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Abstract
Sarcopenia is the age-related involuntary loss of skeletal muscle mass and functionality that can
lead to the development of disability, frailty and increased health care costs. The development of
interventions aimed at preventing and/or treating sarcopenia is complex, requiring the adoption of
assumptions and standards that are not well established scientifically or clinically. A number of
investigators and clinicians (both from academia and industry) met in Rome (Italy) in 2009 to
develop a consensus definition of sarcopenia. Subsequently, in Albuquerque (New Mexico, USA)
in 2010, the same group met again to consider the complex issues necessary for designing Phase II
clinical trials for sarcopenia. Current clinical trial data indicate that fat-free mass (FFM)
parameters are responsive to physical activity/nutritional treatment modalities over short time
periods, but pharmacological trials of sarcopenia have yet to show significant efficacy. In order to
conduct a clinical trial within a reasonable time frame, groups that model or display accelerated
aging and loss of FFM are necessary. Few studies have used acceptable designs for testing
treatment effects, sample sizes or primary outcomes that could provide interpretable findings or
effects across studies. Dual energy x ray absorptiometry (DXA) is the measure of choice for
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assessing FFM, but sufficient time is needed for changes to be detected accurately and reliably. A
tool set that would allow clinical, basic and epidemiological research on sarcopenia to advance
rapidly toward diagnosis and treatment phases should be those reflecting function and strength.
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Introduction
This was the second meeting of this international group of scientist and geriatricians, many
of whom were at a first meeting in Rome in 2009 (1). In Rome, this group proposed a
consensus definition of sarcopenia (1): “Sarcopenia is the age-associated loss of skeletal
muscle mass and function. Sarcopenia is a complex syndrome that is associated with muscle
mass loss alone or in conjunction with increased fat mass. The causes of sarcopenia are
multi-factorial and can include disuse, changing endocrine function, chronic diseases,
inflammation, insulin resistance and nutritional deficiencies. While cachexia may be a
component of sarcopenia, the two conditions are not the same”. There was also consensus
that sarcopenia could be effectively targeted by assessing physical functioning in at risk
patients.

The purpose of this second meeting by the group in Albuquerque, New Mexico was to
consider current scientific and clinical evidence for measured variables and outcomes
necessary in the design and development of phase IIB trials based on their consensus
definition for sarcopenia. Phase II trials assess treatment effect as case series or randomized
controlled trials, and phase IIB trials are designed specifically to study the efficacy of a
pharmacological agent or treatment regimen at a prescribed dosage within an economically
reasonable time frame. At the meeting in Albuquerque, the topics discussed by the group
regarding the design of phase IIB trials included a literature review, target populations, study
design (sample size, methodology, etc.), primary outcomes and current experience. The
present paper provides a summary of these discussions of the most relevant evidence in
support of phase IIB trials for sarcopenia.

A Brief Overview of Sarcopenia
There are numerous reviews of sarcopenia in the literature (2–7). Briefly, adult fat-free mass
(FFM) declines with age, and this decline corresponds to concurrent decreases in strength,
metabolic rate, aerobic and functional capacity resulting in significant functional, metabolic
and health consequences in older adults (7, 8). These declines begin with the atrophy and
loss of type II muscle fibers in young adults (9–13) and progresses through adulthood into
old age (14). This age-related decline in FFM can lead to sarcopenia due to a complex
interaction and degeneration of multifactorial age-related environmental and genetic factors
(5, 15) including genetic heritability (16–18), nutritional status (19–24), physical activity
(25–28), hormonal changes (29, 30), insulin resistance (31–33), atherosclerosis (34–36) and
changes in circulating pro-inflammatory cytokines (37).

To date, there is not a unique, well-accepted, validated, and/or standardized way to identify
the presence of sarcopenia in an older person. This deficiency significantly affects each
operative definition and leads to different results. Sarcopenia can be quantified by indexing
FFM or appendicular FFM both from dual energy x-ray absorptiometry by height squared,
fat mass or total mass. Thus, the application of these indices among different age cohorts
results in widely varying estimates of the prevalence of sarcopenia of between 30% to 50%
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in persons over 80 years of age (38) to values of about 10–15% for persons 60 to 70 years of
age (38, 39). Reports of a sex-difference in the prevalence of sarcopenia also vary due to
differences amongst the indices (40–44).

