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Abstract

Background & aims: Sarcopenia is associated with poor clinical outcomes of patients who underwent esophagec-
tomy. The current diagnostic criteria for sarcopenia are complex and laborious. We aimed to employ the simple and
economic indicator sarcopenia index (S| = creatinine/cystatin C x 100) to screen for sarcopenia and to evaluate its
prognostic value in patients with esophageal cancer (EC).

Methods: Older participants in the National health and nutrition examination survey (NHANES) database (1999-
2002) were divided into three groups according to tertiles of the Sl value to explore the feasibility of Sl in the diagnosis
of sarcopenia. Restricted cubic spline (RCS) was utilized to show the non-linear relationship between all-cause mortal-
ity and SI. Patients with EC admitted to Jinling Hospital were enrolled to validate the efficacy and prognostic value of
SI. Cut-off values of SI were determined using receiver operating characteristic curves. Multivariable logistic analyses
and Cox analyses were used to identify the independent factors of postoperative complications and long-term sur-
vival, respectively.

Results: A total of 989 participants were identified from the NHANES database. S| showed the diagnostic value of
sarcopenia (tertile 1 vs. tertile 3: odds ratio [OR]=3.67, 95% confidence interval [Cl]: 1.52-8.87, p=0.004; tertile 2 vs.
tertile 3: OR=1.79, 95% Cl: 0.75-4.28, p=0.191) adjusted for race, gender, and body mass index (BMI). Individuals

with SI < 68 had a poorer overall survival (OS) (hazard ratio [HR]=2.14, 95% Cl: 1.71-2.68, p<0.001), and the RCS plot
showed that the all-cause mortality risk gradually decreased with the increase in SI. Then, 203 patients with EC were
enrolled, of which 76 patients were diagnosed with sarcopenia. There was a linear correlation between Sl and skeletal
muscle index and prealbumin, indicating that Sl was reliable for diagnosing sarcopenia. Patients in the high sarcope-
nia risk group (Male: SI < 62; Female: SI < 55) showed a higher incidence of complications (OR=3.50, 95% Cl: 1.85-6.61,
p<0.001) and poorer long-term survival (HR=2.62, 95% Cl: 1.02-6.77, p=0.046).

Conclusion: S| could be used to identify sarcopenia in patients with EC, and it is a useful prognostic factor of postop-
erative complications and long-term survival.
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and tumor cachexia, the prevalence of sarcopenia is high
in EC patients, with a rate of 14.4%—80% [2]. Sarcopenia
is defined as an age-related, progressive, and widespread
disorder with reduced skeletal muscle mass or muscle
strength. In recent years, sarcopenia has received wide-
spread attention as it is associated with an increased
likelihood of adverse outcomes, such as falls, fractures,
physical disability, and death among the older adults. It
has been reported that sarcopenia is not only a predictor
of postoperative complications in patients with EC but
is also detrimental to long-term survival [3]. Therefore,
early identification of sarcopenia in patients with EC is
important.

Based on the existing international consensus [4—6],
diagnosis of sarcopenia requires an assessment of mus-
cle mass, muscle strength, and physical performance.
The most reliable tools for measuring muscle mass
include dual-energy x-ray absorptiometry (DXA), com-
puted tomography (CT), bioelectrical impedance analy-
sis (BIA), and magnetic resonance imaging (MRI) scan.
However, they are not widely used due to their high cost
and radioactivity and also because they are not feasi-
ble. Muscle strength is usually measured by handgrip
strength and chair stand test, and physical performance
is most frequently measured by gait speed, short physical
performance battery and timed-up-and-go test. Thus, the
complex and laborious operation process has limited the
traditional screening of sarcopenia.

