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Abstract 
Introduction: Aging imposes changes in the body composition of individuals. One of the 
most striking changes during this period is the progressive loss of mass, strength and 
muscle function, known as sarcopenia. Objectives: To evaluate the presence of sarcopenia 
in healthy elderly women living in the community through a combination of different 
methods to assess muscle mass (MM) and physical performance, as well as analyzing 
whether there is correlation between the different methods of defining sarcopenia. 
Methods: A cross-sectional study was performed of 37 older adults of the  Universidade 
Aberta da Maturidade (Open University for Mature Persons). The parameters used to 
assess MM were calf circumference (CC) and skeletal muscle mass (SMM) through 
bioelectrical impedance (BIA) and the skeletal muscle index (SMI) Handgrip strength 
(HS) using a manual dynamometer, gait speed (GS) over 10m and the timed up and 
go (TUG) test for functional mobility were used to measure physical performance. To 
compare the sarcopenia diagnostic methods four different combinations were employed: 
C1= SMI+HS+GS; C2= SMI+HS+TUG; C3= CC+HS+GS and C4= CC+HS+TUG, 
according to European consensus proposals. To verify the differences between the 
methods the Kruskal-Wallis test and Multiple Comparisons for Unpaired Data were 
applied, and the weighted Kappa coefficient was used to assess the degree of agreement. 
Results: The C1 and C2 combinations identified pre-sarcopenia, sarcopenia and severe 
sarcopenia. A close correlation between C1 and C2 was found (0.92), while C3 and C4 
did not identify the presence of sarcopenia in the elderly women. Conclusion: CC used 
to evaluate MM was not precise in the detection of sarcopenia in overweight elderly 
women. However, there was a strong agreement between the two combinations using 
SMI and GS or TUG, suggesting that both can be effectively applied in clinical practice.
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INTRODUC TION

The concept that the aging process modifies 
the body composition of individuals is central to 
the transition of population aging. One of the 
most striking characteristics of this period is the 
gradual decline of muscle function.1 The European 
Working Group on Sarcopenia in Older People 
(EWGSOP) states that sarcopenia is a geriatric 
syndrome that is characterized by a progressive 
decrease in mass, strength and muscle function.2 

This syndrome has negative impacts on the 
health of elderly individuals. The correlation 
between reduced mass and muscle strength 
results in a higher risk of falls, hospitalization, 
dependence and institutionalization, with a lower 
quality of life and mortality.3,4 In addition to these 
aspects, sarcopenia has severe social and economic 
repercussions for the elderly.5

A diagnosis of sarcopenia should be based on 
the confirmation of a low quantity of muscle mass 
(criterion 1), together with one of the following 
options: low muscle strength (criterion 2) or poor 
functional performance (criterion 3). Furthermore, 
the different stages of the illness should also be 
classified: pre-sarcopenia (criterion 1); sarcopenia 
(criteria 1+2 or 3) and severe sarcopenia (criteria 
1+2+3).2

Concerning the assessment of muscle mass 
prior to a diagnosis of sarcopenia, it has been 
established that a sarcopenic individual exhibits 
two standard deviations below muscle mass, when 
compared with young adults, in image analysis 
tests (dual energy X-ray absorptiometry-DXA), 
and/or magnetic resonance imaging (MRI); or a 
calf circumference (CC) of less than 31 centimeters 
(cm).2 Although DXA is the gold standard for 
assessing body composition, given that it quantifies 
the fat content, lean body mass and bone mass in 
the body, an earlier study used indirect estimates to 
assess body composition with anthropometric data, 
such as the body mass index (BMI), and recorded 
results that were very similar to the DXA.6

Until now, only two studies have addressed the 
profile of sarcopenia in Brazil, although neither 
compared diagnostic methods.7,8 Therefore, the 
aim of the present study was to determine the 
presence of sarcopenia in healthy community-
dwelling elderly women using combinations of 
different methods to assess muscle mass and 
physical performance, as well as to determine if 
there was concordance between the combinations 
in relation to the definition of sarcopenia.

METHODS

Sample

A cross-sectional study was conducted with 
37 healthy elderly women who volunteered to 
participate and were members of the Universidade 
Aberta da Maturidade (the Open University for 
Mature Persons) (UAM) of the Universidade 
Federal do Paraná (Parana Federal University) 
(UFPR) in Curitiba-PR. The 46 elderly women 
who were enrolled in this program at the time of the 
study were all invited. The sample calculation was 
determined considering a power of 0.80, assuming 
an effect size of 0.8 and a type I error of 0.05 (alpha).

