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Abstract
Background Sarcopenia is a potentially reversible condition, which requires proper screening and diagnosis.
Aims To validate a Polish version of sarcopenia screening questionnaire (SARC-F), and assess its clinical performance.
Methods Cross-sectional validation study in community-dwelling subjects ≥ 65 years of age. Diagnosis of sarcopenia was 
based on the 2018 2nd European Working Group on Sarcopenia in Older People (EWGSOP2) consensus. Hand grip and 
4-m gait speed were measured, and the Polish version of SARC-F was administered.
Results The mean (SD) age of 73 participants (21.9% men) was 77.8 (7.3) years. Seventeen participants (23.3%) fulfilled 
the EWGSOP2 criteria of sarcopenia, and 9 (12.3%) criteria for severe sarcopenia. Fourteen (19.2%) participants fulfilled 
the SARC-F criteria for clinical suspicion of sarcopenia. The Cronbach’s alpha coefficient for internal was 0.84. With EWG-
SOP2 sarcopenia as a gold standard, the sensitivity of SARC-F was 35.3% (95% CI 14.2–61.7, p = 0.33), specificity was 
85.7% (95% CI 73.8–93.6, p < 0.0001). The corresponding positive and negative predictive values were 42.9% (p = 0.79) 
and 81.4% (p < 0.0001), respectively. The probability of false-positive result was 14.3% (95% CI 6.4–26.2, p < 0.0001) and 
the probability of false-negative result was 64.7% (95% CI 38.3–85.8, p = 0.33). Overall the predictive power of SARC-F 
was low (c-statistic 0.64).
Discussion SARC-F is currently recommended for sarcopenia case finding in general population of older adults. However, 
its sensitivity is low, despite high specificity.
Conclusions At present SARC-F is better suited to rule out sarcopenia then to case-finding. Further refinement of screening 
for sarcopenia with the use of SARC-F seems needed.
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Introduction

Sarcopenia is a frequent, age-related muscle wasting, that 
results in impaired skeletal muscle performance. Its preva-
lence has been estimated at 9–40% among older persons 
[1]. Sarcopenia has been linked to higher morbidity and 
mortality [2], increasing the need for support in the activi-
ties of daily living or institutionalization, and diminished 
quality of life [3, 4]. Sarcopenia is also responsible for high 
care-related burden, including burden to the family and the 
society [5, 6]. Sarcopenia is amenable to therapy, mainly 
rehabilitation and proper nutrition [7, 8]. However, proto-
cols to assess sarcopenia are required, with sufficient per-
formance in the case-finding and the confirmation stages of 
the diagnosis [9].

SARC-F is a screening tool for sarcopenia. We found it’s Polish 
translation intra, and inter-rater reproducible, with low sensitivity 
and good specificity vs. the EWGSOP2 definition of sarcopenia, 
with DXA quantification of muscle.
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SARC-F is a simple, easy-to-use, 5-item sarcopenia 
screening questionnaire [10]. Since then, SARC-F has 
been translated and validated for use in different languages 
[11–16], various clinical settings [11, 13, 14, 17], and 
against various gold-standard diagnostic modalities then 
current [18, 19]. In 2018, SARC-F has been incorporated, 
as a sarcopenia case-finding tool, in the European Working 
Group on Sarcopenia in Older People 2 (EWGSOP2) diag-
nostic algorithm for sarcopenia [6].

However, the diagnostic performance of the test varies 
across studies [20]. As an example, the sensitivity of the test 
varies considerably across studies, with values ranging from 
3.9 to 95.4% [21, 22].

Our aim, was to standardize the translation and validate 
the clinical performance of the Polish version, included in 
the on-line appendix, of the SARC-F as a case-finding tool 
against an array of objective diagnostic criteria for sarco-
penia, including dual-energy X-ray absorptiometry (DXA)-
based EWGSOP2.

Methods

Study

The study was approved by the Jagiellonian University Bio-
ethics Committee (KBET no.: 1072.6120.71.2018). All par-
ticipants gave written informed consent. The study was per-
formed cross-sectionally between August 2018 and March 
2019, in line with the call by the Special Interest Group 
(SIG) for Sarcopenia of the European Geriatric Medicine 
Society (EuGMS) for action to improve the screening and 
the diagnosis of sarcopenia [23].

