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Sarcopenia: New Insights for a Unified Definition

William Evans (University of California, Berkeley, USA)

Symposium 14

The decline of muscle mass and muscle strength is one of the phenotypic characteristics of aging. Although this process can be attenuated by moderate-to-
intense physical activity, even individuals that faithfully exercise every day see their muscles shrink and their strength decline. When this process is overt and 
crosses a critical threshold, it leads to a condition called sarcopenia. Over the last three decades, there has been a titanic effort to define standard criteria for 
the screening and clinical assessment of sarcopenia. Such efforts were driven by the notion that sarcopenia is a major cause of mobility disability in the elderly, 
and that screening for and “treating” sarcopenia shall result into mobility loss prevention. Yet, despite dozens of dedicated meetings, workshops, scientific 
articles, statements from professional societies and even the establishment of an ICD-10 code, no definition of sarcopenia that is widely acknowledged by the 
scientific community is currently available 1. Lean body mass (LBM) was assumed to be an appropriate surrogate assessment of muscle mass and has been so 
used in several large cohort studies.  To date, cross-sectional and longitudinal aging cohort studies have reported little or no relationship between low LBM and 
increased risk of health-related outcomes, including functional capacity, disability, and mortality 2. A meta-analysis3 of longitudinal observational studies in older 
people (> 65 y) conducted between 1976 and 2012 examined reported data of body composition (BIA, DXA, CT) and physical functional capacity.  Although 
LBM was measured, the authors incorrectly used the term “muscle mass” and concluded that “low muscle mass was not significantly associated with functional 
decline.” This lack of associated of LBM with functional capacity or health related outcomes has led to a type 2 error in the existing literature and as a result there 
is no consensus on the role of muscle in defining sarcopenia.  This lack of consensus has also resulted in several (> 15) ‘consensus’ definitions with no consensus 
at all 1.  The use of surrogate measures of muscle mass older people fail to distinguish between contractile proteins and other proteins that accumulate in 
skeletal muscle with aging, such as collagen and amyloid that thicken the matrix between myofibers 4.  Because this phenomenon is widely heterogeneous 
between individuals, the use of LBM is noisy, not very useful and the lack of relationship between LBM, strength and other health related outcomes more recent 
‘consensus’ definitions of sarcopenia use no body composition assessment and rely on function and strength.
The D3Creatine dilution method now allows a non-invasive measurement of total body skeletal muscle mass 5.  Because creatine is actively transported into 
the sarcomere against a large concentration gradient, almost 98% of the body creatine pool is found in muscle.  In addition, creatine and phosphocreatine is 
co-located with contractile components, potentially providing a measure of the ’functional’ components of skeletal muscle.  Studies in the (MrOS) population 
in which 1425 older, community dwelling men were measured demonstrated that muscle mass assessed with D3Cr muscle was strongly and independently 
associated with strength, functional capacity6, risk of disability (including IADL), hip fracture7, and mortality8. In addition, a threshold of approximately 25% 
muscle mass was described for a high risk of a mobility disability defined by chair stand time9.  For the first time, we now have data demonstrating that 
longitudinal loss of muscle mass measured by D3Cr dilution is significantly associated will decreased strength and walking speed 10.  
I propose a simplified definition of sarcopenia as the term implies (lack of flesh) as low muscle mass.  The definitions so far attempted are based on three basic 
variables in various combinations: muscle mass (typically measured by DEXA of computerized tomography), muscle strength (either grip or knee extension 
strength) and lower extremity performance (typically walking speed). All three dimensions present complex assessment and interpretation problems. A 
simplified definition will have greater clinical utility. At the present time, most physicians have no idea how to diagnose or treat sarcopenia11, perhaps because 
of the lack of consensus of what it is or that it is not recognized indication by the US Food and Drug Administration for development of sarcopenia drugs. Most 
health care professionals (HCP) do not routinely measure strength or functional capacity in their older patients. A definition of sarcopenia as low % muscle 
mass will also allow HCPs to determine who may be at risk for several age-associated syndromes that have been associated with low muscle mass and develop 
a therapy that targets maintenance or improvement skeletal muscle amount. Preservation of muscle mass to combat sarcopenia may prove to be the most 
effective strategy to preserve independence and face advancing age with dignity.  A simplified definition available to all HCPs will go a long way to meet this 
goal.
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2. Studenski SA, Peters KW, Alley DE, et al. The FNIH sarcopenia project: rationale, study description, conference recommendations, and final estimates. J Gerontol 
A Biol Sci Med Sci. 2014;69(5):547-558.
3. Schaap LA, Koster A, Visser M. Adiposity, muscle mass, and muscle strength in relation to functional decline in older persons. Epidemiol Rev. 2013;35:51-65.
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Understanding Skeletal Muscle Protein Dynamics, Regulation 
and Function Using New Tracer Techniques

Marc Hellerstein (University of California, Berkeley, USA)

Symposium 14

I will review data from the many applications of a new technology that we have developed to measure proteome-wide muscle 
protein synthesis rates in vivo. Metabolic labeling with heavy water is combined with tandem mass spectrometric (LC/MS-MS) 
analysis of isotope ratios by Mass Isotopomer Distribution Analysis (MIDA). Proteins across the proteome or targeted proteins 
can be measured. This methodology has allowed several important areas of muscle biology to be explored.

