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Abstract
OBJECTIVES: Sarcopenia refers to age-related loss of skeletal 
muscle mass. SARC-F is a screening tool for sarcopenia with high 
specificity and relatively good overall diagnostic accuracy but with 
low sensitivity. This study evaluated the diagnostic utility of SARC-F 
and its three modified versions (SARC-CalF, SARC-F+AC, and 
SARC-CalF+AC) for screening sarcopenia in community-dwelling 
older adults.
DESIGN: Diagnostic accuracy study.
SETTINGS AND PARTICIPANTS: We screened sarcopenia of older 
adults (age ≥ 60 years) in three communities in 2020. The participants’ 
information and anthropometric measurements were collected, 
respectively.
METHODS: The updated consensuses of AWGS2019 and the 
EWGSOP2 were applied as the reference standards. we performed 
sensitivity/specificity analyses and estimated the areas under the 
receiver operating characteristic curves (AUCs) of the four scales.
RESULTS: The prevalence of sarcopenia was 26.4% and 12.5% 
based on the AWGS2019 and EWGSOP2 criteria, respectively. The 
sensitivities/specificities of SARC-F, SARC-CalF, SARC-F+AC, 
and SARC-CalF+AC were 12.26%/95.59%, 47.17%/91.53%, 
82.08%/68.47%, and 75.47%/83.73%, respectively, using the 
AWGS2019 criteria. Further, the corresponding AUCs of SARC-F, 
SARC-CalF, SARC-F+AC, and SARC-CalF+AC were 0.650 (95% 
confidence interval [CI]: 0.601–0.697), 0.811 (95% CI: 0.769–
0.848), 0.801 (95% CI: 0.759–0.839), and 0.848 (95% CI: 0.809–
0.881), respectively. Using the EWGSOP2 criteria, the sensitivities/
specificities of SARC-F, SARC-CalF, SARC-F+AC, and SARC-
CalF+AC were 20.00%/95.44%, 56.00%/86.61%, 70.00%/81.20%, 
and 80.00%/74.93%, respectively. The AUCs of SARC-F, SARC-CalF, 
SARC-F+AC, and SARC-CalF+AC were 0.706 (95% CI: 0.659–
0.750), 0.799 (95% CI: 0.756–0.837), 0.815 (95% CI: 0.774–0.852), 
and 0.834 (95% CI: 0.794–0.869), respectively. 
CONCLUSIONS: The modified versions of SARC-F+AC and SARC-
CalF+AC, which have superior sensitivity, can be used to screen 
sarcopenia in community-dwelling older adults. SARC-CalF+AC had 
the highest overall diagnostic accuracy for screening sarcopenia among 
community-dwelling older adults.
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Introduction

Sarcopenia is a progressive and generalized skeletal 
muscle disorder that involves accelerated loss 
of muscle mass and function (1, 2). It is a formally 

recognized muscle disease with a diagnosis code in the 
international classification of disease, tenth revision, and there 
was clinical modification in 2016 (3). Sarcopenia is associated 
with increased adverse outcomes, including functional decline, 
falls, fractures, hospitalization, and mortality (4, 5). Moreover, 
it increases the disease burden. Janssen et al. reported that the 
estimated direct healthcare cost attributable to sarcopenia in the 
United States in 2000 was $18.5 billion (6). Therefore, there is 
a need to promptly identify and prevent sarcopenia.  

