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Myostatin: A Powerful Biomarker for Sarcopenia 
and Frailty?
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Dear Editor,
Arrieta et al. [1] investigated whether 

circulating myostatin concentrations were 
associated with physical fitness and frailty. 
They selected male and female long-term 
nursing home residents without dementia 
or needing ambulatory assistance. Serum 
myostatin was indeed associated with lean 
body mass, physical performance, and 
non-frail status, and in men with upper and 
lower limb strength and endurance. How-
ever, opposite to the authors’ expectations, 
the direction of the association was posi-
tive, and myostatin increased following 
their physical exercise intervention.

Biomarkers of sarcopenia and/or frailty, 
especially those related to pathogenetic 
mechanisms and therapeutic targets, would 
be highly useful for several reasons. Firstly, 
as an accessible tool for office-based diagno-
sis and screening, and secondly, for progno-
sis, for example, to identify elderly who are 
(or in the case of myostatin, may not be) at 
risk for developing (severe) sarcopenia and 
might benefit most from physical exercise or 
pharmacological interventions. 

Myostatin acts as a chalone: a counter-
regulator of muscle mass, as evidenced  
by the marked muscle hypertrophy in 
“mighty” myostatin knock-out mice, Bel-
gian blue cattle, whippet dogs, and rare hu-
man cases [2]. Previous studies have shown 
that myostatin restrains the response to an-
abolic stimuli like testosterone [3]. Consid-
ering this background of myostatin that it 
limits further muscle hypertrophy in those 
who already have sufficient muscle mass, 
the higher myostatin serum concentrations 

in fitter, less frail individuals may not be so 
paradoxical or counterintuitive after all. 
Whether the association with muscle pow-
er only in male subjects observed by Ar-
rieta et al. [1] represents a truly gender-spe-
cific effect possibly related to androgens 
[3], rather than a consequence of gender 
differences in muscle mass, clearly deserves 
further investigation.

The findings by Arrieta et al. are convinc-
ing, but clearly more work is needed and sev-
eral questions remain before serum myo-
statin can enter the clinic. Firstly, sarcopenia 
and frailty often coincide but are still sepa-
rate disorders: the association of myostatin 
with each condition independent of the oth-
er needs to be clarified [4]. Secondly, the bio-
logical relevance of circulating versus auto-
crine/local hormone effects of myostatin 
need to be better understood. Here, we can 
learn from recent studies on sclerostin, a 
Wnt inhibitor produced by osteocytes also 
acting as a chalone for bone mass. Circulat-
ing sclerostin appears to correlate with total 
body bone mass (i.e., the number of osteo-
cytes), and levels are higher in men than in 
women [5]. Furthermore, several studies 
show a poor correlation between circulating 
sclerostin versus expression in bone [6]. 
Thus, one explanation for higher myostatin 
levels in fitter, less frail individuals might be 
its known (although moderate) correlation 
with total muscle mass [7]. 

Thirdly, preanalytical aspects of circu-
lating myostatin (e.g., influence of renal 
function, fasting as well as comorbidities 
such as obesity, insulin resistance, and ar-

thritis [8]) need to be investigated. Further-
more, myostatin presents a particular ana-
lytical challenge because it circulates as a 
complex with inhibitory binding proteins, 
and immunoassays may be confounded by 
the closely related GDF11 (growth and dif-
ferentiation factor 11), which plays an ad-
verse role in ageing [9]. Follistatin is anoth-
er counter-regulator of myostatin [10], and 
perhaps a myostatin:follistatin ratio has to 
be considered. In any case, a mass spec-
trometry assay simultaneously measuring 
these proteins, such as the one developed by 
Bergen et al. [6], is strongly recommend-
able. Analytical issues may help explain 
contradictory findings on basic issues, such 
as age and gender differences in myostatin, 
like those recently reported by Fife et al. 
[10]. Finally, pretreatment biomarkers, 
such as myostatin, should be measured in 
clinical trial intervention and control 
groups to determine whether they predict 
outcomes and response to therapy. Unbi-
ased proteomics approaches may then be 
used to investigate the clinical usefulness of 
these and other potential biomarkers.
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