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Abstract
Summary This study showed that the prevalence of sarco-
penia (low muscle mass and performance) among 70–80-
year-old home-dwelling Finnish women is very low, while
every third woman has WHO-based osteopenia (low bone
mass). Muscle mass and derived indices of sarcopenia were
not significantly related to measures of functional ability.
Introduction This study aims to determine the prevalence of
sarcopenia and osteopenia among four hundred nine 70–80-
year-old independently living Finnish women. The study
compared consensus diagnostic criteria for age-related sar-
copenia recently published by the European Working Group
on Sarcopenia in Older People (EWGSOP) and the Interna-
tional Working Group on Sarcopenia (IWG) and assessed
their associations with functional ability.
Methods Femoral bone mineral density and body composi-
tion were measured with dual-energy X-ray absorptiometry.
Skeletal muscle mass index (SMI), gait speed, and handgrip

strength were used for sarcopenia diagnosis. Independent
samples t tests determined group differences in body com-
position and functional ability according to recommended
diagnostic cutpoints. Scatter plots were used to illustrate the
correlations between the outcome measures used for
diagnosis.
Results Prevalence of sarcopenia was 0.9 and 2.7 % accord-
ing to the EWGSOP and IWG, respectively. Thirty-six
percent of the women had WHO-based osteopenia. Women
with higher gait speed had significantly lower body weight
and fat mass percentage, higher lean mass percentage, and
better functional ability. Women with a low SMI weighed
significantly less, with no significant differences in other
outcome measures. SMI, gait speed, and grip strength were
significantly correlated.
Conclusions Our study suggests that when using consensus
definitions, sarcopenia is infrequent among older home-
dwelling women while every third woman has osteopenia.
In clinical practice, attention should be paid to the decline in
functional ability rather than focusing on low muscle mass
alone.
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Introduction

Aging is accompanied by changes in body composition,
including a decrease in both muscle and bone mass [1, 2].
After middle age, fat mass gradually increases while lean
tissue mass decreases [3, 4], and the quantitative loss in
muscle cross-sectional area contributes to muscle weakness
in older adults [1]. This age-related loss of skeletal muscle
mass, resulting in loss of strength and function, is defined as

R. Patil (*) :K. Uusi-Rasi :M. Pasanen : P. Kannus :
S. Karinkanta :H. Sievänen
The UKK Institute for Health Promotion Research,
P.O. Box 30, 33501 Tampere, Finland
e-mail: radhika.patil@uta.fi

K. Uusi-Rasi
Research Department, Tampere University Hospital,
Tampere, Finland

P. Kannus
Medical School, University of Tampere,
Tampere, Finland

P. Kannus
Division of Orthopaedics and Traumatology, Department
of Trauma, Musculoskeletal Surgery and Rehabilitation,
Tampere University Hospital,
Tampere, Finland

Osteoporos Int (2013) 24:787–796
DOI 10.1007/s00198-012-2046-2



sarcopenia [5, 6]. Sarcopenia has also been used to describe
the clinical condition of having exceptionally low levels of
muscle mass [7] and is associated with a risk of adverse
outcomes such as physical disability, poor quality of life,
and death [8]. Sarcopenia may thus be an important and
potentially reversible cause of morbidity and mortality in
older persons [9].

There have been numerous attempts to diagnose sarco-
penia based on the measurements of muscle mass alone or in
combination with muscle function. Several studies have
provided specific skeletal muscle cutpoints for diagnosis;
some associated with a high risk of physical disability [10]
and others as height-adjusted appendicular muscle mass of
two or more standard deviations below the mean of young
adults [6], as muscle mass relative to body weight [9] or as
lean mass adjusted for body fat mass and height with the
20th percentile of the distribution of residuals of regression
as the cutpoint for sarcopenia [7].

