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Muscle wasting 
is a problem

«Take an old person suffering a 
process of physiological atrophy due 

to advanced age, of his/her 
muscular elements, for instance of 
the muscles of the legs, where it 

usually happens,  
causing total or partial paraplegia. 

Why not calling it wasting, 
degeneration with no 

reincorporation?» 

Lozano E. Enfermedades en los viejos 
y crónicos. Madrid: G Juste, 1899.



Starting point
• Sarcopenia is a medical condition not yet 

broadly recognized by the international medical 
community.  Discussions on definition, 
diagnostic methods and interventions are 
ongoing.  

• Sarcopenia is in the process to receive an 
ICD-10 code and is most certainly under-
diagnosed.



Sarcopenia: first steps
• “No decline with age is as dramatic 

or potentially more significant than 
the decline in lean body mass. In 
fact, there may be no single feature 
of age-related decline more striking 
than the decline in lean body mass in 
affecting ambulation, mobility, energy 
intake, overall nutrient intake and 
status, independence and breathing.  

• I suggested that if this phenomenon 
were to be taken seriously, we had to 
give it a name. I proposed that the 
name for this phenomenon should be 
derived from the Greek.”

Conference on 
Nutritional 
Status and 

Body 
Composition 

Oct 19-21, 1988



Sarcopenia: the concept

Sarx
Flesh

Penia
Loss Sarcopenia



Sarcopenia is a threat  
in old age

• Linked with the geriatric evolving 
concept of “frailty” 

• Related with weight loss, 
malnutriton and cachexia 

• The main consequences are 
disability, dependence and death



Human muscles
• 600 muscles in human 

body 

• Skeletal muscles:40-45% 
of total body mass 

• 55% of skeletal muscle 
mass in lower limbs 

• 50% of total body protein 
is in muscles

Frontera WR et al. In: Physical Medicine&Rehabilitation. DeLisa JA (ed). LWW 2005 



Low skeletal body mass 
and age

Janssen I et al. Low Relative Skeletal Muscle Mass (Sarcopenia) in Older Persons Is Associated with 
Functional Impairment and Physical Disability. J Am Geriatr Soc 2002





EWGSOP Definition of Sarcopenia
Sarcopenia is a syndrome characterized by progressive and generalized loss of 

skeletal muscle mass and strength with a risk of adverse outcomes such as physical 
disability, poor quality of life and death.

CRITERIA FOR THE DIAGNOSIS OF SARCOPENIA

Cruz-Jentoft AJ et al. Sarcopenia: European consensus on definition and diagnosis. Report of the 
European Working Group on Sarcopenia in Older People. Age Ageing 2010

progressive



A lifelong model of 
sarcopenia

Sayer AA et al. The developmental origins of sarcopenia. J Nutr Health Aging 2008

Disability

Frailty



Birth weight and muscle 
strength

612
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BIRTH WEIGHT AND MUSCLE STRENGTH: A SYSTEMATIC REVIEW AND META-ANALYSIS

Age at follow-up and outcome measure
The mean age of participants varied between studies and was

20 or below (range 5.1 to 17.7) in eight studies (18, 19, 21, 23-
27), between 21 and 40 (range 20.9 to 36.5) in seven studies (5,
22, 28-32) and 41 or above (range 53.0 to 67.5) in the
remaining four studies (6, 7, 9, 33). Grip strength was used as a
single measure of muscle strength in the majority of studies
(n=15). The instruments and protocols used to measure grip
strength varied between studies as outlined in Table 1. Other
muscle strength measurements included static arm pull and
high jump (32), strength of knee movements (23, 27) and a
calculated estimate of muscle strength based on a combination
of grip strength, knee extension strength and elbow flexion
strength (24).

The association of birth weight with muscle strength
Nineteen studies analysed the association of birth weight

with later muscle strength and 13 sets of results were available
for inclusion in meta-analysis. In the remaining six studies,
there was not sufficient information in the paper or analyses
available from the relevant author to allow inclusion. 

Meta-analysis results
In the meta-analysis of age-adjusted results there was a

positive association between birth weight and later muscle
strength with a pooled estimate of 2.07kg (95% CI 1.47, 2.66)
increase in muscle strength per kilogram increase of birth
weight in men and 1.59kg (95% CI 1.25, 1.93) in women. 

Meta-analysis of the differences between sex-specific
regression coefficients (from the 11 studies which included
both men and women) in the age and height adjusted model did
not reveal evidence of an overall gender difference, so we
pooled results for men and women in this analysis. There was
still evidence of an association after adjustment for age and
height, although the pooled estimate was attenuated; 0.86kg
(95% CI 0.58, 1.15) increase in muscle strength per kilogram
increase of birth weight (Figure 2). 

