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Abstract The term sarcopenia refers to the loss of muscle
mass that occurs with aging. Sarcopenia is defined by the
European Working Group on Sarcopenia in Older People
(EWGSOP) as low muscle mass and low muscle function
(strength and performance). Its prevalence varies depend-
ing on the definition used for it, but estimates propose a
loss of approximately 8 % per decade until the age of
70 years; afterwards, the loss increases and ranges from 13
to 24 % per decade. Irrespective of how sarcopenia is
defined, both low muscle mass and poor muscle strength
are highly prevalent and important risk factors for dis-
ability and increased mortality in individuals as they age.
In this review, we address age-related muscle loss and the
risk factors of mortality, emphasizing the need for early
diagnosis and intervention.
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Introduction

Sarcopenia is a condition that is characterized by pro-
gressive and generalized loss of muscle mass and strength
with a high risk of adverse outcomes, such as decreased
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physical performance, poor quality of life and death [1-4].
From a histological point of view, sarcopenia is charac-
terized by a decrease in the number and size of the muscle
fibers [5]. The term “sarcopenia”, coined by [6], originates
from the Greek words sarx (flesh) and penia (loss) [7].
Nevertheless, clinicians and researchers are largely una-
ware of the term “sarcopenia”. Often, this term is mis-
takenly confused with other definitions, such as cachexia
(loss of skeletal muscle mass due to disease) or atrophy
(loss of skeletal muscle mass due to inactivity) [8]. The
term ‘sarcopenia’ was originally defined as a decrease in
muscle mass related to aging [9]. However, it has since
become a general term to define loss of muscle mass and
muscle strength related to aging [10]. Recently, studies
have shown that decreased muscle strength is more pro-
nounced than the reduction in muscle mass among the
elderly [3, 11-14], and muscle strength is a better predictor
of disability [15]. Newman et al. [3] demonstrated that low
muscle mass did not explain the strong association of
strength with mortality, demonstrating that muscle strength
is more important than quantity as a marker of muscle
quality in estimating mortality risk. For this reason, the
European Working Group on Sarcopenia in Older People
(EWGSOP) developed an algorithm to diagnose sarcopenia
based on three criteria: decrease of muscle strength,
reduced muscle mass and impaired physical performance
[16].

The causes of sarcopenia are multifactorial and can
include many factors, such as physical inactivity, decreased
mobility, slow gait, and poor physical endurance. These
factors are linked with motor unit loss, declines in mito-
chondrial biogenesis and chronic inflammatory processes
[1, 17, 18], and they are thought to perpetuate the loss of
muscle throughout the aging process through mechanisms
that are not fully understood [18, 19]. Furthermore, aging
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Fig. 1 Conditions potentially
leading to sarcopenia.
Sarcopenia can be observed at
any age and can result from
inflammatory diseases,
malnutrition, disuse or
endocrine disorders. These
conditions may act as
accelerants of the underlying
causes of age-related sarcopenia

disorders

Chronic diseases

and physical disability are related to an increase in fat mass,
particularly visceral fat [20], which is correlated with the
development of metabolic syndrome and cardiovascular
disease [21], which consequently increase mortality [22].

The prevalence of sarcopenia varies depending on the
definition used, but estimates propose a loss of approxi-
mately 8 % per decade until the age of 70 years, and after
that age, the loss increases and ranges from 13 to 24 % per
decade [23, 24]. Using data from China, Lau et al. [25]
found a 12.3 % prevalence of sarcopenia in men and 7.6 %
in women. Additionally, Wu et al. [26] used data from a
Taiwanese population and Silva et al. [13] used data from a
Brazilian population to find rates of 6.5 and 16.1 % in
women and 8.2 and 14.4 % in men, respectively.

Although many studies have looked at the prevalence of
sarcopenia, the actual costs caused by this disability are
much more difficult to identify. The estimated direct
healthcare costs attributable to sarcopenia in the USA in
2000 were $18.5 billion ($10.8 billion for men and $7.7
billion for women), which represented approximately
1.5 % of the total healthcare expenditures for that year. A
10 % reduction in the prevalence of sarcopenia would
result in savings of $1.1 billion (dollars adjusted to 2000
rate) per year in US healthcare costs [27]. Few studies have
estimated the prevalence and cost attributable to sarcopenia
in Latin America.

The observed cost of this disability is reflected in the
growing number of clinical trials seeking to improve the
lives of people with sarcopenia. Currently, 62 trials have
been described on www.clinicaltrails.gov for sarcopenia in
the USA and two trials in Brazil. These trials have tested
different types of nutrition, training resistance, insulin,
testosterone, dietary supplements, electrostimulation, and
an experimental drug. Given the increasing search for
therapy for sarcopenia, the cost-effectiveness on screening
strategies will be important.
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Methods

In this review, the selection of articles was performed using
the following criteria: published during the last 10 years;
available in the websites Pubmed, Scielo, Lilacs and Med-
line; written in English, Spanish or Portuguese; and reporting
cohort or cross-sectional studies. The key words used for the
search were “aging sarcopenia” and “mortality”.