Recently, consensus diagnostic criteria for age-related
sarcopenia have been published by the European Working
Group on Sarcopenia in Older People (EWGSOP) [11] and
the International Working Group on Sarcopenia (IWG) [5].
The EWGSOP recommends using the presence of both low
muscle mass and low muscle function (strength or perfor-
mance) for diagnosis [11]. It is rationalized that both these
criteria must be used for diagnosis since muscle strength
does not depend solely on muscle mass, and the relationship
between strength and mass is not linear [10, 12]. Similarly,
the IWG also emphasizes that muscle function as measured
by gait speed, should be considered for diagnosis, besides
muscle mass. The IWG further elaborates that sarcopenia
should be considered in all older patients who present with
observed declines in physical function, strength, or overall
health and more specifically in patients who are bedridden,
cannot rise independently from a chair, or who have a
measured gait speed less than 1 m/s [5].

TheWHO provided an operational definition of osteopenia
and osteoporosis in 1994. A postmenopausal woman with a
bone mineral density (BMD) of 2.5 standard deviations (SDs)
or more below the young adult mean (i.e., T-score, ≤–2.5) at
the lumbar spine or hip is considered to have osteoporosis, and
a woman with a BMD between −2.5 and −1.0 is considered to
have osteopenia or low bone mass [13, 14].

Obviously, the genesis of both sarcopenia and osteopo-
rosis is multifactorial. A common etiology may account for
a positive association between osteoporosis and sarcopenia,
the two conditions that may act together in the development
of disability [2, 15, 16]. It is also well-known that muscle
and bone strengths are strongly related to each other [17].
Older persons with early sarcopenia and osteopenia are
probably those who are most likely to benefit from inter-
ventions targeted to increasing functional independence
[18–20]. It is therefore important to identify such persons

and intervene before substantial functional deterioration
begins. However, the diagnosis of sarcopenia is complicated
due to the lack of agreement on the precise diagnostic
criteria and unavailability of standard reference data for
establishment of diagnostic cutpoints.

The aim of this study was therefore to determine the
prevalence of sarcopenia and osteopenia in a prospective
cohort of 70–80-year-old Finnish women using data from
the baseline examination of the randomized vitamin D vs.
exercise (DEX) study [21]. In addition, the purpose was to
compare the consensus diagnostic criteria for sarcopenia and
assess their associations with functional ability.

Methods

Study population

All 70- to 80-year-old women living in the city of Tampere,
Finland (n09,370) were invited to participate in the trial.
Four hundred nine community-dwelling, independently liv-
ing women were ultimately included in the study group after
determining eligibility according to the inclusion criteria
and medical screening by a physician. These women had a
history of at least one fall during the previous year, had no
contraindications to exercise, and understood the procedures
of the DEX study.

Exclusion criteria were: moderate-to-vigorous exercise
more than 2 h per week, regular use of vitamin D supple-
ments, recent fractures (during the preceding 12 months),
marked decline in the basic activities of daily living, cogni-
tive impairments, and degenerative conditions, such as Par-
kinson’s disease.

The DEX study protocol was approved by the Ethics Com-
mittee of the Tampere University Hospital, Tampere, Finland,
and all participants gave written informed consent. The DEX
study is described in detail in the study protocol [21].

Outcome measures

Sarcopenia was separately diagnosed according to recom-
mendations given by the EWGSOP [11] and the IWG [5].
The two diagnostic methods were compared, and the crite-
rion variables used for each method were separately ana-
lyzed to assess their associations with functional ability.

For intervention trials, the EWGSOP recommends three
primary outcome variables (muscle mass, muscle strength,
and physical performance) and suggests a number of possible
measurement methods for each of these. For this study, we
considered the skeletal muscle mass index (SMI) as a measure
of muscle mass, handgrip strength as a measure of muscle
strength, and gait speed as a measure of muscle performance.
The EWGSOP diagnostic algorithm is shown in Fig. 1.
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According to the IWG, diagnosis of sarcopenia is based
on gait speed of less than 1 m/s and an objectively measured
low muscle mass [5]; SMI was again used as a measure of
muscle mass to ease comparison between the two methods.
An algorithm to illustrate sarcopenia diagnosis according to
the IWG is shown in Fig. 2.

