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Qrsemr

Sarcopenia, which is characterized by an age-related decline in muscle mass and func-
tion, poses significant challenges to geriatric care. Its definition has evolved from mus-
cle-specific criteria to include muscle mass, muscle function, and physical performance,
recognizing sarcopenia as a physical frailty. Sarcopenia is associated with adverse out-
comes, including mortality, falls, fractures, cognitive decline, and admission to long-term
care facilities. Neuromechanical factors, protein-energy balance, and muscle protein
synthesis-breakdown mechanisms contribute to its pathophysiology. The identification
of sarcopenia involves screening tests and a comprehensive assessment of muscle mass,
strength, and physical function. Clinical approaches aligned with the principles of com-
prehensive geriatric assessment prioritize patient-centered care. This assessment aids in
identifying issues related to activities of daily living, cognition, mood, nutrition, and so-
cial support, alongside other aspects. The general approach to factors underlying mus-
cle loss and functional decline in patients with sarcopenia includes managing chronic
diseases and evaluating administered medications, with interventions including exer-
cise and nutrition, as well as evolving pharmacological options. Ongoing research tar-
geting pathways, such as myostatin-activin and exercise mimetics, holds promise for
pharmacological interventions. In summary, sarcopenia requires a multifaceted ap-
proach, acknowledging its complex etiology and tailoring interventions to individual
patient needs.
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INTRODUCTION

Sarcopenia is a condition characterized by a decrease in muscle mass and a de-
cline in muscle function (muscle strength or physical function), which occurs with
aging.[1] Sarcopenia was initially defined based on the distribution of muscle
mass in the young adult population, with criteria such as having muscle mass be-
low a certain level (e.g., more than 2 standard deviations below the average) indi-
cating sarcopenia.[2,3] However, studies emphasized the clinical importance of
both muscle mass and muscle function in various population groups, particularly
in the 2010 European Working Group on Sarcopenia in Older People (EWGSOP)
guidelines, which began to define sarcopenia based on both criteria.[4] Subse-
quently, numerous epidemiological and intervention studies in various popula-
tions and settings have been conducted, leading to the development of various
definitions, including the Foundation for the National Institutes of Health (NIH)
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criteria of the U.S. NIH,[5] the revised EWGSOP2,[6] and the
updated Asian Working Group on Sarcopenia (AWGS) 2019
criteria,[7] which built upon the 2014 AWGS criteria.[8] In-
terestingly, the Sarcopenia Definitions and Outcomes Con-
sortium and the European Society for Clinical and Eco-
nomic Aspects of Osteoporosis, Osteoarthritis, and Muscu-
loskeletal Diseases (ESCEO) stated that muscle function is
more important than muscle mass, in diagnosing sarcope-
nia and assessing clinical improvement.[9] In 2023, the Ko-
rean Working Group on Sarcopenia (KWGS) published clin-
ical practice guidelines for screening and diagnosing sar-
copenia in older Korean adults.[10,11]

Since the prevalence of sarcopenia in the population in-
creases with age, and its pathophysiology is associated
with various age-related mechanisms or outcomes, it is re-
garded as both an aging-related condition and a geriatric
syndrome.[12] Additionally, sarcopenia can be considered
as a mobility phenotype of the human aging spectrum
owing to its focus on muscle mass and function. Frailty is a
spectrum of clinical phenotype that reflects a person’s bio-
logical age, and physical frailty and sarcopenia share sev-
eral phenotypic and clinical aspects, leading to the opera-
tional definition of a common syndrome referred to as
“physical frailty and sarcopenia”[13,14] The clinical out-
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comes of sarcopenia ultimately lead to adverse outcomes,
including falls, mortality, and admission to long-term care
facilities due to functional decline, for many older adults.
[12,15-17] As a result, the importance of sarcopenia in the
field of geriatrics has increased, in line with the global ag-
ing population. In 2016, the International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM)
officially classified sarcopenia as a disease,[18] and in
South Korea, sarcopenia was classified as M62.5 in the 8th
edition of the Korean Standard Disease Classification (KCD-
8)in 2021.

