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ABSTRACT

Sarcopenia is a progressive and generalized loss of skeletal muscle mass and function. The 
prevalence of sarcopenia was reported to be up to 29% in older persons in the community 
healthcare setting. Sarcopenia diagnosis is confirmed by the presence of low muscle mass 
plus low muscle strength or low physical performance. Sarcopenia management options 
include non-pharmacological and pharmacological approaches. Non-pharmacological 
approaches include resistance exercise and adequate nutrition. Of the two, resistance exercise 
is the standard non-pharmacological treatment approach for sarcopenia with significant 
positive evidence. Some dietary approaches such as adequate intake of protein, vitamin D, 
antioxidant nutrients, and long-chain polyunsaturated fatty acid have been shown to have 
positive effects against sarcopenia. Currently, no specific drugs have been approved by the 
Food and Drug Administration for the treatment of sarcopenia. However, several agents, 
including growth hormone, anabolic or androgenic steroids, selective androgenic receptor 
modulators, protein anabolic agents, appetite stimulants, myostatin inhibitors, activating II 
receptor drugs, β-receptor blockers, angiotensin-converting enzyme inhibitors, and troponin 
activators, are recommended and have been shown to have variable efficacy. Future research 
should focus on sarcopenia biological pathway and improved diagnostic approaches such as 
biomarkers for early detection, development of consistently pre-eminent treatment methods 
for severe sarcopenia patients, and establishing sensitive measures for predicting sarcopenia 
treatment response.
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INTRODUCTION

Sarcopenia was derived from the Greek phrase meaning poverty of the flesh and was first 
described by Rosenberg in 1989.1,2 Sarcopenia has been defined as an aging-related loss 
of skeletal muscle mass (SMM) and strength. Several prospective studies have reported 
that SMM decrease by 6% per decade after mid-life.3 Sarcopenia is thought to involve 
several pathophysiological processes, such as denervation, mitochondrial dysfunction, and 
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inflammatory and hormonal changes that may lead to adverse health outcomes including 
falls, functional decline, frailty, and mortality from a decline in lean body mass.4-6

EPIDEMIOLOGY AND PATHOPHYSIOLOGY

The prevalence of sarcopenia was reported to be up to 29% in older persons in the 
community healthcare setting and ranged from 11 to 50% in persons aged 80 years and 
above.7 Aging disturbs the skeletal muscle homeostasis resulting in an imbalance between 
anabolic and catabolic processes on the protein production pathway. Cellular changes in 
sarcopenic muscle are characterized by size and number declines in type II muscle fibers 
together with intramuscular and intermuscular fat infiltration. In addition, there is a 
decreased number of satellite cells8-10; the main function of satellite cells is to replace and 
repair damaged muscle fibers. In sarcopenic skeletal muscle, satellite cells’ function may be 
reduced by alterations of systemic factors that regulate their activity and differentiation such 
as muscle stem cell niche factors, transforming growth factor-beta (TGF-β), and myogenin. 
Myogenin is a transcription factor that induces myogenesis in a variety of cell types. TGF-β, 
myostatin, and bone morphogenetic proteins are the most extensively characterized ligands 
in terms of the effects on skeletal muscle. Other factors that contribute to muscle loss include 
neuromuscular junction dysfunction, decreased numbers of motor units,11 inflammation,12 
insulin resistance,13 mitochondrial dysfunctions,14,15 and oxidative stress.16 Denervation of 
single muscle fibers is also known to cause a substantial reduction in type II fibers, which are 
subsequently replaced by type I fibers and fat tissue.

