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Abstract: An international task force of academic and industry leaders in sarcopenia research met on December
5, 2012 in Orlando, Florida to develop guidelines for designing and executing randomized clinical trials of
sarcopenia treatments. The Task Force reviewed results from previous trials in related disease areas to extract
lessons relevant to future sarcopenia trials, including practical issues regarding the design and conduct of trials in
elderly populations, the definition of appropriate target populations, and the selection of screening tools, outcome
measures, and biomarkers. They discussed regulatory issues, the challenges posed by trials of different types of
interventions, and the need for standardization and harmonization. The Task Force concluded with
recommendations for advancing the field toward better clinical trials.
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Introduction
Sarcopenia, the age-related loss of skeletal muscle mass and
strength is a major component of frailty, with important
consequences for further disability and mortality (1).
Prevalence estimates range from 5-13% among 60-70 years old,
and as high as 11-50% in those over age 80 (2). Yet despite its
significant contribution to morbidity and mortality, many
questions remain about the pathophysiology and optimal
management of the syndrome. With this in mind, a task force of
academic and industry leaders from both the United States and
the European Union met in Orlando, Florida on December 5,
2012, prior to the International Conference on Sarcopenia
Research (ICSR), to develop guidelines that would facilitate the
design and execution of successful, informative, randomized
controlled trials. The task force reviewed results from previous
trials in related disease areas to extract lessons relevant to
future sarcopenia trials, including practical issues regarding the
design and conduct of trials in elderly populations, the
definition of appropriate target populations, and the selection of
screening tools, outcome measures, and biomarkers.
At least four operative definitions of sarcopenia have been
published (3-6), and while they are all fundamentally similar,
citing low muscle mass and problems with physical function,
the lack of consensus on an accepted definition has stifled
progress toward advancing understanding of the condition,
developing new treatments, and conducting clinical trials (7).
Sarcopenia is a major component of the geriatric syndrome of
frailty (8); thus elderly individuals with sarcopenia are at
increased risk of being frail. Moreover, there are many shared
pathways between sarcopenia and frailty, including physical
inactivity, hormonal changes, loss of motor units, hypoReceived May 31, 2013
Accepted for publication June 3, 2013