EPIDEMIOLOGY

Interpreting the prevalence of sarcopenia in the popula-
tion requires careful consideration, given the absence of a
worldwide consensus on its definition.[19] Additionally,
the cut-off points for evaluating the components of sarco-
penia such as muscle mass, muscle strength, and physical
function are typically determined based on the distribu-
tion of these factors in the population. Notably, when ap-
plying the distribution of healthy young adults to older
adults, the calculated prevalence of sarcopenia in literature
is subject to the influence of changes in birth cohort char-
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acteristics due to socio-economic changes.

Consequently, the prevalence of sarcopenia varies sig-
nificantly depending on the characteristics of the popula-
tion (e.g., age structure, urban, or rural), definition of sarco-
penia, and types of items assessed. Based on domestic
study, the prevalence of sarcopenia in the older population
in South Korea ranges from 4% to 45%.[20] According to
the Korean Frailty and Aging Cohort Study (KFACS), when
applying the AWGS 2019 criteria to the population aged
70 years and older, 26.8% of men and 18.8% of women
met the criteria for low muscle mass and function (e.g.,
handgrip strength, gait speed, or the ability to rise from a
chair).[21] Other local community studies in South Korea
have reported the prevalence of sarcopenia.[22,23]

When conducting longitudinal observations in commu-
nity-dwelling older individuals, sarcopenia has been re-
ported to be associated with various adverse outcomes,
including overall mortality, falls, fractures, physical and
cognitive function decline, impairment of activities of daily
living, reduced quality of life, and admission to care facili-
ties due to functional decline.[12,24-26] Furthermore, in
studies involving patients admitted to hospitals for various
individual diseases, sarcopenia has been found to predict
complications during inpatient or surgical treatments.[27]
This association has been actively reported in clinical sce-
narios such as cardiac surgery, liver transplantation, kidney
transplantation, various solid tumor surgeries, and adju-
vant/palliative chemotherapy for cancer.[27,28]

PATHOPHYSIOLOGY

As a geriatric syndrome, the phenotype of sarcopenia is
influenced by various biological mechanisms associated
with aging and physiological and biochemical changes re-
sulting from multiple diseases that accumulate with age.
The pathogenesis of sarcopenia involves not only biologi-
cal changes but also functional (e.g., decreased instrumen-
tal activities of daily living, and difficulties in swallowing
and in performing tasks) and social and economic (e.g.,
economic poverty, widowhood, or living alone) factors.[29]
Furthermore, similar to the concept of frailty, sarcopenia
and its resulting functional decline create a vicious cycle,
accelerating muscle mass loss and loss of physical func-
tion.[12,14] The impact of these mechanisms varies among
individuals and can be broadly classified into three main
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mechanistic groups: (1) neuro-mechanical factors; (2) pro-
tein-energy balance; and (3) muscle protein synthesis-
breakdown mechanism. These three groups are not mutu-
ally exclusive and can interact with one another, impacting
muscle protein synthesis and function. Ultimately, they
play a crucial role in determining the long-term loss of
muscle mass.

1. Neuro-mechanical factors

Neuro-mechyanical factors are considered the most criti-
cal in the prevention and intervention of sarcopenia when
viewed individually.[30] They encompass various aspects
such as physical activity, resistance exercise, the efficiency
of exercise neurons, and neuromuscular junctions, as well
as mechanical transitions.[31] The costamere, a collection
of proteins that connect the extracellular matrix to the sar-
comere, transmits mechanical stimuli to mechanistic tar-
get of rapamycin complex 1 (mTORC1) through phosphor-
ylation mechanisms called mechanotransduction.[32,33]
Studies in humans have shown that muscle protein syn-
thesis increases in the hours to 72 hr after a single bout of
resistance exercise.[34,35] These short-term changes and
long-term resistance training can improve efficiency of mi-
tochondria and muscle protein synthesis-breakdown
mechanisms, playing a vital role in maintaining muscle
mass and muscle function.[36,37] In addition to increasing
muscle mass, physical activity, including resistance exer-
cise, can independently enhance muscle function.[30] For
example, remodeling of neuromuscular junctions can im-
prove motor unit recruitment even in the absence of in-
creased muscle mass, leading to improved muscle func-
tion.[38] Conversely, muscle strength decreases daily by
1% with continued bed rest.[39]

