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Outcome measures in clinical trials
Juergen M. Bauer, Department of Geriatric Medicine, Friedrich-Alexander University  
of Erlangen-Nuremberg, Germany

In order to identify new treatments that can reduce the burden of physical decline among older people, it is 
important to establish guidelines on how these treatments should be developed and tested.1 Janssen et al 
found that reduced skeletal muscle mass was significantly and independently associated with functional 
impairment and disability,2 while Clark et al did not find an association between muscle mass and muscle 
strength.3 Although debate continues regarding the link between muscle mass, strength, and function,  
the current presentation will review ways to assess muscle quantity and quality, as well as physical function, 
in studies of people with sarcopenia. 

Parameters of muscle mass
Muscle mass has been evaluated in older people by estimating total muscle mass, appendicular muscle 
mass, or fat-free mass. Testing methods include anthropometric measures (skin thickness or limb  
circumference), bioimpedance analysis (BIA), dual beam X-ray analysis (DEXA), computerized tomography 
(CT), and magnetic resonance imaging (MRI). DEXA is a reliable method to measure muscle mass (total  
or appendicular SM or estimation of fat-free mass),4 while CT and MRI may be preferred with regard to  
the measurement of body fat (total or visceral). 

Parameters of muscle strength
Muscle strength can be measured as maximum muscle strength or mean muscle strength. Methods used 
for measuring strength of specific muscles or muscle groups include handgrip strength, biceps curl, leg 
press, and knee extension. In practice, there was a linear relationship between baseline handgrip strength 
and incident disability for activities of daily living (ADL)5 and similarly between low knee-extension strength 
and risk for mortality.6 

Parameters of muscle function
Functional performance can be measured using tests such as 6-minute walking distance, stair climb, usual 
gait speed, and Short Physical Performance Battery (SPPB). Performance tests of lower extremity function 
(gait speed and SPPB) have been shown to predict disability across diverse populations.7 Gait speed has 
been widely used as a measure of function; Abellan van Kan Gabor and colleagues have provided an 
overview on cutpoints that predict or reflect functional status (Table 1).

Table 1. Risk cutpoints based on usual gait speed (2009, Abellan van Kan Gabor et al with permission)

Gait speed, m/sec Status/risk 

	 > 1.3 Extremely fit 

	 > 1.0 Healthy older population 

	 < 1.05 Cognitive decline within 5 yrs 

	 < 1.0 Hospitalization within 1 yr 

	 < 0.8 ADL and mobility disabilities within 2 years

	 < 0.7 Death, hospitalization, institutionalization, falls 

	 < 0.65 Death within 6 mo in severe coronary artery disease patients 

	 < 0.6 Functional or cognitive decline, institutionalization, mortality 

	 < 0.42 Functional dependence and severe walking disability 

	 < 0.2 Extremely frail 

	 < 0.15 Institutionalization; highly dependent older person
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Other clinically relevant outcomes
It is also important to consider outcomes that are very important to the study population—activities of daily 
living, quality of life (QOL), falls, fractures, institutionalization, hospitalization and mortality. For example, QOL 
measures in people with mobility impairment revealed that power trainng methods were more favorable 
than conventional strength training.9 Further, functional changes have been indicative of institutionalization 
and hospitalization.
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Discussion
Abellan van Kan Gabor: I like gait speed as a physical performance measure, but Professor Visser spoke 
yesterday about hand grip—the relationship between low handgrip and mortality and onset of disability. 
When we do a physical performance measure, should it be a composite? In a trial we really don’t know 
what will change, so we might include more than one physical performance measure, even if we take just 
one as a main outcome. I also recognize problems with many of these test methods. The problem with 
hand grip is that we need to use the same handgrip machine at all centers. For usual gait speed, a single 
measure could be dangerously unreliable. Perhaps DEXA is the best biomarker of changes, even if we don’t 
know exactly what’s going on with muscle mass. 

