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Abstract

The target population for clinical trials aimed at sarcopenia depends on the goals of treatment and 

the expected natural history of sarcopenia. Based on a natural history where loss of muscle mass 

and/or quality leads to loss of strength, and eventually to reduced mobility and functional 

dependence, treatment goals can be defined for both preventive and therapeutic interventions. For 

example, a target population with low muscle mass and poor strength could be treated to prevent 

the onset of mobility disability, or a target population with low muscle mass and poor strength 

with mobility disability could be treated therapeutically to improve mobility. Eligibility for a trial 

should also be based on careful consideration of factors that affect 1) the ability to respond to 

treatment, 2) the safety of treatment, 3) expected prevalence and 4) feasibility.

Before a target population for clinical trials on sarcopenia can be determined, sarcopenia 

must be defined and two main issues must be considered. Since there is substantial 

controversy about the definition of sarcopenia, for the purpose of this report, the term 

“muscle impairment” will be used to indicate an age-related disorder of muscle structure and 

function. Of the two main issues related to clinical trials, the first is to determine whether the 

expected effect of treatment is to prevent future problems or to cure and/or reduce the 

severity of a current problem. Whether prevention or treatment, goal setting also depends on 

the types of problems to be prevented or treated. In the case of muscle impairment, the 

problem could be straightforward muscle weakness or reduced muscle mass. However, if the 

outcome of the trial is mobility disability, we would need to select participants in whom 

muscle impairment is likely to be primary cause of the mobility reduction, or in whom the 

increment in muscle function can improve mobility, regardless of its cause. Second, after the 

goals of treatment have been defined and the main features of eligibility determined, the 

types of exclusions must also be considered. Treatment should be limited to those with 

potential to respond. Those affected by conditions that most definitively cannot be improved 

by the target treatment should be excluded. For example, improvement of muscle strength in 

a subject with severe polyneuritis or ALS is unlikely, whatever the treatment. Lack of careful 

characterization and use of inclusion/exclusion criteria may perhaps explain why many 

clinical trials on sarcopenia, especially those that tested pharmacological agents, have been 

disappointing (see Onder and Bischoff-Ferrari in this series).

An important obstacle that hampers the progression of this important area of research is the 

reluctance of regulatory agencies to approve potential interventions for sarcopenia or any 

other geriatric condition that cannot be clearly identified using criteria that are widely 

acknowledged by researchers and clinicians in the geriatric field (1, 2). While the word 
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“sarcopenia” appears in scientific articles and even in textbooks, it is often used to indicate 

quite different conditions. Note also that when the goals of treatment and necessary 

exclusions become clear, “diagnostic criteria” can be proposed to be used as clinical 

indications.

This report will address what is known about different factors that can be used for the 

selection of a target population, current gaps in knowledge and priorities for future research. 

While a separate report will address issues related to outcomes, there are critical interactions 

between target populations and outcomes, so that the two reports have multiple areas of 

overlap.

This report is based on concepts about how problems of aging differ from traditional disease 

models and is based on work by Ferrucci et al regarding the effects of homeostatic 

dysregulation (3). (Figure 1) Sarcopenia, like other geriatric syndromes is likely to be 

multifactorial and consequences are likely to be influenced by coexisting conditions as well 

as sources of reserve and compensation. These phenomena influence the conceptualization 

and implementation of clinical trials. A general model is presented in Figure 2 (4). For the 

purpose of designing clinical trials in the area of sarcopenia, these concepts can be applied 

more explicitly as in Figure 3, which is based on a model of the relationship between low 

muscle mass, strength and disability. Like many such models, it is built on a mix of 

disablement model theories (5, 6). As is true for many conditions of aging, the focus of 

interventions is more likely to be on functional status rather than mortality or disease 

control. In this case, a disablement model can be used to define the target population. Since 

aging populations are notoriously diverse and frequently have multiple co-existing 

conditions, the model can also help define potential modifiers of response to treatment that 

can be incorporated into population targets as exclusion criteria, sample strata or cofactors 

for pre-defined subset analyses.

Conditions (Studenski Ferrucci and Resnick in press)

Selection of a target population is obviously complicated by the lack of agreement about the 

definition of the term sarcopenia. As discussed in several other papers in this series, there is 

not current agreement on key issues. First, there is no consensus on even the most basic 

operational definitions of low muscle mass. We do not yet know what muscle areas of the 

body should be included, how they should be measured or how to take body fat into account. 