Sarcopenia is clearly an important geriatric condition (45), and its presence is a key
precursor to the development of frailty among geriatric patients, a powerful predictor of late-
life disability and a preventable and treatable condition (6, 7, 15, 46). Sarcopenia should also
be considered in patients who are bedridden, non-ambulatory, or who cannot rise from a
chair unassisted. At the meeting in Rome, there was unanimous agreement that sarcopenia
should be evaluated in older adults with clinically observed declines in physical functioning,
activities of daily living, strength, health status, those experiencing recurrent falls, recent
weight loss, hospitalization, or chronic conditions associated with muscle loss (1). The
clinical recognition of sarcopenia would lead to treatment, the safety and efficacy, all of
which must first be determined in clinical trials (47). This second meeting in Albuquerque
NM addressed these several points.

Designing Phase IIB Trials
Literature Review

A review of the extensive literature on sarcopenia and clinical trials provides limited
information as very few clinical trials are currently available on the topic (4, 48). The
majority of sarcopenia clinical trials have been intervention trials involving physical activity
programs (49–53) and/or dietary supplementation (54–58) as treatments applied to healthy
older adults or to those with compromised nutritional and body composition status. A
representative list of these is presented in Table 1. Only a few studies included large samples
or random or blinded study designs, and the majority were of less than a year's duration
(Table 1). However, some positive effects on FFM are reported for the use of resistance
training combined with increases in dietary protein and fatty acids (54, 59). Current
scientific and clinical trial data indicate that activities that include resistance exercise and
intakes of high quality protein above the recommended dietary allowance can help preserve
and increase FFM among older adults (58, 60).

During the past decade, clinical trials have tested pharmacological interventions toward the
treatment of some measurable aspect of sarcopenia such as muscle mass or strength or
objectively measured variables related to sarcopenia (61–67). As can be seen in Table 2,
these pharmacological trials included small samples, were of short duration and included
older adults who were already health compromised or have some existing hormonal or body
mass deficiency. Most of these used hormonal treatments and measured FFM or strength as
outcomes. Evidence on this topic is strongly limited by the relatively short length of follow-
up. In some 6-month studies, hormonal treatments prevented declines in FFM over the
course of the study (61, 68), but preventing a decline in FFM is not a complete positive
response within so short a time frame considering the level of error in repeated DXA
measurements (7). Only two trials were over 12-months duration which is sufficient time to
detect real changes in FFM by DXA (62, 63) but none were found.

An outcome assessment of these trials indicates that FFM parameters are responsive to
physical activity/nutritional treatment modalities over short time periods (48). The
pharmacological trials of sarcopenia have not yet shown any significant efficacy in the
treatment of sarcopenia, but some have been successful in addressing changes in FFM by
providing stability (4). However, a design issue for all these trials is selecting an outcome
measure that is an accepted identifier and measure of sarcopenia. As can be seen in Tables 1
and 2, both muscle mass and strength are tested either for the whole body or for the legs. As
a result, no study to date has been able to clearly identify a sample of older adults who can
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be defined clinically as having “sarcopenia” which is due in part to that lack of consensus on
its definition (47). The consensus definition by this group is a step toward the application of
a clinical diagnosis for such studies in the future (1).

Target Populations
When selecting the target population for a clinical trial on sarcopenia, several points should
be considered. Sarcopenia is a severe manifestation of the age-related loss of FFM over the
later decades of life. Thus, in order to conduct a clinical trial within a reasonably short time
frame, population groups that can model or display accelerated aging and loss of FFM
artificially enhancing the effects of the applied interventions are potentially candidates (69).
The following groups were proposed and critiqued with their individual weakness and
strengths: healthy sedentary volunteers, older sedendary persons with initial muscle
impairment, Progeroid syndromes patients, groups with limited physical activity due to
acute illness, and groups with chronic conditions.

A group of healthy adults is not suitable for phase II trials because it lacks the essential
characteristics that fit within the constraints of a clinical trial. It would be difficult to recruit
healthy individuals except possibly as a control because they tend to have few clinical and
biological confounders. Those that are active and with diets of sufficient protein will not
potentially respond to treatment (60). A potential subset of healthy volunteers would be
those older persons who have initial musculoskeletal impairments, but among this group, the
onset of the disabling process limits their use for preventive studies and include numerous
age-related comorbidities. However, the selection of these individuals for clinical trials
needs to follow rigorous guidelines because the stage of the disabling process with the
concomitant clinical and biological abnormalities may significantly modify the study
findings. There are potential ethical concerns involved with the inclusion of healthy adults
especially regarding the unknown deliterious effects of long-term followup.