2. Protein-energy balance

Protein and energy intake, including micronutrient in-
take, significantly impact muscle protein synthesis and
breakdown.[40] In older adults, various factors can lead to
reduced protein and total energy intake, increasing their
susceptibility to disturbances in protein-energy balance,
which contributes to loss of muscle mass.[41] mTORCT,
which regulates muscle protein synthesis, senses plasma
amino acids, glucose, and concentration of growth factors.
[42] It initiates muscle protein synthesis only when both
signaling pathways are sufficient. Essential amino acids,
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Fig. 1. Abbreviated mechanism of muscle protein synthesis and breakdown. mTORC1, mechanistic target of rapamycin complex 1; S6K, S6 kinase;

4EBP1, elF4E-hinding protein; UPS, ubiquitin-proteasome system.

particularly leucine, are crucial for mTORC1 activation.[43]
An adequate overall macronutrient balance is essential for
proper functioning of the mTORC1 pathway, and the insu-
lin-like growth factor 1 pathway, which regulate the ana-
bolic-catabolic balance of tissues including skeletal mus-
cle.[44,45] The anabolic resistance caused by biological
changes underscores the need for a greater protein intake
to maintain muscle homeostasis in older individuals.[46,
47]

3. Mechanism of muscle protein synthesis-
breakdown

Muscle protein is not maintained in a static state but is
constantly in a dynamic balance between synthesis and
breakdown, influenced by factors such as feeding, exercise,
and fasting (Fig. 1).[48] Factors such as insulin resistance,
chronic inflammation, systemic corticosteroid exposure,
decreased growth or sex hormone levels related to aging
or disease, and other factors, can affect this dynamic bal-
ance.[48] Ultimately, the net change in muscle mass is
governed by the dynamics of muscle protein synthesis-
breakdown mechanisms. Such changes can lead to ana-
bolic resistance, where even resistance exercise and amino
acid intake may not yield muscle protein synthesis rates
comparable to those in young, healthy adults.[49]

In chronic and acute inflammation, specific cytokines
(e.g., tumor necrosis factor-a, interleukin [IL]-1, IL-6), and
systemic corticosteroid exposure can facilitate anabolic re-
sistance and increase the expression of genes involved in
muscle atrophy (atrogenes), such as Atrogin 1 and MURF1,
which accelerate muscle protein breakdown.[50] Owing to
the complex interactions and multiple factors contributing
to the development of sarcopenia, distinguishing between
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Table 1. Screening tests for sarcopenia (adapted from the Korean
Working Group on Sarcopenia guideline)

Tools Cut-offs References
SARC-F >4 Chen et al. [7]
Calf circumference Male: <34 cm Chenetal. [7]
Female: <33 cm
Chair stand test
5-time Standing position: >10 sec Yamada et al. [54]
Sitting position: >11 sec
30 seconds Male: <17 Sawada et al. [53]
Female: <15
Handgrip strength Male: <28 kg Chenetal. [7]
Female: <18 kg
Gait speed (4mor6m) <1m/s Chenetal. [7]

Timed up and go test =12 sec Jung et al. [55]

SARC-F, strength, assistance with walking, rising from a chair, climbing
stairs, and falls.

primary sarcopenia associated with aging and secondary
sarcopenia due to diseases such as tuberculosis and can-
cer, which expedite muscle protein breakdown, poses a
significant challenge.[33] The involvement of these factors
in the pathogenesis of sarcopenia has rendered them key
targets for many new drug developments. For example,
substances such as selective androgen receptor modula-
tors (SARM) and exercise mimetics, were developed to
promote muscle protein synthesis mechanisms.[51] Addi-
tionally, various drugs that block the myostatin-activin
pathway, an upstream pathway of muscle atrophy, have
been developed to inhibit muscle protein breakdown in
situations of anabolic resistance.[52] Studies in humans
have established clinical evidence showing that older
adults and individuals with chronic diseases require great-
er protein intake to overcome anabolic resistance.[46]
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Fig. 2. Confirmatory tests for sarcopenia evaluation based on the Korean Working Group on Sarcopenia (KWGS) guideline. SPPB, short physical
performance battery; M, male; F, female; ASM, appendicular skeletal muscle mass; DXA, dual energy X-ray absorptiometry (KWGS guideline); BIA,

bioimpedance analysis.

