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tool for sarcopenia in Chinese
nursing home residents

Kaili Sun,1,8 Xucheng Wu,1,8 Jiening Yu,1 Weiran Chen,1 Xueqing Jia,1 Dongwen Li,2 Hao Lyu,2 Wenhai Huang,3

Hongqing Tian,3WeijingGao,1 Bin Zhu,1 Xinwei Lyu,4 LiWang,5,7 Jing Shao,5,7 Xiaoting Liu,2,6,* and Zuyun Liu1,9,*
SUMMARY

Sarcopenia, characterized by the loss of muscle mass and function, is a critical health issue in nursing home
residents. Given the high prevalence of sarcopenia in care settings, effective screening is crucial. This
study compared the diagnostic accuracy of two conventional sarcopenia screening tools, SARC-F and
SARC-CalF, and developed an alternative tool, SEAC, specifically for nursing home residents. In a sample
of 679 older adults from Zhejiang Province, SARC-CalF exhibited better sensitivity and diagnostic accu-
racy compared to SARC-F. The SEAC tool, incorporating strength, exhaustion, assistance in walking,
and calf circumference, demonstrated the highest diagnostic accuracy and sensitivity among the three
screening tools. These findings suggest that SEAC could serve as a valuable tool for large-scale sarcopenia
screening in nursing homes, potentially improving early detection and management of sarcopenia in this
vulnerable population.

INTRODUCTION

The last two decades have seen a growing interest in the role of sarcopenia, an independent condition with an International Classification of

Diseases-10 code nowadays that inhibits active and healthy aging.1,2 Sarcopenia is an age-related, progressive skeletal muscle disorder char-

acterized by the accelerated loss ofmusclemass and function.3,4 It was estimated that 10%–16%of the older adults worldwidewere influenced

by sarcopenia.5 Specifically, the prevalence of sarcopenia was 37% in hospitalized older patients, 41%–59% in older nursing home residents,

and 9.9%–40.4% in community-dwelling older adults.6–8 Sarcopenia is associated with a high risk of a wide range of adverse health outcomes,

such as falls, functional decline, physical disability, frailty, cognitive impairment, metabolic disorders, and mortality.3,5,9,10 The updated inter-

national clinical practice guidelines for sarcopenia state that people aged 65 and older should be screened for skeletalmuscle reduction every

year or after major health events.11 Screening is particularly relevant in care settings where a higher prevalence of sarcopenia might be

expected.8,12

According to the operational definition of Asian Working Group for Sarcopenia (AWGS),13 the diagnosis of sarcopenia is based on the

measurement of musclemass, handgrip strength, and/or physical performance. These evaluations require specialized equipment and trained

operators, making them expensive, time-consuming, and sometimes inaccessible for older adults in nursing homes.14 Commonmethods for

sarcopenia screening include the SARC-F (strength, assistance with walking, rise from a chair, climb stairs, and falls) questionnaire15 and

SARC-CalF (SARC-F combined with calf circumference).16 Studies reported that both SARC-F and SARC-CalF had low to moderate sensi-

tivity,17,18 indicating a high risk of missed diagnosis of individuals with sarcopenia.19 The accuracy of SARC-F and SARC-CalF in commu-

nity-dwelling older adults has been investigated in many studies.17,20–22 However, studies were scarce regarding whether these sarcopenia

screening tools are suitable for nursing home residents23,24; otherwise, an alternative screening tool might be needed.

This study was thus aimed to compare the accuracy of SARC-F and SARC-CalF for screening sarcopenia in Chinese nursing home resi-

dents. Then, we developed and validated an alternative sarcopenia screening tool, incorporating strength, exhaustion, assistance in walking,

and calf circumference (SEAC), to overcome the weakness of these two tools.
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Table 1. Basic characteristics of the total sample and by sex

