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Lexell et al. J. Neurol. Sci. 84:275, 1988.
Koopman R, van Loon LJ. Journal of applied physiology 2009

Loss of muscle mass with age

• 0.5-1% / year after age 25

• 1-2% / year after age 50

Muscle mass is reduced by about 40% between age 20 and to 
age 80 – preferentially at the lower limb 
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Muscle changes that occur with aging

Muscle has two basic fiber types: 
• Type I fibers -- slow contraction time, endurance (hours). 

• Type II fibers -- fast contraction time, high force production and low 
resistance to fatigue (<5 minutes). 

With aging, there is preferential loss of Type II fibers,                             
reducing the capacity for fast reactions (i.e. fall prevention). 

With aging, motor neurons decline,                                                         
reducing the signal for muscle contraction.

With aging, fatty infiltration in muscle, myosteatosis, increases. 

Verdijk, L.B., et al., Satellite cell content is specifically reduced in type II skeletal muscle fibers in the 
elderly. Am J Physiol Endocrinol Metab, 2007. 292(1): p. E151-7.
Nair, K.S., Aging muscle. Am J Clin Nutr, 2005. 81(5): p. 953-63.
Brown, W.F., A method for estimating the number of motor units in thenar muscles and the changes in 
motor unit count with ageing. Journal of Neurology, Neurosurgery and Psychiatry, 1972. 35(6): p. 845-
52. 
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The clinical consequences 
have been well documented 

In both the men and the women age 70 to 79 in the Health ABC study          
(n = 1880), the 1% per year decline in muscle mass was accompanied by a 
3% per year decline in muscle strength.

Loss of muscle mass has been directly linked to: 
• weakness

• functional impairment

• falls 

• frailty

• fractures

Goodpaster, B.H., et al., The loss of skeletal muscle strength, mass, and quality in older adults: the health, 
aging and body composition study. J Gerontol A Biol Sci Med Sci, 2006. 

Bischoff-Ferrari HA. Relevance of vitamin D in muscle health. Rev Endocr Metab Disord. 2012. 
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Definition of Sarcopenia

The loss of
skeletal muscle
mass and strength (quality)
with advancing age

SARCOPENIA is a word coined from Greek 
by Irwin H. Rosenberg in 1988 

Sarx means flesh and 
penia means loss 
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Sarcopenia

Young man
25 yrs

Older man with sarcopenia
85 yrs
• Less muscle mass
• Reduced muscle quality
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Why is sarcopenia a concern?

• Sarcopenia is considered to be central in the development 
of frailty – and loss of autonomy

• Both falls and hip fractures are considered key
consequences of sarcopenia that lead to frailty

Sarcopenia Fall Hip 
fracture Frailty Loss of 

autonomy

Cesari M, Fielding R, Benichou O, et al. Pharmacological Interventions in Frailty and Sarcopenia: 
Report by the International Conference on Frailty and Sarcopenia Research Task Force. The Journal of frailty & aging 2015. 
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Prevalence of sarcopenia

It has been estimated that 

• 5-13% of seniors age 60–70 and

• 11-50% of seniors age 80+ 

are affected by sarcopenia – depending on the definition 

Rizzoli R, Reginster JY, Arnal JF, et al. Quality of life in sarcopenia and frailty. Calcif Tissue Int 2013;93:101-20.

Bischoff-Ferrari HA, Orav JE, Kanis JA, et al. Comparative performance of current definitions of sarcopenia against the 
prospective incidence of falls among community-dwelling seniors age 65 and older. Osteoporos Int 2015.

Perez-Zepeda MU, Gutierrez-Robledo LM, Arango-Lopera VE. Sarcopenia prevalence. Osteoporos Int 2013;24:797.

von Haehling S, Morley JE, Anker SD. An overview of sarcopenia: facts and numbers on prevalence and clinical impact. Journal 
of cachexia, sarcopenia and muscle 2010;1:129-33.

Cruz-Jentoft AJ, Landi F, Schneider SM, et al. Prevalence of and interventions for sarcopenia in ageing adults: a systematic 
review. Report of the International Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing 2014.
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Internationally accepted 
operational definition for sarcopenia is missing

Two main concepts:

• Reduced appendicular lean mass (ALM) alone

• Reduced ALM + reduced function (i.e. gait speed / grip strengths)

• 9 definitions have been suggested
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Validation Process is ongoing

Developing an operational definition for sarcopenia includes demonstrating 
that the subjects meeting the definition have an increased risk of an 
important clinical outcome

• there is agreement that falls  and fractures are an important clinical 
outcome to consider