Prior to the data collection, the project received 
approval from the Research Ethics Committee of 
the Faculdade Evangélica Beneficente de Curitiba 
under protocol number 266.178/13. The project 
presentation and oral invitations were performed 
by team members in the rectory of the UFPR 
during UAM meetings. The assessments of the 
elderly participants were conducted in the Physical 
Education Department of UFPR in Curitiba-PR. 
All of the participants were instructed concerning 
the procedures involved in the research and signed 
a Termo de Consentimento Livre e Esclarecido - 
Free and Informed Consent Form.

Women aged 60 years or more were considered 
for this research, given that this is considered the 
beginning of old age for people in developing 
countries.9 Other inclusion criteria specified an 
absence of metallic implants (or pacemakers) in 
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the body and the ability to perform all of the 
proposed tests [timed up and go (TUG), handgrip 
strength (HGS) and gait speed (GS)]. The data 
was collected on two separate days. On the first 
day, anamnesis was carried out, and on the second 
day, the participants were submitted to the tests. 

Initially, 46 elderly women were selected. However, 
nine of these were excluded (six had a pacemaker 
or a metallic implant in their body and three could 
not complete the functional performance tests 
adequately). Therefore, 37 elderly women were 
included in the present study (Figure 1).

BMI= body mass index; CC= calf circumference; BIA= bioelectrical impedance; SMM= skeletal muscle mass; SMI= skeletal muscle index; 
BF= body fat; FFM= fat-free mass (FFM); HGS= handgrip strength; GS= gait speed; TUG= timed up and go; C1= SMI+HGS+GS; C2= 
SMI+HGS+TUG; C3= CC+HGS+GS and C4 = CC+HGS+TUG. 

Figure 1. Flowchart of the data collection process. Curitiba-PR, 2013.

Data was collected between May and September 
of 2013. A questionnaire was first applied 
to determine the profile of the sample. This 
questionnaire contained personal information, 
comorbidities and medication used. Individuals 
who used five or more drugs concomitantly were 
considered to be polymedicated.10

 Subsequently, the elderly individuals were 
submitted to an anthropometric assessment by 
a nutritionist and a functional assessment by a 

physical educator, together with previously trained 
physiotherapy students. 

Anthropometric assessment

In order to measure body mass, the volunteers 
were asked to stand (barefoot, while wearing light 
clothing) on a digital scale with their hands by 
their sides. The maximum capacity of the scale 
was 150 kg. Height was measured using a wall-
mounted stadiometer.
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The BMI was obtained from the ratio between 
body weight in kilograms and height in meters 
squared (BMI=weight/height²). Nutritional status 
was classified according to the Pan American 
Health Organizatioǹ s Health, Well-being and 
Aging project (SABE).11

CC was measured using an inelastic tape 
measure, usually on the right leg, while the 
individual sat in a chair with their hips and knees 
flexed to 90º. A value of less than 31 centimeters 
was used to indicate the depletion of muscle mass.2

Body composition

The body composition assessment was carried 
out using a portable bioelectrical impedance four-
pole standard apparatus (RJL Systems®, model 
Quantum BIA 101Q). The criteria proposed in the 
manual were followed during the performance of 
the examination. The resistance values found were 
used to calculate skeletal muscle mass (SMM), using 
the following formula: SMM= [(h2/R x 0.401) + 
(gender x 3.825) + (age x -0.071)] + 5.102 (Janssen 
et al.,12), in which h is the height in centimeters, “R” 
is the resistance value in ohm, women=0 and age is 
counted in years. Consequently, it was possible to 
obtain the skeletal muscle index (SMI) by dividing 
the SMM by height squared. An SMI equal to or 
less than 6.75 kg/m² was considered the cutoff for 
low muscle mass, based on the statistical analysis 
from the NHANES III study, which assessed men 
and women aged 60 years or more.3 

In order to calculate the percentage of body fat 
(%BF), the formula proposed by Roubenoff et al.13 

(5.741+0.4551 x h2/R50+0.1405 x weight+0.0573 x 
Xc+6.2467 x gender) was first applied to determine 
the amount of fat free mass (FFM), considering 
height in centimeters, “R50” as the resistance 
value, 50 kHz as the frequency value, weight in 
kilograms, “Xc” as the reactance value in ohms; 
female gender=0 and age in years. Subsequently, 
the total body mass was subtracted from the FFM.

