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Cosa è la sarcopenia?  

• Nel 1931 Critchley notò per la prima volta che nell’invecchiamento si 
verifica una perdita di massa muscolare che è particolarmente 
rilevante nelle mani ed agli arti inferiori 

– Critchley M. The neurology of old age. Nutrition. 2001;17:660-663. 

• Nel 1997 questo quadro clinico viene denominato per la prima volta 
sarcopenia (sar -carne- e πένιά -perdita)  

– (Rosenberg IH. Sarcopenia: Origins and clinical relevance. J Nutr. 
1997;127(Suppl 5):S990-S991.  

• Mentre originariamente con il termine sarcopenia si intendeva una 
perdita generalizzata della massa muscolare, oggi, 
convenzionalmente si intende una perdita di massa muscolare 
inferiore di 2 deviazioni standard rispetto a quella di una persona 
giovane adulta. Sarcopenia  equivale, per il muscolo, a ciò che si vuole 
intendere con i termini osteopenia e osteoporosi per l’osso 

– Morley JE. Sarcopenia: diagnosis and treatment. JNHA. 2008 
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Pathway from sarcopenia to 
disability 

Morley JE. Sarcopenia: diagnosis and treatment. JNHA. 2008 



Sarcopenia is a geriatric syndrome 

SARCOPENIA 

Constitutional factors 
Female gender 
Genetic susceptibility 
 

Ageing 
Increased muscle turnover 
Reduced number of muscle cells 
Hormonal deregulation 
Changes in nervous system 
Mitochondrial disfunction 
↓Peripheral vascular flow  

 

Living habits 
Malnutrition 
Low protein intake 
Alcohol/ smoking 
Physical inactivity 
 

Chronic health conditions 
Cognitive impairment 
Mood disturbances 
Diabetes mellitus 
Renal/heart/lung failure 
Osteoarthritis 
Chronic pain 
Drugs 
 

Living conditions 
Starvation 
Bed rest /immobility /deconditioning 
Weightlessness  

Risk factors 

Frailty Poor outcomes 

Loss of mobility 
Impaired gait 
Falls 
Low endurance 
Reduced physical 
performance 

Disability 
Poor quality of life 
Nursing home 
admission 
Increased mortality 

Cruz-Jentoft A,  Current Opinion in Clinical Nutrition and Metabolic Care 2010 
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Measuring muscle mass, strength and physical 
performance in research & clinical practice 

Variable Research Clinical Practice 

Muscle mass Computed tomography (CT) 

Magnetic resonance imaging (MRI) 

Dual energy X-ray absorptiometry (DXA) 

Bioimpedance analysis (BIA) 

Total / partial body potassium per fat free soft 
tissue 

BIA 

DXA 

Anthropometry 

Muscle strength Handgrip strength 

Knee flexion / extension 

Peak expiratory flow 

Handgrip strength 

Physical performance Short Physical Performance Battery SPPB) 

Usual gait speed 

Timed get-up-&-go test 

Stair climb power test 

SPPB 

Usual gait speed 

Get-up-&-go test 

Cruz-Jentoft et al. Age & Ageing. 2010;1-12.doi:10.1093/ageing/afq034 



Sarcopenia: Definition & Diagnostic Criteria 

• Definition:  
EWGSOP conceptual stages of sarcopenia 

Cruz-Jentoft et al. Age & Ageing. 2010;1-12.doi:10.1093/ageing/afq034 



EWGSOP suggested algorithm for sarcopenia case 
finding in older individuals* 

Older subject  
(> 65 years)+ 

Measure gait speed 

> 0.8 m/s ≤ 0.8 m/s 

Measure grip strength 

Normal Low 

No sarcopenia 

Measure muscle mass 

Low Normal 

No sarcopenia Sarcopenia 

* Sarcopenia: European Consensus on Definition and Diagnosis 
Report of the European Working Group on Sarcopenia in Older People  



• Sarcopenia is very common, with a 
prevalence of ≈5% in persons aged 65 years 
and as high as 1 in two persons over the 
age of 80 years.  

