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Abstract
Background  Sarcopenia predicts worse postoperative outcomes and lower survival rates in patients with colorectal 
cancer (CRC). There is a scarcity of studies on the most effective assessment tools for detecting sarcopenia in 
preoperative elderly patients with CRC. Our objective was to compare the diagnostic accuracy of various tools such 
as calf circumference (CC), strength, need for assistance with walking, rising from a sitting position, climbing stairs, 
and the incidence of falls (SARC-F), SARC-F plus CC (SARC-CalF), the short version of mini sarcopenia risk assessment 
(MSRA-5), the full version of mini sarcopenia risk assessment (MSRA-7), and Ishii score chart in screening sarcopenia in 
preoperative elderly patients with CRC.

Methods  During the period of April 2021 to September 2023, we conducted a cross-sectional study involving 
consecutive elderly patients who were undergoing colorectal surgery. Sarcopenia was defined using the diagnostic 
criteria proposed by the European Working Group on Sarcopenia in Older People 2 (EWGSOP2) and the 2019 Asian 
Working Group for Sarcopenia (AWGS2019). The screening tools’ performances were evaluated through receiver 
operating characteristic (ROC) curves, area under the ROC curves (AUC), and sensitivity/specificity analyses, based on 
the criteria proposed by EWGSOP2 and AWGS2019.

Results  We enrolled 482 patients with an average age of 71.86 ± 5.60 years. According to the EWGSOP2 and 
AWGS2019 diagnostic standards, the incidence of sarcopenia was 19.5% and 21.6% respectively. The sensitivity of 
SARC-F, SARC-CalF, MSRA-5, MSRA-7, and Ishii score chart ranged from 51.92 to 56.38%, 84.62–85.11%, 86.54–88.30%, 
65.96–67.31%, and 73.08–74.47% respectively, while the specificity ranged from 84.92 to 85.05%, 70.36–71.69%, 
36.86–37.04%, 60.57–61.64%, and 77.32–78.31% respectively. Regardless of the sarcopenia diagnostic criteria used, the 
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Introduction
Colorectal cancer (CRC) ranks as the third most fre-
quently diagnosed cancer globally and stands as the 
second most fatal cancer worldwide [1]. Typically, prog-
nostic assessment in CRC relies on clinical and patholog-
ical stages, as well as treatment outcomes. Nevertheless, 
postoperative complications and patient-related factors 
can also have a detrimental impact on long-term overall 
survival and disease-free survival [2].

There is growing evidence that body composition 
parameters, such as decreased skeletal muscle mass, 
reduced skeletal muscle radiodensity, and increased vis-
ceral adipose tissue, have prognostic implications for 
patients with gastrointestinal cancer [3–6]. Sarcopenia 
is a developing concept and currently lacks a universal 
definition. Traditionally, sarcopenia is a progressive and 
generalized skeletal muscle disorder, caused by adverse 
muscle changes that occur over the course of life, char-
acterized by loss of muscle mass, muscle strength, and/or 
physical performance [7]. Sarcopenia assessment is not 
currently a standard part of perioperative management 
in surgical oncology. However, research has shown a 
high prevalence of sarcopenia in various gastrointestinal 
cancers, including colorectal cancer (CRC) [8]. A recent 
systematic review found that 37% of adults with CRC had 
sarcopenia [9], and it has been linked to an increased risk 
of postoperative complications and longer hospital stays 
after tumor resection in gastrointestinal cancer patients 
[10–13]. Additionally, studies have indicated that preop-
erative sarcopenia is associated with worse overall sur-
vival, disease-free survival, and cancer-specific survival 
outcomes [8, 14].

The diagnosis of sarcopenia, according to the Euro-
pean Working Group on Sarcopenia in Older People 
(EWGSOP2) and Asian Working Group for Sarcope-
nia (AWGS) 2019, requires the measurement of muscle 
mass and strength or physical performance [7, 15]. This 
means that the diagnosis of sarcopenia is dependent on 
the use of specific devices such as computed tomography 
(CT), magnetic resonance imaging (MRI), dual-energy 
X-ray absorptiometry (DXA), and bioelectrical imped-
ance analysis (BIA) [16–18]. However, these diagnostic 
methods can be inaccessible and costly in many clinical 
settings. Additionally, they require highly trained profes-
sionals, making the process time-consuming. Therefore, 

there is a need for a reliable and simple screening tool for 
sarcopenia.