SARC‑F questionnaire and other sarcopenia 
screening modalities

We performed a two-step cultural and clinical validation of 
SARC-F questionnaire in subjects ≥ 65 years of age. The 
validation protocol was based on the original validation 
procedure of the English SARC-F [23]. In brief, the ques-
tionnaire was translated from English to Polish by the two 
Polish geriatric researchers fluent in general and medical 
English (KP, AS). The final version of the Polish SARC-F 
was back-translated to English by a Polish-English bilin-
gual native-speaker certified in interpreting between both 
languages. The back-translation was then sent to Prof. John 
Morley for the formal approval. The threshold for sarcopenia 
case-finding has been established at 4 points [10].

The original SARC-F questionnaire together with the 
Polish translation is included in Appendix 1 [10]. In addi-
tion to the SARC-F, we used the SARC-CalF which adds 
calf circumference to the SARC-F components [24]. We 

also used mid-arm circumference and calf circumference 
as separate screening instruments. For the calf and mid-arm 
circumference, we used population-specific cut-off values 
based on Youden’s Index. For the calculation SARC-CalF, 
on a scale from 0 to 20, we used the Youden Index-based 
population-specific cut off for calf circumference (< 32 cm) 
with a weight of 10. The cut-off for SARC-CalF was ≥ 11. 
We also used index by Ishii et al. [25].

Study population

Information about the study was sent to the local seniors’ 
organizations (e.g. universities of the third age, senior clubs) 
and posted in the outpatient and inpatient geriatric clinics of 
the University Hospital in Kraków. Consecutive community-
dwelling people aged 65 years and more were encouraged to 
participate in the project.

Measures

Body composition was assessed by the Lunar iDXA dual-
energy X-ray absorptiometry (DXA) equipment (GE Health-
care, Chicago, Il, USA). Appendicular lean body mass was 
calculated as a sum of lean mass of both upper and lower 
limbs, and expressed and further analyzed as Appendicular 
Skeletal Muscle Mass (ASM, kg), ASM adjusted for sub-
ject’s height (ASM/h2, kg/m2) and ASM adjusted for sub-
ject’s body mass index (BMI) (ASM/BMI) [6].

Muscle strength (kg) was assessed with a Saehan hand-
held dynamometer SH 5001 (Seahan Corporation, Masan, 
South Korea) according to the American Society of Hand 
Therapists (ASHT) recommendations [26]. Handgrip 
strength of both hands was assessed three times, and the 
highest value for either hand was recorded.

Gait speed (m/s) was measured three times, over a dis-
tance of 4 m with subjects walking at their usual speed, with 
walking aids if needed [27]. The first attempt was considered 
as an instructive example, and the highest value of the sec-
ond or third trials was used.

Additionally, we performed standard Timed-Up and Go 
(TUG) Test and the Short Physical Performance Battery 
(SPPB) [28, 29]. The functional measurements were per-
formed by a study physiotherapist (JC).

The subjects were interviewed by one of the two trained 
raters (KP, AG). To assess their cognitive performance we 
used Polish version of the Montreal Cognitive Assessment 
and 15-point Geriatric Depression Scale [30, 31], func-
tional status the Activities of Daily Living and Instrumental 
Activities of Daily Living Scales and activity the Seven-
Day Physical Activity Recall questionnaire [32, 33]. Physi-
cal frailty was assessed according to criteria by Fried et al. 
and Rockwood et al. [34, 35], the nutritional status with 
the Mini-Nutritional Assessment [36], and quality of life 
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with the EuroQol-5D-5L questionnaire [37]. Sociodemo-
graphic characteristics and information about medications 
and comorbidities were collected. Based on the available 
data, the Charlson Index and total weekly energy expendi-
ture were calculated for each subject [33, 38].

Anthropometric measures were performed in accordance 
with the Centres for Disease Control and Prevention (CDC) 
guidelines [39], and included: height (cm), weight (kg), 
waist and hip circumference (cm), calf circumference (CC, 
cmf) and midarm circumference (MAC, cm); Body Mass 
Index (kg/m2) and Waist-Hip Ratio (WHR) was calculated, 
respectively.