Other potential candidates for clinical trials on sarcopenia might be represented by older
patients with restricted physical function because of concurrent acute or chronic conditions.
By targeting this type of potential participants, investigators should be aware of the
interferences that the specific condition, comorbidities, and/or related treatments may exert
on the physiological mechanisms of the skeletal muscle, possibly modifying the trajectories
of its age-related decline. In this context, it is important to consider that a subject affected by
an acute condition may have a specific enhancement of a biological mechanisms (e.g.,
inflammation) which can bias the evaluation of body composition, driving the model
towards a peculiar condition of the skeletal muscle (e.g., predominantly affected by the
inflammatory status). Subjects with Progeroid syndromes have also been indicated as
potential participants of clinical trials on sarcopenia, but ethical considerations, the relative
rarity of these conditions, and the pathological feature of these diseases mimicking the
physiological aging process make such possibility difficult to follow.

Study Design
Phase IIB trials for sarcopenia must be designed and conducted with rigorous accepted
protocols and recognized measurable and interpretable outcomes. As mentioned above,
available literature of clinical trials on sarcopenia presents several major methodological
limitations, largely due to the lack of a well-established operative definition. Thus, few
studies to date have used acceptable designs for testing treatment effects and/or a sample
size that would provide interpretable findings of treatment effects across studies. There is
also the problem of the lack of identifiable accepted outcomes for sarcopenia. Without
consensus or recommendations on these important design aspects, it is difficult to determine
the clinical relevance, inference, efficacy and safety in a phase IIB trial.
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For example, the definition of sarcopenia according to criteria that more rapidly change over
time may reduce the follow-up duration, but, at the same time, capture aspects of the skeletal
muscle loss which are less pertinent to the long-lasting phenomenon of sarcopenia.
However, since phase II clinical trials should just demonstrate the efficacy of the proposed
intervention on a specific condition, the study design might be more flexible since it is based
on surrogates of the condition of interest.

The design of a study on sarcopenia (as a case series, a randomized controlled trial…) will
be characterized by the same methodological strength and weaknesses of any other trial on
different topics. However, the subtle nature of the sarcopenia phenomenon can present
difficulties. For example, the inclusion of a control group is always amenable, but the
complexity of skeletal muscle loss can significantly impair identification of the correct
reference sample. In fact, such selection can imply the exclusion of the pathophysiological
effects of the aging process which is obviously not possible. Consequently, planning a
statistical accounting of potential confounders in the subsequent data analyses phase of the
trial, and/or the recruitment of young-adult controls can be important to consider.

Pre- versus post-intervention and randomized control trial (RCT) designs have major
limitations in regards to phase IIB studies of sarcopenia. For the pre-/post-interventions,
design problems include the onset of chronic health problems within samples, regression to
the mean and secular changes with age, all of which influence findings. A RCT design
would have to address numerous possible confounders both endogenous such as age, gender,
race, body composition and exogenous ones such as physical activity, nutritional status,
smoking, medications and social support. Clearly a RCT would be the best design for a
phase IIB study leading to Phase III studies, but numerous methodological issues remain
unresolved (47).

Primary Outcomes
For a phase IIB trial to determine efficacy at a selected dose or treatment effect, it is
important that a primary outcome is identified. To be clinically relevant, a certain condition
needs to be clearly defined through the validation of feasible and reliable thresholds
distinguishing normality versus abnormality. This represents a major limiting issue for the
study of sarcopenia. In fact, although several authors have proposed critical cut-points, the
heterogeneity of the studied populations, the multitude of assessing instruments of imaging,
and (more generally) the lack of consensus currently make sarcopenia difficult to be
operatively defined.

Some recommendations propose cut-points for measures or indices of FFM, for the short
physical performance battery or cut-points for walking or gait speed tests (45, 47). These
cut-points should be well-established, but others are multisystemic or have exogenous
factors that are not specific for skeletal muscle. As an example of the problem, a measure of
strength could be considered a primary outcome, but strength is a function of muscle mass
and quality (Figure 1). Muscle mass can only partially explain a reduction in strength, and if
it is low that leads to additional questions and measures as to the reason for a low measure.
If mass is normal, then muscle quality is of concern, and this also leads to several different
interrelated factors underlying muscle quality. Employing this type of design in a large
sample clearly demonstrates the multi-factorial nature of the cornucopia of measures for
sarcopenia, so that the best option might be a syndrome approach to determining muscle
impairment.

