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Background Sarcopenia is a syndrome characterized by a progressive decline in muscle mass and strength,

with subsequent deterioration of functional performance and increased morbidity and mortality. Its emergence may
be associated with disorders that are not limited to the elderly. The multifactorial nature of sarcopenia is a major bar-
rier to diagnosis. Several risk factors contribute to the development of sarcopenia, including age, gender, and amount
of physical activity. Additionally, the pathophysiology of sarcopenia involves inflammatory conditions, endocrinal
dysfunction, and metabolic alterations. Several studies have proposed numerous molecules that may be linked

to the pathogenesis of sarcopenia and could be useful in the future; however, there is an unmet need to discover

a sensitive, reliable, and cost-effective biomarker of muscle aging.

Main text The objective of this research is to highlight different biomarkers of sarcopenia that reflect its multifactorial
pathophysiology. A narrative review was carried out through a series of literature searches in the database MEDLINE/
PubMed focusing on sarcopenia biomarkers. The following search terms were used: “sarcopenia,“osteosarcopenia,”
“muscle ageing,"“muscle failure,“sarcopenic obesity, “weakness,"“biomarkers, “frailty;“comorbidity, “functional dis-
ability,and “inflamm-aging.' The studies were observational and peer-reviewed. They were all carried out at a referral
center, hospital, or in the community. The articles chosen all contained information about sarcopenia. Case reports
and articles that did not assess people’s muscle aging and sarcopenia were not considered.

Conclusion Despite the availability of numerous functional, imaging, and biological sarcopenia markers, the inherent
limitations of the assessment tools make it difficult to objectively measure the various sarcopenia domains. A valid
and reliable biomarker of sarcopenia has yet to be identified. The identification of “gold standard” evaluation tech-
niques that should be systematically used is also impacted by the variability of the populations to be assessed. In this
context, the establishment of an international consensus adopting a multi-biomarker approach may be of utmost
importance to tackle the different aspects of this multifactorial health-related problem.
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Background

Sarcopenia is a disorder characterized by a generalized
decline in muscle mass and strength. It is directly linked
to physical impairment, poor quality of life, and high
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mortality. Although it is primarily a disease of the elderly,
other disorders, such as inflammatory conditions, inac-
tivity, and malnutrition, may also contribute to its devel-
opment [1].

According to reports, sarcopenia affects 5 to 13% of
people between the ages of 60 and 70, but it affects 11 to
50% of people over the age of 80. Since the age of 40, peo-
ple begin to lose 1% to 2% of their muscle annually. At age
70, skeletal muscle mass declines by 25-30%, and muscle
strength declines even more noticeably by up to 40% [2].

In 1989, Rosenberg used the term “sarcopenia”
(Greek: “sarx” or flesh+“penia” or loss) to describe this
age-related loss of muscle mass [3]. In 2008, the term

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0001-8480-5698
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43166-023-00213-w&domain=pdf

El-Sebaie and Elwakil Egyptian Rheumatology and Rehabilitation

dynapenia was proposed to describe age-related loss of
muscle strength in the absence of neurological or mus-
cular disorder. It was linked to the functional impairment
of the neuromuscular apparatus [4]. Over the upcom-
ing decades, although many committees published their
consensus diagnostic definition of sarcopenia, the most
widely recognized one was that proposed by the Euro-
pean Working Group on Sarcopenia in Older People
(EWGCOP) [5]. The first definition of sarcopenia that
was published by EWGSOP in 2010 aided in the identifi-
cation and care of people at risk of or suffering from sar-
copenia. This operational definition by EWGSOP states
that low muscle mass and poor physical performance
are necessary for the diagnosis of sarcopenia [6]. Eight
years later, an update (EWGSOP2) was released as many
aspects of sarcopenia and muscle role in health and dis-
eases were explored. Muscle strength was placed at the
top of the diagnostic algorithm, and several measures of
muscle strength, muscle mass, and/or physical perfor-
mance were included with gender-specific cut-off points
for some of these measurements for diagnosing sarco-
penia in daily clinical practice. Furthermore, EWGSOP2
advised using the sarcopenia questionnaire (SARC-F
questionnaire) as a formal method of collecting self-
reports from patients with symptoms suggestive of sar-
copenia [7].

