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Abstract This review provides a framework for the
development of an operational definition of sarcopenia and
of the potential end points that might be adopted in clinical
trials among older adults. While the clinical relevance of
sarcopenia is widely recognized, there is currently no
universally accepted definition of the disorder. The development of interventions to alter the natural history of sarcopenia also requires consensus on the most appropriate
end points for determining outcomes of clinical importance
which might be utilized in intervention studies. We review
current approaches to the definition of sarcopenia and the
methods used for the assessment of various aspects of
physical function in older people. The potential end points
of muscle mass, muscle strength, muscle power, and

muscle fatigue, as well as the relationships between them,
are explored with reference to the availability and practicality of the available methods for measuring these end
points in clinical trials. Based on current evidence, none of
the four potential outcomes in question is sufficiently
comprehensive to recommend as a uniform single outcome
in randomized clinical trials. We propose that sarcopenia
may be optimally defined (for the purposes of clinical trial
inclusion criteria as well as epidemiological studies) using
a combination of measures of muscle mass and physical
performance. The choice of outcome measures for clinical
trials in sarcopenia is more difficult; co-primary outcomes,
tailored to the specific intervention in question, may be the
best way forward in this difficult but clinically important
area.
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Introduction
Conceptually, the term ‘‘sarcopenia’’ refers to an agerelated loss of skeletal muscle mass and function. Between
the ages of 20 and 80 years, a decline in muscle fiber size
and number causes a loss of muscle mass of *30 %,
together with a 20 % reduction in mid-thigh cross-sectional
area [1, 2]. Muscle strength and muscle power also
decrease with advancing age, particularly in the lower
body, and to a greater degree than muscle mass [3]. The
age-associated decline in isometric knee extensor strength
has been estimated at between 55 and 76 % [4, 5].
The origins of sarcopenia are multifactorial, and correlates include muscle disuse, endocrine dysfunction, chronic
disease, inflammation, and nutritional deficiencies [6].
While the clinical relevance of sarcopenia is widely recognized, there remains no universally accepted definition
of the term. In addition, there are no agreed-upon end
points to determine adverse or beneficial outcomes of
clinical importance in human intervention studies. This
poses problems for the development of pharmacologic
interventions to alter the natural history of the disorder.
Indeed, a number of potential drug targets have been
identified as a result of improved understanding of the
functional and structural changes seen in sarcopenia at the
molecular level, but there is no precedent for any intervention in terms of gaining regulatory approval. In the
absence of widely accepted, clinically meaningful, and
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easily measurable outcomes, little progress can be made in
establishing regulatory guidance for the development of
agents in this area.
In moving toward an operational definition of sarcopenia,
there are analogies with osteoporosis. According to World
Health Organization criteria, ‘‘osteoporosis is characterized
by low bone mass and microarchitectural deterioration of
bone tissue, leading to bone fragility and a consequent
increase in risk of fracture’’ [7]. Operationally, however, it is
defined in terms of bone mineral density (BMD) using dualenergy X-ray absorptiometry (DXA) since measuring the
quality of bone is not feasible in daily clinical practice. In the
context of clinical trials, patients are recruited on the basis of
BMD, and the outcome of interest is fracture, for which
BMD is a surrogate [8]. The question in sarcopenia, then, is
whether there are similar markers that can be used to define
the disorder, characterize its progress, and provide outcome
measurements that would fulfill regulatory requirements.
This article explores the operationalization of the current
definition of sarcopenia and the potential inclusion criteria
and clinical outcomes to be considered when designing
clinical trials in this context.

