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Abstract: Sarcopenia is an age-associated progressive deterioration of skeletal muscle, not only affecting the mus-
cle function of elderly individuals but also contributing to various health issues and increased mortality. Current
diagnostic tools are faced with limitations, hindering their widespread clinical application. This review examines the
potential of myokines, peptides released from contracting muscles, as innovative biomarkers for sarcopenia. We
explore the wide range of auto-, para-, and endocrine functions of myokines and the pathways of their physiological
action, as well as address ongoing research results on the role of myokines as biomarkers for the timely diagnosis of
sarcopenic individuals. Of all myokines, the ones that show the highest potential include irisin, myostatin, follistatin
and brain-derived neurotrophic factor (BDNF). Their physiological action is exerted through complex pathways involv-
ing multiple molecules. Most studies show that these molecules can be used as biomarkers for the timely diagnosis
of sarcopenia, whether by using each one individually or as a panel of biomarkers. However, several studies showed
no correlation between the plasma levels of these peptides and a sarcopenia diagnosis. Finally, a number of studies
also exhibited gender-affected relationships. While the quality of studies is promising, research on the use of myo-
kines as biomarkers of sarcopenia is needed to more accurately determine the cut-off plasma values of such mark-
ers. By overcoming the shortcomings of existing methodologies, utilizing myokines in daily clinical practice could
offer a promising path toward more effective prevention, diagnosis, and treatment strategies, ultimately improving
outcomes for the aging population.
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Introduction (CT), may have inaccuracies while requiring
trained staff and high costs, thus proving un-
suitable for large-scale use in everyday practice
[3]. Another option is bioelectrical impedance
analysis (BIA), which is also unsatisfactory due

to relatively poor reproducibility [4].

Age-related disorders are growing increasingly
common nowadays due to the unprecedented
growth in both the size and proportion of the
elderly population [1]. Sarcopenia, defined by
progressive deterioration of skeletal muscle
associated with age, carries high prevalence
rates among these aging individuals and leads
to various concomitant conditions, as well as

Myokines are peptides or proteins secreted or
released from skeletal muscle cells that exert
auto-, para-, or endocrine functions [5]. Normal

increased mortality, which highlights the press-
ing need for more thorough understanding of
the disease [2].

However, the diagnostic methods available
nowadays, including dual-energy X-ray absorp-
tiometry (DEXA) and computed tomography

muscle function and mass maintenance de-
pend on the dynamic balance between positive
and negative regulators-myokines. Therefore, it
may be possible to use these molecules as
biomarkers for aging muscle atrophy and dys-
function and thus prove useful for diagnosing,
preventing, and treating sarcopenia.
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Myokines as biomarkers of sarcopenia

This review mainly focuses on the potential of
four myokines to be used as potential biomark-
ers for diagnosing sarcopenia: myostatin, irisin,
follistatin, and brain-derived neurotrophic fac-
tor (BDNF). By examining their physiological
roles, mechanisms of action, and associations
with muscle mass and function, we aim to high-
light their potential diagnostic value and clinical
relevance. We include the most recent and
relevant evidence supporting their utility as
biomarkers, their correlation with sarcopenia-
related outcomes, and the potential challenges
associated with their use in clinical practice.
Additionally, the review explores how these
myokines may vary across different popula-
tions, considering factors such as age, sex, and
underlying health conditions, which could influ-
ence their reliability as diagnostic tools.

Search strategy

A comprehensive literature search from No-
vember 2024 to January 2025 was conducted
across PubMed, Scopus, Web of Science, and
MEDLINE to identify studies exploring myokines
as biomarkers for sarcopenia. Both Medical
Subject Headings (MeSH) and free-text terms
were used to ensure comprehensive coverage.
The search strategy combined keywords relat-
ed to sarcopenia and biomarkers using Boolean
operators: (“sarcopenia” OR “age-related mus-
cle loss”) AND (“myokines” OR “muscle-derived
cytokines” OR “inflammatory biomarkers”) AND
(“diagnosis” OR “prognosis” OR “biomarker va-
lidation”). The Boolean search was further
refined to include specific myokines of inte-
rest: (“myostatin” OR “irisin” OR “follistatin” OR
“brain-derived neurotrophic factor”) AND (“sar-
copenia” OR “age-related muscle loss”), ensur-
ing the inclusion of studies investigating these
key biomarkers in the context of sarcopenia.

