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Sarcopenia definitions: Critical issues
Giovanni Iolascon, Antimo Moretti

In the last decades, there has been a progressive
ageing of the population along with an increased
prevalence of many age-related diseases that result in
declined functional performance in older people thus
leading to falls, fractures, disability, poor health-related
quality of life (HRQoL) and increased mortality. After 25
years of age skeletal muscle mass undergoes a gradual
decline [1], and until 80 years it is estimated a loss of 30%
of muscle mass and 20% of cross sectional area (CSA)
related to the reduction in the number and size of muscle
fibers, particularly of type II fibers, probably because
older people did not regularly perform vigorous physical
activity [2]. Sarcopenia is one of the most relevant clinical
and social health age-related condition, and identifies
the muscle deconditioning characterized by loss of both
muscle mass and function [3]. Since its appearance
in the scientific literature, sarcopenia represented a
topic of great interest for research. Initially, defined
as sarcomalacia [4], referring purely to the structural
component of the condition, several operational
definitions and diagnostic cut-offs were subsequently
proposed until the Centers for Disease Control and
Prevention (CDC) recently assigned an ICD-10-CM code
(M62.84) to the age-related sarcopenia [5]. However,
the debate about both universal definition and accepted
diagnostic criteria is still open, with major implications
concerning endpoints identification in clinical trial for
novel therapeutic approaches to muscle wasting diseases.
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The first consensus definition of sarcopenia was
proposed in 2010 by the European Working Group
on Sarcopenia in Older People (EWGSOP) [6] that
also identified the assessment tools to investigate the
key outcomes: muscle mass, strength and physical
performance. Indeed, the EWGSOP recommended
considering low muscle mass and muscle weakness
or poor physical performance to diagnose sarcopenia.
Moreover, both the EWGSOP and the International
Working Group on Sarcopenia (IWGS) [7] focused also
on the negative role of increased adipose tissue on the
muscle quality with significant implications in terms of
mobility limitation and increased disability in patients
with sarcopenic obesity, characterized by the combination
of obesity and muscle wasting. Furthermore, the same
working groups pointed out that sarcopenia and cachexia
are two different conditions, although they share several
pathophysiological and clinical mechanisms, and
cachexia may be a component of sarcopenia.
However, although the debate about how best to
define this condition is still ongoing, a consensus on
the diagnostic tools to be used for the assessment of the
outcomes that characterize sarcopenia seems to be almost
reached. To evaluate muscle mass, different imaging
techniques analyzing body composition are available,
including computed tomography (CT) scan, magnetic
resonance imaging (MRI) scan, and dual-energy X-ray
absorptiometry (DXA). The CT scan and MRI scan
allow a precise analysis of different body tissues and
are considered the gold standard for the measurement
of muscle mass. However, high costs, poor availability
and high exposure to ionizing radiation (for CT), are
limiting factors to their use in clinical practice. The DXA
total body scan is a particularly intriguing technique
both for research and clinical practice, exposing the
patient to a relative low dose of ionizing radiation
and providing exhaustive information about body
composition. Moreover, according to several sarcopenia
research groups [EWGSOP, IWGS, and Foundation for
the National Institutes of Health (FNIH) Biomarkers
Consortium Sarcopenia Project] [8], DXA is a valid and
reliable method to measure muscle mass. Another tool
that can be useful for estimating the skeletal muscle mass
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in some setting, as in the case of bedridden patients, is the
bioelectrical impedance analysis (BIA), a low-cost, easy
to use and portable instrument. However, considering its
limited validity, BIA could be used as screening method
to assess muscle mass [9].