Malmstrom et al. developed SARC-F as the first tool for 
convenient sarcopenia diagnosis (7). I t contains five domains: 
strength, assistance walking, rising from a chair, climbing 
stairs, and falling. Additionally, SARC-F has predictive utility 
for clinically significant outcomes (8, 9). However, a major 
limitation of SARC-F is its low sensitivity. According to Kera 
et al., the sensitivity of SARC-F was only 8.0% and 5.3% 
using the (European Working Group on Sarcopenia in Older 
People, (EWGSOP) and Asian Working Group for Sarcopenia 
(AWGS) criteria, respectively, in community-dwelling older 
Japanese adults (10). Using the EWGSOP criteria, Bahat et al. 
and Kotlarczyk et al. reported that the sensitivity of SARC-F 
was 25.0% (community-dwelling older Turkish adults) (11) 
and 18.2% (long-term care communities in Pennsylvania) (12), 
respectively. This low sensitivity could yield a high risk of 
missed diagnosis of sarcopenia. Barbosa-Silva et al. attributed 
this low sensitivity to the omission of low muscle mass in 
the questionnaire. Moreover, they suggested that adding calf 
circumference to SARC-F (SARC-CalF) could significantly 
improve its sensitivity from 33.3% to 66.7% in Brazil (13). 
The EWGSOP2 and AWGS2019 consensus both recommend 
calf circumference as an anthropometric value correlated 
with sarcopenia (14, 15). According to the EWGSOP criteria, 
Krzymińska-Siemaszko et al. reported an increased sensitivity 
of SARC-CalF (30.0% to 60.0%) in Poland (16). In a Chinese 
study conducted by Yang et al., the sensitivity of SARC-
CalF using the EWGSOP and AWGS criteria increased from 
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20.0% to 48.9% and from 29.5% to 60.7%, respectively, in 
community-dwelling older adults (17). Despite the improved 
sensitivity of SARC-CalF, it still cannot sufficiently detect 
sarcopenia in community-dwelling older adults. Das et al. 
reported that arm circumference could be a useful indicator 
of nutritional status and muscle mass (18). Moreover, arm 
circumference, which is a single indicator, is associated 
with sarcopenia in older adults (19, 20). We aimed to assess 
whether adding arm circumference to SARC-F and SARC-
CalF could improve their sensitivity for screening sarcopenia in 
community-dwelling older adults.

Methods

Study Design and patient selection

This was a diagnostic accuracy study. With assistance from 
community workers, we held public lectures on sarcopenia in 
Danxia, Lianxi, and Yutang Community in Luzhou City, China. 
We recruited older adults (age ≥ 60 years) involved in the 
presentations between January and August 2020. The exclusion 
criteria were as follows: implanted pacemaker; inability to 
walk; clinically visible edema; severe heart failure; severe 
renal failure; and inability to communicate with interviewers. 
The participants provided written informed consent before 
the study. Trained medical students collected the participants’ 
information and anthropometric measurements through face-
to-face interviews. The collected information included age; 
sex; education; smoking; alcohol drinking; SARC-F; and a 
history of chronic diseases such as hypertension, coronary 
heart disease, diabetes, chronic obstructive pulmonary disease, 
stroke, and hyperlipidemia. The study protocol was approved 
by the Research Ethics Committee of the Affiliated Hospital of 
Southwest Medical University (approval no.: KY2019176).

Data collection

Muscle mass was assessed using a bioimpedance analysis 
(BIA) device (InBody 770, Biospace, Seoul, Korea) to estimate 
the appendicular skeletal muscle mass (ASM). Skeletal muscle 
mass was calculated as follows: skeletal muscle mass index (kg/
m2) = ASM/height2. Handgrip strength was assessed using a 
handheld Jamar dynamometer. The participants were asked to 
stand naturally, grip the device with their dominant hand, and 
squeeze as hard as possible. The best results obtained during 
three trials were retained. Usual gait speed was determined 
with the participants walking 6 m at their usual speed. Walking 

time was measured twice using a stopwatch and converted 
to m/s, with the average value being included in the analysis 
(14). The calf circumference was measured as the widest 
calf circumference with the participant standing. The arm 
circumference was measured at the midpoint between the 
olecranon process and the acromion with the arm extended (21).  
Body height and weight were measured using a height and 
weight scale. Body mass index (BMI) (kg/m2) was calculated as 
follows: body weight/height2.

Assessment of Sarcopenia by Using Different Criteria

We used the AWGS2019 and EWGSOP2 criteria as the 
reference standards for sarcopenia: Table 1 presents the detailed 
criteria used in this study.

SARC-F, SARC-CalF, SARC-F+AC, and SARC-CalF+AC 
were used to detect sarcopenia. The SARC-F scores ranged 
from 0 to 10, with each item being assigned 2 points; moreover, 
a score ≥ 4 was predictive of sarcopenia (7). According to the 
AWGS2019 criteria, the recommended cut-off points for calf 
circumference for men and women are < 34 cm and < 33 cm, 
respectively (13). The calf and arm circumference items are 
scored as 0 and 10 points if the value is above and below the 
cut-off points, respectively (16, 17). A total SARC-CalF score ≥ 
11 is indicative of a positive screening for sarcopenia. The other 
cut-off points were obtained using the area under the curve 
(AUC) and Youden methods (22). 