Assessment of sarcopenia

Sarcopenia was diagnosed according to four definitions 
including: the European Working Group on Sarcopenia in 
Older People 2 (EWGSOP2, 2018) consensus (all sarcope-
nia, not limited to severe sarcopenia)[6], the Foundation 
for the National Institutes of Health (FNIH, 2014), based 
on weakness and low muscle mass [40], the International 
Working Group on Sarcopenia (IWGS, 2011) [41], and 
the Society of Sarcopenia, Cachexia and Wasting Disor-
ders (SSCWD, 2011) criteria [42]. For the purpose of the 
presented analysis, we used the values of AMS adjusted to 
height (ASM/h2) of ≤ 6.0 kg/m2 for women and ≤ 7.0 kg/m2 
for men, respectively, as proposed by the EWGSOP2 con-
sensus paper [6]. The operational criteria used for sarcopenia 
diagnosis are summarized and presented in Appendix 2.

Statistical analyses

The data management and the statistical analyses were 
performed with SAS 9.4 (SAS Institute Inc., Cary, NC, 
USA). The continuous variables were compared with 
standard normal Z-test or Wilcoxon’s test, normally and 
non-normally distributed variables, respectively. The pro-
portions were compared with chi-square test. To assess the 
coherence of the Polish version of the SARC-F inventory, 
we calculated Cronbach’s alpha coefficient. Further, for 
each objective gold-standard diagnosis of sarcopenia as a 
binary outcome, with SARC-F as an ordinal explanatory 
variable on a scale from zero to ten, we fitted a logistic 
regression model based on which we obtained the Receiver 
Operating Characteristics (ROC) curve with the Area 
Under the Curve (AUC) as a measure of diagnostic per-
formance. Using the approach described by Youden et al. 
[43] we obtained the population-specific cut off values for 
SARC-F. Further, based on the cut-off of 4 proposed by the 
EWGSOP2, and the calculated population-specific cut-off, 
we calculated the sensitivity, specificity, positive predic-
tive value, negative predictive value and accuracy, with 
exact 95% Confidence Intervals. To put the performance 

of SARC-F in a wider context, we repeated the procedure 
for alternative case-finding tests described in the literature.

Results

The mean (SD) age of 73 patients (78.1% women) was 
77.8 (7.3) years. Of the entire group, 17 persons had sar-
copenia based on the EWGSOP2 criteria, while 14 par-
ticipants fulfilled the criteria for the SARC-F defined sar-
copenia. Table 1, contains the characteristics of the study 
group. Overall, the included patients were multimorbid 
and taking multiple medications (median quantity of OTC 
preparations 2, median quantity of prescription prepara-
tions 7.5) irrespective of their sarcopenia status. Cognitive 
impairment was present in 61.1%, malnutrition or the risk 
of malnutrition were present in 32% and frailty based on 
Fried criteria in 29.2% of the participants. Patients affected 
by sarcopenia were older, and had lower educational sta-
tus, and were affected with more diseases. They had lower 
BMI, including lower muscle and lower fat mass, lower 
mid-arm circumference and lower calf circumference. 
Patients with sarcopenia, in general, were characterized 
by lower self-reported physical activity, and worse val-
ues for physical performance and muscle strength indices 
(Table 1).

Translation and cultural validation. Intra 
and interrater reproducibility

First, in an initial group of 10 persons of wide educational 
range (age 79.7 (9.3) years, 50% women) we assessed the 
ability by the participants to comprehend the questions 
correctly. We did that across different educational strata 
and across genders. Further, in another group of 20 par-
ticipants we performed the assessment of the inter-rater 
and intra-rater agreement of each of the five items of the 
SARC-F test. Due to the fact that the answers were quali-
fied into three levels, it was not possible to use the McNe-
mar’s test. Instead, to check for the degree of agreement, 
we used the simple, unadjusted, kappa statistic. Overall, 
we found that the.

inter-rater agreement was high (the kappa statistics rang-
ing between 0.85 and 1.0) and that the intra-rater reproduc-
ibility of the questions was good (the kappa statistics ranging 
between 0.65 and 1.0). (Appendix 3).

