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Sarkopeni  
 

20 years 80 years20 years 80 years

"Muscle loss steals the freedom of the old“ 
                          Irvin Rosenberg 1988 

Fysisk funktion 
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Aldring 

Fysisk funktion Muskeltab 

Sarcopenia   

     1997   

Sarcopenia   

        2018   

   Muscle failure Low muscle mass 

Baumgartner 1997                                              Cruz-Jentoft et al. 2018 

Normal ageing  
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independence 

Diseased/Inactive 
ageing 

Loss of muscle function with aging 
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Tekst starter uden 
punktopstilling 
 
For at få punkt-
opstilling på 
teksten, brug 
forøg indrykning 
 
 
For at få venstre-
stillet tekst uden 
punktopstilling, 
brug formindsk 
indrykning 

Overskrift her 

For at ændre 
”Enhedens navn” 
og ”Sted og dato”: 
 
Klik i menulinjen,  
vælg ”Indsæt” > 
”Sidehoved / 
Sidefod”. 
Indføj ”Sted og 
dato” i feltet for 
dato og ”Enhedens 
navn” i Sidefod 

8 Charlotte Suetta 

   Surgery 

 

Immobilisation 
 

Aging 

Comorbidity 

Medical illness 

Elderly patients 

  Malnutrition 



1/27/2020 

4 

Elderly patients arrive sick and often  

leave disabled from hospital 
  

  

• About one-third of patients over 70 years old and more than half 

of patients over 85 leave the hospital more disabled than when 

they arrived. 

• As a result, many seniors are unable to care for themselves after 

discharge and need assistance with daily activities such as bathing, 

dressing or even walking.  

• Increasing severity of these functional impairments is associated with 

increased risk of readmission, morbidity and mortality.  

 

 

 

Greysen and Covinsky 2014, 2015 

 

     

Why is skeletal muscle important ? 

    2. It is important for metabolic  

        function and acts as a reservoir 

        in catabolic conditions 

  

1. Skeletal muscle accounts for  

   ≈40% of our total body mass 

     

    
       3. Low muscle mass markedly increases  
           the risk of frailty, morbidity and       
 mortality 
 

Tekst starter uden 
punktopstilling 
 
For at få punkt-
opstilling på 
teksten, brug 
forøg indrykning 
 
 
For at få venstre-
stillet tekst uden 
punktopstilling, 
brug formindsk 
indrykning 

Overskrift her 

For at ændre 
”Enhedens navn” 
og ”Sted og dato”: 
 
Klik i menulinjen,  
vælg ”Indsæt” > 
”Sidehoved / 
Sidefod”. 
Indføj ”Sted og 
dato” i feltet for 
dato og ”Enhedens 
navn” i Sidefod 

Vandervoort, Muscle & Nerve 25, 2002 
Parise & Yarasheski,  

Curr Opin Clin Nutr Metab Care, 2000 

31 yr (m) 

66 yr (m) 

73 yr (f) 

85 yr (f) 

Reduced muscle cross-sectional area  

( 40% between the age of 20 and 80 yrs) 

 

The decline seems to start in early  

adulthood and accelerate after the  

age of 50 years 

 

 content of non-contractile tissue such as 

intramuscular fat and connective tissue 

Loss of muscle mass with aging: 

sarcopenia 
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YM 

 
EM 

 

23 yrs old male             72 yrs old male  

Muscle CSA in young vs old 
Same activity level 

Appendicular Lean Mass 

  Men      Women 

Grey areas 
corresponds 
to -2 SD 
below the 
young adult 
reference 
mean 

ALM 

ALM/h2 

Suetta et al., JCSM 2019 

Tekst starter uden 
punktopstilling 
 
For at få punkt-
opstilling på 
teksten, brug 
forøg indrykning 
 
 
For at få venstre-
stillet tekst uden 
punktopstilling, 
brug formindsk 
indrykning 

Overskrift her 

For at ændre 
”Enhedens navn” 
og ”Sted og dato”: 
 