There was evidence of significant heterogeneity between
studies (P value from Q statistic = 0.005 and I2 = 56.2% for the
adjusted results). To explore if differences in the magnitude of
muscle strength measurements between different study
populations accounted for this heterogeneity, we repeated the
meta-analysis using Z-scores for muscle strength but this did
not greatly impact on the level of heterogeneity (P value = 0.05,
I2 = 41.7% in the age and height adjusted models). We also
stratified the results of our meta-analysis to explore other
potential sources of heterogeneity (Table 2). We found greater
heterogeneity among the male participants and in those studies
with a mean age under 21 years. Results from studies in
developing countries or those from studies judged to have a
medium risk of bias did not appear to account for the
heterogeneity in our combined results.

We also repeated the meta-analysis removing each study in
turn and this did not suggest that any one study was unduly

influencing heterogeneity. Inspection of funnel plots did not
suggest any clear evidence of publication bias. The tests
proposed by Egger and colleagues (20) supported this finding,
with p values of 0.46 or greater.

Table 2 
Stratified results from meta-analyses of birth weight to grip

strength relationship (age and height adjusted model used in all
cases)

Stratification No. of data Increase in grip strength I2 (%) P value**
points* (kg) per 1 kg increase in 

birth weight (95% CI)

None 14 0.86 (0.58 to 1.15) 56.2 0.005
Gender
Female 12 0.81 (0.59 to 1.02) 3.0 0.415
Male 12 0.96 (0.49 to 1.44) 58.8 0.005

Mean age (years)
< 21 4 0.48 (0.05 to 0.92) 57.1 0.072
21 – 40 6 1.16 (0.85 to 1.46) 0.0 0.436
> 40 4 1.09 (0.67 to 1.51) 36.7 0.192

Study setting
Developing 3 0.41 (0.05 to 0.77) 0.0 0.788
Developed 11 0.96 (0.66 to 1.26) 54.4 0.016

Risk of bias
Low 8 0.86 (0.49 to 1.24) 72.6 <0.001
Medium 6 0.92 (0.52 to 1.31) 0.0 0.553

*Note there are 14 data points in gender-adjusted models as for one study (Ortega et al) we
only had separate results for males and females. ** From Q-statistic

Figure 2 
Forest plot of studies assessing the association between birth
weight (kg) and later muscle strength (kg), after adjustment for
age and height. Studies ordered by mean age at time of strength
measurement. B = both males and females; M = males only; F

= females only included in study

Other results
Of the six studies not included in the meta-analysis (Table

3), four of these were studies comparing outcomes, including
muscle strength, of cases of low birth weight individuals with

Dodds R, et al. Birth weight and muscle strength: a systematic review and meta-analysis. J Nutr 
Health Aging. 2012;16(7):609-15.



EWGSOP Definition of Sarcopenia
Sarcopenia is a syndrome characterized by progressive and generalized loss of 

skeletal muscle mass and strength with a risk of adverse outcomes such as physical 
disability, poor quality of life and death.

CRITERIA FOR THE DIAGNOSIS OF SARCOPENIA

Cruz-Jentoft AJ et al. Sarcopenia: European consensus on definition and diagnosis. Report of the 
European Working Group on Sarcopenia in Older People. Age Ageing 2010

geriatric syndrome



Hypothyroidism

Chronic 
fatigue

Marfan

Cushing

Delirium

The complexity of geriatric syndromes

Olde Rikkert MG et al. Geriatric syndromes: Medical misnomer or progress in geriatrics? Neth J Med 
2003;61:83–87.



Congenital errors of 
metabolism

Cancer, ischemic heart 
disease

Geriatric 
syndromes

Decker S, Sausville EA. Preclinical modeling of combination treatments: 
Fantasy or requirement? Ann N Y Acad Sci 2005;1059:61–69.

Modeling geriatric 
syndromes



Sarcopenia is a geriatric 
syndrome

Cruz-Jentoft AJ et al. Understanding sarcopenia as a geriatric syndrome. Curr Opin Clin 
Nutr Met Care 2010.
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adverse outcomes



Sarcopenia increases 
mortality

Landi F et al. Sarcopenia and mortality risk in frail older persons aged 80 years and older: results from 
ilSIRENTE study. Age Ageing 2013

inadequate nutrition, and comorbidity, such as congestive
heart failure, chronic obstructive pulmonary disease, and
type 2 diabetes [1]. Although sarcopenia itself is an adverse
health outcome, it is also a risk factor for other adverse
events [20]. Indeed, sarcopenia, independent of its causes,
may predict negative outcomes, such as falls and/or subse-
quent difficulty in instrumental and basic ADL [21].
Furthermore, it has been associated with an increased risk
of death, hospitalisation, need for long-term care and
higher health care expenditures [1, 2, 22, 23].