Characteristics Total (n = 679) Men (n = 277) Women (n = 402) p

Age (years) 82.9 (7.0) 81.0 (7.8) 84.2 (6.0) <0.001

Body height (cm) 152.8 (8.2) 158.9 (7.3) 148.6 (5.7) <0.001

Body weight (kg) 55.6 (9.9) 60.0 (10.3) 52.5 (8.3) <0.001

BMI (kg/m2) 23.8 (3.6) 23.8 (3.7) 23.8 (3.5) 0.995

WHR 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.007

CC (cm) 32.8 (3.5) 33.7 (3.7) 32.1 (3.2) <0.001

BFM (kg) 19.2 (6.6) 19.2 (7.1) 19.3 (6.3) 0.872

ASM_LL (kg) 4.9 (1.5) 6.0 (1.3) 4.1 (1.0) <0.001

ASM_RL (kg) 5.0 (1.5) 6.1 (1.4) 4.2 (1.0) <0.001

ASM_LA (kg) 1.6 (0.5) 2.0 (0.5) 1.4 (0.4) <0.001

ASM_RA (kg) 1.65 (0.54) 2.0 (0.5) 1.4 (0.4) <0.001

SMI (kg/m2) 5.5 (1.2) 6.3 (1.0) 5.0 (0.9) <0.001

HGS (kg) 20.7 (9.2) 26.5 (8.8) 16.7 (7.0) <0.001

GS (m/s) 0.7 (0.3) 0.7 (0.3) 0.7(0.3) 0.006

5-time chair stand test (s) 17.4 (6.7) 16.8 (5.9) 17.9 (7.1) 0.029

SPPB score 6.8 (3.0) 7.2 (2.9) 6.6 (3.1) 0.007

Self-reported diseases, yesa – – – –

Hypertension 435 (64.1) 170 (61.4) 265 (65.9) 0.257

Diabetes 150 (22.1) 63 (22.7) 87 (21.6) 0.806

Cancer 27 (4.0) 11 (4.0) 16 (4.0) 1.000

Medication use, yes 577 (85.0) 238 (85.9) 339 (84.3) 0.645

Strengtha – – – <0.001

None 431 (63.5) 198 (71.5) 233 (58.0) –

Some 74 (10.9) 29 (10.5) 45 (11.2) –

A lot or unable 174 (25.6) 50 (18.1) 124 (30.8) –

Assistance in walkinga – – – 0.709

None 613 (90.3) 253 (91.3) 360 (89.6) –

Some 48 (7.1) 18 (6.5) 30 (7.5) –

A lot or unable 18 (2.7) 6 (2.2) 12 (3.0) –

Climb stairsa – – – 0.442

None 430 (63.3) 181 (65.3) 249 (61.9) –

Some 118 (17.4) 42 (15.2) 76 (18.9) –

A lot or unable 131 (19.3) 54 (19.5) 77 (19.2) –

Rise from a chaira – – – 0.984

None 598 (88.1) 244 (88.1) 354 (88.1) –

Some 63 (9.3) 26 (9.4) 37 (9.2) –

A lot or unable 18 (2.7) 7 (2.5) 11 (2.7) –

Health statusa – – – 0.150

Excellent/Good 402 (59.2) 153 (55.2) 249 (61.9) –

Fair 153 (22.5) 65 (23.5) 88 (21.9) –

Poor/Very poor 124 (18.3) 59 (21.3) 65 (16.2) –

Fallsa – – – 0.980

None 542 (79.8) 221 (79.8) 321 (79.9) –

1-3 falls 116 (17.1) 47 (17.0) 69 (17.2) –

4 or more falls 21 (3.1) 9 (3.2) 12 (3.0) –

(Continued on next page)
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Table 1. Continued

Characteristics Total (n = 679) Men (n = 277) Women (n = 402) p

Exhaustion1a – – – 0.008

None 408 (60.1) 172 (62.1) 236 (58.7) –

1-2 days 108 (15.9) 30 (10.8) 78 (19.4) –

3 or more days 163 (24.0) 75 (27.1) 88 (21.9) –

Exhaustion2a – – – 0.242

None 435 (64.1) 179 (64.6) 256 (63.7) –

1-2 days 118 (17.4) 41 (14.8) 77 (19.2) –

3 or more days 126 (18.6) 57 (20.6) 69 (17.2) –

SARC-F scoreb 1.0 (0.0, 3.0) 1.0 (0.0, 2.0) 1.5 (0.0, 3.0) 0.008

SARC-CalF scoreb 10.0 (2.0, 12.0) 10.0 (1.0, 11.0) 10.0 (2.0, 12.0) 0.024

SEAC scoreb 7.0 (3.0,9.0) 7.0 (2.0,9.0) 7.0 (3.0,9.0) 0.005

Sarcopenia by different criteriaa – – – –

SARC-F 117 (17.2) 44 (15.9) 73 (18.2) 0.504

SARC-CalF 259 (38.1) 89 (32.1) 170 (42.3) 0.009

SEAC 424 (62.4) 165 (59.6) 259 (64.4) 0.228

AWGS 491 (72.3) 195 (70.4) 296 (73.6) 0.402

CECS 468 (68.9) 183 (66.1) 285 (70.9) 0.210

IWGS 476 (70.1) 198 (71.5) 278 (69.2) 0.572

EWGSOP 388 (57.1) 159 (57.4) 229 (57.0) 0.973

Notes: Data are expressed as mean (standard deviation) unless stated otherwise. BMI, body mass index; WHR, waist-to-hip ratio; CC, calf circumference; BFM,

body fat mass; ASM_LL, appendicular skeletal muscle mass of left leg; ASM_RL, appendicular skeletal muscle mass of right leg; ASM_LA, appendicular skeletal

muscle mass of left arm; ASM_RA, appendicular skeletal muscle mass of right arm; SMI, skeletal muscle index; GS, gait speed; HGS, handgrip strength; SPPB,

short physical performance battery; AWGS, AsianWorkingGroup for Sarcopenia; CECS, Chinese expert consensus on prevention and intervention for older peo-

ple with sarcopenia; IWGS, International Working Group on Sarcopenia; EWGSOP, European Working Group on Sarcopenia in Older People.
aData are presented as n (%).
bData are presented as median (interquartile range).
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RESULTS
Characteristics of participants