Cruz-Jentoft AJ, Landi F, Schneider SM, et al. Prevalence of and interventions for sarcopenia in ageing adults: 
a systematic review. Report of the International Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing 2014.
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Muscle mass
Muscle function
Muscle quality

Bone mineral mass
Geometry of bone

Quality of bone

Risk of fall

Bone fragility

Risk of fracture age 65+

Conceptual framework

Sarcopenia

Osteoporosis

Primer of Metabolic Bone Diseases. Bischoff-Ferrari et al.: Chapter Falls
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Comparative performance of current 
definitions of sarcopenia
against the prospective incidence of falls 
among community-dwelling seniors age 65 and older

Bischoff-Ferrari HA, Orav JE, Kanis JA, Rizzoli R, Schlögl M,
Staehelin HB, Willett WC,   Dawson-Hughes B

OP International 2015
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Study description

Study Population (Boston STOP-IT Trial):  
• 445 seniors (mean age 71 years, 45% men) living in the 

community
• followed with a detailed fall assessment for 3 years
• 231 fell, sustaining 514 falls, over the 3-year follow-up       

Bischoff-Ferrari HA et al. OP International 2015
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ALM TBLM Fat mass Grip
Strength

Gait 
Speed

Baumgartner 

Delmonico I 

Delmonico II  

Cruz-Jentoft   

Fielding  

Morley  

Muscaritoli  

Studenski I 

Studenski II  

9 Operational definitions of sarcopenia
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Results prospective rate of falls              
in sarcopenic versus non-sarcopenic individuals 

RR 1.54

RR 1.82

Bischoff-Ferrari HA et al. OP International 2015
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Prevalence of Sarcopenia
varied between definitions
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Summary
With the same cut-off for low appendicular lean mass, the additional 
requirement of decreased function in the Cruz-Jentoft definition

• increased the prediction of the rate of falls among sarcopenic individuals 
from an odds ratio of 1.54 (Baumgartner) to 1.82 (Cruz-Jentoft)

• but also reduced the respective prevalence of sarcopenia from 11% 
(Baumgartner) to 7% (Cruz-Jentoft)

Mass alone may depict earlier disease stage and allow early treatment.

Mass alone does not depend on test person or the motivation of the patient.



/

Sarcopenia based on muscle mass 
alone and hip fracture risk

In the Health ABC study of 3,075 adults age 70-79, higher ALM/ht2 alone was 
associated with 

• reduced risk of hip fracture in men [HR (95% CI) = 0.58 (0.36, 0.91)] 

• but not in women [HR = 1.04 (0.66, 1.63)]

In a large cohort of 22,482 senior Chinese men and women, ALM/ht2 alone was 
associated with

• reduced risk of hip fracture in men [OR = 0.240 (0.138, 0.4180)] 

• reduced risk of hip fracture in women [OR = 0.479 (0.278, 0.823)]

Malkov, S., et al., Hip Fractures Risk in Older Men and Women Associated With DXA-Derived Measures of Thigh 
Subcutaneous Fat Thickness, Cross-Sectional Muscle Area, and Muscle Density. J Bone Miner Res, 2015.
Hong, W., et al., Prevalence of Sarcopenia and Its Relationship with Sites of Fragility Fractures in Elderly Chinese 
Men and Women. PLoS One, 2015.
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http://do-health.eu/wordpress/

THEME [HEALTH.2011.2.2.2-1]
[Investigator-driven clinical trials for therapeutic interventions in elderly populations]

Proposal no: 278588-2
Principal Investigator (sponsor):

Prof. Heike A. Bischoff-Ferrari, MD, DrPH
Centre on Agingand Mobility

University of Zurich
Rämistrasse 100

8091 Zurich, Switzerland

Outlook

DO-HEALTH will validate the sarcopenia instrument library against
incident falls, frailty, fractures, and loss of autonomy

+ will test 3 health-promoting interventions 
to prevent sarcopenia and its consequences 
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DEXA measures bone 
and lean mass
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The two key location for measuring bone density 
with DEXA are the hip and spine

• Vertebral Morphometry/Rx – aim to identify verterbral fractures as a key 
indicator for a high risk of sustaining another vertebral fracture

• FRAX is a tool used in clinical care to include important additional risk 
factors to calculate the absolute 10 year probability of fracture at the hip 
and any major OP fracture
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Measuring muscle mass with DEXA
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Bioimpedanzmessung
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Sarcopenia: revised European consensus on definition and diagnosis

Figure 3. Muscle strength and the life course. To prevent or
delay sarcopenia development, maximise muscle in youth and
young adulthood, maintain muscle in middle age and minimise

loss in older age

Threshold of low physical performance

Threshold of disability

Range of
strength in
individuals
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Sarcopenia: revised European consensus on definition and diagnosis

