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Abstract: Besides one of the world’s biggest
risk factor for chronic diseases, Sarcopenia
remains undernoticed. From the initial ‘age-
related loss in skeletal muscle, sarcopenia
subsequently evolved to current operative
definitions simultaneously capturing both
quantitative (mass) and qualitative (strength
function) declines. Further, the proposed
term dynapenia (ergopenia) was to refer
to the functional compromise of the entire
neuromuscular apparatus. Additionally, due to
the interactions of muscle with tendons, bone
and neurons, the clinically relevant muscle
wasting due to any illness and at any age has
been named myopenia. Besides these names,
sarcopenia is still a broadly clinically relevant
degree of muscle wasting that is associated
either with impaired functional capacity
and/or with increased risk of morbidity or
mortality. Sarcopenia may lead to frailty
and so, it has been considered a “geriatric
syndrome” termed “muscle-wasting,
assembling sarcopenia, frailty, and cachexia.
The Sarcopenia of cachexia syndrome connects
muscle properties of generator of strength and
muscle metabolic organ for protein storage,
energy and glucose regulation, hormone
production and other cellular mechanisms.
The importance of muscle mass, strength,
and metabolic function in the performance of
exercise, as well as the activities of daily living,
has never been questioned. Additionally, it is
known that reduced muscle mass impairs the
body’s ability to respond to stress and chronic
illness and a 10.5% reduction of the prevalence
of sarcopenia could lead to a reduction of US-
healthcare costs by 1.1 billion US dollars/year.
This led to multidisciplinary efforts to identify,
understand, prevent, and treat sarcopenia. For
so, several consensus have been proposed but,
despite progress, there is not yet a universally
accepted clinical definition and, an unique
International Classification of Diseases (10th
Revision-ICD10), code for sarcopenia was

assigned only in 2016. Yet, there is still much
work to come to clear out remaining points in
this important subject.
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INTRODUCTION

Chronic diseases are the foremost cause of
death globally and this prevalence continues
to rise for both men and women, every
ethnicity, and all age groups (ANDERSON &
DURSTINE, 2019). Cardiovascular disease
(CVD), type 2 diabetes (T2D), chronic
lung disease, allergy, some forms of cancer,
cognitive decline, osteoporosis, sarcopenia
are the world’s biggest killers. Based on
current trends, non-communicable disease
(NCDs) are expected to account for 70%
of deaths worldwide (WORLD HEALTH
ORGANIZATION, 2020).

The name sarcopenia is derived from
Greek sarx (flesh) and penia (loss), literally
meaning poverty of flesh (MORLEY, 1993).
Involutional changes of the musculature were
described as early as 1931 by Mac- Donald
Critchley, then junior neurologist at King’s
College Hospital in London (CRITCHLEY,
1931) but it was at a meeting in Albuquerque,
New Mexico, in 1988, that Irwin Rosenberg
suggested to use the term sarcopenia
(ROSENBERG, 1997). The Rosenberg’s
purpose of giving it a title was to strengthen
the concept of loss of skeletal muscle with
old age, independent of disease process, as an
entity, and to stimulate scientific and clinical
interest in the area (ROSENBERG, 1997).

Sarcopenia has been recognized as a key
driver of limitations in physical function and
mobility. In fact, from a mechanical point of
view, the main function of skeletal muscle is
to convert chemical energy into mechanical
energy to generate force and power, maintain
posture, and produce movement that
influences activity, allows for participation in
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social and occupational settings, maintains
or enhances health, and contributes to
functional independence. Therefore, skeletal
muscle contributes significantly to multiple
bodily functions. Skeletal muscle is vital to
life as it provides the mechanical power for
locomotion, posture and breathing. Mobility is
required for survival and represents one of the
most essential and necessary forms of physical
function across all species. Maximum skeletal
muscle force generating capacity, strength, is
a product of the cross-sectional area of the
muscle and the capacity of the nervous system
to fully activate the corresponding motor
neurons (AVERSA et al., 2019).