Articles were filtered by publication in English,
relevance to the topic, and studies conducted
in humans. The exclusion criteria were: papers
written in non-English, published before 2005,
animal studies, non-peer-reviewed materials,
and papers not directly addressing sarcopenia.
References from retrieved articles were also
screened manually to identify additional rele-
vant publications. The final selection of studies
was based on their alignment with the research
focus and the inclusion of data pertinent to the
role of myokines in the diagnosis or prognosis
of sarcopenia.
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Definition and diagnosis of sarcopenia

In 2019, the global elderly population was esti-
mated to be around 703 million people, and
projections indicate an increase to 1.5 billion
by 2050 [6]. According to a meta-analysis on
the epidemiology of sarcopenia, it was stated
that the pooled prevalence of all definitions
was around 10% (95% Cl 7%-12%) in Na-
scimento PR et al’s study and 16% (95% CI
15%-17%) in Petermann-Rocha F et al.’s study
[7]. This discrepancy could stem from differ-
ences in diagnostic criteria, methodologies, or
population demographics. It is estimated that
sarcopenia affected over 50 million individuals
in this age bracket a decade ago, and the pro-
jection indicates that it will impact four times
as many people in the next three decades.
Sarcopenia is now officially recognized as a dis-
ease with an ICD-10-MC, thus highlighting its
clinical importance. It is defined as a progres-
sive and generalized skeletal muscle disorder
that is associated with an increased likelihood
of adverse outcomes like falls, fractures, physi-
cal disability, and increased mortality. It can be
categorized as ‘primary’ (age-related) when no
other specific cause is apparent, while it is
termed secondary when causal factors other
than or in addition to aging are present. It can
develop because of a systemic disease, partic-
ularly one that may trigger inflammatory pro-
cesses. Physical inactivity also plays a role in
the onset of sarcopenia, whether caused by a
sedentary lifestyle or immobility related to an
illness [8]. Proinflammatory mediators dischar-
ged during systemic illnesses and the build-up
of fat due to a sedentary way of life create a
harmful loop, diminishing muscle strength, pro-
moting physical inactivity, and exacerbating
sarcopenia [9].

According to the 2018 definition by the
European Working Group on Sarcopenic Obe-
sity in Older People (EWGSOP2), low muscle
strength is now considered the primary param-
eter for diagnosing sarcopenia, making it the
most dependable measure of muscle function.
Specifically, sarcopenia is likely when low mus-
cle strength is identified, and a diagnosis is
confirmed if there’s also evidence of low mus-
cle quality or quantity. If all three factors - low
muscle strength, low muscle quality/quantity,
and reduced physical performance - are pres-
ent, then the condition of sarcopenia is classi-
fied as severe [8, 9]. The EWGSOP2’s emphasis
on low muscle strength shows that functional-
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ity rather than structural integrity (muscle
mass) plays a highly significant role in the
development of the disorder. Measuring mus-
cle strength, however, especially in frail or
immobile individuals, can prove difficult, show-
casing the need for more advanced diagnostic
tools.

Since sarcopenia is a complex geriatric syn-
drome driven by multiple interrelated etiologi-
cal factors, which include age-related hormonal
decline (e.g., reduced levels of testosterone,
estrogen, and growth hormone), chronic low-
grade inflammation, sedentary lifestyle, and
inadequate nutritional intake - particularly defi-
ciencies in protein and vitamin D. These fac-
tors collectively impair muscle protein synthe-
sis and promote catabolism, contributing to
the progressive loss of muscle mass and func-
tion [10].

Sarcopenia can be divided into two distinct cat-
egories depending on its cause. Primary (age-
related) sarcopenia occurs due to muscle dete-
rioration associated with aging, without any
other underlying cause, while secondary sarco-
penia arises from additional contributing fac-
tors. The combination of prolonged inactivity
and anabolic resistance, which results in fat
accumulation and the release of proinflamma-
tory cytokines, leads to muscle atrophy and
reduced muscle strength. Risk factors for sar-
copenia include age, sex, mitochondrial dys-
function, and decreased muscle regenerative
capacity due to impaired satellite cell activity
[10Q]. Certain medications, such as proton pump
inhibitors (PPIs) and corticosteroids, can accel-
erate the progression of muscle loss in sarco-
penia [11].

Currently, there is no approved pharmacologi-
cal therapy for sarcopenia [12]. However, cur-
rent treatment strategies are multifaceted,
with resistance training recognized as the most
effective non-pharmacologic intervention for
improving muscle strength and performance.
Nutritional supplementation, including incre-
ased dietary protein and vitamin D, is also
essential to support muscle metabolism. In
addition, pharmacological agents such as tes-
tosterone and selective androgen receptor
modulators (SARMs) have shown promise in
clinical studies. However, their routine use
remains limited due to safety considerations
and the need for further evidence [12].
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The most important therapeutic strategies
include resistance training and proper nutri-
tion, particularly following a Mediterranean
diet, to support muscle regeneration and main-
tenance. Nutritional targets include adequate
protein intake and supplementation with micro-
nutrients (vitamin D, magnesium, iron) and cre-
atine, which may aid in muscle hydration [10,
11]. According to European guidelines, the rec-
ommended daily water intake is 1.6 liters for
older women and 2 liters for older men [13].
Additionally, pharmacological options such as
myostatin inhibitors (e.g., bimagrumab) [14]
and anti-inflammatory therapies [15] are cur-
rently in clinical trials, but require further re-
search. Lastly, anti-diabetic drugs may also
help maintain muscle metabolism [12].