Table 2. Choosing tools for sarcopenia case finding and for measurement of muscle strength, muscle mass and physical per-
formance in clinical practice and in research

Variable Clinical practice Research studies

SARC-F

Video for practical instruction, reference
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Case finding SARC-F questionnaire

Ishii screening tool
Malmstrom et al. (2016) [12]
Ishii et al. (2014) [40]

Skeletal
musclestrength

Grip strength
Chair stand test (chair rise test)

Grip strength
Chair stand test (5-times sit-to-stand)

Roberts et al. (2011) [41]
American Academy of Orthotists &

Prosthetists
https://www.youtube.com/watch?v=_jPl-

IuRJ5A
Skeletal
musclemass
orSkeletalmuscle
quality

Appendicular skeletal muscle mass
(ASMM) by Dual-energy X-ray
absorptiometry (DXA)*

ASMM by DXA Schweitzer (2015) [42]
Mitsiopoulos (1998) [43]

Whole-body skeletal muscle mass (SMM) Whole-body SMM or ASMM by
Magnetic

Shen (2004) [44]

or ASMM predicted by Bioelectrical
impedance analysis (BIA)*

Resonance Imaging (MRI, total body protocoI) Sergi (2017) [45]
Maden-Wilkinson (2013) [46]
Heymsfield (1990) [47]
Kim (2002) [48]
Yamada (2017) [49]

Mid-thigh muscle cross-sectional area by Computed Lee (2004) [50]
Tomography (CT) or MRI

Lumbar muscle cross-sectional area by CT Lumbar muscle cross-sectional area by CT or
MRI

or MRI

Van der Werf (2018) [51]
Derstine (2018) [52]

Muscle quality by mid-thigh or total body muscle
quality by muscle biopsy, CT, MRI or Magnetic
resonance Spectroscopy (MRS)

Goodpaster (2000) [53]
Reinders (2016) [54]
Grimm (2018) [55]
Distefano (2018) [56]
Ruan (2007) [57]

Physical
performance

Gait speed Gait speed NIH Toolbox 4 Meter Walk Gait Speed
Test

https://www.nia.nih.gov/research/labs/
leps/short-physical-performance-
battery-sppb

https://www.youtube.com/watch?v=
xLScK_NXUN0

Short physical performance battery (SPPB) SPPB Short Physical Performance Battery
Protocol

https://research.ndorms.ox.ac.uk/prove/
documents/assessors/
outcomeMeasures/SPPB_Protocol.pdf

NIH Toolbox
https://www nia nih gov/research/labs/

https://www.youtube.com/watch?v=_jPl-IuRJ5A
https://www.youtube.com/watch?v=_jPl-IuRJ5A
https://www.nia.nih.gov/research/labs/leps/short-physical-performance-battery-sppb
https://www.nia.nih.gov/research/labs/leps/short-physical-performance-battery-sppb
https://www.nia.nih.gov/research/labs/leps/short-physical-performance-battery-sppb
https://www.youtube.com/watch?v=xLScK_NXUN0
https://www.youtube.com/watch?v=xLScK_NXUN0
https://research.ndorms.ox.ac.uk/prove/documents/assessors/outcomeMeasures/SPPB_Protocol.pdf
https://research.ndorms.ox.ac.uk/prove/documents/assessors/outcomeMeasures/SPPB_Protocol.pdf
https://research.ndorms.ox.ac.uk/prove/documents/assessors/outcomeMeasures/SPPB_Protocol.pdf
https://www.nia.nih.gov/research/labs/leps/short-physical-performance-battery-sppb
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Figure 2. Normative data for grip strength across the life course in men and women in the UK (Dodds RM, et al. PLoS
One.

2014;9:e113637). Centiles shown are 10th, 25th, 50th, 75th and 90th. Cut-off points based on T-score of ≤ -2.5 are
shown for

males and females (≤27 kg and 16 kg, respectively). Color-coding represents different birth cohorts used for the
study

(Figure adapted with permission from R Dodds and PLOS One).

Greifkraftmessung: Cut off
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A. J. Cruz-Jentoft et al.

