhibition of factors that negatively regulate muscle growth, such as myostatin
(3,9).
Resistance training remains the best-documented and most recommended method for treating
sarcopenia. Regular physical activity leads to increased muscle protein synthesis, improved
mitochondrial function, and stimulation of anabolic pathways, particularly those dependent on
MTOR kinase (8,20). Intervention studies have shown that systematic strength training in older
adults can lead to a significant increase in both muscle mass and muscle strength, as well as
improved functional capacity (18). Importantly, these benefits are observed even in patients of
very advanced age, which underscores the importance of physical activity as a fundamental
component of sarcopenia therapy (10).
In clinical practice, training programs combining resistance exercises with endurance training
and balance exercises prove particularly effective. Such multifaceted rehabilitation programs
not only increase muscle mass but also reduce the risk of falls and improve patients’ overall
functional fitness (21). Despite clear evidence confirming the effectiveness of physical training,
its implementation in the elderly population is often hindered by comorbid chronic diseases,
mobility limitations, or low patient motivation (5).
The second key element in the treatment of sarcopenia is nutritional intervention. With age,
muscle sensitivity to anabolic stimuli decreases, a phenomenon known as “anabolic resistance.”
Consequently, older adults require increased protein intake to maintain a positive protein
balance (7). Current guidelines suggest that daily protein intake in patients at risk of sarcopenia
should be approximately 1.0-1.5 g/kg of body weight, which exceeds standard
recommendations for the healthy adult population (6).
The quality of the protein consumed also plays a significant role. Particular attention is paid to
essential amino acids, especially leucine, which is a potent activator of the mTOR pathway and

stimulates muscle protein synthesis (22). Clinical studies have shown that supplementation with
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leucine or its metabolite—p-hydroxy-p-methylbutyrate (HMB)—may lead to moderate
improvements in muscle mass and function in older adults, especially when combined with
physical activity (16).

Despite the growing number of studies on nutritional supplementation, the results remain
somewhat inconsistent. Some meta-analyses have observed only a slight effect of protein
supplementation on muscle strength, particularly in the absence of concurrent training
intervention (17). This suggests that the effectiveness of nutritional strategies is largely
dependent on their integration with physical activity programs.

In addition to non-pharmacological interventions, pharmacological strategies are also being
developed to directly modulate anabolic and catabolic processes in muscles. The approaches
under investigation include, among others, selective androgen receptor modulators (SARMS),
hormone therapy, and drugs affecting muscle metabolism (23). To date, however, none of these
methods has been widely accepted as a standard treatment for sarcopenia, mainly due to limited
efficacy or potential side effects.

In recent years, therapies aimed at inhibiting myostatin—a protein that is one of the key
negative regulators of muscle growth—have attracted particular interest. Blocking the
myostatin signaling pathway leads to increased muscle mass in animal models, which has
formed the basis for the development of new therapeutic strategies (24).

One of the most advanced drugs in this class is bimagrumab—a monoclonal antibody targeting
type Il activin receptors. The mechanism of action of this drug involves blocking catabolic
signals transmitted by myostatin and other ligands from the TGF-§ family, which leads to an
increase in anabolic processes in skeletal muscle (25). Clinical trials have shown that
administration of bimagrumab can lead to a significant increase in lean body mass in patients
with sarcopenia or muscle loss associated with chronic diseases (26). The increase in muscle
mass did not always translate into a proportional improvement in muscle strength or physical
function. In some studies, only moderate improvements in functional parameters, such as
walking speed or the chair stand test, were observed (27). This phenomenon suggests that
muscle hypertrophy alone is not sufficient to restore full functional capacity, which also
depends on neurological and metabolic factors as well as the quality of muscle structure.
Limitations of studies on new therapies include relatively short follow-up periods, small sample

sizes, and significant heterogeneity in patient populations. Furthermore, many studies focus

10



primarily on changes in muscle mass, whereas clinically relevant parameters are primarily
functional measures such as muscle strength or the ability to perform activities of daily living.
The treatment of sarcopenia requires a multifaceted approach combining behavioral,
nutritional, and—potentially—pharmacological interventions. Currently, resistance training
and adequate protein intake remain the cornerstones of therapy, as they have the best-
documented efficacy. The development of therapies targeting molecular mechanisms regulating

muscle metabolism, particularly myostatin inhibitors, opens up new therapeutic prospects.