The final sample comprised 679 participants aged 60–99 years. First, the total sample was used for the comparison analysis (analysis 1). Then,

the participants were randomly assigned into development (analytic sample 2, n = 475) and validation set (analytic sample 3, n= 204) in a ratio

of 7 to 3, for the development and validation analysis (analysis 2), respectively. Table 1 presents the characteristics of the study population

stratified by sex. The mean age of 679 participants was 82.9 (standard deviation [SD] = 7.0) years, with a higher proportion of women

(59.2%) in the sample. Women were significantly older than men (mean age: 84.2 vs. 81.0, p < 0.001). Compared to women, men had signif-

icantly larger calf circumference (CC), handgrip strength (HGS), gait speed (GS), waist-to-hip ratio (WHR), and skeletal muscle index. Table S1

shows that the basic characteristics of the development and validation sets were not significantly different.

Prevalence of sarcopenia

Table 1 shows the prevalence of sarcopenia in the total sample, men, and women by different criteria. The median scores for SARC-F,

SARC-CalF, and SEAC were respectively 1, 10, and 7 in the total sample. The prevalence of sarcopenia according to SARC-F, SARC-

CalF, and SEAC were respectively 17.2%, 38.1%, and 62.4% in the total sample. However, the prevalence of sarcopenia ranged from

57.1% to 72.3% by the AWGS, the Chinese expert consensus on prevention and intervention for older people with sarcopenia (CECS),

the International Working Group on Sarcopenia (IWGS), and the revised European Working Group on Sarcopenia in Older People

(EWGSOP) criteria.

Comparison of SARC-F and SARC-CalF in the total sample

Table 2 shows the sensitivities, specificities, and the area under the receiver-operating characteristics curves (AUCs) of SARC-F and SARC-

CalF by different diagnostic criteria for sarcopenia in the total sample. Regardless of the reference standards, SARC-CalF showed a similar

specificity to but a higher sensitivity than that of SARC-F. For example, according to the AWGS criteria, the specificities of SARC-F and SARC-

CalF were respectively 85.6% and 89.4%, but their sensitivities were respectively 18.3% and 48.7%.
iScience 27, 111221, November 15, 2024 3



Table 2. Sensitivity/specificity analyses and receiver-operating curve models for SARC-F and SARC-CalF validation against different reference criteria

in the total sample (N = 679)

Sensitivity (%) Specificity (%) PLR NLR Cutoff point AUC

AWGS – – – – – –

SARC-F 18.3 (15.0–22.0) 85.6 (79.8–90.3) 1.3 (0.9–1.9) 1.0 (0.9–1.0) R4 0.56 (0.51–0.61)a

SARC-CalF 48.7 (44.2–53.2) 89.4 (84.0–93.4) 4.6 (3.0–7.0) 0.6 (0.5–0.6) R11 0.79 (0.76–0.83)

CECS – – – – – –

SARC-F 18.6 (15.2–22.4) 85.8 (80.3–90.2) 1.3 (0.9–1.9) 0.9 (0.9–1.0) R4 0.57 (0.52–0.61)a

SARC-CalF 49.4 (44.7–54.0) 86.7 (81.4–90.1) 3.7 (2.6–5.3) 0.6 (0.5–0.6) R11 0.77 (0.73–0.81)

IWGS – – – – – –

SARC-F 18.7 (15.3–22.5) 86.2 (80.7–90.6) 1.4 (0.9–2.0) 0.9 (0.9–1.0) R4 0.59 (0.54–0.63)a

SARC-CalF 48.3 (43.7–52.9) 85.7 (80.1–90.2) 3.4 (2.4–4.8) 0.6 (0.5–0.7) R11 0.75 (0.71–0.79)

EWGSOP – – – – – –

SARC-F 20.4 (16.5–24.7) 86.9 (82.5–90.6) 1.6 (1.1–2.2) 0.9 (0.9–1.0) R4 0.59 (0.55–0.63)a

SARC-CalF 53.4 (48.2–58.4) 82.1 (77.2–86.4) 3.0 (2.3, 3.9) 0.6 (0.5–0.6) R11 0.76 (0.72, 0.80)

Notes: AWGS, Asian Working Group for Sarcopenia; CECS, Chinese expert consensus on prevention and intervention for older people with sarcopenia; IWGS,

International Working Group on Sarcopenia; EWGSOP, European Working Group on Sarcopenia in Older People; PLR, positive likelihood ratio; NLR, negative

likelihood ratio; AUC, area under the receiver-operating characteristic curve.