Table 3. EWGSOP2 sarcopenia cut-off points

Test Cut-off points for men Cut-off points for women References
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

EWGSOP2 sarcopenia cut-off points for low strength by chair stand and grip
strengthGrip strength

Chair stand
<27 kg

>15 s for five rises
<16 kg Dodds (2014) [26]

Cesari (2009) [67]
EWGSOP2 sarcopenia cut-off points for low muscle quantity

ASM
ASM/height2

<20 kg
<7.0 kg/m2

<15 kg
<5.5 kg/m2

Studenski (2014) [3]
Gould (2014) [125]

EWGSOP2 sarcopenia cut-off points for low performance
Gait speed

SPPB

≤0.8 m/s Cruz-Jentoft (2010) [1]
Studenski (2011) [84]
Pavasini (2016) [90]
Guralnik (1995) [126]
Bischoff (2003) [127]
Newman (2006) [128]

≤8 point
score

≥20 s
TUG

400 m walk test
Non-completion or ≥6 min for completion
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Figure 2. Adjusted* means of walking speed over 6 m, lower extremity power, SPPB score, and grip
strength across quartiles of D3 Cr muscle mass/ body mass or ALM/ht2 . *Adjusted for age, clinical center, 

race, alcohol use, smoking, congestive heart failure, chronic obstructive pulmonary disease, diabetes, 
myocardial infarction, physical activity, exhaustion, and cognitive function. Quartile cut-points for D3 Cr
muscle mass/body mass: Q1: <0.27 Q2: ≥0.27–0.30, Q3: ≥0.30–0.34, Q4: ≥0.34. Quartile cut-points for
ALM/ht 2 (kg/m2 ): Q1: <6.9, Q2: ≥6.9–<7.5, Q3: ≥7.5–<8.1, Q4: ≥8.1. ALM = Appendicular lean mass.

Strong Relation Between Muscle Mass Determined by D 3 creatine
Dilution, Physical Performance, and Incidence of Falls and Mobility 

Limitations in a Prospective Cohort of Older Men

Creatin Dilutin Method



/
DO-HEALTH - Grant Agreement n° 278588

Start Date: 01/01/2012 - Duration: 66 months
Coordinator: UZH, Prof. Dr. Heike A. Bischoff-Ferrari

QUALITOUCH-HC.ORG

Frailty Definition nach Fried
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Short Physical Performance Battery Test

QUALITOUCH-HC.ORG
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Test /Uebung: Hüft, Kniestrecker, Rumpf

QUALITOUCH-HC.ORG
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Normwerte pro Minute

QUALITOUCH-HC.ORG
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GER Assessment 
• Mobilität und Kraft
• Ernährungssituation
• Kognition und emotionale Situation

• Delirrisikoabschätzung
• Frailty (Gebrechlichkeit)
• Quality of Life
• Activities of Daily Living (ADL/IADL)
• Sensorische Einschränkungen
• Polypharmazie, Polypragmasie
• Multimorbidität

Robust,  Prefrail, Frail: Präoperataives Screening

QUALITOUCH-HC.ORG
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Trainingsinterventionen 
bei älteren Erwachsenen 
und Frakturpatienten

Prof. Dr. med. Robert Theiler
Leiter Spezialsprechstunde Osteologie und Sarkopenie
Klinik für Geriatrie

Interessenkonflikte: Keine

http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiVv9rx1rvMAhVDuRQKHWSwB6AQjRwIBQ&url=http://www.geriatrie.usz.ch/Documents/Geriatrie-Alterstraumatologie_2016-10-27_Website%20Beilage.pdf&psig=AFQjCNH9ZF3FAcZPVCLM-9G6fZFruqRoOw&ust=1462287366616331
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Geschichte Kraft-Training
- 1835-1920: Dr. Gustav Zander

- 1865-: Max Herz

- 1820-1884: Archibald Mc Laren

- 1904: Freikörperkultur (Müller)

- 1867-1925: Eugen Sandow

- 1836-1937 Pierre de Coubertin / 1891 1. Olympische Spiele

- 1954 American College of Sport Medicine (ACSM)

- 1975 Dr K.Cooper Aerobics

- 1926-2007: Dr. A.Jones Nautilus MaschinenMedX

- 1972 Center for Exercise Science/ University of Florida

- 1967 Kieser Training

- 2006 Initiative: Exercise is Medicine (AMA and ACSM)



/
DO-HEALTH - Grant Agreement n° 278588

Start Date: 01/01/2012 - Duration: 66 months
Coordinator: UZH, Prof. Dr. Heike A. Bischoff-Ferrari

Sandow Dr Jones J.Pilates
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Pilates: Matten und Geräteübungen
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Ziel: Uebungsprogramme auf Typ II Muskelfasern ausgerichtet

Cell Metabolism 23, 2016: 1034-47



//
JAGS 1994;42:937-946
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Community dwelling Seniors:
JAMA,2013(309):1406-07
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BMJ 2015;351
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JAGS 63:1306-1313, 2015
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Secondary prevention of hip fractures in the
Zurich Hip fracture trial (n = 173)