Statistical Analyses 

Demographics and clinical characteristics were summarized 
using descriptive statistics. Categorical and continuous 
variables were compared using the chi-square test and Student’s 
t-test, respectively. We calculated the sensitivity, specificity, 
positive likelihood ratio, and negative likelihood ratio of the 
four aforementioned tools for identifying sarcopenia. We 
generated receiver operating characteristic (ROC) curves to 
compare the diagnostic performance of the screening tools, 
with the AUC indicating the screening accuracy. Comparisons 
between ROC curves were performed using the DeLong 
method. The sensitivities and specificities of the screening tools 
for individuals with and without sarcopenia were compared 
using McNemar’s test. The cut-off points were obtained using 
the AUC and Youden methods. Statistical analyses were 
performed using SPSS v20.0 (SPSS Statistics; IBM, Armonk, 
NY) and MedCalc Statistical Software v19.0.4 (MedCalc 
Software bvba, Ostend, Belgium). Statistical significance was 
set at P < 0.05.

Table 1. The Diagnostic Criteria for Sarcopenia
 Low muscle mass  Low handgrip strength (kg)  Low gait speed (m/s) Diagnostic criteria

AWGS2019 SMI < 7.0 kg/m2 for men; 
SMI < 5.7 kg/m2 for women, determined through BIA

< 28 for men;
< 18 for women

< 1.0 for both sex +  or  + 

EWGSOP2 SMI < 7.0 kg/m2 for men; 
SMI < 5.5 kg/m2 for women, determined through BIA

< 27 for men;
< 16 for women

≤ 0.8 for both sex +  or +  +  

AWGS2019: the updated version of the Asian Working Group for Sarcopenia;  EWGSOP2: the updated version of European Working Group on Sarcopenia in Older People; SMI, skeletal 
mass index; BIA, bioimpedance analysis; The cut-off value of SMI for women was stated as 6.0 kg/m2 on 13 Oct 2018. However, the value was corrected as 5.5 kg/m2 on 13 May 2019.
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Results

Characteristics of the participants 
We recruited 439 volunteers; among them, we excluded 38 

for the following reasons: age < 60 years (n = 2), missing BIA 
tests (n = 33), and physical disability preventing completion of 
the 6-m usual walking speed test (n = 3). The remaining 401 
community-dwelling older adults were included in the analysis. 
The mean age of the participants was 70.51 ± 6.18 years, with 
half of them being females. 

Table 2 shows the characteristics of the participants 
and subgroups with or without sarcopenia according to the 
AWGS2019 and EWGSOP2 criteria. The prevalence of 
sarcopenia was 26.4% and 12.5% based on the AWGS2019 and 
EWGSOP2 criteria, respectively. Approximately 63.3% of the 
participants had chronic diseases. The most common chronic 
diseases were hypertension (67.7%) and diabetes (24.0%). 
Participants with sarcopenia were significantly older than 
those without sarcopenia (P < 0.001). Moreover, patients with 
sarcopenia had significantly lower BMI, calf circumference, 
arm circumference, gait speed, handgrip strength, ASM, and 
skeletal mass index than patients without sarcopenia (P < 0.001) 
(Table 2). 

The cut-off points of arm circumference

According to the AWGS2019 criteria, the AUCs of the arm 
circumference in men and women were 0.792 (95% confidence 
interval [CI]: 0.729–0.846) and 0.813 (95% CI: 0.752–0.864). 
The optimal cut-off points of arm circumference for screening 
sarcopenia were ≤ 29.5 cm and ≤ 28.4 cm in men and women, 
respectively. The sensitivity/specificity of arm circumference 
in men and women were 81.1%/67.8%, and 81.1%/69.1%, 
respectively (Fig. 1). 

