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Abstract

Purpose This study identified the relationship between postoperative pneumonia and preoperative sarcopenia as well as the
factors for preoperative sarcopenia in patients with esophageal cancer.

Methods In this retrospective, single-center, observational study, we evaluated the data of 274 patients who were scheduled
for thoracoscopic-laparoscopic esophagectomy. Sarcopenia was defined using the skeletal muscle index, handgrip strength,
and gait speed. The physical activity and nutritional status were evaluated. A multivariate logistic regression analysis was
performed to confirm the association between sarcopenia and postoperative pneumonia and identify sarcopenia-related fac-
tors. A Spearman’s correlation analysis was used to identify the relationship between physical activity and nutritional status.
Results Age, male sex, sarcopenia, and postoperative recurrent laryngeal nerve palsy were significantly associated with post-
operative pneumonia. Age, male sex, physical activity, and nutritional status were significantly associated with preoperative
sarcopenia. There was a significant correlation between physical activity and nutritional status.

Conclusions Preoperative sarcopenia was confirmed to be a predictor of postoperative pneumonia. Furthermore, age, sex,
physical activity, and nutritional status were significantly associated with preoperative sarcopenia. Physical activity and
nutritional status are closely associated with each other in patients with esophageal cancer. A multidisciplinary approach to
preoperative sarcopenia, taking exercise and nutrition into account, is recommended.

Keywords Esophageal cancer - Nutrition - Physical activity - Preoperative sarcopenia

Introduction pulmonary complications continue to occur [3], among

which postoperative pneumonia adversely affects overall

Esophageal cancer is one of the most common malignancies
and has a poor prognosis despite advancements in treatment
[1, 2]. Esophagectomy is the mainstay of curative therapy for
locoregional diseases. Although the adoption of minimally
invasive esophagectomy (MIE), such as thoracoscopic—lapa-
roscopic esophagectomy (TLE), is increasing, postoperative
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survival [4]. Therefore, preventing postoperative pneumo-
nia is essential.

Previous studies have demonstrated that age, the pul-
monary function, and recurrent laryngeal nerve palsy are
associated with postoperative pneumonia [5-7]. However,
in recent years, studies have demonstrated that preoperative
sarcopenia, defined as a progressive and generalized skel-
etal muscle disorder characterized by an accelerated loss
of muscle mass and function [8], is also associated with
postoperative pneumonia [9, 10]. Reports involving MIE
are lacking, and limited studies have used the revised cri-
teria proposed by the 2019 Asian Working Group for Sar-
copenia (AWGS) [11], as recommended in the assessment
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of sarcopenia. Therefore, further studies are necessary to
address these limitations.

Sarcopenia is caused by advanced age, malnutrition,
inactivity, comorbid diseases, and iatrogenic problems [8].
A previous study described the clinical characteristics of
sarcopenia, including advanced age, advanced cancer, his-
topathology, low albumin levels, presence of pulmonary dis-
ease, and the type of neoadjuvant treatment, in patients with
esophageal cancer [9]. However, that study only reported the
characteristics of patients with preoperative sarcopenia and
did not perform a factor analysis. Furthermore, no studies,
to our knowledge, have evaluated preoperative sarcopenia in
patients with esophageal cancer with consideration of physi-
cal activity, which is considered a reversible factor. There-
fore, effective interventions for preoperative sarcopenia in
patients with esophageal cancer remain unclear.

Given the above, the present study explored whether or
not sarcopenia, as defined by the AWGS 2019, is a predic-
tor of pneumonia after MIE and identified significant fac-
tors associated with preoperative sarcopenia that might aid
in establishing effective strategies for the management of
preoperative sarcopenia in patients with esophageal cancer.

Methods
Study design and population

This retrospective, single-center, observational study was
conducted at the National Cancer Center Hospital (NCCH).
Ethical approval was obtained from the Institutional Review
Board of the NCCH (approval number: 2017-061). All
procedures performed were in accordance with the ethical
standards of the responsible committee on human experi-
mentation (institutional and national) and the 1964 Decla-
ration of Helsinki and its later versions. Informed consent
for inclusion in this study or an equivalent alternative was
obtained from all patients.

Patients with esophageal cancer who were scheduled for
TLE between May 2017 and December 2020 were enrolled
in this study. The inclusion criteria were as follows: (1) a
diagnosis of esophageal cancer, (2) scheduled for TLE, and
(3) available for an evaluation. Patients unable to undergo
scheduled TLE were excluded from the analysis.