The Cronbach’s alpha test for internal consistency of 
questions (final study-group) was 0.82 for ability to lift and 
carry 10 lb, 0.83 for past year’s history of falls, 0.76 for chair 
to bed transfer, 0.76 for climbing 10 stairs and 0.74 for walk-
ing across a room. Overall, the Cronbach’s alpha was 0.82.
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Table 1  Baseline Characteristics

All (n = 73) SARC-F p EWGSOP2 consenus statement p

Sarcopenia No sarcopenia Sarcopenia No sarcopenia

Age (years) 77.8 (7.3) 77.6 (8.3) 77.9 (7.1) 0.91 82.1 (9.2) 76.6 (6.1) 0.006
Women (%) 78.1 92.9 74.6 0.14 70.6 80.4 0.40
Education (years) 14.0 (3.2) 12.0 (3.2) 14.4 (3.1) 0.01 13.3 (3.3) 14.2 (3.2) 0.34
Financial status 0.09 0.25
Income insufficient (%) 38.9 64.3 32.8 29.4 41.8
Living alone (%) 48.6 21.4 55.2 0.02 47.1 49.1 0.89
Walking assist device (%) 13.9 42.9 6.9 0.0005 29.4 9.1 0.04
Chronic diseases (number) 4.7 (2.6) 6.1 (2.8) 4.3 (2.5) 0.02 5.8 (2.4) 4.3 (2.6) 0.04
Charlson Index (points) 1 (0–4) 1.5 (0–4) 1 (0–5) 0.03 2 (0–9) 1 (0–4) 0.002
Medications (number) 7.5 (2–13) 8 (3–13) 7 (1–13) 0.65 8 (4–11) 7 (1–13) 0.97
OTC-drugs (number) 2 (0–4) 1.5 (0–3) 2 (0–4) 0.57 1 (0–3) 2 (0–4) 0.48
BMI (kg/m2) 27.0 (5.2) 25.9 (5.8) 27.3 (5.0) 0.36 23.3 (4.0) 28.2 (5.0) 0.0004
WHR 0.9 (0.1) 0.9 (0.1) 0.90 (0.1) 0.59 0.9(0.1) 0.9 (0.1) 0.59
ASMM (kg) 17.5 (3.9) 15.0 (3.1) 18.1 (3.8) 0.008 14.2 (2.4) 18.5 (3.7)  < 0.0001
Fat mass (kg) 26.1 (9.7) 22.5 (11.4) 27.0 (9.2) 0.12 19.7 (7.9) 28.1 (9.4) 0.001
ASMM/BMI [kg/(kg/m2)] 0.7 (0.1) 0.6 (0.1) 0.7 (0.1) 0.03 0.6 (0.1) 0.7 (0.1) 0.19
ASMM/h2 (kg/m2) 6.8 (1.2) 6.4 (1.3) 6.9 (1.1) 0.15 5.9 (0.8) 7.1 (1.1)  < 0.0001
MAC (cm) 29.9 (4.2) 28.7 (5.8) 30.1 (3.7) 0.37 26.7 (3.8) 30.8 (3.8) 0.0002
CC (cm) 36.7 (4.0) 34.0 (5.0) 37.4 (3.5) 0.003 33.1 (4.2) 37.9 (3.3)  < 0.0001
Hand grip strength (kg) 17.6 (9.4) 8.9 (6.9) 19.7 (8.8)  < 0.0001 11.7 (7.1) 19.4 (9.4) 0.003
Chair stand test (s) 12.8 (5.2) 17.8 (7.4) 12.0 (4.2) 0.04 15.6 (6.9) 12.0 (4.3) 0.02
Gait speed (m/s) 1.0 (0.3) 0.7 (0.3) 1.1 (0.3)  < 0.0001 0.8 (0.3) 1.1 (0.3) 0.002
SPPB (points) 9.5 (2.7) 6.4 (3.6) 10.2 (1.9) 0.002 7.7 (3.3) 10.0 (2.3) 0.002
TUG (s) 9.3 (4.6) 15.3 (7.1) 7.9 (2.1) 0.002 11.5 (5.6) 8.7 (4.2) 0.03
ADL (points) 5.9 (0.4) 5.6 (0.7) 6.0 (0.2) 0.13 5.7 (0.7) 6.0 (0.2) 0.01
IADL (points) 7.6 (1.4) 6.8 (2.1) 7.8 (1.1) 0.11 6.7 (0.7) 7.9 (0.5) 0.002
MoCA Test (points) 22.6 (4.8) 21.3 (4.5) 22.9 (4.9) 0.27 18.2 (5.9) 23.9 (3.6)  < 0.0001
Cognitive impairment 0.52 0.0003
MCI 37.5 35.7 37.3 29.4 40.0
Dementia 23.6 35.7 22.0 58.8 12.7
GDS Test (points) 3.7 (2.7) 5.1 (3.3) 3.4 (2.5) 0.03 3.7 (2.9) 3.7 (2.7) 0.99
Weight loss
Last 3 months (kg) 0 (0–5) 1.3 (0–5) 0 (0–5) 0.04 0 (0–5) 0 (0–5) 0.38
Last 6 months (kg) 0 (0–10) 3 (0–10) 0 (0–10) 0.03 0 (0–5) 0 (0–10) 0.65
Nutritional status 0.27 0.09
Risk of malnutrition (%) 27.8 42.9 24.1 35.3 25.5
Malnutrition (%) 4.2 7.1 3.5 11.8 1.8
Frailty (Fried; %) 29.2 85.7 15.3  < 0.0001 52.9 21.8 0.02
Frailty (Rockwood; %) 15.3 57.1 5.1  < 0.0001 41.2 7.3 0.001
PA 4343.8 