nutrition, inflammation, and chronic diseases. Thus, targeting
sarcopenia may represent a means of preventing frailty and
dependency.
Sarcopenia , however, is frequently overlooked in clinical
practice and geriatric medicine has not yet fully embraced
sarcopenia as a condition to target with interventions. In
addition, many adults with sarcopenia are not seen by
geriatricians but by general practitioners, primary care
providers, or some other type of specialist, e.g. cardiologist,
oncologist; and these specialists as well as general practitioners
may not be trained to assess muscle loss, weakness, and
functional loss. Furthermore, many people, including health
professionals, believe that poor functional capacity, weakness,
and loss of skeletal muscle mass are unavoidable in old age.
Despite these impediments, many initiatives driven by
governments, academic centers, or medical societies are
presently implementing assessment of sarcopenia into clinical
practice (9).
Lessons from previous trials
Many studies have documented a decline in muscle strength
and muscle mass as people age. Even older, competitive weight
lifters experience declines in strength that follow a similar
trajectory as is seen in more sedentary adults (10, 11) yet since
they start at a higher level they may not lose a sufficient
amount of lean mass to reach the threshold for sarcopenia.
Exercise training has been tested in many trials for its ability to
slow the decline of muscle function in older adults (12-15).
Most of these use the American College of Sports Medicine
(ACSM) recommendation of moderate velocity resistance
training at 70-80% of maximum strength at least two to three
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times per week; and most assess knee extension strength as an
outcome measure. These studies taken together indicate that
resistance training can stabilize or increase muscle mass and
delay the development of sarcopenia. Resistance training has
also been shown to lower mortality and nursing home
placement following hip fracture (16). A suggested alternative
to resistance training incorporates blood flow restriction (BFR)
into a low-intensity training regimen, and this results in muscle
hypertrophy and increased strength (17). Recent data suggest
that the underlying mechanism for this is the proliferation of
myogenic stem cells resulting in muscle hypertrophy (18).
Whether strength training increases physical function is a
more complex question, since multiple factors affect function,
including pain, weakness, balance, endurance, coordination,
and fear. Multiple randomized controlled trials have
demonstrated a significant beneficial effect from resistance
training in older people (19). One reason for the inconsistency
is that many of the studies have examined older people who are
already highly functional. The data are very consistent with
regard to weak or frail older people; a substantial increase in
strength, gait speed, stair climbing power, and spontaneous
activity. However, in order to demonstrate a reduced incidence
of sarcopenia, multi-year follow-up studies are needed. The
LIFE-Pilot study randomized participants to either a Physical
Activity (PA) intervention, which involved a combination of
twice weekly supervised aerobic and resistance exercise as well
as home-based exercises over one year, or to a successful aging
(SA) intervention, which involved weekly educational
workshops. Primary outcome measures were walking speed and
performance on the Short Physical Performance Battery
(SPPB). After 12 months of treatment (20) and for two years
after that (21), individuals in the PA group performed
significantly better than those in the SA group (p<0.001 at 12
months, p<0.15 at 36 months), suggesting that it may be
feasible to intervene and change the trajectory of the functional
decline. Moreover, these results suggest that treatment trials of
only one year using surrogate outcomes of physical disability
such as walking speed and SPPB may detect a treatment effect.
Obesity in elders further complicates the evaluation of
sarcopenia, since individuals who are obese typically have
greater muscle mass than their thin peers (22, 23) and weight
loss causes loss of muscle. In the LIFE-Pilot study, positive
benefits from the PA intervention were attenuated in obese
individuals (24). Other clinical trials randomized obese older
adults into four groups: weight management alone, exercise
training alone, a combination of weight management and
exercise training, or a control group; these trials showed that
while diet alone increased physical performance, the
combination of diet and exercise produced even greater
improvements (25, 26).
Trial design issues
Trial design must take into consideration the nature of the
intervention, i.e., lifestyle modification, such as weight loss or
613