The cut-off points of SARC-F+AC and SARC-
CalF+AC

According to the AWGS2019 criteria, the AUCs of SARC-
F+AC and SARC-CalF+AC were 0.801 (95% CI: 0.759–0.839) 
and 0.848 (95% CI: 0.809–0.881), respectively. According to 
the EWGSOP2 criteria, the AUCs of SARC-F+AC and SARC-
CalF+AC were 0.815 (95% CI: 0.774–0.852) and 0.834 (95% 
CI: 0.794–0.869), respectively. The optimal cut-off points of 
SARC-F+AC and SARC-CalF+AC for screening sarcopenia 
were (7 and 12) and (11 and 12) according to the AWGS2019 
and EWGSOP2 criteria, respectively (Fig. 2). 

Table 2. Characteristics of the participants stratified according to The AWGS2019 and EWGSOP2 Criteria
Characteristics Total

 (n = 401)
AWGS2019 Sarcopenia 

(n = 106)
Without Sarcopenia 

(n = 295)
P EWGSOP2 Sarcopenia

(n = 50)
Without Sarcopenia 

(n = 351)
P

Age (years) 70.51 (6.18) 72.44(6.58) 69.81(5.88) < 0.001 74.92(5.89) 69.88(5.96) < 0.001

Sex 0.928 0.061

    Men 199 (49.6) 53(50.0) 146(49.5) 31(62.0) 168(47.9)

    Women 202 (50.4) 53(50.0) 149(50.5) 19(38.0) 183(52.1)

Education 0.897 0.531

    ≤6 years 117 (29.5) 27(34.9) 90(30.7) 16(33.3) 101(28.9)

    7-12 years 208 (52.4) 58(51.7) 150(51.2) 26(54.2) 182(52.1)

    >12 years 72 (18.1) 20(13.4) 53(18.1) 6(12.5) 66(18.9)

Smoking 93  (23.2) 28(26.4) 65(22.0) 0.359 16(32.0) 77(21.9) 0.115

Alcohol drinking 133 (29.2) 31(29.2) 102(34.6) 0.317 17(34.0) 116(33.0) 0.894

    Chronic diseases 254 (63.3) 71(67.0) 183(62.0) 0.365 33(66.0) 221(63.0) 0.677

    Hypertension 172 (67.7) 46(64.8) 126(68.9) 0.534 20(60.6) 152(68.8) 0.349

    CHD 46 (18.1) 13(18.3) 33(18.0) 0.959 6(18.2) 40(18.1) 0.991

    Diabetes 84 (24.0) 39(40.2) 45(17.8) < 0.001 19(42.2) 65(21.3) 0.002

    COPD 14 (5.5) 2(2.8) 12(6.6) 0.387a 2(6.1) 12(5.4) 0.999a

    Stroke 4 (1.6) 3(4.2) 1(0.5) 0.121a 1(3.0) 3(1.4) 0.999a

    Hyperlipidemia 63 (24.8) 13(18.3) 50(27.3) 0.136 6(18.2) 57(25.8) 0.345

BMI 23.98 (3.27) 21.77(2.61) 24.78(3.12) < 0.001 21.47(2.73) 24.34(3.19) < 0.001

CC 34.36 (3.70) 31.69(4.96) 35.32(2.51) < 0.001 30.90(6.71) 34.86(2.70) < 0.001

AC 29.42 (2.73) 27.42(2.31) 30.15(2.51) < 0.001 27.16(2.50) 29.75(2.61) < 0.001

Gait speed (m/s) 0.97 (0.21) 0.87(0.16) 1.01(0.21) < 0.001 0.85(0.19) 0.99(0.20) < 0.001

Handgrip strength(kg) 25.03 (8.38) 21.00(6.84) 26.48(8.41) < 0.001 18.85(5.49) 25.91(8.35) < 0.001

ASM (kg) 22.30 (4.22) 19.44(3.21) 23.33(4.07) < 0.001 19.74(3.21) 22.67(4.22) < 0.001

SMI (kg/m2) 6.56 (0.92) 5.82(0.75) 6.82(0.83) < 0.001 5.87(0.79) 6.65(0.90) < 0.001

