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Sarcopenia (sarx penia) 

Age related decline in skeletal muscle mass 
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Relationship between age, muscle cross-

sectional area, and total numbers of fibers 

Lexell J. JGMS 50A, 11-16, 1995 
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Relationship between age proportion of type 1 

fibers and and relative area of type 2 fibers 

Lexell J. JGMS 50A, 11-16, 1995 
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Type I 

Type II (a,b) 



Goodpaster B et al, ANYAS; 2000:904:18-24;                 JAP; 2001;90:2157-2165  

Association between age, BMI and  

skeletal muscle adipose tissue infiltration 
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Lean 
volunteer 

Obese 
volunteer 



Relationship of age, muscle area 

 and muscle power (InCHIANTI)  

Lauretani, F. et al. J Appl Physiol 95: 1851-60, 2003 
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Sarcopenia: consensus definitions 

 2010 – Special Interest Group  

…condition characterized by loss of muscle mass and muscle strength… 

 2010 – European Working Group on Sarcopenia in Older People 

     …syndrome characterized by progressive and generalized loss of skeletal muscle 

mass and strength with a risk of adverse outcomes such as physical disability, poor 

quality of life and death… 

 2011 – International Working Group on Sarcopenia …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.… 

 2014 – FNIH Sarcopenia Project: …functional limitation in the presence of 

weakness as a consequence of reduced skeletal muscle mass… 

 

  SIG. 2010: Clinical Nutrition 2010;29:154-159. 

EWGSOP : Age Ageing 2010;39:412-23. 

IWGS: JAMDA 2011;12:249-256 

FNIH: JGMS 2014;69:547-558 



Operational definitions 

Consensus Definition Method Criteria 
SIG 

(2010) 

Muscle Mass 

 

Not definded ≥2 SD below mean 
according to gender and 
race 

Physical function Walking speed <0.8 m/s 

EWGSOP 

(2010) 

Muscle Mass 

 

DXA; BIA 

Anthropometry 

According to methods 
and gender 

Strength Grip strength According to gender and 
BMI 

Physical function Walking speed  ≤0.8 m/s 

IWGS 

(2011) 

Muscle mass 

aLM/h2 

DXA W ≤ 5.67 kg/m2 

M≤ 7.25 kg/m2 

Physical function Walking speed  ≤1.0 m/s 

FNIH (2014) Physical function Walking speed  ≤0.8 m/s 

Strength Grip strength M<26 kg ; W<16 g 

Muscle Mass 

ALM; ALM BMI 

DXA M < 0.789 W <0.512 
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Cruz-Jentoft A J et al. Age Ageing 2010;39:412-423 

EWGSOP: diagnostic algorithm  
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Studensky et al. JGMS 2014;69:547-558 

The FNIH sarcopenia project: 

 clinical algorithm 

10 



Prevalence of sarcopenia in older adults: Report of 

the International  Sarcopenia Initiative 

11 Cruz-Jentoft A J et al. Age Ageing 2014;43:748-759 
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Prevalence of Sarcopenia and pre-sarcopenia: 

EWGSOP definition, InCHIANTI Study 

12 Volpato S et al. JGMS 2014;69:438-46 



Il Gruppo GLISTEN 
Gruppo Lavoro Italiano Sarcopenia – Trattamento e Nutrizione 
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Prevalence of Sarcopenia according to Age and Gender
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Diagnostic criteria for Cachexia in adults 

1. Weight loss ≤5% in 12 months in the presence of 

underlying illness (or BMI <20) 

             +  

a) Decrease muscle strength 

b) Fatigue 

c) Anorexia 

d) Low fat-free mass index 

e) Abnormal biochemistry 

 Increased inflammatory markers (PCR> 5mg/l) 

 Anemia 

 Low albumin (<3.2 g/dl) 
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Evans WJ, et al. Clin Nutr 2008; 27:793–9 
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Conceptual representation  

of the chachexia definition 
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Evans WJ, et al. Clin Nutr 2008; 27:793–9. 



Cruz-Jentoft A J et al. Age Ageing 2010;39:412-423 

Mechanisms of sarcopenia 

16 



The Pathophysiology of Sarcopenia 
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Age-realted increased muscle injury with a decrease in 

muscle regeneration and function 

Morley JE. Calcif Tissue Int. 2016; 98:319–333 



The Pathophysiology of Sarcopenia 

18 Morley JE. Calcif Tissue Int. 2016; 98:319–333 



Current and future options for the prevention 

and treatment of sarcopenia  
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Resistance and aerobic exercise 

 Resistance exercise improved strength and decreased frailty in 
very old persons. Fiatarone et al, N Engl J Med 1994; Fiatarone et al, JAMA 1990; Marini et 

al, Ital J Anat Embryol 2008;  Morganti et al, 1995; Stasser B et al,  Wien Klin Wochenschr 2009. 

