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Pathophysiology of functional decline

Anton, Age Res Rev 2015



Morgan Int J Biochem Cell Bio, 2003



Stem cell niche

young
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Ling et al., J Nutr 2011;  Ling et al.,  Age 2011

Muscle mass



Sarcopenia and mortality

Vetrano, J Gerontol A Biol Sci Med Sci 2014

770 in hospital patients, 1 yr mortality follow up
Mean 81 yrs
28% sarcopenic (BIA)
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Beenakker et al., Ageing Res Rev, 2010
meta-regression lines with 95% confidence 

band (adjusted to 50% female) 
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89 years

HR 3.7, CI 2.5-5.7

HR 2.6, CI 1.6-4.4

Muscle strength and survival

Ling et al., CMAJ 2009







Harimoto., Brit J Surg 2013

196 pt hepatocellular carcinoma undergoing 
hepatectomy, CT L3, 40% sarcopenic

Hepatocellular carcinoma - survival



122 pt endometrial cancer, L3 CT, 50% sarcopenic

Kuroki, Ann Surg Oncol 2014

Endomentrial cancer - survival



Versteeg, in preparation

Mixed cancer group - survival
103 pt, 70 yrs, L3 CT
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Lowest tertile Middle tertile Highest tertile

MMSE 85 years MMSE 89 years

  both p for trend < 0.001

Taekema et al. 2011

Muscle strength and cognition



Handknijpkracht en bloeddruk

Taekema et al. A, J Hyperten 2011



Malnutrition and body composition

Rijnierse, Plos One 2015

185 geriatric 
outpatients, 
mean 82 years, 
SNAQ and BIA



Exercise and muscle mass

Eibich, J Gerontol A Biol Sci Med Sci 2015

Berlin Aging Study II, 
N=891, 60+ yrs



Exercise and grip strength

Eibich, J Gerontol A Biol Sci Med Sci 2015

Berlin Aging Study II, 
N=891, 60+ yrs



     
Sarcopenia predicts 

detrimental outcome.

 



Vooraf Achteraf 

Kennis

   Bekend met definitie, n (%) 154 (69.7) n.v.t.

   Vermoeden op sarcopenie*, n (%) 181 (82.6) n.v.t.

   Weet hoe te diagnosticeren, n (%) 46 (21.4) 214 (97.3)

Diagnostische meetinstrumenten

   Geen, n (%) 83 (37.6) 10 (4.5)

   Spiermassa, n (%) 20 (9.0) 64 (29.1)

   Spierkracht, n (%) 75 (33.9) 175 (79.5)

   Loopsnelheid, n (%) 43 (19.5) 167 (75.9)

*Vraag: ”Heeft u in de afgelopen maand patiënten gezien waarbij u vermoedde dat er sprake zou kunnen zijn van sarcopenie?”

Kennis en diagnostiek

Rijnierse, in preparation
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Beenakker et al., Age Res Rev 2010
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Muscle strength and age



Code
Formula Cut-off point Cohort used as reference population Reference†

  Sarcopenia present Men Women    

A ALM/height2 > 2 SD below RP 7.26 kg/m2 5.45 kg/m2 Rosetta Study (1986-1992) non-Hispanic 
white men and women aged 18-40 years

Baumgartne
r 1998

B ALM/height2 Under 20th percentile 7.25 kg/m2 5.67 kg/m2 Health ABC Study (1997/1998), 2976 men 
and women 70-79 years old black and 
white, Pittsburgh, Pennsylvania and 
Memphis, Tenessee

Delmonico 
2007

C ALM/height2 > 2 SD below RP 6.19 kg/m2 4.73 kg/m2 NHANES survey (1999 - 2004) white men 
and women aged 20 years

Kelly 2009

D ALM with 
height and fat 
mass

Under 20th percentile NA NA NA Delmonico 
2007

E Skeletal lean 
mass/body mass 
* 100%

>2 SD below RP is class II 
sarcopenia                           
    1-2 SD below RP is 
class I sarcopenia

31%
37%

22%
28%

NHANES III (1988-1994), 6414 men and 
women aged 18-39 years non-Hispanic 
white, non-Hispanic black and
Mexican-American

Janssen 2002

F Skeletal lean 
mass/ height2

ROC analysis 8.50
10.75 kg/m2

5.75
6.75    kg/m2

NHANES III (1988-1994), 60 years plus, 
non-Hispanic white, black and Mexican-
American

Janssen 2004

G Optimal 
cutpoint for 
grip strength,  
walking slower 
than 0.8 m/s

Below optimal cutpoint 30.3 kg 19.3 kg InCHIANTI (1998-2000), 1030 subjects 
aged 20 - 102 years, , 

