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Sarcopenia and sarcopenic obesity
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Sarcopenia is an age-associated loss of muscle mass and decline in muscle
strength; it is common in older adults and is associated with significant mor-
bidity and mortality. Despite its prevalence, there is currently no universally
adopted definition of sarcopenia. In addition to low muscle mass measurements,
recent research has recognized the importance of muscle strength and physical
performance. Aging induces changes in body composition, such as an increase
in visceral fat and reduced muscle mass. Recently, the new concept of sarcopenic
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obesity has emerged, reflecting a combination of sarcopenia and obesity. The rap-
idly increasing prevalence and serious consequences of sarcopenic obesity are rec-

Cotrespondence to ognized as a critical public health risk in the aging society. Sarcopenia and obe-
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sity share several pathophysiological mechanisms, and they may potentiate each
other. The present paper reviews the definitions and techniques used to measure
sarcopenia, as well as the health outcomes of sarcopenic obesity. It also highlights
the role of diminished muscle mass and strength in cardiometabolic disease
mortality. Additional research may be needed to promote the identification and
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management of sarcopenia and sarcopenic obesity in the elderly population.

Keywords: Sarcopenia; Obesity; Aging; Muscles

INTRODUCTION

One of the dramatic changes associated with human ag-
ing is the progressive decline of skeletal muscle mass.
Several prospective studies have suggested that muscle
mass decreases by approximately 6% per decade after
mid-life [1]. Interestingly, results from the Health Aging,
and Body Composition (ABC) study showed that the de-
creased muscle strength is predominantly due to a lower
muscle mass [2]. There are significant differences among
individuals in peak muscle mass, the age at which mus-
cle loss begins, and the amount of muscle that is lost
over time [3]. Rosenberg first proposed the term “sar-
copenia,” which originated from the Greek words sarx
(flesh) and penia (loss), to refer to the age-related loss of
skeletal muscle mass [4]. At the cellular level, sarcope-
nia is accompanied by a loss of innervation and adaptive
changes in the proportions of slow and fast motor units,
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as well as in the cross-sectional area of muscle fibers [5].
Primary sarcopenia is the term used to define sarco-
penia that is caused by aging itself, whereas secondary
sarcopenia describes sarcopenia that is caused by dis-
use (immobility or physical inactivity), disease (advanced
organ failure, malignancy, neurodegenerative, or endo-
crine diseases), and inadequate nutrition [6]. Sarcopenia
is closely associated with frailty, physical disability, hos-
pitalization, osteoporosis, osteoarthritis, and even mor-

tality [7,8].

DEFINITIONS OF SARCOPENIA

Several different definitions of sarcopenia have been
suggested, although no consensus definition has been
adopted [9]. In 1998, Baumgartner et al. [10] first defined
sarcopenia as an appendicular skeletal muscle mass
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(ASM) (kg)/height? (m?) of less than two standard devia-
tions (SDs) below the mean of a young reference group.
Janssen et al. [11] adopted the skeletal muscle mass index
(SMI = skeletal muscle mass/body mass x 100) to estab-
lish the prevalence of sarcopenia in older Americans.
They considered subjects with an SMI within one to
two SDs of young adult values to have class I sarcopenia,
and those with an SMI below two SDs of young adult
values to have class II sarcopenia. In the Health ABC
study, Newman et al. [12] proposed an alternative defini-
tion of sarcopenia using appendicular lean mass (ALM)
adjusted for height and body fat mass (residuals). They
indicated that Baumgartner’s definition (ASM/height)?
is strongly correlated with body mass index (BMI), and
therefore identifies fewer obese individuals as sarcope-
nic. To examine the prevalence of sarcopenia in Korean
adults and explore its impact on health outcomes, we
previously established a cohort study called the Korean
Sarcopenic Obesity Study (KSOS) [13]. The prevalence of
sarcopenia differed according to the definition applied,
as well as age and sex.