(2242.7–
8951.6)

3038.1 
(1508.8–
17,484.2)

4352.0 (2488.5–8470.0) 0.11 3696.0 
(1508.8–
5390.0)

4874.3 (2346.0–9828.0) 0.001

EQ-5 (points) 0.8 (0.1) 0.7 (0.1) 0.9 (0.1)  < 0.0001 0.9 (0.1) 0.8 (0.1) 0.75
EQ-5 (%) 65.1 (15.4) 61.8 (16.0) 65.9 (15.3) 0.37 59.4 (14.7) 66.9 (15.3) 0.08
SARC-F
Strength  < 0.0001 0.008
None 50.7 0.0 62.7 23.5 58.9
Some 30.1 28.6 30.5 41.2 26.8
A lot of/unable to do 19.2 71.4 6.8 35.3 14.3
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Measures of clinical usefulness

To assess the clinical usefulness of SARC-F to detect the 
cases of sarcopenia, we used, as standards the following 
definitions of sarcopenia: EWGSOP2, IWGS, FNIH, and 
SSCWD. The sensitivity and specificity of SARC-F was 
35.3% and 85.7% for EWGSOP2, 38.5% and 85.0% for 
IWGS, 30.0% and 82.5 for FNIH, 50.0% and 86.9% for 
SSCWD. The corresponding PPV and NPV were 42.9% 
and 81.4% for EWGSOP2, 35.7% and 86.4% for IWGS, 
21.4% and 88.1% for FNIH, and 42.3 and 89.8% for 
SSCWD. The c-statistics for SARC-F were as follows: 
0.64 for EWGSOP2, 0.60 for IWGS, 0.57 for FNIH, and 
0.68 for SSCWD. The details are given in Table 2.

Sample‑specific cut‑off values for SARC‑F

Based on the ROC results for each of the sarcopenia defini-
tion used, we calculated sample-specific cut-off values of 
SARC-F. The Youden method-based cut-off with each sar-
copenia standard as comparator was ≥ 5, except for FNIH 
where it was ≥ 2. The sensitivity of thus obtained cut-off 
against the FNIH as comparator was 60.0%, specificity was 
61.9%, PPV was 20.0%, NPV was 90.7%. The sensitiv-
ity of this cut-off against the EWGSOP2 for was 35.3%, 
specificity was 89.3%, PPV was 50.0%, NPV was 82.0%. 
The corresponding values for the remaining comparator 
definitions of sarcopenia were not materially altered in 
comparison to standard SARC-F cut off. The details are 
given in Table 2.

Other screening tools for sarcopenia

To put the clinical validity of SARC-F in a broader context, 
we analyzed the clinical validity of other screening modali-
ties for sarcopenia.

With an exception of mid-arm circumference alone 
against FNIH as standard, all additionally tested screen-
ing criteria demonstrated numerically better c-statistic and 
sensitivity compared to SARC-F. The results for specificity, 
PPV, NPV, and accuracy varied and are presented in Table 2.