• Home exercise programm: 5 exercises

• Fall reduction: -25% (95%CI:-44%,-1%)

• Rate of fracture: -56% (95%CI:-82% to 9%, p=0.08)

• Better in 3 of 4 functional tests (at least once a week)

• 8% higher knee extensor strength (p=0.02)

• 37% higher grip strength, (p=0.04)

• 39% higher functional mobilitiy performance TUG, (p=0.047)

• 12 month follow up: 9 hip fractures (2 exercise, 7 control)

Bischoff H et al: Arch Intern Med 2010 170(9):813-20
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DO-HEALTH
Exercise Programm

Bischoff H et al: Arch Intern Med 2010 170(9):813-20
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JAMA2004;292:837-846



//
JAMDA2015;16:350e.1-350e.7
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Internationale Empfehlungen
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- N=424 (70-89)/Physical Performance
- Walking daily (goal 150Min/week)
- 10 Min lower extr. Strength training with
- Ankle weights, 2 sets of 10 repetitions
- 10 Min of balance training and flexibility
- Exercises
- 3-4 sessions a week



/
DO-HEALTH - Grant Agreement n° 278588

Start Date: 01/01/2012 - Duration: 66 months
Coordinator: UZH, Prof. Dr. Heike A. Bischoff-Ferrari

N=9000
Age: 70-90 years

3 arm: 1. advice 2. advice+ exercise 3. advice with multimodal fall prevention
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Start Date: 01/01/2012 - Duration: 66 months
Coordinator: UZH, Prof. Dr. Heike A. Bischoff-Ferrari

N=500
Age: 70-90years

CONCLUSIONS: No statistically significant intervention
impacts on mobility-related disability and falls were

detected, but benefits were seen for secondary measures
of balance and mobility, fall risk, physical activity, mood,

health, and community outings.
TRIAL REGISTRATION: Australian New Zealand Clinical

Trials Registry: ACTRN12610000805077
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Adapted Exercise programs according to individual 
capacity and risk factors

Healthy ager : 
Instruction:

(aerobic, strength, 
balance, 

coordination)

- Group exercise
- Individual 
exercise Gym

Prefrail ager: 
Instruction and

supervision: 

(aerobic, balance, 
strength, coordination)

- Group exercise
- Home exercise / 

Tele- Exercise

Frail ager: 
Instruction, 

supervision and
motivation:

(aerobic, balance, 
strength, 

coordination)

Individual home
exercise program / 

Tele-Exercise
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Wichtige Muskelgruppen

QUALITOUCH-HC.ORG
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Rumpfmuskulatur: Flexibartraining

QUALITOUCH-HC.ORG
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Gleichgewicht

QUALITOUCH-HC.ORG
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Koordinatives Gleichgewichtstraining z.B. mit Sensopro

QUALITOUCH-HC.ORG
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Gleichgewicht / Koordination

QUALITOUCH-HC.ORG
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Kraft und Gleichgewichtstraining

QUALITOUCH-HC.ORG
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Sarkopenie-Patient
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Rumpf-Training 1:
im stehen oder sitzen

QUALITOUCH-HC.ORG
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Rumpf-Training 2: im Liegen
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Rumpftraining 3: im liegen

QUALITOUCH-HC.ORG
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Bewegung und Koordination

QUALITOUCH-HC.ORG
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Motivation

QUALITOUCH-HC.ORG
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Sarcopenia: Medikamentöse Theapie?

Older adults lose 3 to 6 time more muscle
mass in bed rest

Per week 10% muscle mass loss
Per week 30% strength decline

Wall BT et al. Ageing Research Reviews 2013 
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Muskelanabole Therapie
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Figure 2. Effect of Bimagrumab on Total Body Fat Mass

Treatment group

Bimagrumab

Placebo

Safety and pharmacokinetics of bimagrumab in healthy older and 
obese adults with body composition changes in the older cohort
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Bimagrumab vs Optimized Standard of Care for Treatment of Sarcopenia in Community-Dwelling Older Adults
A Randomized Clinical Trial
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Take home message

- Definition Sarkopenie: von der Muskelmasse zur Muskelkraft

- Einfache Messmethoden mit Cut-Offs wie Handkraft, Sit to Stand, SPPB

- Genaue Muskelmassenmessung noch nicht in der Klinik

- Keine medikamentöse Therapie

- Risikobasierte Kombinations-Training zur Stärkung  der Muskelkraft, Koordination 
und Gleichgewicht
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Vielen Dank!
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