Moreover, physical exercise, particularly endur-
ance training, can prove a powerful tool in man-
aging sarcopenia. Muscle contraction during
exercise produces myokines that promote the
maintenance of skeletal muscle metabolism.
Studies show that aerobic and anaerobic train-
ing can upregulate the expression of favorable
myokines, like irisin, raising their blood levels
and stimulating muscle regeneration. Addi-
tionally, this training can reduce myostatin lev-
els, further counteracting muscle loss. Deve-
loping exercise programs incorporating both
types of training is a promising direction and
should be a topic of further research [16].

Myokines at a glance

Myokines, defined as cytokines or peptides
synthesized, expressed, and released by skel-
etal muscle cells, with autocrine, paracrine or
endocrine effects, represent an exciting fron-
tier in the understanding of skeletal muscle’s
systemic role. While both the expression and
release of myokines can be regulated by mus-
cle contraction, this is not a mandatory proper-
ty of all myokines [17]. This nuance invites fur-
ther exploration of the mechanisms controlling
myokine release under different states. The
presence of myokines secreted during skeletal
muscle contraction and their role in influencing
metabolic and physiological responses in other
organs, independent of the nervous system,
was further demonstrated through experiments
on paralyzed muscles, clearly showcasing the
endocrine role of skeletal muscle. Specifically,
electrical stimulation of paralyzed muscles in
patients with spinal cord injuries lacking sen-
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Figure 1. Myokine Levels in Healthy and Sarcopenic Individuals. Summary of the suggested level changes of myo-
kines depending on the health status of the individual. The main physiological pathways by which these myokines
are regulated are also included. This figure shows the suggested plasma level changes of the 4 researched myo-
kines, depending on the health status of the individual. In general, healthy skeletal muscle shows increased levels
of irisin and BDNF and reduced levels of myostatin (increased levels of follistatin are related to its inhibitory role).
On the contrary, sarcopenic muscle is characterized by increased levels of myostatin and decreased levels of irisin
and BDNF. The main physiological pathways by which myokines are regulated are also included. Irisin secretion is
regulated by the AMPK pathway through the activation of PGC-1«, which promotes FNDC5 expression; BDNF secre-
tion is regulated by the PI3K/Akt/mTOR pathway, which enhances its expression and release through transcriptional
and translational mechanisms; Myostatin release is regulated by the SMAD2/3/4 pathway, which mediates its
expression via TGF-B receptor signaling.

crucial to better understand their role in the
onset and progression of sarcopenia. Biomar-
kers would assist in the timely diagnosis of
sarcopenic patients and assess the monitoring
of the disease’s progression and the efficacy of
therapeutic interventions. It is important that
sarcopenia biomarkers are aligned with the

sory or motor impulses elicited similar physio-
logical changes as observed in uninjured indi-
viduals [18].

With increasing age, myokines promoting mu-
scle growth are down-regulated and worsen
the proinflammatory, muscle-damaging envi-

ronment associated with sarcopenia. This age-
associated downregulation constitutes the ma-
in link between myokines and sarcopenia. This
phenomenon likely contributes to the chronic
proinflammatory state and loss of muscle func-
tion in older adults.

It is thus understood that myokines play a criti-
cal role in the regulation of muscle homeosta-
sis and are closely linked to sarcopenia. The
identification of reliable myokine biomarkers is
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acceptable biomarker definition of “a charac-
teristic that is objectively measured and evalu-
ated as an indicator of normal biological pro-
cesses, pathogenic processes, or pharma-
cologic responses to a therapeutic interven-
tion” [19]. While current evidence shows great
promise, further research is essential to under-
stand this complex relationship.

The suggested function of myokines is present-
ed in Figure 1.
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Myokines play a pivotal role in the diagnosis,
prevention and treatment of sarcopenia. These
myokines are being explored not only as diag-
nostic indicators but also as therapeutic tar-
gets. Inhibiting myostatin or enhancing benefi-
cial myokines through exercise, pharmacologi-
cal agents, or gene therapies offers promising
avenues for preventing and treating sarcope-
nia. Thus, the modulation of myokine signaling
represents an emerging and targeted strategy
in managing age-related muscle decline.

These molecules are released from contracting
muscle cells [20]. The blood levels of myokines
can differ in healthy individuals and sarcopenic
patients, thus denoting the presence of the
disease. For instance, myostatin is often ele-
vated in sarcopenic individuals, inhibiting mus-
cle hypertrophy and promoting atrophy of mu-
scle fibers [21]. Conversely, irisin enhances
muscle regeneration through the Akt/mTOR
signaling pathway and is crucial for normal
muscle metabolism. Irisin levels are decreased
in patients with sarcopenia and can serve as
biomarkers for the early detection of the dis-
ease [22].