Skeletal muscle’sunique capacity to generate
force and power is perhaps one of its most
important functions. Studies that assessed
changes in mass and strength in the same
sample reportaloss of strength 2-5 times faster
than loss of mass. Loss of strength is a more
consistent risk for disability and death than is
loss of muscle mass (VON HAEHLING et al.,
2012). Then, whilst originally referred just to
the loss of lean mass, it has also been used to
refer to the loss of both strength and size. The
United States National Institutes of Health
sooner recognized this broader definition
(NATIONAL INSTITUTES OF HEALTH,
2004). Therefore, from the initial definition of
‘age-related loss in skeletal muscle) sarcopenia
subsequently evolved to current operative
definitions simultaneously capturing both
quantitative (i.e., muscle mass) and qualitative
(i.e., muscle strength and function) declines.
For this, the term dynapenia (or ergopenia)
has been proposed to refer to the functional
compromise of the entire neuromuscular
apparatus (CLARK & MANINI, 2008).
Further on, due to the interactions of muscle
with tendons, bone and neurons, the presence
of clinically relevant muscle wasting due to
any illness and at any age received the name
of myopenia. Therefore, differently from the

original gerontological approach of muscle
loss of mass and function, presently, myopenia
is a broadly clinically relevant degree of muscle
wasting that is associated either with impaired
functional capacity and/or with increased risk
of morbidity or mortality.

In fact, sarcopenia may lead to frailty and,
it has been suggested that sarcopenia should
be considered a “geriatric syndrome” (CRUZ-
JENTOFT et al., 2010) under a suggested term
of “muscle wasting”. This would bring together
the concepts of muscle wasting, sarcopenia,
frailty, and cachexia (ANKER et al., 2014; KIM
& CHOI, 2013). Sarcopenia is one of the four
main reasons forloss of muscle mass, the others
being anorexia, dehydration, and cachexia.
Cachexia is a well-defined nosocomial pattern
known in advanced cancer, cardiac and other
chronic-inflammatory diseases. However, the
term sarcopenia is still prevalent, yet largely
unknown among clinicians and researchers.

The cachexia syndrome involves anorexia,
anemia, myofibrillar waste, decreased wound
healing and hypoalbuminemia. It has pro-
inflammatory cytokines and oxidative stress
on its pathophysiological background. The
sarcopenia found in cachexia syndrome, is an
example showing that besides a generator of
strength, muscle tissue is also an important
organ performing protein storage, glucose
regulation, hormone production and other
cellular mechanisms (BUFORD et al., 2010).

THE METABOLIC
OF MUSCLE MASS

In humans, skeletal muscle comprises
approximately 40% of total body weight and
though is a robust metabolic organ, which
can store, utilize, and provide vast amounts
of energy. The roles of skeletal muscle include
a contribution to basal energy metabolism,
serving as storage for important substrates
such as amino acids and carbohydrates, the
production of heat for the maintenance of
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core temperature, and the consumption of
the majority of oxygen and fuel used during
physical activity and exercise (AVERSA et
al., 2019). Skeletal muscle is the primary site
of insulin mediated glucose disposal (~80%)
and therefore it is the largest reservoir of
glycogen in the human body (DEFRONZO et
al., 1981)total glucose metabolism rose to 6.63
+ 0.38 mg/kg - min. Basal splanchnic (hepatic
venous catheter technique.  Skeletal muscle
contains 50-75 % of all body proteins and
therefore plays a central role in whole-body
protein metabolism by serving as the principal
reservoir for amino acids to maintain protein
synthesis in vital tissues and organs in the
absence of amino acid absorption from the
gut and by providing hepatic gluconeogenic
precursors (WOLFE, 2006). Proteins produced
by skeletal muscle that are not released into
the circulation, can work via autocrine or
paracrine mechanisms, exerting their effects
on signaling pathways (myokines) within
the muscle itself (PEDERSEN & FEBBRAIO,
2012).