• Sarcopenia is commonly associated with 
disability and has been estimated to cost 
the US health system ≈$18.4 billion a year 

Appl. Physiol. Nutr. Metab. 35: 707–712 (2010) 



Mortalità nei community dwellers 

Sopravvivenza a 12 anni di un gruppo di anziani (n=1413 healthy community 
dwellers) suddivisi in base a quartili genere-specifici del parametro ALM/h 

Bunout D. Australas J Ageing 2011;30:89-92 



Sarcopenia e mortalità in RSA 

122 pazienti di età >70 aa residenti in RSA (RSA Santa Maria della Pace, Roma; 
40 con sarcopenia, 82 senza sarcopenia) (p<.001)  

Landi F. JAMDA 2012;13:121-6 
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Ageing, exercise and muscle injury 

Morley, Family Practice 2012 



Factors involved in the pathophysiology of 
sarcopenia 

Morley JE. JAMDA 2011;12:403-9 
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Effect of testosterone supplementation on functional 
mobility, cognition, and other parameters in older men: A 

randomized controlled trial  

• Objective: To investigate the effect of testosterone supplementation on functional 
mobility, cognitive function, bone mineral density, body composition, plasma lipids, 
quality of life, and safety parameters in older men with low normal testosterone levels.  

• Design, Setting, and Participants: Double-blind, randomized, placebo-controlled trial of 
237 healthy men between the ages of 60 and 80 years with a testosterone level lower 
than 13.7 nmol/L.  

• Intervention: Participants were randomly assigned to receive 80 mg of testosterone 
undecenoate or a matching placebo twice daily for 6 months. Main Outcome 
Measures: Functional mobility, cognitive function, bone mineral density of the hip and 
lumbar spine, body composition, metabolic risk factors, quality of life, and safety 
parameters  

• Results: 207 men completed the study. During the study, lean body mass increased and 
fat mass decreased in the testosterone group compared with the placebo group but 
these factors were not accompanied by an increase of functional mobility or muscle 
strength. Insulin sensitivity improved but high-density lipoprotein cholesterol 
decreased; by the end of the study, 47.8% in the testosterone group vs 35.5% in the 
placebo group had the metabolic syndrome (P=.07).  

• Conclusion: Testosterone supplementation during 6 months to older men with a low 
normal testosterone concentration did not affect functional status or cognition but 
increased lean body mass and had mixed metabolic effects.  

Emmelot-Vonk, M.H et al, JAMA 2008 





Modified by Rolland et al Clin Geriatr Med 2011 

Potenziali trattamenti per la sarcopenia  



Causes of sarcopenia: Vitamin D deficiency 

• High prevalence of vitamin D deficiency/insufficiency (25OHD<75nmol/L): 
30 to 90 % of elderly  

– decreased skin production, dietary deficiency, increased covering of the skin, 
use of sunscreen, decreased sun exposure, metabolic alterations 

• Low vitamin D levels are associated with: 

– reduced muscle mass and strength 

– gait impairments 

– decreased balance 

– increased risk of falls 
 

• Those with low vitamin D levels are at greater risk of long term decline in 
physical performance when 25OHD levels are <50nmol/l, and especially 
when <25 nmol/l  

 

Visser et al., J Clin Endocrinol Metab. 2003; Rolland et al,. J Nutr Health Aging 2008; Bischoff-Ferrari, Best Pract 

Res Cl Rh. 2009; Visvanathan and Chapman, Maturitas 2010; Ceglia, Curr Opin Clin Nutr Metab Care. 2009; 
Wicherts et al., J Clin Endocrinol Metab 2007 



Causes of sarcopenia: Vitamin D deficiency 

0

5

10

15

20

25

30

35

Loss of grip strength Loss of appendicular skeletal muscle

mass

%
 o

f 
p

o
p

u
la

ti
o

n

25OHD <25 25OHD 25-49.9 25OHD 50+ nmol/L

Grip strength loss = 40% loss 
Appendicular muscle mass loss = 3% loss 
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Visser et al., J Clin Endocrinol Metab. 2003 

P=0.001 P=0.09 



Effects of a long-term vitamin D and calcium 
supplementation on falls and parameters of muscle 

function in community-dwelling older individuals 

• Introduction: The efficacy of vitamin D and calcium supplementation on risk of 
falling in the elderly is discussed controversially. We investigated long-term effects 
of calcium and vitamin D on falls and parameters of muscle function in 
community-dwelling elderly women and men.  