The first step in managing sarcopenia is a timely and 
accurate screening of potential cases. The updated ver-
sion of the European Working Group on Sarcopenia in 
Older People (EWGSOP2) recommends using SARC-F 
(strength, assistance with walking, rising from a chair, 
climbing stairs, and falls) for screening for sarcopenia 
[19]. The Asian Working Group for Sarcopenia (AWGS) 
2019 update suggests using either SARC-F, SARC-
CalF (SARC-F combined with calf circumference), or 
calf circumference (CC) for screening sarcopenia [20]. 
Moreover, Rossi et al. developed the Mini Sarcopenia 
Risk Assessment (MSRA) in two versions: the full ver-
sion, MSRA-7, which consists of 7 items, and the short 
version, MSRA-5, which consists of 5 items [21]. Addi-
tionally, a formula called the Ishii score was developed 
using age, handgrip strength (HGS), and CC as its basis 
[22]. A recent scoping review also revealed that the five 
screening tools mentioned above were frequently used 
as questionnaires in sarcopenia assessment [23]. Mean-
while, different screening tools are designed with spe-
cific domains, items, measurements, and cutoffs, which 
can make it difficult to choose the best tool for different 
clinical situations. Some tools may be more suitable for 
certain clinical settings or specific diseases, while others 
may have a more general application. Understanding the 
strengths and limitations of different screening tools is 
crucial for accurately identifying sarcopenia. Currently, 
there is limited research comparing the accuracy of five 
different screening tools for sarcopenia in preoperative 
elderly patients with CRC.

Thus, our study aimed to compare the diagnostic accu-
racy of SARC-F, SARC-CalF, MSRA-5, MSRA-7, and Ishii 
score for screening sarcopenia in preoperative elderly 
patients with CRC.

Materials and methods
Study population
The department of Gastrointestinal Surgery at People’s 
Hospital of Wuxi city affiliated to Nanjing Medical Uni-
versity conducted a diagnostic accuracy study from April 
2021 to September 2023. This cross-sectional study 
included elderly patients (≥ 65 years) consecutively, who 
had been diagnosed with gastric cancer through endos-
copy or pathology. The inclusion criteria were patients 

AUCs of Ishii score chart (0.87 to 0.88) and SARC-CalF (0.89 to 0.90) were significantly larger than those of other tools 
(P<0.05). There was no significant difference in AUCs among SARC-F, SARC-CalF, and Ishii score chart in females.

Conclusion  Among the five sarcopenia screening tools, Ishii score chart and SARC-CalF had the largest overall 
diagnostic accuracy for sarcopenia in preoperative elderly patients with CRC.
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who were planning to undergo their first confined oper-
ation for colorectal cancer and had signed informed 
consent to participate in the study. Patients with the 
following conditions were excluded from the study: (1) 
physical disability, (2) severe cardiac dysfunction or heart 
failure, (3) clinically visible edema, (4) severe mental ill-
ness, (5) multiple malignant tumors, and (6) received 
preoperative neoadjuvant therapy including radiotherapy 
and chemotherapy. The study was conducted in accor-
dance with the principles of the Declaration of Helsinki 
and was approved by the Ethics and Research Committee 
of Wuxi People’s Hospital Affiliated to Nanjing Medical, 
and all participants signed a written informed consent.

Data collection
Trained nurses conducted face-to-face interviews with 
each patient enrolled in the study to collect participant 
information. This included patients’ characteristics (such 
as sex and age), anthropometric indicators (body mass 
index, height, calf circumference), tumor characteris-
tics (TNM stage, tumor location, tumor size), diagnostic 
indicators of sarcopenia [such as appendicular skeletal 
muscle mass (ASM), handgrip strength, 4-m gait speed], 
and a summary of the items from five sarcopenia screen-
ing tools. All data was collected within 24 h before sur-
gery. ASM was measured using bioelectrical impedance 
analysis (InBody 4.0, InBody Co., South Korea), handgrip 
strength was assessed using a handgrip dynamometer 
(model EH101, manufactured by Xiangshan in Guang-
dong Province, China). The average grip strength was cal-
culated by averaging the results of three trials conducted 
with the participant’s dominant hand, as presented in the 
analysis, and 4-m speed was measured with a stopwatch 
(AP-7200, Guangzhou, Guangdong Province, China).

Trained nurses conducted anthropometric measure-
ments, gait speed (GS) test, and handgrip strength (HS) 
test. Calf circumference (CC) was measured with par-
ticipants lying down, left knee raised, and calf at a right 
angle to the thigh, using a millimeter graded tape. Body 
height and weight were measured using a stadiometer 
and a digital floor scale. Body mass index (BMI) was cal-
culated by dividing body weight (in kg) by height (in cm) 
squared.

The skeletal muscle mass of each subject was cal-
culated using the validated equation of Janssen et al., 
which is calculated as [24]: skeletal muscle mass (kg) = 
[(height2/BIA resistance * 0.401) + (gender*3.825) + (age 
* −0.071)] + 5.102. In this equation, height is in centime-
ters, BIA resistance is in ohms, gender is coded as 1 for 
male and 0 for female, and age is in years. The appendicu-
lar skeletal mass is the sum of lean muscle mass in the 
upper and lower limbs. The appendicular skeletal mass 
index (ASMI) was then calculated by dividing the ASM 
by the square of the body height (kg/m2).