Data are presented with the 95% CI in parentheses.
aSignificantly different with SARC-CalF (p < 0.05).
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The receiver operating characteristic (ROC) curves of SARC-F and SARC-CalF against different reference standards in the total sample are

depicted in Figure 1. Regardless of the reference standards, SARC-CalF had a larger AUC (ranged from 0.75 to 0.79) than that of SARC-F

(0.56–0.59). For example, by the AWGS criteria, the AUCs for SARC-CalF and SARC-F were respectively 0.79 (95% confidence interval [CI]

0.76–0.83) and 0.56 (95% CI 0.51–0.61), significantly different from one another (p < 0.001).

Comparison of SARC-F, SARC-CalF, and SEAC in the development and validation sets

Table 3 and Table 4 present the sensitivities, specificities, and AUCs of SARC-F, SARC-CalF, and SEAC by different reference standards in the

development and validation sets. In the development set, an optimal statistical cutoff of the SEAC was achieved at 6 against different refer-

ence standards (sensitivity: 73.7%–79.4%; specificity: 60.1%–77.2%). In the validation set, the sensitivity of SEAC ranged from 75.0% to 84.3%,

and the specificity ranged from 67.5% to 79.0%. Regardless of the reference standards, SEAC had the highest sensitivity among the three

tools. The AUC of SEAC was moderate (0.74–0.79) in the development set and moderate to high (0.80–0.84) in the validation set. Regardless

of the reference standards, SEAC had the largest AUC among the three tools. Figure 2 shows the ROC curves of SARC-F, SARC-CalF, and

SEAC in the development set and validation set based on AWGS diagnostic criteria. As demonstrated in Table S2, regardless of age,

SEAC showed larger AUC comparedwith SARC-F and SARC-CalF. The sensitivity of SEACwas the highest among these three screening tools.

Inter-rater reliability and test-retest reliability of SEAC

Tables S3 and S4 present the inter-rater reliability and test-retest reliability of SEAC. The intraclass correlation coefficients were respectively

0.901 (95% CI: 0.792–0.954) and 0.952 (95% CI: 0.892–0.979).

DISCUSSION

The findings of our study indicated that SARC-CalF had higher sensitivity but similar specificity compared with SARC-F. In addition, SARC-

CalF demonstrated superior diagnostic accuracy. The SEAC tool developed and validated in this study included strength, exhaustion, assis-

tance in walking, and calf circumference and had the best diagnostic accuracy and the highest sensitivity among the three screening tools

(SARC-F, SARC-CalF, and SEAC) in both development and validation sets against different reference standards. Furthermore, SEAC demon-

strated strong inter-rater reliability and test-retest reliability. This study developed and validated a straightforward sarcopenia screening tool

based on previous efforts dedicated to this subject,13,14,25,26 which filled the lacuna of a concordant optimized evaluating and screening tool

for older nursing home residents.27–29

Inconsistent with some previous findings, SARC-F was found to be insufficiently sensitive in this study. As a pioneering tool for sarcopenia

screening, SARC-F has been reported to have excellent specificity and diagnostic accuracy, making it effective for predicting sarcopenia-

related adverse outcomes and guiding therapeutic interventions.15,19,22,30 However, its sensitivity (18.3%–20.4%) was unsatisfactorily low in

this study, restricting its use in Chinese nursing home residents due to the high risk of missed diagnoses. Despite its high specificity

(85.6%–86.9%), SARC-F may not be the optimal choice for early sarcopenia screening among this vulnerable population.17,19,22,31
4 iScience 27, 111221, November 15, 2024



Figure 1. The ROC curves of SARC-F and SARC-CalF against different reference criteria in the total sample

(A) AWGS criteria, (B) CECS criteria, (C) IWGS criteria, and (D) EWGSOP criteria. SARC-F, 5-itemquestionnaire that includes strength, assistance walking, rise from

a chair, climb stairs, and falls; SARC-CalF, SARC-F combined with calf circumference; AUC, area under the receiver-operating characteristic curve.

ll
OPEN ACCESS

iScience
Article
Previous studies have also compared the accuracy of SARC-F and SARC-CalF in community-dwelling older adults. However, only a few

studies have explored whether these sarcopenia screening tools are suitable for nursing home residents. Several studies from China,

Brazil, and Poland reported that SARC-Calf significantly improved the sensitivity and diagnostic accuracy of SARC-F for screening sarco-

penia.23,32–34 In a Turkish study sample of community-dwelling older adults, SARC-Calf was not superior over SARC-F in sensitivity but in

specificity.20 The reason why SARC-Calf showed different sensitivity may be vast differences in the study populations.17,20 Briefly, the

diagnostic accuracy of SARC-F increased with the inclusion of calf circumference, as demonstrated in both our study and previous

studies. Our study demonstrated that SARC-CalF had low to moderate sensitivity (48.3%–53.4%) in nursing home residents, suggesting

that it would still have a high risk of missed sarcopenia diagnoses, which makes it unsuitable for care facilities with a high prevalence of

sarcopenia cases.17,19,22,31

Several recent studies aimed to increase the sensitivity and utility of SARC-F as a screening tool by applying lower cutoffs, adding extra

items, or combining with other screening tests,35,36 such as Ishii,27 mini sarcopenia risk assessment (MSRA),28 and U-TEST,29 to adapt to

different populations. The Ishii scoring includes grip strength measurement, which requires professional operators and is time-consuming.