Toward an Operational Definition of Sarcopenia
Early attempts to define sarcopenia were based on measurements of skeletal muscle mass with DXA in relation to
body size. Calculated as the appendicular fat-free mass of
the upper and lower limbs divided by body height squared,
a patient’s muscle mass index indicated sarcopenia if it was
[2 standard deviations (SD) below the sex-specific
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average in healthy young men or women [9]. With this
definition, the prevalence of sarcopenia was 53 % in men
and 43 % in women over the age of 80 years. The diagnostic criterion was later refined to be appendicular fat-free
mass adjusted for height and body fat mass, which provided a stronger association with functional performance
using the same thresholds [3].
Since 2005, there have been renewed efforts to define
sarcopenia by several groups from the United States and
Europe [6, 9–14]. To date, many of these groups have
published definitions of sarcopenia, each one recommending diagnostic criteria based on various combinations
of measures of muscle strength, function, and physical
performance with muscle mass (Table 1). These definitional approaches have paralleled a growing interest in the
potential use of simple muscle strength tests (e.g., handgrip
strength) or physical performance tests (e.g., gait speed, sitto-stand time, and standing balance) as objective screening
measures to identify patient groups who might benefit from
targeted interventions [15, 16]. Indeed, some of these
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measures have been widely proposed as diagnostic criteria
for sarcopenia and frailty [6, 16]. Most recently, the
International Working Group on Sarcopenia presented four
recommendations for identifying sarcopenia in clinical
practice: (1) assess patient for reduced physical capability
(or weakness), (2) consider sarcopenia in patients who are
nonambulatory or who cannot rise from a chair unassisted,
(3) assess usual walking pace (habitual gait speed) over a
4-m course, and (4) patients with a habitual gait speed
\1.0 m/s should be considered for quantitative measurement of body composition by DXA [6]. A ‘‘sarcopenia with
limited mobility’’ syndrome has also been described,
indicating a need for therapeutic intervention in people
with a habitual gait speed \1.0 m/s or who walk under
400 m in a 6-min walk test, in conjunction with an
appendicular fat-free mass[2 SD below that of healthy 20to 30-year-olds of the same ethnic group [11]. In this
context, a clinically significant intervention would result in
either a 50-m increase in 6-min walk distance or an
increase in gait speed of 0.1 m/s [11].

Table 1 Diagnostic criteria for sarcopenia: suggested approaches*
Study group

Definition

Criteria

ESPEN Special Interest
Groups [12]

‘‘Sarcopenia is a condition characterized by loss of
muscle mass and muscle strength. Although sarcopenia
is primarily a disease of the elderly, its development
may be associated with other conditions that are not
exclusively seen in older persons, like disuse,
malnutrition and cachexia. Like osteopenia, it can also
be seen in those with inflammatory diseases.’’

1. Low muscle mass, e.g., percentage of muscle mass [2
SD below mean in individuals aged 18–39 years in the
NHANES III cohort
2. Walking speed \0.8 m/s in the 4-min test or reduced
performance in any functional test used for
comprehensive geriatric assessment

European Working
Group on Sarcopenia
in Older People [10]

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

1. Low muscle mass

The condition is called ‘‘primary sarcopenia’’ when the
cause is aging per se and ‘‘secondary sarcopenia’’ when
disease, inactivity, or malnutrition contributes

Reference population of healthy young subjects using
cutoff points \2 SD below mean. Criterion 1 and
criterion 2 or 3.

International Working
Group on Sarcopenia
[6]

‘‘Sarcopenia is defined as the age-associated loss of
skeletal muscle mass and function. The causes of
sarcopenia are multifactorial and can include disuse,
altered endocrine function, chronic disease,
inflammation, insulin resistance, and nutritional
deficiencies. While cachexia may be a component of
sarcopenia, the two conditions are not the same.’’

1. Gait speed \1 m/s

Society of Sarcopenia,
Cachexia and Wasting
Disorders [11]

‘‘Sarcopenia with limited mobility is a specific condition
with clear loss of muscle mass and a clear target for
intervention. As such it differs from the more general
concept of frailty.’’

1. Walking speed B1 m/s or walking distance \400 m
during a 6-min walk

‘‘The limitation in mobility should not be clearly
attributable to the direct effect of specific disease, such
as peripheral vascular disease with intermittent
claudication, or central and peripheral nervous system
disorders (such as stroke, Parkinson’s disease, spinal
cord disease, or motor neuron disease), dementia, or
cachexia.’’

2. A lean appendicular mass corrected for height squared
of [2 SD below the mean of healthy persons aged
20–30 years of the same ethnic group

2. Low muscle strength (e.g., grip strength)
3. Low physical performance (e.g., gait speed)

2. Objectively measured low muscle mass, e.g.,
appendicular mass relative to height squared, i.e.,
B7.23 kg/m2 in men and B5.67 kg/m2 in women

