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Abstract 

Purpose  The European Working Group on Sarcopenia in Older People (EWGSOP) revised the consensus in 2018, 
including that using computed tomography (CT) imaging of the lumbar third vertebra (L3) for the evaluation of mus-
cle mass. However, there is currently discrepancy and confusion in the application of specific cross-sectional and cut-
off values for L3. This study aimed to standardize the diagnosis of low muscle mass using L3-CT.

Materials and methods  This study included patients who underwent radical gastrectomy for gastric cancer 
between July 2014 and February 2019. Sarcopenia factors were measured preoperatively. Patients were followed 
up to obtain actual clinical outcomes. We used the cutoff values obtained based on the inferior aspect of L3-CT 
images to diagnose sarcopenia in three aspects, respectively. Univariate and multivariate analyses were used to com-
pare long-term and short-term postoperative prognostic differences.

Results   Sarcopenia was found to be an independent risk factor for postoperative complications and overall survival 
in patients with all three diagnoses of sarcopenia. According to the multivariate model for predicting postopera-
tive complications, patients with inferior-L3 sarcopenia (n = 154,13.8%) had a greater odds ratio (OR) than patients 
with superior-L3 sarcopenia (n = 220,19.7%) or transverse-L3 sarcopenia (n = 194,17.4%) did (OR, inferior sarcopenia 
vs. superior sarcopenia, transverse sarcopenia, 2.030 vs. 1.608, 1.679). Furthermore, patients with inferior-L3 sarcope-
nia had the highest hazard ratio (HR) (HR, inferior sarcopenia vs. superior sarcopenia, transverse sarcopenia, 1.491 vs. 
1.408, 1.376) in the multivariate model for predicting overall survival.

Conclusion  We recommend that when diagnosing low muscle mass using L3-CT, the intercepted cross section 
should be uniform and consistent with the aspect on which the cutoff value is based.
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Introduction
Sarcopenia is a syndrome characterized by a progres-
sive decrease in skeletal muscle mass, strength, and 
physical performance with aging [1]. Both the European 
Working Group on Sarcopenia in Older People (EWG-
SOP) and the Asian Working Group for Sarcopenia 
(AWGS) have clarified the diagnosis of skeletal muscle 
strength, including convenient measurement methods 
and corresponding cutoff values [2, 3]. However, the 
diagnostic method for skeletal muscle mass has cer-
tain limitations, as its measurement methods, such as 
dual-energy X-ray absorptiometry (DXA) or bioelectri-
cal impedance analysis (BIA), are not easily available in 
clinical practice. Additionally, the accuracy of DXA and 
BIA measurements depends largely on the accuracy of 
the equipment equations and evaluation conditions, 
such as temperature, humidity, and skin conditions. 
Therefore, there is a need for more convenient, accessi-
ble, and accurate methods for diagnosing muscle mass. 
Since the gold standard for skeletal muscle mass is 
derived from whole-body computed tomography (CT) 
[4], in clinical practice, the whole body of a patient is 
rarely scanned. Thus, we generally adopt the aspect of 
muscle area on CT to reflect whole-body muscle mass 
[5, 6]. The skeletal muscle area (SMA) of the thoracic 
12th vertebra CT imaging and lumbar 3rd vertebra (L3) 
CT imaging have been widely applied to evaluate mus-
cle mass in sarcopenia patients, and their correlation 
with whole-body muscle mass has been confirmed by 
several studies [7–11].

Gastric cancer is the fifth most common malignancy 
and the fourth leading cause of cancer-related death 
worldwide and is mainly treated by curative gastrec-
tomy [12]. Several studies have found that sarcopenia is 
an independent risk factor for postoperative complica-
tions and overall survival in patients with gastric cancer 
[13–17]. Patients with gastric cancer routinely undergo 
preoperative CT of the abdomen to assess gastric can-
cer staging. Thus, the SMA can be measured via L3-CT 
imaging without additional examinations to facilitate the 
clinical assessment of sarcopenia.

Several research teams have used different L3-CT 
imaging cross-sections to diagnose skeletal muscle mass. 
Carey et  al. used the superior aspect [18], Martin et  al. 
intercepted the transverse aspect [19], and Zhuang et al. 
used the inferior aspect as the foundation for their diag-
noses [14]. Moreover, certain teams lack precise repre-
sentations of the chosen cross-sections [20], while others 
have intercepted aspects that utilize the cutoffs of other 
teams that are inconsistent with the aspect from which 
the cutoff originates [15, 21, 22]. This study compared 
data, including muscle area, on three aspects of L3-CT 
imaging and compared prognostic differences in the 

diagnosis of sarcopenia for the first time using different 
L3-CT imaging aspects.