MSRA is a 7- or 5-item self-report questionnaire, which exhibited a low to moderate sensitivity and moderate diagnostic accuracy in a recent

study of nursing home residents in Chengdu City, China. U-TEST was designed for orthopedic patients, whichmay not be suitable for nursing

home residents without fractures. In contrast, SEACproposed in this study is easy to use, is time efficient, and diagnoses sensitively. It demon-

strated an AUC comparable to that of SARC-CalF, withmoderate to high sensitivity (75.0%–84.3%)—the highest among these three screening

tools. SEAC also exhibited good inter-rater reliability (0.90) and test-retest reliability (0.95). Taken together, SEAC appears to be the optimal

choice among the three sarcopenia screening tools for older nursing home residents.

This study marks an inaugural attempt to develop and validate an alternative sarcopenia screening tool specifically for nursing home res-

idents.27–29 It has extended beyond conventional sarcopenia screening tools by introducing the SEAC tool with enhanced sensitivity.

Although it exhibited the lowest specificity for sarcopenia prediction among the evaluated tools, its high sensitivitymakes it particularly useful

for initial screening in nursing home settings, where early identification of sarcopenia is crucial. This could ensure that participants at risk are

not overlooked, despite some falsely identified positive cases.
iScience 27, 111221, November 15, 2024 5



Table 3. Sensitivity/specificity analyses and receiver-operating curve models for SARC-F, SARC-CalF, and SEAC validation against different reference

criteria in the development set (N = 475)

Sensitivity (%) Specificity (%) PLR NLR Cutoff point AUC

AWGS – – – – – –

SARC-F 16.9 (13.0–21.2) 85.3 (78.2–90.7) 1.1 (0.7–1.8) 1.0 (0.9–1.1) R4 0.54 (0.49–0.60)b

SARC-CalF 46.6 (41.2–52.1) 88.2 (81.6–93.1) 4.0 (2.5–6.4) 0.6 (0.5–0.7) R11 0.78 (0.74–0.83)

SEAC 76.4 (71.5–80.8) 77.2 (69.2–84.0) 3.4 (2.4–4.6) 0.3 (0.2–0.4) R6a 0.79 (0.74–0.83)

CECS – – – – – –

SARC-F 17.0 (13.1–21.6) 85.5 (79.0–90.7) 1.2 (0.7–1.9) 1.0 (0.9–1.1) R4 0.55 (0.50–0.60)b

SARC-CalF 47.1 (41.5–52.7) 85.5 (79.0–90.1) 3.2 (2.2–4.9) 0.6 (0.5–0.7) R11 0.76 (0.71–0.80)

SEAC 76.2 (71.1–80.7) 71.1 (63.1–78.1) 2.6 (2.0–3.4) 0.3 (0.3–0.4) R6a 0.76 (0.72–0.81)

IWGS – – – – – –

SARC-F 17.1 (13.2–21.7) 85.8 (79.1–91.0) 1.2 (0.8–1.0) 1.0 (0.9–1.0) R4 0.57 (0.52–0.63)b

SARC-CalF 46.2 (40.1–51.7) 84.4 (77.6–89.9) 3.0 (2.0–4.4) 0.6 (0.6–0.7) R11 0.74 (0.69–0.78)

SEAC 73.7 (68.6–78.4) 66.9 (58.7–74.4) 2.2 (1.8–2.8) 0.4 (0.3–0.5) R6a 0.74 (0.69–0.79)

EWGSOP – – – – – –

SARC-F 19.9 (15.2–25.1) 88.5 (83.3–92.5) 1.7 (1.1–2.7) 0.9 (0.8–0.9) R4 0.59 (0.54–0.64)b

SARC-CalF 50.6 (44.4–56.7) 81.3 (75.3–86.3) 2.7 (2.0–3.7) 0.6 (0.5–0.7) R11 0.75 (0.70–0.79)

SEAC 79.4 (74.0–84.1) 60.1 (53.1–66.8) 2.0 (1.7–2.4) 0.3 (0.3–0.4) R6a 0.76 (0.72–0.80)

Notes: AWGS, Asian Working Group for Sarcopenia; CECS, Chinese expert consensus on prevention and intervention for older people with sarcopenia; IWGS,

International Working Group on Sarcopenia; EWGSOP, European Working Group on Sarcopenia in Older People; PLR, positive likelihood ratio; NLR, negative

likelihood ratio; AUC, area under the receiver-operating characteristic curve.