Screening tools for sarcopenia and diagnostic standard
The SARC-F questionnaire is a self-reported assessment 
that consists of five items related to strength, ambulation, 
rising from a chair, stair climbing, and falls [25]. Each 
item is scored from 0 to 2 points, with a total score rang-
ing from 0 to 10. A score of 4 or higher indicates a predic-
tive risk of sarcopenia.

SARC-CalF is a combination of SARC-F and CC 
[26], with cutoff values of 34 cm for men and 33 cm for 
women. The CC item is scored as 0 points if its value is 
above the cutoff values, and 10 points if its value is below 
or equals to the cutoff values. Additionally, the scores of 
the other items are consistent with SARC-F. A total score 
of ≥ 11 out of a maximum of 20 indicates sarcopenia risk.

The MSRA questionnaire is a self-reported tool that 
measures objective and measurable parameters related to 
the risk of developing sarcopenia. There are two versions 
of the questionnaire: a short version (MSRA-5) and a full 
version (MSRA-7) [21, 27]. The MSRA-5 includes five 
items such as age, physical activity level, hospitalizations, 
weight loss, and the number of meals per day. Each item 
is scored on a scale of 0 to 5, 0 to 10, or 0 to 15, with the 
total score ranging from 0 to 60. A score of ≤ 45 indicates 
a risk of sarcopenia. The MSRA-7 includes seven items 
and includes additional assessments of dairy product and 
protein consumption. Each item is scored on a scale of 
0 to 5 or 0 to 10, with a total score of ≤ 30 out of a maxi-
mum of 40 indicating a risk of sarcopenia.

The Ishii score chart is a model to estimate the prob-
ability of sarcopenia for both sexes, including three vari-
ables: Age, grip strength, and CC [28]. The exact formula 
to calculate the scores is as follows: Score in men: 0.62 
× (age − 64) − 3.09 × (handgrip strength − 50) − 4.64 × 
(CC − 42); and score in women: 0.80 × (age − 64) - 5.09 × 
(handgrip strength − 34) − 3.28 × (CC − 42). A score ≥ 105 
for man and 120 for woman is defined to be at the risk of 
sarcopenia.

Since our participants were elderly patients, we relied 
on the EWGSOP2 and AWGS2019 criteria as the defini-
tive standard for diagnosing sarcopenia. The initial diag-
nosis of sarcopenia involves assessing gait speed and grip 
strength. If either of these is found to be diminished, fur-
ther confirmation through muscle mass measurement is 
necessary. The specific guidelines for defining sarcopenia 
according to the EWGSOP2 and AWGS 2019 criteria are 
present in Table 1.

Sample size Estimation and statistical analyses
We use the equation below to calculate the sample size 
[29]: n = Zα /2± P0(1−P0)

d2 . where P0 represents the preva-
lence of sarcopenia in patients with CRC, which we set 
as 37% [9], a represents the accepted small probability of 
a false-positive result, which is 0.05 in this study, and d 
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represents the admissible error of 0.1.Thus, the sample 
size was calculated to be 90, and the final sample size 
was estimated to be 108 by considering a 20% rate of 
no-response and lost visit cases, and 482 elderly patients 
with CRC were finally enrolled in our study.

For categorical variables, the data were presented as 
numbers (percentages) and differences between groups 
were compared using chi-squared test. For continuous 
variables with normal distribution, the data were pre-
sented as the mean (standard deviation), and the differ-
ences between groups were compared using one-way 
ANOVA test. The normality of continuous data was 
examined by the Kolmogorov–Smirnov test. Continu-
ous variables with skewed distribution were presented 
as the median (interquartile range), and the differences 
between groups were compared with the Mann-Whitney 
U test. Using the EWGSOP2 and AWGS2019 criterions 
as the gold standard, we evaluated the sensitivity, speci-
ficity, positive likelihood ratio (PLR), and negative likeli-
hood ratio (NLR) of the SARC-F, SARC-CalF, MSRA-5, 
MSRA-7 and Ishii score chart to identify sarcopenia. We 
also used the receiver operating characteristic (ROC) 
curve to compare the overall diagnostic accuracy of the 
SARC-F, SARC-CalF, MSRA-5, MSRA-7 and Ishii score 
chart. We calculated the area under the ROC curve 
(AUC) and 95% CI. The difference across ROC curves 
was compared using the DeLong method. All statistical 
analyses were performed using SPSS software, version 
25.0 (IBM SPSS, Chicago, IL, USA) and MedCalc soft-
ware, version 19.0.4 (MedCalc Software bvba, Ostend, 
Belgium). Two-sided levels of significance were calcu-
lated, P < 0.05 indicates statistical significance.