Therefore, alternative, simple, and economical bio-
markers for diagnosing and monitoring sarcopenia are
urgently needed. In 2012, Tetssuka et al. [7] proposed
that the serum creatinine to serum cystatin C ratio (CCR)
could be used as an indicator to evaluate the severity of
amyotrophic lateral sclerosis (ALS). Kashani K. B et al.
[8] validated the correlation between CCR and mus-
cle mass, and they defined it as sarcopenia index (SI) in
2017. Its value has been verified successively in critically
ill patients [9, 10], the older adults [11-13], organ trans-
plant patients [14, 15], and patients with type 2 diabetes
mellitus [16]. However, the value of SI in patients with EC
has not yet been reported. There is no evidence that the
value of SI is validated by big data. We assumed that SI
could be used to screen for sarcopenia, and it is a prog-
nostic factor among EC patients. Here, we aimed to test
this hypothesis using two different models.

Materials and methods

Study design and participants

This study consisted of two phases, screening phase
and validation phase. We explored the feasibility of SI
in diagnosing sarcopenia using big data in the screening
phase. Then, we validated the diagnostic value of SI and
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explored its prognostic value in clinical outcomes among
patients with EC in the validation phase.

The national health and nutrition examination survey
(NHANES) database (https://www.cdc.gov/nchs/nhanes)
is a cross-sectional survey of nutrition assessment and
health status based on the population of United States
instead of cancer patients. It was initiated by the Centers
for Disease Control and Prevention in 1971 using a mul-
tistage, probability-based, and stratified sampling design.
About 10,000 participants have been interviewed and/or
examined every 2 years, and the corresponding data have
been released since 1999.

In this study, two survey cycles of participants in
NHANES (1999-2000, 2001-2002) were used to inves-
tigate whether SI could be used to screen for sarcope-
nia in U.S. civilians. Linear correlations between SI and
handgrip strength (HGS), appendicular skeletal muscle
(ASM), and gait speed were evaluated. The participants
were divided into three subgroups according to tertiles
of the SI value. Differences in long-term survival among
groups were compared. Restricted cubic spline (RCS)
analysis was conducted to assess the potential non-linear
or dose-response relationship between SI and risk for all-
cause mortality.

Meanwhile, we identified patients who underwent
esophagectomy at Jinling Hospital to validate the value
of SI. Linear correlations between SI and skeletal mus-
cle index (SMI), albumin, and prealbumin were assessed.
The primary outcomes of interest were postoperative
complications. Complications were defined according to
the international consensus proposed by the Esophageal
Complications Consensus Group (ECCQG) [17] and clas-
sified according to the Clavien-Dindo classification (Sup-
plementary Table 1) [18, 19]. Major complications were
defined as Clavien-Dindo grade > III. Overall complica-
tions were defined as the number of patients with one or
more complications. The secondary outcome was long-
term survival.

For participants whose data were extracted from
NHANES, the inclusion criteria were as follows: (1) age
> 60 years; (2) with data for diagnosis of sarcopenia,
including HGS, DXA, and gait speed. Participants were
excluded when: (1) individuals had an amputation; (2)
estimated glomerular filtration rate (eGFR) < 90 mL/
min/1.73 m? (3) individuals without SI data. For patients
with EC in our institution, the adult patients (age > 18)
in whom serum creatinine and cystatin C were measured
before esophagectomy from June 1, 2019 to June 30, 2021
were enrolled. Patients without abdominal CT scans
data which were necessary to diagnose sarcopenia were
excluded.
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Measurement of laboratory indicators

In the NHANES database, the analyses of biochemistry
indicators were performed with a Hitachi Model 704
multichannel analyzer (Boehringer Mannheim Diagnos-
tics, Indianapolis, IN). Serum creatinine was measured
by the colorimetric method. Serum cystatin C was meas-
ured by the Dade Behring Nephelometer II (BNII) using
an automated particle-enhanced nephelometric assay
(PENIA) [20].

Serum creatinine and cystatin C levels of EC patients
in our institution were measured using 7600 automatic
biochemical analyzer (Hitachi, Tokyo, Japan) before
esophagectomy. SI was defined as the ratio of serum cre-
atinine (mg/mL) to cystatin C (mg/L): SI = (creatinine/
cystatin C) x 100. Additionally, preoperative serum albu-
min and prealbumin levels of the included patients were
measured.