IMPORTANCE OF MUSCLE MASS
REDUCTION

The importance of muscle mass, strength,
and metabolic function in the performance
of exercise, as well as the activities of daily
living (ADL), has never been questioned.
Altered muscle metabolism plays a key role
in the genesis, and therefore the prevention,
of many common pathologic conditions and
chronic disease. Skeletal muscle is a highly
plastic tissue that remarkably adapts to diverse
stimuli including exercise, injury and disuse.
Of relevance to disease prevention and health
maintenance, a reduced muscle mass impairs
the body’s ability to respond to stress and
chronic illness (FRONTERA & OCHALA,
2015).

Collectively, the consequences of skeletal
muscle loss pose substantial socioeconomic

burden. Hence, strategies to promote muscle
health in life promise to have beneficial
effects on physical function, metabolism, and
resilience, and subsequently, the independence
and quality of life of individuals (AVERSA et
al., 2019).

Skeletal muscle is one of the most dynamic
and plastic tissues of the human body. In
general, muscle mass depends on the balance
between protein synthesis and degradation
and both processes are sensitive to factors
such as nutritional status, hormonal balance,
physical activity/exercise, and injury or
disease, among others (MANDA & BURINI,
2010).

Skeletal muscle appears to bestow resilience
to physical challenges, and the loss of muscle
increases vulnerability to adverse outcomes
following medical and surgical interventions.
Collectively, the clinical consequences of
skeletal muscle waste profoundly impact
the health, independence, and quality of life
of subjects and pose a significant burden on
healthcare resources and health expenditures
(AVERSA et al.,, 2019).

The maintenance of adequate muscle
mass, strength, and metabolic function has
rarely, if ever, been targeted as a relevant
endpoint of recommendations for dietary
intake (WOLFE, 2006). Today, sarcopenia
is a matter of immense public concern for
aging prevention. Age-related sarcopenia is
common and has huge personal and financial
costs. It is estimated that a 10.5% reduction of
the prevalence of sarcopenia could lead to a
reduction of healthcare costs by 1.1 billion US
dollars per year in the United States (JANSSEN
et al., 2004).

OPERATIONAL DEFINITIONS OF
SARCOPENIA BASED ON METHODS

The most commonly used, low cost and
accessible methods to assess SMI include
dual energy X-ray absorptiometry (DXA),
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anthropometry and bioelectrical impedance
analysis (BIA). Magnetic resonance imaging
(MRI), computerized tomography (CT) and
creatinine excretion are the most specific
standards for assessing muscle mass or cross-
sectional muscle area (BURINI & MAESTA,
2012; ORMSBEE et al., 2014).

DXA uses low-radiation X-rays of two
different photon energy levels that pass
through the body and are identified by a
photon detector that measures the amount
of energy absorbed by soft tissue and bone
at each pixel. This method measures both
bone and soft tissue. Soft tissue is further
subdivided into fat and lean, also called lean
body mass (LBM) (ILICH et al., 2016).

Based on studies showing that amount
of appendicular SMI (ASM) could be
estimated by using the bone-free and fat-
free mass of the arms and legs assessed by
DXA (HEYMSFIELD et al., 1990; WANG
et al., 1996), ASM was the first approach to
develop a definition of sarcopenia with DXA
(BAUMGARTNER et al., 1998). Analogous
to the body mass index (BMI), the ASM was
divided by height squared (ASM/height2) to
adjust for the strong association between body
height and ASM. According to this definition,
individuals presenting an ASM/height2 ratio
between —1 and -2 standard deviations
(SD) of the gender-specific mean value of
young adults are categorized as having class I
sarcopenia. Individuals with an ASM/height?
ratio below -2 SD are categorized as having
class II sarcopenia.

A second definition of Sarcopenia
was developed by Janssen and colleagues
(JANSSEN et al., 2002) by measuring SMI (%;
total SMI (kg)/weight (kg)x100) through BIA.
Analogous to the osteoporosis definition, an
index less than two SD from the sex-specific
mean value of a young reference group was
considered to indicate class II sarcopenia.
An index within one to two SD from the

young reference group was considered class I
sarcopenia.