In addition, muscle impairment is typically a condition that is manifested in very long lived 

individuals. Unfortunately, only a small number of these long-lived individuals have been 

enrolled in observational studies, and many of those who are studied are no longer healthy, 

or at least not healthy enough to serve as a reference population. Thus, a fundamental source 

of information that could substantially advance the field would be to collect extensive data 

on muscle characteristics in individuals selected as healthy based on strict criteria and 

dispersed over a wide age-range. Studies now in the field that focus on extreme health and 

longevity may provide this information in the future.
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Clinical Trials

Up to 10 years ago, the selection of a criterion for the definition of sarcopenia would have 

been straightforward: low muscle mass. The discussion would have been about the threshold 

value that is most predictive of disability. The situation is now more complicated because the 

emerging consensus is that sarcopenia, defined as low muscle mass, is not always associated 

with low strength (7). The epidemiological evidence, reviewed elsewhere in this series, is 

fairly convincing that strength is a better predictor of poor physical performance and 

disability compared to low muscle mass. Clinical trials of strength training consistently find 

that strength improves before mass increases. In clinical trials of resistance training or 

anabolic agents, the magnitude of strength gain is variably associated with the magnitude of 

mass gain (8–11). Consequently, in clinical trials of disability prevention or treatment, the 

target population for treatment of sarcopenia as a contributor to disability probably cannot 

be defined based on mass alone, but must also consider strength. The problem then becomes 

that not all cases of weakness are due to low muscle mass and there is no agreed upon 

definition of clinically important weakness.

Since not all sarcopenia causes weakness or disability, and not all weakness is due to 

sarcopenia, an alternative approach to defining the target population for trials takes a more 

clinical perspective. Based on recommendations from the preliminary international 

conference held at the Baltimore Longitudinal Study of Aging in August of 2008, the target 

population for clinical trials could be defined using a typical “presenting complaint” and 

“differential diagnosis” approach (Table 1). Based on models of disability, a potential trial 

population would be defined based on deficits in physical performance that are attributable 

to weakness and low muscle mass. Members of the BLSA conference felt that physical 

performance measures could be used to define significant mobility limitation and that these 

measures could be used along with receiver operator curves and other analytic strategies to 

define clinically meaningful states of muscle weakness, which might then be used to define 

a population with weakness and low muscle mass. In order to validate this strategy prior to 

performing trials, such a population could be characterized both cross-sectionally and 

prospectively using currently available data from existing cohort studies. This work is the 

topic of an ongoing effort on the part of the Foundation of the NIH.

Clinical trials in older adults are beset with unique challenges that affect all aspects of 

design and implementation, including selecting a target population (12). The key 

considerations about eligibility and exclusions relate to responsiveness. Participants should 

either be at increased risk for future disability or be in a potentially reversible and probably 

not advanced phase of disability. Another major challenge regarding the target population is 

the presence of coexisting conditions. Older participants are likely to have coexisting 

conditions that potentially modify responsiveness. A major task for the designer of clinical 

trials is to decide which co-existing conditions to exclude and which ones to accommodate 

via stratification or secondary analyses of subsets. Certainly individuals with increased risk 

of adverse treatment events or competence issues most likely should be excluded. Perhaps in 

early trials to first detect efficacy, conditions that might limit responsiveness, such as 

congestive heart failure or arthritis pain, could be excluded. However, as noted by BLSA 

conference participants, the effect of such conditions on mobility disability might well be 
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reduced by interventions on strength and muscle mass, so eventual trials should include 

them. It is possible to define sets of conditions that might affect proposed primary pathways 

from sarcopenia to weakness to disability. The goal of the investigator is to define these 

factors, measure them and then decide how to account for them using design and analytic 

strategies. The yellow boxes in figure 2 provide examples of such factors.

Responsiveness also varies between individuals in ways that are not yet clear but are 

amenable to further study. Since there appears to be great heterogeneity of response to any 

intervention targeted at strength or muscle mass gain, it might be useful to go back and try to 

explain variability in responsiveness based on physiological, genetic and clinical factors. 

Such factors might help with population targeting in the future.

Other practical factors that should be considered when selecting a target population include 

prevalence of the condition, feasibility, safety, reproducibility and regulatory issues. Table 2 

includes examples of how the target sample might be created based on all of the factors 

described in this report.

Finally, given the state of knowledge in this area, the following overall recommendations for 

future research can be made.

1. Develop a definition of clinically important weakness.

2. Develop criteria for age related muscle impairment based on the above.

3. Investigate concurrent and prognostic characteristics of older adults with age 

related muscle impairment and weakness.

4. Examine factors that cause variability in response to interventions on muscle mass 

and strength.