Anthropometry and body composition (muscle mass)

Body height was measured to the nearest 0.1 cm and
body weight to the nearest 0.1 kg with a high-precision
scale. Body composition (fat mass and lean mass) was
assessed with dual-energy X-ray absorptiometry (DXA,

Lunar Prodigy Advance, GE Lunar, Madison, WI,
USA). In our laboratory, the in vivo precision (coeffi-
cient of variation, CV %) based on repeated scans of 27
subjects with repositioning is 1.3 % for fat mass and
0.8 % for lean mass [22]. For the purpose of this study,
appendicular skeletal muscle mass (ASM) in kilograms
relative to height squared in meters was calculated as an
index of relative skeletal muscle mass (SMI) as sug-
gested by Baumgartner and colleagues [6]. ASM was
measured as the sum of the lean soft tissue masses for
the arms and the legs as described by Heymsfield and
colleagues [23], assuming that all nonfat and nonbone
tissue is skeletal muscle.

Older subjects       
(70-80 years) n = 409    

Measure gait speed 

Normal (≥ 0.8 m/s)  n = 358 Low (< 0.8 m/s)  n = 50 

Measure grip strength Measure muscle mass (SMI*) 

Normal (≥20 kg)       
n = 351 

Low (<20 kg)        
n = 7       

Low (<5.5 kg/m²)     
n = 4

Normal (≥5.5kg/m²)  
n = 53

No sarcopenia         
n = 351 

Sarcopenia          
n = 4

No sarcopenia        
n = 53

Fig. 1 The EWGSOP-
suggested algorithm for sarcope-
nia screening. Numbers denote
the number of study participants
categorized by each criterion.
*SMI skeletal muscle mass index
(appendicular skeletal muscle
mass/height2)

Older subjects       
(70-80 years) n = 409

Ambulatory   n = 409Non ambulatory n = 0

Cannot rise from a 
chair independently   

n = 0

Can rise from a 
chair independently 

n = 409

Measure gait speed Measure muscle mass (SMI*) 

Low (< 1 m/s)        
n = 186

Normal (≥ 1 m/s)    
n = 223

No sarcopenia        
n = 223

Low (≤ 5.67 kg/m²)    
n = 11 

Normal (>5.67kg/m²)  
n = 175 

No sarcopenia         
n = 175 

Sarcopenia          
n = 11

Fig. 2 Algorithm based on
criteria suggested by the IWG
for sarcopenia screening.
Numbers denote the number of
study participants categorized
by each criterion. *SMI skeletal
muscle mass index
(appendicular skeletal muscle
mass/height2)
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Bone mass and density

Bone mineral content (BMC, in grams) of the total body and
areal BMD (in grams per square centimeter) of the left
proximal femur were assessed with DXA (Lunar Prodigy
Advance). The latter was used for the T-score calculation. In
our laboratory, the in vivo precision (CV %) is 1.4 % for the
total body BMC and 0.7 % for the femur BMD.

Muscle strength

The grip strength of the dominant forearms was measured
with a standard grip strength meter (Lafayette, LA, USA).
The maximal isometric lower limb extensor force at the
knee ankle 110° was measured by a strain gauge dynamom-
eter (Tamtron, Tampere, Finland). The participants were
verbally encouraged to perform to their maximum, and the
best performance from three trials was recorded and propor-
tioned to body weight (in kilograms per kilogram).

Physical performance

The short physical performance test battery (SPPB) [24] and
the timed up and go test (TUG) [25] were used in assessing
physical functioning. The SPPB includes tests of static
balance, gait speed (4 m), and five times repeated chair
stands.

Reference groups and cutpoints

The EWGSOP devised an algorithm (Fig. 1) to define
sarcopenia on the basis of specific cutpoints for gait speed
(<0.8 m/s), handgrip strength (<20 kg), and SMI (<5.5 kg/m2)
(in women). The cutpoints for gait speed and handgrip
strength are as suggested by Lauretani et al. [26], and that
for SMI by Baumgartner et al. [6].

The IWG suggested cutpoints of 1 m/s for gait speed and
≤5.67 kg/m² (in women) for SMI [5, 7]. Both these criteria
should be present for the diagnosis of sarcopenia.