Diagnostic criteria for sarcopenia

For participants whose data were extracted from
NHANES, sarcopenia was defined according to the lat-
est version of criteria presented by the European Work-
ing Group on Sarcopenia in Older People (EWGSOP2)
[4]. The optimal cut-off values of HGS and ASM were 27
kg and 20 kg for men, respectively, and 16 kg and 15 kg
for women, respectively. The cut-off value of gait speed
was 0.8 m/s. In the participants in NHANES during
1999-2002, knee extensor strength (KES) was measured
using a Kin Com MP dynamometer (Chattanooga Group
Inc., Chattanooga, Tennessee, USA). The maximum value
of measurements was selected for analysis. According to
the results of previous studies, KES was positively cor-
related with HGS (r=0.380, p<0.01) [21]. Thus, we cal-
culated HGS using the following formula: HGS = (KES
— 15.1)/0.65. ASM was measured by whole body DXA
scan, which was performed with a Hologic QDR-4500A
fan-beam densitometer (Hologic Inc., Bedford, Massa-
chusetts, USA). The participants were asked to finish a
20-feet-long walk test at their usual pace, and gait speed
was calculated using the following formula: Gait speed =
6.096/Time.

For patients with EC, the abdominal CT scan before sur-
gery was used to calculate the skeletal muscle area (SMA)
at the third lumbar vertebral level (L3) (Supplementary
Figure 1). The software Image]® (version 1.53e) was uti-
lized to delimit SMA [22]. SMI was defined as the ratio of
SMA to squared height (SMI = SMA/height?). Low SMI
was a component of sarcopenia and may be regarded as
a suggestive indicator of sarcopenia. Patients with SMI <
40.8 cm?/m? for men and SMI < 34.9 cm?/m? for women
were regarded as the presence of sarcopenia. We chose
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these criteria since these were the most frequently used
criteria for Chinese population in previous studies [23].

Follow-up of participants

All included individuals in the NHANES had a follow-
up through December 31, 2015. Mortality status and the
causes of death were extracted from the National Death
Index records. Overall survival (OS) time was defined as
the number of years from the examination at the mobile
examination center (MEC) to the date of death or Decem-
ber 31, 2015. Likewise, for all included EC patients, follow-
up was performed via phone interview before July 30, 2021.
OS was defined as the number of months from hospital
admission to the date of death or July 30, 2021.

Statistical analyses

Continuous variables are presented as mean with standard
deviation (SD) or median with interquartile range (IQR).
Quantile—quantile plot and Shapiro—Wilk test were used
to test the normality of data. Students’ ¢ test or Wilcoxon
rank-sum test was used to compare the difference among
groups. Categorical variables are expressed by the quantity
and proportion with x2 tests or Fisher exact test. Scatter
plots and Pearson’s correlation coefficients were applied
to evaluate linear correlations. Receiver operating charac-
teristic (ROC) curves with area under curves (AUCs) were
utilized to assess the ability of SI to screen for sarcopenia.
The optimal cut-off values of SI for males and females were
determined by calculating the Youden index (specificity +
sensitivity — 1). A stepwise backward elimination method
with a significance level of 0.05 was applied to establish
the regression models. Variance inflation factor (VIF) was
used to detect the severity of multicollinearity when con-
structing models. Models with VIF>5 referred to a signifi-
cant multicollinearity [24]. Multivariable logistic regression
models were used to identify independent predictive fac-
tors of postoperative complications. Kaplan—Meier curves
were performed to estimate OS, and log-rank test was used
to compare the difference between groups. Cox regres-
sion models were used to identify independent prognos-
tic factors. RCS analysis was performed with four knots
at the 5th, 35th, 65th, and 95th centiles. All analyses were
performed by Stata 16.0 (Stata Corp LLC, USA). Sam-
pling weight was considered when analyzing data in the
NHANES database. A two-tailed p<0.05 was considered
statistically significant.