CASE IDENTIFICATION AND DIAGNOSIS

1. Screening test

The KWGS and AWGS 2019 guidelines recommend vari-
ous methods for identifying sarcopenia.[7,10] Screening
tools according to the KWGS guidelines are listed in Table
1. These methods include assessing calf circumference,
hand grip strength, chair stand test, gait speed, and time
up-and-go tests.[7,53-55] Additionally, questionnaires
such as strength, assistance with walking, rising from a
chair, climbing stairs, and falls (SARC-F) and ring tests us-
ing the thumb and index finger to measure calf circumfer-
ence are suggested.[10,56] Notably, SARC-F has limitations
as a screening tool due to its low sensitivity and high spec-
ificity.[57] Consequently, case identification in clinical prac-
tices may heavily rely on clinical suspicion, considering
factors such as significant weight loss, general weakness,
or history of falls, regardless of age. Clinical risk factors may
include treatment affecting sex hormones, chronic use of
glucocorticoids, chronic inflammatory conditions, and un-
derlying malignancy.[10] Geriatric risks include mood, cog-
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nitive disorders, polypharmacy, chronic constipation, swal-
lowing difficulties, falls, history of hospitalization, and oth-
er geriatric syndromes.[10]

2. Assessment

Clinical assessment of sarcopenia fundamentally includes
three essential elements: muscle mass, muscle strength,
and physical function (Fig. 2). The KWGS and AWGS 2019
guidelines [7,10] defined sarcopenia as decreased muscle
mass with low muscle strength or poor physical perfor-
mance, and severe sarcopenia was classified as a state of
decreased muscle mass with both weak muscle strength
and decreased physical performance. The KWGS newly
suggested the concept of functional sarcopenia as a state
of weak muscle strength and low physical performance
without a loss of muscle mass.[58]

(1) Muscle mass

The methods recommended for clinical use in Asia and
Europe include dual energy X-ray absorptiometry (DXA) or
bioimpedance analysis (BIA) to measure appendicular mus-
cle mass.[6,7,10] The KWGS and AWGS 2019 advise adjust-
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ing the sum of the measured appendicular muscle mass by
the square of the individual's height (m?).[7,10] Meanwhile,
the foundation for the NIH suggests adjusting by body
mass index, which may be superior in predicting outcomes
compared to height-squared adjustment.[5] The criteria for
muscle mass reduction in the KWGS and AWGS 2019 are
<7.0 kg/m? for men and <5.4 kg/m? for women in DXA,
and <7.0 kg/m? for men and <5.7 kg/m? for women in BIA.

However, the measurement of lean mass through this
indirect measurement methods (BIA and DXA) can lead to
inconsistent associations with several outcomes, including
immobility, disability, and falls.[9,59] Future evaluation of
muscle quality using computed tomography and magnet-
ic resonance imaging and direct measurement of muscle
quantity using the D3-creatine dilution method may ad-
dress this gap.[60]

(2) Muscle strength

The clinical assessment of muscle strength can be per-
formed by measuring handgrip strength in the upper limbs
or torque at the knee joint in the lower limbs. The KWGS
and AWGS 2019 recommend muscle strength evaluation
through a handgrip test. Handgrip measurements can be
obtained using both spring-type (e.g., Smadley-type equip-
ment) and hydraulic devices (e.g., Jamar’s equipment);
however, the two methods have different measurement

Cognitive dysfunction

Depression

Anabolic resistance
Catabolic pressure

Chronic conditions

Hidden medical conditions

<Geriatric domains>

Physical inactivity

<Direct pathophysiological mechanisms >
Decreased mechanical input

Sarcopenia

Decreased nutritional stimuli
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positions and may yield slightly different results.[61] The
spring-type measurement is conducted with the elbow
joint fully extended while standing; in cases where stand-
ing is not possible, the measurement can be done while
sitting with the elbow joint fully extended.[62] The hydrau-
lic measurement is performed with the elbow flexed at a
90-degree angle while sitting.[62] Although there is no
standardized measurement protocol, it is generally recom-
mended to take 2 to 3 measurements from each arm or
dominant arm and select the best result from all measure-
ments. The measurements generally do not have a time
limit, and participants should be encouraged to exert maxi-
mum effort. In the KWGS and AWGS 2019, muscle strength
<28 kg and <18 kg for men and women, respectively, is
defined as muscle strength reduction.[7,10]