Since the suggested cutpoints may not be accurate for the
Finnish population, we also used population-based data
from 296 apparently healthy premenopausal Finnish women
from our previous study [27] to calculate the SMI cutpoint.
These women had a mean (SD) age of 40.1 (4.8)years,
height of 1.71 (0.89)m, weight of 68.2 (12.7)kg, body mass
index (BMI) 24.7 (4.6)kg/m², and SMI of 6.5 (0.8)kg/m².
Their body composition was determined by the same DXA
system and anthropometry by methods used in the present
study. As suggested by Baumgartner and colleagues [6],
sarcopenia was defined as muscle mass more than 2 SD
below the cohort mean value, giving a cutpoint of 4.9 kg/m².
Prevalence of sarcopenia was compared using this cutpoint
for SMI in addition to EWGSOP and IWG criteria.

Data analyses

Mean and SD were used as descriptive statistics for body
composition, bone traits, and functional ability of the study
participants. Independent samples t tests were used to deter-
mine differences in functional ability between those with a
diagnosis of sarcopenia and the remaining participants.
Scatter plots were used to illustrate the correlations between
the outcome measures used for sarcopenia diagnosis.

Results

The descriptive characteristics of the 409 participants are
given in Table 1. Eight women had bilateral hip prosthesis
and 401 were analyzed for femoral BMD. The prevalence of
osteopenia in the cohort was 36 % according to the standard
WHO-based T-score criterion. Three (0.8 %) women had a
T-score of less than −2.5 or had osteoporosis. As shown in
Fig. 1, only four women (0.9 %) fulfilled the EWGSOP
criteria for sarcopenia, i.e., they had a gait speed of less than
0.8 m/s or a handgrip of less than 20 kg and a skeletal
muscle mass index less than 5.5 kg/m². In contrast, 11
women (2.7 %) fulfilled the IWG criteria for sarcopenia,
i.e., a gait speed of less than 1 m/s and an SMI≤5.67 kg/m²
(Fig. 2). Three of the four EWGSOP-based sarcopenic

Table 1 Descriptive characteristics of study participants, n0409

Characteristic Mean (SD) Range

Age (years) 74.2 (3.0) 70.0–81.0

Weight (kg) 72.3 (11.8) 44.5–116.8

Height (cm) 159.8 (5.8) 142.0–177.8

BMI, kg/m2 28.3 (4.5) 18.9–43.4

Body composition

Total body fat (%) 41.8 (6.5) 20.8–56.2

Total body fat mass (kg) 29.4 (8.6) 9.8–58.1

Total body lean mass (kg) 39.8 (4.4) 29.0–56.7

ASM (kg) 16.7 (2.1) 10.9–24.2

SMI (ASM/height²) (kg/m2) 6.5 (0.7) 4.8–9.3

Bone mass and density

Total body BMC (g) 2,367 (383) 1,423–3,549

Femoral neck BMD (g/cm²) 0.8 (0.1) 0.6–1.4

Femur T-score −0.5 (1.1) −3.0 to 3.4

Functional performance

Right hand grip strength (kg) 28.7 (4.8) 9.0–44.0

SPPB (0–12) (points) 10.7 (1.4) 1–12

Gait speed (m/s) 1.0 (0.2) 0.5–1.9

5× Chair stand time(s) 12.5 (2.7) 8.3–32.3

Timed up and go (s) 9.2 (3.6) 5.4–70.8

Max leg extensor strength/weight (kg/kg) 2.4 (0.7) 0.8–5.6

SPPB Short Physical Performance Test Battery
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women fulfilled the IWG criteria as well. Only one partic-
ipant had an SMI below the Finnish cutpoint of 4.9 kg/m2.

Figures 3 and 4 illustrate the correlation between hand-
grip strength and gait speed among the 409 participants,
with emphasis on the cases with low muscle mass.

Table 2 shows differences between the participant
characteristics broken down by the EWGSOP cutpoints.
Women with higher gait speed were somewhat younger
and had a significantly lower body weight and fat mass
percentage. They also had a higher total body lean mass
percentage, scored better on the TUG test and the chair
stand test, and had better leg extensor force. However,
women with a low SMI weighed significantly less than
those with a higher SMI, but they did not differ in
terms of age, relative total body muscle mass, or func-
tional ability. Similarly, no significant differences were
found between those who had good grip strength and
those who did not, excepting the finding that women
with good grip strength also had better leg extensor
force.