Results

Characteristics of the study population

NHANES population

Data of 1,101 participants were extracted from the
NHANES database, of which the SI of 112 individuals
had not been evaluated (Fig. 1). To test the robustness of



Zheng et al. BMC Geriatrics (2022) 22:207

the results, we conducted sensitivity analysis, compar-
ing the baseline characteristics between participants with
and without SI data. A significant difference between
two groups was not observed (Supplementary Table 2).
The average age was 68.4 years, and 470 (47.52%) par-
ticipants were male. According to the diagnostic criteria,
110 (11.1%) participants were diagnosed with sarcope-
nia, of which 41 (4.2%) participants were diagnosed with
severe sarcopenia. The differences between the sarcope-
nia group and the non-sarcopenia group are presented
in Table 1. Participants in the sarcopenia group were sig-
nificantly older and had lower levels of BMI and SI than
those in the non-sarcopenia group. Besides, body com-
position analyses indicated that not only skeletal muscle
mass but also body fat of sarcopenia group were signifi-
cantly lower. The differences in long-term survival among
non-sarcopenia, sarcopenia, and severe sarcopenia
groups were presented using Kaplan—Meier curve (Sup-
plementary Figure 2). Compared with non-sarcopenia
group, the median survival time of sarcopenia group and
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severe sarcopenia group were significantly shorter, and
severe sarcopenia group had a poorest prognosis.

Patients with EC

A total of 203 eligible patients with EC were identified
from our institution, and their baseline characteristics
are presented in Table 2. The prevalence of sarcopenia
was 37.4%, including 62 males and 14 females. Com-
pared with patients without sarcopenia, those who were
diagnosed with sarcopenia were older (68.5 years vs.
65.9 years, p=0.038) and had a lower SI (59.2 vs. 68.1,
p<0.001) and body mass index (BMI) (22.1 kg/m? vs. 23.2
kg/m?, p=0.028).

Exploration of the association between Sl and sarcopenia
using the NHANES database

To investigate the association between SI and sarcope-
nia, we performed linear regressions. The Pearson’s cor-
relation coefficients between SI and ASM, HGS, and
gait speed were 0.487, 0.383, and 0.227, respectively
(all p<0.001) (Fig. 2A). The participants were divided

Participants in NHANES
database during 1999-2002
(n=21004)

j Participants excluded: age<60

A

’L (n=17707)

Participants remained
(n=3297)

Participants excluded due to:

Y

sarcopenia (n=1208)

Participants remained
(n=2089)

rLinsufﬁcient data to diagnose

Participants excluded due to:

\ 4

Y

eGFR<90 mL/min/1.73m?
(n=988)

Participants remained
(n=1101)

Participants with
SI data (n=989)

Participants without
SI data (n=112)

Fig. 1 Flow chart of NHANES population selection
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Table 1 Comparison of the baseline characteristics between
non-sarcopenia and sarcopenia participants whose data were

extracted from the NHANES

Variables Non- Sarcopenia (h=110) p value

sarcopenia

(n=879)
Age, years 67.8+6.2 73.1£79 <0.001
Sex (male), n (%) 426 (48.5) 44 (40.0) 0.094
Race (white), n (%) 497 (56.5) 68 (61.8) 0.405
Body mass index, kg/m? 285+48 228+36 <0.001
Serum creatinine, mg/dL  0.69+0.14 0.64+0.14 <0.001
Serum cystatin C, mg/L ~ 0.89+0.15 0.95+0.17 <0.001
SI 79.0£17.9 68.1+13.7 <0.001
Albumin, g/L 414428 431433 0373
Total protein, g/L 74.6+4.6 752451 0.225
Iron, umol/L 15.945.7 17.8+6.7 0.001
Uric acid, umol/L 31284806 27894664 <0.001
Cholesterol, mmol/L 26534494  263.0458.7 0.769
Blood urea nitrogen, 52414 5016 0.159
mmol/L
Bone mineral density, 1.06£0.13 0.90£0.13 <0.001
g/cm?
Total fat, kg 289+9.0 204+6.7 <0.001
Total lean mass, kg 47.6+109 36.8+7.0 <0.001
Calf circumference,cm 374435 326431 <0.001
Arm circumference,cm 325439 276433 <0.001
Waist circumference,cm  100.1412.9 877114 <0.001
Thigh circumference,cm  50.7£5.6 434447 <0.001
Triceps skinfold, mm 194477 15.0+6.9 <0.001
ASM, kg 20.24+5.3 148433 <0.001
ASMI, kg/m? 73413 57409 <0.001
Handgrip strength, kg 277487 15.9+4.6 <0.001
Gait speed, m/s 0.99+0.23 0.94+0.33 0.042