Since then, the definition of sarcopenia has evolved
to highlight muscle strength and physical performance.
The European Working Group on Sarcopenia in Older
People (EWGSOP) defined sarcopenia as the presence of
both low muscle mass and low muscle strength or per-
formance [6]. Recently, the Foundation for the National
Institutes of Health (FNIH) sarcopenia project suggest-
ed using ALM with adjustment for BMI to define low
muscle mass [14]. Using a dataset from nine large ob-
servational studies containing more than 25,000 partic-
ipants, the FNIH sarcopenia project established ALM/
BMI ratio cutoff values of < 0.78¢9 for men and < 0.512 for
women [14,15]. Recently, Kim et al. [16] compared skeletal
muscle mass indices and described their clinical impli-
cations. Further studies might be needed to compare the
definitions of sarcopenia with regard to their impact on
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disability, cardiometabolic risk profiles, and mortality.

TECHNIQUES FOR ASSESSING SARCOPENIA

Various methods can be used to assess muscle mass and
strength (Table 1). Anthropometric measurements, such
as mid-upper arm circumference, calf circumference,
and skin fold thickness, are not recommended for di-
agnosing sarcopenia since they are prone to error [6].
Computed tomography (CT) and magnetic resonance
imaging are able to effectively distinguish fat from other
soft tissues, which makes these the standard techniques
for evaluating muscle mass in research [6]. However,
limited access, the high cost, and the risk of radiation
(with CT) preclude the wider use of these techniques in
clinical practice. Therefore, dual energy X-ray absorp-
tiometry (DXA) is the preferred method for correctly
evaluating body composition; it is widely used to assess
muscle mass in research studies because of good preci-
sion and safety with relatively low radiation [7]. There-
fore, measuring ALM using DXA has become a standard
criterion in most current sarcopenia definitions. Bio-
impedance analysis (BIA) is an inexpensive, easy to use,
and reproducible method that is considered a portable
alternative to DXA. However, neither DXA nor BIA can
distinguish between extracellular and intracellular wa-
ter, making these techniques prone to error depending
on the hydration status of the patient [7].

Muscle strength is commonly evaluated using hand-
grip strength, which is an easy, reliable, and inexpensive
method for identifying elderly adults at risk for disabili-
ty [17]. Based on the EWGSOP definition, cutoffs for grip
strength are < 20 kg for women and < 30 kg for men
[6]. In contrast, the FNIH sarcopenia project established
cutoffs of < 16 kg for women and < 26 kg for men [14,15].
Knee flexion techniques are appropriate for research

Table 1. Methods for measurement of muscle mass, muscle strength, and physical performance

Muscle mass Muscle strength Physical performance
Anthropometry Handgrip strength Short physical performance battery
Computed tomography Knee flexion/extension Usual gait speed

Magnetic resonance imaging
Dual energy X-ray absorptiometry
Bioimpedance analysis

Timed get-up-and-go test
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purposes; however, their use in clinical practice is lim-
ited by the need for specific machines. The short phys-
ical performance battery (SPPB) is used in both clinical
and research settings to measure physical performance.
It combines gait speed, chair-rise time, and balance as-
sessment to generate a standard measurement [18]. Usu-
al gait speed, which is part of the SPPB, might be adopt-
ed as a single parameter to provide a predictive value
for disability [19]. Previous studies have demonstrated
that a walking speed of less than either 1.0 or 0.8 m/sec
is associated with adverse outcomes [20]. Timed get-up-
and-go examines the time needed to accomplish a series
of functionally critical tasks; it can also serve as a perfor-
mance measurement.

