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Abstract
Purpose of Review This paper aims to provide an overview of sarcopenia, an enigmatic skeletal muscle disease where age,
disuse, injury, and chronic disease can all contribute to the accelerated loss of mass and strength beyond normal variation, and that
can negatively affect a person’s physical function and quality of life.
Recent Findings A rapid and pervasive “graying” of societies worldwide is expected to continue in the coming decades. Due to
this projected increase in the number of older adults, sarcopenia and its associated costs will be a significant public health
concern. New international guidelines address the need for clinic-based approaches to identify vulnerable patients through quick
and simple screening, while lifestyle-based interventions including resistance exercise training, general physical activity, and
adequate nutrition remain the mainstays of treatment. The development of new, viable treatment options, including nutrition
products and pharmacotherapy, are progressing with results expected in the near future.
Summary The refinement of diagnostic criteria, recent designation as an internationally recognized medical condition, and the
introduction of evidence-based treatment, is advancing sarcopenia as a treatable disease for a rapidly growing population of
patients.

Keywords Sarcopenia . Skeletal muscle . Physical function . Elderly . Muscle strength . Treatment guidelines

Introduction

Originally introduced to describe the loss of skeletal muscle
mass with advanced age, sarcopenia has evolved to include
the accompanying loss of muscle function (e.g., strength) and
consequent limitation in physical capability [1–4]. While the
loss of muscle mass and strength is common with aging,
sarcopenia is a distinct condition [5]. To differentiate
sarcopenia from normal aging, several consensus criteria have
been developed in the past decade (see Table 1). The current
definitions contain thresholds in three key areas: (1) skeletal
muscle mass (normalized by height or body mass index
(BMI)), (2) muscle strength, and (3) functional performance
[2–4]. On review of the criteria detailed in Table 1, it is evident

that the key criterion has been skeletal muscle mass. However,
the most recently updated definition prioritizes muscle weak-
ness as the primary clinical symptom and revises diagnostic
thresholds to promote better clinical awareness of sarcopenia
[7••]. As such, sarcopenia is currently considered a systemic
skeletal muscle disease defined as an age- and condition-
related loss of muscle strength and mass with associated low
physical function, most often seen in older adults (> 65 years
old) [7••]. In addition to the traditional application to older
adults, the label of sarcopenia has been used increasingly to
describe the loss of skeletal muscle mass, strength, and func-
tion associated with chronic diseases [8–10], injuries [11],
cancer [12], and other conditions [13, 14]. Primary sarcopenia
is used to describe the state of sufficient muscle weakness or
low functional performance and loss of muscle mass associ-
ated primarily with aging without another identifiable cause.
In contrast, secondary sarcopenia describes the characteristics
seen as a consequence of another condition (e.g., prolonged
hospitalization, COPD) independent of age [7••]. This nomen-
clature remains somewhat controversial, however, as these
same conditions may also be categorized according to a pro-
posed muscle wasting classification schema [15].
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Diagnosis and Methods of Assessment

Sarcopenia is diagnosed using the domains of (1) muscle mass
(via body composition measurement), (2) muscle strength,
and (3) lower extremity physical performance (summarized
in Table 1). Current recommendations support the use of dual
energy X-ray absorptiometry (DXA) and bioelectrical imped-
ance to quantify total body and appendicular lean body mass
as proxies for skeletal muscle mass in the clinic setting [2, 4],
although the most recent treatment guidelines specify DXA
only [16••]. Appendicular lean body mass (aLBM) is normal-
ized by height to form appendicular skeletal muscle index
(ASMI) [ASMI = aLBM/height (m)2] or by body mass index
(BMI) [ = aLBM/BMI]. Measures that are more accurate, but
costly or less accessible, are endorsed for research purposes
(e.g., computed tomography, magnetic resonance imaging,
and ultrasound). Muscle strength is commonly assessed as
unilateral or bilateral grip strength using a calibrated dyna-
mometer and standardized assessment position; notably, low
grip strength can identify adults at risk for mobility disability
[17, 18•]. The timed five-repetition chair stand test, (time in
seconds to stand five times quickly without using the arms for
assistance), provides a more functional strength test of the
body area of interest (i.e., lower extremities). Both tests can
be administered quickly, inexpensively, and reliably in the
clinic and are predictive of poor health outcomes and quality
of life [19, 20]. Physical performance measures assess multi-
joint movements, commonly required in daily life [21•]. Of
the several tests recommended, the most common is usual gait
speed over 4 m [2–4, 7••]. Often part of a comprehensive
geriatric assessment, usual gait speed has been referred to as
the “5th vital sign” and is simple, inexpensive, and quick to
administer [22, 23]. Some facilities mark out a course and
assess a patient while ambulating from the waiting area to
the exam room or as part of the visit history intake.
Epidemiological and intervention-based data show a strong
association between low gait speed (< 0.8 m/s) and future
incidence of adverse health outcomes and loss of indepen-
dence [24, 25]. In addition to usual gait speed, the Short
Physical Performance Battery (SPPB) score (composite of
static balance, 4-m gait speed, and timed 5 chair stands), the
Timed Up and Go test or longer walking tests (e.g., 400-m
walk, 6-min walk) can be used to assess physical performance
and document changes in patient function over time [7••, 26].
The latest summary of recommended endpoints for both clin-
ical and research use, and the cut-points to diagnose
sarcopenia can be found in the recent definition update from
the European Working Group on Sarcopenia in Older Persons
[7••]. The prevalence of sarcopenia is dependent upon the
definition used, sex (e.g., women >men), race (e.g., Asian >
Caucasian > Black), global location, and place of residence
(e.g., nursing home > community) [27]. The lack of a univer-
sally accepted definition of sarcopenia makes determining theTa
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prevalence and the associated personal and societal costs dif-
ficult. However, an estimate using the most commonly used
definition suggests that sarcopenia can be found in up to 29%
of community-dwelling older adults > 65 years old [27], while
a conservative definition estimated a prevalence as low as 1–
3% [3].