Irisin’s function and its potential as a bio-
marker for sarcopenia

Irisin was first described in 2012 by Spiegel-
man [23]. As a cleaved form of fibronectin type
Il domain-containing protein 5 (FNDD5), it is
controlled by PGC1-a (Peroxisome proliferator-
activated receptor gamma coactivator 1-alpha).
The reported positive correlation between se-
rum irisin levels and muscle mass, strength,
and metabolism in humans, alongside the neg-
ative correlation with fasting glycemia, under-
scores its potential in addressing sarcopenia.
Irisin plays a role in controlling muscle develop-
ment, mitochondrial activity, and metabolic bal-
ance within skeletal muscle. It enhances the
production of PGC-1¢, uncoupling protein 1
(UCP1), and other genes associated with brown
(BAT) and white adipose tissue (WAT) to encour-
age “browning” and boost energy consumption
[24]. Irisin levels in both men and women ne-
gatively correlate with advancing age. Further-
more, research by Chang et al. compared two
distinct groups revealed lower irisin levels in
the sarcopenia group compared to the normal
group [25].
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A meta-analysis of 32 studies, including 23,840
participants, and a comparison of 30 biomark-
ers for sarcopenia showed that irisin exhibited
high levels of sensitivity and specificity as a
potential biomarker. More specifically, three
studies researching irisin included 967 partici-
pants and showed that the pooled specificity
and sensitivity for all definitions were 67%
(95% Cl 59%-74%) and 78% (95% Cl 72%-83%),
respectively. In addition, the AUCs varied from
0.64 to 0.87, following the ROC curve analysis.
However, the discriminatory power of a singular
biomarker was deemed low-to-moderate, while
the lack of standardized cut-off values posed
an important limitation. According to the study,
this could be solved with the construction of a
diagnostic panel of multiple myokine-biomark-
ers that will be used for screening [26].

Qaisar et al. found that individuals at high risk
for developing sarcopenia (defined as SARC-F
score >4) had reduced levels of irisin compar-
ed to healthy controls [27]. They also observed
a strong correlation between irisin levels and
biceps circumference. The study also indicated
that the levels of irisin are even lower in patients
with sarcopenia, COPD, and CHF. This shows a
clear association between irisin concentration
and reduced muscle mass and strength in
older individuals (all p-values <0.05), thus
showing irisin’'s proposed role as a diagnostic
marker. Additionally, there was an increase in
irisin level in mice with increased musculature
due to myostatin deficiency. Importantly, the
research demonstrated that physical activity
increases irisin levels and can play a protective
role against muscle atrophy and lung impair-
ment in individuals with COPD and secondary
sarcopenia [27].

In another study showing the association
between reduced irisin levels and sarcopenia,
Alsaawi et al. demonstrated a strong connec-
tion between irisin levels and skeletal muscle
mass (SMM) index as well as hand grip strength
in elderly Arab women. Participants with el-
evated BMI were associated with a lower likeli-
hood of having sarcopenia (odds ratio =0.79,
P<0.001). Similarly, increased waist circumfer-
ence and hip circumference also diminished
the odds of sarcopenia (odds ratio =0.91,
P<0.001) [28].

Yen et al. also discovered that irisin positively
correlated with SMM and strength in a cross-
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sectional study, including sarcopenic and non-
sarcopenic individuals. According to their find-
ings, the optimal cut-off value for predicting
sarcopenia was 118.0 ng/ml, with a sensitivity
of 0.8 and specificity of 0.5. Among the poten-
tial predictors of sarcopenia examined in this
study (i.e., co-enzyme Q10, albumin, creatine
kinase, irisin, and myostatin), irisin exhibited
the highest area under the curve (AUC) value
(0.64) and demonstrated consistent expres-
sion in statistical data compared to other pre-
dictors. Even after adjusting for confounding
variables using logistic regression analyses,
low levels of irisin remained significantly as-
sociated with an increased risk of sarcopenia
(odds ratio =6.46, P<0.01) [4].

In a study by Baek et al., it was revealed that
irisin levels decreased in sarcopenic patients
compared to non-sarcopenic individuals (P=
0.001), contradicting earlier findings among
South Koreans, which suggested no significant
association between irisin and clinical muscle
parameters [29]. This difference may stem
from variations in sample size, assays utilized,
and ethnic diversity concerning the current
results. Moreover, the strong association be-
tween irisin and SMM index, as found in this
research, aligns with earlier cross-sectional
studies carried out among male and female
individuals of Caucasian and African American
descent over 35 years old. However, a different
study of obese Chinese adults showed an oppo-
site relationship, indicating that irisin levels
were negatively linked to waist circumference
[30].

Chang et al. demonstrated a negative associa-
tion between circulating irisin levels and age in
both men and women [25]. Additionally, they
observed significantly lower mean circulating
irisin levels in the elderly compared to young
and middle-aged adults of both genders. The
study also revealed that muscle mass and
strength values were notably lower in older indi-
viduals, while waist-to-height ratio (WHTR) and
body fat percentage were higher. Furthermore,
when categorizing patients based on muscle
condition, it was found that mean circulating
irisin levels were lower in the pre-sarcopenia
and sarcopenic groups than in the normal
group for both sexes. In men, the ideal cut-off
value for serum irisin concentrations was less
than 1.00 pg/ml. For women, this threshold
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was below 1.16 pg/ml, with a sensitivity and
specificity of 0.92 and 0.83, and 0.77 and
0.67, respectively. When predicting sarcopenia,
unadjusted irisin levels showed an AUC of
0.873 in men and 0.685 in women across all
models, with a p-value lower than <0.01 in
each case. The sex-based differences in irisin
levels and their association with sarcopenia
add another layer of complexity. Discrepancies
may be explained by differences in body com-
position between sexes as well as sex steroid
hormones; however, further analysis consider-
ing confounding factors such as age could
enhance diagnostic accuracy, particularly for
women [25]. The AUCs for predicting sarcope-
nia with irisin, after adjusting for age, BMI and
WHtR, were 0.942 in males and 0.804 in
females, demonstrating enhanced discrimina-
tory capability. Contrary to the findings of this
research, a different study indicated that se-
rum irisin levels showed no variation with mus-
cle mass in an analysis involving both male and
female subjects. However, the criteria used in
that study to define sarcopenia differed from
the guidelines proposed by the Asian Working
Group for Sarcopenia (AWGS) [31].