Discussion

We performed a two-step, cultural and clinical validation 
of the Polish translation of the SARC-F questionnaire. We 
did that in the community-dwelling older persons, against 
the four commonly used definitions of sarcopenia. We used 
whole-body DXA scans to assess muscle mass.

SARC-F questionnaire was reproduceable both intra-rater 
(all kappa ≥ 0.82) and inter-rater (all kappa ≥ 0.62). The sen-
sitivity and specificity of SARC-F against the EWGSOP2 
was 35.3%, and 85.7%, respectively. We used the Youden 
method to obtain population-specific cut-off for SARC-F. 
This did not importantly improve the estimates of clinical 
validity.

SARC-F has been designed as a rapid screening tool for 
sarcopenia [10]. The SARC-F questionnaire has been widely 
translated and validated in specific populations [11–16, 22, 
44, 45]. For some languages, the validation was performed 

Table 1  (continued)

All (n = 73) SARC-F p EWGSOP2 consenus statement p

Sarcopenia No sarcopenia Sarcopenia No sarcopenia

Assistance when walking  < 0.0001 0.06
None 80.8 7.1 98.3 64.7 85.7
Some 15.1 71.5 1.7 29.4 10.7
A lot of/unable to do 4.1 21.4 0.0 5.9 3.6
Rise from a chair  < 0.0001 0.30
None 75.4 7.1 91.5 64.7 78.6
Some 21.9 78.6 8.5 35.3 17.8
A lot of/unable to do 2.7 14.3 0.0 0.0 3.6
Climbing stairs  < 0.0001 0.37
None 64.4 21.4 74.6 58.8 66.1
Some 24.6 21.4 25.4 17.7 26.8
A lot of/unable to do 11.0 57.2 0.0 23.5 7.1
Falls 0.0001 0.47
0 69.9 28.6 79.7 76.5 67.8
1–3 27.4 57.1 20.3 23.5 28.6
4 and more falls 2.7 14.3 0.0 0.0 3.6
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in several populations, sometimes yielding conflicting 
results [12, 13, 46, 47].

In Poland, a recent study of 67 community-dwelling 
persons ≥ 65 years of age, the sensitivity of SARC-F was 
92.9%, and the specificity 98.1% [47]. This contrasts results 
of similar another Polish study, where the sensitivity of 
SARC-F was 41.2%, specificity was 88.0% [46]. Both stud-
ies, used the bio-impedance weighting scale-measurement, 
however, the former one was performed in a slightly younger 
population (69.5 ± 4.0 years vs. 74.5 ± 6.9 years), which to 
some extend may have influenced the results. Based on DXA 
assessment, we show the sensitivity to be even smaller, with 
comparable specificity. A German validation study per-
formed in 117 older subjects showed that the internal con-
sistency of the German version of SARC-F was acceptable 

(the Cronbach alpha = 0.67), with intra-rater repeatability 
of 0.90 and inter-rater repeatability of 0.93. They estimated 
the sensitivity of SARC-F as 63%, specificity as 47% and 
the c-statistic of 0.58 [48]. Our estimates of the inter-rater 
and intra-rater repeatability for test components were > 0.85, 
and > 0.65, respectively. The overall Cronbach alpha was 
0.82. The sensitivity was 35% and specificity 86%. The 
c-statistic was 0.64.

A number of studies, in persons of varied background 
including ethnicity, age, pathology were performed, yielding 
wide range of estimates of sensitivity, specificity, accuracy, 
and the ROC for SARC-F [20].

The largest study thus far was performed in 4000 older 
individuals from three populations of varied cultural back-
ground, demonstrated low sensitivity, but high specificity 

Table 2  Sarcopenia Screening Tools validated against Sarcopenia Consensus Definitions

In addition to the SARC-F, we used the SARC-CalF including calf circumference on top of the SARC-F components as described by Barbosa-
Silva et al. [24] and a point scoring system designed by Ishii et al. [25] using sex, age, grip-strength, and calf-circumference
We also used midarm circumference and calf circumference as separate screening instruments. For the Ishii et al.’s index, the calf and midarm 
circumference, we used population-specific cut-off values based on Youden’s Index. For the calculation SARC-CalF, on a scale from 0 to 20, 
we used the Youden Index-based population-specific cut off for calf circumference (< 32 cm) with a weight of 10. The cut-off for SARC-CalF 
was ≥ 11