The multifactorial nature of sarcopenia presents the
most difficult diagnostic challenge. There are many risk
factors for sarcopenia including age, gender, and level of
physical activity [1, 8]. Sarcopenia could be either age-
related (primary sarcopenia) or disease-related (second-
ary sarcopenia). The age-related loss of skeletal muscle
mass is caused by a decrease in the number of myofibers
and the atrophy of individual myofibers. It affects mainly
the fast-twitch muscles in a slow, progressive course, and
subsequently, these changes are irreversible [9]. While
secondary sarcopenia is mainly due to a decrease in the
cross-sectional area of myofibers, it tends to affect the
slow-twitch muscles in an acute and severe manner;
however, these changes are usually reversible [10]. More-
over, it has been reported that aging is associated with a
progressive reduction in the number of motor units and
morphological changes in neuromuscular synapses [11].
Additionally, protein synthesis in muscle decreases with
aging, and protein anabolism is suppressed in the mus-
cles of the elderly even when the same amounts of amino
acids are present in the blood, which is known as ana-
bolic resistance [12]. All the aforementioned changes
result in the functional decline of skeletal muscles and
muscle atrophy.

Moreover, the pathophysiology of sarcopenia includes
inflammatory conditions, obesity and endocrinal dys-
function. Furthermore, muscle-related myokines and
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cytokines have been linked to autocrine regulation of
muscle metabolism, as well as paracrine and endocrine
effects on other tissues like bones and fats, a phenome-
non known as bone, muscle, and fat cross-talk. A number
of chronic diseases and sedentary lifestyle factors (such
as malnutrition, obesity, and lack of physical activity)
may also contribute to the development of sarcopenia
[13-16].

Despite recent advances in the assessment of muscle
mass and strength, the numerous mechanisms underly-
ing the development and prediction of sarcopenia are not
fully understood; however, a series of biomarkers that
may potentially help characterize the different mecha-
nisms of sarcopenia allows for the identification of those
with early sarcopenia and the implementation of a per-
sonalized, effective management strategy for the optimal
prevention, and treatment of those patients [16—18].

Main text

Method: search strategy

A narrative review was carried out by conducting a series
of literature searches in the database MEDLINE/Pub-
Med for English language articles focusing on sarcopenia
biomarkers. A combination of medical subject headings
and keywords was used in the search strategy. The fol-
lowing search terms were used: “sarcopenia,” “osteosar-
copenia,” “muscle ageing,” “muscle failure,” “sarcopenic
obesity, “weakness,” “biomarkers;” “frailty, “comorbid-
ity, “functional disability,” “inflamm-aging,” and “apopto-
sis” Sources published within the last 7 years were given
preference. The researchers extracted data using a stand-
ardized data collection form, which was then discussed
among the authors. The studies were observational and
peer-reviewed. The studies were all carried out at a refer-
ral center, hospital, or in the community. The articles
chosen all contained information about sarcopenia. Case
reports and articles that did not assess people’s muscle
health and sarcopenia were not considered.

Biomarkers of sarcopenia

Actually, the skeletal muscle is no longer considered a
simple contractile tissue but an interface of more com-
plex connections. In addition to muscle loss and contrac-
tile dysfunction, sarcopenia also includes metabolic and
endocrinal alterations as well as low-grade age-related
systemic inflammation (also known as “inflamm-aging”).
The process of muscle loss involves a significant decline
in protein regeneration coupled with an accelerated pro-
tein lysis and apoptosis [19-21].

A biomarker was defined by the National Institutes
of Health Biomarkers Definitions Working Group as “a
characteristic that is objectively measured and evaluated
as an indicator of normal biological processes, pathogenic
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processes, or pharmacologic responses to a therapeutic
intervention” [22]. According to this definition, the term
biomarker refers to a broad sub-category of medical signs
that can be measured accurately and with reproducibil-
ity. A biomarker could be a simple clinical tool, a specific
molecule in the biofluid, or an imaging biomarker where
a specific biological feature could be detected by imag-
ing. Specific sarcopenia biomarkers that might be linked
to clinical evaluation allow for the detection of subjects
suffering from or at risk of developing sarcopenia as well
as the monitoring of the efficacy of preventative and
therapeutic measures. The ideal biomarker of sarcope-
nia needs to be accurate, specific, reliable, cost-effective,
and available [16, 18]. In the next section, we will discuss
some of the biomarkers of sarcopenia based on different
pathophysiologic mechanisms.

Muscle mass biomarkers

Muscle mass is the amount of skeletal muscles in the
body, while lean body mass refers to the non-adipose tis-
sue mass (total body weight—body fat weight). Several
tools, such as anthropometric parameters (e.g., calf cir-
cumference, mid-arm muscle circumference), bioelectric
impedance analysis (BIA), imaging techniques, and bio-
chemical markers, are used to objectively assess muscle
mass [18, 23, 24] (Table 1).