Data are presented with the 95% CI in parentheses.
aThe Youden’s index (YI, YI = sensitivity + specificity � 1) was used to determine the optimum cutoff point(s).
bSignificantly different with SEAC (p < 0.05).
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Limitations of the study

This study is limited to the following aspects. First, we used bioimpedance analysis (BIA) to estimate muscle mass instead of the ‘‘gold stan-

dard’’ devices (i.e., dual-energy X-ray absorptiometry [DXA], computed tomography, or magnetic resonance imaging). However, BIA has

been proven to be comparable to DXA37 and is recommended as a practical and cost-effective alternative for measuring muscle mass by

EWGSOP and AWGS. Second, our study was cross-sectional and compared with only SARC-F, SARC-CalF, and SEAC. Third, our study

was conducted amongChinese older adults only. Further studies are needed to justify the SEAC application in other populations and settings

to broaden its generalizability. Finally, future studies may explore the potential links between sarcopenia screening tool and other health out-

comes, such as cognitive decline and cardiovascular disease, to further enhance the utility of the SEAC tool. This would provide compelling

evidence for muscle strengthening in the management of comorbidities among older adults.38,39

Conclusions

The 4-itemSEACdevelopedby this study appears to be the optimal choice for screening sarcopenia in Chinese older nursing home residents.

Given that age-related, progressive loss ofmusclemass and function leads to severe consequences such as falls, frailty, andmortality, dramat-

ically increasing healthcare costs, early screening with this tool may detect sarcopenia in vulnerable populations like nursing home residents

for timely interventions and healthy aging.
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Table 4. Sensitivity/specificity analyses and receiver-operating curve models for SARC-F, SARC-CalF, and SEAC validation against different reference

criteria in the validation set (N = 204)

Sensitivity (%) Specificity (%) PLR NLR Cutoff point AUC

AWGS – – – – – –

SARC-F 21.7 (15.4–29.1) 86.5 (74.2–94.4) 1.6 (0.8–3.4) 0.9 (0.8–1.0) R4 0.59 (0.51–0.68)a

SARC-CalF 53.3 (45.0–61.4) 92.3 (81.5–97.9) 6.9 (2.7–18.0) 0.5 (0.4–0.6) R11 0.82 (0.76–0.88)a

SEAC 77.0 (69.5–83.4) 79.0 (65.2–89.0) 3.6 (2.1–6.2) 0.3 (0.2–0.4) R6 0.84 (0.79–0.90)

CECS – – – – – –

SARC-F 22.1 (15.6–29.7) 86.4 (75.0–94.0) 1.6 (0.8–3.3) 0.9 (0.8–1.0) R4 0.61 (0.53–0.69)a

SARC-CalF 54.5 (46.0–62.8) 89.8 (79.2–96.2) 5.4 (2.5–11.6) 0.6 (0.5–0.7) R11 0.81 (0.75–0.87)a

SEAC 77.9 (70.3–84.4) 74.6 (61.6–85.0) 3.1 (2.0–4.8) 0.3 (0.2–0.4) R6 0.84 (0.78–0.89)

IWGS – – – – – –

SARC-F 22.1 (15.8–29.7) 87.3 (75.5–94.7) 1.7 (0.8–3.7) 0.9 (0.8–1.0) R4 0.62 (0.53–0.70)a

SARC-CalF 53.0 (44.7–61.2) 89.1 (77.8–95.9) 4.9 (2.2–10.5) 0.5 (0.4–0.6) R11 0.78 (0.72–0.85)

SEAC 75.0 (61.0–86.0) 75.0 (68.6–80.9) 3.0 (1.9–4.9) 0.3 (0.2–0.5) R6 0.80 (0.74–0.86)

EWGSOP – – – – – –

SARC-F 21.5 (14.5–29.9) 83.1 (73.3–90.5) 1.3 (0.7–2.3) 0.9 (0.8–1.1) R4 0.59 (0.51–0.67)a

SARC-CalF 59.5 (50.2–68.3) 84.3 (74.7–91.4) 3.8 (2.3–6.4) 0.5 (0.4–0.6) R11 0.79 (0.72–0.86)

SEAC 84.3 (76.6–90.3) 67.5 (56.3–77.4) 2.6 (1.9–3.6) 0.2 (0.2–0.4) R6 0.81 (0.75–0.87)

Notes: AWGS, Asian Working Group for Sarcopenia; CECS, Chinese expert consensus on prevention and intervention for older people with sarcopenia; IWGS,

International Working Group on Sarcopenia; EWGSOP, European Working Group on Sarcopenia in Older People; PLR, positive likelihood ratio; NLR, negative

likelihood ratio; AUC, area under the receiver-operating characteristic curve.