Table 3 shows differences between the participant
characteristics broken down by the IWG cutpoints.
Again, women with higher gait speed were significantly
younger and had a significantly lower fat mass percent-
age, but weighed slightly less. As according to the
EWGSOP cutpoints, they had significantly higher total
body lean mass percentage and scored better on the
TUG test and the chair stand test and had better leg
extensor force. Women with a low SMI weighed signif-
icantly less than those with a higher SMI. They also
had a higher total body lean mass percentage, lower fat
mass percentage, and scored better on the TUG test.
They did not, however, differ in terms of age or other
measures of functional ability.

Discussion

Our study suggests that according to the EWGSOP and
IWG criteria, sarcopenia is relatively rare among older
home-dwelling Finnish women while WHO-based osteope-
nia is rather common. The prevalence of sarcopenia slightly
differs as per consensus definitions suggested by the EWG-
SOP and the IWG. Two of the four EWGSOP sarcopenic
women and 7 of the 11 IWG sarcopenic women also had
osteopenia. The prevalence of osteopenia in our cohort was
36 % according to the standard WHO-based T-score criteri-
on. In a study in the Swedish population, the prevalence of
osteopenia was 56.1 % in women aged 70–74 years and
53.2 % in women aged 75–79 years [28]. This is much
higher than our prevalence of 36 %. Another study reported
a prevalence of 38.7 % in postmenopausal French women
with a mean (SD) age of 64.1 (8.5) years [29].

To our knowledge, this is the first study to examine
prevalence of sarcopenia based on these two recent consen-
sus definitions. Our study sample was large and consisted
the very age group most likely to be at risk for developing
sarcopenia and related problems. The participants under-
went a thorough and complete examination including an
initial screening by a physician, body composition assess-
ment, and functional ability tests. However, as regards to the
generalizability of our findings, older men were not studied.
Our study population consisted only of women living at
home independently, who voluntarily participated in the
DEX study and did not have limitations to moderate phys-
ical exercise. Also, women with marked decline in basic
activities of daily living, cognitive impairments, or certain
degenerative conditions were excluded according to study
criteria [21]. This fact probably contributed to the observed
low prevalence of sarcopenia, and it is likely that the prev-
alence of sarcopenia and functional disability in the
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Fig. 3 Scatter plot of variables used for diagnosis of sarcopenia
according to EWGSOP. Open, highlighted circles denote SMI<
5.5 kg/m². Solid circles denote SMI<5.5 kg/m² and gait speed
<0.8 m/s or handgrip strength<20 kg. The reference gridlines corre-
spond to the cutpoints set by the EWGSOP
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unselected Finnish population of elderly women would have
been higher than reported here. Our study cohort was re-
stricted to a 10-year age range, and more substantial age-
related differences in functional ability may have been ob-
served in a sample representing a wider age range including
the oldest. Finally, we did not investigate the mechanisms
underlying the associations we described, and the cross-

sectional design did not permit causal inferences about the
relation between muscle mass and functional ability.

Obviously, the prevalence of a disease or symptom
depends on the criteria used for diagnosis and the
reference population used to establish normative data.
The EWGSOP further proposes three conceptual stages
of sarcopenia indicating the severity of the condition,

Table 2 Differences (mean and standard deviation) within measured variables according to cutpoints suggested by the EWGSOP for the diagnosis
of sarcopenia (independent samples t test)

EWGSOP criteria for sarcopenia

Gait speed

Variables <0.8 m/s (n047–50) ≥0.8 m/s (n0352–358) Mean difference 95 % CI p value

Age (years) 75.5 (3.2) 74.0 (2.9) −1.5 −2.4 to −0.6 0.001

Weight (kg) 78.7 (13.1) 71.4 (11.2) −7.3 −10.7 to −3.9 <0.001

Height (cm) 158.8 (6.3) 159.9 (5.6) 1.1 −0.6 to 2.8 0.20

Body composition

Body lean mass, % 52.5 (5.4) 56.2 (6.2) 3.6 1.8 to 5.5 <0.001

Body fat mass, % 43.5 (5.3) 39.5 (6.2) −3.9 −5.8 to −2.1 <0.001

Functional performance

Timed up and go (s) 13.3 (8.7)a 8.6 (1.3)a −4.7 −7.2 to −2.2 <0.001

5× Chair stand time (s) 15.5 (4.1) 12.1 (2.2) −3.4 −4.1 to −2.6 <0.001

Maximum isometric leg extensor
strength/weight (kg/kg)