DIAGNOSIS

Diagnosis of sarcopenia is based on a proper definition. In 2010, the European Working Group 
on Sarcopenia in Older People (EWGSOP) proposed three diagnostic criteria for sarcopenia, 
based on muscle mass, muscle strength, and physical performance.17 Low muscle mass 
(LMM) is defined by a SMM index of less than 8.90 kg/m2, low muscle strength (LMS) by 
hand-grip strength below 30 kg in men and 20 kg in women, and low physical performance 
(LPP) by gait speeds of less than 0.8 m/s. Sarcopenia diagnosis confirmation requires the 
presence of LMM and LMS or LPP. The EWGSOP classified sarcopenia into three categories: 
pre-sarcopenia, sarcopenia, and severe sarcopenia based on the presence of LMM and the 
presence or absence of functional impairment (LMS and LPP). In 2018, the EWGSOP revised 
their tools and regarded LMS as the primary parameter for sarcopenia diagnosis and muscle 
strength is currently considered as the most reliable measure of muscle function.5 In the revised 
guidelines, it was recognized that strength was more effective in predicting adverse outcomes 
than the mass.18-21 Sarcopenia is probable when LMS is detected; a sarcopenia diagnosis is 
confirmed by the presence of low muscle quantity or quality. However, use of muscle quality 
described by the micro- and macroscopic aspects of muscle architecture and composition, as 
a primary parameter for defining sarcopenia remains a challenge because of the technological 
limitations.22-24 Sarcopenia is considered severe when there is LMS, low muscle quantity 
or quality, and LPP. In clinical practice, case-finding is warranted when a patient shows the 
symptoms or signs of sarcopenia (i.e., falling, feeling weak, walking slowly, and difficulties 
rising from a chair, or weight loss or muscle wasting). In such cases, to confirm diagnosis, 
the EWGSOP2 recommends the use of the SARC-F questionnaire (a five items tool; Strength, 
Assistance in walking, Rising from a chair, Climbing stairs, and Falls)25 or the Ishii screening 
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tool (three variables based tool including age, grip strength, and calf circumference).26 In 
suspected cases, skeletal muscle power has been measured by grip strength using the Jamar 
or Smedley instruments for arms27 and the chair stand test (sit-to-stand for five times in 
30-second intervals) for legs.28,29 Muscle quantity or mass can be estimated by a variety of 
techniques (dual energy X-ray absorptiometry [DXA] or bioelectrical impedance analysis [BIA]), 
and the results can be adjusted by height or body mass index (BMI).30,31 Muscle quantity can 
be expressed as the total body SMM, appendicular skeletal muscle mass (ASM), or the muscle 
cross-sectional area of specific muscle groups or body locations (3rd lumbar vertebra32,33 or 
mid-thigh cross-sectional area) by computed tomography or magnetic resonance imaging.34,35 
Fundamentally, the muscle mass and body size are correlated; individuals with a larger body 
size normally have larger muscle mass. Thus, when quantifying muscle mass, the absolute 
SMM or ASM levels can be adjusted for body size in different ways; using height squared (ASM/
height2), weight (ASM/weight), or BMI (ASM/BMI).36 Even though calf circumference is not a 
good measure of muscle mass, it has been shown to predict the performance and survival in 
older people (at a cutoff of < 31 cm).37,38 Physical performance as a multidimensional concept 
that involves both muscles and central and peripheral nerve function, can be diversely measured 
by gait speed or the 4-m usual walking speed test (at a cutoff speed of ≤ 0.8 m/s),39-43 the short 
physical performance battery (SPPB) (at a cutoff score of ≤ 8 points),17 the time-up and go test 
(TUG) (at a cutoff time of ≤ 20 seconds),44 and the 400-m walk test.

However, applying Western diagnosis criteria on Asian people may not be adequate, and special 
considerations should be taken into account. For example, Asians are generally smaller, have 
more adipose tissue, and more physically active lifestyle. Consequently, the Asian Working 
Group for Sarcopenia (AWGS) is in the process of developing the consensus for sarcopenia 
diagnosis through collecting evidence from sarcopenia research studies in Asia.

In 2014, AWGS proposed an algorithm for identifying and diagnosing sarcopenia based 
on Asian data which was guided by EWGSOP but clearly defined cutoffs for individual 
diagnostic components.45 AWGS recommends cutoff values for muscle mass measurements 
(7.0 kg/m2 for men and 5.4 kg/m2 for women using DXA, and 7.0 kg/m2 for men and 5.7 kg/
m2 for women using BIA), handgrip strength (< 26 kg for men and < 18 kg for women), and 
usual gait speed (< 0.8 m/s).

