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Abstract: Objective: To compare the diagnostic value of the SARC-F combined with calf circumference (SARC-
CalF) with the standard SARC-F to screen sarcopenia in community-dwelling older adults. Design: Cross-
sectional, diagnostic accuracy study. Setting: Geriatric outpatient clinic of a university hospital. Participants:
Older adults >= 65 years. Measurements: Muscle mass (bioimpedance analysis device), muscle strength (hand
grip strength-Jamar hydraulic hand dynamometer), and physical performance (usual gait speed). Four currently
used diagnostic criteria [European Working Group on Sarcopenia in Older People (EWGSOP), Foundation for
the National Institutes of Health (FNIH), International Working Group on Sarcopenia (IWGS), and Society on
Sarcopenia Cachexia and Wasting Disorders (SCWD) criteria] were applied. SARC-CalF was performed by
using two different calf circumference threshold: standard cut-off 31 cm (SARC-CalF-31) and national cut-off
33 cm (SARC-CalF-33). The sensitivity/specificity analyses of the SARC-CalF and SARC-F tools were run. We
used the receiver operating characteristics curves and the area under the receiver operating characteristics curves
(AUC) to compare the diagnostic accuracy to identify sarcopenia. Results: We included 207 subjects; 67 male
and 140 female with a mean age of 74.6+6.7 years. The prevalence of sarcopenia ranged from 1.9% to 9.2%.
The sensitivity of SARC-F was between 25% (EWGSOP) and 50% (IWGS); specificity was about 82%. For
SARC-CalF-31 and SARC-CalF-33 sensitivity was in general similar -between 25-50%- which pointed out that
SARC-CalF was not superior to SARC-F for sensitivity in this sample. Corresponding specificities for SARC-
CalF-31 and SARC-CalF-33 were higher than SARC-F and were between 90-98%. Additionally, the AUC
values, which indicates the diagnostic accuracy of a screening test, were in general higher for SARC-CalF-33
than the SARC-F and SARC-CalF-31. Conclusions: We reported that addition of calf circumference item to
SARC-F tool improved the specificity and diagnostic accuracy of SARC-F but it did not improve the sensitivity
in a community-dwelling Turkish older adult population sample that had low prevalence of sarcopenia. The
performance of SARC-CalF tool to screen sarcopenia is to be studied in different populations and living settings.
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Introduction

Sarcopenia is loss of skeletal muscle mass and function
accompanied with ageing. It possesses well-identified adverse
outcomes including functional dependency, falls, fractures,
institutionalization and mortality. It affects the older adults
in all settings i.e. community, nursing home, long-term care
facilities and hospitals albeit the prevalence is lower in the
community-dwelling older adults. Most of the older adults
live in the community. The prevalence of sarcopenia depends
on the definitions used to define sarcopenia. Regarding the
European Working Group on Sarcopenia in Older People
(EWGSOP) criteria, it has been reported between 1%-29% (1)
among community-dwelling older adults. In view of the adverse
outcomes and prevalence of sarcopenia among older adults, it is
prudent to screen for sarcopenia in primary care practice. This
would enable the referral of the screening positive older adults
for detailed examination for diagnosis of sarcopenia.

SARC-F represents the first tool to screen sarcopenia.
It represents a very simple, practical and easily applied
screening tool for older adults and for the applicant. In former
studies, SARC-F exhibited very good specificity to diagnose
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sarcopenia but low sensitivity which may be regarded as a
flaw for a questionnaire aimed at screening (2-5) Intending
to improve this weakness, it is suggested that SARC-CalF
(-a modified version of SARC-F) that is produced by adding
calf circumference (CC) to the SARC-F could significantly
increase the sensitivity (-increasing from 33.3 to 66.7%) and
diagnostic accuracy of SARC-F (6). It is recommended that this
finding should be validated in different study populations (5, 6).
Recently, we performed cross-cultural adaptation and clinical
validation of Turkish version of SARC-F (7). This study is a
continuum study of that cohort and we aimed to compare the
diagnostic value of the SARC-F with SARC-CalF in regard
to sarcopenia screening in a community-dwelling older adult
population.