MECHANISMS OF SARCOPENIA

Several underlying mechanisms have been linked to
the development of sarcopenia, although not all have
been fully elucidated. The relative contribution of the
different mechanisms may vary over time in an individ-
ual with sarcopenia [6]. Understanding the mechanisms
underlying sarcopenia may provide strategies for inter-
vention and disease improvement. Most mechanisms
of sarcopenia are also associated with visceral obesity,
which may lead to a vicious cycle of intricate interac-
tions among risk factors. Insulin resistance plays an im-
portant role in muscle fiber atrophy and mitochondrial
dysfunction [21]. Bijlsma et al. [22] demonstrated that
insulin resistance is related distinctly to the different
diagnostic criteria for sarcopenia; it is better reflected by
relative muscle mass than by absolute muscle mass or
muscle strength. Aging is related to changes in a variety
of hormones, including testosterone, estrogen, growth
hormone, insulin-like growth factor 1, and corticoste-
roids [23]. These hormonal changes may affect the ana-
bolic and catabolic processes in skeletal muscle [24]. Re-
duced androgen and estrogen concentrations decrease
muscle mass and strength. In addition, previous studies
have suggested that sarcopenia is an inflammatory state
that is driven by proinflammatory cytokines and oxida-
tive stress [25]. Oxidative stress modulates the expres-
sion of transcription factors, such as nuclear factor-kB,
which enhances proteolytic pathways and increases the
production of proinflammatory cytokines [26]. Tumor
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necrosis factor o impairs protein synthesis in skeletal
muscle by altering translation initiation, which may
contribute to sarcopenia [27]. In a prospective, popula-
tion-based study, higher levels of interleukin 6 and C-re-
active protein were associated with a greater decline in
muscle strength [28]. Another pivotal factor in the regula-
tion of skeletal muscle mass is myostatin, also known as
growth/differentiation factor 8, which inhibits muscle cell
growth and differentiation [29]. Deletion of the myostatin
gene causes a double-muscled phenotype in cattle [30].
Myostatin has emerged as a potential mediator of sarco-
penia and a promising therapeutic target [31].

IMPLICATIONS OF THE EFFECTS OF SARCOPE-
NIA ON CARDIOMETABOLIC RISK AND MOR-
TALITY

Sarcopenia is independently associated with insulin re-
sistance [32], and in the KSOS study, type 2 diabetes was
independently associated with an increased risk of sar-
copenia [33]. Diabetes has been suggested to be an inter-
mediate step in the development of frailty in individuals
with sarcopenia [34]. Furthermore, we previously found
that individuals with a lower muscle mass have an in-
creased risk of nonalcoholic fatty liver disease, which is
now recognized as a feature of metabolic syndrome [35].
Low muscle mass is related to cardiovascular risk fac-
tors including hypertension and arterial stiffness [36,37].
The coexistence of sarcopenia and metabolic syndrome
further aggravates the risk of cardiovascular risk factors
such as type 2 diabetes, hypertension, and hyperlipid-
emia in adult Japanese women [38]. Previous prospective
studies have consistently shown a relationship between
low muscle mass or muscle strength and an increased
risk of mortality [39-41]. In the British Regional Heart
Study, Atkins et al. [42] reported that sarcopenia is as-
sociated with greater cardiovascular mortality and all-
cause mortality. Hirani et al. [43] showed that sarcopenia,
as defined by the FNIH criteria, is associated with an in-
creased risk of mortality, disability, and institutionaliza-
tion in community-dwelling older men. Several studies
have suggested that deteriorated muscle strength is a
more important risk factor for mortality than a decline
in muscle mass [44,45)-
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SARCOPENIC OBESITY

Obesity is an important health threat that is a major risk
factor for metabolic and cardiovascular morbidity and
mortality. The prevalence of obesity in middle-aged and
older adults has doubled since 1980, and it continues to
increase worldwide [9]. The major age-related changes
in body composition include an increase in body fat
and a decline in skeletal muscle, although BMI may re-
main relatively unchanged. Sarcopenic obesity was first
defined by Baumgartner [46] as the co-presence of sar-
copenia and obesity, as measured using DXA. We sub-
sequently introduced the ratio of visceral fat to thigh
muscle area (VMR), as measured using CT, as a single
indicator of sarcopenic obesity [47]. We found that VMR
values were independently associated with metabolic
syndrome in Korean adults.