Materials and methods
Patients
This study was approved by the Ethics Committee of the 
First Affiliated Hospital of Wenzhou Medical University. 
All patients who underwent radical gastrectomy for gas-
tric cancer in the Department of Gastroenterology, The 
First Affiliated Hospital of Wenzhou Medical Univer-
sity, between July 2014 and February 2019 were included 
in this study. The inclusion criteria were as follows: (1) 
planned to undergo gastrectomy with curative intent for 
gastric cancer; (2) had preoperative abdominal CT avail-
able for review (no more than 1 month prior to surgery); 
and (3) agreed to participate in this study and signed an 
informed consent form. The exclusion criteria included 
(1) having physical deformities that prevented them from 
performing muscle strength or physical fitness tests and 
(2) those who underwent palliative surgery. All patients 
were routinely managed according to the 2010 Japanese 
Gastric Cancer Treatment Guidelines (ver. 3) [23]. All 
procedures were performed by experienced surgeons 
who independently performed > 200 standard gastric 
cancer surgeries.

Follow‑up
All patients were followed up within 1 month of surgery. 
Thereafter, patients were followed-up every 3  months 
for 2 years, every 6 months thereafter for up to 5 years, 
and every 1  year thereafter. Patients were contacted by 
telephone and scheduled to return to the hospital at the 
aforementioned time points to complete the follow-up 
program. The follow-up schedule included laboratory 
tests, ultrasound, computed tomography (CT), or endos-
copy. The final follow-up date was November 2021.

Assessment of the skeletal muscle index
All patients underwent routine preoperative abdomi-
nal computed tomography. As shown in Fig.  1, L3-CT 
images of the superior, transverse, and inferior aspects 
was intercepted from the Picture Archiving and Com-
munication System. According to the EWGSOP, we used 
skeletal muscle area to represent skeletal muscle mass 
[2]. ImageJ (National Institutes of Health, Bethesda, MD, 
USA, 1.52v) was used to assess the skeletal muscle area 
using particular Hounsfield Unit (HU) criteria of -29 to 
150. As needed, tissue boundaries were manually drawn 
for each of the three aspects. Muscle area was normal-
ized by height squared and reported as the skeletal mus-
cle index (SMI, cm2/m2).
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Muscle strength and physical performance
Preoperative grip strength and a usual gait speed of 
6  m were measured according to the EWGSOP and 
AWGS definitions of sarcopenia to separately deter-
mine the muscle strength and physical performance of 
each patient. Patients were tested for preoperative grip 
strength using an electronic hand dynamometer (EH101; 
Camry Electronics Co., Ltd., Zhongshan, Guangdong, 
China) with a dominant hand squeeze. The time between 
the first and last steps over 6 m was used to measure the 
usual gait speed. Both parameters were measured within 
7  days preoperatively, and the maximum value of three 
repeated tests was recorded.

The diagnosis of sarcopenia
Patients with low skeletal muscle mass, low muscle 
strength, and/or low physical performance were con-
sidered to have sarcopenia, as defined by the EWG-
SOP and the AWGS. In this study, sarcopenia was 
diagnosed as follows: (1) low muscle mass (L3 skeletal 
muscle index (SMI) ≤ 40.8 cm2/m2 in males and ≤ 34.9 
cm2/m2 in females) [2, 14]; (2) low muscle strength 
(grip strength < 28  kg in males and < 18  kg in females) 
[3]; and (3) low muscle performance (6  m usual gait 
speed < 1 m/s) [3]. The cutoff value was based on the infe-
rior aspect of the L3-CT image. Sarcopenia diagnosed 
in the muscle area from the superior aspect of L3-CT 
images was referred to as superior sarcopenia, the trans-
verse aspect of L3-CT imaging as transverse sarcopenia, 
and the inferior aspect of L3-CT images was considered 
inferior sarcopenia.

