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Drivers of lean body mass loss

• Physical inactivity and decreased dietary intake

• Decreased protein synthesis and increased protein breakdown

• Infiltration of fat into muscle

Under-nutrition, Sarcopenia and Frailty 



Aging and muscle

Factors that affect muscle mass

Robinson S, et al. J Aging Res . 2012: 2012: 510801.
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Anorexia of aging ���� Sarcopenia 

• Cachexia / sarcopenia

• Reduced physical performance

• Decreased mobility / incident disability

• Poor quality of life

• All-cause mortality

J Am Med Dir Assoc 2010, Editorial comment
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Risk factors for sarcopenia 

Landi F. et al. Eur J Nutr: 2012

No Sarcopenia
N=206

Study sample
N=354

Women=236
Men=118

Grip
Strength

Gait
Speed

Muscle
Mass

Normal
2nd and 3rd tertile of MAMC

Low
<30 Kg for male
<20 Kg for female
N=78

Normal
1st tertile of MAMC

Slow
≤0.8 m/s

N=70

Normal
≥30 Kg for male
≥20 Kg for female

Normal
>0.8 m/s
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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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Pleasure of eating only few foods

in the elderly

(taste/smell – chewing – swallowing) 

Poor alimentary variety of 

choice – Liquid and/or 

semi-solid foods

Higher risk of quantitative

malnutrition due to 

low-calorie intake

Higher risk of qualitative

low intake of single 

nutrients

(protein, vitamin D, zinc)

Nutrients 2016 Jan 27;8(2).
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Can sarcopenia be prevented / treated?

???



Potential therapeutic strategies

Cytokines inhibitors
Myostatin inhibitors 

Testosterone

Ace-inhibitors

Statin

Leptin
Anti oxidants (Zn, Se)

Growth Hormone

Estrogen 

DHEA

Essential fatty acids ( ΩΩΩΩ-3)
Creatine

Physical exercise

Nutritional supplements

Protein - Vitamin D
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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).



The importance of protein
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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
78.5 g/day
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PROTEIN DISTRIBUTION
WHEN IS IT BETTER TO CONSUME PROTEIN?

Daily protein distribution – typical? 



Daily protein distribution – optimal 

PROTEIN DISTRIBUTION
WHEN IS IT BETTER TO CONSUME PROTEIN?



PROTEIN INTAKE AND PHYSICAL EXERCISE 

Tieland et al. JAMDA 2012, 13(8):720-726
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Elderly muscle are less responsive to anabolic effect of 

EAA/Leucine

PROTEIN SUPPLEMENTATION: NEW EVIDENCE 



JAMDA 16 (2015) 740e747
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HMB is an active 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

– Helps rebuild muscle mass lost 

naturally over time

– Helps rebuild LBM to support 

muscle strength and functionality

PROTEIN SUPPLEMENTATION: NEW EVIDENCE 



Effects of HMB in nonEffects of HMB in non--exercising older adults exercising older adults 

� Objective:

Evaluate the effect of HMB on LBM and strength in older adults (with and 
without resistance training (RT) exercise)

� Study Design: 

–Prospective, randomized, placebo-controlled trial

–Older adults (age≥ 65 y), n=27/group- 4 groups

–HMB at 3g/day vs. placebo (with or without progressive RT)

–24-wks supplementation; Outcomes: lean mass and leg strength

Stout J et al (2013) Exp. Gerontol. 48; 1303-1310 
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Results: HMB increased lean mass and strength in Results: HMB increased lean mass and strength in 

nonnon--exercising older adults exercising older adults 

Stout J et al (2013) Exp. Gerontol. 48; 1303-1310 

∗∗ ∗

* p<0.05, Change from baseline by paired t-test

p=0.04

PROTEIN SUPPLEMENTATION: NEW EVIDENCE 



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

J Nutrition 2013

PROTEIN SUPPLEMENTATION: NEW EVIDENCE 



Cramer et al. JAMDA 2016
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Screening and recruitment

N=488
Low gait speed or
Low grip strength

76% of malnourished subjects 

had reduced physical 

performance

76% of malnourished subjects 

had reduced physical 

performance

N=368
Low muscle mass (DEXA)

At least 57% of malnourished 

subjects have sarcopenia

At least 57% of malnourished 

subjects have sarcopenia

Grip strenght was not 

recorded in those with 

lowgait speed

Grip strenght was not 

recorded in those with 

lowgait speed

Cramer et al. JAMDA 2016
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Results - Leg Strength (Nm), Change from Baseline at 1 2 weeks

Cramer et al. JAMDA 2016
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Results - Leg Strength (Nm), Change from Baseline at 2 4 weeks

Cramer et al. JAMDA 2016

PROTEIN SUPPLEMENTATION: NEW EVIDENCE 



Dietary intakes of energy, protein, and serum vitam in D at baseline and 12 and 24 weeks 

Cramer et al. JAMDA 2016

PROTEIN SUPPLEMENTATION: NEW EVIDENCE 



Aging and muscle
Loss of muscle mass, strength and function



Aging and muscle
Loss of muscle mass, strength and function

No exercise

Walking

Aerobic 
Exercise

Resistance 
Exercise



Nutrition-muscle connection 

The “Pachinko Model”



Take home messages

Sarcopenia
● The consequences of sarcopenia (and 

generally loss of muscle mass) warrant 
screening and treatment

Proteins and 
Vitamin D

● Adequate intake of proteins (≥1 g/kg/d), 
energy and vitamin D along with 
adequate physical activities may help 
prevent sarcopenia

Leucine/HMB 
+ exercise

● Leucine/HMB and exercise should be 
considered as interventions in the 
management of sarcopenia

Evidence 
Base Medicine

● Importance of continuity of nutritional 
care following discharge from hospital 
and during rehabilitation