Measurements

General and clinical information (age, sex, body mass index
[BMI], histopathology, clinical stage, neoadjuvant treat-
ment, C-reactive protein [CRP] and hemoglobin levels,
pulmonary function, and smoking history) was collected
from the patients’ medical records. The percentage of forced
expiratory volume in 1 s (FEV1.0%) was used to evaluate

pulmonary function. The smoking status was defined as
being either a current smoker (cessation within one year
before the surgery) or a noncurrent smoker (cessation more
than one year before the surgery or never smoked). The
comorbidities included chronic pulmonary diseases (chronic
obstructive pulmonary disease, asthma, or interstitial lung
disease), diabetes mellitus, cardiovascular disease, hepa-
tobiliary disease, and chronic kidney disease. The clinical
stage was categorized as IA-IIB or IITA-IV based on the
seventh tumor-node-metastasis classification of the Union
for International Cancer Control. Neoadjuvant treatment was
chemotherapy or chemoradiotherapy. Postoperative pneu-
monia was defined as the presence of new or progressive
infiltrates on chest radiographs or computed tomography
(CT) and meeting at least two of the following three criteria:
body temperature > 38 °C, leukopenia or leukocytosis (white
blood cell count <4 x 10°/L or > 10x 10°/L), and purulent
sputum. Postoperative complications occurring within
30 days of the surgery were coded as a Clavien—Dindo
grade >2. As an exception, recurrent laryngeal nerve palsy,
including Clavien—Dindo complications, was classified as
grade>1 [12].

The participants were evaluated for sarcopenia, the nutri-
tional status, and physical activity before TLE.

Sarcopenia definition

Sarcopenia was diagnosed based on an algorithm from
a previous study [13]. Muscle strength and physical per-
formance were determined according to the AWGS 2019
criteria [11]. Muscle strength was measured by handgrip
strength using a digital dynamometer (T.K.K.5401; Takei
Scientific Instruments Co., Ltd., Niigata, Japan). Low mus-
cle strength was defined as a handgrip strength of <28 kg
in males and < 18 kg in females. Low physical performance
was measured according to the usual gait speed with a cut-
off of < 1.0 m/s [11]. Skeletal muscle mass was measured
using CT, which is often performed in patients with esopha-
geal cancer. Skeletal muscle mass was calculated using the
Image J software program, a free public domain program
developed by the National Institutes of Health. Calculations
were based on cross-sectional CT images taken at the level
of the third lumbar vertebra (L3) before TLE was performed.
The skeletal muscle at the L3 level correlates with appen-
dicular skeletal muscle mass [14]. The skeletal muscle index
(SMI) was calculated by normalizing the cross-sectional
areas for height (cm*m?). A low muscle mass was defined
as an SMI < 52.4 cm*/m? for males and <38.5 cm?*/m? for
females [15]. In the present study, moderate sarcopenia was
defined as (1) low skeletal muscle mass or (2) low hand-
grip strength and/or low gait speed. Severe sarcopenia was
defined as a low skeletal muscle mass, low muscle strength,
and low physical performance.
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Nutritional status

A two-step approach was selected for the diagnosis of the
nutritional status according to the Global Leadership Initia-
tive in Malnutrition (GLIM) criteria [16]. First, patients at
risk of malnutrition were identified using a subjective global
assessment [17]. Second, the diagnosis of malnutrition was
confirmed when at least one of the three phenotypic criteria
(non-volitional weight loss, low BMI, and reduced muscle
mass) and one of the two etiologic criteria (reduced food
intake or assimilation and inflammation or disease bur-
den) were met. Regarding the phenotypic criteria, a low
BMI was defined as < 20 kg/m? for subjects < 70 years old
and < 18.5 kg/m? for those > 70 years old, according to a
consensus report. Weight loss was defined as a reduction
of > 5% within 6 months before the surgery or> 10% beyond
6 months [16]. The cut-off value for a reduced muscle mass
was based on the SMI in a previous study [15]. Regarding
the etiologic criteria, a reduced food intake or assimilation
was defined as consuming 50% of the energy requirements
for > 1 week, any reduction in food intake for >?2 weeks, or
any chronic gastrointestinal condition that adversely affects
food assimilation or absorption. Finally, inflammation was
defined as a CRP level of > 0.5 mg/dL [16, 18]. The severity
of malnutrition was classified as moderate or severe, accord-
ing to the phenotypic criteria [16].