Data are presented with the 95% CI in parentheses.
aSignificantly different with SEAC (p < 0.05).
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Figure 2. The ROC curves of SARC-F, SARC-CalF, and SEAC in the development set and validation set based on the AWGS diagnostic criteria

(A) Development set and (B) validation set. AWGS, AsianWorkingGroup for Sarcopenia; SARC-F, 5-item questionnaire that includes strength, assistance walking,

rise from a chair, climb stairs, and falls; SARC-CalF, SARC-F combined with calf circumference; SEAC, 4-item questionnaire that includes strength, exhaustion,

assistance in walking, and calf circumference; AUC, area under the receiver-operating characteristic curve.
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Software and algorithms

R software (version 4.2.3) R Foundation for Statistical Computing RRID: SCR_001905; https://www.r-project.org/
EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

The current study is derived from a subcohort of the ongoing ZheJiang Longitudinal Study of Healthy Aging (JASHA) in Zhejiang Province,

China. The JASHA covers multi-dimensional aging phenotypes including muscle health, physical function, cognitive function, brain health,

andmental health. In this study, the sample was recruited from forty nursing homes in 3 cities (Hangzhou,Wenzhou, Jiaxing) of Zhejiang Prov-

ince, China. Participants were included if theymet the following inclusion criteria: (1)R60 years old; (2) being able to communicate and ambu-

late (with/without assistance); (3) signing a written informed consent. The exclusion criteria included: (1) severe illness; (2) technical aspects

that would preclude assessment with bioimpedance analysis (BIA), such as severe edema, implantable pacemaker, and implantable medical

metal materials; (3) other reasons that would prevent the participants from completing the study. All participants completed questionnaires,

including demographic, health-related questions, SARC-F, SARC-CalF, physical performance tests, anthropometric evaluations, and body

composition measurement. These measurements were conducted on the same day for each participant. A total of 853 participants who

initially met the inclusion criteria participated in the study. We excluded those who discontinued the study (N = 65), had severe illness

(N = 4) and technical aspects that would preclude assessment with BIA (N = 89), and had missing values on skeletal muscle mass (N = 9),

calf circumference (CC) (N = 1), and SARC-F (N = 6). The final sample comprised 679 participants aged 60–99 years. The mean age of 679

participants was 82.9 (SD = 7.0) years, with a higher proportion of women (59.2%) in the sample. Women were significantly older than men

(mean age: 84.2 vs. 81.0, p < 0.001). First, the total sample was used for the comparison analysis (analysis 1). Then, the participants were

randomly assigned into development (analytic sample 2, n = 475) and validation set (analytic sample 3, n = 204) in a ratio of 7 to 3, for the

development and validation analysis (analysis 2), respectively40–42 (Figure S1). The screening tool was administered to 29 participants to eval-

uate the inter-rater reliability and to 24 participants to evaluate test-retest reliability at two-week intervals.

Ethics statement

The protocol of this study was approved by the Ethics Committee of the Interdisciplinary Center for Social Sciences, Zhejiang University

(202306-02). All participants in this study provided written informed consent by themselves or their representatives.

METHOD DETAILS

Socio-demographics

Socio-demographics, self-rated overall health status, and self-reported disease and medication use information were collected through in-

terviews with questionnaires.

Anthropometric measurements

CC was measured in a sitting position with the knee and ankle at a right angle. The measurements were taken to the nearest 0.1 cm at the

greatest circumference on both legs using a nonelastic but flexible measuring tape, and the highest value was adopted for further anal-

ysis.43,44 Body height and weight weremeasured using an ultrasonic height and weight instrument (RuncoboCP30B: Shenzhen Yolanda Tech-

nology Co., Ltd.). The body mass index (BMI) was calculated using the formula: BMI (kg/m2) = body weight/height.2 Waist circumference was

measured at the umbilical level, while hip circumference was measured at the level of trochanter major using a tape measure (both nearest

0.1 cm). Waist to hip ratio (WHR) is the ratio of those two measurements (waist/hip).

Measurement of skeletal muscle mass, muscle strength, and physical performance

Muscle mass was measured using a BIA device (Runcobo CP10A: Shenzhen Yolanda Technology Co., Ltd.) to estimate the total appendicular

skeletal muscle mass (ASM) and body fat mass (BFM). The skeletal muscle index (SMI) was calculated based on the equation45: SMI (kg/m2) =

ASM/height.2 Muscle strength was defined by handgrip strength (HGS)13 assessed using a handheld dynamometer (WCS100). Participants

gripped the dynamometer withmaximumeffort while standing. Trained investigatorsmeasuredHGS three times for each hand, and the high-

est value from either hand was used for the analyses.46,47 Physical performance was evaluated using the Short Physical Performance Battery