Lauretani 
2003

Used definitions

Bijlsma et al. 2012, Age; Reijnierse et 
al. under review



Bijlsma et al. 2012, Age; Reijnierse et 
al. under review

‘Concordance’ sarcopenia

Middle aged Elderly



Code
Formula Cut-off point Cohort used as reference population Reference†

  Sarcopenia present Men Women    

A ALM/height2 > 2 SD below RP 7.26 kg/m2 5.45 kg/m2 Rosetta Study (1986-1992) non-Hispanic 
white men and women aged 18-40 years

Baumgartne
r 1998

B ALM/height2 Under 20th percentile 7.25 kg/m2 5.67 kg/m2 Health ABC Study (1997/1998), 2976 men 
and women 70-79 years old black and 
white, Pittsburgh, Pennsylvania and 
Memphis, Tenessee

Delmonico 
2007

C ALM/height2 > 2 SD below RP 6.19 kg/m2 4.73 kg/m2 NHANES survey (1999 - 2004) white men 
and women aged 20 years

Kelly 2009

D ALM with 
height and fat 
mass

Under 20th percentile NA NA NA Delmonico 
2007

E Skeletal lean 
mass/body mass 
* 100%

>2 SD below RP is class II 
sarcopenia                           
    1-2 SD below RP is 
class I sarcopenia

31%
37%

22%
28%

NHANES III (1988-1994), 6414 men and 
women aged 18-39 years non-Hispanic 
white, non-Hispanic black and
Mexican-American

Janssen 2002

F Skeletal lean 
mass/ height2

ROC analysis 8.50
10.75 kg/m2

5.75
6.75    kg/m2

NHANES III (1988-1994), 60 years plus, 
non-Hispanic white, black and Mexican-
American

Janssen 2004

G Optimal 
cutpoint for 
grip strength,  
walking slower 
than 0.8 m/s

Below optimal cutpoint 30.3 kg 19.3 kg InCHIANTI (1998-2000), 1030 subjects 
aged 20 - 102 years, , 

Lauretani 
2003

Used definitions - no concordance

Bijlsma et al. 2012, Age; Reijnierse et 
al. 2015



Cruz-Jentoft et al., Age  Ageing 2010

European consensus



     
Sarcopenia predicts 

detrimental outcome.

‘Consensus like situation’.

 



Cognitief functioneren (MMSE + VAT), depressieve 
symptomen (GDS)

Bloeddruk, orthostatische hypotensie
ECG/longfunctie op indicatie

EN: Voedingsstatus, vitamine status, medicatie

Spierkracht, functionele testen

Gewrichtsfunctie, osteoporose

Assessment voor start interventies



• resistance, endurance, 
balance training

• Prevent inactivity!

• Diet, amino acids, 
vitamins

• Prevent catabolic state!

• Phase II trails (Wnt 
signalling, hormons etc)

Sarcopenia interventions



16 weeks  
3 x /week

Sipila et al., 1994 Am Physiol Soc



Leg press after intervention

Peterson, Age Res Rev 2010



Sarcopenia interventions

• resistance, endurance, 
balance training

• Prevent inactivity!

• Diet, amino acids, 
vitamins

• Prevent catabolic state!

• Phase II trails (Wnt 
signalling, hormons etc)



12 g amino acids / d
3 month 

Cognamiglio et al., 2005 Gerontology



N=154, 75y+

Exercise AND amino acid supplementation, 
exercise, amino acid supplementation, health 
education





PROVIDE study

Bauer, JAMDA 2015

RCT 13 wk Vit D/leucine enriched protein, SPPB primay outcome
N=380 sarcopenic elderly, 77 yrs



Intentional weight loss in obese adults

Verreijen, Am Soc  Nutr 2015

13 wk weight loss program, 
all: hypocaloric diet and resistance training 3x wk 
intervention: high protein, leucine, vitD supplement 10x wk

N=80 RCT, mean 63 yrs, BMI 33 kg/m2

Both groups 
weight and fat 
mass loss!



old onset 
monkeys

young onset 
monkeys

Caloric restriction - lifespan
30% decrease ad libitum feeding without malnutrition (mech via oxidative damage, 
mitochondrial function)

Mattison et al., Nature 2012



Caloric restriction - healthspan
30% decrease ad libitum feeding without malnutrition (mech via oxidative damage, 
mitochondrial function)

young onset 
monkeys

CVD, DM, 
cancer

Mattison et al., Nature 2012



Sarcopenia interventions

• resistance, endurance, 
balance training

• Prevent inactivity!

• Diet, amino acids, 
vitamins

• Prevent catabolic state!

• Phase II/III trails (Wnt 
signalling, hormons, 
myostatin inhibition etc)





     
Sarcopenia predicts 

detrimental outcome.

‘Consensus like situation’.

Targeted intervention, 
including the old!
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