Results
Baseline demographic and clinical characteristics
We recruited a total of 518 participants for our study 
during the study period. However, 36 patients were 
excluded from the study for various reasons, including 
18 due to pacemaker implantation and 7 due to moderate 
to severe edema. Additionally, 11 patients were excluded 
due to physical disability. Ultimately, 482 elderly patients 
with colorectal cancer, consisting of 324 males and 158 
females, were enrolled in the study, with an average age 
of 71.86 ± 5.60 years.

Table  2 presents the basic characteristics and calcu-
lated proportions of participants with sarcopenia. Using 

EWGSOP2 diagnostic criteria, 19.5% (n = 94) of partici-
pants were identified as having the risk of sarcopenia, 
while 21.5% (n = 104) were identified using AWGS2019 
criteria. Additionally, the use of SARC-F, SARC-CalF, 
MSRA-5, MSRA-7, and Ishii score chart identified 23.0%, 
40.5%, 68.0%, 44.6%, and 32.8% of all participants as hav-
ing sarcopenia. Figure  1 illustrates the percentages of 
patients identified with sarcopenia using both screen-
ing tools and the diagnostic criteria of EWGSOP2 and 
AWGS2019. Specifically, the percentages are as follows: 
SARC-F identified 39.0% of patients with EWGSOP2 and 
40.0% with AWGS2019; SARC-CalF identified 41.0% with 
EWGSOP2 and 45.0% with AWGS2019; MSRA-5 identi-
fied 25.0% with EWGSOP2 and 27.0% with AWGS2019; 
MSRA-7 identified 29.0% with EWGSOP2 and 33.0% 
with AWGS2019; and the Ishii score chart identified 
44.0% with EWGSOP2 and 48.0% with AWGS2019. 
Elderly patients diagnosed with sarcopenia, based on 
both EWGSOP2 and AWGS2019 criteria, exhibit char-
acteristics such as advanced age, reduced BMI, ASMI, 
calf circumference, gait speed, and handgrip strength. 
Additionally, these patients are more likely to have rectal 
cancer and stage III colorectal cancer (CRC) than those 
without sarcopenia (P<0.05).

Comparison of five sarcopenia screening tools among all 
elderly patients with CRC
As shown in Table 3, the sensitivity, specificity, and AUCs 
of five sarcopenia screening tools (SARC-F, SARC-CalF, 
MSRA-5, MSRA-7, and Ishii score chart) were analyzed 
using the EWGSOP2 and AWGS2019 criteria as diag-
nostic criteria. When using the EWGSOP2 criteria, the 
SARC-F had a sensitivity of 56.38% and a specificity of 
85.05%, the SARC-CalF had a sensitivity of 85.11% and 
a specificity of 70.36%, the MSRA-5 had a sensitivity of 
88.30% and a specificity of 36.86%, the MSRA-7 had a 
sensitivity of 65.96% and a specificity of 60.57%, and the 
Ishii score chart had a sensitivity of 74.47% and a specific-
ity of 77.32%. The AUCs of the screening tools were 0.79, 
0.89, 0.71, 0.68, and 0.88 for SARC-F, SARC-CalF, MSRA-
5, MSRA-7, and Ishii score chart, respectively. Figure  2 
displays the ROC curves of all five screening tools.

The sensitivity and specificity of various sarcopenia 
screening tools were evaluated using the AWGS2019 as 
the reference standard. The SARC-F had a sensitivity of 
51.92% and a specificity of 84.92%, the SARC-CalF had 

Table 1  The diagnostic criteria for sarcopenia
①Low skeletal muscle mass ②Low handgrip strength (kg) ③Low gait speed (m/s) Diagnostic criteria

EWGSOP2 ASMI < 7.0 kg/m2 for males;
ASMI < 5.5 kg/m2 for females, tested by BIA

< 27 for males;
< 16 for females

≤ 0.8 for both sex ①+② or ①+②+③

AWGS2019 ASMI < 7.0 kg/m2 for males;
ASMI < 5.7 kg/m2 for females, tested by BIA

< 28 for males;
< 18 for females

< 1.0 for both sex ①+② or ①+③

EWGSOP2: the updated version of European Working Group on Sarcopenia in Older People; AWGS2019: the updated version of the Asian Working Group for 
Sarcopenia; ASMI: Appendicular skeletal muscle mass index; BIA: Bioelectrical impedance analysis
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Table 2  Characteristics of the study population according to the EWGSOP2/AWGS2019 sarcopenia definition
Characteristics Total