Public Health Concern and Patient Characteristics
and Risk

Sarcopenia is a growing global public health problem caused
by the rapid aging of societies, the increasing number of older
adults, and the associated personal, societal, and economic
costs of adverse health outcomes and dependence. The fastest
growing segment of many societies is those aged 65 years and
older [28]. Due largely to the increase in older adults as a
percentage of the overall population plus a stable life expec-
tancy of approximately 80 years in industrialized countries,
the World Health Organization estimates the number of older
men and women will be more than triple by the year 2050
[28]. The healthcare burden of sarcopenia is due to the elevat-
ed risks for a variety of adverse health outcomes [29].

Muscle weakness, primarily of the lower extremities, alone
or in conjunction with low lean body mass, is associated with
a decline in physical function, mobility impairment, and in-
creased physical disability [13, 28, 29]. Further, these states
are associated with a reduced quality of life. Independently,
the decline in muscle mass and function are risk factors for
osteoporosis, which has been shown to frequently occur con-
current with sarcopenia [30]. The increased prevalence of both
osteoporosis and sarcopenia has prompted the proposed use of
the label “osteosarcopenia” to describe patients with both con-
ditions [30]. In addition, low muscle mass and function are
associated with a higher risk for adverse outcomes in patients
with comorbidities including type 2 diabetes and obesity [31,
32], and with the exacerbation of functional decline associated
with cancer, stroke, heart failure, and hip fracture [9, 11, 33,
34]. The risk for falls and fractures can be more than four
times greater in someone with sarcopenia as compared to a
healthy age-matched peer [35]. Health care costs associated
with sarcopenia include increased hospitalizations, hospital
lengths of stay, and readmission [36•, 37]. Furthermore,
sarcopenia and its attendant skeletal muscle and mobility dys-
function are predictive of increased mortality in both middle
aged and older adults [38]. These personal and illness-related
expenses translate to measurable societal and economic costs
of disability, while the loss of independence increases the de-
mand on community resources for in-home and institutional
care. Even the most industrialized nations lack the infrastruc-
ture and professional and skilled work force required to pro-
vide care to the rapidly increasing number of older people with
sarcopenia and other related disabling conditions.

Treatment Guidelines

Recently, the first formal treatment guidelines for sarcopenia
were published; these include recommendations for screening
and interventions for men and women aged 65 years and older
(summarized in Table 2) [16••]. The evolving definition of
sarcopenia has limited the number of high quality, randomized
controlled trials in this specific patient population. However,
these initial guidelines were drafted using published data in
men andwomenwith sarcopenia where available, and using data
from older adults with similar skeletal muscle and mobility char-
acteristics when sufficient sarcopenic patient data were lacking.
Screening for sarcopenia is recommended annually or following
a major health event (e.g., a fall requiring medical care or bedrest
for more than 3 days) for adults 65 years of age or older.
Screening can be performed either by questionnaire (e.g.,
SARC-F) or by the assessment of usual gait speed. The
SARC-F is a five-item screening tool developed to identify peo-
ple at risk for sarcopenia and associated adverse health conse-
quences [39]. The five questions assess self-reported difficulties
in the domains of strength, walking, rising from a chair, climbing
stairs, and falls; the total score ranges from 0 to 10 with a score
> 4 predictive of sarcopenia. The SARC-F is simple, inexpen-
sive, quick to administer, and designed to be used in the clinic.
For patients who screen “positive” (i.e., total score > 4), it is
prudent to make certain positive responses are not due to comor-
bid medical conditions (e.g., difficulty rising from a chair or
climbing stairs due to significant hip or knee osteoarthritis). As
described earlier, usual gait speed over 4 m is a simple perfor-
mance assessment that quantifies a person’s normal walking
speed [19, 24]. Gait speed assessment only requires a stopwatch
and a measured course, can be easily administered in the clinic
setting (e.g., hallway), and can be completed bymost ambulatory
older adults. Individuals who meet the screening criterion for the
SARC-F (≥ 4 points) or gait speed over 4 m (< 0.8 m/s or time >
5 s) should be referred for evaluation of lean body mass to con-
firm the diagnosis of sarcopenia [16••]. If confirmed, the
International Classification of Diseases (ICD-10) code for
sarcopenia (M62.84) may be utilized.