* Other study groups, such as the Biomarkers Consortium, have convened for the same purpose of developing a consensus statement but have not
yet published their findings
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Gait speed, sit-to-stand time, and standing balance are
measures of functional performance which rely on strength
and motor control as well as, with the exception of standing
balance, muscle power. Studies of these measures have
been undertaken exclusively in older populations, and few
have recorded long-term outcomes. The existing data,
however, do show an association between each of these
measures and all-cause mortality. In meta-analyses of
studies of gait speed and sit-to-stand time, this association
was consistent and showed a graded effect [15]. More
recently, a pooled analysis indicated a strong association
(p \ 0.001) between gait speed and survival in nine cohort
studies, with significant increments in survival per unit
increase in gait speed [17].
In clinical practice, gait speed (timed 4-m walk), sit-tostand time, and standing balance are often measured within
the context of the Short Physical Performance Battery
(SPPB) [18, 19]. This battery of tests has been validated in
large-scale epidemiological studies and characterizes lower
extremity functional performance using timed measures of
standing balance (side-by-side stand, tandem and semitandem positions), gait speed (timed 4-m walk), and lower
extremity strength (timed test of five chair rises). Scores
obtained on a 12-point summary scale indicate a gradient
of functional decline that is highly predictive of subsequent
mobility-related disability, institutionalization, and mortality [19–21]. It is generally accepted that a total SPPB
score B10 indicates functional impairment in older populations (each test is scored 0–4) and is strongly predictive
of the loss of ability to walk 400 m [22, 23]. The reproducibility of the SPPB can be enhanced through the use of
standardized equipment and an appropriate standard operating procedure.

Muscle Mass, Strength, Power, and Fatigue
Muscle mass is a well-characterized end point that can
easily be measured using DXA (Table 2). Loss of muscle
mass is associated with an increased risk for developing
chronic metabolic disease, such as type 2 diabetes [24]; but
an increase in muscle mass may not always translate into
an improved level of physical functioning. As a result, care
is required in the design of clinical trials so that a lack of
improvement in muscle function is not masked by an
increase in muscle mass alone [25]; the situation is analogous to that in osteoporosis trials, where certain drugs
may increase bone mass but fail to reduce the incidence of
fracture [26].
A better predictor of muscle function in the general
population is muscle strength, though it may be less useful
in certain subgroups (e.g., patients with arthritis). In elderly
men, muscle strength (the maximum capacity of a muscle
to generate force) is positively correlated with muscle mass
as well as muscle fiber cross-sectional area (type I and II
muscle fibers) (Fig. 1) and myonuclear and satellite cell
content [27]. Although decline in strength is associated
with loss of lean muscle mass in older adults, the former
occurs much more rapidly than the latter in both men and
women (Fig. 2) [28]. Muscle strength is also predictive of
mortality; in the Health, Aging and Body Composition
Study low muscle strength was strongly associated with
mortality, independently of low muscle mass [29].
Muscle power (the maximum rate of work undertaken
by a muscle per unit time) appears to be better still at
predicting functional status as it includes a neuromuscular
component that provides information from pathways that
are not captured by measures of muscle mass and strength

Table 2 Potential end points in trials of interventions for sarcopenia

Muscle mass

Advantages

Disadvantages

1. Specific to skeletal muscle

1. Not as powerful a predictor of physical capability as
muscle strength or gait speed

2. Responsive to change

2. Difficult to detect small changes using DXA (CT or MRI
should be used)

3. Easy to implement with the established use of DXA
Muscle strength

Muscle power

1. Powerful predictor of physical capability

1. Not reflected in the term ‘‘sarcopenia’’

2. Includes a neuromuscular component

2. Possibly restricted in the clinical trial context by
frequency of visits

3. Good correlation with gait speed
1. Specific to skeletal muscle

1. Generally requires expensive equipment

2. Includes a neuromuscular component
3. Strongly predictive of functional mobility and risk of
falls among older adults
Muscle fatigue

1. Important determinant of force production

1. Few published data
2. Lack of definitional consistency
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Fig. 1 Mass/strength divergence in older men and women taking part
in the Health, Aging and Body Composition Study. Maintenance of or
gaining lean muscle mass did not prevent aging-associated declines in
muscle strength, with men losing almost twice as much strength as
women. Reprinted from [28] with permission

Fig. 2 Muscle fiber size is positively correlated with muscle strength.
Among 41 older men, 1-RM leg extension (kg) was significantly
associated with muscle fiber cross-sectional area (CSA; r = 0.45,
p \ 0.001). Muscle fiber cross-sectional area was significantly lower
in type II than in type I fibers (p \ 0.01). Greater muscle fiber crosssectional area was associated with greater thigh muscle area and
muscle strength (0.30 B r B 0.45, p \ 0.05). Reprinted from [27]
with permission