Although limited by the high cost and
operational complexity the use of MRI and
CT in clinical trials, are considered the most
accurate imaging methods to assess muscle
mass, muscle cross-sectional area (CSA),
and muscle quality as determined by muscle
density and intramuscular fat infiltration.
A smaller mid-thigh muscle area measured
by CT was associated with poorer lower
extremity performance in well-functioning
older men and women (VISSER et al., 2002).

Since thigh muscle CSA showed a strong
association with body weight than with body
height, thigh muscle CSA was corrected by
body weight (CSA/weight), as a sarcopenic
index of body weight burden thigh muscle
mass (OCHI et al., 2010). Sarcopenia was
then defined as thigh muscle CSA/ weight
within 1 SD value of the CSA/weight
distribution in a young reference group for
both men and women (OCHI et al., 2010).

THE CONTEMPORARY
DEFINITION OF SARCOPENIA
SYNDROME

The recognition of sarcopenia as an
important clinical syndrome has led
to multidisciplinary efforts to identify,
understand, prevent, and treat this condition
(BUCKINX et al, 2018; COOPER et al.,
2013; REGINSTER et al, 2016). Several
consensus-based definitions of sarcopenia
have been proposed (CRUZ-JENTOFT et al.,
2010, 2019; FIELDING et al., 2011; MORLEY
et al., 2011; MUSCARITOLI et al., 2010).
Despite progress, there is not yet a universally
accepted clinical definition; however, a unique
International Classification of Diseases,
10th Revision (ICD10), code for sarcopenia
was assigned in 2016 (ANKER et al., 2016;
VELLAS et al., 2017), A global consensus
on the use of the term sarcopenia has not
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yet been achieved (FEARON et al., 2011).
The more recent definition of sarcopenia
accomplished its usual accompanied physical
inactivity, decreased mobility, slow gait, and
poor physical endurance (CRUZ-JENTOFT
et al., 2019).

The European Working Group on
Sarcopenia in Older People (EWGSOP, the
Sarcopenia Working Group) proposed the
definition based on an algorithm based on
the preliminary screening of low gait speed
(threshold established at <0.8 ms) and low
handgrip strength (lowest quartile of sample
distribution) (CRUZ-JENTOFT et al., 2010).

THE PREVALENCE OF
SARCOPENIA

The heterogeneity in sarcopenia definitions
has made estimates of its prevalence in older
adults vary widely, ranging from 0.5 to 13%
(DAM et al., 2014). The European Working
Group on Sarcopenia in Older People
document proposed a diagnosis of sarcopenia
to require “low muscle strength” accompanied
by either “low muscle quantity or quality”
or “low physical performance” This group
suggested that when low muscle strength
is detected, probably indicate sarcopenia.
The diagnosis is confirmed by the presence
of low muscle quantity or quality. And it is
considered severe when low muscle strength,
low muscle quantity/quality and low physical
performance are all detected. (CRUZ-
JENTOFT et al., 2019).

The precise cut-points to define
myopenia may be different in various
diseases. Myopenia could be diagnosed when
a certain degree of muscle wasting over time
has occurred (for instance, at least 5% in 6-12
months) or when muscle mass is below a
certain threshold level (for instance, the <5th
centile of healthy 30-year-olds or a fat- free
mass index <16 kg/m2 for men and <15 kg/
m2 for women) (MITCHELL et al., 2012).

In conclusion, a clinically more relevant
approach to define sarcopenia should be based
on cutoff points of muscle mass or muscle
quality levels determined by expert consensus
according to the risk for future health-related
events, such as mortality, physical disability,
or metabolic disorders.

TREATING SARCOPENIA

The prevalence and measurable impact
of sarcopenia depends crucially on how
sarcopenia is defined. A proper definition is
the necessary base for clinical diagnosis and
development of tailored treatment (KIM &
CHOL, 2013).

Therefore, the ultimate goal is to assess and
measure sarcopenia, thereafter identify dietary
and exercise strategies, lifestyle changes and
treatments that can prevent or delay the onset
of sarcopenia.
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