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Aging and muscle 
Consequences of losing LBM/Muscle

1. Demling RH. Eplasty. 2009;9:65–94

Limited activities 
of daily living

Lowered quality of life

1



Aging and muscle 
Optimal LBM over a lifetime

1. Sayer AA, et al. J Nutr Health Aging. 2008;12:427–432.

For optimal maintenance with aging, it is important to build 
muscle when young, maintain it in mid-life, and minimize loss in 

older adulthood

Minimize LossMaintainBuild



Can sarcopenia be prevented and/or treated?

???
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Aging and muscle
Factors that affect muscle mass

Robinson S, et al. J Aging Res. 2012: 2012: 510801.
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Nutrition-muscle connection
Dietary protein 

● Protein: The principal component of all muscles

● Dietary intake required for muscle maintenance

● High quality protein to help support adults’ protein needs; most 
aging adults do not consume enough protein4 

● Inadequate levels reduce muscle reserves and immune 
function; increase skin fragility

Nutrients 2016 May 14;8(5).



1.0 BACKGROUND

Nutrients 2016 Jan 27;8(2).



Anorexia, physical function, and incident disability among the
frail elderly population: Results from the ilSIRENTE Study

Landi F. et al. J Am Med Dir Assoc: 2010: 11: 268–274
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2.0 PUTATIVE MECHANISMS OF PROTEIN 
ACTION ON MUSCLE CELLS 

Overview of potential pathways whereby resistance exercise and nutritional interventions 
may influence cellular events implicated in the regulation of muscle mass

Landi F. et al. The New Metabolic Treatments 
For Sarcopenia. Aging Clin Exp Res: 2013

EAAs/HMB
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3.0 DIETARY PROTEIN REQUIREMENTS: 
HOW MUCH PROTEIN IS ENOUGH FOR OLDER ADULTS?

DIETARY PROTEIN INTAKE EVIDENCE: A prospective analysis including 2000+ elderly adults in the health, 
aging, and body composition (Health ABC) study



Calvani R, Landi F et al. 2015
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Lower quintiles of protein intake are associated with higher risk of frailty 
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Risk of frailty by quintile of protein intake (% kcal) (n= 24,417)

Increasing dietary protein intake, % of kcal

70.8 g/day

72.8 g/day

74.4 g/day
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4.0 PROTEIN QUALITY: WHAT IS THE BEST PROTEIN 
SOURCE? 



4.1 FAST VERSUS SLOW PROTEINS

~ 1.0–1.2 g/kg/day

• No evidences are available in terms of animal versus plant 
based protein. This issue is of interest considering that 
proteins are absorbed at different rates upon digestion.

• The concept of “fast” protein (i.e. whey protein) versus 
“slow” protein (i.e. casein and animal protein) is of 
particular relevance taking into consideration the anabolic 
response following the ingestion of different foods and/or 
oral nutritional supplements



The mean animal-derived 
protein intake: 

 I tertile 17.7 g/day 

 II tertile 27.3 g/day 

 III tertile 39.1 g/day

4.2 ANIMAL VERSUS PLANT-DERIVED PROTEINS



5.0 PROTEIN DISTRIBUTION: 
WHEN IS IT BETTER TO CONSUME PROTEIN?

A daily protein intake of 1.0-1.2 g/kg body weight per 
day has been recognized by the PROT-AGE Study 
Group as the minimum quantity necessary to 
preserve muscle health during aging. 

Nevertheless, 
 the timing of protein ingestion and 
 the synergistic effect of protein intake with 

physical activity may also be critical to optimize 
muscle health.



5.1. PROTEIN TIMING

Daily protein distribution – typical? 



5.1. PROTEIN TIMING

Daily protein distribution – optimal 



5.2. PROTEIN INTAKE AND PHYSICAL EXERCISE 



The mean animal-derived 
protein intake: 
 III tertile 39.1 g/day

5.2. PROTEIN INTAKE AND PHYSICAL EXERCISE 



Overview of potential pathways whereby resistance exercise and 
nutritional interventions may influence cellular events implicated
in the regulation of muscle mass

Landi F. et al. The New Metabolic Treatments For Sarcopenia
Aging Clin Exp Res: 2013

6.0. PROTEIN SUPPLEMENTATION: NEW EVIDENCE 



Nutrition-muscle connection
HMB is a metabolite of the amino acid leucine

● Calcium beta-hydroxy beta-methylbutyrate (CaHMB) 
is a source of HMB

● HMB regulates protein in muscle cells

– Supports muscle protein synthesis and slows 
down muscle protein breakdown 1,2

– Helps rebuild muscle mass lost 
naturally over time1,3,4

– Helps rebuild LBM to support 
muscle strength and functionality4,5

1. Wilson GJ, et al. Nutr Metab (Lond).: 2008:5:1. 
2. Eley HL, et al. Am J Physiol Endocrinol Metab.: 2008:295:E1409–1416. 
3. Nissen S, Abumrad NN. J Nutr Biochem.: 1997:8:300–311.
4. Vukovich MD, et al. J Nutr.: 2001: 131: 2049–2052. 
5. Flakoll P, et al. Nutrition.: 2004:20:445–451. (HMB + arginine + lysine)