• Methods: 242 individuals recruited by advertisements and mailing lists (mean [ ± 
SD] age, 77 ± 4 years). All serum 25-hydroxyvitamin D (25[OH]D) levels were 
below 78 nmol/l. Individuals received in a double blinded fashion either 1000 mg 
of calcium or 1000 mg of calcium plus 800 IU of vitamin D per day over a 
treatment period of 12 months, which was followed by a treatment-free but still 
blinded observation period of 8 months. Falls were documented using diaries.  

• Results: Compared to calcium mono, supplementation with calcium plus vitamin 
D resulted in a significant decrease in the number of subjects with first falls of 27% 
at month 12 (RR = 0.73; CI = 0.54-0.96) and 39% at month 20 (RR = 0.61; CI = 0.34-
0.76). We observed significant improvements in quadriceps strength of 8%, a 
decrease in body sway of 28%, and a decrease in time needed to perform the 
TUG test of 11%.  

• Discussion: Combined calcium and vitamin D supplementation proved superior to 
calcium alone in reducing the number of falls and improving muscle function in 
community-dwelling older individuals.  

Pfeifer M, et al, Osteoporos Int 2009 





Factors involved in the pathophysiology of 
sarcopenia 

Morley JE. JAMDA 2011;12:403-9 



Protein combats inactivity-induced muscle 
loss 

0 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.1 

Day 1 Day 10 

P
ro

te
in

 S
yn

th
e

si
s 

(%
/h

) 

* 

Normal Diet Normal Diet    Normal Diet + 
Amino Acids 

# 

   Normal Diet + 
Amino Acids 

30% 

Ferrando & Paddon-Jones et. al. 2009 

-  older adults -  



Adjusted lean mass (LM) loss by quintile of energy-
adjusted total protein intake (n=2066) 

Houston D, Am J Clin Nutr 2008;87:150 –5 

After adjustment for potential confounders, energy adjusted 
protein intake was associated with 3-y changes in LM [P 
0.001]. Participants in the highest quintile of protein intake 
lost 40% less LM and aLM than did those in the lowest 
quintile of protein intake P for trend0.01). The associations 
were attenuated slightly after adjustment for change in fat 
mass, but the results remained significant. 



Elderly muscle are less responsive to anabolic 
effect of EAA/Leucine 

• Aging is associated with a decreased sensitivity of muscle to the 
anabolic effect of amino acids 

– Implies higher doses are required to stimulate muscle protein 
synthesis in the elderly 

Cuthberson et al, 2005 Rieu  et al., 2006 



Aging does not impair the anabolic response to a 
protein-rich meal 

Symons B et al, Am J Clin Nutrit 2007 



Management of sarcopenia: 
Nutritional guidelines 

Morley et al., J Am Med Dir Assoc 2010 

The Society of Sarcopenia, Cachexia and Wasting Disease 
recommend that a leucine-enriched balanced essential amino acid 

mix should be used to slow muscle loss in sarcopenic patients 



How many proteins?  

…an often-neglected aspect of daily protein intake is the 
distribution of protein across three or more daily meals. For a 75 
kg individual, the RDA represents 60g protein/day, or if 
distributed evenly across three meals, 20 g protein/meal. A 20 g 
serving of most animal or plant-based proteins contains 5–8 g of 
essential amino acids, which are primarily responsible for 
stimulating muscle protein synthesis. This is an important issue 
because it has been recently shown that ageing is associated 
with an inability of skeletal muscle to respond to low doses 
(~7.5 g) of essential amino acids whereas higher doses (10–15 g) 
are capable of stimulating muscle protein synthesis to a similar 
extent as the young.  