5. Myostatin inhibitors as a potential therapy for sarcopenia

In recent years, therapeutic strategies targeting the modulation of molecular regulators of
skeletal muscle growth have garnered increasing interest. One of the most important of these is
myostatin (growth differentiation factor-8, GDF-8), which belongs to the transforming growth
factor-p (TGF-B) family. This protein acts as a potent negative regulator of muscle
development, limiting the proliferation and differentiation of satellite cells and inhibiting
muscle protein synthesis. Consequently, inhibiting myostatin activity has become an attractive
therapeutic target in diseases characterized by muscle mass loss, including sarcopenia (24).
Myostatin exerts its biological effects by binding to type Il activin receptors—ActRIIA and
ActRIIB—present on the surface of muscle cells. Upon ligand-receptor binding, the
intracellular Smad2/3 signaling pathway is activated, leading to the inhibition of gene
expression responsible for muscle growth and regeneration. Activation of this pathway results
in reduced myoblast proliferation and increased catabolic processes in muscle tissue.
Consequently, this leads to a reduction in muscle mass and impaired skeletal muscle function
(24). For this reason, blocking myostatin signaling at the ligand or ActRI1A/ActRIIB receptor
level may reverse these processes and stimulate muscle hypertrophy.

Based on this, several pharmacological strategies have been developed to inhibit myostatin’s
action. One approach involves the use of monoclonal antibodies that directly neutralize
myostatin. Drugs in this group bind the myostatin molecule in the extracellular space,
preventing it from interacting with activin receptors. Another strategy involves blocking the
ActRIIA or ActRIIB receptors themselves using monoclonal antibodies or fusion proteins that
act as so-called “ligand traps” to capture myostatin and other ligands from the TGF-§ family.
This approach may lead to a stronger anabolic effect, as it simultaneously inhibits the action of

several factors that limit muscle growth (25).
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The most clinically advanced representative of myostatin pathway inhibitors is bimagrumab—
a human monoclonal antibody directed against type Il activin receptors. This drug blocks signal
transduction via the ActRIIA and ActRIIB receptors, preventing activation of the Smad2/3
pathway and thereby counteracting myostatin’s inhibitory effect on skeletal muscle growth
(25). Preclinical studies have shown that blocking activin receptors leads to a significant
increase in muscle mass and an improvement in body composition by increasing lean body
mass while simultaneously reducing body fat.

The first clinical trials involving bimagrumab showed promising results regarding its effect on
body composition. In randomized controlled trials, a significant increase in muscle volume and
lean body mass was observed in patients with muscle wasting. At the same time, some studies
reported a reduction in body fat, suggesting a beneficial effect of the drug on overall body
metabolism (16,17). Meta-analyses of available studies indicate that bimagrumab therapy may
lead to significant changes in body composition, particularly in terms of increased muscle mass
(18).

However, these results should be interpreted with some caution. Although an increase in muscle
mass is one of the key goals of sarcopenia therapy, it does not always translate directly into
improved muscle function. In some clinical trials, only moderate improvements in functional
parameters such as muscle strength, walking speed, or the ability to perform activities of daily
living were observed (17,23). This suggests that an increase in muscle volume does not
necessarily imply a simultaneous improvement in muscle quality and neuromuscular
coordination.

This phenomenon may result from several factors. First, sarcopenia is a complex clinical
syndrome involving not only a reduction in muscle mass but also changes in muscle fiber
structure, mitochondrial dysfunction, and impaired neuromuscular conduction. Second, many
studies on myostatin inhibitors involve relatively short follow-up periods, which may not be
sufficient to demonstrate full functional improvement. Furthermore, studies often include
heterogeneous groups of patients with varying degrees of sarcopenia and different
comorbidities (24,26).