The AWGS in a consensus meeting held in Hong, in May 2019, revised an algorithm 
for identifying and diagnosing sarcopenia (Fig. 1).46 AWGS 2019 retained the previous 
sarcopenia definition but revised the diagnostic algorithm, protocols, and some criteria. The 
cutoffs for LMS in the hand-grip are < 28.0 kg for men and < 18.0 kg for women. The tests 
for physical performance include the 6-m walk test (with a cutoff speed ≤ 1.0 m/s), TUG (not 
recommended now), SPPB (with a cutoff score of ≤ 9), and the 5-time chair stand test (with a 
cutoff time of ≥ 12 seconds).17,45,47 In addition, the AWGS 2019 recommend using either calf 
circumference (males: < 34 cm, females < 33 cm as the cutoff values) or SARC-F (assessed 
by the five components: Strength, Assistance in walking, Rising from a chair, Climbing 
stairs, and Falls, where a score of ≥ 4 is termed as sarcopenia) or the SARC-CalF (composed 
of the SARC-F plus calf circumference, where a score of ≥ 11 is termed as sarcopenia) for 
case findings. AWGS 2019 also introduced “possible sarcopenia,” defined as LMS with or 
without reduced physical performance. In case of low ASM plus LMS or LPP, it is termed as 
sarcopenia. In case of low ASM, LMS and LPP, it is termed as severe sarcopenia. AWGS 2019 
retains the original cutoffs for LMM in a sarcopenia diagnosis: DXA, < 7.0 kg/m2 in men and < 
5.4 kg/m2 in women; and BIA, < 7.0 kg/m2 in men and < 5.7 kg/m2 in women.
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TREATMENT

Sarcopenia is an aging-related muscle mass, strength, and function decline that is 
associated with variable risk factors. Among them lack of exercise is considered to be the 
major risk factor; as indicated by aggravated gradual decline in muscle fiber and strength 
beginning as early as 50 years in patients with sedentary lifestyles.48 Decreases in hormonal 
concentrations, including growth, sex, and thyroid hormones, and insulin-like growth 
factor result in the loss of muscle mass and strength. Further, a combination of pro-
inflammatory cytokines such as tumor necrosis factor-alpha and interleukin-6 can lead to 
extreme muscle loss.49-52 Insufficient total protein due to the body’s inability to synthesize 
protein and inadequate protein intake is contributing factor for severe muscle strength 
decreases in sarcopenia.53 Aging leads to decreases in motor nerve cells and satellite cells, 
reducing the response of movement and the recovery of damaged muscle fibers signals.49 
Lower birth weight is associated with reduced muscle mass and strength in adults.54,55 The 
options for the management of sarcopenia should be based on an understanding of the 
pathophysiology and the inclusion of non-pharmacological and pharmacological approaches. 
Non-pharmacological sarcopenia management approaches include resistance exercise 
and proper nutrition. Although the efficacy of nutritional intervention without exercise is 
sarcopenia management is unclear, some evidence showed the benefits of some dietary 
patterns such as adequate intake of protein, vitamin D, antioxidant nutrients, and long-
chain polyunsaturated fatty acid.56 Resistance exercise has been demonstrated as the main 
no-pharmacological sarcopenia management with significant positive evidence.7,57 Exercise 
interventions, especially those based on resistance training, may have a role in improving 
muscle mass and strength, and physical performance.58 Moreover, resistance exercise is the 
most effective and affordable sarcopenia progression prevention approach and improves 
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      - Calf circumference (M < 34 cm, F < 33 cm)
or  - SARC-F ≥ 4
or  - SARC-Calf  ≥ 11

Muscle strength
- Handgrip strength M < 28 kg, F < 18 kg

Physical performance
  6-meter galt speed < 1.0 m/sec or
  5-time chair stand test ≥ 12 sec or
  Short physical performance battery ≤ 9

ASM
  DXA (M < 7.0 kg/m2, F < 5.4 kg/m2) or
  BIA (M < 7.0 kg/m2, F < 5.7 kg/m2)

‘Possible sarcopenia’
Refer for confirmation

Primary care setting Hospital setting

Sarcopenia
Low ASM + (low muscle strength OR

low physical performance)

Severe sarcopenia
Low ASM + (low muscle strength AND

low physical performance)