(n = 482)
EWGSOP2 P-value AWGS2019 P-value
Sarcopenia
(n = 94)

Non-sarcopenia
(n = 388)

Sarcopenia
(n = 104)

Non-sarcopenia
(n = 378)

Sex, n (%) 0.117 0.353
  Male 313 (64.9) 68 (72.3) 245 (63.1) 72 (69.2) 241 (63.8)
  Female 169 (35.1) 26 (27.7) 143 (36.9) 32 (30.8) 137 (36.2)
Age (years), mean ± SD 71.04 ± 6.47 74.73 ± 7.64 70.15 ± 5.82 <0.001 74.57 ± 7.49 70.07 ± 5.80 <0.001
BMI (kg/m2), mean ± SD 22.41 ± 3.10 21.15 ± 2.77 22.71 ± 3.10 <0.001 21.25 ± 2.72 22.73 ± 3.12 <0.001
CC (cm), mean ± SD 33.53 ± 3.47 31.44 ± 2.59 34.03 ± 3.47 <0.001 31.72 ± 2.82 34.02 ± 3.48 <0.001
HS (kg), mean ± SD 30.19 ± 4.76 24.12 ± 3.07 31.66 ± 3.85 <0.001 23.91 ± 3.36 31.91 ± 3.47 <0.001
GS (m/s), median (IQR) 1.10 (0.20) 0.70 (0.03) 1.30 (0.40) <0.001 0.80 (0.10) 1.40 (0.20) <0.001
ASMI (kg/m2), median (IQR) 5.70 (1.30) 5.40 (0.90) 5.80 (1.30) <0.001 5.40 (0.80) 5.80 (1.50) <0.001
Hypertension, n (%) 71 (14.7) 16 (17.0) 55 (14.2) 0.517 18 (17.3) 53 (14.0) 0.435
Diabetes, n (%) 55 (11.4) 14 (14.9) 41 (10.6) 0.277 15 (14.4) 40 (10.6) 0.296
Tumor location, n (%) 0.035 0.024
  Rectum 198 (41.1) 48 (51.1) 150 (38.7) 53 (51.0) 145 (38.4)
  Colon 284 (58.9) 46 (48.9) 238 (61.3) 51 (49.0) 233 (61.6)
Tumor size ≥ 5 cm, n (%) 167 (34.6) 36 (38.3) 131 (33.8) 0.401 39 (37.5) 128 (33.9) 0.488
TNM stage, n (%) <0.001 <0.001
I–II 343 (71.2) 51 (54.3) 292 (75.3) 55 (52.9) 288 (76.2)
III 139 (28.8) 43 (45.7) 96 (24.7) 49 (47.1) 90 (23.8)
SARC-F classification, n (%) <0.001 <0.001
  Non-sarcopenia 371 (77.0) 41 (43.6) 330 (85.1) 50 (48.1) 321 (84.9)
Sarcopenia 111 (23.0) 53 (56.4) 58 (14.9) 54 (51.9) 57 (15.1)
SARC-CalF classification, n (%) <0.001 <0.001
  Non-sarcopenia 287 (59.5) 14 (14.9) 273 (70.3) 16 (15.4) 271 (71.7)
Sarcopenia 195 (40.5) 80 (85.1) 115 (29.6) 88 (84.6) 107 (28.3)
MSRA-5 classification, n (%) <0.001 <0.001
  Non-sarcopenia 154 (32.0) 11 (11.7) 143 (36.9) 14 (13.5) 140 (37.0)
Sarcopenia 328 (68.0) 83 (88.3) 245 (63.1) 90 (86.5) 238 (63.0)
MSRA-7 classification, n (%) <0.001 <0.001
  Non-sarcopenia 267 (55.4) 32 (34.0) 235 (60.6) 34 (32.7) 233 (61.6)
Sarcopenia 215 (44.6) 62 (66.0) 153 (39.4) 70 (67.3) 145 (38.4)
Ishii score chart classification, n (%) <0.001 <0.001
  Non-sarcopenia 324 (67.2) 24 (25.5) 300 (77.3) 28 (26.9) 296 (78.3)
Sarcopenia 158 (32.8) 70 (74.5) 88 (22.7) 76 (73.1) 82 (21.7)
Notes Continuous variables were presented as mean ± standard deviation or median (interquartile range). Categorical variables were presented as frequency 
(percentage). Comparison of the differences between the two groups were examined by Student’s t-test, Mann–Whitney U-test or chi-square test, respectively

Abbreviations BMI, body mass index; CC, calf circumference; HS, handgrip strength; GS, gait speed; ASMI, appendicular skeletal muscle index

Fig. 1  The proportion of sarcopenia risk defined by screening tools in patients with sarcopenia of different diagnostic criteria by Venn Diagram
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a sensitivity of 84.62% and a specificity of 71.69%, the 
MSRA-5 had a sensitivity of 86.54% and a specificity of 
37.04%, the MSRA-7 had a sensitivity of 67.31% and a 
specificity of 61.64%, and the Ishii score chart had a sen-
sitivity of 73.08% and a specificity of 78.31%. The AUCs 
of SARC-F, SARC-CalF, MSRA-5, MSRA-7, and Ishii 
score chart were 0.80, 0.90, 0.71, 0.69, and 0.88, respec-
tively. Both SARC-CalF and Ishii score chart had signifi-
cantly larger AUCs compared to other screening tools 
(P < 0.001).