A significant limitation of previous studies is also the fact that most of them focus primarily on
changes in body composition, such as muscle mass or muscle volume assessed via imaging
studies. Meanwhile, from a clinical perspective, functional parameters such as muscle strength,

mobility, and the ability to function independently are of key importance. The lack of clear
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improvement in these parameters in some studies suggests that therapy with myostatin
inhibitors should be considered rather as part of combination therapy, combined with physical
activity and appropriate nutritional interventions (27).

Despite these limitations, myostatin inhibitors remain one of the most promising avenues for
the development of pharmacotherapy for sarcopenia. Advances in understanding the biology of
the TGF-B pathway and the interactions between myostatin and other regulators of muscle
metabolism may enable the development of more selective and effective therapies in the future.
In particular, further clinical trials are needed to evaluate the long-term efficacy and safety of
myostatin inhibitors and their impact on functional aspects of physical performance in older
adults (19).

Given the growing interest in these therapies, it is particularly important to thoroughly analyze
the results of existing clinical trials on myostatin inhibitors, especially bimagrumab. The
following chapter provides an overview of the most important clinical trials evaluating the

efficacy and safety of these therapies in a population of patients with sarcopenia.

6. Clinical Trials of Myostatin Inhibitors in the Treatment of Sarcopenia

The growing interest in myostatin inhibitors as a potential therapeutic strategy for sarcopenia
has led to the initiation of a series of clinical trials in recent years aimed at evaluating the
efficacy and safety of these therapies. These studies primarily focus on evaluating the impact
of drugs that modulate the myostatin signaling pathway on clinically relevant parameters for
patients with sarcopenia, such as muscle mass, body composition, muscle strength, and the
ability to perform activities of daily living. In this context, randomized controlled trials (RCTSs)
are a key tool for assessing the true therapeutic value of new drugs and their potential role in
future treatment strategies for this condition (9).

One of the most extensively studied myostatin pathway inhibitors is bimagrumab—a
monoclonal antibody that blocks type Il activin receptors. Clinical trials have evaluated its
impact on body composition and muscle function in patients with age-related or chronic
disease-related muscle loss. One of the first randomized Phase 1l trials evaluated the efficacy
of bimagrumab in an elderly population with sarcopenia. The study was double-blind and
placebo-controlled, and its primary objective was to assess changes in muscle volume and

functional parameters during treatment (16).
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The results of this study showed that administration of bimagrumab led to a significant increase
in skeletal muscle volume compared to the placebo group. An increase in lean body mass was
observed after just a few weeks of therapy, suggesting a rapid anabolic effect resulting from the
inhibition of signaling via activin receptors. At the same time, a reduction in body fat was noted
in some analyses, indicating a potentially beneficial effect of the therapy on patients’ overall
body composition (16).

Another randomized clinical trial evaluated the efficacy of bimagrumab compared to optimal
standard care in community-dwelling older adults living independently. The study design
included a multicenter RCT with a control group and a longer follow-up period, allowing for a
more comprehensive assessment of the therapy’s impact on functional parameters. The study
analyzed, among other things, changes in muscle mass, muscle strength, and physical
performance tests (17).

The results of this study confirmed that bimagrumab therapy leads to a significant increase in
lean body mass compared to standard treatment. However, the improvement in functional
parameters was less clear-cut. In some analyses, only a moderate improvement in muscle
strength and a limited change in functional test results, such as walking speed or the chair stand
test, were observed. This suggests that an increase in muscle mass does not always directly
translate into a proportional improvement in physical fitness (17).

Interesting data were also provided by a study evaluating the effect of bimagrumab on muscle
volume and composition in men with immobilization-induced muscle atrophy. Although this
study involved an experimental model of muscle atrophy, its results provide valuable insights
into the mechanisms of action of myostatin inhibitors. It was demonstrated that bimagrumab
therapy led to a significant increase in thigh muscle volume and an improvement in muscle
structure as assessed by imaging methods (23). These results confirm the strong anabolic
potential of blocking type Il activin receptors.