Assessment of functional performance

Handgrip strength was assessed in kilograms 
(kg) using a Saehan manual hydraulic dynamometer 
(Saehan corporation - SH5001). The elderly women 
were seated with no arm support and with their 
shoulders adducted and in neutral rotation. Their 
elbows were flexed to 90°, with the forearm in 
a neutral position and the wrist varying from 
0 to 30º of extension, as recommended by the 
American Society of Hand Therapists (ASHT).14 
Three measurements were collected for each arm, 
with one minute of rest between each reading. 
The highest value recorded was used, as was the 
classification criteria suggested by Lauretani et al.15 

Two tests of physical performance were used: 
gait speed (GS) and the timed up and go (TUG) 
test. In the former, the participant was asked to 
walk a distance of 10 meters in a straight line. The 
time required to complete the walk was divided 
by the distance, providing a measurement for gait 
speed (m/s). This test was conducted three times to 
allow the participant to accelerate and decelerate. 
They were asked to walk normally, even when 
using walking aids.16 A speed of less than 0.8 m/s 
was considered a risk for sarcopenia.2,15

The second test required the participant to lift 
themselves from a chair without using their arms 
and walk three meters at a comfortable, safe pace, 
before turning around, walking back and sitting 
down again. The test was performed twice: the first 
attempt was used to familiarize the participants 
with the task, and the second was used to record 
the time (in seconds).17 The following reference 
scores were used to analyze their performance 
in the TUG test: 8.1 s (60-69 years); 9.2 s (70-79 
years) and 11.3s (80-99 years).18

Sarcopenia

Four combinations were used to diagnose 
sarcopenia (C1, C2, C3, C4). Different methods 
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were used to assess muscle mass and physical 
performance (Chart 1). In C1, the SMI was used 
together with HGS and GS; in C2, we used the 
SMI, HGS and TUG test; in C3, the CC, HGS 

and GS were used; and in C4, the CC, HGS and 
TUG test were used. EWGSOP parameters were 
used to define the stage of sarcopenia (Chart 2).2

Statistical analysis

Data analysis was conducted using version 
2.11.1 of R (2010-5-31) and Statgraphics Centurion 
software. Microsoft Excel® was used to compile 
the data. The Kruskal-Wallis test and multiple 
comparisons for unpaired data were used to 
investigate the differences between the three 
diagnostic methods. Subsequently, the weighted 
Kappa coefficient was used to assess the degree of 
concordance between the methods. The confidence 
interval used was 95% and the level of significance 
was set at 5% (p≤0.05).

RESULTS 

The sample contained 37 elderly women aged 
between 60 and 84 years of age. Table 1 displays 
their demographic, clinical and anthropometric 
characteristics, as well as the body composition 
results (assessed using BIA). The mean results 
referring to their performance in the functional 
tests are also displayed (mean, standard deviation 
and amplitude).

Most of the elderly women were overweight 
(67.56%), while 27.02% were classified as eutrophic. 

Chart 1. Combinations used to diagnose sarcopenia in the elderly women in the sample. Curitiba-PR, 2013.

Muscle mass Muscle strength Physical performance

C1 SMI HGS GS

C2 SMI HGS TUG

C3 CC HGS GS 

C4 CC HGS TUG

C1, 2, 3 and 4= combinations; SMI= skeletal muscle index; CC= calf circumference; HGS= handgrip strength; GS= gait speed; TUG= timed 
up and go.

Chart 2. Stages of sarcopenia. Curitiba-PR, 2013.

Stage Muscle mass Muscle strength Physical performance

Pre-sarcopenia ↓

Sarcopenia ↓ ↓ or ↓

Severe sarcopenia ↓ ↓ and ↓

Adapted from Cruz-Jentoft et al.2
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The participants claimed to have up to six health 
problems, the most common of which were 
systemic arterial hypertension (SAH), dyslipidemia 
and arthrosis, with 43.24%, 27.02% and 24.32%, 

respectively. After assessing the number of 
medications used by the participants, 16.21% of 
the women were classified as polymedicated.