Abbreviations: S/ sarcopenia index, ASM appendicular skeletal muscle, ASM/
appendicular skeletal muscle index (ASMI=ASM/height?)

into three groups according to the tertiles of SI (tertile
1: SI < 68, n=335; tertile 2: 69-84, n=331; tertile 3: SI
> 85, n=323). Multivariable logistic regression model
weighting, which involved sampling weights of cystatin
C (1999-2002) and adjusting them for gender and race,
revealed that SI < 68 was a predictive factor of sarcope-
nia (tertile 1 vs. tertile 3: OR=3.67, 95% CI: 1.52-8.87,
p=0.004; tertile 2 vs. tertile 3: OR=1.79, 95% CI: 0.75—
4.28, p=0.191; tertile 1 vs. tertile 2: OR=2.05, 95% CI:
1.15-3.64, p=0.014). Considering the linear relationship
between age and SI (r= —0.24, p<0.001) and significant
multicollinearity when including age (mean VIF=8.1), it
was not included in the regression model.

The median follow-up time of all participants was
14.3 years (range: 0-16.7 years). The Kaplan—Meier
curve indicated that the participants with SI < 68 had
a poorer long-term survival than those with SI > 68
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Table 2 Main characteristics of the 178 patients with EC enrolled
in Jinling Hospital

Variables Mean/n SD/%
Age, years 66.7 9.0
Sex
Male 162 79.8
Female 41 202
Body mass index, kg/m? 226 33
T stage
1 37 18.2
2 52 256
3 103 508
4 1M 54
N stage
0 102 50.2
1 68 335
2 29 14.3
3 4 2.0
Histology
ESCC 180 88.7
EAC 14 6.9
Others 9 44
Serum creatinine, mg/dL 0.75 0.18
Serum cystatin C, mg/L 117 0.29
SI 64.7 12.0
Serum albumin, g/L 40.2 43
Serum prealbumin, mg/L 2644 529
SMI, cm?/m? 409 63
Sarcopenia 76 374

Abbreviations: SD standard deviation, ESCC esophageal squamous carcinoma,
EAC esophageal adenocarcinoma, S/ sarcopenia index, SMI skeletal muscle index

(Fig. 2B). The multivariable Cox proportional regression
model adjusted for race, gender, and BMI revealed that
SI was an independent prognostic factor of OS (adjusted
HR=2.14, 95% CI: 1.71-2.68, p<0.001). Meanwhile, the
RCS plot (reference value: 68) showed that the all-cause
mortality risk gradually decreased with the increase in SI
(Fig. 2C). Therefore, SI has the potentiality to screen for
sarcopenia.

Validation of the value of S| among EC patients

Primary outcomes

SI showed a significant linear correlation between SMI
(r=0.495, p<0.001) and prealbumin (r=0.181, p=0.010)
but not with albumin (r=0.130, p=0.063), indicating that
SI was an ideal alternative biomarker to screen for sar-
copenia (Fig. 3). The ROC curves indicated that SI had a
good diagnostic efficacy for sarcopenia whether in males
(AUC=0.732) or females (AUC=0.754) (Fig. 4). By calcu-
lating the Youden index, the optimal cut-off values of SI
for males and females were 62 and 55, respectively. Thus,
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male patients with SI < 62 and female patients with SI <
55 were defined as the high sarcopenia risk group, and
the other patients were considered as the low sarcopenia
risk group. The comparison of characteristics between
the two groups is presented in Table 3. Patients in the
high sarcopenia risk group had a significantly lower level
of BMI and SMI, as well as higher incidences of overall
complications, major complications, pneumonia, and
anastomotic leakage. In addition, patients in high sarco-
penia risk group had longer length of hospital stay. Signif-
icant differences in the incidence of anastomotic stenosis,
and incision infection and myocardia arrhythmia were
not observed between the two groups.