Data collection
For each patient enrolled in this study, the following data 
were collected at the time of patient admission: preop-
erative patient characteristics, including age, sex, body 
mass index (BMI), Charlson comorbidity index, skeletal 
muscle mass(SMA at the three aspects of L3-CT), muscle 
strength(grip strength) and physical performance (6  m 

usual gait speed); surgical details, including laparoscopic-
assisted surgery, combined organ resection, type of resec-
tion, and operative time, were collected at the end of the 
patient’s surgery; postoperative outcomes were collected 
during the postoperative hospitalization and at postoper-
ative outpatient follow-up, including tumor pathological 
features and postoperative complications (within 30 days 
postsurgery).

Analysis
The agreement of SMA and SMI among the three aspects 
of L3-CT was calculated using the Wilcoxon rank sum 
test, and the agreement among the three diagnoses of sar-
copenia was analyzed using kappa tests. Student’s t test 
was used to compare continuous normally distributed 
data, and the Mann‒Whitney U test was applied to con-
tinuous nonnormally distributed data. Spearman correla-
tions were used for evaluation of the association between 
non-normally distributed data. Categorical data were 
compared using the chi-square test or Fisher’s exact test. 
Univariate analysis was used to assess the relationships 
between categorical variables. Univariate Cox propor-
tional hazards models with all potential baseline predic-
tors were constructed to calculate risk ratios (HR) and 
95% CI. Variables with a trend (P < 0.05) in the univariate 
analysis were selected, and multivariate logistic regres-
sion or Cox proportional risk models were constructed 
using forward stepwise variable selection. The Kaplan‒
Meier method was used to estimate survival curves, and 
the log-rank test was used to compare the data. The data 
analysis was performed using the statistical package IBM 
SPSS Statistics software (SPSS) version 25.0.

Results
Comparison of body composition data at three L3 aspects
As shown in the Supplementary Fig.  1, we excluded 
unsuitable patients and finally 1116 patients were 
included in the study. As illustrated in Supplemen-
tary Fig. 2, a comparative analysis of the three aspects 

Fig. 1  Diagram of CT image intercept levels of the superior (A), transverse (B) and inferior (C) aspects of L3
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reveals that grip strength and step speed exhibit the 
highest correlation with SMA and SMI of the Infe-
rior aspect. We divided all patients into two groups 
according to sex, and the SMA and SMI of males and 
females according to the three aspects are summarized 
in Table 1. As shown, there were significant differences 
in the SMA and SMI between these three dimensions 
for both men and women, all with increases from top 
to bottom. All three aspects remained highly corre-
lated between the two aspects for both sexes (superior 
aspect vs. transverse aspect: SMA-R2 = 0.956; SMI-
R2 = 0.935; transverse aspect vs. inferior aspect: SMA-
R2 = 0.952; SMI-R2 = 0.930; inferior aspect vs. superior 
aspect: SMA-R2 = 0.924; and SMI-R2 = 0.887).

Diagnostic consistency of three aspects of L3
We considered inferior sarcopenia the gold standard. 
As shown in Table  2 and Fig.  2, the sensitivity of the 
superior aspect was 0.955, the specificity was 0.924, 
and the AUC value was 0.939. The sensitivity of the 
transverse aspect was 0.941, the specificity was 0.949, 
and the AUC value was 0.945, which suggests that the 
diagnosis of the transverse aspect and the superior 
aspect had a high degree of agreement with that of 
the inferior aspect. The kappa value for the transverse 
aspect was 0.803, and the kappa value for the supe-
rior aspect was 0.745; both factors also showed a high 
degree of consistency compared to that of the inferior 
aspect.

Population heterogeneity in three types of sarcopenia
As shown in Table 3, the prevalence of superior sarcope-
nia, transverse sarcopenia, and inferior sarcopenia were 
19.7%, 17.4%, and 13.8%, respectively, which revealed 
that the superior and transverse aspects were used to 
screen more patients with sarcopenia than was the infe-
rior aspect. However, there were no significant differ-
ences in hospitalization costs (superior sarcopenia vs. 
inferior sarcopenia, p = 0.622; transverse sarcopenia vs. 
inferior sarcopenia, p = 0.511), postoperative hospitali-
zation time (superior sarcopenia vs. inferior sarcopenia, 
p = 0.335; transverse sarcopenia vs. inferior sarcopenia, 
p = 0.255), or other indicators between superior sarcope-
nia and transverse sarcopenia with inferior sarcopenia. 
Thus, we divided the patients into superior sarcopenia 
and transverse sarcopenia groups and found that patients 
with superior sarcopenia and without inferior sarcopenia, 
both men and women, had slightly higher SMI compared 