Sarcopenia

It was c lear that combinat ions C1 
(SMI+HGS+GS) and C2 (SMI+HGS+TUG) 
differed in terms of the definition of pre-
sarcopenia and sarcopenia: whereas C1 only 

identified one sarcopenic individual (2.70%), 
C2 identified seven (18.91%). When CC was used 
to assess muscle mass, 100% of the sample was 
classified as non-sarcopenic (Figure 2), regardless 
of whether GS (C3) or the TUG test (C4) was 
used to assess functional performance.

Table 1. Sample characterization and results of functional tests. Curitiba-PR, 2013.

Variable Mean Sd Minimum Maximum

Age (years) 67.8 6.5 60 84

Body mass (kg) 81.0 10.4 52.3 96.6

Height (m) 1.57 4.3 1.47 1.68

BMI (kg/m²) 29.8 4.4 20.7 39.8

Comorbidities (n) 1.89 1.54 0 6

Polymedicated (n) 2.95 2.2 0 12

Body composition
     BF (%) 
     SMM (kg)

45.6
18.4

4.5
2.4

35.4
14.7

52.4
22.9

     CC (cm)
     SMI (kg/m²)

39.0 4.0 33.5 50.3

Functional performance
     HGS (kg) 
     GS (m/s)
TUG (s)
     60-69 years (n=24)

27
1.5

8.72

4.9
0.3

2.43

13
0.70

6.6

35
1.98

17.66

     70-79 years (n=11) 8.83 2.60 6.65 11.3

     80-99 years (n=2) 11.75 5.26 7.72 17.32

BMI= body mass index; BF= body fat; SMM= skeletal muscle mass; SMI= skeletal muscle index; CC= calf circumference; HGS= handgrip 
strength; GS= gait speed; TUG= timed up and go.; sd= standard deviation.
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When comparing the combinat ions to 
identify sarcopenia, significant differences were 
found between C1, C2, C3 and C4 ( p<0.0001). 
Consequently, the multiple comparisons tests 
found no significant differences between C3 
(CC+HGS+GS) and C4 (CC+HGS+TUG) or 
between C1 and C2. For the other combinations 

(C1xC3, C2xC3, C1xC4, C2xC4), there was a clear 
and obvious difference.

After the application of the weighted Kappa 
test, a moderate concordance was found between 
C1 and C2 (k=0.60), whereas a high concordance 
was found between C3 and C4 (k=1.0) (Table 2).

The ordinate represents the percentage of elderly women according to the stage of sarcopenia. Abscissa: C1 (SMI+HGS+GS); C2 (SMI+HGS+TUG); 
C3 (CC+HGS+GS) and C4 (CC+HGS+TUG). SMI= skeletal muscle index; CC= calf circumference; HGS= handgrip strength; GS= gait speed; 
TUG= timed up and go.

Figure 2. Prevalence of sarcopenia according to C1, C2, C3 & C4. Curitiba-PR, 2013.

Table 2. Multiple comparisons between different methods of identifying sarcopenia in independent 
elderly individuals. Curitiba-PR, 2013.

Variable compared Combinations* p-value

Classification of sarcopenia

C1 x C2 0.6538

C1 x C3 <0.0001

C2 x C3 <0.0001

C1 x C4 <0.0001

C2 x C4 <0.0001

C3 x C4 0.9985

*Multiple comparison test for unpaired data; weighted Kappa between C1 and C2= 0.60 and between C3 and C4= 1.0; C1 (SMI+HGS+GS); 
C2 (SMI+HGS+TUG); C3 (CC+HGS+GS) and C4 (CC+HGS+TUG). SMI= skeletal muscle index; CC= calf circumference; HGS= handgrip 
strength; GS= gait speed; TUG= timed up and go.
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DISCUSSION

According to the results of the present study, the 
elderly women assessed exhibited a high percentage 
of body fat and were classified as obese, given 
that the value recorded was higher than 38%.19 It 
is known that the peaks of adipose tissue occur 
between 60 and 70 years of age, and that this body 
fat is distributed differently, when compared with 
the young population.20 Changes in eating habits 
and a reduction in the levels of physical activity are 
the main reasons for this nutritional transiton.21

   Concerning muscle mass, the mean SMI 
recorded indicated a high quantity of muscle mass. 
Previous studies have documented the existence of 
a dissociation between muscle mass and strength: 
the decline in strength seems to be much faster 
than the concomitant loss of muscle mass. This 
reduction in strength due to aging is known as 
“dynapenia” and can have an effect on physical 
performance.22