Imaging biomarkers such as dual-energy X-ray absorp-
tiometry (DXA), ultrasonography (US), computed
tomography (CT), or magnetic resonance imaging (MRI)
are commonly used to qualify muscle or lean body mass.
These imaging techniques can provide measures of mus-
cle mass, muscle cross-sectional area (CSA), and mus-
cle density. Skeletal muscle index (SMI) is an important
parameter in the assessment of muscle mass. It is cal-
culated by dividing the total appendicular skeletal mass
(ASM) (kg) by standing height (m?) [27, 28].

However, each imaging technique has significant
shortcomings. Actually, body thickness, hydration level,
and extracellular fluid buildup have a significant nega-
tive impact on the DXA results. Additionally, DXA can-
not quantify intramuscular adipose tissue. On the other
hand, high costs, and complicated technology, prevent
the widespread use of CT and MRI. The test subject
receives substantial doses of ionizing radiation from CT
as well. [18] Using anthropometry, BIA, or ultrasonog-
raphy, although cost-effective and commonly applica-
ble, is either inaccurate or not adequately standardized
to be used as a diagnostic tool. This paved the way for
the creation and validation of new muscle mass bio-
markers that can be measured in biofluid samples and
used economically to detect and monitor the condition.
Such biochemical markers would also make healthcare
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professionals more knowledgeable about sarcopenia,
eventually encouraging its inclusion in best practices
[31].

Muscle-specific biomarkers such as Procollagen type
III N-terminal peptide (P3NP), peptides derived from
collagen type VI turnover, and skeletal muscle-specific
isoform of troponin T (sTnT) were investigated as poten-
tial biomarkers of loss of muscle mass, however, their
lack of specificity limits their use as reliable makers of
sarcopenia [32-34].

A recently developed method for precisely measur-
ing total body muscle mass is the D3-creatine dilution
method. The technique uses creatine’s irreversible con-
version to creatinine and the latter’s excretion in urine
to estimate the size of the total body creatine pool as
an analog for the total mass of skeletal muscles. This
method’s estimates of the total body muscle mass exhibit
remarkable agreement with whole-body MRI scans [35].
Unlike the DXA, the D3-creatine dilution method’s
measurement of muscle mass is strongly positively cor-
related with physical performance and predicts incidents
of falls and functional decline [36—39]. However, urinary
creatine excretion is also altered in other organ dysfunc-
tions, such as testicular damage [40].

Members of the transforming growth factor (TGF)
superfamily, myostatin, and growth differentiation fac-
tor-15 (GDEF-15), are antagonists of skeletal muscle myo-
genesis and growth inhibitors. Myostatin is a myokine
secreted from muscle cells and adipose tissues and is
involved in the pathogenesis of sarcopenia [41]. The use
of antibodies against myostatin was found to improve
muscle mass and grip strength [42]. A myostatin inhibi-
tor called folistatin (FST) appears to be an intriguing tool
for assessing the amount of muscle damage [43].

Irisin (IR) is a peptide secreted by the skeletal muscles,
particularly after exercise. It is produced by the cleav-
age of a fibronectin type III domain-containing protein 5
(ENDCS5). It may be classified as an adipomyokine, as it
is secreted by the adipose tissues. Studies demonstrated
a significant correlation between the circulating levels
of IR, lean mass, and hand grip strength [44]. Interest-
ingly, both obese patients and healthy individuals showed
a direct correlation between IR and FST. Additionally,
it was found that the expression of IR mRNA positively
correlated with FST mRNA expression in muscular biop-
sies from both groups [45]. These results are very intrigu-
ing because they highlight the potential existence of a
quiet, mutual relationship between FST and IR in skeletal
muscles.

Cathepsin D is an aspartic endopeptidase, a type of
lysosomal proteolytic enzyme found in all animal cells.
The level of cathepsin D has been found to be signifi-
cantly higher in the serum of sarcopenic patients relative
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to normal people [46]. Moreover, a negative relationship
was reported between cathepsin D levels and gait speed
[46]. In a recent study, when a predictive model with
cathepsin D, age, and BMI was created (AUC=0.908)
to enhance its diagnostic performance, the sarcope-
nia group had levels of cathepsin D that were 2.2 times
higher than the control group [47].

Muscle strength biomarkers

Muscle strength is defined as the amount of force gen-
erated by a dynamic muscle contraction [48]. The most
popular, simple, and widely used tests for assessment of
muscle strength of the upper and lower limbs are the Iso-
metric handgrip strength (IHG) by hand dynamometer
and the five-time sit-to-stand test (5STS) [49]. Other tests
such as isokinetic knee extension and flexion strength
have been evaluated in clinical research as predictors of
sarcopenia (Table 2).