The first-line therapy recommendation for sarcopenia in-
cludes the non-pharmacological approaches of exercise and
diet [16••]. Among the various forms of exercise, resistance
training has shown to be the most effective for maintaining
and increasing muscle mass and strength and improving func-
tional performance in older adults [40–43]. Resistance exer-
cise can be performed using a variety of methods including
machines, dumbbells/free weights, resistance bands, or body
weight at various speeds and using single or multi-joint move-
ments. To date, no single exercise regimen has been identified
as being the most efficacious for improving muscle mass,
strength, and function, although several have been successful
at improving one or more of these characteristics [41, 42••,
43–46].
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A review of studies with healthy older adults suggests that
a resistance exercise program to improve strength should be
performed twice weekly, contain 8–10 basic exercises includ-
ing the major muscle groups of the upper and lower extremi-
ties, should be performed at approximately 75% of a person’s
one-repetition maximum (1-RM; i.e., maximal effort) with
10–12 repetitions per set of each exercise, and with each rep-
etition requiring approximately 6 s of muscle tension [42••].
Typically, the longer a person performs the intervention (i.e.,
more weeks) the greater the benefits though increases tend to
be less pronounced after 12–24 weeks. To increase mass, a
program of similar duration, would generally require three
sessions per week, 2–3 sets per exercise with 7–9 repetitions
per set performed at approximately 60–80% of the 1-RM
[42••]. A second review in older adults identified as “physi-
cally frail,” showed that 1–6 exercise sessions per week,
performing 1–3 sets and 6–15 repetitions per set of resistance
exercise at an intensity of 30–70% of 1-RM led to increases in
muscle strength and power as well as functional performance
[47].

While resistance training may be preferred for addressing
muscle weakness and lower functional performance, increas-
ing the overall level of physical activity is independently ben-
eficial for overall health [40]. Regular physical activity of
approximately 150 min per week at moderate or greater inten-
sity (e.g., 5 or greater intensity on a 0–10 scale) has numerous

health benefits, including up to a 50% reduction in relative
risk of developing limitations in physical function and a 31%
reduction in mortality [40, 48, 49]. For patients unfamiliar
with resistance exercise training or physical activity, a number
of options are available for education and instruction includ-
ing the following: referral to a physical therapist, identifying a
certified fitness trainer (e.g., American College of Sports
Medicine), and/or utilize the resources from the National
Institute on Aging (https://go4life.nia.nih.gov), or patient
advocacy organizations like the Arthritis Foundation (https://
www.arthritis.org/living-with-arthritis/exercise/).

Optimizing a patient’s diet is the other key component of
first-line therapy. A reduction in the level of dietary protein
intake, independent of exercise, can increase the risk of a loss
of muscle mass and strength, and expedite the onset of mobil-
ity disability [50–52]. Adequate daily protein and calorie in-
takes are essential to provide the necessary nutrients and en-
ergy to promote positive nitrogen balance and to maintain
muscle mass and function [51, 53–55]. Protein intake of ≥
1.0–1.2 g/kg/day can reduce the likelihood of becoming de-
pendent in several daily tasks (e.g., climbing stairs, walking
800 m, lifting heavy objects) and the onset of mobility disabil-
ity by 41–86% [51, 52]. To achieve this level of nutrition
intake, patient education and counseling, typically from a reg-
istered dietitian, for an overall healthy diet and possible use of
an oral nutritional supplement are recommended. Regardless

Table 2 Summary of International Clinical Practice Guidelines for Sarcopenia: screening, diagnosis, and management from the International
Conference on Frailty and Sarcopenia Research (from Table 1 in Dent et al. 2018 [16••])