The evidence that sarcopenia has a greater effect on sur-
vival than other clinical characteristics is significant for clin-
ical practice among old and frail older persons. The
traditional medical model should move from a disease-centred
perspective to a functioning-centred view. In this respect, the
prevention of sarcopenia is one of the major goals of public
health professionals and clinicians. Greater emphasis is
needed, therefore, to prevent or postpone as much as possible
the onset of sarcopenia among older people, to enhance sur-
vival and to reduce the demand for long-term care.

On the basis of European guidelines, the diagnosis of
sarcopenia requires impaired physical performance, charac-
terised by slow gait speed, together with either by low
muscle strength assessed by handheld dynamometry or low
muscle mass measured, for example, by bio-impedance
analysis or anthropometric measures [2]. The screening al-
gorithm proposed by the EWGSOP group seems to be
really useful to identify the subjects with sarcopenia and/or
at risk to develop sarcopenia. Health education pro-
grammes, screening high-risk groups, might have an im-
portant role in promoting strategies to reduce the risk of
worsening health and functional status. In terms of man-
aging sarcopenia, many studies show that physical activity—
in particular resistance exercise—and specific nutrition
intervention—protein and vitamin D supplementation—
can improve muscle mass and strength in older adults [24].

Some methodological issues may have influenced our
results. As in all cohort studies, selective survival before
entry the cohort has to be taken into account. Furthermore,
in this observational study, results may be confounded by
unmeasured factors. It is likely that there may be differ-
ences between the evaluation groups that may have biased
the study results. For example, it can be hypothesised that
subjects with sarcopenia received a lower level of medical
care. However, our homogeneous population of old people
born and living in a well-defined geographical area, mini-
mises the possibility that subjects without sarcopenia had
substantially better health care or health knowledge than
those with sarcopenia. The data of the ilSIRENTE study
permitted to adjust measures of effect for many health and
disease-related characteristics that are potentially associated
with sarcopenia and survival. Second, another limitation of
the present study is the lack of any documentation concern-
ing the cause of death. However, we were interested in
characterising the impact of sarcopenia itself on all-cause
mortality. Third, many experts in sarcopenia believe that
anthropometric measures are poor markers of muscle mass
and cast doubts on their role in this kind of studies [25,
26]. However, as previously demonstrated by Wannamethee
et al. [27], MAMC—as a marker of the muscle mass—
provides a simple measure of body composition.
Considering the type of study, it was not possible to assess
the muscle mass using the DEXA or the bioelectrical im-
pedance analysis. About the muscle strength assessment,
the Southampton grip-strength measurement protocol sug-
gests to perform three trials on each side, alternating sides,
and to consider the maximal grip score from all six trials
[5]. Using the maximal measurement of one trial for each
hand may have led to an underestimate of strength. Finally,
the ilSIRENTE population included persons aged 80 years
or older, so our results may not be applicable to other age
groups.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2. Association between sarcopenia and all-cause mortality, after adjustment for various confounders (hazard ratios
and 95% confidence intervals)

Unadjusted Model 1 Model 2 Model 3

Hazard ratio (95% confidence interval)

Sarcopenia 2.95 (1.44–6.04) 2.89 (1.40–5.96) 2.40 (1.07–5.42) 2.32 (1.01–5.43)
Age 1.15 (0.93–1.42) 1.08 (0.85–1.36) 1.12 (0.87–1.43)
Gender (female) 0.55 (0.29–1.03) 0.49 (0.25–0.99) 0.49 (0.23–1.04)
Education 0.87 (0.72–1.04) 0.87 (0.72–1.05)
ADL impairment 1.91 (1.29–2.83) 1.75 (1.20–2.56)
Body mass index 0.92 (0.86–0.99) 0.93 (0.86–1.01)
Hypertension 0.60 (0.26–1.35)
Congestive heart failure 6.71 (0.70–64.1)
COPD 1.46 (0.50–4.21)
Number of diseases 1.29 (0.92–1.80)
TNF-α 0.99 (0.85–1.15)

Model 1: adjusted for age, gender.
Model 2: adjusted for age, gender, education, ADL impairment, body mass index.
Model 3: adjusted for age, gender, education, ADL impairment, body mass index, hypertension, congestive heart failure, chronic obstructive pulmonary disease
(COPD), number of diseases, TNF-α.
Age, education, ADL impairment, body mass index, number of diseases, TNF-α was treated as a continuous variable.
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EWGSOP Definition of Sarcopenia
Sarcopenia is a syndrome characterized by progressive and generalized loss of 

skeletal muscle mass and strength with a risk of adverse outcomes such as physical 
disability, poor quality of life and death.