increased protein intake, or a pharmacological treatment. If the
latter, the trial must be focused on the pharmacology of the
drug. In either case, endpoints should be specific to the type of
study. In a proof of concept study, for example, appropriate
endpoints might be change in strength and muscle mass; while
in a phase 3 or registration study, functional improvement along
with some patient-reported-outcome would be necessary.
Target population – Screening to identify a potential
sarcopenia target population for a clinical trial ideally would
utilize simple tests that do not require time consuming,
complex, or highly specialized methodologies. Such an
approach has also been taken, for example, in identifying frailty
using the International Academy of Nutrition and Aging
(IANA) five-question FRAIL scale, which has been validated
by Morley et al (27). A screening tool based on simple
questions rather than actual measurements have also been
developed for assessing risk of osteoporotic fractures (28). A
screening tool for sarcopenia, the SARC-F (Strength, based on
difficulty lifting or carrying 10 lbs, Assistance with walking,
Rise from a chair, Climb stairs, Falls) has been proposed by
Morley and colleagues. Over a 9-yr period, this tool has shown
to be an excellent predictor of changes in activities of daily
living (ADLs) and instrumental activities of daily living
(IADLs), as well as hospitalization, slow gait speed, and
mortality (unpublished). However, the real question is how the
SARC-F score relates to sarcopenia as diagnosed by one of the
more accepted definitions rather than whether they predict
adverse outcomes. Sarcopenia includes both low muscle mass
and poor function; thus the presence of poor function alone is
not necessarily sarcopenia, but may be related to any number of
co-morbid problems not related to muscle. More work will thus
be required to assess the relationship of SARC-F score to
measured sarcopenia.
Another approach would be to identify frail older adults in
general practice settings as done at Gérontopôle of Toulouse,
placing emphasis on the subjective impression from the general
practitioner. Using this subjective approach in this setting, it
was found that 94% of those referred were frail (53%) or pre
frail (41%) according to Fried’s criteria (9).
Once a potential target population has been identified (i.e. a
frail elderly population), sarcopenia should be objectively
identified before enrolling the participants in a trial. Based on
the sarcopenia definition, strength (mainly grip strength) and/or
physical performance (4 meter walk or the 400 meter walk),
and muscle mass need to be assessed. Based on the availability
of imaging techniques, strength and performance could be
assessed in a first step to further narrow the target population
which could finally be assessed for body composition
parameters (29). Appropriate subjects to screen for sarcopenia
can be found in outpatient clinics, although this approach may
limit access to those who develop sarcopenia as a consequence
of hospitalization for an acute illness. Other target populations
include chronically ill frail older adults and patients with acute
sarcopenia, for example as a result of confinement to a hospital
bed for many days. Studies show that within ten days, healthy
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elderly patients lose about a kilogram of muscle mass along
with significant loss of function (30). It may also be helpful to
screen potential subjects for nutritional status using one of
several nutrition screening tools (31). Exclusion criteria may
include malnutrition or severe functional impairments. Subjects
with other co-morbid conditions may be included but the
comorbidities should be included in the analysis (32).
Outcomes - Sarcopenia is a disabling condition; thus
outcome measures must be related to meaningful changes in
physical function. Strength itself may be a useful clinical
outcome, but only as it relates to a change in physical function.
Studies need to include physical function or other parameters
associated with disability in order to provide informative
determinants of strength and function. In addition, physical
function is affected by many factors beyond strength, such as
executive function, motivation, depression, and pulmonary
function.
In a drug trial for sarcopenia, a composite outcome of
increase in muscle mass and increase in performance or
strength may be needed. Strength could, however, play a
surrogate role to assess future functional change (33). Both
moderate and high intensity exercise increases fitness and
function, improve walking distance and stair climbing power.
In addition, there is a self-efficacy component that contributes
to functional gain in exercise trials of strength, since when
people feel stronger and are able to push more weight, their
performance improves even further.
To improve the value of strength as an outcome in
sarcopenia trials, minimally important differences related to
physical function need to be established as well as the
association of changes in skeletal muscle mass with strength
and physical function in a sarcopenic population. For nonexercise trials of anabolic therapy, it will also be important to
identify responsiveness of strength measures to changes in
skeletal muscle mass. Outcome measures must be reliable and
valid and should also be related to the underlying disease
process. Further, consideration must also be given to practical
issues specific to the target populations, including issues of cost
and space for equipment, and whether assessments will need to
be done in the home with portable equipment.
Grip strength is a commonly used measure of strength in
elderly populations and is useful across multiple study sites.
Grip strength is thought to be useful if there is a systemic effect
of intervention, although it does not change as quickly as
muscles targeted by exercise in most intervention trials. Thus it
may be better used for screening and patient stratification (after
also stratifying on gender and nutritional status) rather than as
an outcome measure. Since loss of function in people with
sarcopenia typically manifests as poor mobility, a test of lower
extremity strength, such as the one-repetition maximum (1RM)
leg press test (34), is often used as a proxy outcome measure.
The leg press test has high test-retest reliability even when
administered by novices, requires little motor learning by
patients and has a low risk of injury. However, in longitudinal