Table 1  SMA (cm2) and SMI (cm2/m2) measurements of three aspects of L3-CT and the coefficient of determination between adjacent 
aspects

SMA skeletal muscle area, SMI skeletal muscle index
a Statistically significant
b Comparison between superior aspect and transverse aspect
c Comparison between the transverse aspect and the inferior aspect
d Comparison between superior aspect and inferior aspect

Overall Male Female

Median (range) R2 Median (range) R2 Median (range) R2

Superior aspect 114.5
(60.9–189.7)

0.956b 122.6
(76.4–189.7)a,b

0.924b 89.0
(60.9–142.6)a,b

0.909b

SMA Transverse aspect 117.2
(59.7–199.4)

0.952c 126.5
(78.9–199.4)a,c

0.914c 91.8
(59.7–142.4)a,c

0.917c

Inferior aspect 120.1
(64.0–197.3)

0.924d 129.7
(78.2–197.3)a,d

0.869d 92.8
(64.0–153.5)a,d

0.840d

Superior aspect 42.7
(24.7–66.7)

0.935b 44.3
(26.9–66.7)a,b

0.915b 36.1
(24.7–53.0)a,b

0.895b

SMI Transverse aspect 43.7
(24.3–70.6)

0.930c 45.8
(27.5–70.6)a,c

0.903c 37.0
(24.3–52.9)a,c

0.902c

Inferior aspect 44.8
(25.0–70.1)

0.887d 46.6
(27.5–70.1)a,d

0.854d 38.4
(25.0–57.0)a,d

0.813d

Table 2  The concordance and discrepancy of diagnosis of the 
three aspects

The data are expressed as the number of patients

Sensitivity at the transverse aspect = 0.941; specificity = 0.949

The sensitivity at the superior aspect = 0.955, specificity = 0.924

Inferior aspect Transverse aspect superior aspect

Normal sarcopenia Normal sarcopenia

Normal 913 49 899 73

Sarcopenia 9 145 7 147



Page 5 of 11Yang et al. World Journal of Surgical Oncology           (2025) 23:64 	

with those with inferior sarcopenia; moreover, their hos-
pitalization cost was reduced by approximately 10%, and 
their overall hospitalization time was shortened by one 
day. Furthermore, patients with transverse sarcopenia 
without inferior sarcopenia had a slightly greater SMI in 
both men and women, compared with those with inferior 
sarcopenia, and while women with transverse sarcopenia 
without inferior sarcopenia had a slightly greater BMI 
than did those with inferior sarcopenia.

Short‑term postoperative complications
We evaluated postoperative complications that occurred 
within 30 days after gastrectomy and graded the compli-
cations according to the Clavien system [24], including 
those of Grade II or higher. The results of the univari-
ate and multivariate analyses of the predictors of post-
operative complications are presented in Table  4. The 
univariate analysis showed that advanced age, supe-
rior sarcopenia, transverse sarcopenia, inferior sar-
copenia, Charlson Comorbidity Index, TNM staging, 
combined organ removal, and open surgery were risk 
factors for postoperative complications. The multivari-
ate analysis showed a higher dominance ratio for inferior 
sarcopenia (OR = 2.030, p < 0.001) than for superior sar-
copenia (OR = 1.608, p = 0.005) and transverse sarcopenia 
(OR = 1.679, p = 0.004).

Long‑term postoperative survival outcome
The median postoperative follow-up period was 
59 months. The 5-year survival rates were 66.2%, 65.9%, 
and 65.5% for patients with superior, transverse, and 
inferior sarcopenia, respectively. As shown in Fig.  3, 
Kaplan‒Meier analysis revealed that overall survival (OS) 
(log-rank, superior sarcopenia, p = 0.0015; transverse sar-
copenia, p = 0.0024; inferior sarcopenia, p = 0.003) was 
significantly shorter in patients with sarcopenia than 
in those without sarcopenia, regardless of the aspect-
based diagnosis of sarcopenia. As shown in Table  5, 
multivariate Cox models showed that inferior sarcope-
nia (HR = 1.491, p = 0.004), histologic type, TNM stag-
ing, and resection type were independently associated 
with poorer overall survival. When using superior sar-
copenia (HR = 1.408, p = 0.005) or transverse sarcopenia 
(HR = 1.376, p = 0.012) instead of inferior sarcopenia, 
the inclusion of sarcopenia remained in the multifacto-
rial model. Compared to those of inferior sarcopenia, the 
risks of superior sarcopenia and transverse sarcopenia 
appeared to be lower.

