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The terms of “muscle wasting,” “sarcopenia,” and 
“cachexia” are often overlapping and confusing. In 
1860, Mauriac first used the term “cachexia” in his 
medical thesis, which is derived from the Greek words 
“kakós” for bad and “hexis” for condition1). The term 
“sarcopenia” is described from the Greek words “sarx” 
for flesh and “penia” for loss, and it was first used by 
Rosenberg in 1989 to describe a primary loss of skele-
tal muscle and strength but not body weight2). Muscle 
wasting and sarcopenia cannot be diagnosed simply 
weighting the patients. In 2010, the European Work-
ing Group on Sarcopenia in Older People (EWGSOP) 
proposed a diagnostic algorithm for sarcopenia, in 
which both muscle quantity and quality were funda-
mentally required to be evaluated3). In 2014, the 
Asian Working Group for Sarcopenia (AWGS) defined 
sarcopenia as “age-related loss of muscle mass, with 
low muscle strength and/or physical performance,” 
and proposed a diagnostic algorithm based on data 
derived from studies on Asian populations4). The 
EWGSOP (EWGSOP2) and AWGS (AWGS 2019) 
updated the consensus in 2018 and 2019, respec-
tively5, 6). According to AWGS 2019, the diagnosis of 
sarcopenia requires an evaluation of both muscle 
quantity and quality, and it defines individuals with a 
low muscle mass, muscle strength, and physical per-
formance as having “severe sarcopenia”6). Cachexia is a 
complex metabolic syndrome characterized by severe 
and involuntary loss of muscle mass with or without 
fat mass wasting. The cutoff value of weight for diag-
nosing cachexia still remains a topic of debate7, 8).

The loss of muscle mass, including muscle wast-
ing, sarcopenia, and cachexia, is associated with aging 
and various diseases. Sarcopenia is associated with 
clinical outcomes such as increased risk of physical 
limitations, slowness, falls, fractures, frailty, and mor-
tality6, 7). Cachexia is associated with not only cancer, 
but also inflammatory conditions such as chronic 
obstructive pulmonary disease, heart failure, chronic 
kidney disease, acquired immunodeficiency syndrome, 
and sepsis7-9).

In this issue of the Journal of Atherosclerosis 
Thrombosis, Sato et al. have reported novel aspects of 
decreased skeletal muscle mass and poor outcomes in 
387 patients with ST-segment elevation myocardial 
infarction (STEMI)10). The skeletal muscle mass of 
the study participants was measured using dual-energy 
X-ray absorptiometry. The subjects were divided into 
low- and high- appendicular skeletal mass index 
(ASMI; appendicular skeletal muscle mass divided by 
height squared) groups using the first quartile 50 of 
ASMI (≤ 6.64 kg/m2 for men and ≤ 5.06 kg/m2 for 
women). At baseline, the age and prevalence of com-
plex coronary lesion and Killip classification ≥ 2 were 
higher. The left ventricular ejection fraction levels 
were lower in the low-ASMI group than those in the 
high-ASMI group. During a median follow-up of 33 
months, the primary composite events, including all-
cause death, nonfatal myocardial infarction, nonfatal 
ischemic stroke, hospitalization for heart failure, and 
unplanned revascularization, were significantly higher 
in the low-ASMI group than in the high-ASMI group 
(24.7% vs 13.4%). After adjustment of the values for 
clinical backgrounds, a low ASMI value was found to 
be independently associated with a high risk of pri-
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acids might be beneficial to specific patients with pri-
mary muscle wasting and cachexia7-9, 15, 16). Thalido-
mide, an anti-inflammatory agent, and anti-myostatin 
neutralizing antibodies or soluble decoy receptors have 
been recently reported to increase the muscle mass 
and strength, however, their clinical benefits are still 
be discussed7-9, 15, 16). In contrast, exercise is an alterna-
tive clinical intervention that may be the most benefi-
cial to patients with reduced skeletal muscle mass and 
strength. Physical inactivity is not only a major con-
tributor to muscle wasting in cachexia and sarcopenia 
but also an important risk factor for the development 
of cardiovascular diseases17). Exercise training and 
physical activity result in numerous molecular altera-
tions in skeletal muscles (Fig.1), improved quality of 
life, reduced hospitalization frequency, and prolonged 
survival7-9, 15-17). Therefore, exercise should be consid-
ered a cornerstone in the treatment of skeletal muscle 
wasting even in patients with cachexia and sarcopenia.

In conclusion, this study clearly demonstrates 
that a decreased skeletal muscle mass is significantly 
associated with poor clinical outcomes in patients with 
STEMI. Currently, the evaluation of skeletal muscle 
mass and strength and assessment of nutritional status 
and physical activity are insufficient in the clinical set-
ting. In addition, an early and appropriate approach is 
necessary before muscle wasting, sarcopenia, and 
cachexia manifest. Hence, further basic investigations 
and clinical studies are required in this regard.
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organs enabling locomotion and respiration and con-
tains the largest protein pool in the whole body. There-
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tion underlie the loss of skeletal muscle mass7, 8, 12). 
Numerous factors contribute to muscle wasting, 
including sympathetic nervous system, hormone bal-
ance, the renin–angiotensin–aldosterone system, insu-
lin-like growth factor, proinflammatory cytokines, 
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and members of the transforming growth factor-β 
family such as myostatin7, 8, 12) Protein synthesis is 
mainly regulated by the phosphoinositide 3-kinase–
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rapamycin–p70S6K (PI3K–AKT–mTOR–p70S6K) 
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pathway inhibits Forkhead box O protein (FOXO) 
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plegic homolog 2 (SMAD2) pathways7, 8, 12) (Fig.1). 
Furthermore, we have recently reported that oxidative 
stress is associated with mitochondrial dysfunction 
and muscle wasting using an aging mouse model and 
NADPH oxidase activation is associated with angio-
tensin II-induced muscle wasting13, 14).

Numerous interventions such as nutritional and 
pharmacological support have been used to manage 
muscle wasting associated with sarcopenia and 
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mone, ghrelin, testosterone replacement therapy, β2- 
adrenegic agents, and omega 3 polyunsaturated fatty 
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Fig.1. Protein synthesis and degradation of skeletal muscle
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