Katsanos CS. J Clin Nutr 2005;82:1065-73 
Paddon-Jones D. Curr Opin Clin Nutr Metab Care 2009:12(1)86-90 







Factors involved in the pathophysiology of 
sarcopenia 

Morley JE. JAMDA 2011;12:403-9 



Effect of 10 Days of Bed Rest on Skeletal 
Muscle in Healthy Older Adults 

Kortebein P, JAMA 2007 

Approx 1 Kg 



Esercizio fisico & supplementazione 
nutrizionale 
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J Am Geriatr Soc 2010 



JAGS 2012 
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• Angiotensin II-converting enzyme (ACE) inhibitors 
– Sumukadas, Health ABC study, 2008 (↑lean body mass), 

Onder, 2002 (↓muscle strength and funct decline) 
• Statins  

– La Croix, 2008 (↓development of frailty), Riechman, 
2007  (↑ALM after resistance training) 

• Beta-blockers 
– Dalla Libera, 2010 (↑ muscle protein oxidation, 

apoptosis, cytokine-induced muscle loss), and 
vasodilation  

• Cytokine-inhibitors 
– Kung, 2010 (antagonizer of IL-6 in cancer with severe 

cachexia are being tested) 
• PUFA 

– Broekhuizen, 2005 (in COPD patients ↑ exercise 
capacity) 

• PPAR-d agonist & COX inhibitors 
– Coll, 2010; Trappe, 2011 

 





Kemmler W, CIA 2013 



Il problema diagnostico nei reparti 
per acuti 



Caratteristiche Non sarcopenici 

n=58 

Sarcopenici 

n=17 

Indefiniti 

n=28 

 

p 

Età 83,1 ± 7,9 88,35 ± 4,2 84,0 ± 5,8 0,024 

Activity of daily living 1,7 ± 2,1 2,1 ± 2,1 0,7 ± 0,9 0,021 

New Mobility Score 3,4 ± 3,3 3,53 ± 2,5 2,7 ± 2,2 0,043 

BMI, kg/m2 23,9 ± 5,1 22,2 ± 3,7 20,8 ± 4,7 0,019 

Peso 63,3 ± 14,2 58 ± 9 56,5 ± 13,0 0,063 

SMI, kg/m2 8,8 ± 1,6 6,1 ± 1,2 6,8 ± 1,3 0 

Angolo di fase 4,9 ± 1,0 4,9 ± 0,6 4,5 ± 0,7 0,066 

Caratteristiche di 103 pazienti anziani 
all’ingresso (UO Geriatria H S Gerardo Monza) 



Valutazioni effettuate in 103 pazienti con 
malnutrizione ricoverati c/o Geriatria  HSG  

Prove eseguite n (%) 

Bioimpedenziometria + Handgrip + Gait 

speed 

18 (17.5) 

Bioimpedenziometria + Handgrip 30 (29.1) 

Bioimpedenziometria 55 (53.4) 

Totale 103 (100) 



Tassi di mortalità alla dimissione ed a 3 mesi 
nei 3 gruppi 
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The three major definitions for sarcopenia have all suggested limited mobility as 
a key for the diagnosis. Specific criteria that have been suggested are either 
a walking speed <1 m/s or inability to walk 400 m in 6 minutes. At this state 
the following exclusion criteria should be applied: 

 1) Specific muscle disease; 2) Peripheral vascular disease with intermittent 
claudication; 3)  Disorders of the central and peripheral nervous system; 4) 
Arthritis pain that significantly limits movement; 5)  Cachexia as defined by 
the SCWD; 6) NYHA Stage IV heart failure; 6) COPD with an FEV 1.0 of <50% 
predicted. 

For the population that remains, it is now necessary to identify that the cause of 
their limited mobility is due to muscle. Candidates would be those with 
“acute sarcopenia” following hospitalization. The easiest group to categorize 
would be individuals who had a hip fracture. An alternative would be to 
include all individuals discharged from hospital over 60 years of age who are 
admitted to a skilled nursing facility for physical therapy. In both of these 
groups a requirement would be to be able to walk at least 50 m within 2 
weeks of discharge from the hospital. 
 



Conclusioni   

• La sarcopenia è una sindrome geriatrica 
caratterizzata da un elevato tasso di outcomes 
avversi. Per questo va indagata attivamente 

• Allo stato attuale esistono deboli evidenze circa l’uso 
di ormoni e vitamine mentre esistono evidenze più 
forti circa l’uso di una dieta iperproteica ed 
equilibrata e di esercizio fisico (>in combinazione) 

• È un settore in grande espansione sotto il profilo della 
ricerca e degli interessi commerciali 

• Esiste un gap riguardo a come misurare la presenza di 
sarcopenia in alcune tipologie di pazienti 