(3) Physical function

Physical function is a broad concept that includes mus-
cle strength, physical activity, and other aspects such as
patients’ reported outcomes. However, in the context of
sarcopenia, quantitative assessment of whole-body motor
performance through functional tests is considered a com-
ponent of physical function. The most used and well-stud-
ied parameter that predicts outcomes is gait speed. The
European guidelines define slow gait speed as <0.8 m/s
when walking 4 m,[4] while the KWGS and AWGS 2019 de-

ADL dependency

IADL dependency

Unmet social needs

Fig. 3. Sarcopenia as a complexed system consisting of multiple pathophysiology in both biological and clinical aspects (adapted from the Korean
Working Group on Sarcopenia guideline). ADL, activities for daily living; IADL, instrumental activities of daily living.
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fine slow gait speed as <1.0 m/s when walking 6 m.[7,10]

The five-time chair rise test measures the duration to
quickly rise from a chair with armrests without using arm
support. The AWGS 2019 includes this item to categorize
individuals who take >12 sec as having physical function
impairment, while KWGS categorizes individuals who take
>10 sec for the 5th stand and 11 sec for the 5th sit as
physical function impairment.[7,10,63] The short physical
performance battery consists of three items: static balance
assessment, gait speed, and five-time chair rise test.[64] It
is calculated on a scale of 0 to 12 points and is used as a
tool for evaluating physical function. The KWGS and AWGS
2019 guidelines categorize individuals with a score of 9 or
lower as having physical function impairment.[7,10]

3. Clinical approach

As sarcopenia is a geriatric syndrome affected by the
combinations of multiple biological and functional issues,
its multifaceted characteristics require a patient-centered
clinical approach (Fig. 3). The pattern of correctable patho-
physiology may differ vastly among individuals in actual
clinical practice. Patient-centered approach in the manner
of comprehensive geriatric assessment (CGA) or briefer ap-
proaches such as the Integrated Care for Older People can
be crucial in establishing an individualized care plan.[65,66]
These assessment can help identify issues related to activi-
ties of daily living, cognition, mood, nutrition, social sup-
port, and other aspects.[67] Therefore, the KWGS guideline
highlights the execution of CGA after the diagnosis of sar-
copenia.[10] Assessing the management of chronic diseas-
es and examining the medications administered are also
necessary. The general approach on the underlying factors
related to muscle loss and functional decline in patients in-
volves basic clinical strategies similar to those for weight
loss or frailty in the context of aging, including medical as-
sessments for myriads of secondary causes that may entail
malignancies, inflammatory conditions, infections, cardio-
pulmonary, hepatic, nephrologic, endocrinological condi-
tions, neurological, and musculoskeletal conditions.

INTERVENTIONS

In clinical settings, the foundation for developing a treat-
ment plan for sarcopenia lies in correcting the identified
contributing factors through individualized approaches for
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patients. While nutritional and exercise interventions, as
well as addressing underlying conditions and contributing
factors, are crucial, no pharmacological agents have been
definitively proven to have a significant impact on sarco-
penia. Multifaceted interventions, including resistance ex-
ercises, have been validated to improve physical function
in various population groups.[30,68] It remains unclear
whether such interventions are cost-effective from a popu-
lation perspective, thus emphasizing the need for further
research. The International Clinical Practice Guidelines for
Sarcopenia by the ICFSR indicate that exercise is supported
by strong evidence and moderate certainty, while protein
intake has moderate evidence strength with low certainty.
[69] However, there is little evidence that vitamin D, hor-
mones, or new medications can aid with sarcopenia man-
agement.