Material and Methods

Study Design and Population

This study is conducted as a diagnostic accuracy study.
The study is performed in geriatric outpatient clinic of our
University Medical School. The study participants aged >= 65
years were included between August 2016 and August 2017 in
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a consecutive manner. The exclusion criteria were as follows:
dementia, unable to walk, and techniqual aspects that would
preclude assessment with bioimpedance analysis (BIA), i.e
edema, implantable pacemaker. Consent form was received
from the all participants. The questionnaires were filled by a
single qualified physiotherapist who also performed all the
measurements.

The measurements included anthropometric measures (i.e.
calf circumference, mid-arm circumference), handgrip strength
(HGS), usual 4 m gait speed (UGS) test, and BIA. The study
protocol was approved by the local Ethical Committee of our
University.

Measurement of skeletal muscle mass, hand grip strength,
usual gait speed and anthropometric measures

Muscle mass was assessed by BIA device (TANITA BC532)
that estimated the total skeletal muscle mass (SMM) and SMM
was adjusted by height (m)2. Hand grip strength was assessed
by a Jamar hydraulic hand dynamometer with a validated
protocol (8, 9) It was measured in sitting position, with the
elbow in 90° flexion, wrist in the neutral position. Participants
applied the maximum grip strength with both left and right
hands. Three trials were performed for both hands. HGS was
regarded as the maximum produced grip strength. Population
specific cut-offs (32 and 22 kg in males and females) were
used to designate low muscle mass and low muscle strength for
the European Working Group on Sarcopenia in Older People
(EWGSOP), International Working Group on Sarcopenia
(IWGS) and Society on Sarcopenia Cachexia and Wasting
Disorders (SCWD) criteria (10). Foundation for the National
Institutes of Health (FNIH) defined grip strength cut-offs (26
and 16 in males and females) were used for FNIH definition of
sarcopenia (11). Usual gait speed was performed by the subjects
walking 4 m with usual speed. Calf circumference (CC) was
measured as the widest circumference of calf when subjects
stand. Mid-arm circumference was measured at the middle
of humerus when the arm was elevated mildly and internally
rotated without contraction of the biceps. Both the standard
CC cut-off (31cm) and population specific cut-off (33cm) (10)
were used and compared in SARC-CalF analyses. Height was
measured using a stadiometer and body mass index (BMI) was
calculated as weight (kg)/ height (m2).

Screening sarcopenia with SARC-F and SARC-CalF

The standard SARC-F is composed of 5 items questioning
the strength, assistance in walking, rise from a chair, climb
stairs, and falls scored between O to 2, the higher scores being
suggestive for sarcopenia. SARC-CalF is composed of 6 items,
the first 5 items being and scored the same as the standard
SARC-F and the sixth additional item being the CC item. CC
item is scored as O point if the CC is above the CC cut-off
and as 10 points if it is below the CC cut-off. For SARC-F
and SAC-CalF, a total score of >= 4 (11) and >=11 indicates
positive screening for sarcopenia, respectively (6).

We used 4 different definitions of sarcopenia as the reference

standard of sarcopenia diagnosis, i.e. EWGSOP (13); IWGS
(14); SCWD (15); FNIH (11) definitions.

Covariates

The demographic and clinical characteristics were obtained
by face-to-face interviews, i.e. age, sex, number of chronic
diseases, number of regular drugs, Katz-ADL and Lawton-
IADL measurements, quality of life (EQ-5D) nutritional status
(Mini Nutritional Assessment) and specific chronic diseases:
hypertension, , diabetes, coronary heart disease, stroke, chronic
obstructive pulmonary disease (16-19).