Muscle strength
- Handgrip strength
M < 28 kg, F < 18 kg

Physical performance
- 5-time chair stand test
  ≥ 12 sec 

or

Lifestyle modifications
in diet and exercise

Process of
confirmation

Access

Case
finding

Fig. 1. Diagnostic process of sarcopenia using the Asian Working Group for Sarcopenia 2019 algorithm. 
ASM = appendicular skeletal muscle mass, DXA = dual energy X-ray absorptiometry, BIA = bioelectrical impedance analysis.



multiple aspects of overall health.59 Notably, at least 3 months or more may be needed to 
obtain significant improvement in the relevant clinical parameters.7 Further, the impact 
of resistance exercise on SMM may be augmented by nutritional intervention.59 Leucine-
enriched protein supplementation or whey protein is effective in increasing muscle mass and 
to a lesser extent, muscle function.60,61 While vitamin D supplementation increases muscle 
strength but has no effect on muscle mass,60 a combination of protein and vitamin D can 
improve functions such as stair climbing, in addition to building muscle mass.62,63 Currently, 
there is no specific drugs have been approved by the Food and Drug Administration for 
the treatment of sarcopenia. Several agents, including growth hormone, anabolic or 
androgenic steroids, selective androgenic receptor modulators, protein anabolic agents, 
appetite stimulants, myostatin inhibitors, activating II receptor drugs, β-receptor blockers, 
angiotensin converting enzyme inhibitors, and troponin activators, are recommended. 
However, the treatments have variable efficacy. Growth hormone increases muscle protein 
synthesis and increases muscle mass but does not improve muscle strength or function.64 
Anabolic steroid supplementation effects differed between sexes, with increased weight and 
lean body mass in men and increased weight, largely due to increased fat mass, in women.65 
In both men and women, testosterone supplementation increased muscle strength.66 
Notably, the effect of testosterone on muscle mass (more than strength) was higher in men 
with low serum testosterone levels.67 Herbal supplements such as curcumin, alkaloids, 
catechins, proanthocyanidin, gingerols, and shogaols showed modest effects on skeletal 
muscle function.60 Ghrelin and megestrol acetate, which are used as appetite stimulants, can 
increase body mass and muscle mass.68 Myostatin is produced by muscle and prevent muscle 
anabolism and satellite cell synthesis.69 It has been associated with reductions in muscle 
mass. Myostatin effects can be reduced by resistance exercise and myostatin inhibitors which 
have been shown to have positive effects on muscle mass.69-72 Bimagrumab, a monoclonal 
antibody against the activin II receptor, increases muscle volume, lean muscle mass, and 
functional status.63 β-receptor blockers, ACE inhibitors, and troponin activators can have 
positive effects on muscle mass and grip.73-75

FUTURE OF SARCOPENIA MANAGEMENT

Although there are still many information gaps on sarcopenia, future management paths 
are concentrated on prevention and treatment. Apart from age-related sarcopenia, which 
is considered as primary sarcopenia, many conditions such as diabetes mellitus76,77 and 
chronic obstructive lung disease78,79 can lead to secondary sarcopenia. Analysis and early 
recognition of the risk factors are important in preventing the sarcopenia progression and 
complications. Prevention measures include identification of risk factors from a younger 
age, with a focus on modifying the factors that affect strongly affect risk later in life. Skeletal 
muscle strength in early adulthood (20–40 years old) might be an important predictor for 
the development of sarcopenia at later ages. A grip strength of 2.5 standard deviation or 
more below that of young people is considered low grip strength, and it can be similarly fit 
the definition of osteoporosis. Exercise is a modifiable risk factor and remains a primary 
intervention for the prevention and management of sarcopenia. It is therefore important 
to sensitize young people that healthy lifestyle changes such as physical activities have 
lifelong benefits for skeletal muscle health. Although the role of nutrition in the treatment 
of sarcopenia is unclear, optimized diet including adequate protein intake and nutrients 
is also recommended. Future research should focus on sarcopenia biological pathway and 
improved diagnostic approaches such as biomarkers for early detection, development of 
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consistently pre-eminent treatment methods for severe sarcopenia patients, and establishing 
sensitive measures for predicting sarcopenia treatment response. Advanced research and 
understanding of sarcopenia cellular and molecular mechanisms might play a key role in 
developing targeted treatment and preventive strategies.80
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