The complex interplay of common pathophysiolog-
ical mechanisms, such as increased proinflammatory
cytokines, oxidative stress, insulin resistance, and hor-
monal changes and decreased physical activity, underlie
the close relationship between sarcopenia and obesity
(Fig. 1). We reported that the homoeostasis model as-
sessment of insulin resistance (HOMA-IR) and vitamin
D levels are independently associated with sarcopenic
obesity in men, whereas HOMA-IR and high-sensitivity
C-reactive protein are associated with sarcopenic obesi-
ty in women [48]. A vicious cycle may exist between the
accumulation of ectopic fat and the loss of skeletal mus-
cle mass since they have a reciprocal influence on each

P Myostatin +
Inflammation/ Insulin

oxidative stress resistance

Hormonal
change

Decreased
physical activity

A
Sarcopenia K¢

Dyslipidemia

Type 2 diabetes Hypertension

CVD

Figure 1. Mechanisms and consequences of sarcopenia and
obesity. CVD, cardiovascular disease.
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other [49]. Sarcopenia reduces physical activity, which
leads to decreased energy expenditure and increases the
risk of obesity [50]. In contrast, an increase in visceral
fat induces inflammation, which contributes to the de-
velopment of sarcopenia [51]. In our longitudinal study,
visceral obesity was independently associated with the
future loss of skeletal muscle mass after adjusting for
confounding factors [52].

IMPACT OF SARCOPENIC OBESITY ON
MORBIDITY AND MORTALITY

Both sarcopenia and obesity are associated with meta-
bolic disorders, morbidity, and mortality [50]. Thus, it
has been hypothesized that sarcopenic obesity may have
a greater impact on metabolic diseases and cardiovas-
cular morbidity and mortality than either sarcopenia or
obesity alone [9,53].

Recent studies have emphasized the influence of sar-
copenic obesity on cardiometabolic risk and health out-
comes [23,53,54). Several cross-sectional studies in elderly
Koreans have demonstrated that individuals with sar-
copenic obesity have worse cardiovascular risk profiles,
including hyperglycemia, hypertension, dyslipidemia,
insulin resistance, and lower cardiorespiratory fitness
[55-57]- Similarly, a Taiwanese study showed that sar-
copenic obesity is associated with the highest risk of
metabolic syndrome [58]. Furthermore, sarcopenia ex-
acerbated obesity-associated dysglycemia and insulin
resistance in a cross-sectional study from the National
Health and Nutrition Examination Survey III (NHANES
I11) [32]. However, there have been conflicting results re-
garding whether patients with sarcopenic obesity have
the worst risk profiles. Several cross-sectional studies
have reported that obese individuals have more cardio-
vascular risk factors than those with sarcopenic obesity
[59,60].

A limited number of studies have investigated the ef-
fects of sarcopenia and obesity on cardiovascular disease
(CVD) and mortality. Stephen and Janssen [61] showed
that sarcopenic obesity is associated with increased CVD
risk based on muscle strength but not muscle mass. In
the British Regional Heart Study, subjects with sarco-
penic obesity had a significantly higher risk of mortal-
ity compared to nonsarcopenic, nonobese subjects [41].
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In contrast, in a study using data from the NHANES III
study, older women with sarcopenia had a higher risk of
all-cause mortality, independent of obesity [62]. A recent
meta-analysis demonstrated that sarcopenic obesity is
associated with a 24% increase in the risk of all-cause
mortality compared to patients without sarcopenic obe-
sity, particularly in men [63].

CONCLUSIONS

Although BMI is a simple estimator of obesity, it cannot
fully reflect muscle mass and body fat. Accumulating ev-
idence underscores the need to consider muscle func-
tion and mass when evaluating the risk of obesity in el-
derly people. Visceral fat and muscle mass seem to have
opposing influences on cardiometabolic morbidity and
mortality. Sarcopenic obesity is a relatively novel con-
cept that has become increasingly important in the ag-
ing population. There has been some evidence that sar-
copenic obesity may be associated with an increased risk
of mortality and cardiovascular risk factors compared to
sarcopenia or obesity alone. However, several different
definitions of sarcopenia limit the clinical application of
sarcopenia and sarcopenic obesity with regard to meta-
bolic disorders and CVD. A consensus definition of sar-
copenia is needed to promote the standardized diagno-
sis and management of sarcopenic obesity. Furthermore,
in addition to reducing body fat, increasing muscle mass
and strength is required to promote healthy aging.
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