Comparison of five sarcopenia screening tools among all 
elderly patients with CRC by gender
Figure  3 displays the AUCs (95%CI) of the SARC-F, 
SARC-CalF, MSRA-5, MSRA-7, and Ishii score chart, 
stratified by gender using the EWGSOP2 and AWGS2019 
criteria as the reference standard. Among males, when 
using the EWGSOP2 criteria, the AUCs of SARC-CalF 
and Ishii score chart were 0.89 (95% CI, 0.85‒0.92) and 
0.86 (95% CI, 0.81‒0.89) respectively. When using the 
AWGSOP2019 criteria, the AUCs of SARC-CalF and 
Ishii score chart were 0.87 (95% CI, 0.83‒0.91) and 0.86 
(95% CI, 0.82‒0.89) respectively. Both Ishii score chart 
and SARC-CalF demonstrated better predictive value 

Table 3  Sensitivity/specificity analyses and receiver operating curve models for five sarcopenia screening tools against the EWGSOP2/
AWGS2019 criteria
Screening tools Sensitivity, % Specificity, % PLR NLR AUC
EWGSOP2
  SARC-F 56.38(45.76–66.59) 85.05(81.11–88.45) 3.77(2.80–5.07) 0.51(0.41–0.65) 0.79(0.75–0.84) bc

  -CalF 85.11(76.28–91.61) 70.36(65.55–74.86) 2.87(2.41–3.42) 0.21(0.13–0.35) 0.89(0.85–0.92) abc

  MSRA-5 88.30(80.03–94.01) 36.86(32.04–41.87) 1.40(1.26–1.55) 0.32(0.18–0.56) 0.71(0.66–0.76)
  MSRA-7 65.96(55.46–75.42) 60.57(55.51–65.46) 1.67(1.38–2.02) 0.56(0.42–0.75) 0.68(0.61–0.74)
  Ishii score chart 74.47(64.43–82.91) 77.32(72.82–81.39) 3.28(2.64–4.09) 0.33(0.23–0.47) 0.88(0.85–0.92) abc

AWGS2019
  SARC-F 51.92(41.91–61.83) 84.92(80.91–88.38) 3.44(2.55–4.66) 0.57(0.46–0.69) 0.80(0.75–0.84) bc

  SARC-CalF 84.62(76.22–90.94) 71.69(66.86–76.18) 2.99(2.50–3.58) 0.22(0.14–0.34) 0.90(0.84–0.92) abc

  MSRA-5 86.54(78.45–92.44) 37.04(32.16–42.12) 1.37(1.23–1.53) 0.36(0.22–0.60) 0.71(0.66–0.77)
  MSRA-7 67.31(57.41–76.19) 61.64(56.53–66.57) 1.76(1.46–2.11) 0.53(0.40–0.71) 0.69(0.63–0.75)
  Ishii score chart 73.08(63.49–81.31) 78.31(73.81–82.36) 3.37(2.69–4.22) 0.34(0.250–0.47) 0.88(0.84–0.91) abc

Data are presented with the 95% confidence interval in parenthesis

PLR, positive likelihood ratio; NLR, negative likelihood ratio

a Significantly different with SARC-F (p < 0.05)

b Significantly different with MSRA-5 (p < 0.05)

c Significantly different with MSRA-7 (p < 0.05)

Fig. 2  The ROC curves of sarcopenia screening tools against different reference standards
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than other screening tools (P<0.05). In females, regard-
less of the reference criteria used, there were no signifi-
cant differences in AUCs among SARC-F, SARC-CalF, 
and Ishii score chart (P<0.05). Additionally, the AUCs of 
SARC-F, SARC-CalF, and Ishii score chart were signifi-
cantly larger than MSRA-5 and MSRA-7 (P<0.05).