1.8 (0.5) 2.4 (0.7) 0.6 0.4 to 0.8 <0.001

Skeletal muscle mass index (SMI)

<5.5 kg/m² (n014–16) ≥5.5 kg/m² (n0385–393) Mean difference 95 % CI p value

Age (years) 73.8 (2.7) 74.2 (3.0) 0.4 −1.1 to 1.8 0.61

Weight (kg) 58.3 (11.5)a 72.8 (6.9)a 14.5 10.7 to 18.3 <0.001

Height (cm) 159.8 (5.6) 159.7 (5.8) −0.04 −3.0 to 2.9 0.98

Body composition

Body lean mass, % 57.9 (5.8) 55.7 (6.2) −2.3 −5.4 to 0.8 0.15

Body fat mass, % 37.3 (5.6) 40.1 (6.2) 2.8 −0.3 to 5.9 0.07

Functional performance

Timed up and go (s) 8.9 (1.9)a 9.2 (3.7)a 0.3 −0.7 to 1.4 0.69

5× Chair stand time (s) 12.5 (2.5) 12.5 (2.6) 0.1 −1.3 to 1.4 0.92

Maximum isometric leg extensor
strength/weight (kg/kg)

2.2 (0.6) 2.4 (0.7) 0.2 −0.2 to 0.5 0.30

Handgrip strength

<20 kg (n07–8) ≥20 kg (n0390–397) Mean difference 95 % CI p value

Age (years) 74.1 (2.5) 74.2 (3.0) 0.1 −2.0 to 2.2 0.92

Weight (kg) 69.9 (9.8) 72.3 (11.7) 2.4 −5.8 to 10.6 0.56

Height (cm) 154.6 (3.6) 159.9 (5.8) 5.3 1.2 to 9.3 0.01

Body composition

Body lean mass, % 53.8 (6.2) 55.7 (6.2) 2.0 −2.4 to 6.4 0.37

Body fat mass, % 42.0 (5.9) 40.0 (6.2) −2.0 −6.4 to 2.4 0.36

Functional performance

Timed up and go (s) 10.2 (2.8) 9.0 (1.9) −1.2 −2.5 to 0.2 0.08

5× Chair stand time (s) 13.1 (2.7) 12.5 (2.7) −0.6 −2.5 to 1.4 0.57

Max isometric leg extensor
strength/weight (kg/kg)

1.7 (0.7) 2.4 (0.7) 0.6 0.1 to 1.1 0.01

a t test, equal variances not assumed
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namely, “presarcopenia,” “sarcopenia,” and “severe sar-
copenia” in order to help guide clinical management of
the condition [11]. These terms are based on presence/
absence of the three criteria of the definition of sarco-
penia, namely, low muscle mass, low muscle strength,
and low physical performance. Those who have normal
muscle strength and performance but have low muscle
mass are termed presarcopenic. Accordingly, the cases
identified by the EWGSOP algorithm in our study are
“severely sarcopenic.” Most prevalence studies have
used the presence of low muscle mass as the only
criterion for diagnosis [6, 15, 30, 31], which may ex-
plain the large differences in prevalence between previ-
ous studies and the present study. We see that the
diagnostic criteria need to be standardized and consis-
tently applied before they can be deemed worthy of
comparison. Unless this is done, diagnosis and preva-
lence rates do not hold credibility.