(SPPB), the 5-time chair stand test, and gait speed (GS) with the 6-meter walk test.48 The SPPB is a group ofmeasures that combines the results

of the GS, 5-time chair stand and standing balance tests. The scores range from 0 (worst performance) to 12 (best performance).49 GS was

assessed with the 6-meter walk test at the participant’s usual walking speed. For the 5-time chair stand test, the participants were asked
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to rise 5 times quickly as possible with their arms crossed on their chest.Walkers and canes were accepted, if necessary.50 For tests of standing

balance, participants attempted to maintain the side-by-side, semi-tandem, and tandem positions for 10 s.49
Reference diagnostic criteria for sarcopenia

Reference diagnosis criteria for sarcopenia used in this study included the following: (1) the revised Asian Working Group for Sarcopenia

(AWGS)13; (2) the Chinese Expert Consensus on prevention and intervention for older people with Sarcopenia (CECS)25; (3) the International

Working Group on Sarcopenia (IWGS)26; and (4) the revised EuropeanWorkingGroup on Sarcopenia in Older People (EWGSOP).14 Details of

these criteria are presented in Table S5. The primary outcomeof this studywas sarcopenia defined according to the AWGS criteria. Secondary

outcomes included sarcopenia defined by the CECS, the IWGS, and the EWGSOP criteria.
Screening tools for sarcopenia

The flow chart of developing the 4-item SEAC sarcopenia screening tool is shown in Figure S2. First, we collected and reviewed existing sar-

copenia screening tools in the literature.19,51 Based on the literature and framework of defining sarcopenia,13 we constructed an initial 16-item

screening scale (Table S6) incorporating factors associated with sarcopenia.52. Second, we discussed the content of the sarcopenia screening

scale and decided tomaintain a 9-item scale (Table S7). Third, using logistic regression analysis with sarcopenia (defined by AWGS criteria) as

the dependent variable and the 9 candidate items as independent variables, we identified three significant items: Strength (Odds ratio (OR):

1.77, 95%CI: 1.08–2.91), Exhaustion1 (OR: 1.90, 95%CI: 1.06–3.47), and Calf Circumference (OR: 8.04, 95%CI: 5.51–11.89) (Table S8). ORs were

mutually adjusted for age, sex and 9 candidate items. Furthermore, 1 item related to physical performance was recuperated, ensuring the

SEAC tool encompasses three sarcopenia-related components (muscle strength, muscle mass, and physical performance), thereby providing

a comprehensive assessment of sarcopenia.4 The diagnostic value of different physical performance-related item combinations with sarco-

penia was determined by receiver operating curve (ROC) analysis, which was found to be maximized by including the Assistance in walking

(Table S9).53 This above process yielded a 4-item SEAC (Strength, Exhaustion, Assistance in walking, and Calf circumference) scale. The

SARC-F, SARC-CalF and SEAC scales are presented in Table S10. For the SARC-F, a total score of R4 indicates sarcopenia.15 For the

SARC-CalF, a total score of R11 indicates sarcopenia.16 For the SEAC, a total score of R6 indicates sarcopenia.
QUANTIFICATION AND STATISTICAL ANALYSIS

The basic characteristics of the study participants were summarized in total and by sex. Continuous variables with normal or skewed distri-

butions were presented respectively as mean (standard deviation [SD]) and median (inter-quartile range [IQR]). Categorical variables were

presented as number (percentage). One-way analysis of variance, Mann-Whitney test, and c2 test were used to compare sex differences.

Different criteria were adopted as the reference standards (Table S5). For the comparison analysis (analysis 1), the receiver operating char-

acteristics (ROC) curve was used to compare the diagnostic accuracy of the SARC-F and SARC-CalF in the total sample. The area under the

ROC curve (AUC) (high >0.80, moderateR0.60 to%0.80, low <0.60),54,55 and 95% confidence interval (CI) were calculated. A larger AUC in-

dicates a better overall diagnostic accuracy.56 The difference of the AUC of each two ROC curves was compared using the DeLongmethod.57

The diagnostic value included sensitivity and specificity (high R80%, moderate R50% to <80%, and low <50%),54 positive likelihood ratio

(PLR), and negative likelihood ratio (NLR). For the development and validation analysis (analysis 2), the ROC curve was used to compare

the diagnostic accuracy of the SEAC respectively with the SARC-F and SARC-CalF in the development and validation sets. Youden’s index

was used to determine the optimum cutoff point of SEAC.58 To validate the diagnostic accuracy of the SEAC across different age groups,

subgroup analyses by age (<80 andR80 years) were conducted using the AWGS as the reference standard. Additionally, the inter-rater reli-

ability and test-retest reliability of SEAC were reported as intraclass correlation coefficient (ICC) values (excellent R0.90, good R0.75 to

<0.90, moderateR0.50 to <0.75, and poor <0.50).59 All statistical analyses were conducted using R Version 4.2.3 (R Foundation for Statistical

Computing, Vienna, Austria). A two-tailed p < 0.05 was considered statistically significant.
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