[30]; muscle power is a strong predictor of functional
mobility and risk of falling among older adults [31]. The
fourth potential end point for sarcopenia trials is muscle
fatigue, an important determinant of force production that
has been defined as ‘‘the inability of the muscle to generate
or maintain the levels of strength required for a given work
rate’’ [32]. The remainder of this review will summarize
current approaches to the measurement of these four indices of muscle function.
Measuring Muscle Mass
If muscle mass is to be a part of the diagnostic definition of
sarcopenia, then measuring it needs to be feasible for both
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research and clinical practice, as well as in older people.
Unsuitable methods include isotope dilution (used to
measure total body water), in vivo neutron activation, and
measurements of potassium-40 isotope, underwater weight,
and urine metabolites (creatinine or 3-methylhistidine in
24-h urine) [33, 34]. Anthropometric methods (e.g., body
mass index, arm and calf circumference, and arm muscle
cross-sectional area as a function of arm muscle circumference and skinfold thickness) are simple but lack precision and are prone to overestimation. Although some
anthropometric methods correlate highly with appendicular
muscle mass, substantial individual prediction errors are
observed in some patients even when combined with grip
strength [9]. Bioelectrical impedance is a popular alternative, despite lack of a standardized methodology [35, 36],
and easy to use in both research and clinical settings [37].
However, bioelectrical impedance may be considered more
as a surrogate of muscle mass than a direct measurement.
Air-displacement plethysmography is a highly reproducible
method of measuring body composition, but it relies on an
assumption that the density of fat mass and fat-free mass
are the same in all patients [38]. The accuracy and precision of methods used for assessment of muscle mass are
shown in Table 3.
To obtain a complete picture of body composition, a
four-component model comprising total-body water, protein, mineral, and fat mass is required; however, this is a
highly intensive and costly procedure [39]. As a threecomponent model (combining protein and minerals into
‘‘solids’’), DXA is superior to standard densitometry
(which differentiates only between fat mass and fat-free
mass) and has been widely adopted. However, DXA is
unable to evaluate intramuscular fat, which can account for
5–15 % of observed muscle mass in obese people [39]. In
the context of research, computed tomography (CT) is
often used to assess total and fat-free muscle area, with a
smaller margin of error than that seen with DXA [40].
However, due to the large amount of radiation involved,
full-body CT has limited utility [41]. Magnetic resonance
imaging (MRI) has similar accuracy and reproducibility for
fat and muscle as CT and can be used for whole-body
imaging. Both CT and MRI are more sensitive to small
changes in muscle mass than DXA [42, 43].
Few studies have been done to compare changes in
muscle mass as assessed by DXA, CT, and MRI in older
adults. Hansen et al. [40] reported poor correlation between
DXA and CT estimates of change in thigh muscle mass in
older patients recovering from hip fracture (r2 = 0.28,
p = 0.04). In a comparable study recruiting relatively
healthy older patients to a 10-week muscle training program and comparing change in thigh muscle mass in
trained and untrained legs, DXA tended to overestimate the
improvements in the trained legs [43]. The limitations of
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Table 3 Accuracy and
precision of methods utilized for
the assessment of muscle and fat
mass

Precision

Accuracy

Precision
?/-

Anthropometry

?/-

?/-

?/-

Bioelectrical impedance

?/-

?

?/-

?

Air-displacement plethysmography

NA

NA

?

??

DXA

??

??

??

??

CT / MRI

??

??(?)

??

??(?)

CT localization and the prohibitive cost and accessibility of
MRI as a screening tool in clinical practice should also be
taken into account when developing a diagnostic approach
to sarcopenia.
Measuring Muscle Strength
Isokinetic dynamometry is the recognized gold standard for
measuring muscle strength, but its use is limited by the cost
and availability of expensive equipment. Testing for 1
repetition maximal strength (1-RM) using generic resistance-type exercise equipment offers a reliable alternative
that correlates well with strength assessed by means of
dynamometry (r = 0.88 [44]). However, a disadvantage of
using 1-RM strength with generic resistance-type exercise
equipment is that absolute values of 1-RM strength are not
comparable between different sets of equipment. In addition, two measurement sessions are required to accurately
assess 1-RM strength: one to estimate and one to finally
determine actual 1-RM strength [45].
Low handgrip strength has consistently been linked with
poor health outcomes (long-term disability onset, increased
risk of complications, extended hospitalization) [15, 46,
47]. The first systematic review of objectively measured
muscle strength to include a meta-analysis reported a
reduction in mortality risk for every 1-kg increase in grip
strength across 13 studies involving 44,638 participants
[15]. The recommended procedure for measuring grip
strength is to take the highest recording out of three repeated tests in the left hand and three in the right hand, but
variation in clinical practice is widespread, making comparisons between studies difficult [48]. At a population
level, too, there is considerable variation in grip strength
with age; in extreme cases, a 70-year-old man may have
the same handgrip strength as a 20-year-old [49]. The Jamar dynamometer is the reference standard for measuring
grip strength; however, its design may limit its use in some
patients, for example, those with advanced arthritis. In
these instances, the Martin vigorimeter, which measures
grip strength using rubber balls available in three different
sizes, may be a suitable alternative [50].
Trials of resistance exercise training in a frail older
population have shown significant increases in 1-RM leg
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Fat