Klik i menulinjen,  
vælg ”Indsæt” > 
”Sidehoved / 
Sidefod”. 
Indføj ”Sted og 
dato” i feltet for 
dato og ”Enhedens 
navn” i Sidefod 

Reduced muscle mass with ageing 

- loss of muscle fibers 
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Tekst starter uden 
punktopstilling 
 
For at få punkt-
opstilling på 
teksten, brug 
forøg indrykning 
 
 
For at få venstre-
stillet tekst uden 
punktopstilling, 
brug formindsk 
indrykning 

Overskrift her 

For at ændre 
”Enhedens navn” 
og ”Sted og dato”: 
 
Klik i menulinjen,  
vælg ”Indsæt” > 
”Sidehoved / 
Sidefod”. 
Indføj ”Sted og 
dato” i feltet for 
dato og ”Enhedens 
navn” i Sidefod 

 
             Selective loss of type II fibers   VL muscle, Lexell et al. 1983 
 
  Fibertype grouping Andersen et al 2003 
 

 
 
 
 

 

Changes in muscle mass with aging 

Young subject Old subject 22 yr old 87 yr old 

Change in muscle fiber size and shape 

Young subject Old subject 

VL stainings by courtesy JL Andersen CMRC 2004 

Har sarkopeni betydning for fysisk funktion 
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Sarcopenia 
 

= muscle mass/ht2 (kg/m2) is 2 SD below reference values  

for young healthy men and women 

 

 

Prevalence in 833 men and women: 

 

•  13-24% in persons < 70 yr 

•  > 50% in persons > 80 yr 

 

 

 
                                              

           Baumgartner 1998 

 
Sarcopenia is significantly associated 
with a  
 
•  3-4 times greater risk of physical 
 disability 
 

•  2-3 times greater risk of balance 
 abnormality  
 

•  2-3 times greater risk of falls     
                                                    
                       Baumgartner 1998, 1999 

Dynamic muscle strength 
 

• Decline starting ~50-60 yrs old,  
decline is accelerated with age 
(cross-sectional data) 

 

• Substantial differences between 
men and women 

 

• Substantial individual differences ! 

  

Decreased Muscular Strength With Aging 

Lindle et al, J. Appl. Physiol. 83(5), 1997 

Maximal concentric quadriceps  

                       muscle strength 

                                      (30o/s) 

Maximal eccentric quadriceps  

                      muscle strength 

                                    (30o/s) 

Relationship between strength and function in 

65+ yr old people 

 

• Knee extensor strength and normal gait speed 
    (Anianson 1980, Wolfson 1995, Brown 1995, Ferrucci 1997) 

 
• Knee extensor strength and step height in women  
    (Aniansson 1980) 

• Knee extensor strength and chair rise  
    (Skelton 1994, Ferrucci 1997) 

• Knee extensor strength and balance in women 

    (Ferrucci 1997, Beyer 2007) 
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Hand Grip Strength 

Suetta et al., JCSM 2019 

Men  Women 

Tekst starter uden 
punktopstilling 
 
For at få punkt-
opstilling på 
teksten, brug 
forøg indrykning 
 
 
For at få venstre-
stillet tekst uden 
punktopstilling, 
brug formindsk 
indrykning 

Overskrift her 

For at ændre 
”Enhedens navn” 
og ”Sted og dato”: 
 
Klik i menulinjen,  
vælg ”Indsæt” > 
”Sidehoved / 
Sidefod”. 
Indføj ”Sted og 
dato” i feltet for 
dato og ”Enhedens 
navn” i Sidefod 

Decreased Muscular Strength  

and Power with Aging 

Decreased maximal muscle  

force and contractile power  

from > 65 years 

Loss of strength: 1.5% per year 

Loss of power:    3.5% per year 

Young & Skelton, Int. J. Sports Med. 15, 1994 
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25 

Muscle power and sit-to-stand test 

Suetta et al., JCSM 2019 

26 

Maximal and habitual gaitspeed 

Men Women 

Suetta et al., JCSM 2019 

Aging Loss of muscle power (50yrs) 

Loss of muscle mass (70-80 yrs) 

Loss of muscle strength (60yrs) 