6.0. PROTEIN SUPPLEMENTATION: NEW EVIDENCE 



Effect of HMB on bed rest-associated loss of 
total lean mass

Lean body mass is maintained by β-hydroxy-β-methylbutyrate 
(HMB) during 10 days of bed rest in elderly women

Clin Nutr. 2013;32(5):704-12



The NOURISH Study

● Malnourished older adults hospitalized for congestive heart failure, 
acute myocardial infarction, pneumonia, or chronic obstructive 
pulmonary disease

● Interventions: standard-of-care plus high-protein ONS containing HMB 
(HP-HMB) or a placebo supplement (2 servings/day)



The NOURISH Study

● I pazienti sono stati randomizzati nell’arco delle 72 ore di 
ospedalizzazione (N=652)

– GRUPPO SPERIMENTALE:  standard di cura + supplemento 
nutrizionale orale (ONS) ipercalorico, ad alto contenuto 
proteico con CaHMB

(350 kcal, 20 g. di proteine di alta qualità, 1,5 g  CaHMB, vitamine e minerali)

– GRUPPO DI  CONTROLLO:  standard di cura + supplemento 
Placebo ipocalorico, senza proteine (48 calorie)

● Due volte al giorno durante il ricovero ospedaliero e per 90 
giorni dopo la dimissione

● Compliance=  assunzione di ≥75% di entrambe le 
somministrazioni



The NOURISH Study



Number Needed to Treat (NNT) e proiezione di 
aspettativa di vita

● Per il gruppo con supplemento HP+HMB, la stima NNT   
è stata di 20.3 soggetti da trattare  (95% CI 10,9 to 
121,4) per prevenire un decesso

● I dati del modello economico attraverso lo studio 
NOURISH ha osservato un incremento di  aspettativa 
di vita pari a 8 mesi e mezzo



Stato nutrizionale significativamente migliorato,
con alto contenuto proteico + HMB



VITAMINA D sierica significativamente più 
elevata, con alto contenuto proteico + HMB



Evaluation of an Oral Nutritional Supplement 
Containing HMB

ClinicalTrials.gov Identifier: NCT01191125



Evaluation of an Oral Nutritional Supplement 
Containing HMB

Study design

●Prospective, randomized, double–blind, 24-week 

intervention trial.

●330 men and women >65 years with malnutrition (SGA) 

and sarcopenia (EWGSOP)

●Main outcome measures

– Knee extensor strength

– Muscle mass, body composition

– Grip strength, gait speed, SPPB

– Dietary intake and compliance

– ADL, QoL

ClinicalTrials.gov Identifier: NCT01191125



Evaluation of an Oral Nutritional Supplement 
Containing HMB 

Subject selection

ClinicalTrials.gov Identifier: NCT01191125

● Main inclusion criteria
• 65-90 years, both genders
• Ambulatory subjects
• Malnourished:  SGA of B or C
• Low gait speed AND/OR low hand-grip strength
• Low muscle mass (DXA)
• No resistance exercise program

● Main exclusions: diabetes, inflammatory disease, renal impairment, 

severe GI disorders, malignancy, use of dietary supplements



Evaluation of an Oral Nutritional Supplement 
Containing HMB 

Intervention

ClinicalTrials.gov Identifier: NCT01191125

●Experimental:  
– calorically-dense ONS with complement of protein, 

HMB, vitamin D and other macronutrients and essential 
vitamins and mineral

●Control:  
– commercial calorically-dense ONS (Ensure® Plus HN, 

Abbott Nutrition International)



Evaluation of an Oral Nutritional Supplement 
Containing HMB 

ClinicalTrials.gov Identifier: NCT01191125

Screening and recruitment

Screened N=800

Men and women 65 yr+

N=643
Malnutrition (SGA)

N=488
Low gait speed or
Low grip strength

76% of malnourished subjects 
had reduced physical 

performance

N=368
Low muscle mass (DEXA)

At least 57% of malnourished 
subjects have sarcopenia

Grip strenght was not 
recorded in those with 

lowgait speed



Evaluation of an Oral Nutritional Supplement 
Containing HMB 

Results - Leg Strength (Nm), Change from Baseline at 12 weeks

ClinicalTrials.gov Identifier: NCT01191125



Evaluation of an Oral Nutritional Supplement 
Containing HMB 

Results - Leg Strength (Nm), Change from Baseline at 24 weeks

ClinicalTrials.gov Identifier: NCT01191125



Nutrition-muscle connection

7.0. CONCLUSION

EAAs/HMB



Nutrition-muscle 
connection 
The “Pachinko 
Model”
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