Assessment methods and prevalence of sarcopenia

Sarcopenia is a syndrome characterized by progressive,
generalized loss of skeletal mass and strength with a risk of
adverse outcomes, such as physical disability, poor quality
of life and death [16].

Different mechanisms may be involved in the onset and
progression of sarcopenia, such as aging, physical activity
reduction, metabolic abnormalities (especially in proteins,
carbohydrates, and lipids), neuromuscular disorders,
impaired cognition, chronic diseases, and changes in the
activation of satellite cells [22, 28, 29] (Fig. 1).

Early definitions of sarcopenia are based exclusively on
muscle mass in relation to the range of muscle mass within
a reference population [1, 28]. Currently, there is no widely
accepted operational definition for sarcopenia nor is there a
group of instruments for evaluating sarcopenia. Recently,
the EWGSOP, via an algorithm of sarcopenia diagnosis,
recommends the use of both low muscle mass and low
muscle function (strength and performance) [16] for diag-
nosing sarcopenia. The algorithm is based on the pre-
liminary screening of low gait speed (threshold established
at <0.8 ms~ ') and low handgrip strength (lowest quartile
of the sample distribution). The rationale for the use of two
criteria is that the muscle strength does not depend solely
on the muscle mass and the relationship between strength
and mass is not linear [1].
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However, other sarcopenia criteria have been proposed,
including muscle mass, muscle function and physical per-
formance (Table 1). The prevalence of sarcopenia changes
depending on the definition used (Table 1), but estimates
propose a loss of approximately 8 % per decade until the
age of 70 years, and after that age, the loss increases and
ranges from 13 to 24 % per decade [23, 24]. Few studies
demonstrate data on sarcopenia in the Brazilian population
[13, 30, 31], as listed in Table 1.

It is important to emphasize the need for well-estab-
lished diagnostic criteria that are accepted in international
literature. In addition to wide acceptance, it should also be
easy to use the criteria in the clinical practice. Therefore,
analyzing the presence of sarcopenia would be another
early screening test for the elderly, and measures to
counteract this disability could be initiated as soon as
possible.

Sarcopenia as a marker of mortality

Sarcopenia has been considered a mortality predictor and
has been investigated in different settings, such as in com-
munities, nursing homes, and hospitals. The available pro-
spective studies show an association between strength
losses or functional measures and mortality rather than
muscle mass per se [3]. Newman et al. [3] examined mor-
tality rates in the Health, Aging and Body Composition
(Health ABC) Study in African American people. After an
average follow-up of 4.9 (standard deviation 0.9) years, the
authors concluded that the low muscle mass did not explain
the strong association of muscle strength with mortality.
Moreover, they demonstrated that grip strength provided a
risk estimate that was similar to the estimate using quadri-
ceps strength. Mobility impairment alone is strongly asso-
ciated with disability and mortality. Afilalo et al. [32]
proposed a multicenter prospective cohort study to test the
value of gait speed, a clinical marker for frailty, to improve
the prediction of mortality and major morbidity in elderly
patients undergoing cardiac surgery. The authors concluded
that slow gait speed is an independent predictor for a higher
risk of mortality and major morbidity after cardiac surgery.
In a recent study, Atkins et al. [33] examined the associa-
tions between sarcopenia, obesity, and sarcopenic obesity
with the risk of cardiovascular disease (CVD) and all-cause
mortality in older men. The authors concluded that the
sarcopenic obese men had the highest risk of all-cause
mortality, but not of cardiovascular disease mortality.

On the other hand, some studies established an associ-
ation between loss of fat-free muscle mass and high
abdominal obesity, which was measured by the waist-hip
ratio with mortality among older people [34-37].

In another study, Landi et al. [38] analyzed the impact of
sarcopenia on the risk of all-cause death in a population of
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frail elderly people living in the community as part of a
prospective cohort study (7 years). According to the
EWGSOP-suggested criteria, 43 subjects with sarcopenia
(21.8 %) were identified. During the 7-year follow-up, 29
(67.4 %) participants died among subjects with sarcopenia
compared to 63 subjects (41.2 %) without sarcopenia
(p < 0.001). After adjusting for potential confounders,
participants with sarcopenia had a higher risk of death for
all causes compared with non-sarcopenic subjects (hazard
ratio [HR] 2.32, 95 % confidence interval [CI] 1.01-5.43).
Arango-Lopera et al. [39], using EWGSOP in Mexican
population, gave a global estimate of the sarcopenia
prevalence of 33.8 % in community-dwelling individuals
older than 70 years, and they showed an increase in the
mortality risk in those subjects identified as sarcopenic.
This increased risk was found to be independent of other
mortality risk factors.