1. Central role of muscle protein synthesis in both catabolic and anabolic conditions. Somewhat surprisingly, almost every 
intervention that either increases or decreases muscle mass has been shown by this labeling method to act by altering 
muscle protein synthesis (fractional synthesis rate, FSR). On the anabolic side, this includes androgen therapy or resistance 
exercise in humans, and clenbuterol or weight-bearing exercise in rodents; on the catabolic side, energy restriction, bed rest, 
immobilization, weight loss, long-term calorie restriction, Duchenne’s Muscular Dystrophy or glucocorticoid treatment (the 
latter widely believed to increase muscle protein breakdown). Of particular interest is the powerful effect of energy deficiency 
– which prevents concurrent testosterone therapy from increasing muscle FSR in humans, for example. These findings have 
important implications for prevention and treatment of muscle loss.
2.  Predictive value as an early marker. In rodent models, increases in muscle protein FSR after several days of androgen therapy 
predict later gains in muscle mass. In human studies, muscle FSRs can increase within days of starting an intervention.
3.  Discovery. We have shown that localized experimental muscle injury with cardiotoxin results not only in sequential changes 
in proteome turnover in the injured muscle but alters turnover in the contralateral muscle – suggesting circulating myokines 
or neurologic signals in response to local injury. The physiologic effect of an intervention can also be dissected by differential 
protein responses- e.g., using FSRs of mitochondrial vs. structural and glycolytic proteins to learn whether sprint exercise 
training increases aerobic, power or both types of muscle response in humans.
4. Testing drug candidates in animal models and in Ph1 / 2 trials in humans. We showed in a 15-day study that a candidate drug 
was effective at reversing the lower protein synthesis response to bed rest in muscle. We established the pharmacodynamics on 
muscle protein FSRs of a drug candidate in rodents and compared to a known muscle anabolic agent. The effect of a nutritional 
supplement on muscle FSR in humans was also documented through this highly sensitive method. 
5. Non-invasive measurements. FSRs of plasma proteins derived from skeletal muscle can be used as a “liquid biopsy” or “virtual 
biopsy” of muscle protein dynamics and correlate well with muscle protein turnover. This can avoid the need for a muscle 
biopsy.               
6. Next generation applications: turning molecular-cell biology into physiology. It is now possible to measure synthesis and 
breakdown rates of low abundance intracellular proteins that are important in metabolic control. We explored the interactive 
turnover of the LDL receptor and PCSK-9 in rodent liver in response to dietary cholesterol loading, for example, uncovering a 
surprising new dimension to the canonical cholesterol homeostasis model. Other intracellular proteins previously characterized 
mostly at the level of structure and content are now being studied for their kinetic response to interventions, revealing a rich 
physiologic life of these target molecules.    
Many questions can be explored using these powerful tools. The effects of GLP-1-induced weight loss on muscle protein 
kinetics, mass and function is a topic of central public health importance today. Identifying effective treatments for sarcopenia 
and cachexia and for genetic disorders or muscle are long-unmet medical needs.
In summary, the ability to easily measure in vivo turnover rates of proteins globally across the proteome or for individual 
proteins in humans and animal models opens a new world of possibilities. Muscle physiology, pathophysiology, molecular 
control mechanisms and therapeutics 
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Overcoming Anabolic Resistance to Exercise in Sarcopenia:
Role of Free Essential Amino Acids

Il-Young Kim (Gachon University, Korea)
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Sarcopenia is the age-associated progressive loss of muscle mass and function, accompanying with declines in independency 
and quality of life in older adults. The etiology of sarcopenia is multifactorial; however, a major characteristic phenomenon is 
the blunted muscle protein synthetic response to anabolic stimuli such as resistance exercise and nutrition (e.g., protein/amino 
acids), called anabolic resistance. Despite the existence of anabolic resistance of aging muscle in varying degrees, exercise, 
particularly, resistance exercise, is still the most powerful means to counteract the progression of sarcopenia. We hypothesized 
that consumption of balanced 9 free essential amino acids will enhance anabolic response to resistance exercise training as 9 
essential amino acids as a team serve not only as building blocks for synthesis of new muscle proteins but as potent anabolic 
stimuli for protein synthesis. In my lab, we have recently demonstrated that consumption of balanced 9 essential amino acids 
enhances both endurance capacity and muscle mass and strength during resistance exercise training in young mice. To test 
if this hold in aging, we evaluated these beneficial effects in aging sarcopenic mice. First, we found that resistance exercise 
training over 8 weeks enhanced both muscle protein synthesis rate and muscle mass and strength in young. However, in 
old mice, the same resistance exercise training in old mice resulted in blunted muscle strength gains without changes in net 
muscle protein synthesis and muscle mass. This confirms anabolic resistance in gains in muscle mass and strength in response 
to resistance exercise training in older mice. Remarkably, consumption of balanced 9 essential amino acids over 8 weeks 
attenuated the magnitude of anabolic resistance in old mice. To explore these beneficial effects at physiological, metabolic, and 
molecular aspects in young and old mice, we employed (or will employ as the study is still in progress) both metabolic kinetics 
or “dynamics” approach using various stable isotope tracing techniques to access cumulative synthesis rates of myofibrillar 
and mitochondrial protein, turnover fluxes of various metabolites including glucose, amino acids, and fatty acids, TCA cycle 
fluxes as well as whole-body and muscle insulin sensitivity using hyperinsulinemic-euglycemic clamp in addition to traditional 
“statomics” (static, snapshot) techniques including RNA-seq, molecular singling, and genetic modifications. In this talk, I will 
discuss the potential role of balanced essential amino acids in enhancing the efficacy of resistance exercise training in gaining 
of muscle mass and strength as well as endurance capacity, both of which are the best predictor of all-cause mortality and both 
healthspan and lifespan. 