 These effects can be maintained for at least 1 year.  Capodaglio et al,  Age Ageing 

2005; Capodaglio et al,  Eur J Appl Physiol 2007.  

 Strength training improved distance walked in 6 minutes and gait speed. 
Morley,  JAMDA 2010. 

 Resistance exercise increases type II muscle fiber size and improves 
satellite muscle recruitment in older persons. Harber et al,  Am J Physiol Regul 
Integr Comp Physiol 2009; Snijders et al,  Ageing Res Rev 2009. 

 Aerobic exercise remodels myofibers and increases muscle 
strength.  van Swearingen et al, J Gerontol A Biol Sci Med Sci 2009. 

 In older persons, aerobic exercise improves gait speed, quality of life 
years (QALY), and is cost effective.  Bulthius et al,  Arthritis Rheum 2008; Baker et al,  
Age Ageing 2007; Mian et al,  Eur J Appl Physiol 2007.  
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Effect of Structured Physical Activity on Prevention of Major Mobility 
Disability in Older Adults: The LIFE Study Randomized Clinical Trial 

21 Pahor M. et al JAMA. 2014;doi:10.1001/jama.2014.5616 
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Effect of Structured Physical Activity on Prevention of Major Mobility 
Disability in Older Adults: The LIFE Study Randomized Clinical Trial 

Pahor M. et al JAMA. 2014;doi:10.1001/jama.2014.5616 



Effect of Structured Physical Activity on Prevention of Major Mobility Disability in Older Adults:  The LIFE 

Study Randomized Clinical Trial 

Pahor M. et al JAMA. 2014;doi:10.1001/jama.2014.5616 23 



Houston D K et al. Am J Clin Nutr 2008;87:150-155 

Energy-adjusted total protein intake 

P for trend = 0.0003 

0.8±0.3 0.7±0.3 0.8±0.3 0.9±0.3 1.2±0.3 

Dietary protein intake is associated with lean 

mass change in older adults (HABC Study) 
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Symons et. al. AJCN, 2007 

*    * 
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Ageing and muscle protein synthesis in 

response to protein intake 



Protein intake distribution and protein synthesis 

Adapted from Paddon-Jones, 2009 
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Options to optimize post-prandial  

anabolic action of dietary proteins 

 Increase protein intake 

 Age-specific RDAs 

 Increase amino acid bioavailability 

 Distribution of protein intake 

 Digestion rate 

 Use specific substrates 

 Leucine 

 ß-hydroxy-ß-methylbutyrate (HMB) 
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Leucine-ß-hydroxy-ß-methylbutyrate  

Metabolic Pathway 

HMB 
KIC 

(Liver, Muscle) 

Urine (10-40%) 

95%       

5% 

Other pathway 

Liver Circulates 

Muscle: 
- Cholesterol   
  synthesis 
-  NFkB 
-  mTOR  

Leucine 
(Diet only) 

The is an amino acid metabolite that occurs naturally in human muscle cells. Traditionally, HMB has been used by athletes to enhance 
performance and build muscle mass.  Recent studies have focused on the use of HMB to preserve or rebuild muscle mass. 
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Role of HMB on muscle 

function 

30 
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Effect of HMB supplementation  

on muscle and fat mass 

32 



33 

HP-HMB was a specialized, nutrient-dense ready-to-drink liquid with 350 
kcal plus:  
 20 g protein, 
 11 g fat,  
 44 g carbohydrate,  
 1.5 g calcium-HMB,  
 160 IU vitamin D and other essential micronutrients 



HP-HMB and Nutritional (SGA) status 
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Effect on hospital readmission and mortality 
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Role of Vitamin D on muscle function 

36 



37 Beaudart et al. JECM 2014;99:4336-45 



38 Beaudart et al. JECM 2014;99:4336-45 



39 
Bauer JM, JAMDA 2015;16: 740-747 



40 Bauer JM, JAMDA 2015;16: 740-747 
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Current and future options for the prevention 

and treatment of sarcopenia  



42 Lancet Diab Endocr 2015;3:948-57 



Change from baseline in body composition 

and performance-based measures 

43 

P=0.003# 
P<0.001# 

P=0.093# P=0.088# 

#: p value for overall 
treatment effect 

Lancet Diab Endocr 2015;3:948-57 



44 Lancet Diab Endocr 2015;3:948-57 

Myostatin antibody in older weak fallers: a proof-of-

concept randomised, phase 2 trial: Adverse Events 
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