Early reliable identification of sarcopenia would seem to
be a powerful step towards understanding the process of
aging, improving physical functioning, preventing falls and

disabilities, and consequently, improving the quality of life
in the older population. Previous cross-sectional studies
have reported that older adults with severe levels of sarco-
penia (SMI≤8.50 kg/m² in men and ≤5.75 kg/m² in women)
are about two to five times as likely to have functional
impairment or disability as older adults with normal muscle
mass [6, 9, 10, 31]. However, Janssen reported in an 8-year
longitudinal study that sarcopenia was only a modest pre-
dictor of disability [32], indicating that the effects of sarco-
penia on the development of disability may not be as strong
as hypothesized based on cross-sectional observations.
Goodpaster and colleagues reported that initial lean mass
and changes in lean mass could explain only a small pro-
portion of variability in declined muscle strength [12]. It is
implied, therefore, that the nature of the relationship be-
tween sarcopenia and disability may be bidirectional; it is
plausible that physical disability itself could lead to sarco-
penia through lower levels of physical activity and conse-
quently decreased stimulus to skeletal muscle [32].
Consistent with these findings, another study [33] indicated
that sarcopenia (SMI<7.26 kg/m² in men and <5.45 kg/m²

Table 3 Differences (mean and standard deviation) within measured variables according to cutpoints suggested by the IWG for the diagnosis of
sarcopenia (independent samples t- test)

IWG criteria for sarcopenia

Gait speed

Variables <1 m/s (n0181–186) ≥1 m/s (n0218–222) Mean difference 95 % CI p value

Age (years) 75.1 (3.1) 73.5 (2.7) −1.6 −2.2 to −1.0 <0.001

Weight (kg) 74.0 (11.9) 70.8 (11.3) −3.2 −5.5 to −1.0 0.005

Height (cm) 159.0 (6.2) 160.4 (5.4) 1.4 0.3 to 2.6 0.01

Body composition

Body lean mass, % 54.5 (5.9) 56.8 (6.4) 2.4 1.2 to 3.6 <0.001

Body fat mass, % 41.3 (5.7) 38.9 (6.5) −2.4 −3.6 to −1.2 <0.001

Functional performance

Timed up and go (s) 10.4 (4.9)a 8.2 (1.2)a −2.3 −3.0 to −1.5 <0.001

5× Chair stand time (s) 13.5 (3.2)a 11.8 (1.9)a −1.7 −2.2 to −1.1 <0.001

Maximum isometric leg extensor
strength/weight (kg/kg)

2.1 (0.6) 2.6 (0.6) 0.4 0.3 to 0.6 <0.001

Skeletal muscle mass index (SMI)

≤5.67 kg/m² (n030–32) >5.67 kg/m² (n0369–377) Mean difference 95 % CI p value

Age (years) 74.3 (3.0) 74.2 (3.0) −0.05 −1.1 to 1.0 0.93

Weight (kg) 59.4 (6.3)a 73.3 (11.4)a 13.9 11.4 to 16.5 <0.001

Height (cm) 160.1 (5.4) 159.7 (5.9) −0.3 −2.4 to 1.8 0.76

Body composition

Body lean mass, % 58.4 (6.0) 55.5 (6.2) −2.9 −5.1 to −0.6 0.01

Body fat mass, % 36.9 (6.0) 40.3 (6.2) 3.3 1.1 to 5.6 0.003

Functional performance

Timed up and go (s) 8.4 (1.6)a 9.3 (3.7)a 0.8 0.2 to 1.5 0.02

5× Chair stand time (s) 12.1 (2.2) 12.6 (2.8) 0.5 −0.5 to 1.5 0.35

Maximum isometric leg extensor
strength/weight (kg/kg)

2.3 (0.6) 2.4 (0.7) 0.02 −0.2 to 0.3 0.87

a t test, equal variances not assumed
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in women) in the absence of obesity (76 % of the sarcopenic
group) was not a significant risk factor for disability; nota-
bly, most people with sarcopenia are not obese. A recent
systematic review [34] concluded that while muscle and fat
mass have been considered an important factor of age-
related decline in physical function, studies examining the
relationship between fat/muscle mass and functionality have
shown inconsistent results.