Accuracy

strength and improvements in SPPB scores, largely attributable to reductions in sit-to-stand time due to greater leg
strength [6]. Despite these increases in leg strength and
functional capacity, significant changes in handgrip
strength were not observed during the entire training
intervention. These observations contrast with the recent
findings in a healthy older population, where 1-RM leg
extension strength was shown to correlate well with
handgrip strength (Fig. 3). Thus, handgrip strength may be
useful as an inclusion criterion when designing clinical
trials but may be less suitable for use as an outcome
measure to assess changes in muscle strength or function in
the individual patient.
Measuring Muscle Power
Muscle power (maximum rate of work per unit time) has
the potential to be more sensitive to age-related physiological change than traditional measures of muscle strength
(maximum capacity to generate force). Studies have shown
muscle power to be highly predictive of physical capability
in older people [51, 52], and this has been linked to agerelated impairments in neuromuscular activation [53],
tendon stiffness [54], muscle contractile speed [55], and
140

1RM Leg extension (kg)

CT computed tomography, DXA
dual-energy X-ray
absorptiometry, MRI magnetic
resonance imaging, NA not
applicable

Muscle

men
women

120
100
80

n = 53
r = 0.78; P<0.001

60
40
20
10

20

30

40

50

60

70

Handgrip strength (kg)

Fig. 3 1-RM leg extension vs. handgrip strength in healthy elderly
men and women. Scatter plot for correlation of 1-RM leg extension
with handgrip strength in elderly men (open circles) and elderly
women (filled circles). Line represents the fitted regression. Pearson
correlation coefficient was 0.78 (p \ 0.001)
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changes in muscle architecture [54]. Peak skeletal muscle
power achieved during leg press or knee extension highvelocity resistance training has been validated as a reliable
and functionally relevant outcome in older populations
[30]. However, as an outcome measure of sarcopenia for
use in clinical practice, muscle power is potentially limited
by the need for expensive equipment. A recent pilot study
proposed that multivariate linear regression equations
could be used to accurately predict both average and peak
power from a simple sit-to-stand test within 20 s that could
be conducted in any setting without much preparation [56].
However, such estimates are not able to assess change in
muscle power over time, limiting their usefulness in
intervention studies. Finally, measurements of muscle
power are inappropriate for use in people with arthritis.
Measuring Muscle Fatigue
Several scales incorporate fatigue or exhaustion in the
definition of the frail older population, for example, the
adapted Fried criteria [57] and the Canadian Study of
Health and Aging 70-item frailty index [58]. However,
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there is no gold standard and little consistency between the
scales in terms of the questions asked. Muscle fatigue can
be divided into central and peripheral components, the
latter of which can be measured by a variety of methods
(Table 4) [59]; this is usually done in the leg, but there is
little published research linking fatigue to sarcopenia, and
results are inconsistent.

Discussion
The establishment of translational clinical pipelines for the
prevention and treatment of sarcopenia requires a coherent,
consensual approach to criteria for definition of the disorder and prespecified outcome measures for regulatory
approval. For any given clinical research program, it is
worth considering whether the putative intervention is
likely to change muscle mass as well as muscle strength.
Muscle strength is variably included within many proposed
academic definitions of sarcopenia: the European Working
Group on Sarcopenia in Older People has suggested that
the diagnosis be extended to include patients with normal

Table 4 Methods for assessment of peripheral muscle fatigue
Method

Assessment

Protocol

Outcome

MVC and SVC

Measures MVC and SVC until
exhaustion

Sustainment of MVC or SVC at 20–60 %
of MVC until failure (;50 %)