Discussion
This study compared skeletal muscle area among three 
aspects of L3-CT imaging and investigated, for the first 
time, the differences in predicting patient prognosis 

Fig. 2  The ROC curve of superior sarcopenia and transverse sarcopenia. (superior sarcopenia, AUC = 0.939; transverse sarcopenia, AUC = 0.945)
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caused by the diagnosis of sarcopenia using muscle 
data obtained from different aspects of L3-CT imaging. 
This study showed that the SMA and the SMI increased 
sequentially from the top to the bottom of the L3-CT 
image, SMA and SMI at the inferior aspect exhibit the 
most robust correlation with grip strength and walk-
ing speed. However, there was a high correlation among 
these three aspects, and the results were consistent with 
those of previous studies [25]. For this reason, more 
patients were diagnosed with sarcopenia in a descend-
ing sequence, from top to bottom, with more patients 
diagnosed with sarcopenia in the superior and trans-
verse aspects than in the inferior aspect. Overall, there 
was high agreement in the diagnosis of the three aspects 
(superior sarcopenia vs. inferior sarcopenia, kappa 
value = 0.745, p < 0.001; transverse sarcopenia vs. infe-
rior sarcopenia, kappa value = 0.803, p < 0.001). There 
were also significant differences in the SMA and SMI 
among the three aspects, with a certain consistency in 
diagnosis. Therefore, further analysis is needed to clarify 

whether this difference impacts the prediction of clinical 
outcomes.

Several studies have shown that patients with sarco-
penia have higher hospitalization costs [26], longer hos-
pital stays [26], and shorter postoperative survival [14] 
than patients without sarcopenia, in agreement with the 
findings of our study. We found no significant differences 
in postoperative length of stay and hospitalization costs 
among the three sarcopenia populations. After further 
splitting the patients into superior sarcopenia and trans-
verse sarcopenia cohorts, patients with superior sarcope-
nia alone (negative for inferior sarcopenia) had a greater 
SMI in both sexes than did those with inferior sarcopenia. 
Patients in these groups also spent less on hospitalization 
than patients with inferior sarcopenia and had a slightly 
shorter length of postoperative hospitalization, while 
patients with transverse sarcopenia alone (negative for 
inferior sarcopenia) had the same SMI and postoperative 
hospitalization cost as patients with superior sarcopenia 
alone. Previous studies have revealed that a low SMI can 

Table 3  Comparisons among patients with superior sarcopenia, transverse sarcopenia and inferior sarcopenia

The data are expressed as the number of patients unless indicated otherwise

Superior sarcopenia alone, exclusion of patients with inferior sarcopenia from those with superior sarcopenia; Transverse sarcopenia alone, exclusion of patients with 
inferior sarcopenia from those with transverse sarcopenia

BMI body mass index, SMI skeletal muscle index, SD standard deviation, IQR interquartile range
a Statistically significant, P < 0.05
b Compared with inferior sarcopenia patients
c Compared with normal

Factors Superior aspect Transverse aspect Inferior aspect

Superior sarcopeniab Superiorsarcopenia 
aloneb

Transverse 
sarcopeniab

Transverse 
sarcopenia 
aloneb

Inferior sarcopeniac Normalb

Number 220a 73 194a,b 49 154 962

Age, mean (SD), (years) 71(11) 70(12) 72(11) 72(11) 72(12) 64(14)

gender(males) 142(64.5%) 51(69.9%) 123(63.4%) 33(67.3%) 95(61.7%) 722(75.1%)

BMI, mean (SD), (kg/m2) Total 20.7(2.4) 21.1(2.4)a 20.7(2.4) 21.3(2.3)a 20.5(5.8) 22.9(3.0)

male 20.7(2.3) 20.9(1.9) 20.5(2.4) 22.1(2.7) 20.4(2.5) 22.9(2.9)

female 20.8(2.5) 21.5(3.3) 21.0(2.2) 21.0(2.1)a 20.6(2.2) 23.2(3.2)