Statistical Analyses

Descriptive statistics were reported as numbers (percentage)
for categorical variables. After assessing the normality,
continuous variables are given as mean =+ standard deviation for
all variables and median for skew-distributed variables. Using
different criteria as the reference standard, we calculated the
diagnostic value [sensitivity, specificity, positive likelihood
ratio (+LR), and negative likelihood ratio (-LR)] of the
SARC-F and SARC-CalF for identifying sarcopenia. We used
a receiver operating characteristics (ROC) curve to compare
the overall accuracy of the SARC-F and SARC-CalF. The
area under the ROC curve (AUC) and 95% confidence interval
(CI) were calculated. The larger the AUC is, the better the
overall diagnostic accuracy is. The comparisons between
ROC curves were performed using the DeLLong method. For
statistical significance, p value <0.05 was considered to be
significant in the 95% confidence interval. Statistical analyses
were performed by using SPSS v 21.0 (SPSS Statistics; IBM,
Armonk, NY) and MedCalc Statistical Software v 15.2
(MedCalc Software bvba, Ostend, Belgium).

Results

We included a total of 207 subjects (67 male and 140
female) with mean ages of 75.4+5.9 years vs 74.2+7.1 years.
The demographic, clinical characteristics of the population are
given in Table 1.

10.4% of the male participants and 22.9% of female
participants were identified as sarcopenia screening positive
by the standard SARC-F. Corresponding figures were lower as
3% and 2.1% by the SARC-CalF-31; 4.5% and 12.9% by the
SARC-CalF-33, in males and females, respectively. Sarcopenia
was detected in 3.9% by EWGSOP criteria, 9.2% by FNIH
criteria, 1.9% by IWGS criteria, and 2.4% by SCWD criteria.
The prevalence of sarcopenia ranged between 4.5% and 10.4%
in males and 0.7% and 9.3% in females with the different
sarcopenia definitions.

The performance -including the sensitivity, specificity,
positive and negative likelihood ratios and area under the
curve (AUC) values- of the Turkish version of the SARC-F,
SARC-CalF-31 and SARC-CalF-33 questionnaire in regard
to sarcopenia definitions is given in Table 2 for comparison.
The sensitivity of SARC-F was between 25% (EWGSOP) and
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50% (IWGS); specificity was about 82% (Table 2). For SARC-
CalF-31 and SARC-CalF-33 sensitivity was in general similar
-between 25-50%- which pointed out that SARC-CalF was
not superior to SARC-F for sensitivity in this sample. On the
other hand, corresponding specificities for SARC-CalF-31 and
SARC-CalF-33 were higher than SARC-F and were between
90-98%. Additionally, the AUC values, which indicates the
diagnostic accuracy of the screening test, were in general higher
for SARC-CalF-33 than the SARC-F and SARC-CalF-31
(Table 2). The ROC curves of SARC-F, SARC-CalF-31
and SARC-CalF-33 against different reference standards of
sarcopenia are given in Figure 1a, 1b, 1c and 1d.

Table 1
Characteristics of the study population

Male (n=67) Female (n=140)
Age (years) 75459 74.2+7.1
BMI (kg/m2) 28.7+4.7 31.5£6.0
Calf circumference (cm) 37.2+£3.6 372443
Waist circumference (cm) 102.3+12.4 100.7+13.4
Mid-arm circumference (cm) 28.1+3.1 29.5+3.8
Number of illnesses 4.4+1.8 (4) 43422 (4)
Number of regular drugs 7.5+3.7(7) 6.5+£3.5 (6)
Specific chronic diseases
Diabetes 29.9% 37.9%
Hypertension 76.1% 75%
Coronary heart disease 35.8% 20.7%
COPD 14.9% 7.1%
Hyperlipidemia 47.8% 38.6%
Falls in past year 37.3% 46.4%
SMM/height2 11.0+13 10.1%1.1
SMM/bmi 1.066+0.139 0.753+0.101
Hand grip strength (kg) 32.7+£7.6 21.1+54
Gait speed (m/s) 0.98+0.25 (1.05)
SARC-F total score 13122 (1) 2.1£24(1)
SARC-F Question 1/Strength
None 82.1% 53.6%
Some 10.4% 20.7%
Alot 7.5% 25.7%
SARC-F Question 2/Assistance in walking
None 87.9% 85.7%
Some 9.1% 13.6%
A lot 3% 0.7%
SARC-F Question 3/Rise from a chair
None 84.8% 80.7%
Some 10.6% 17.1%
Alot 4.5% 2.1%
SARC-F Question 4/Climb stairs
None 83.6% 65%
Some 7.5% 19.3%
Alot 9% 15.7%

