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The Aging Body • Body Weight peaks during 5th-6th

decade of life and is stable until 65-
70 years old2

• Typically, with age comes a loss in 
lean mass and a gain in fat mass

• Resulting from innate metabolic 
changes and increase in sedentary life

• Muscle cell mass declines to the 
greatest of body cell mass

• Skeletal muscle begins to decline 
around 45-55 years old

• After this age, muscle declines 12-15% 
per decade until 80

• Bone weakens as a result of aging 
and corresponds with a decrease in 
muscle
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Mean (±SD) percentage changes in lean (▪) and fat (□) compartments with weight loss and weight gain over 

a 4-y period in the Health, Aging and Body Composition Study cohort (n = 2163). 

lean (■) mass
fat (⌂) mass

Factors that may 
influence the loss of 
LBM: sex hormone 
steroids, insulin-like 
growth factor, protein 
intake,  physical activity.

LBM  is associated with 
muscle strength, bone 
density, and physical 
functioning and 
therefore to disability in
old age.



24 h muscle protein synthesis during 10 day of 
inactivity in elderly (stable isotope 

methodology)

Kortebein, P. et al. JAMA 2007 

large loss of skeletal muscle 
as a result of bed rest, 
(particularly from the lower 
extremities )

 decline in protein 
synthesis and strength 
 negative N balance (before 
bed rest despite being on a diet 
with the RDA for protein, 
increased  during bed rest)

“ the pronounced effect of 
bed rest alone on skeletal 
muscle mass and function 
combined with the 
physiological stress 
associated with 
hospitalization ( nutritional 

compromise, inflammation) may 
result in a more substantial 
loss of muscle size and 
function for many older 
adults during hospitalization”



N
e

t 
M

u
s
c
le

 P
ro

te
in

 S
y
n

th
e
s
is

(m
g

 P
h

e
/l
e
g

)

More than ~25 g 

protein

0

10

20

30

40

50

60

Young

Elderly

Less than ~15 g protein 

Am J Clin Nutr 2005;82:1065–73

ingestion of a small bolus of 
EAAs results in diminished
muscle protein accretion in 
elderly persons when compared
with young persons. 

 important role of the 
amount of AA ingested in a 
single occasion, not only the 
amount of amino acids 
ingested during the course of a 
time period (eg, 1 d), as a 
cause of age-associated muscle 
protein loss.



AA alone stimulate muscle 
protein synthesis in the 
elderly. 
However, mixed nutritional 
supplementation failed to 
improve muscle mass. 

The failure of mixed 
nutritional supplementation 
to increase muscle mass in 
the elderly depends on 
specific alterations in the 
response of muscle to the 
combined effects of 
exogenous AA and 
endogenous insulin.



• Of EAAs, leucine is 
the most potent 
stimulator of muscle 
protein synthesis

• As with EAAs, the 
elderly are less 
responsive to the 
stimulatory effect of 
leucine

In the elderly an higher dose of leucine is necessary
to stimulate muscle protein synthesis
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Aging-related causes 
of protein shortfall. 
Such protein deficits 
have adverse 
consequences, 
including impairment 
of muscular, skeletal, 
and immune function.



Mean protein intake in gram per kilogram of reported body weight decreased with age.



Low vitamin D levels have been 
associated with:

• reduced muscle mass and 
strength
• gait impairments
• decreased balance
• increased risk of falls
• long term decline in physical 
performance

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

An independent association between low vitamin D 
levels and sarcopenia exists

Especialli when 25OHD 
levels are <75nmol/l



• FGF: fibroblast 
growth factor

• VEGF: vascular 
endothelial growth 
factor



Mean intakes were found to decrease with age from teenagers to adults and to the elderly 
for phosphorus, zinc, thiamine, riboflavin, vitamin B6, vitamin E, vitamin D and vitamin B12.



Biochem J. 1953 May; 54(2): 191–197.



Energy intake is of considerable importance in determining an 

adequate allowance of protein for the elderly:  N balance is 

affected by E balance as well as by protein intake, thus 

complicating determinations of protein needs from N balance 

data.



• However, it is accepted that older people 
need smaller E intake and thus the provision 
of the same caloric intake for older people 
could lead to a more favorable E balance of 
the older men that would allow them to 
retain dietary protein better and thus could 
mask a greater need.