epidemiology studies, lower extremity strength was no better
than grip strength in predicting impaired physical function.
Mobility performance measures such as gait speed, SPPB,
stair climbing time, the 400 meter walk, and six minute walk
distance (6MWD) are commonly used functional measures,
although much of the evidence supporting their use comes from
studies of healthy, community-dwelling populations, while part
of the target population in sarcopenia trials is more physically
impaired and sicker. However, in a pooled analysis of nine
cohort studies, gait speed was shown to be associated with
survival in older adults (35); and in the Women’s Health and
Aging Study, a study of disabled older women, the SPPB was
shown to be reliable and sensitive to change (36). Secondary
analysis of data from community-dwelling elders and subacute
stroke survivors also showed that gait speed, 6MWD, and
SPPB all yield potential thresholds for detecting clinically
meaningful changes (37). Accelerometers may also be used to
assess activity as a measure of mobility although these devices
raise concerns about subject compliance and interpretation of
the data when there is an exercise component to the trial.
Functional measures, such as the Activities of Daily Living
(ADL) scale, have potential as outcome measures in sarcopenia
trials, although the current scale is not sensitive to changes over
time.
Self-report measures are an alternative to performance
measures, offer some advantages in terms of simplicity and
cost savings, and have been shown to have comparable validity,
sensitivity, and responsiveness to change in subjects followed
after hip fracture (38). In the LIFE-Pilot study, several selfreport measures confirmed that in this population as well,
participants perceived change when performance changed (39).
The optimal primary outcome may thus be one that measures
function or mobility (objectively captured or simply selfreported by the patient.
Biomarkers and imaging
Three imaging technologies – Dual energy x-ray
absorptiometry (DXA), computed tomography (CT), and
magnetic resonance imaging (MRI) – are widely used to assess
changes in muscle mass during clinical trials. Each of these has
strengths and weaknesses. DXA measures precisely whole
body and regional fat and lean mass using very small doses of
radiation and is widely available in many countries, yet
reproducibility across sites is limited by operational and
methodological differences between different manufacturers
and software developers and hydration status of the patient. CT
provides a more direct and precise measure of muscle by
measuring regional changes in skeletal muscle cross-sectional
area (CSA), yet costs are high and CT is associated with
significantly higher radiation exposure compared to DXA. MRI
provides similar precision as CT with no radiation exposure, as
well as additional capacity for multiple slice acquisition, yet
costs are higher and there are additional technical
complications. Ultrasound is another imaging modality that
614
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Table 1
Outcome measures for sarcopenia trials

Strength measures

Measure

Advantages

Limitations

Handgrip Strength

Simple and quick to administer
Portable equipment
Easy to train administrators
Well-established marker of global muscle
strength and health status
Tests lower extremity strength
High test-retest reliability
Easy to train administrators

Not sensitive to changes or interventions
Does not assess lower extremity strength
Lack of dynamometers in every clinical setting
Limitations in the currently available thresholds of
risk
Space and equipment requirements
Requires trained staff to assess the patient
Mainly for research use
Not a measure of functional capacity
Lack of dynamometers in every clinical setting
Limitations in the currently available thresholds
of risk
Mainly a screening instrument (global marker
of wellbeing)
Best performed with clock and switch mats

Leg press test

Knee extension strength

Lower extremity function measures

Gait speed

SPPB

400 meter walk

6 minute walk distance

Timed Up and Go test

Disability measures

ADL scale

Self reported measures

Muscle mass measures

DXA

CT

MRI

Ultrasound

Metabolomics profiling

Mass spectrometry

Possible assessment with portable device
Correlated with lower extremity muscle
functioning
Simple, reliable, and sensitive to change
Highly reproducible
Easy to administer
Requires little space
Well-established marker of global muscle
strength and health status
Inexpensive
Reliable and sensitive to change

Mimics key activity in daily life
“Hard outcome” (marker of mobility
disability)
Optimal outcome measure for trials on
physical disability (dichotomous variable)
Mimics key activity in daily life
Measure of cardiorespiratory function
Reliable and sensitive to change
Existence of established thresholds of risk
Potential conversion of results into
physiological parameters
Acceptable by regulators for other
conditions such as heart failure, COPD,
muscular dystrophy.
Reliable and sensitive to change