Multivariable logistic regression models adjusted for
gender, BMI, T stage, N stage, and histology showed that
patients with low SI was independently associated with
overall complications (adjusted OR=3.50, 95% CI: 1.85—
6.61, p<0.001), major complications (adjusted OR=2.73,
95% CI: 1.07-6.99, p=0.036), pneumonia (adjusted
OR=3.67, 95% CI: 1.59-8.47, p=0.002), and anastomotic
leakage (adjusted OR=2.99, 95% CI: 1.10-8.12, p=0.031).

Long-term outcomes

The median follow-up time of patients with EC was 7
months (range: 0-23 months). Kaplan-Meier curve
was plotted to compare survival differences (Fig. 5). The
result of Cox regression model revealed that SI was an

independent prognostic factor of OS in patients with EC
(adjusted HR=2.62, 95% CI: 1.02-6.77, p = 0.046).

Comparison of Sl and other nutritional indexes

Further analyses were conducted to compare the value of
SI and other indicators. The diagnostic values of nutri-
tional indexes to binary outcome were evaluated by ROC
curves with AUC values. The prognostic value of nutri-
tional indexes to overall survival was assessed by time-
dependent ROC curve with AUC value (Supplementary
Table 3). The results indicated that SI had a considerable
performance with SMI and better than BMI, albumin and
prealbumin.

Discussion

Traditionally, sarcopenia is evaluated by skeletal muscle
mass, muscle strength, and physical performance. We
verified that SI could be used to screen for sarcopenia
from two aspects. SI was not only significantly associated
with ASM, HGS, and gait speed but also with SMI. Thus,
SI could be a surrogate biomarker for identifying sarco-
penia in EC patients. Serum creatinine and cystatin C
were widely applied for evaluating renal function. Serum
creatinine is mostly produced from creatine phosphate
during the metabolism of skeletal muscle; thus, patients
with decreased muscle mass have a lower level of creati-
nine [25]. Meanwhile, serum cystatin C is a small-sized,
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nonionic protein produced by nucleated cells at a con-
stant rate and not influenced by muscle metabolism
[26]. Based on these features, SI was calculated to better
evaluate the muscle mass, and it showed the potential for
screening sarcopenia. We also found that patients with
sarcopenia had a higher level of serum iron and lower
level of uric acid. As an endogenous antioxidant, higher
serum uric acid levels are associated with better mus-
cle function, and iron accumulation was associated with
impaired muscle regeneration in the process of oxidative
stress [27, 28].

The optimal cut-off value of SI to screen for sarcopenia
in patients with EC was determined. Patients in the high
sarcopenia risk group had a higher incidence of postop-
erative complications, especially inflammation-mediated
complications, such as pneumonia and anastomotic
leakage. Former researchers proposed that inflamma-
tion was associated with increased serum cystatin C and
decreased creatinine [29], which might be one of the
potential reasons why SI could predict inflammation-
related complications. Moreover, SI was found to be a

prognostic factor of long-term survival. Patients who
undergo esophagectomy always suffer from weight loss
and malnutrition due to alteration of the dietary pattern.
Previous studies have reported that enteral nutrition sup-
port could not only improve patients’ nutritional status
and immune function but also preserve the skeletal mus-
cle mass [30, 31]. Family enteral nutrition was reported
to reduce the risk of malnutrition and incidence of com-
plications after esophagectomy [32]. Hence, early screen-
ing of sarcopenia is essential.