Low IHG has been associated with poor physical activ-
ity, and mobility impairment in cross-sectional [51-53]
and prospective studies [54, 55]. Moreover, in a study
including a well-functioning elderly population, low mus-
cle mass did not explain the strong relationship between
strength and mortality, indicating that when estimating
the risk of events, muscle strength could be more sig-
nificant than muscle mass [56]. Additionally, the strong
correlations between IHG and lower extremity muscle
power, knee extension torque, and calf cross-sectional
muscle area highlight the fact that sarcopenia is a gener-
alized rather than a localized disorder [57].

Isokinetic dynamometry is used mainly to assess mus-
cle strength in athletes. Particularly in elderly people
with sarcopenia, it can give valuable data about muscle
strength [58]. It focuses on lower extremity musculature
such as knee extensors and flexors. Isokinetic knee exten-
sion strength was measured as a parameter of muscle
strength in several studies with participants in a sitting
position; the most commonly used angular velocity was
60°/s, and peak torque (Nm) was the most commonly
recorded measure [50, 53]. However, cut-off values for
knee extension strength are lacking.

Table 2 Biomarkers of muscle strength
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Functional biomarkers

Around the third decade of life, physical function starts
to decline, with a more severe decrease occurring after
the age of 50, which raises the possibility that the initial
decline in physical performance may be an early indica-
tor of sarcopenia [59]. However, the term “physical per-
formance” refers to a broad concept that encompasses a
number of elements, not just muscle power, strength, and
mobility.

Physical performance tests are used in conjunction
with muscle strength and mass measurements. They
include the gait speed, the Short Physical Performance
Battery (SPPB), and the stair climb power test (Table 3).
A strong correlation was found between physical perfor-
mance measures, body composition, and skeletal muscle
parameters [60, 61]. In addition, they have the ability to
predict health-related outcomes, such as mortality, mor-
bidity, and disability [62-65]. SPPB in particular had
proven to be a reliable and sensitive tool (sensitivity 82%)
in diagnosing severe sarcopenia when using the cut-point
of <8 [66]. Unfortunately, each has its own characteristics
and only captures specific aspects of muscle functioning,
resulting in different sets of possibilities in sarcopenia
measurement.

Non-specific sarcopenia biomarkers

Inflammatory biomarkers

Aging is characterized by a state of low-grade systemic
inflammation called “inflamm-aging" phenomenon [70].
In this situation, pro-inflammatory cytokines are unreg-
ulated, with subsequent decreased anti-inflammatory
cytokine levels. Inflammatory aging contributes to accel-
erated muscle loss and prevents muscle regeneration,
which promotes sarcopenia [71]. Actually, decreased
muscle mass, strength, and physical function are closely
linked to elevated levels of C-reactive protein, tumor
necrosis factor, interleukin-8, interleukin-6, granulocyte-
monocyte colony-stimulating factor, interferon, and
high-temperature requirement serine protease Al in
older adults [72, 73].

Test Technique

Cut-off value

Isometric handgrip strength (HG)

Five-time sit-to-stand test (55T5S)
Isokinetic knee extension strength

The dynamometer is held in the dominant hand with the base resting in the palm
5-s maximal isometric contraction [49]

Time needed to rise from a seated position five times without support [49]
Measure knee extension strength by isokinetic dynamometry in a sitting position [50]

<27kgand<16kg
in men and women
respectively

(by EWGSOP?) [49]

> 15 s for five rises [49]
No cut-off value




El-Sebaie and Elwakil Egyptian Rheumatology and Rehabilitation

Table 3 Biomarkers of functional performance
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Test Technique Cut-off value

Gait speed <08 m/s

Timed Get Up-and-Go (TGUG) test  Time needed to rise from a seated position and walk for 3 m away and return back seated >2051[67]
[67]

Short physical performance battery - Time of 4 m walking 8 points [68]

- Side by side feet stand for 10's
- Semi tandem stand for 10 s
-Tandem stand for 10's

- Chair stand as above

- Each component scored on a scale of 0-4 with O=test failure and 4 =full achievement [68]

Stair Climb Power Test (SCPT)

Timed climb of a flight of stairs (4-11 stairs)

No cut-off value

Power in watts =[(body weight in kg) x (9.8 m/s?) x (stair height in meters)]/(time in seconds) (varied with age)

(69]