Juergen Bauer: In a new protocol, I would include more functional tests. Calculation of study sample  
size must be based on some outcome. At present, the best options are gait speed and Short Physical 
Performance Battery because we have the most information on those two parameters, and we have some 
information about meaningful changes. With regard to hand grip, we lack this same level of understanding. 
In my perspective, hand grip may be appropriate for screening, but it is limited as an outcome measure. 

Catherine Johnson: Would it be appropriate to have co-primary variables—for example SPPB and either 
hand grip or knee extensor strength? And then use functional tests or DEXA as secondary variables?  

Juergen Bauer: It is difficult to have co-primary outcomes. If you want to have a clear-cut protocol, you 
need to have a composite score then, such as for hand grip and SPPB, or hand grip and gait speed. I’m  
not a statistician, but I am reluctant to accept the idea of co-primary outcome measures. 

Take-home messages
• �In order to identify new treatments that can reduce the burden of physical decline among older 

people, it is important to establish guidelines on how these treatments should be evaluated.  
• �Outcome measures relevant to age-related sarcopenia and its treatments include muscle mass, 

muscle strength, and physical function; a wide range of techniques have been used for assessment.
• �In 2009, the best supported assessment techniques for measuring function are usual gait speed or 

Short Physical Performance Battery; DEXA techniques are appropriate for measurement of total or 
appendicular skeletal muscle mass. Another strategy is to use Short Physical Performance Battery 
plus DEXA.
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Alfonso Cruz: Having 2 co-primary measures is acceptable in many areas of medicine, for example  
in cardiology and neurology. You don’t need to compound them, but if you see an effect on 2 or 3  
of the variables, that is important. However, I would use multiple parameters for different outcomes  
(ie, muscle strength, muscle function, muscle mass)—not multiple parameters for a single outcome. 

Marjolein Visser: Your suggested endpoints are all objective endpoints, and you refer to disability outcomes 
as further down the line and not feasible to use for a study. I think that if you ask people about limitations 
they experience, for instance the strength-training people, they self-report dramatic functional effects.  
It seems very relevant to know how older people experience their improvements. How do you view  
self-reported items as outcomes for clinical trials?  
 
Juergen Bauer: I think they are very important. However, I don’t have the experience with regulatory 
authorities. How much can you base a study application on self-assessment outcomes? Such assessments 
are really relevant, but I would rather start with objective measurements that are related to function.  

Alfonso Cruz: There are at least 3 parameters that can be used as primary outcomes, either alone or in 
combination—muscle function, muscle mass, and muscle strength.  

For muscle function, it is clear that SPPB and gait speed are the two most relevant measures; they are well 
validated, recommended by organizations, and have sensitivity to detect change after intervention.  

For muscle mass and strength, it is not so clear. Muscle mass can be measured by DEXA or CT scans; 
both are widely available, and results from these methods are correlated. However, many DEXA machines 
measure only bone mass and do not have the software to measure lean body mass. For muscle strength, 
we can measure hand grip, but why not use a good measure of lower-extremity strength. Or instead of 
mass and strength, why not measure power?

Juergen Bauer: You are opening it all up, that’s really good. Is there a measure of lower extremity strength 
that can be done by a practitioner?  What about power measurement?

Jeffrey Stout: Isokinetic testing equipment is available at physical therapy locations. This equipment can 
simultaneously measure both power and strength with a simple leg extension and leg flexion test, which 
takes 5 minutes. When selecting variables, each study group must independently establish values for 
reliability. It is not correct to rely on published literature.

Carolyn Greig: I suggest the use of the Nottingham power rig, which is designed to measure lower limb 
power output in very frail individuals. It is used widely in the UK and in studies in the United States.  

Abellan van Kan Gabor: Do you have a notion of the time frame for the trial? How do we balance long-term 
impact with study dropouts? A 6- to 12-month study might be ideal.  

Juergen Bauer: You are right, with regard to value of longer follow-up periods and gait speed. Study 
duration depends on the protocol, which varies for different interventions. With new drug interventions  
that may have risks associated with them, we need to begin with shorter-term studies, in the range of  
3 to 6 months.