Since the introduction of SI, its application prospect
has been evaluated in various diseases, as it is cheap,
effective, objective and replicable. A retrospective study
by Jung et al. indicated that SI could predict the 30- and
90-day mortality of patients who underwent continu-
ous kidney replacement therapy [33]. The results were
inconsistent among older individuals. Tan et al. [12] rec-
ommended SI as a screening tool for low HGS in com-
munity-dwelling older individuals, while He et al. [11] did
not recommend it. In 2020, Ulmann G. et al. [34] vali-
dated the efficacy of SI in 44 cancer patients and found
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Table 3 Comparison of characteristics among patients stratified by the risk of sarcopenia

Variables Low sarcopenia risk group (n=128) High sarcopenia risk group (n=75) p value
Age, years 65.8+9.5 68.7£7.8 0.023
Sex (male), n (%) 105 (82.0) 57 (76.0) 0.302
Body mass index, kg/m? 23.14£30 219437 0.015
Serum albumin, g/L 40.544.1 39.6+4.6 0.125
Serum prealbumin, mg/L 265.3+494 263.0£58.7 0.769
SMI, cm?/m? 430+53 37.246.1 <0.001
Sarcopenia, n (%) 28(21.9) 48 (64.0) <0.001
SI 716182 53.0+74 <0.001
Complications
Overall complications, n (%) 39 (30.5) 43 (57.3) <0.001
Major complications, n (%) 12(94) 15 (20.0) 0.031
Pneumonia, n (%) 17 (13.3) 24 (32.0) 0.001
Anastomotic leakage, n (%) 11(8.6) 15 (20.0) 0.019
Anastomotic stenosis, n (%) 6 (4.7) 4(5.3) 0.837
Incision infection, n (%) 11 (8.6) 7(9.3) 0.858
Myocardia arrhythmia, n (%) 9(7.0) 7(9.3) 0.557
LOS of hospital, median (IQR), day 9.5 (8-15) 13 (10-18) <0.001

Abbreviations: SMI skeletal muscle index, S/ sarcopenia index, LOS length of stay, IQR interquartile ranges

it to be better than that of BIA. Gao et al. [35] found that
SI could predict postoperative complications after gastric
cancer surgery. To our knowledge, the value of SI among
EC patients was assessed for the first time. Using the
NHANES database and EC patients, our study enriched
the application field of SI. Recently, several other

indicators based on serum creatinine and cystatin C were
reported. In the studies by Yang et al. [36] and Fu et al.
[37], the new version of SI, serum creatinine x cystatin
C-based eGFR, also showed its potential to screen for low
muscle mass or sarcopenia in cancer patients. Follow-
ing this, Nishida et al. [38] proposed that the creatinine/



Zheng et al. BMC Geriatrics (2022) 22:207

Page 9 of 11

Overall survival
S |
[To)
~
o
o
L{). -
o
0 Adjusted HR=2.62, 95% CI. 1.02-6.77
C\! -
e Log-rank test: p=0.046
o
Q -
o T T T T T T
0 5 10 15 20 25
Time (months)
Low sarcopenia risk High sarcopenia risk
Fig. 5 Kaplan-Meier curve stratified by risk of sarcopenia among EC patients

(cystatin C x weight) ratio was associated with SMI in
patients with T2DM, considering insulin sensitivity.

This study has several limitations. HGS was esti-
mated according to KES, which might have caused bias,
although HGS was significantly associated with KES.
Besides, serum cystatin C was hardly ever measured in
EC patients in our institution before 2019; thus, the fol-
low-up time was not long enough. Use of the SMI derived
from CT scan at the L3 level to diagnose sarcopenia was
internationally accepted by researchers, but it took only
muscle quantity rather than muscle quality into account.
In our future studies, we will also prospectively collect
data of muscle strength and function to verify our find-
ings. In addition, the major histological subtype of EC
patients was squamous cell carcinoma which is known to
have an increased rate of sarcopenia [39]. Subgroup anal-
yses should be conducted to test the value of SI in differ-
ent histological subtypes.

Conclusion

SI could be a simple, economic, and effective screening
tool for sarcopenia in patients with EC, and it is a help-
ful prognostic factor of postoperative complications and
long-term survival.
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