Park et al. discovered that postmenopausal
women with sarcopenia had notably lower lev-
els of circulating irisin compared to healthy
subjects. They also found that the association
between irisin levels and the prevalence of sar-
copenia remained significant even after ac-
counting for other influencing factors. Addi-
tionally, their findings indicated that a decrease
of 1 ng/ml in serum irisin concentration was
associated with a 95% increase in the relative
risk of developing sarcopenia [32]. A circulating
level of 8.46 ng/ml was proposed as the thre-
shold for irisin concentration, showing a sensi-
tivity of 68% and specificity of 69%.

However, Choi et al. reported conflicting results,
finding no variations in circulating irisin levels
related to muscle mass. The divergent outcome
could be attributed to the varying baseline
characteristics of the study participants [33],
emphasizing the need for standardized me-
thodologijes.

Lastly, a systematic review showed a positive
relationship between serum irisin levels and
SMI and HGS in cancer patients (P<0.001). The
results of multiple linear regression analyses
demonstrated that serum irisin independently
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predicted sarcopenia in the study’s population
[34].

Previous studies have shown ethnic, regional,
and comorbidity variations in the role of irisin
as a biomarker for sarcopenia [27]. For in-
stance, Alsaawi et al. reported strong correla-
tions between irisin levels and muscle param-
eters in Arab women, while studies on South
Korean and Chinese populations yielded con-
flicting findings. Reflecting genetic, environ-
mental, or lifestyle factors that may influence
irisin expression and function underscores the
importance of cross-population studies [28].

Myostatin’s potential as a biomarker for sar-
copenia: age and sex variability

Myostatin is another myokine that could poten-
tially play a role in the pathogenesis of sarco-
penia. Also referred to as growth/differentia-
tion factor 8, it is a member of the transforming
growth factor B (TGF-B) family and is released
from skeletal muscle cells [35]. Myostatin is
involved in the suppression of genes related to
skeletal muscle differentiation. Additionally, it
activates protein degradation and hinders the
positive regulation system of protein synthesis
[36]. Finally, according to Mancinelli et al., myo-
statin is viewed as a myokine that promotes
oxidative stress by generating reactive oxygen
species in muscle cells through TNF-a signaling
via NF-kB and NADPH oxidase [37]. The exces-
sive expression of myostatin has been demon-
strated to stimulate significant TNF-a« produc-
tion [38]. As individuals grow older, there is a
potential for an increase in myostatin levels,
which could contribute to the onset of age-
related muscle loss and reduced strength.
Research indicates that older adults with hei-
ghtened myostatin levels had a significantly
higher likelihood of displaying diminished hand-
grip strengths [39]. However, these conclusions
vary in the literature, and some studies have
not been able to establish a link between se-
rum myostatin and aging or sarcopenia. Never-
theless, it is crucial to acknowledge the impor-
tance of myostatin and its impact on muscle
atrophy, as it has been proven to significantly
influence muscle growth signaling pathways
and muscle mass.

Alexopoulos et al. explored myostatin’s diag-
nostic utility and proposed that the ratios log-
10myostatin-to-creatine phosphokinase (CPK)
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or albumin-to-myostatin demonstrate accept-
able diagnostic accuracy for the prediction of
sarcopenia in subjects with liver cirrhosis [40].
The study found that the optimal performance
score in patients with a Model for End-Stage
Liver Disease (MELD) was higher than 15. It
was observed that myostatin levels were posi-
tively associated with skeletal muscle index in
the patient group, even after adjusting for age,
showing higher myostatin levels in non-severe
sarcopenia compared to severe sarcopenia.
While serum myostatin alone was not able to
differentiate between sarcopenic and non-sar-
copenic patients, the suggested ratios of log-
10myostatin-to-CPK or albumin-to-myostatin
proved more effective. In the case of ROC curve
analyses, serum myostatin alone could not
exclude sarcopenia. However, log10Omyostatin
(pg/mL)-to-CPK (IU/L) and albumin-to-myosta-
tin ratios demonstrated sufficient diagnostic
precision in identifying sarcopenic patients,
with AUCs 0.731 and 0.728, respectively. The
cut-off value of 0.0448 for the log10Omyo-
statin-to-CPK ratio demonstrated a sensitivity
of 0.85 and specificity of 0.5, while a cut-off
value of 2.206x107 for the albumin-to-myo-
statin ratio showed a sensitivity of 0.85 plus
specificity of 0.49. In cases where both mark-
ers fell below their respective cut-off values
indicated above, 100% of the patients did not
have sarcopenia and did not require further
investigation using specialized tools [40]. Mul-
tiple researchers have found an inverse corre-
lation between muscle mass and myostatin
[41]. However, this inconsistency may be at-
tributed to the fact that most of them relied
on myostatin mRNA expression as a method-
ological approach.