According to the recommendations proposed by 
consensus in 2010 for sarcopenia assessments, the 
results of the present study indicate that the mean 
CC (used to assess muscle mass) did not identify 
the presence of sarcopenia in these independent 
community-dwelling elderly women. Nevertheless, 
the World Health Organization (WHO) considers 
CC to be a sensitive measurement of muscle mass 
in elderly individuals, which indicates age-related 
alterations and a reduction in physical activity. 
A CC of less than 31 centimeters has previously 
been correlated with incapacity. A correlation 
has also been reported between an elevated CC 
and lower levels of frailty and better functional 
performance.23-25

Since the majority of the elderly participants 
in the present study were classified as obese, it 
can be deduced that they exhibited CC values 
above the limit of the reference. Consequently, 
this measurement may have been affected by the 
excess of subcutaneous fat, given that there was a 
positive correlation between the CC and the BMI.26  

Very few studies have validated anthropometric 
measurements for obese elderly individuals. 

Consequently, these methods are vulnerable 
to errors and questionable for individual use. 
Despite clinical recommendations related to the 
use of anthropometric measurements to identify 
sarcopenia, the outcomes of the present study 
confirmed that the CC could not effectively identify 
sarcopenia, even when considering the HGS and 
functional performance during screening.2

Conversely, the values obtained through 
BIA in the present study (assessment of muscle 
mass) identified participants with pre-sarcopenia, 
sarcopenia and severe sarcopenia. Using BIA to 
analyze body composition is relatively practical, 
non-invasive, fast and inexpensive, when compared 
with magnetic resonance, computed tomography 
and DXA, which ae considered more accurate 
methods.27,28 A previous study reported the excellent 
correlation between results obtained using the BIA 
equation and results obtained with DXA.29

The difference in the prevalence of sarcopenia 
exhibited by C1 and C2 could be explained by 
the fact that alternative methods were used to 
investigate physical performance. Both the GS 
test and the TUG test are valid and can be used 
clinically (and in research) to assess sarcopenia, 
survival, functional mobility and the risk of falls 
in community-dwelling elderly individuals.17,30 
The prevalence of sarcopenia varies depending 
on the methods used to define the diagnosis. 
Bijlsma et al.31 used seven different diagnostic 
criteria for sarcopenia, based on measurements 
of muscle mass (BIA or DXA) and HGS. The 
authors noted that the criteria based on a low 
HGS and a low quantity of SMM differed greatly 
from the criteria based on appendicular lean mass 
(ALM).  Furthermore, there was a difference in 
the prevalence of sarcopenia between diagnostic 
methods that use the quantity of ALM, with 
different cutoff points. One of these methods 
resulted in the absence of sarcopenia. Therefore, 
studies should clearly state the methodological 
criteria used to diagnose sarcopenia, until a 
clinical/scientific consensus is found. This will 
also enable comparisons between studies.  

In the present study, the concordance between 
C1 and C2 was strong, indicating that the SMI 
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(in association with either GS or the TUG test) 
can be considered as an option when screening 
community-dwelling elderly women for sarcopenia.

Concerning the functional tests, only two 
participants exhibited a GS below that which is 
recommended by EWGSOP2 (<0.8m/s). One of 
these participants was the oldest participant in the 
study (84 years) and was the only women to be 
classified with severe sarcopenia, due to the fact 
that she met all of the diagnostic criteria. According 
to Buchner et al.,32 gait speed declines with age, 
but there is a non-linear correlation between the 
strength of the lower limbs and normal gait speed. 
This correlation represents the mechanism through 
which minor alterations in physiological capacity 
can have substantial effects on the performance 
of frail adults, whereas major alterations in 
healthy adults have little or no effect on their 
daily function. Results from other studies of frail 
adults have also shown that resistance training led 
to improvements in GS and strength.33 In healthy 
community-dwelling adults, this training increased 
strength but did not affect GS.34

Since gait is considered a complex motor task, 
it depends on different physical abilities, requiring 
energy, motor control, strength, muscle power and 
cardiorespiratory fitness.35 The elderly women 
who participated in the present study exhibited a 
satisfactory muscle function, which could explain 
the adequate gait speed recorded. However, the 
woman who was considered “very old” (80+) 
exhibited impaired gait speed and a handgrip 
strength value below the reference value. She 
also had a history of falls. These aspects suggest 
a correlation between advancing age, a decrease in 
muscle strength and an increase in the risk of falls.36