Loss of Physical Function 
(Gait Speed ∽70yrs) 
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European Championships for Master Athletes 

(100 m sprint)  

40 years 88 years 
3 best time records in each age group 

Korhonen MT et al 2002 

Muscle CSA 

YC OC   SW RU    ST

Specific tension

MVC/CSA

Old

YC OC   SW RU    ST

Specific tension

MVC/CSA

Old

H. Klitgaard et al. 1991  

The effect of lifelong training 

YC OC   SW RU    ST

Specific tension

MVC/CSA

Old

YC OC   SW RU    ST

Specific tension

MVC/CSA

Old
YC OC   SW RU    ST

Specific tension

MVC/CSA

Old

YC OC   SW RU    ST

Specific tension

MVC/CSA

Old

Parise & Yarasheski,  

Curr Opin Clin Nutr Metab Care, 

2000 

31 yr (m) 

66 yr (m) 

73 yr (f) 

85 yr (f) 

Rask 41-årig mand 

47-årig mand med SCI 

Effekt af inaktivitet versus alder 
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85 yr (f) 

47 yr with SCI (m) 

Inactivity versus ageing 
 

Chronic exercise preserves 
 lean muscle mass in masters athletes 

 

Wroblewski AP et al, Phys Sportsmed. 2011 

40 yr triathlete (m) 70 yr triathlete (m) 74 yr sedentary (m) 

Courtesy Haddock & Frandsen 

32 

Primær sarkopeni Årsag 

Aldersrelateret muskeltab Alder +65 år 

Sekundær sarkopeni Årsag 

Inaktivitetsrelateret 
muskeltab 
 

Immobilisering, sengeleje, 
inaktiv livsstil 

Sygdomsrelateret muskeltab 
 

Cancer, organsvigt (hjerte, 
lunge, nyre), infektion, 
inflammatorisk sygdom, 
neurologisk sygdom 

Ernæringsrelateret 
muskeltab 
 

Fejlernæring, GI-sygdom, 
malabsorption, dysfagi 
 

EWGSOP, Age and Aging 2010 

Primær sarkopeni Årsag 

Aldersrelateret muskeltab Alder +65 år 

Sekundær sarkopeni Årsag 

Inaktivitetsrelateret 
muskeltab 
 

Immobilisering, sengeleje, 
inaktiv livsstil 

Sygdomsrelateret muskeltab 
 

Cancer, organsvigt (hjerte, 
lunge, nyre), infektion, 
inflammatorisk sygdom, 
neurologisk sygdom 

Ernæringsrelateret 
muskeltab 
 

Fejlernæring, GI-sygdom, 
malabsorption, dysfagi 
 

EWGSOP, Age and Aging 2010 
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34 

Disuse  

Chronic disuse 
(pain >1 yr) 

14 days 
 immobilisation 

4 days 
immobilisation 

Cast Don-Joy 

                  Charlotte 
Suetta 

Suetta et al, JAP 2009 

Quadriceps volume 

Changes in muscle size  

with immobilisation and re-training 

  

Disuse  

Chronic disuse 
(pain >1 yr) 

14 days 
 immobilisation 

4 days 
immobilisation 

Cast Don-Joy 
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Changes in maximal muscle strength and myofiber area 

 with 4 days and 14 days of immobilisation  

Suetta, Frandsen et al. PLoS ONE 2012 

Pre

14d imm

Young Old

Pre

14d imm

Young Old

Suetta, Frandsen et al. PLoS ONE 2012, Hvid et al 2016, Hvid et al 2013 
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4 days disuse 

How is human skeletal muscle  
re-growth affected by aging  

39                   Charlotte 
Suetta 
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Myogenic stem cells 
(satellite cells) 

Satellite cells are essential for 
the regenerative capacity of 
skeletal muscle and regulation 
of muscle cell hypertrophy 

Satellite cell 

Myonucleus 

Courtesy A Mackey 

Pax7+/Type I 

Changes in the number of myogenic stem cells 
 with immobilisation and subsequent re-training 
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Suetta et al. J Physiol 2013 