SARC-F Question 5/Falls

None 61.2% 55.7%
Some 31.3% 38.6%

A lot 7.5% 5.7%
SARC-F screening positive (>=4 points) 10.4% 22.9%
SARC-CalF total score

SARC-Calf Item 6/ Calf circumference

CC<3lcm 1.76+3.5 (1) 2.36+2.95(1)
CC<=33 cm 221 £3.96 (1) 3.51+4.62(1)
SARC-CalF screening positive (>=11 points)

SARC-CALF (CC< 31 cm) 3.0% 2.1%
SARC-CalF (CC< 33 cm) 4.5% 12.9%
Prevalence of sarcopenia

EWGSOP 10.4% 0.7%
FNIH 9% 9.3%
TWGS 4.5% 0.7%
SCWD 6% 0.7%

Data are given as meanzstandard deviation (median) as appropriate; BMI, body mass
index; SMM, skeletal muscle mass; SMMI, skeletal muscle mass index; CC, calf
circumference; EWGSOP, European Working Group on Sarcopenia in Older People;
FNIH, Foundation for the National Institutes of Health; IWGS, International Working
Group on Sarcopenia; SCWD, Society on Sarcopenia Cachexia and Wasting Disorders.

Discussion

The findings of our study indicated that SARC-CalF, either
with introduction of calf circumference threshold of 31 or
33cm (SARC-CalF-31 and SARC-CalF-33) revealed similar
sensitivity but higher specificity when compared with the
standard SAR-F tool. On the other hand, SARC-CalF-33
revealed the highest diagnostic accuracy among all.

SARC-F tool is the pioneer screening tool to screen
sarcopenia and demonstrated its efficacy in regards to
predicting consequent functional impairment, hospitalization,
emergency care use, quality of life and mortality in different
cohorts (20, 21) Hence, it stands as a major tool to predict
sarcopenia related adverse outcomes thereby aiding the
therapeutic interventions focusing on sarcopenia. It emerges
with its excellent specificity and diagnostic accuracy
characteristics. However, the sensitivity analyses are not so
satisfying and the low sensitivity restricts its use as there
would be high risk of a missed diagnosis of individuals with
sarcopenia. That’s why SARC-CalF was suggested as a
modification that aim to increase sensitivity of original SARC-F
tool. The researches reported from China, Brazil and Slovenia
suggested that SARC-CalF had better sensitivity than SARC-F
as 48.9-60.7%, 66.7% and 77.4% (5, 6, 22) but they also
noted that this finding needs to be validated in different study
populations. However, in this Turkish study sample of older
adults, SARC-CalF depicted non-superiority over SARC-F
for the sensitivity analyses but for specificity and diagnostic
accuracy.
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Table 2

Sensitivity/Specificity Analyses and Receiver Operating Curve Models for SARC-F, SARC-CalF Validation Against Different
Sarcopenia Definitions in the study population

Sensitivity (%)

EWGSOP
SARC-F

SARC-CalF (CC<31cm)
SARC-CalF (CC< 33 cm)
FNIH

SARC-F

SARC-CalF (CC< 31cm)
SARC-CalF (CC< 33 cm)
IWGS

SARC-F

SARC-CalF (CC< 31cm)
SARC-CalF (CC< 33 cm)
SCWD

SARC-F

SARC-CalF (CC< 31cm)
SARC-CalF (CC< 33 cm)

25.0% (0.0-55%)
25.0% (0.0-55%)
25.0% (0.0-55%)

31.6% (10.6-52.5%)
10.5% (0.0-24%)
15.7% (0.0-32%)

50.0% (1-99%)
50.0% (1-99%)
50.0% (1-99%)

40.0% (0.0-82.9%)
40.0% (0.0-82%)
40.0% (0.0-82%)