Hormonal biomarkers

There is a great deal of evidence that changes in sex
hormone levels in the blood may be linked to defects in
muscle protein homeostasis. A significant decline in hor-
monal levels may contribute to a reduction in the ability
to synthesize proteins and repair muscle damage with
subsequent muscle mass loss, which implies a gradual
shifting towards the catabolic state. Studies have shown
that the onset of sarcopenia is influenced by sex hor-
mones, particularly testosterone and dehydroepiandros-
terone sulfate (DHEAS), whose levels decline with age
[74]. Testosterone has anti-catabolic, anti-inflammatory,
and anabolic effects on muscle [75]. DHEAS may have
an impact on how well muscles function, and its age-
related decline is a significant contributor to the loss of
muscle mass and strength in older people [74]. Insulin-
like growth factor 1 (IGF-1), and growth hormone (GH)
levels are also reduced in sarcopenia. IGF-1 is an anabolic
hormone that promotes muscle regeneration and medi-
ates the effects of GH. IGF-1 administration has been
shown to speed up the functional recovery of injured
skeletal muscle [76].

Neuromuscular junction (NMJ) dysfunction biomarkers

Dysfunction of the NM]J is one of the symptoms of sar-
copenia [77]. Studies showed that people who are sar-
copenic have significantly more circulating C-terminal
agrin fragments (CAF) than people who are not sarco-
penic [78, 79]. Agrin binds to acetylcholine receptors at
the postsynaptic terminal, where it aggregates them as
a crucial part of the neuromuscular junction. Agrin is
cleaved into CAF22 by proteolytic cleavage in sarcopenia
and other catabolic disorders, which results in dysfunc-
tion of the NMJ. In patients with pulmonary diseases,
sarcopenia has been linked to an increase in CAF22 lev-
els [80]. Furthermore, serum CAF22 levels were consist-
ently higher in accelerated sarcopenic patients than in

healthy subjects. However, serum CAF22 levels did not
correlate with either the SPPB or the SARC-F question-
naire [17].

Metabolic biomarkers

Several metabolic biomarkers known as metabolomics
were strongly linked with muscle mass and quality in the
elderly. In particular, lower plasma concentrations of the
branched-chain amino acids leucine and isoleucine were
found in sarcopenic older individuals [81]. Additionally,
it was reported that the circulating levels of essential
amino acids were lower in frail older people compared to
their non-frail peers [82].

The gut microbiota appears to play a role in regulat-
ing several muscle metabolic pathways [83]. However,
the causal correlations between age-related changes in
muscles and gut microbiota had not been clearly inves-
tigated. The age-related disruption of the barrier func-
tion of the gut mucosa and subsequent gut dysbiosis may
trigger inflammation and contribute to immune system
dysregulation [84]. Animal studies demonstrated that a
lack of gut microbiota was associated with a reduction
in muscle mass [85, 86]. Similarly, studies on antibiotics
that alter the microbiota, such as metronidazole, found
a significant decrease in muscle mass in the hind limb
and muscle fiber volume in the tibialis anterior muscle of
mice. In vitro studies have also revealed that gut micro-
bial products like indoxyl sulfate and p-cresol sulfate can
have a direct effect on muscle mass [87].

Artificial intelligence (Al) as a biomarker of sarcopenia

In 2021, Chung et al. developed an Al diagnostic model
of sarcopenia using transcriptome datasets that include a
large number of different genes in muscle biopsies from
sarcopenic patients and age-matched healthy subjects
across three different ethnic groups. The model had the
ability to successfully diagnose sarcopenia accurately
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(100% sensitivity, 94.12% specificity, and 95.83% accu-
racy) [88]. Moreover, Al may have a valuable role in the
accurate measurement of imaging parameters of sarco-
penia, such as abdominal musculature segmentation with
deep learning, which provides a great chance to assess
muscle mass and myosteatosis independently [29, 89]. It
is worth noting that Al-assisted body composition meas-
urement would improve the efficacy and accuracy of the
sarcopenia assessment, decrease the inter-examiner vari-
ability, and aid in the establishment of normal reference
cut-off values for different populations using a broader
set of data via an Al-assisted technique, which could have
a role in the development of standardized assessments
[90-93].

Conclusion

The broad concept of a sarcopenia biomarker as an objec-
tive tool that can assess different sarcopenia domains
with precision and reproducibility has allowed differ-
ent clinical, laboratory, and imaging tools to emerge as
potentially promising sarcopenia biomarkers. However,
most of these tools lack a standardized quantitative cutoff
value to define sarcopenia, which seems essential to pre-
dicting early sarcopenia and determining the treatment
threshold.

Furthermore, it is challenging to accurately and con-
sistently measure various aspects of sarcopenia due to
the inherent limitations of the current assessment tools,
such as their lack of specificity and variability based on
different population characteristics. In this context, the
establishment of an international consensus adopting
a multi-biomarker approach may be of utmost impor-
tance to tackle the different aspects of this multifactorial
health-related problem.
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