Pax7+/Type II 



Pax7+cells/FT2

Pre Imm +3d       +4wks



∞



Pax7+cells/FT2

Pre Imm +3d       +4wks



∞

P
a

x
7

+
 c

e
ll
s

/ 
fi

b
e

r 

41                   Charlotte 
Suetta 

Suetta, Frandsen et al. PLoS ONE 2012, Hvid et al 2016, Hvid et al 2013,  

Re-training 
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43 Charlotte Suetta 

Tekst starter uden 
punktopstilling 
 
For at få punkt-
opstilling på 
teksten, brug 
forøg indrykning 
 
 
For at få venstre-
stillet tekst uden 
punktopstilling, 
brug formindsk 
indrykning 

Overskrift her 

For at ændre 
”Enhedens navn” 
og ”Sted og dato”: 
 
Klik i menulinjen,  
vælg ”Indsæt” > 
”Sidehoved / 
Sidefod”. 
Indføj ”Sted og 
dato” i feltet for 
dato og ”Enhedens 
navn” i Sidefod 

Do frail elderly individuals benefit from resistance training ? 

Treatment  

Muscle mass Muscle strength Physical function 
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Studies reporting changes in muscle strength  

following strength training in healthy elderly individuals 

Vandervoort, Muscle & Nerve 25, 2002 

Interventionens  
type, længde og intensitet  

Implementation of the sarcopenia diagnosis 

Sarcopenia   
     1997   

Sarcopenia   
     2018   

Muscle failure Low muscle mass 

Baumgartner 1997                                Cruz-Jentoft et al. 2018 



1/27/2020 

17 

September 2016 

Tekst starter uden 
punktopstilling 
 
For at få punkt-
opstilling på 
teksten, brug 
forøg indrykning 
 
 
For at få venstre-
stillet tekst uden 
punktopstilling, 
brug formindsk 
indrykning 

Overskrift her 

For at ændre 
”Enhedens navn” 
og ”Sted og dato”: 
 
Klik i menulinjen,  
vælg ”Indsæt” > 
”Sidehoved / 
Sidefod”. 
Indføj ”Sted og 
dato” i feltet for 
dato og ”Enhedens 
navn” i Sidefod 

Definitions of Sarcopenia 

                  Charlotte 
Suetta 
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2018 2010 1997 

1. 3488 persons from Copenhagen City Heart (ØBUS 5) was 
invited 

 

2. Reference data for Body Composition, BMD, CoreScan, Muscle 
strength and Muscle function 

 

1. 1366 persones aged 20-93 years participated (≈40%) 

 

4. Biobank (Vitamin-D, biomarkers of bone- and muscle, cytokines, 
sex hormones) 

 

 

     

 

   

Copenhagen Sarcopenia Study 

Copenhagen Sarcopenia Study 
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55 

Cut-off values 

Suetta, Haddock, Alcazar et al., JCSM 2019 

September 2016 

Revised guidelines to diagnose Sarcopenia 
EWGSOP2 2018 
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EWGSOP (2018) and CSS cut-off values 

Patient 
-1 SD  
-2 SD 

Patient 
-1 SD  
-2 SD 

MS patient (41yrs) 

Old frail patient (89yrs) 

Summary  
 
1. Primary (chronic) and secondary 

(acute) sarcopenia are two different 
conditions 
 

2. Useful to use local reference data 
and cut-off values 

 
3. Assessing muscle domains will 

enable early identification, 
individualised treatment AND 
evaluation 
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www.copenage.ku.dk 

charlotte.suetta@regionh.dk 

www.copenage.ku.dk 

Enhedens navn 

Sted og dato 
Slide 63 
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EWGSOP-2 Cut-off values 

Cruz-Jentoft et al 2019 

65 

Lean mass 

Suetta, Haddock, Alcazar et al., JCSM 2019 

Strength & Power 
 

Suetta, Haddock, Alcazar et al., JCSM 2019 
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Suetta, Haddock, Alcazar et al., JCSM 2019 

Gait Speed 

68 

Sit-to Stand test 

Suetta, Haddock, Alcazar et al., JCSM 2019 

69 

16. oktober 2018 17. maj 2018 
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