SMI, median (IQR), 
(cm2/m2)

total 34.8(6.2) 38.3(5.5)a 34.8(5.6) 38.6(6.0)a 34.9(6.1) 45.9(8.3)

male 37.7(4.5) 39.7(2.1)a 37.6(4.4) 39.8(1.9)a 38.2(3.7) 48.0(7.5)

female 31.4(4.1) 33.8(1.7)a 32.2(3.3) 34.2(1.2)a 32.5(3.0) 39.7(5.7)

Tumor size, median 
(IQR), (cm)

4(3.5) 4(3.5) 4(3.3) 3.5(3.6) 4(3.5) 3(3)

TNM stage
  I 66 25 57 17 45 360

  II 52 11 47 6 42 194

  III 102 37 90 26 67 408

Hospitalization time, 
median (IQR), (days)

14(9) 13(6)a 14(10) 13(7) 14(10) 13(6)

Hospitalization 
expenses, median 
(IQR), (¥)

63,835
(25,752)

59,275
(21,122)a

64,333
(25,198)

60,158
(16,415)a

65,869
(30,724)

57,928
(21,176)
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be used as an independent risk factor for predicting post-
operative length of stay [27], cost [28], complications [29] 
and long-term prognosis [30], whereas patients with a 
high SMI have been found to have a better postoperative 
prognosis. This may partially explain the relatively bet-
ter length of stay and cost performance of patients with 
superior sarcopenia and transverse sarcopenia.

Further analysis of postoperative complications 
revealed that inferior sarcopenia had the best predictive 
ability (superior sarcopenia, OR = 1.608; transverse sar-
copenia, OR = 1.769; inferior sarcopenia, OR = 2.030). 
According to our analysis of long-term survival, inferior 

sarcopenia appeared to retain high predictive power for 
survival (superior sarcopenia, HR = 1.408; transverse sar-
copenia, HR = 1.376; inferior sarcopenia, HR = 1.491). 
Taken together, these findings showed that patients with 
superior and transverse sarcopenia had relatively high 
SMI, as described previously. This was perhaps because 
the superior and transverse sarcopenia cohort included 
more patients with suspected sarcopenia, for whom 
the short- and long-term prognostic performance was 
slightly better than that of patients with inferior sarco-
penia. This has led to superior and transverse sarcope-
nia to present a relatively low risk predictive ability in 

Table 4  Univariate and multivariate logistic regression analyses for postoperative complications (In the multivariate analysis, three 
subgroups were included in the analysis only for that group of sarcopenia)

a Statistically significant

Factors Univariate analysis Multivariate analysis

Superior sarcopenia Transverse sarcopenia Inferior sarcopenia

OR
(95%CI)

P OR
(95% CI)

P OR
(95% CI)

P OR
(95% CI)

P

Age  < 0.001a 0.011a 0.014a 0.019a

  ≥ 75/ < 75 2.040(1.478–2.815) 1.561(1.107–2.201) 1.543(1.093–2.179) 1.514(1.072–2.138)

Gender 0.777

  Male/female 1.045(0.770–1.419)

BMI 0.996

  > 25/ < 25 0.999(0.711–1.405)

Superior sarcopenia  < 0.001a 0.006a

  Yes/No 1.852(1.348–2.543) 1.608(1.145–2.257)

Transverse sarcopenia  < 0.001a 0.004a

  Yes/No 1.989(1.431–2.764) 1.679(1.180–2.389)

Inferior sarcopenia  < 0.001a  < 0.001a

  Yes/No 2.335(1.638–3.329) 2.030(1.389–2.968)

Charlson Comorbidity 
Index
  1/0 1.521(1.104–2.097) 0.010a 1.439(1.033–2.004) 0.031a 1.424(1.023–1.984) 0.036a 1.446(1.037–2.017) 0.030a

  ≥ 2/0 2.587(1.810–3.696)  < 0.001a 2.410(1.664–3.491)  < 0.001a 2.407(1.662–3.488)  < 0.001a 2.446(1.687–3.547)  < 0.001a

Histologic type 0.339

  Undifferentiated/dif‑
ferentiated

0.875(0.667–1.150)

TNM stage
  II/I 1.878(1.296–2.719) 0.001a

  III/I 1.613(1.174–2.218) 0.003a

Type of resection 0.021a

  Total/Subtotal 1.380(1.049–1.816)

Combined resection 0.002a 0.032a 0.030a 0.036a

  Yes/No 2.067(1.302–3.281) 1.702(1.045–2.770) 1.718(1.055–2.798) 1.691(1.035–2.761)