; Isometric muscle strength and endurance

Isokinetic
measurements

Measures isometric torque,
isokinetic torque, and total
work performed

Five contractions at an angular velocity
of 60–90°/s; 15–30 contractions at a
velocity of *300°/s

; Isometric PT, ; isokinetic PT, and ; total
work generated

Surface
electromyography

Analyzes the myoelectrical
manifestation of fatigue
during muscle contractions

Used during MVC and SVC

; In-muscle activation, ; muscle fatigue, ;
SRM, and altered M-wave

Twitch
interpolation

Differentiates fatigue of central
origin from that of peripheral
origin

MVC associated with nerve stimulation;
failure if the difference between MVC
and twitch is [15 %

; Contractile activity and transmission or
central activation failure

Critical power

Assesses the ability to sustain
exercise under anaerobic
conditions

Series of short-duration, high-intensity
exercises determines critical power
(fatigue threshold)

; Exercise tolerance, ; fatigue threshold

Borg scale or VAS

Assesses the perception of
fatigue using scales

Borg scale

: Scores for lower limb fatigue

(0–10), VAS
(0–100 mm)

31

Directly and noninvasively
measures intramuscular
metabolism

Repetitive localized exercise of MMII, in
the MRS system assesses high-energy
compounds

; Levels of high-energy phosphates at rest,
during exercise, and during recovery

Biopsy

Identifies the microstructural
and bioenergy characteristics
of the muscles

Collection of vastus lateralis muscle
samples

: Strength/frequency ratio, ; % of type I
fibers, ; CSA fibers, ; capillary/fiber
ratio; ; mitochondrial density

Determination of
lactate and
ammonia levels

Assesses the inability to
convert oxygen into energy in
acid solutions

Collection of venous, arterial, or
arterialized blood samples at rest,
during exercise, and during recovery

: Lactate and serum ammonia levels during
and after exercise

P-MRS

Reproduced from [59] with permission
CSA cross-sectional area, MMII lower limb muscles, MRS magnetic resonance spectroscopy, MVC maximal voluntary contraction, P phosphorus,
PT peak tension, SRM square root of the mean, SVC submaximal voluntary contraction
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gait speed, low muscle mass, and low muscle strength as
well as those with low gait speed and low muscle mass
(Table 1) [10]. The Special Interest Group on Nutrition in
Geriatrics of ESPEN has taken a similar approach,
including impaired muscle function (as indicated by a 4-m
gait speed \1 m/s) alongside the traditional thresholds for
muscle mass [12]. It is unlikely that regulatory authorities
will regard improved functional parameters alone (e.g.,
habitual gait speed) as validated, clinically meaningful
outcomes in trials of agents for sarcopenia.
Ultimately, the definition of sarcopenia for randomized
clinical trials will need to be tailored to the precise nature of
the intervention. There are several examples of pharmacological interventions which increase muscle mass but do not
influence muscle strength. It is also clear that muscle mass
and muscle strength predict longer-term outcomes of clinical
importance such as functional impairment, likelihood of
frailty, and, in some studies, even mortality. However, there
are clearly difficulties in the adoption of any one of these
harder outcomes as uniform single measures of the effectiveness of a treatment aimed at sarcopenia.
Based on current knowledge, co-primary outcomes
might be the best way forward in this difficult but clinically
important area. For agents that are known to influence
muscle mass and for which phase I and II studies demonstrate commensurate improvements in muscle strength,
muscle mass may provide an option for a valid and
repeatable co-primary outcome. In such circumstances,
muscle strength and physical function (SPPB) could be
used as secondary outcome measures or could be combined
into a co-primary outcome package. In other circumstances, where questions remain about the translation from
muscle mass to muscle strength, it seems more prudent to
reserve muscle strength and physical function as the best
co-primary outcome measures. The consequence of this
second approach, however, will require the methodology of
muscle strength assessments to be clearly defined, both
anatomically and physiologically, as well as accepting the
exclusion of substantial proportions of older people who
have comorbidities such as osteoarthritis which confound
the assessment methodology currently available.
Whichever strategy is adopted, flexibility of approach
will be essential, according to the pharmacological and
biological characteristics of the intervention being evaluated. Regardless of the choice of outcome measure for
clinical trials of sarcopenia, highly accurate and precise
methodology is available for the assessment of muscle
mass; and this may serve as a key defining characteristic of
sarcopenia in clinical practice, irrespective of the choice of
outcome measure adopted in clinical trials.
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