A meta-analysis encompassing the results of several clinical trials on bimagrumab provided a
comprehensive assessment of the available studies. This analysis demonstrated that treatment
with this drug consistently leads to an increase in lean body mass and an improvement in body
composition through a reduction in body fat. This effect was observed in various patient
populations, suggesting a relatively universal mechanism of action for the drug (18). At the
same time, the meta-analysis indicated that the impact of therapy on functional parameters, such

as muscle strength or the ability to perform daily activities, remains less clear-cut.
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The discrepancy between a marked increase in muscle mass and a relatively limited
improvement in muscle function is one of the most frequently discussed issues in research on
myostatin inhibitors. Sarcopenia is, in fact, a complex clinical syndrome involving not only a
reduction in muscle mass but also changes in muscle fiber quality, mitochondrial dysfunction,
and impaired neuromuscular transmission. For this reason, muscle hypertrophy alone does not
necessarily lead to an improvement in patients’ functional abilities.

An additional limitation of the available studies is the relatively small size of the patient groups
analyzed and the relatively short duration of follow-up. In many studies, the treatment period
lasted only a few months, which may be insufficient to fully assess the impact of treatment on
long-term physical performance. Furthermore, the studies often included heterogeneous patient
populations with varying degrees of sarcopenia and different comorbidities, which may
complicate the interpretation of results and their generalization to the general population
(18,17).

Despite these limitations, clinical trials to date provide important evidence suggesting that
modulation of the myostatin pathway may lead to significant changes in body composition and
increased muscle mass. These results suggest that myostatin inhibitors may in the future
constitute an important element of sarcopenia therapy, particularly in combination with non-
pharmacological interventions such as resistance training and an appropriate nutritional
strategy.

In summary, clinical trials of myostatin inhibitors, particularly bimagrumab, indicate their clear
anabolic potential and ability to increase muscle mass in patients with muscle wasting. At the
same time, results regarding functional improvement remain inconclusive, underscoring the
need for further studies involving larger patient populations and longer follow-up periods. A
better understanding of the relationship between changes in muscle mass and improvements in
physical function will be crucial for determining the true role of myostatin inhibitors in future

strategies for treating sarcopenia.

7. Limitations of myostatin inhibitor therapy and future research directions in the
treatment of sarcopenia

Despite growing interest in myostatin inhibitors as a potential strategy for treating sarcopenia,

clinical studies to date indicate a number of significant limitations related to both study design

and the interpretation of the results obtained. Although modulation of the myostatin pathway
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represents a biologically sound therapeutic target, current clinical data do not yet allow for a
clear determination of the role of these therapies in the standard management of patients with
sarcopenia (9,18).

One of the most frequently highlighted issues is the discrepancy between the observed increase
in muscle mass and the relatively limited functional improvement. Many clinical trials have
demonstrated that myostatin inhibitors, including bimagrumab, lead to a significant increase in
lean body mass and skeletal muscle volume (16,17). However, improvements in functional
parameters, such as muscle strength, walking speed, or the ability to perform activities of daily
living, often remain moderate or fail to reach statistical significance. This phenomenon suggests
that an increase in muscle volume does not always translate into an improvement in muscle
quality and functional performance (18).

The explanation for this discrepancy is complex. Sarcopenia is a multifactorial clinical
syndrome involving not only a reduction in muscle mass but also changes in muscle fiber
structure, disturbances in energy metabolism, and deterioration of neuromuscular function.
Consequently, therapy targeting only one aspect of the disease’s pathophysiology may not be
sufficient to achieve full functional recovery. Furthermore, some studies suggest that
pharmacologically induced muscle mass gain may primarily lead to an increase in muscle fiber
volume without a proportional improvement in their ability to generate force (9).

A significant limitation of the available clinical studies is also their methodology. Many studies
involved relatively small groups of patients, which limits the statistical power of the analyses
and makes it difficult to detect subtle differences in functional parameters. Furthermore, the
observation period in most studies was relatively short, often covering only a few months of
therapy. In the case of chronic diseases associated with the aging process, such as sarcopenia,
the assessment of long-term treatment effects is crucial for determining the actual therapeutic
value of new interventions (17,18).