CRITERIA FOR THE DIAGNOSIS OF SARCOPENIA

Cruz-Jentoft AJ et al. Sarcopenia: European consensus on definition and diagnosis. Report of the 
European Working Group on Sarcopenia in Older People. Age Ageing 2010

Sarcopenia
LOW 

MUSCLE 
MASS

LOW PHYSICAL 
PERFORMANCE

LOW MUSCLE  
STRENGTH

OR



Risk of poor physical performance  or 
physical disability in older adults with low 

muscle mass

Manini TM, Clark BC. Dynapenia and Aging: An Update. J Gerontol A Biol Sci Med Sci 2011



Risk of poor physical performance  or 
physical disability in older adults with low 

muscle strength

Manini TM, Clark BC. Dynapenia and Aging: An Update. J Gerontol A Biol Sci Med Sci 2011



EWGSOP Conceptual Stages of 
Sarcopenia

Sarcopenia staging, which reflects the severity of the condition, is a 
concept that can help guide clinical management of the condition.

Cruz-Jentoft AJ et al. Sarcopenia: European consensus on definition and diagnosis. Report of the 
European Working Group on Sarcopenia in Older People. Age Ageing 2010

PresarcopeniaLOW MUSCLE 
MASS

ORLOW MUSCLE 
MASS

LOW MUSCLE 
MASS

LOW MUSCLE 
STRENGTH

LOW MUSCLE 
STRENGTH

LOW PHYSICAL 
PERFORMANCE

LOW PHYSICAL 
PERFORMANCE

Severe 
sarcopenia

Sarcopenia



EWGSOP
Activity related 

Bed rest 
Sedentary lifestyle 

Deconditioning

Disease related 
Advanced organ failure 

Inflamatory diseases 
Malignancy 

Endocrine diseases

Nutrition related 
Inadequate diet 

Malabsortion 
Gastrointestinal disorders 

Drug induced anorexia

Primary 
Age-related

Secondary

Cruz-Jentoft AJ et al. Sarcopenia: European consensus on definition and diagnosis. Report of the 
European Working Group on Sarcopenia in Older People. Age Ageing 2010



Sarcopenia, cachexia, 
inflammation

• Systemic inflammation seems to 
be linked to muscle wasting 

• Some degree of inflammation may 
be present in sarcopenia 

• Inflammation is key in the 
pathogenesis of cachexia 

• CRP (>5.0 mg/l, IL-6 >4.0 pg/
ml) 

• Low muscle mass and strength 
are part of the definition of 
cachexia

Evans WJ et al. Cachexia: A new definition. Clin Nutr 2008. 
Muscaritoli M et al. Consensus definition of sarcopenia, cachexia and pre-cachexia. Clin Nutr 2010. 

Rolland Y et al.  Cachexia versus sarcopenia. Curr Opin Clin Nutr Met Care 2011.



MUSCLE MASS 

BIA 
DEXA 
CT 
MRI

MUSCLE 
STRENGTH 
Handgrip strength 
Knee flexion-extension 
PEF

PHYSICAL 
PERFORMANCE 

SPPB 
Gait speed 
Get up&Go 
Stair climbing

Suggested measures to 
diagnose sarcopenia

Cruz-Jentoft AJ et al. Sarcopenia: European consensus on definition and diagnosis. Report of the 
European Working Group on Sarcopenia in Older People. Age Ageing 2010



Sarcopenia	with	limited	mobility	is	defined	as	a	person	with	
muscle	loss	whose	walking	speed	is	equal	to	or	less	than	1	m/s	or	

who	walks	less	than	400	m	during	a	6	minute	walk.	

Society	for	Sarcopenia,	Cachexia	and	Wasting	Disorders

Sarcopenia with limited 
mobility

Muscle	loss:	lean	appendicular	mass	(corrected	for	height	squared)	>2	SD	
below	healthy	persons	between	20	to	30	years	of	age	of	the	same	ethnic	

group.		

Limitation	in	mobility	not	clearly	attributable	to	the	direct	effect	of	specific	
disease	such	as	peripheral	vascular	disease,	or	central	or	peripheral	nervous	

system	disorders,	dementia,	or	cachexia.	

Morley JE et al. Sarcopenia with limited mobility: an international consensus. J Am Med Dir 
Assoc 2011



Shrinking: unintentional weight loss, sarcopenia

 Weakness

Poor endurance, exhaustion

Slowness

Low activity
  Positive for frailty phenotype: 3 or more criteria 

present 
  Intermediate or prefrail: 1 or 2 criteria present

Sarcopenia 
may be a 

more practical 
concept than 
physical frailty 
in the quest to 

reduce 
disability

Fried L et al. Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci 2001.

Sarcopenia and 
physical frailty