In another study, Nishikawa et al. proposed a
sarcopenia index based on GDF-15 (Growth/
differentiation factor 15) and myostatin levels,
which could indicate sarcopenia. The formula
they suggested incorporates age, sex, BMI, as
well as the concentrations of GDF-15 and myo-
statin and is as follows: {-0.0042 x [myostatin]}
+ {0.0007 x [GDF-15]} + (0.0890 x age) +
(1.4030 x sex) - (0.0679 x BMI) - 2.1186.
Plotting of a ROC curve showed that this index
was a determinant of sarcopenia with a cut-off
value of 1.0634, while the AUC was found to be
0.901, the sensitivity 96.9% and the specifi-
city 70.9%. Their study found that SMI (Skeletal
Muscle Index), HGS (Handgrip Strength), and
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walking speed were inversely associated with
GDF-15 concentration but positively associat-
ed with myostatin concentrations in patients
undergoing cardiovascular surgery. Further-
more, patients with sarcopenia exhibited high-
er levels of GDF-15 and lower levels of myo-
statin, in contrast to previous findings [42]. In
an interesting study, Czaja-Stolc et al. suggest
a new formula that can be used to predict the
likelihood of sarcopenia diagnosis in dialysis
patients [43]. This formula incorporates age
and the concentrations of albumin, adiponectin
and myostatin and is as follows: log of odds
ratio = 2.565 + (age x 0.0019) - {[albumin] x
0.0725} - {[adiponectin] x 0.0304} - {{myostatin]
x 0.0005}. The AUC for this formula was 0.806,
showing a positive predictive value of 61.54%
and a negative predictive value of 79.78%.

Finally, in individuals following an ST-elevation
myocardial infarction, serum myostatin levels
were found to be associated with muscle mass
and strength, with lower myostatin associated
with an increased risk of in-hospital mortality
[44).

In a cross-sectional study, Chew et al. demon-
strated that mean normalized myostatin levels
were significantly associated with sarcopenia
in men (P=0.03), while serum IGF-1 levels cor-
related with impaired muscle function in women
but not in men (P=0.046) [45]. These findings
point to distinct, sex-specific pathways in the
development of sarcopenia, suggesting that
myostatin regulation of muscle mass plays a
role in sarcopenia, primarily in men. The age-
related decline in myostatin levels in men may
reflect an adaptive response to unfavorable
metabolic conditions [46] or changes in sex
hormones [47]. Similarly, according to Tay et al.,
myostatin is a significant risk factor for sarco-
penia, especially in men. However, this team
found no significant difference in serum myo-
statin levels between sarcopenic and non-sar-
copenic individuals (P=0.257) [39].

Lastly, in a cross-sectional study by Bergen et
al., a novel mass spectrometry-based assay
was used to demonstrate that circulating myo-
statin, a regulator of muscle mass in men, was
most concentrated in young males and declined
with age. In contrast, myostatin levels in women
increased with age, suggesting its potential
role as a mediator of sarcopenia in females
[48]. This suggests that the measurement of
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myostatin serum levels should be adjusted for
age and sex to predict sarcopenia accurately.

Follistatin: an uncertain biomarker for sarco-
penia

Follistatin, a component of the TGFB super-
family, serves as an inherent inhibitor of myo-
statin and is crucial in regulating skeletal mus-
cle [49]. Research has indicated that follistatin
levels in the bloodstream rise with physical
activity, suggesting its significance in muscle
function. Furthermore, it should be emphasized
that the liver also produces this particular sig-
naling molecule [9].

In a cross-sectional study involving postmeno-
pausal women, Du et al. observed that sub-
jects with sarcopenia had a higher likelihood of
having elevated follistatin levels (P=0.01) [3].
The research involved 478 healthy postmeno-
pausal women between 50 and 90 years.
Sarcopenia was defined based on criteria set
by WHO and AWGS. The findings indicated a
correlation between elevated follistatin levels
and decreased muscle strength and BMD,
aligning with Fife et al.'s suggestion that myo-
statin and follistatin levels in circulation nega-
tively affect muscle function in older women. In
their study, healthy women exhibited follistatin
(ng/ml) levels averaging 13.0 + 4.9, whereas
sarcopenic women demonstrated average lev-
els of 18.97 + 6.1 (P=0.027) [3, 48]. Despite
the fact that follistatin is a potent inhibitor of
myostatin-related muscle wasting, it showed a
negative correlation with muscle mass [50].

Moreover, similar to previous research, Liaw et
al. found a negative correlation between fol-
listatin levels and gait speed in adults aged 65
or older. They observed that higher serum fol-
listatin levels were associated with lower gait
speed and elevated myostatin levels in the
circulation. After accounting for age, sex and
health behaviors, the B coefficient indicated a
decrease of 0.308 in gait speed for each addi-
tional pg/ml of serum follistatin (P<0.001) [50].