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy c-statistics

EWGSOP2 17 (23.3)
SARC-F 35.3 14.2–61.7 85.7 73.8–93.6 42.9 17.7–71.1 81.4 69.1–90.3 74.0 62.4–83.6 0.64
SARC-F ≥ 5 35.3 14.2–61.7 89.3 78.1–96.0 50.0 21.1–78.9 82.0 70.0–90.6 76.7 65.4–85.8
SARC-CalF ≥ 11 41.2 18.4–67.1 98.2 90.5–100.0 87.5 47.4–99.7 84.6 73.5–92.4 84.9 74.6–92.2 0.72
Ishii tool ≥ 136 88.2 63.6–98.5 75.0 61.6–85.6 51.7 32.5–70.6 95.5 84.5–99.4 78.1 66.9–86.9 0.88
CC < 32 41.2 18.4–67.1 98.2 95.0–100.0 87.5 47.4–99.7 84.6 73.5–92.4 84.9 74.6–92.2 0.81
MAC < 29 70.6 44.0–89.7 69.6 55.9–81.2 41.4 23.5–61.1 88.6 75.4–96.2 69.9 58.0–80.0 0.78
IWGS 13 (17.8)
SARC-F 38.5 13.9–68.4 85.0 73.4–92.9 35.7 12.8–64.9 86.4 75.0–94.0 76.7 65.4–85.8 0.60
SARC-F ≥ 5 38.5 13.9–68.4 88.3 77.4–95.2 41.7 15.2–72.3 86.9 75.8–94.2 79.5 68.4–88.0
SARC-CalF ≥ 11 61.5 31.6–86.1 88.3 77.4–95.2 53.3 26.6–78.7 91.4 81.0–97.1 83.6 73.1–91.2 0.83
Ishii tool ≥ 136 84.6 54.6–98.1 70.0 56.8–81.2 37.9 20.7–57.7 95.5 84.5–99.4 72.6 60.9–82.4 0.78
CC ≤ 35 76.9 46.2–95.0 86.7 75.4–94.1 55.6 30.8–78.5 94.6 84.9–98.9 84.9 74.6–92.2 0.91
MAC < 28 84.6 54.6–98.1 76.7 64.0–86.6 44.0 24.4–65.1 95.8 85.8–99.5 78.1 66.9–86.9 0.85
FNIH 10 (13.7)
SARC-F 30.0 6.7–65.3 82.5 70.9–91.0 21.4 4.7–50.8 88.1 77.0–95.1 75.3 63.9–84.7 0.57
SARC-F ≥ 2 60.0 26.2–87.8 61.9 48.8–73.9 20.0 7.7–38.6 90.7 77.9–97.4 61.6 49.5–72.8
SARC-CalF ≥ 11 60.0 26.2–87.8 65.1 52.0–76.7 21.4 6.2–36.6 91.1 78.8–97.5 64.4 52.3–75.3 0.69
Ishii tool ≥ 136 90.0 55.5–99.8 68.3 55.3–79.4 31.0 15.3–50.8 97.7 88.0–99.9 71.2 59.5–81.2 0.81
CC ≤ 37 80.0 44.4–97.5 54.0 40.9–66.6 21.6 9.8–38.2 94.4 81.3–99.3 57.5 45.4–69.0 0.73
MAC < 24 20.0 2.5–55.6 92.1 82.4–97.4 28.6 3.7–71.0 87.9 77.5–94.6 82.2 71.5–90.2 0.55
SSCWD 12 (16.4)
SARC-F 50.0 21.1–78.9 86.9 75.8–94.1 42.3 17.7–71.1 89.8 79.2–86.2 80.8 69.9–89.1 0.68
SARC-F ≥ 5 50.0 21.1–78.9 90.2 79.8–96.3 50.0 21.1–78.9 92.0 79.8–96.3 83.6 73.1–91.2
SARC-CalF ≥ 11 66.7 34.9–90.1 100.0 94.1–100.0 100.0 63.1–100.0 93.9 85.0–98.3 94.5 86.6–98.5 0.81
Ishii tool ≥ 154 66.7 34.9–90.1 86.9 75.8–94.2 50.0 24.7–75.4 93.0 83.0–98.1 83.6 73.1–91.2 0.79
CC ≤ 32 66.7 34.9–90.1 98.4 91.2–100.0 88.9 51.8–99.7 93.8 84.8–98.3 93.2 84.7–97.7 0.91
MAC < 28 91.7 61.5–99.8 77.1 64.5–86.9 44.0 24.4–65.1 97.9 88.9–100.0 79.5 68.4–88.0 0.90
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of SARC-F (< 10%, > 94%, gender-specific sensitivity and 
specificity, respectively). The authors of that report con-
cluded that despite the low sensitivity and thanks to high 
specificity SARC-F may be used as a screening tool for sar-
copenia at the community level [49].