Activity Recommendation Strength of evidence

Screening 1A. Older adults aged 65 years and older should be screened for sarcopenia annually,
or after the occurrence of major health events

1B. Screening for sarcopenia can be performed using gait speed, or with the SARC-F
questionnaire

1C. Individuals screened as positive for sarcopenia should be referred for further
assessment to confirm the presence of the disease

Conditional

Conditional

Conditional

Diagnosis 2A. It is recommended that health practitioners use an objective measurement tool for
the diagnosis of sarcopenia, utilizing any of the published consensus definitions

2B. DXA should be used to determine low lean mass when diagnosing sarcopenia
2C. Walking speed or grip strength should be used to determine low levels of physical

performance and muscle strength, respectively, when diagnosing sarcopenia

Conditional

Strong
Conditional

Physical activity 3A. In patients with sarcopenia, a prescription of resistance training may be effective to improve
lean mass, strength, and physical function

Strong

Diet 4A. Clinicians should consider recommending protein supplementation and a protein-rich diet
4B. Consider discussing with patients the importance of adequate calorie and protein intake
4C. Nutritional (protein) intervention should be combined with an exercise intervention

Conditional
Conditional
Conditional

Vitamin D 5A. Insufficient evidence exists to determine whether a Vitamin D supplementation regime
is effective as a standalone intervention

Insufficient
evidence

Anabolic hormones 6A. Current evidence is inadequate to recommend using anabolic hormones to manage sarcopenia Insufficient
evidence

Pharmacologic
interventions

7A. Pharmacotherapeutics are not recommended as first-line therapy for the treatment of sarcopenia Insufficient
evidence

Research 8A. Future international collaboration and large-scale randomized controlled trials focusing
specifically on older people with sarcopenia are recommended
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of the lack of sufficient robust evidence to suggest the direct
benefits of dietary protein intake alone to increase muscle
mass, strength, and physical function in people with
sarcopenia, it is highly unlikely these salutary effects would
be achieved with inadequate nutrition [51, 54]. Notably, a
recent randomized placebo controlled trial examining 0.8 vs.
1.3 g/kg/day of protein in conjunction with testosterone sup-
plementation in older functionally impaired men found no
additional improvements in muscle mass or strength with the
higher protein intake [55]. Although data in patients with
sarcopenia are scarce, it is recommended that nutritional and
exercise interventions be combined to optimize their benefi-
cial health effects [16••]. Proposed second-line therapy for
sarcopenia focuses on quality geriatric care in managing each
patient’s overall health and comorbid medical conditions as
well as addressing polypharmacy.

The recent sarcopenia treatment guidelines made no rec-
ommendations for stand-alone Vitamin D supplementation or
the use of anabolic hormones, due to the paucity of sufficient
evidence in older adults with sarcopenia and the often-
inconclusive data available with these interventions in healthy
or non-sarcopenic populations [55, 56]. Pharmacotherapy was
also not recommended. The area of drug development in mus-
cle wasting conditions, including sarcopenia, is active with
several approaches being studied [6, 57•].While some success
has been achieved in stimulating muscle hypertrophy, data
suggesting a consistent translation of this increase in muscle
mass to significant improvements in physical function are
lacking [58–60].

Conclusion

Sarcopenia is currently defined as a systemic disease of skel-
etal muscle characterized by weakness and atrophy that can
compromise intrinsic functional capacity in older adults and
leads to an increased risk of numerous adverse health out-
comes including a loss of independence. Decreases in skeletal
muscle mass, strength, and function (e.g., walking speed) that
comprise the main criteria for sarcopenia are often accepted as
“normal aging” rather than a symptom of a disease that can be
ameliorated by exercise and nutritional interventions. The rap-
id aging of global societies and the corresponding increase in
the number of older adults worldwide make sarcopenia a pub-
lic health concern that requires the identification and treatment
of individuals at risk. If left unchecked, this massive “wave”
of older people will overwhelm the health care systems of
many countries. New international treatment guidelines rec-
ommend that at risk patients identified through clinical screen-
ing participate in resistance exercise programs and consume a
healthy diet with sufficient protein and calories. Prescribing
and supporting a healthier lifestyle with sufficient resistance
exercise, general physical activity, and quality nutritional

intake, will result in a variety of health benefits for older pa-
tients. In addition, clinicians are encouraged to provide quality
geriatric care to address comorbid medical issues including
polypharmacy. The development of new, viable nutritional,
and pharmaceutical treatment options for sarcopenia is
progressing with results of recent trials expected in the near
future. The recent refinement of diagnostic criteria and
evidence-based treatment recommendations are advancing
the management of sarcopenia as a treatable disease for a
rapidly expanding population of patients.
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