On the other hand, Hofmann et al., in their
study involving 98 women, found no disparities
in follistatin levels between younger and elderly
women. Their research revealed that the serum
concentrations of follistatin were significantly
almost identical among young, healthy and sar-
copenic elderly women (P<0.05) [51]. Similar
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findings were observed in other studies, includ-
ing investigations into the levels of circulating
activin A in elderly males [52].

According to Choi et al., there was a tendency
for serum follistatin levels to show a negative
correlation with the psoas muscle index (PMI)
in men. Still, it did not reach statistical signifi-
cance (P=0.055). However, this correlation was
found to be significant in female patients (P=
0.034) [53]. Therefore, further research needs
to be conducted regarding follistatin to achieve
consensus on its status as a biomarker for
sarcopenia.

Conversely, an analytical cross-sectional study
performed by Aryana et al. showed no correla-
tion between follistatin levels and sarcopenia
in the elderly (P=0.615) [54]. The findings of
this study align with those of a systematic
review by Marguti et al., which concluded that
follistatin, along with four other potential bio-
markers, was not associated with sarcopenia
[55].

Brain-derived neurotrophic factor’s role as a
biomarker for sarcopenia: a link between the
nervous system and skeletal muscles

BDNF belongs to the neurotrophin family but
can be seen as a myokine even in its roles in
muscle repair, regeneration, and differentia-
tion [56]. Most circulating BDNF originates from
megakaryocytes, and physical exercise acti-
vates platelets to release BDNF into the circula-
tion [57]. BDNF is broadly involved in several
aspects of motor unit function, including regu-
lating motor neuron survival during embryonic
development and possibly during aging, en-
hancing presynaptic release of neurotransmit-
ters and postsynaptic regulation of receptor
expression [58]. This neuromuscular junction
(NMJ) integration is a central focal point in
the multifactorial etiology of sarcopenia. NMJ
serves as a link between the nervous system
(motor neurons) and skeletal muscle (myofi-
bers) [59]. Aging contributes to NMJ dysfunc-
tion, muscle decline, and ultimately, the loss of
muscle strength and mass that characterize it,
which are partially restored by BDNF release
following rehabilitation [60].

According to research conducted by Koito et al.
in kidney transplant recipients, the average
serum BDNF levels were significantly lower in
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the group with low skeletal muscle index com-
pared to the healthy group (P=0.013). ROC
analysis determined that the optimal cut-off
value for serum BDNF levels was 17.8 ng/ml
(with sarcopenic patients showing an average
of 15.7 ng/ml). The study also found a positive
association between BDNF levels and meta-
bolic equivalents (METs - equal to 3.5 ml of 02
per kg of body weight x min), which in this study
were used to express physical activity intensity
(P<0.01) [61].

In addition, Karim and colleagues demonstrat-
ed that patients with COPD who were other-
wise healthy had significantly reduced levels of
BDNF compared to healthy individuals (30.3%
decrease, P<0.05). The levels of these bio-
markers only partially recovered after pulmo-
nary rehabilitation. Furthermore, COPD patients
with lower SARC-F scores, indicating limited
physical activity, also exhibited decreased
BDNF levels. The potential of BDNF for dia-
gnosing sarcopenia was evaluated using ROC
curves, which revealed an AUC of 0.757 and
P<0.001. When a biomarker panel consisting
of BDNF, GDNF, and CAF-22 was employed, the
AUC increased further to 0.811 (P<0.001) com-
pared to individual biomarkers alone in the
diagnosis of sarcopenia [62]. The research
team conducted a similar investigation involv-
ing individuals with Parkinson’s disease. Fo-
llowing ROC analysis, the AUC for predicting
BDNF probability was 0.746 (P<0.001). Con-
sistent with prior research, the AUC notably
improved to 0.821 after employing a panel of
three biomarkers in diagnosing sarcopenia
(P<0.001) [63].

Separate research conducted by Miyazaki and
colleagues found that Japanese maintenance
hemodialysis patients with sarcopenia had no-
tably lower plasma BDNF levels. Nonetheless,
the odds ratio per 100 pg/mL of BDNF for
severe sarcopenia prevalence was not statisti-
cally significant (odds ratio: 0.470, P=0.062)
[57].