Discussion
In our study, we compared the effectiveness of five differ-
ent screening tools for sarcopenia in older patients with 
colorectal cancer (CRC) who were about to undergo sur-
gery. These tools included SARC-F, SARC-CalF, MSRA-5, 
MSRA-7, and the Ishii score chart, all of which are com-
monly used for sarcopenia screening. This study is the 
first of its kind to assess the performance of these tools 

specifically in patients with CRC. Our results showed 
that regardless of the criteria used, the screening tools 
had an area under the curve (AUC) ranging from 0.69 to 
0.90. Both SARC-CalF and the Ishii score chart demon-
strated the best screening accuracy, with high sensitiv-
ity and moderate-to-high specificity for SARC-CalF, and 
moderate sensitivity/specificity for the Ishii score chart. 
This suggests that SARC-CalF and the Ishii score chart 
are more effective in diagnosing sarcopenia in preop-
erative elderly patients with CRC compared to the other 
three tools.

In our research, we found that the prevalence of sar-
copenia in elderly patients before surgery was 19.5% 
according to the EWGSOP2 criteria and 21.5% according 
to the AWGS2019 criteria. The prevalence of sarcopenia 

Fig. 3  The ROC curves of sarcopenia screening tools against different reference standards stratified by gender (AUC: 95%CI)
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risk varied from 23.0 to 68.0%, possibly due to differ-
ences in the measurement contents and methods of the 
five screening scores. We also observed significant dif-
ferences in the accuracy and sensitivity/specificity of the 
various sarcopenia screening tools. This inaccurate iden-
tification of sarcopenia risk could impact the proposed 
interventions and public health policies [30]. Therefore, it 
is important to identify a suitable screening tool for eval-
uating sarcopenia risk in preoperative elderly patients 
with CRC.

This study utilized different screening tools to address 
the need for consensus on the most effective methods for 
screening and identifying sarcopenia. SARC-F is a scor-
ing system that assesses symptoms to identify those with 
sarcopenia who may be at risk for negative functional 
outcomes. This tool has been confirmed for its reliability 
and validity across different groups, particularly among 
older adults living in the community, demonstrating 
robust internal consistency, as well as factorial, criterion-
related, and construct validity [31]. Similar to other stud-
ies, the specificity of the SARC-F tool was found to be 
higher than its sensitivity, indicating a greater number of 
false positive results compared to false negative results 
[32–34]. This means that many individuals with sarco-
penia may not be detected when assessed using these 
questionnaires. Specifically, our study found that 39.0% 
and 40.0% of individuals at risk for sarcopenia, as identi-
fied by SARC-F, were also identified by EWGSOP2 and 
AWGS2019, respectively. To address the low sensitivity of 
SARC-F, Barbosa-Silva et al. proposed a modified version 
called SARC-CalF, which significantly improved the sen-
sitivity of SARC-F from low to moderate. The SARC-CalF 
includes an anthropometric marker (CalF circumference) 
in addition to the muscle functionality markers present in 
the original SARC-F [32, 35]. This modification resulted 
in a test sensitivity of 66.7%, a specificity of 82.9%, and 
an observed AUC of 0.736 when using the EWGSOP 
criteria as the reference standard [36]. Previous study 
comparing SARC-F with SARC-CalF in advanced cancer 
patients found that SARC-CalF significantly increases the 
sensitivity and overall diagnostic accuracy of SARC-F for 
screening sarcopenia. This indicates that SARC-CalF has 
a stronger ability to correctly identify patients with sarco-
penia, which is a crucial aspect of validity [37]. Another 
study evaluated SARC-CalF in patients with chronic 
musculoskeletal pain and found that SARC-CalF scores 
significantly correlated with grip power, gait speed, skel-
etal mass index, numeric rating scale score, and pain 
disability assessment scale score, indicating good concur-
rent validity and reliability [38]. The CalF circumference 
is often measured as the most sensitive anthropometric 
index of muscle mass in older populations [39, 40]. A 
study by Krzyminska-Siemaszko et al. found that SARC-
CalF was an effective screening tool for sarcopenia in 

older adults, with a sensitivity of 64.7%, specificity of 
89.2%, and AUC of 0.792 [41]. However, our study, which 
used different diagnostic criteria, showed that SARC-
CalF had higher sensitivity (84.62-85.11%) and screen-
ing accuracy (AUC: 0.89–0.90) but lower specificity 
(70.36-71.69%) in detecting sarcopenia in preoperative 
patients with CRC. This suggests that the SARC-CalF 
can improve the sensitivity of SARC-F but with reduced 
specificity [26]. The differences in the characteristics of 
the study populations may account for the discrepancies 
between our study and previous research.