Values for continuous and categorical variables are expressed as means (standard deviations) and numbers (%), respectively; CHD, coronary heart disease; COPD, chronic obstructive 
pulmonary diseases; BMI, body mass index; AC, arm circumference; CC, calf circumference; ASM, the appendicular skeletal muscle mass; SMI, skeletal muscle index; a. Yates’s 
correction for continuity; AWGS2019: the updated version of the Asian Working Group for Sarcopenia; EWGSOP2: the updated version of European Working Group on Sarcopenia in 
Older People
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Comparison of SARC-F and its Modified Versions 
for Screening Sarcopenia

According to the AWGS2019 criteria, the AUCs of SARC-F, 
SARC-CalF, SARC-F+AC, and SARC-CalF+AC were 0.650 
(95% CI: 0.601–0.697), 0.811 (95% CI: 0.769–0.848), 0.801 
(95% CI: 0.759:0.839), and 0.848 (95% CI: 0.809–0.881), 
respectively. The sensitivities of SARC-F, SARC-CalF, 
SARC-F+AC, and SARC-CalF+AC were 12.26% (95% CI: 
6.7%–20.1%), 47.17% (95% CI 37.4%–57.1%), 82.08% (95% 
CI: 73.4%–88.8%), and 75.47% (95% CI: 66.2%–83.3%), 
respectively. The specificities of SARC-F, SARC-CalF, 
SARC-F +AC and SARC-CalF+AC were 95.59% (95% CI: 
92.6%–97.6%), 91.53% (95% CI: 87.7%–94.4%), 68.47% 
(95% CI: 62.8%–73.7%), and 83.73% (95% CI 79.0%–87.8%), 
respectively (Figure 3, Table 3). 

The sensitivity of SARC-F+AC was significantly higher 
than that of SARC-CalF and SARC-CalF+AC (P < 0.001). 
Moreover, the AUC of SARC-CalF+AC was significantly 

higher than that of SARC-F+AC and SARC-CalF (P < 0.001). 
Based on both criteria, the sensitivity of SARC-CalF+AC was 
significantly higher than that of the other tools (Tables 3 and 4). 

Discussion

In China, the sarcopenia prevalence has been gradually 
increasing with the aging population. Early identification 
and prevention of sarcopenia are of significant public health 
importance. SARC-F is a sarcopenia screening tool with low 
sensitivity, which restricts its use given the increased risk of a 
missed diagnosis (23, 24). Therefore, there is a need to improve 
the sensitivity of SARC-F. 

In our study, the sensitivity of SARC-F was 12.26% 
and 20.0% using the AWGS2019 and EWGSOP2 criteria, 
respectively. In Hong Kong, the sensitivities of SARC-F for 
screening sarcopenia among community-dwelling elderly 
people (≥ 65 years) were 4.8% and 9.4% in men and women, 
respectively, while the corresponding specificities were 98.8% 
and 94.2% (25). In Japan, the sensitivities of SARC-F for 
screening diabetes were 14.6% and 33.3% in men and women, 
respectively, while the corresponding specificities were 85.8% 
and 72.4% (26). Our findings are consistent with previous 
reports of the low sensitivity of SARC-F. In our study, the 
sensitivity of SARC-CalF, which adds calf circumference 
to SARC-F, increased from 12.26% to 47.17% using the 
AWGS2019 criteria and from 20.0% to 56.0% using the 
EWGSOP2 criteria. Using the EWGSOP criteria, the sensitivity 
of SARC-CalF was increased from 37.5% to 62.5%, from 
28.6% to 46.4%, and from 33.3% to 66.7% in our study, Poland 
(16), and China (17), respectively. In Japan, the sensitivity of 
SARC-CalF increased from 13.3% to 66.7% using the AWGS 
criteria (27). Taken together, these findings suggest that the 
sensitivity of SARC-CalF for sarcopenia screening, which did 
not exceed 80%, may not be insufficient for identifying cases 
among community-dwelling older adults.