5. Account for the clinical perspective and the needs of practitioners when designing 

criteria for target populations.
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Figure 1. 
How problems of aging differ from traditional disease models (Ferrucci 2005)
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Figure 2. 
Contrasting Clinical Trial Design for Single and Complex
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Figure 3. 
A Model of Sarcopeuia and Disablement for use in Designing
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Table 1

A definition of Sarcopenia for Clinical Use: Considerations Identified by an International Work Group BLSA 

August 2008

The goal of this one day research retreat was to identify the most critical and imminent research issues related to potential clinical applications 
for the problem of sarcopenia of aging. The following statements were felt by the group to help guide planning and recommendations.

1 Muscle mass alone, measured multiple different ways, is not consistently a strong predictor of entrent or future function.

2 Muscle strength is a consistent, strong predictor of current and future function and weakness should be considered the key clinical 
indicator.

3 Muscle impairment, reflected as weakness. is likely to be a geriatric syndrome in which there are multiple potential concurrent 
pathophysiological contributors.

4 Since functional performance is influenced by both impairments and compensations, it may be mat superior capacity in some 
elements can compensate for deficits in others, and improving strength might improve function even in the face of other 
impairments. In particular, integrity of muscle strength has a fundamental role in compensating for impaired physical function due 
to neurological problems. Thus, effective prevention and treatment of sarcopenia in older people can be important even when the 
primary cause of impairment is not sarcopenia.

5 Epidemiological approaches that nave been used to develop a definition of muscle impairment and assess the possible role of muscle 
quantity and quality should be complemented by analyses driven by a clinical perspective. The diagnosis of “poor muscle strength” 
in older persons is tampered by the lack of availability of reference data, especially from healthy older people at the end of the age 
spectrum. In fact, most of the available data for people 85+ are from small series and in unselected individuals, often affected by 
substantial morbidity.

6 We should take a clinical perspective in our research. We can approach the problem as clinician would: work backwards from a 
“chief complaint” and clinical findings, eventually ending up at diagnostic strategies that might be useful for prognosis and 
treatment. An example could be those who present with mobility problems by self report or performance, then are assessed for 
muscle strength. Among weak persons with a mobility problem who should be assessed for low muscle mass? We may need to 
separate research issues related to strength from those related to strength combined with muscle mass. We cannot address this 
problem if we do not develop age-specific criteria for “poor strength”

7 We should use data sets that include a wide range of muscle impairment and mobility disability and may want to include clinical as 
well as population-based samples.

8 We need to consider what conditions or clinical findings should be considered “exclusions” from further analyses. Eg ?stroke 
parkinsons
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Table 2

Target Populations for Clinical Trials in the Area of Sarcopenia: Factors that Influence Selection

Goal of Intervention Prevention Treatment

Need for Treatment (Indication) Weak, low muscle mass. decreased mobility 
performance, no current mobility disability but 
increased risk of future mobility disability

Weak, low muscle mass, decreased mobility 
performance, mobility disability

Ability to Respond to Treatment Presence of treatable contributor to low muscle 
mass

Presence of treatable contributor to low 
muscle mass

Factors that prevent increased mass, from 
producing increased strength

Rate limiting neurological conditions
? severe pain

Rate limiting neurological conditions
? severe pain?

Factors that prevent increased strength 
from producing increased mobility 
performance

Rate limiting cardiopulmonary conditions Rate limiting cardiopulmonary conditions

Factors that prevent increased mobility 
performance from affecting mobility 
disability

Cognitive and mood disorders Cognitive and mood disorders

Environmental factors Environmental factors

Physical activity Physical activity

Factors that are likely to modify response 
to treatments that increase muscle mass

Gender Gender

?age ?age

Body fart Body fat

Genetics Genetics
Nutrition
Activity

Prevalence Prevalence of indication is high BUT the 
population size is reduced by other requirements 
eg presence of a treatable contributor and 
absence of factors that limit treatment

Prevalence of indication is high BUT the 
population size is reduced by other 
requirements eg presence of a treatable 
contributor and absence of factors that limit 
treatment

Safety issues Presence of conditions that affect tolerance eg 
diabetes, fluid retention

Presence of conditions that affect tolerance eg 
diabetes, fluid retention

Feasibility Outcome rate eg onset of mobility disability is 
critical

Presence of mobility disability affects ability 
to travel and participate in trial

Consider attrition issues in sample size 
estimates

Consider attrition issues in sample size 
estimates

Effect of criteria on recruitment screening 
activities eg screen to recruit ratio and related 
costs

Effect of criteria on recruitment screening 
activities eg screen to recruit ratio and related 
costs

Reproducibility Reliability of key measures of mass, strength, 
performance in clinical hands

Reliability of key measures of mass, strength, 
performance in clinical hands

Regulatory factors Validity and specificity of definition
Ability to determine eligibility eg can clinicians 
detect the indication?

Validity and specificity of definition
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