The first diagnostic criteria for defining low muscle
mass in sarcopenic patients were those proposed by
Baumgartner et al. [10] which introduced the skeletal
muscle mass index (SMI) calculated as the ratio between
appendicular skeletal muscle mass (ASM), measured
by DXA, and the square of the height in meters (ASM/
h2). Skeletal muscle mass index values lower than 2 SD
compared to those of a young population were considered
for the diagnosis of sarcopenia. To date, the FNIH
Sarcopenia Project recommends the use of the ratio
between lean appendicular mass and body mass index
(ALM/BMI), and proposed the use of evidence-based
cut-points (0.789 for males and 0.512 for women) based
on a large and diverse population, to define low muscle
mass.
Although lower limbs play a key role in physical
performance, the assessment of overall muscle strength
in sarcopenic patients requires a handheld dynamometer,
a transportable, low cost and easy to use tool, measuring
the handgrip strength that is well correlated with physical
performance [11]. Moreover, reduced handgrip strength
is predictive of poor mobility, reduced muscle mass
and disability [12]. In particular, a significant reduction
of muscle strength is defined by a maximal handgrip
strength (on 3 trials) <26 kg in males and <16 kg in
females, as defined by the FNIH Sarcopenia Project [8].
Several methods assessing physical performance
are available, including the Short Physical Performance
Battery (SPPB) and the gait speed. The SPPB investigates
balance, walking, strength and endurance by performing
three tasks: to stand for 10 seconds with parallel feet, in
semi-tandem position (toe placed sideways to heel) and
tandem (toe posterior to the heel); the time taken to cover
4 or 6 meters (gait speed); the sit to stand test. A SPPB
score ≤8 is defined as poor muscle performance, according
to the EWGSOP [6]. However, further working groups on
sarcopenia [7, 8], suggest that the measurement of gait
speed, already included in the SPPB, might be sufficient
to identify an impairment of muscle performance both
in clinical practice and research. In particular, walking
speed slower than 0.8 m/s should be considered as a sign
of mobility limitation.
If on one hand the EWGSOP defines three different
stages of sarcopenia (presarcopenia, sarcopenia, and
severe sarcopenia) [6], which require at least reduced
muscle mass with or without poor muscle function, there
is a growing interest towards the concepts of sarcopenia
with limited mobility [13] and skeletal muscle function
deficit (SMFD) [14], which suggest, according to a much
more practical, clinically meaningful, and ecological
approach, to evaluate the physical performance as starting
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point and then move on to assessment of muscle strength
and, finally, in case of impairment of muscle function, to
the measurement of skeletal muscle mass. Indeed, the
impairment of muscle function is not exclusively caused
by the loss of muscle mass, but other pathophysiological
factors are involved in age-related impairments of muscle
function, such specific neurogenic factors, muscle quality,
or systemic conditions (e.g., chronic inflammatory
diseases or end-stage organ failure). Furthermore,
evidence suggests that the relationship between muscle
performance, strength and mass is not linear in older
adults [15]. In particular low muscle mass alone is weakly
associated with mobility limitation [16], while dynapenia,
synonymous with muscle weakness, is strongly associated
with poor muscle performance and disability [17].
In light of this perspective, a functional-oriented
approach to the person with sarcopenia is recommended.
According to the European Society for Clinical and
Economic Aspects of Osteoporosis and Osteoarthritis
(ESCEO), the International Classification of Functioning,
Disability and Health (ICF) framework of the World
Health Organization (WHO) based on the use of a
common language for the definition and measurement
of functioning and disability, in order to improve
communication among different health-care providers,
should be a useful tool to investigate the functioning of
sarcopenic patients [18]. Indeed, the ESCEO proposed
the ICF approach identifying a core set of domains within
the core areas of the disease, considering the clinical
manifestations (muscle mass, strength and performance)
as ICF body functions and structures, falls, ADL disability,
mobility, and HRQoL as ICF activity and participation,
and resource use (costs) as environmental factors.
Therefore, although primary endpoints might vary across
different trials, the ICF conceptual model represents
a viable strategy to identify both target population
definitions and a core outcome set of potential endpoints
to be addressed in research studies for new treatments of
sarcopenia, thus enhancing the level of evidence.
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