Landi et al. [40], using EWGSOP criteria in elderly
persons aged 70 years and older who were living in a
nursing home in Italy, reported that the prevalence of sar-
copenia was approximately 32.8 %. The authors demon-
strated that this condition is more common in men (68 %)
than in women (21 %). After adjusting for age, gender,
cerebrovascular diseases, osteoarthritis, chronic obstructive
pulmonary disease, activity of daily living impairment, and
body mass index, residents with sarcopenia were more
likely to die compared with those without sarcopenia
(adjusted HR 2.34; 95 % CI 1.04-5.24) during the 6 months
of follow-up. The authors concluded that sarcopenia is
highly prevalent in nursing homes residents, and it can have
an independent effect on the survival of these individuals.
Volpato et al. [41] used the same criteria as in previous
studies (EWGSOP criteria) and found a sarcopenia preva-
lence of 31.6 % in women and 17.4 % in men. Higher
education (odds ratio [OR] 0.85; 95 % CI 0.74-0.98), lower
insulin-like growth factor I (lowest vs. highest tertile, OR
3.89;95 % CI 1.03-14.1), and low bioavailable testosterone
(OR 2.67; 95 % CI 1.31-5.44) were independently associ-
ated with the likelihood of having sarcopenia.

Malmstrom et al. [42] investigated, in a population-
based analysis of African American health, the prevalence
of sarcopenia and health outcomes. They concluded that
low ASM with limited mobility was associated with poor
health outcomes among late middle-aged African Ameri-
cans. Importantly, this study showed that low ASM with
limited mobility is a significant predictor of mortality, and
it is associated with activities of daily living disability,
instrumental activities of daily living disability, and frailty
status at the 6-year follow-up. On the other hand, low ASM
alone was only marginally associated with mortality and
was not associated with any other study outcomes. Low
muscle mass alone does not adequately capture the geri-
atric syndrome of sarcopenia [43].
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Blain et al. [44] showed that poor balance and mobility
are significant predictors of 8-year mortality independent
of baseline and intermediate events in pre-disabled women
aged 75 years and older, suggesting that they may reflect a
certain failure to adequately respond in the face of present
and future medical and non-medical events. Although
different parameters were used, all of these studies con-
cluded that loss of strength and function is associated with
increased mortality in these individuals.

Although data exist on the prevalence of sarcopenia in
community-dwelling older individuals and nursing home
residents, there are few studies on hospitalized older patients
according to newly developed criteria. Gariballa et al. [45]
evaluated, through EWGSOP criteria, patients with different
clinical features within 72 h of admission as well as after
6 weeks and after 6 months. The length of the hospital stay
was significantly longer in patients diagnosed with sarco-
penia compared to patients without sarcopenia (p = 0.003).
The risk of non-elective readmission in the 6-month follow-
up period was significantly lower in patients without sarco-
penia compared with those diagnosed with sarcopenia
(p = 0.013). Additionally, the death rate was lower in
patients without sarcopenia compared with those with sar-
copenia (p = 0.001). Recently, Smoliner et al. [46] per-
formed a cross-sectional study in an acute geriatric ward of a
general hospital. In this study, sarcopenia was defined
according to the EWGSOP criteria. The authors reported that
25.3 % of patients had sarcopenia, and 6.6 % were defined as
sarcopenic, while 18.7 % were defined as severely sarco-
penic. In a group comparison, patients with sarcopenia had a
poorer nutritional status. In binary logistic regression ana-
lysis, only the body mass index was associated with sarco-
penia, whereas gender, age, length of stay, cognitive
function, and self-care capacity were not. Although most
recent studies on sarcopenia used the EWGSOP criteria,
these criteria are not the only diagnosis criteria used. For
more accurate comparisons between studies, articles should
standardize the diagnosis criteria for sarcopenia. However, it
is clear that features of sarcopenia, such as low muscle mass,
muscle weakness and decreased mobility, are linked to poor
quality of life and higher mortality risks.

Conclusions

Geriatric syndromes are common, complex and costly
states of impaired health in older individuals. Geriatric
syndromes result from incompletely understood interac-
tions of disease and age in multiple systems, producing a
constellation of signs and symptoms. Sarcopenia is con-
sidered a geriatric syndrome; it represents a significant
change in health status and is associated with adverse
outcomes, such as falls, fractures, functional decline,

increased mortality, and low quality of life. Therefore, the
early diagnosis of sarcopenia is critical for preventing these
adverse outcomes, and it is useful for establishing partici-
pant selection criteria and outcome measures for trials of
pharmaceutical or other interventions. Nevertheless, sar-
copenia can be used as a screening tool to identify adults
and the elderly who are at risk of developing premature
types of disability and medical conditions that may
increase the risk of death. More studies are needed to
establish the best criteria for diagnosing sarcopenia as well
as to develop therapeutic interventions. Focusing on early
diagnosis and interventions will in turn decrease the costs
associated with this disability.
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