Another issue is the significant heterogeneity of the study populations. Clinical trials often
include individuals with varying degrees of sarcopenia, different comorbidities, and differing
levels of physical activity. These factors can significantly influence treatment response and
make it difficult to compare results across studies. Additionally, the diagnostic criteria for
sarcopenia used are not always identical, introducing an additional source of variability in the

analyzed populations (9).
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Potential clinical limitations associated with biologic therapies must also be considered. Drugs
such as monoclonal antibodies typically require parenteral administration, which may limit
their availability and patient acceptance in long-term therapy. Furthermore, the costs of
biological therapy are typically high, which in clinical practice may constitute a significant
barrier to the widespread use of these therapies in the elderly population. Although existing
studies indicate a relatively good safety profile for myostatin inhibitors, further observations
are necessary to assess their long-term safety (16,18).

In light of these limitations, increasing attention is being paid to the possibility of using
combination therapies. Combining pharmacological modulation of anabolic pathways with
non-pharmacological interventions, such as resistance training and appropriately tailored
nutritional strategies, may potentially lead to more pronounced improvements in functional
parameters. Physical training remains one of the strongest stimuli for muscle protein synthesis,
while an adequate supply of protein and essential amino acids supports regenerative processes
in muscle tissue. Integrating these strategies with pharmacological therapy may therefore
represent a promising direction for further research (8,10).

In the future, the development of more precise methods for patient selection for therapy will
also be particularly important. Sarcopenia is characterized by significant clinical heterogeneity;
therefore, identifying patient subgroups that may benefit most from myostatin inhibitor therapy
could enhance treatment efficacy. In this context, biomarkers related to muscle metabolism may
become increasingly important, as they will allow for better prediction of treatment response
and monitoring of therapeutic effects (22).

Long-term clinical trials involving larger patient populations and a more comprehensive
assessment of treatment outcomes are also necessary. In addition to traditional parameters such
as muscle mass and muscle strength, future studies should also consider indicators of quality of
life, physical activity levels, and the ability to function independently. This approach will allow
for a better assessment of the actual clinical and social significance of these new therapies
(9,18).

In summary, myostatin inhibitors represent a promising class of drugs for the treatment of
sarcopenia; however, the current state of knowledge indicates a need for further research to
more accurately determine their efficacy and safety. It is particularly important to conduct long-
term, well-designed clinical trials and to develop therapeutic strategies combining

pharmacotherapy with behavioral and nutritional interventions. The results of such studies may
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contribute to better utilization of myostatin inhibitors in the treatment of sarcopenia in the future

and provide an important backdrop for the final conclusions of this paper.

8. Conclusions
Sarcopenia poses a significant challenge to modern medicine, particularly in the context of an
aging population and the growing burden on healthcare systems. Its multifactorial nature,
encompassing both muscle mass loss and impaired muscle function, requires a comprehensive
diagnostic and therapeutic approach. In this context, myostatin, as a key negative regulator of
muscle growth, emerges as a promising target for pharmacological intervention.
To date, studies indicate that myostatin inhibitors, including bimagrumab, demonstrate
significant potential for increasing lean body mass and improving body composition in patients
with sarcopenia. These effects are relatively consistent across different study populations,
confirming the importance of the myostatin pathway in regulating muscle metabolism. At the
same time, however, clinical trial results reveal significant limitations of these therapies,
particularly regarding improvements in muscle function. In many cases, the observed increase
in muscle mass does not translate into a proportional improvement in strength or physical
performance, which underscores the complexity of the pathophysiology of sarcopenia.
Limitations of the available studies, such as small patient groups, short follow-up periods, and
population heterogeneity, further complicate the unambiguous assessment of myostatin
inhibitor efficacy in clinical practice. This points to the need for further, well-designed clinical
trials involving larger populations and longer follow-up periods, as well as incorporating
functional parameters as key endpoints.
In the future, the development of combination therapies—combining pharmacological
modulation of anabolic pathways with non-pharmacological interventions, such as resistance
training and an appropriate nutritional strategy—appears to be a particularly promising
direction. Such an approach may allow for a more comprehensive impact on the mechanisms
underlying sarcopenia. In summary, myostatin inhibitors represent a promising, though still

research-intensive, component of future strategies for treating sarcopenia.
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