• L’esercizio fisico di potenza determina un incremento della massa 
muscolare derivante dall'aumento relativo della sintesi di proteine 
rispetto alla loro degradazione. 

• Questa risposta all'esercizio fisico di potenza è ridotta nell'anziano 
rispetto al giovane con conseguente riduzione dell'ipertrofia 
muscolare secondaria all'allenamento.

• in soggetti anziani sottoposti ad esercizio fisico di potenziamento 
muscolare, si ha una riduzione del 10-15% dell’escrezione di N 
rispetto ai sedentari

• ciò avviene per assunzioni proteica sia di 0.8 g/kg/die che di 1.6 
g/kg/die, ad indicare che l’effetto dell’allenamento di potenza 
sull’utilizzo proteico è indipendente dall’introito proteico stesso. 

• Da notare però che nello stesso studio i soggetti con il maggior 
introito proteico (1.6 g/kg/die), presentavano al termine 
dell’allenamento maggiore risposta di tipo ipertrofico, rispetto al 
gruppo con introito usuale di proteine (0.8 g/kg/die). 



• resistance exercise and a diet that 

includes adequate amounts of high-

quality proteins are important to reduce 

the progression of sarcopenia

• resistance training can help improve 

strength, FFM, muscle mass balance 

and physical functioning capacities for 

frail elderly persons

• older persons  may experience a 

loss of FFM and muscle mass (and 

therefore subtle metabolic and physiological 

accommodation responses) with long-

term ingestion of 0.8 g /kg/d for 

protein, even when they performed 

resistance training 



Sarcopenia (gradual loss of both motor nerves and muscle fibers, 
particularly of the fast-twitch [IIa] fibers, with impaired function of the 
surviving myocytes) 

 TBP declines curvilinearly with age, with an accelerated 
decrease after 65 years ( loss of skeletal muscle protein, visceral 
protein depletion) (Hansen RD, 2000)

 involutional effects of aging-related hormone changes

 disuse arising for the most part from chronic physical inactivity

 inadequate intake of protein and calories (physiologic anorexia 
of aging, increase in the level of circulating cytokines, alterations of and 
release and activity of cholecystokinin)

 increased risk of falling, physical frailty, and disability.
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• “frailty is characterized by generalized weakness, impaired 

mobility and balance and poor endurance. Loss of muscle 

strength is an important factor in the process of frailty, and is 

the limiting factor for an individual’s chances of living an 

independent life until death.” (van den Beld AW, 2000)

• potential causes of frailty include sarcopenia, neuroendocrine  

decline, and immune dysfunction; frailty involves problems or 

difficulties in different functional domains: physical, nutritive, 

cognitive, and sensory (Strawbridge WJ, 1998) 







Kaplan-Meier survival 
curves for mortality 
according to the 
ability to perform the 
chair stand test and 
self-rated health 
(SRH) score.



The healthcare costs of 

sarcopenia were 
estimated based on the 
effect of sarcopenia on 
increasing physical 
disability risk in older 
persons

$ 18.5 billion/year

($10.8 billion in M, $7.7 billion in F)
1.5% of total healthcare 

expenditures for that year



La sarcopenia in età geriatrica:

- etiopatogenesi

- conseguenze cliniche e funzionali

Linee di intervento

Il progetto PROVIDE



How nutritional approach should be characterized 
to optimize post-prandial anabolic action of dietary 

proteins?

•Meet the age-specific RDAs
Increase protein

intake

• Distribution of protein intake

• Digestion rate 

Increase amino 
acid bioavailability

• Leucine 

•Vitamin D

Use specific
substrates



Protein pulse feeding was more efficient than protein spread 
feeding at increasing plasma postprandial AA concentrations, 

• In a spread diet (SD): dietary protein was spread over the four daily meals. 

• In a pulse diet (PD): 72% of dietary protein (averaging 1.31 g/kg body weight 
daily) was consumed in one meal at noon. 

Protein pulse feeding was significantly more efficacious 
than protein spread feeding in improving LM index 

Time (min)



EAA

Am J Clin Nutr. 2011 May;93(5):997-1005.