Laparoscopic surgery  < 0.001a  < 0.001a  < 0.001a  < 0.001a

  Yes/No 0.441(0.323–0.602) 0.487(0.351–0.676) 0.49(0.353–0.681) 0.488(0.351–0.678)

Operative durations
> 4 h

0.528

  Yes/No 0.908(0.671–1.227)
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prognostic predictions. At the root of this, despite the 
high correlation of SMA between the three aspects, dif-
ferences remain in SMA values. We uniformly used a cut-
off that was obtained according to the L3 inferior aspect 
as the basis for the diagnosis of low SMI in this study, and 
applying this cutoff to the superior aspect and transverse 
aspect may be the underlying cause of this difference.

This study has several limitations. First, this was a sin-
gle-center study, and a larger multicenter study is needed 
to validate our findings. In addition, although we clarified 

that the cutoff value should be consistent with the inter-
cept, whether a specific aspect of L3 selection would yield 
a better prognostic value remains unclear.

Conclusion
In this study, we explored in detail the diagnosis of low 
muscle mass in patients with sarcopenia and found that 
when using a uniform cutoff at the inferior aspect, it may 
be possible that a lower SMI at the superior and trans-
verse aspects, compared to the inferior aspect screened 

Fig. 3  KaplaneMeier curves for overall survival in patients with and in those without sarcopenia (A superior sarcopenia; B transverse sarcopenia; C 
Inferior sarcopenia). A P = 0.0015; B P = 0.0024; C P = 0.003(log rank test)
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out more critical patients with suspected sarcopenia, 
which is clearly detrimental to the predictive power of 
the model. We recommend that when diagnosing low 
SMI, the aspect of interception should be uniform and 
consistent with the aspect of the truncation values. Since 
it has the potential to be incorporated into risk-scoring 
systems for postoperative prognosis and to improve clini-
cal decision-making in patients, this study of patients 
with gastric cancer emphasizes the need for a standard-
ized assessment of sarcopenia.
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Table 5  Univariate and multivariate analyses for predictors of overall survival (In the multivariate analysis, three subgroups were 
included in the analysis only for that group of sarcopenia)

a Statistically significant

Factors Univariate analysis Multivariate analysis

Superior sarcopenia Transverse sarcopenia Inferior sarcopenia

HR
(95% CI)

P HR
(95% CI)

P HR (95% CI) P HR (95% CI) P

Age  < 0.001a

  ≥ 75/ < 75 1.910(1.520–2.401)

Gender 0.054

  Male/female 1.322(1.035–1.688)

BMI 0.243

  > 25/ < 25 0.854(0.654–1.114)

Superior sarcopenia 0.002a 0.005a

  Yes/No 1.463(1.153–1.857) 1.408(1.109–1.788)

Transverse sarcopenia 0.003a 0.012a

  Yes/No 1.460(1.139–1.872) 1.376(1.073–1.766)

Inferior sarcopenia 0.004a 0.004a

  Yes/No 1.494(1.139–1.959) 1.491(1.135–1.959)

Charlson Comorbidity 
Index

  1/0 1.236(0.977–1.562) 0.077

  ≥ 2/0 1.211(0.911–1.619) 0.187

Histologic type  < 0.001a 0.002a 0.002a 0.003a

  Undifferentiated/dif‑
ferentiated

1.824(1.477–2.251) 1.396(1.127–1.729) 1.395(1.126–1.728) 1.387(1.119–1.718)

TNM stage

  II/I 2.517(1.712–3.700)  < 0.001a 2.172(1.471–3.206)  < 0.001a 2.169(1.469–3.203)  < 0.001a 2.139(1.448–3.161)  < 0.001a

  III/I 7.071(5.152–9.705)  < 0.001a 5.623(4.052–7.804)  < 0.001a 5.640(4.064–7.926)  < 0.001a 5.657(4.078–7.848)  < 0.001a

Type of resection  < 0.001a  < 0.001a  < 0.001a  < 0.001a

  Total/Subtotal 2.088(1.703–2.560)

Combined resection 0.001a

  Yes/No 1.732(1.243–2.414)

Laparoscopic surgery  < 0.001a

  Yes/No 0.582(0.461–0.737)

Operative durations > 4 h 0.327

  Yes/No 1.118(0.895–1.396)
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