Specificity (%) +LR -LR AUC
81.4% (76-86.8%) 1.3 09 0.522
98% (96-99.9%) 16.5 0.8 0.59
90% (86-94.5%) 2.6 0.8 0.746
82.4% (77-87.9%) 1.8 0.8 0.701
98.4% (96-99.9%) 6.7 09 0.712
90.4% (86-94.6%) 1.6 09 0.682
81.8% (76.5-87.1%) 2.7 0.6 0.64
98.5% (96.8-99.9%) 338 0.5 0.671
90.6% (86.6-94.6%) 53 0.6 0.836
81.7% (76.3-87.0%) 2.1 0.7 0.551
98.5% (96.8-99.9%) 269 0.6 0.575
90.5% (86.5-94.6%) 42 0.7 0.705

+LR: positive likelihood ratio; -LR: negative likelihood ratio; Data are presented with the 95% CI in parenthesis; CC, calf circumference; EWGSOP, European Working Group on
Sarcopenia in Older People’s; FNIH, Foundation for the National Institutes of Health; IWGS, International Working Group on Sarcopenia; SCWD, Society on Sarcopenia Cachexia and

Wasting Disorders.
Figure 1a

The ROC curves of SARC-F and SARC-CalF against
EWGSOP definition

The reason why SARC-CalF showed better sensitivity in
other three populations but not in our study may be the lower
prevalence of sarcopenia in this cohort (6). In our study, the
prevalence of sarcopenia was between 0.7-10.4% while the
corresponding figure was 11.7-25% in the Chinese study (5).
The Brazil study only noted EWGSOP definition of sarcopenia
with an overall prevalence of 8.4 % (6) while it was 0.4% in our
study population. The last former study was from Slovenia in
2017 (22) which studied the role of SARC-CalF among nursing
home residents by using EWGSOP criteria and reported 38.7%
prevalence of sarcopenia by EWGSOP diagnostic criteria. The
sensitivity of SARC-CalF was most in the Slovenian nursing
home population where also the sarcopenia was most prevalent.
Accordingly, in a Turkish population with higher prevalence

of sarcopenia e.g. maybe the nursing home population, SARC-
CalF may also prove better sensitivity than SARC-F but this
hypothesis should be analysed. On the other hand, in all these
three former studies, as a screening tool, the sensitivity of
SARC-CalF was not still perfect. Nevertheless, the specificity
and diagnostic accuracy of SARC-F tool increased by
introduction of calf circumference item both in our study and in
the former studies. So, SARC-CalF improved the performance
of SARC-F. SARC-CalF is expected to have efficacy in regard
to predicting incidence for sarcopenia related outcomes and
mortality but to date it remains as another research topic.

This study has some strengths and limitations. First we
were able to use the population specific cut-offs for sarcopenia
components thanks to the former cut-off studies in our
population. We also had population specific cut-off value for
calf circumference and so that we were able to compare SARC-
CalF using the standard CC threshold (31 cm) and population
specific threshold (33 cm). We included four currently agreed
and commonly used definitions of sarcopenia while the former
two studies included only the EWGSOP definition (6, 22).
On the other hand, we used BIA for muscle mass estimation
instead of more precise techniques i.e. DXA or MRI-CT
imaging. The former two studies included BIA (5, 22) while
one included DXA for muscle mass assessment (6). However,
BIA is suggested as comparable to DXA analyses and has
been suggested as a good muscle mass assessment tool both in
researches and clinical practice (13).
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Figure 1b

The ROC curves of SARC-F and SARC-CalF against FNIH
definition
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Figure 1c

The ROC curves of SARC-F and SARC-CalF against IWGS
definition

Figure 1d
The ROC curves of SARC-F and SARC-CalF against SCWD
definition
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In conclusion, our findings suggest that addition of calf
circumference item to SARC-F tool (i.e. SARC-CalF) improved
the specificity and diagnostic accuracy of SARC-F but it did not
improve the sensitivity in a community-dwelling Turkish older
adults population with a low prevalence of sarcopenia. The
performance of SARC-CalF tool to screen sarcopenia is to be
studied in different populations and living settings.
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