Whey protein stimulates postprandial muscle protein accretion more effectively than do 
casein and casein hydrolysate in older men. This effect is attributed to a combination of 
whey's faster digestion and absorption kinetics and higher leucine content.



Supplementation of leucine (with EAA) significantly 
increases muscle strength (handgrip strenght)

Scognamiglio et al., Aging Clin Exp Res 2004; Scognamiglio et al., Gerontology 2005; 
Borsheim et al., Clin Nutr 2008

11, 5 g EAA
3.0 g Leucine



• Pro-En: 21 g of leucine-enriched whey
protein with carbohydrate (9 g) and fat (3g)

• Pro: isonitrogenous amount of 21 g of
leucine-enriched whey protein without
carbohydrate and fat

• En: an isocaloric mixture (628 kJ) containing
carbohydrate and fat only

Supplementation of an adequate amount of
dietary protein could be essential to preserve
muscle mass in elderly, independent of
additional energy.



Up to 1.2 -1.5 g/Kg/die during acute or chronic diseases

14 (2013) 542e559





• Some small prospective studies do find vitamin D supplementation 
to increase type II muscle fiber number and cross-sectional area.

• In contrast, others find no association of 25(OH)D with muscle mass 
or strength. 

• Meta-analyses are conflicting, finding supplemental vitamin D to 
have beneficial effects on strength and balance or no effect on 
strength . 

• It is not surprising that meta-analyses have failed to clarify the role 
of vitamin D inadequacy with muscle function. 
• This lack of clarity likely reflects multiple confounders and design 

concerns in existing studies. 
• An important limitation of most studies is nonrecognition that the 

serum 25(OH)D response to vitamin D supplementation is highly 
variable. It is self-evident that individuals who receive vitamin D 
supplementation but do not alter their serum 25(OH)D would not be 
expected to experience a biologic effect.



• Experimental techniques have allowed detection of the 
VDR on skeletal muscle and in cerebellar tissue

• These data suggest that vitamin D supplementation 
may contribute to the health and maintenance of 
muscle function. 

• The role of vitamin D in muscle health and function 
remains an exciting and growing area of research with 
substantial clinical implications.



• Inadequate protein 

intake

• Increased splanchnic 

extraction of amino 

acids

• Decreased muscle 

response to anabolic 

stimuli

• Vitamin D deficiency

Contributory factors related 

to nutrition

• Increase protein 

intake (1-1.5g/kg)

• Consume high quality 

or “fast” proteins. AA 

supplementation

• Increase EAA, in 

particular leucine, 

intake

• Increase Vit D intake

Nutritional management 

strategies

Nutritional management of Ageing/Frailty



La sarcopenia in età geriatrica:

- etiopatogenesi

- conseguenze cliniche e funzionali

Linee di intervento

Il progetto PROVIDE





• Multicenter, randomized, 
controlled, double-blind, 2 parallel-
group trial among 380 sarcopenic
primarily independent-living older 
adults

• SPPB scores between 4 and 9, and a 
low skeletal muscle mass index. 

• The active group (n= 184) received 
a vitamin D and leucine-enriched 
whey protein nutritional 
supplement to consume twice daily 
for 13 weeks.

• The control group (n= 196) received 
an iso-caloric control product to 
consume twice daily for 13 weeks.
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In sarcopenic older adults, 13-week intervention of a vitamin D and leucine-
enriched whey protein oral nutritional supplement is effective in improving:
• Appendicular skeletal muscle mass
• Lower-extremity function

• A specific nutritional supplementation alone might benefit geriatric
patients, especially relevant for those who are unable to exercise

• Nutritional supplementation positively influence measures of sarcopenia
and could prevent mobility disability.
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Conclusione



The administration of ONS has been reported to

• increase in E and nutrient intake 

• have positive effects on nutritional status irrespective of the main 
diagnosis (even in demented subjects)

• improve functional status and quality of life

• reduce the risk of developing pressure ulcers functional 
improvements (in several studies)

• reduce complications in geriatric patients after hip fracture and 
orthopaedic surgery 

• have significant benefit with respect to hospital stay (in some 
studies)

• increase in survival



Relatore:



Relatore:



La vieillesse n’est pas si 
mauvais quand vous 
considérez l’alternative. 

Maurice Chevalier 

(Paris, 1888-1972)