Concerning HGS, only two of the participants 
had results below 20 kg. The inverse correlation 
between FFP and age is consistent with literature.37 

During the performance analysis of the 
different age groups, it was found that those aged 
60-69 years and 80-99 years performed worse 
in the TUG test. This could be attributed to a 
moderately active physical activity profile, based 
on previous results from this research group.38 

Conversely, the performance in the TUG test 
did not classify the participants as a risk for falls, 
given that they recorded mean values of less than 
12.4 s.17 It is possible to hypothesize that the 
performance in the TUG test was worse among 
the 60-69 years age group, when compared with 
the 70-79 years age group, due to the existence 
of more comorbidities. In a recent study, the 
association of low muscle mass and chronic 
illnesses contributed to a greater impairment of 
physical performance in elderly individuals, when 
compared to isolated factors.39 As for the worse 
performance of the 80-99 years age group in the 
TUG test, this was probably due to the decrease in 
strength and power of the lower limbs, which was 
also reported in a previous study of community-
dwelling elderly individuals from the same age 
group.40 However, the present study only assessed 
handgrip strength. Thus, further studies should 
be conducted to assess the strength and muscle 
potential of the lower limbs using an isokinetic 
dynamometer. 

In the present study, the mean age was 
approximately 68 years. C2 provided 21.62% of the 
sarcopenic elderly women (including sarcopenia 
and severe sarcopenia). Notably, the 84-year old 
woman was the only participant with severe 
sarcopenia in both C1 and C2.

Similarly, one of the most cited studies, the 
New Mexico Elderly Health Survey, which assessed 
the SMM and diagnosed sarcopenia, reported 
a prevalence rate of between 13 and 24% for 
sarcopenia among male and female participants 
(70 years or less). In the same study, the percentage 
altered to more than 50% among individuals 
aged 80 years or more, demonstrating that the 
prevalence of sarcopenia is positively correlated 
with age.17 

In total, 70.27% of the participants did not 
exhibit sarcopenia in C1 and C2, corroborating 
the results of a recent study in the Japanese city 
of Kashiwa. In this study, independent elderly 
individuals (65+) were assessed for sarcopenia using 
the same diagnostic criteria as the present study: 
muscle mass, measured by BIA; muscle strength, 
measured by HGS; and physical performance, 
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based on GS. The authors reported that 77.9% 
of the women were not sarcopenic.41   

There are a number of limitations in the 
identification and classification of sarcopenia. 
Despite the fact that the BIA is a validated 
method, it is not considered the gold standard for 
assessments of muscle mass, and it can be affected 
by hydration, particularly in the elderly. The use 
of different equations for different devices may 
also contribute to different parameters of body 
composition.42  

Concerning physical performance, the European 
consensus does not specifically recommend one 
method of assessing gait speed. There are several 
methodological variations in the performance 
of this test, such as the inclusion or exclusion of 
the acceleration and deceleration phases. It also 
has not provided cutoff points for the TUG test. 
However, cutoff points have been outlined for 
Brazilian community-dwelling elderly individuals 
(per age group). These values were used in the 
present study. 17

It is also important to consider that reductions 
in muscle mass and function may be accompanied 
by an increase in fat mass during the aging process. 
This condition is currently known as sarcopenic 
obesity. This could be an important aspect in future 
studies seeking to identify obese sarcopenic elderly 
women. Baumgartner et al.43 conducted an eight-
year study and showed that the sarcopenic and 
obese population is three times more likely to 
develop functional disabilities related to activities 
of daily living, when compared with those who 
are only sarcopenic or only obese. 

Sarcopenia has been classified in many 
different ways in literature and even by EWGSOP.2 

Doubts remain about the correct criteria for its 
classification. Therefore, further controlled studies 
are required to standardize the diagnostic criteria 
for this syndrome. 

CONCLUSION

In the sample investigated, there were clear 
differences in the identification of sarcopenia 
depending on the methods used to assess muscle 
mass and physical performance. Calf circumference, 
as a measurement of muscle mass, is vulnerable to 
errors when diagnosing sarcopenia in overweight 
elderly women. However, the high concordance 
between the diagnostic methods that used the 
skeletal muscle index to classify muscle mass, 
together with gait speed or the timed up and go 
test to assess physical performance, recommend 
the use of both for sarcopenia screening in clinical 
practice. 
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