Although older persons with early sarcopenia (or presar-
copenia) are probably those who are most likely to benefit
from interventions, those with symptomatic loss of muscle
strength or function are more likely to seek treatment and be
identified. Detection of functional limitations based on body
composition obtained from expensive and less accessible
procedures like DXA may not be feasible in clinical prac-
tice. There are a number of tests of functional ability cur-
rently in use that can be performed simply, safely, and cost-
effectively and predict adverse outcomes such as physical
disability, fairly accurately. Several studies have suggested
that lower extremity function, specifically timed gait, pro-
vides a predictive value for the onset of disability [35–37]
and even as a predictor of adverse health events [38]. These
studies have shown that poor performance on other tests of
lower extremity function, such as the chair stand and stand-
ing balance performance, is equally prognostic when gait
speed is unavailable, and conversely, assessing gait speed
alone is nearly as good as performing the full battery of
performance tests in the prediction of incident disability. It
has also been shown that hip abductor strength is a better
predictor of poor physical function rather than muscle mass,
and that muscle strength may be a useful screening tool to
detect those at risk of functional decline [39]. Our study
further confirmed that muscle mass and derived indices of
sarcopenia were not significantly related to measures of
functional ability. An appropriate and standardized function-
al ability test battery that includes balance, strength, and
mobility performance measures might be better suited to
detect changes in physical function and, consequently, the
onset of disability in older adults. Declined functional abil-
ity is the true clinical problem that needs to be treated and
prevented properly.

The aged population in the developed world is increasing
rapidly. In the present scenario, it is imperative that cost-
effective diagnostic tools are employed and appropriate
preventive as well as curative measures are prescribed to
combat the negative effects of aging and improve the quality
of life of older adults. Treatments currently under investigation
include physical activity, nutritional therapies, androgen ther-
apy, and other behavioural and pharmacological strategies [5,
40]. Substantial improvements in both muscle mass and
strength are seen with strength training in older persons, lead-
ing to improved functional ability. Life-long improvements in

physical activity and diet are probably the most effective public
health intervention for this condition [20, 41]. In contrast,
pharmacological trials of sarcopenia have not yet shown any
significant efficacy in the treatment of the condition [42]. The
measurement of muscle mass alone as a diagnostic test, there-
fore, does not seem to be very advantageous in the prediction
of disability. Our study corroborates this argument by showing
that even a low skeletal muscle mass index was not related to
gait speed or grip strength. Low muscle mass may just not
reflect the decline in functional performance properly.

For this study, the diagnostic cutoff points were primarily
set according to those obtained from a population in New
Mexico [6] or the Health ABC study [7] data. These may
not, however, be appropriate for the Finnish population. If
sarcopenia were to be defined as SMI>2 SD below the
mean of our large population-based cohort of healthy young
Finnish women, the cutpoint for low muscle mass would be
set at 4.9 kg/m², and the prevalence in our study population
would drop further to 0.2 %, meaning that only 1 out of
about 400 home-dwelling older women was sarcopenic.
Should this be the case, low muscle mass itself is not the
problem of the elderly community-dwelling population at
large.

Future prospective studies that critically examine the
relevance of additional skeletal muscle determinants includ-
ing total body percentage fat and lean masses to predict loss
of lean muscle mass and their effect on the loss of physical
function are required. Reduction in muscle mass occurs as
part of normal aging, which is a universal phenomenon in
human physiology. The actual relevance of muscle mass as
compared to muscular function as a predictor of decline in
functional ability needs to be scrutinized. Cooper and col-
leagues [43] suggest the term sarcopenic frailty, with a
conceptual definition of the inability of active, autonomous,
community-dwelling older people without current disabil-
ities (but with low muscle mass) to cope with stressors.
However, screening and identification of such a population
pose a lot of difficulties. One may also question the need to
use a more expensive method to measure only a modest
predictor of functional decline, rather than considering a
strong predictor that is easily measured. We propose that
an appropriate and standardized functional ability test bat-
tery that includes balance, strength, and mobility perfor-
mance measures might be better suited to detect changes
in physical function and consequently the onset of disability
in older adults.

In conclusion, our study suggests that when using the
EWGSOP and IWG definitions, sarcopenia is infrequent
among older home-dwelling women while every third wom-
an has the WHO-based osteopenia. In future studies, strat-
egies to detect early disability and improve function should
be high priority, rather than focussing on low muscle mass.
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