Simple, reliable method of identifying
core self-care activities
Measure of physical disability
Simple
Inexpensive
Possibly sensitive and responsive to
change
Widely available
Precision 1-4%
Evaluation of adipose, muscular, and
bone compartments
Assessment of the organism as a whole as well as
of specific sections of it
Precision 1-3%
Measures direct physical property of muscle
Precision 1-3%
Agreement with CT
No radiation exposure
Capacity for multiple slice acquisition
Inexpensive
Widely available equipment
Useful for bed-ridden or mobility impaired individuals
Possible identification of novel biomarkers
Low patient burden
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Its predictive value is qlmost equivalent to that of t
he only gait speed test
More time consuming than other mobility
measures
Ceiling effect.
Space requirement
Mainly for research environment

More time consuming than other physical
performance measures
Space requirement
Stresses the physiological reserves to exhaustion
(caution is required in frail older persons)

Its predictive value is almost equivalent to that of t
he only gait speed test
More time consuming than other mobility
measures
All items not related to muscle strength

Subjective evaluations potentially affected by third
factors
Reliability
May or may not be sensitive to changes in muscle
mass or function
Radiation exposure (low dose)
Excessive variability across instruments and sites.
Does not directly measure muscle.
Complicated by changes in body water
Methodology related confounders
Radiation exposure
High cost
Does not provide a measure of total muscle mass
Technically complex
High cost
Availability is geographically dependent
Limited experience in sarcopenia studies.Does not
measure muscle mass
Operator-dependent
Expensive
Still in an early exploratory phase of development
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provides information similar to that obtained using MRI, and it
is much cheaper and easier to acquire data of specific body
regions, although it has not been traditionally used in the area
of body composition change in the elderly.
In an interventional study testing the ability of protein
supplementation to improve exercise-induced increases in
muscle mass and strength, these various measures provided
variable responses (40). For example, at baseline, muscle CSA
by MRI was highly correlated with left leg muscle mass by CT,
yet the change in response to treatment showed much weaker
correlations, despite the fact that training load was consistent.
New measures under investigation
A method has been developed that uses mass spectrometry
to determine total-body creatine pool size as a direct measure of
skeletal muscle mass (41). This approach uses a single, orallyadministered dose of creatine-(methyl-d3) followed by
measurement of urinary D3 creatinine. In rats, the creatine pool
size determined using this method has been shown to correlate
with lean body mass and corresponded with predicted total
muscle mass, thus providing a measure of changes in skeletal
muscle mass.
Interventions: exercise, multidomain treatment
While many studies have supported the use of exercise as a
treatment for sarcopenia, there are currently no clear guidelines
from the research community that provide guidance to
clinicians on prescribing exercise for this specific condition,
i.e., what types of exercise, frequency, duration, and dose.
Moreover, while there is widespread belief that physical
activity will improve health outcomes in older adults, the
evidence supporting this and delineating the optimal amount of
exercise and the duration is weak. However, design features
from large randomized trials of exercise in “mobility limited”
or at-risk older adults could applied in drug trials for
sarcopenia.
The LIFE-Pilot study, discussed earlier, laid the groundwork
for the LIFE study, the largest and longest duration study of its
kind to assess the effectiveness of a moderate-intensity physical
activity program, including strength training, compared to a
successful aging health education program. The LIFE Study is
not a study of sarcopenia, its participants may or may not have
sarcopenia, and sarcopenia is not an outcome of the study.
However, it provides some insight into recruitment and
feasibility of interventions. Recruitment of 1,600 participants,
age 70-89 with a sedentary lifestyle and at high risk for
mobility disability (SPPB score of 9 or less) but able to walk
400 meters in less than 15 minutes, was completed last year. At
least 45% of the subjects have SPPB scores less than 7 and at
least 22.5% are minorities. In order to enroll 1,600 participants,
many strategies were used. The recruitment process began with
a phone screen of 14,000 people, followed by screening with
the SPPB and Community Healthy Activities Model Program