Additionally, the Ishii score chart identified 44.0% and 
48.0% of subjects at risk for sarcopenia, according to the 
EWGSOP2 and AWGS2019 criteria, respectively. This 
screening tool was developed by Ishii and colleagues 
based on the EWGSOP consensus, using age, calf cir-
cumference, and grip strength as objective measures to 
calculate the likelihood and severity of sarcopenia [28]. 
The Ishii score chart has demonstrated significant prog-
nostic relevance for individuals facing curative surgery 
due to obstructive colorectal cancer. Its efficacy in iden-
tifying sarcopenia among the elderly in Chengdu’s com-
munity has been confirmed, boasting an AUC of 0.84 
for women and 0.81 for men, which signifies its strong 
predictive power. The chart’s reliability is further under-
scored by its elevated sensitivity and specificity rates in 
forecasting sarcopenia [22]. This study also indicated 
that these rates were 75.5% and 92.0% for women, and 
64.94% and 85.46% for men, respectively, when using 
the initial threshold values. These elevated figures sug-
gest that the Ishii score chart is a dependable instru-
ment for sarcopenia detection. Additionally, the study 
highlighted the chart’s high negative predictive value, 
essential for excluding sarcopenia in patients prior to 
colorectal cancer surgery, with negative predictive values 
reaching 92% for men and 90% for women. This indicates 
that the Ishii score chart is also reliable in confirming the 
absence of sarcopenia in these patients. Hax et al. found 
that the Ishii test had a ROC curve of 0.86 for sarcope-
nia in patients with systemic sclerosis, with a sensitivity 
of 86.7% and a specificity of 73.4% [42]. Another study 
showed that the AUC of the Ishii test for severe sarco-
penia in nursing homes was 0.89, with a sensitivity of 
89.6% and a specificity of 83.3% [43]. The results of our 
study indicated that the Ishii test has a moderate-to-high 
sensitivity and specificity in screening for sarcopenia in 
preoperative elderly patients with CRC. However, factors 
such as the type of illness or race may affect its diagnostic 
ability. Previous studies have shown that the Ishii score 
can be time-consuming and involve complex calculations 
in clinical settings. However, with the use of software, the 
screening for sarcopenia can be easily performed by clini-
cal nurses by entering measurable parameters, making it 
a simple process in clinical practice.
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Our study confirmed that MSRA-5 had high sensitivity 
but low specificity, while MSRA-7 showed low-to-mod-
erate sensitivity and specificity for overall participants. 
A previous study recommended MSRA-5 as the primary 
screening tool for sarcopenia due to its high sensitivity in 
nursing homes [21, 27]. Recent studies have compared 
MSRA-5 and SARC-F and found that while they have 
similar diagnostic accuracy, MSRA-5 has higher sensi-
tivity and lower specificity than SARC-F [20, 41, 44]. A 
study also found that when MSRA-5 is used to identify 
sarcopenia in hospitalized individuals, the specificity is 
significantly lower (16.3%), although sensitivity remains 
high (90.9%) [45]. Research validating the Thai adaptation 
of these questionnaires against the AWGS 2019 criteria 
revealed that both MSRA-5 and MSRA-7 exhibited sat-
isfactory levels of sensitivity and specificity. Specifically, 
the MSRA-5 and MSRA-7 demonstrated sensitivities of 
61.5% and 72.3%, respectively, alongside specificities of 
67.4% and 43%, respectively [46]. Furthermore, a sepa-
rate study assessing the Spanish version of the MSRA in 
elderly populations determined that both questionnaires 
possessed elevated sensitivity and satisfactory specificity, 
with the MSRA-5 outperforming the MSRA-7 in terms of 
specificity [47]. The AUCs of MSRA-5 and MSRA-7 were 
significantly lower than three other screening tools, indi-
cating that they may not be suitable for use among pre-
operative elderly patients with CRC.

Our study has some limitations that should be noted. 
Firstly, we used BIA instead of the “gold standard” devices 
(CT, DXA, or MRI) to estimate muscle mass. However, 
BIA has been shown to be comparable to DXA and is rec-
ommended as an alternative option for measuring mus-
cle mass by the EWGSOP and AWGS [48]. Additionally, 
BIA is practical and cost-effective for community-dwell-
ing older adults. Secondly, our study was cross-sectional 
and involved a small number of participants from a single 
center. To validate the diagnostic accuracy of sarcope-
nia screening tools in preoperative elderly patients with 
CRC, a multi-center prospective study should be con-
ducted. Lastly, a cohort study should be carried out to 
compare sarcopenia screening tools in predicting adverse 
postoperative outcomes, such as postoperative compli-
cations, length of stay, 3-month hospital readmission, or 
short-term mortality.

Conclusion
The diagnostic precision of the SARC-CalF and Ishii 
score chart outperforms the SARC-F, MSRA-5, and 
MSRA-7, making them the superior options among the 
five screening tools evaluated. This suggests that both 
SARC-CalF and Ishii score chart are suitable for sarco-
penia screening among preoperative elderly patients with 
CRC. Further studies are necessary to compare the ability 

and applicability of these screening methods in different 
settings.
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