If these measures are adopted, investigators should be aware that they are not directly
measuring the skeletal muscle, but rather the effects of its action (Figure 1) with the possible
interactions of a multitude of additional systems and apparati involved in functioning. At the
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same time, a quantitative assessment of skeletal muscle (i.e., measurement of muscle mass)
will only partially describe the sarcopenia phenomenon, because mass does not necessarily
mirror function (or quality). To date, also considering the preliminary evaluations conducted
by Phase II trials, the methodological approach to the sarcopenia definition should be as
comprehensive and multidimensional as possible, possibly evaluating the same aspect of
skeletal muscle with different tools/instrument (thus to obtain confirmatory evaluations to
findings).

Whats is missing in the clinical assessment of sarcopenia is the identification of a clinical
measure. Unlike osteoporosis, there is currently the inability to detect or measure clearly a
consensus treament effect among individuals or groups with sarcopenia. However, the
measurement of bone mineral density of the hip and spine by DXA was realized only after
decades of research and clincal trials. Dual energy x-ray absorptiometry is the measure of
choice for assessing changes in FFM, and if it is to be used in clinical trials, this will require
sufficient time for real changes to be detected accurately and reliably. This is because
problems remain for DXA machines in quantifying FFM serially and for the effects of
machine and manufacturer differences on findings (70–72). In addition, a decision as to
what part of the DXA scan will be used other than whole body as the segmental software of
DXA allows regional determinations, but here again the precision and reliability are
important design issues (71).

From a scientific and clinically relevant standpoint, the identification, measurement and
treatment monitoring of sarcopenia using a single easily administered cost effective test or
measure is not currently possible (80). There is no adequate screening tool for sarcopenia
and potentially promising tools such as walking speed or ability to rise from a chair have not
been analyzed in regards to their sensitivity and specificity in identifying sarcopenia or to
measure and monitor any possible response to treatment. If sarcopenia is a decline in muscle
mass and function (1), then it would be best to include a test of both as the best assessment
of sarcopenia in clinical trials at present.

Consensus
The consensus outcome of the meeting by this group in Albuquerque NM was that phase IIB
trials for sarcopenia are possible and should proceed, but there are significant limitations.
These include the identification of appropriate and optimal target populations, the
management from a design and analysis stand point of the numerous covariates and
confounders associated with chronic disease and the normal and pathological aspects of the
aging process on metabolism, physiology and composition in test and control groups, and
the lack of a set of primary outcomes and a consensus definition (1, 47). If these components
were to be prioritized, the lack of a consensus easy, cost-effective clinical measure(s) to
identify and quantify changes in sarcopenia is of the highest priority in conjunction with a
universally accepted definition. Otherwise, we will continue to apply the many different sets
of measures for muscle mass, quality and function. In the interim, a tool or set of tools that
would allow clinical, basic and epidemiological research on sarcopenia to advance rapidly
toward diagnosis and treatment phases could be those reflecting function and strength such
as chair raises and timed walking distances (49, 81, 82). Consequently, clinical trials aimed
at preventing or treating sarcopenia in older persons should be as much comprehensive (in
terms of adopted approach), cautious, and rigorous as possible in their designs, conduction,
and final dissemination of results.
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Conclusions
This working group critically considered the scope of sarcopenia as a treatable geriatric
condition, proposed a theoretical definition and an assessment of the utility of phase IIB
clinical trials for sarcopenia, leading to the following conclusions:

1. Sarcopenia represents an important prevalent geriatric condition that should receive
increased attention from researchers, clinicians, and public health administrators.

2. A minimal set of screening and assessment tools for sarcopenia needs consensus. In
the interim, the documentation and standardization of a basic set of measures or
tests within a study could provide that perspective.

3. Clinical trials for the treatment and possible prevention of sarcopenia are needed
and considering the heterogeneity and complexity of the aging process should
include controls if at all possible.

4. The precision and reliability of methodology and outcomes are important to
document change as are their sensitivity and specificity in identifying sarcopenia.
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Figure 1.
An example of strength as a primary outcome
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