The arm circumference is an appropriate measurement 
for identifying children with severe acute malnutrition for 
admission into outpatient therapeutic programs (28). James 
et al. reported that arm circumference could identify chronic 
energy deficiency and predict BMI (29). Furthermore, arm 
circumference measurements are independently associated 
with sarcopenia (18-20). Additionally, it is less susceptible to 
distortion by edema in the lower extremities (30). Accordingly, 
in the case of lower leg edema, arm circumference should be 
used rather than calf circumference. Therefore, we added arm 
circumference to SARC-F and SARC-CalF and analyzed their 
screening utility for sarcopenia in community-dwelling older 
adults. Using both the AWGS2019 and EWGSOP2 criteria, 
there was significantly improved sensitivity of SARC-F+AC 
and SARC-CalF+AC, with the specificity remaining > 70%. 
Furthermore, the cut-off points of arm circumference were ≤ 
29.5 cm and ≤ 28.4 cm in men and women, respectively. In a 
Japanese study, the optimal cut-off values of arm circumference 
were 25.0 cm and 22.7 cm for men and women, respectively 
(30). SARC-F and its modified versions have several 
advantages, including being simple, inexpensive, safe, and 

Figure 1. Receiver operating characteristics curves of arm 
circumference for identifying sarcopenia according to the 
AWGS2019 criteria
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appropriate for the routine assessments of institutionalized older 
adults. We found that adding arm circumference to SARC-F 
and SARC-CalF can significantly improve the sensitivity of 
the original scale. Accordingly, SARC-F+AC and SARC-
CalF+AC can be used to screen for sarcopenia in community-
dwelling older adults. Specifically, SARC-F+AC can be used 

as the first step in community screening for sarcopenia, with 
SARC-CalF+AC being subsequently applied for more accurate 
identification. This could significantly contribute to the early 
prevention of sarcopenia occurrence and development as well 
as health promotion.

Figure 2. Receiver operating characteristics curves of SARC-F+AC and SARC-CalF+AC for identifying sarcopenia according to 
the AWGS2019 and EWGSOP2 criteria 

Table 3. Sensitivity/specificity analyses and receiver operating curve models for SARC-F and its modified versions using the 
different criteria 

Sensitivity (%) Specificity (%) +LR -LR AUC P
AWGS2019
SARC-F(≥4) 12.26 (6.7–20.1) 95.59 (92.6–97.6) 2.78 0.92 0.650 (0.601–0.697)
SARC-F+AC(≥7) 82.08 (73.4–88.8) 68.47 (62.8–73.7) 2.60 0.26 0.801 (0.759–0.839) <0.001
SARC-CalF(≥11) 47.17 (37.4–57.1) 91.53 (87.7–94.4) 5.57 0.58 0.811 (0.769–0.848) <0.001
SARC-CalF+AC(≥12) 75.47 (66.2–83.3) 83.73 (79.0–87.8) 4.64 0.29 0.848 (0.809–0.881) <0.001
EWGSOP2
SARC-F(≥4) 20.00 (10.0–33.7) 95.44 (92.7–97.4) 4.39 0.84 0.706 (0.659–0.750)
SARC-F+AC(≥11) 70.00 (55.4–82.1) 81.20 (76.7–85.1) 3.72 0.37 0.815 (0.774–0.852) <0.001
SARC-CalF(≥11) 56.00 (41.3–70.0) 86.61 (82.6–90.0) 4.18 0.51 0.799 (0.756–0.837) 0.011
SARC-CalF+AC(≥12) 80.00 (66.3–90.0) 74.93 (70.1–79.4) 3.19 0.27 0.834 (0.794–0.869) 0.001
+LR, positive likelihood ratio; -LR, negative likelihood ratio. Data are presented with the 95% CI in parenthesis; The P value represents the difference in the AUC between the SARC-F 
and the SARC-F’s modified versions. 
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This study has several strengths. First, our findings 
demonstrated that SARC-F+AC and SARC-CalF+AC can be 
used to screen for sarcopenia in community-dwelling older 
adults. This is the first study to demonstrate the diagnostic 
utility of arm circumference combined with SARC-F for 
screening sarcopenia. Additionally, we identified the optimal 
cut-off points of arm circumference for screening sarcopenia 
in a Chinese population, which has rarely been investigated. 
Furthermore, we used the latest updated consensus for 
diagnosing sarcopenia. However, further studies are required to 
validate these findings in different populations.

Conclusion

Our findings demonstrated that the modified versions of 
SARC-F have better diagnostic performance than the original 
questionnaire. Applying SARC-F+AC or SARC-F+AC may 
facilitate sarcopenia screening in community-dwelling older 
adults and improve the identification of sarcopenia. 
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