In their review, Wei et al. emphasize the com-
plex interaction between sex hormones, genet-
ic influences, and epigenetic mechanisms in
regulating BDNF signaling [64]. Sex hormones
(estrogen and testosterone) modulate BDNF
signaling in distinct ways, with estrogen often
enhancing BDNF expression and testosterone
influencing it via direct and indirect pathways.
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Table 1. Studies on the potential of irisin, myostatin, follistatin and BDNF as biomarkers for sarcopenia

Study/ Study Population

Biomarker . - — Definition Criteria for Sarcopenia Impact  Study Design
Evidence Median Age Participants
Irisin Rizwan et al. 55-74 258 EWGSOP Negative Cohort
Irisin Chi-Hua et al. 74.8 + 7.4 for sarcopenic subjects & 72.0 99 AWGS Negative  Cross-Sectional
8.4 for non-sarcopenic subjects
Irisin Alsaawi et al. 65.9+5.5 131 AWGS Negative  Cross-Sectional
Irisin Chang et al. 18-90 715 AWGS Negative  Cross-Sectional
Irisin Park et al. 72.2 +5.96 153 Qc CSA/BW, Hand grip strength, SPPB score Negative Cohort
Irisin Choi et al. 61 for sarcopenic subjects & 52 for 401 SMMI of 2 SD below the sex-specific mean value for a younger reference Neutral Cohort
non-sarcopenic subjects group, ASM/height2 of 2 SD below the sex-specific mean value for a younger
reference group
Irisin Demir et al. 61.46 for sarcopenic subjects & 59.84 for 141 EWGSOP Negative  Cross-Sectional
non-sarcopenic subjects
Myostatin Czaja-Stolcetal. 56.1+16.3 180 EWGSOP Dependant Cross-Sectional
Myostatin Chew et al. 67979 200 AWGS Dependant Cross-Sectional
Myostatin Tay et al. 69.9+79 200 AWGS No Impact Cross-Sectional
Myostatin Bergen et al. N/A 240 N/A Dependant Cross-Sectional
Myostatin Alexopoulos et al. 59 for males & females 115 EWGSOP Dependant Cohort
Myostatin Yamada et al. 56 +14 69 Serum creatinine level, Total creatinine excretion and lean body mass (LBM)
Myostatin Nishikawa et al.  68.5 for males & 74 for females 120 BIA measurement, MTH measurement Dependant Cross-Sectional
Follistatin Du etal. 58.0 + 4.0 for women aged <65 years, 69.21 478 AWGS Positive ~ Cross-Sectional
+ 2.9 for women aged 65-75 years & 79.8 +
3.6 for women above 75 years
Follistatin Aryana et al. 68.57 75 AWGS No Impact  Cross-Sectional
Follistatin Liaw et al. 75.51 +7.61 205 Grip strength, walking time, gait speed Positive ~ Cross-Sectional
Follistatin Hofmannetal. 81 98 EWGSOP Neutral ~ Cross-Sectional
Follistatin Choi et al. 59 238 PMI measured at the L3 level in CT Dependant Cross-Sectional
BDNF Koita et al. 52.1+11.7 40 AWGS Negative  Cross-Sectional
BDNF Hékansson etal. 70.8+0.8 19 N/A Increasing Cross-Sectional
BDNF Karim et al. 68.3 + 6.4 for healthy individuals, 71.2 £+ 6.5 142 EWGSOP Negative Cohort

for patients with PD at diagnosis & 71.8 +
6.5 at follow-up

BDNF Miyazakietal. 76.5 20 AWGS Negative  Cross-Sectional

Abbreviations: EWGSOP: European Working Group on Sarcopenia in Older People; AWGS: Asian Working Group for Sarcopenia; Qc CSA/BW: Quadriceps Cross-Sectional Area/Body Weight; SPPB score: Short Physical Performance Battery;
SMMI: Skeletal Muscle Mass Index; ASM: Appendicular Skeletal Muscle; PMI: Psoas muscle index; MTH: Muscle thickness of thigh; BIA: Bioelectrical Impedance Analysis.
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This emphasizes the need for more compre-
hensive studies involving both sexes to under-
stand these mechanisms and establish sex-
specific plasma cut-off values thoroughly.

Moreover, in a study involving 19 healthy
adults, Hakansson et al. showed that serum
BDNF levels increased upon acute physical
exercise [65]. As a result, measurements for
the determination of BDNF plasma levels sh-
ould be performed at least 24 hours following
the last acute physical exercise [49].

To sum up, the data so far classify BDNF as a
multifaceted molecule playing a critical role in
muscle repair and differentiation. Its role as a
biomarker for sarcopenia remains a topic of
ongoing research, which should clarify the influ-
ence of sex hormones, genetic variations and
physical exercise on its levels.

We summarize the main studies we have
included in our review (Table 1). This table de-
monstrates the biomarkers mentioned, study
population characteristics (median age and
number of participants), and type of study for
each article used in our review. Moreover, it dis-
plays the criteria used to define sarcopenia by
each author and the suggested impact that
each biomarker has.

Conclusions

As the global population continues to age at a
surprisingly high rate, diseases related to aging
are projected to pose a major challenge for
health systems globally. Research has demon-
strated that abnormal expression and secre-
tion of myokines from aging muscle cells play
an important and direct role in the develop-
ment of sarcopenia and its associated condi-
tions. The growing understanding of the roles of
myokines, such as irisin, myostatin, follistatin,
and BDNF, in the development of sarcopenia,
presents a promising opportunity for early
detection and intervention. By using myokines
as biomarkers for sarcopenia, healthcare pro-
fessionals may be able to identify individuals at
risk or in the initial stages of the condition,
allowing for timely interventions to reduce its
progression and giving them the opportunity for
personalized treatments that enhance health
span and quality of life for aging individuals.
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