SARC-F was employed in a range of pathologic settings. 
In the heart failure patients, the sensitivity and specificity 
were 52.5% and 96.2%, respectively [44]. In hip fracture 
patients, sensitivity was 95% and specificity 57%, [20] and 
in older orthopedic patients sensitivity was 47.4% and speci-
ficity 68.4% [50].

Disparate results of the psychometric characteristics of 
the SARC-F screening questionnaire demonstrated across 
sarcopenia studies, might be due to the varying diagnostic 
modalities used. As shown by Kim et al. in their study of 
2099 community-dwelling older adults from the nationwide 
Korean Frailty and Aging Cohort Study (KFACS), sarco-
penia prevalence varied from 7.9% if employing the chair 
stand test as a measure of muscle strength and ASM/height2 
as a quantity unit for muscle mass, to 18.4% when handgrip 
strength and/or chair stand test and ASM/height2 results 
were examined [51].

In our study, we checked the diagnostic validity of the 
SARC-F against four definitions of sarcopenia (EWG-
SOP2, FNIH, IWGS, SSCWD expert guidelines). With grip 
strength as a measure of muscle strength, gait speed as a 
proxy of physical performance, and appendicular lean body 
mass checked with whole-body DXA scans, we showed 
an acceptable accuracy of the SARC-F for finding sarco-
penia according to all the definitions tested. Additionally, 
we calculated the Youden’s J statistic and constructed the 
population-specific cut-off values for SARC-F against the 
EWGSOP2, FNIH, IWGS and SSCWD sarcopenia work-
ing group diagnostic criteria. We showed a sensitivity of 
SARC-F ranged from 30 to 50% and specificity from 83 to 
87%, the results by and large in line with previously pub-
lished data [18]. When setting the Polish population-specific 
cut off values for SARC-F questionnaire, we obtained better 
diagnostic properties when adjusting the threshold for sus-
pected sarcopenia to five points for the EWGSOP2, IWGS 
and SSCWD, and two points for FNIH sarcopenia diagnostic 
consensus accordingly.

The clinical performance of other screening tests

We found the SARC-F tool to be fairly specific but with 
low sensitivity. To put that in a broader context, we 
checked the clinical validity of other sarcopenia screen-
ing tools with our study population-specific cut-offs. The 
tools included: an index designed by Ishii et  al. [25], 
calf circumference alone, midarm circumference alone, 
SARC-CalF – an index based on SARC-F that incorporates 
calf circumference [24], and the SARC-F with the study 

population-specific cut-off values. We found that for most 
of those tools the sensitivity was numerically better than 
for SARC-F. We also noted that the very simple measures 
such as calf circumference, or the midarm circumference 
were characterized by best clinical performance.

Limitations and strengths

Our study needs to be considered in the context of its limi-
tations. Our sample was moderate in size. However, its 
size was in line with what has been published thus far. We 
tested the SARC-F against an array of standards, where 
for the quantification of the muscle mass we used DXA. 
This may be an advantage over the studies that had used a 
bio-impedance based assessment of muscles.

Conclusions and implications

We present a validated Polish translation of the SARC-
F questionnaire. Although some other simple measures 
such as the mid-arm circumference or the calf circumfer-
ence are at least of comparable value, SARC-F is more 
versatile, as it can be self-administered, assessed during a 
telephone interview, or used in subjects of varying body-
build, or body-build affected by pathologies such as heart 
failure, liver failure, hypoalbuminemia etc. Our results 
indicate that its performance is better in ruling sarcopenia 
out than finding the cases.
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