1. Exercise

Physical activity, with a focus on progressive strength
training, is recognized as the primary treatment for sarco-
penia. While most of the studies on effective exercise inter-
vention studies have not targeted older populations diag-
nosed with sarcopenia, structured exercise may potentially
improve parameters such as muscle strength, walking
speed, and simple physical function in populations with
concurrent sarcopenia.[30,36] Additionally, further studies
are warranted to ascertain how exercise can prevent dis-
ability and maintain activities of daily living. Exercise pro-
grams aimed at improving accessibility in the metaverse
have been explored recently; however, additional valida-
tion studies are required for further assessment.[70]

2. Nutrition

The recommendations for protein intake to counteract
anabolic resistance are primarily rooted in studies that in-
corporate amino acids, an approach that analyzes the rate
of incorporation of administered exogenous amino acids
into muscle proteins during anabolic resistance.[71] Individ-
ual studies continue to report that protein supplementation
can improve physical function in older populations where
malnutrition or weight loss is observed.[72] Whether pro-
tein intake can improve patient-reported outcomes in pa-
tients with sarcopenia patients and whether it is cost-effec-
tive requires well-designed clinical studies. Experts general-
ly recommend a slightly higher protein intake of 1.2 to 1.5
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g/kg/day instead of the recommended dietary allowance of
0.9 g/kg/day to overcome anabolic resistance associated
with aging.[47,73] Branched-chain amino acids and their
metabolite leucine and B-hydroxy-beta-methylbutyrate
have the potential for enhancing muscle protein synthesis
but require more extensive clinical recommendations for
the overall populations with sarcopenia.[74,75] Vitamin D
has been studied extensively in relation to sarcopenia, and
while observational studies show associations between sar-
copenia and vitamin D deficiency, clinical evidence for vita-
min D supplementation improving physical function or
muscle mass is insufficient.[76]

3. Pharmaceuticals

Several targeted drug development approaches for sarco-
penia are ongoing. Myostatin (GDF-8) is a highly researched
substance in the context of drug development for diseases
characterized by muscle loss. Myostatin is expressed in mus-
cle cells and binds to activin receptors (ACVR2B), increasing
the expression of genes related to muscle atrophy and sup-
pressing those involved in muscle cell growth and differenti-
ation.[77] In animal models, genetic inhibition of myostatin
increases muscle function,[78] and this effect has been re-
ported in humans.[79] Several drugs, such as Stamulumab,
Landogrozumab (LY-2495655), Trevogrumab (REGN1033),
and Bimagrumab (BYM388), which target the myostatin-ac-
tivin pathway, have been developed, and multiple clinical
trials have been conducted. While some studies report a sig-
nificant increase in muscle mass,[80] no clinical research has
demonstrated a significant improvement in physical func-
tion. Exercise mimetics are substances that activate benefi-
cial metabolic pathways in a similar manner to exercise. One
example is GW1516, a peroxisome proliferator-activated
receptor-3/6 agonist that enhances exercise capacity in ani-
mal experiments.[81] However, evidence of its use in hu-
mans remain limited, and is currently considered a banned
substance for international athletes. AMP-activated protein
kinase (AMPK) activators such as 5-aminoimidazole-4-car-
boxamide ribonucleotide (AICAR) and metformin have
shown potential in animal studies but lack sufficient clinical
evidence.[82] SARMs such as enobosarm (MK-2866) [83] and
PF-05314882 [84] have been developed, with preliminary
clinical trial results showing improvements in muscle mass
and physical function. However, robust evidence for their
use in sarcopenia remains lacking.
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CONCLUSION

Sarcopenia, a common geriatric syndrome in older adults,
is associated with poor outcomes in various clinical settings,
necessitating both prevention and intervention. Complex
pathophysiological changes related to aging are believed
to impact muscle mass and function, and a multi-faceted
approach, centered on exercise and nutrition, can prevent
progression, and improve physical function. In clinical prac-
tice, an individualized approach that is patient-centered
and rectifies identified contributing factors is essential. Al-
though there are no treatment options for sarcopenia, that
definitively improve quality of life and physical function,
ongoing drug development research is expected to lead to
the development of therapeutic strategies for this condi-
tion, increasing clinical applications in the future.
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