for Seniors (CHAMPS) questionnaire, and then the 400 meter
walk. The total cost of recruitment was $1.3 million, or $840
per randomized participant. After two years, fewer than 4% of
randomized participants have been lost to follow up. Subjects
will be followed for two to four years to test whether the
lifestyle modification persists.
Drugs are also under investigation for the treatment of
sarcopenia. For example, testosterone has been tested and
shown to be effective in reversing sarcopenia in humans and
mice through the regulation of myostatin and the activation of
signaling pathways that lead to satellite cell proliferation and
differentiation (42). In addition, several selective androgen
receptor modulators (SARMs) and anti-myostatin therapies are
tested in early phase efficacy trials (43). Other pathogenic
factors underlying the development of sarcopenia may also
represent potential targets for future pharmacological
interventions. For example, there may be a neurogenic form of
sarcopenia involving destabilization of the neuromuscular
junction (NMJ) by proteolytic cleavage of agrin, a protein
involved in the development of the NMJ (44). While there have
been no studies demonstrating an effect of agrin on muscle
mass, studies do suggest that agrin may be a marker for
sarcopenia (45). Unfortunately, further studies are still needed
before pharmacological interventions will be available for
sarcopenia. In particular, safety issues and the relatively recent
development of research in the field still limit the clinical
adoption of available molecules.
Dietary interventions and nutritional supplements are also
under investigation for the treatment of sarcopenia. For
example, high dose essential amino acid (EAA)
supplementation may help preserve function in physically
inactive elderly people confined to bed (46). HMB (β-hydroxy
β-methylbutyrate), a metabolite of leucine, is also being
investigated in a bed-rest model as a means of preventing
muscle loss in elderly people and those with chronic diseases
(47).
Regulatory issues: FDA qualification
FDA approval requires 1) a clear indication, i.e., a disease or
condition that is the target of drug treatment, prevention, or
diagnosis; 2) context of use, i.e. a defined disease, target patient
population, trial design features that are relevant to the
outcome, labeling, or promotional claims; and 3) a clinical trial
outcome assessment (COA), i.e., a drug development tool
(DDT). Currently, sarcopenia is not recognized as a disease by
the FDA and therefore may not be considered an indication that
could lead to a drug approval. The FDA has signaled that it is
open to functional outcomes in clinical trials, although muscle
strength and other impairments would not be considered
treatable indications.
The FDA published a draft guidance for industry regarding
the qualification process for DDTs (48), which provides a
framework for interactions between sponsors submitting DDTs
616
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for approval and the FDA’s Center for Drug Evaluation and
Research (CDER). The qualification guidance outlines a twostage process: the consultation and advice stage begins with a
letter of intent, which is followed by submission of a briefing
package, an initial meeting, and a period of investigation and
further development of the DDT. In the second stage, a formal
qualification package is submitted for review and discussion,
and the CDER makes a recommendation regarding
qualification. Once a DDT has been qualified, it can be used by
drug developers for the qualified context in Investigational
New Drug (IND), New Drug Application (NDA), or
Therapeutic Biologic Applications (BLA) to the FDA.
The Alliance for Aging Research (www.agingresearch.org)
has initiated a project called Aging in Motion (AIM) to
promote research and innovation and raise awareness around
health and quality of life issues resulting from sarcopenia and
age-related functional decline. The Scientific Advisory Panel of
AIM is planning to submit a letter of intent to the FDA,
probably recommending the use of gait speed and SPPB as
functional outcomes. However, there remains a question
regarding which branch of the FDA would make decisions on a
drug for sarcopenia, since there is no geriatrics section, nor one
that deals specifically with functional decline. The lack of
consensus on a clear definition for sarcopenia further impedes
progress with the FDA.

mass
- Development of better patient reported outcome (PRO)
scales.
Finally, the Task Force stressed the need to engage families
and physicians in efforts to address the problems of frailty (51)
and sarcopenia in the rapidly aging population; and the need to
identify novel funding mechanisms to support future trials.
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