Thus, the nutritional status of the patients was classified
into three groups: well-nourished, moderate malnutrition,
and severe malnutrition according to the GLIM criteria.

Physical activity

A study reported that 150-300 min/week of moderate-inten-
sity aerobic activity or 75—-150 min/week of vigorous-inten-
sity aerobic activity is recommended [19]. In the present
study, the participants were preoperatively classified into
two groups (high and low physical activity). Patients who
achieved > 150 min of moderate-intensity aerobic activity
per week were placed in the high physical activity group,
while those who did not meet the cut-off were placed in the
low physical activity group.

Statistical analyses

Data were analyzed using the IBM SPSS Statistics ver-
sion 26.0 software program (IBM Corp., Armonk, NY,
USA). The characteristics of the non-sarcopenia, moderate
sarcopenia, and severe sarcopenia groups were compared.
Data were analyzed using the Kruskal-Wallis test with the
Bonferroni test. Categorical data were analyzed using the
chi-square test for between-group comparisons. A univari-
ate logistic regression analysis was performed to identify
the association between various factors and moderate or
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severe sarcopenia. Variables with significance in the uni-
variate analysis were included in the multivariate model.
The factors affecting postoperative pneumonia were also
analyzed using univariate and multivariate logistic regres-
sion analyses. A Spearman’s correlation analysis was per-
formed to identify the relationship between physical activ-
ity and nutritional status. Statistical significance was set
at P<0.05.

Data are expressed as the median (interquartile range
[IQR]) or number and percentage of participants.

Results
Patient demographic and clinical characteristics

A total of 274 patients with esophageal cancer participated
in this study. Table 1 shows their demographic and clini-
cal characteristics. The median age was 65.5 (58.0-71.0)
years old. Of these patients, 198 (72.3%) and 2 (0.7%)
received neoadjuvant chemotherapy and chemoradiother-
apy, respectively. Postoperative pneumonia occurred in 55
patients (20.1%). There were 55 patients with malnutrition
(moderate malnutrition, n =27, 9.9%; severe malnutrition,
n=28, 10.2%), and 95 (34.7%) had low physical activ-
ity. The median handgrip strength was 33.1 (26.5-38.4)
kg, gait speed was 1.24 (1.09-1.39) m/sec, and SMI was
47.0 (41.4-51.8) cm?*/m?. The patients were classified into
groups of non-sarcopenia (n =70, 25.5%), moderate sar-
copenia (n=166, 60.6%), and severe sarcopenia (n =38,
13.9%). Compared with the patients in the non-sarcopenia
and moderate sarcopenia groups, the patients with severe
sarcopenia were significantly older; had a significantly
lower FEV1.0%, hemoglobin levels, handgrip strengths,
and gait speeds; and had significantly higher CRP levels.
Patients with severe and moderate sarcopenia had signifi-
cantly lower BMI and SMI values than those without sar-
copenia. Physical activity levels, fulfillment of the GLIM
criteria, and occurrences of postoperative pneumonia were
significantly different among the three groups.

Factors associated with postoperative pneumonia

In the univariate logistic regression analysis, age, sex, sar-
copenia, and postoperative recurrent laryngeal nerve palsy
were identified as potentially significant factors (P < 0.05).
In the multivariate logistic regression analysis of these
significant variables, age, sex, sarcopenia, and postopera-
tive recurrent laryngeal nerve palsy were also significantly
associated with postoperative pneumonia (Table 2).
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Table 1 Demographic and clinical characteristics data of patients with esophageal cancer
Characteristics Overall n=274 Non-sarcopenia Moderate-sarco- Severe-sarcopenia P value
n="70 penia n=38
h=166 Overall P1 P2 P3
Age, median 65.5 [58.0-71.0] 62.0 [56.0-69.0] 65.0 [57.0-71.0] 71.5 [65.8-76.3] <0.001 0.247 <0.001 <0.001
[IQR], years
Sex, n (%) 225 (82.1) 49 (70.0) 140 (84.3) 36 (94.7) 0.003 - - -
Male 49 (17.9) 21 (30.0) 26 (15.7) 2(5.3)
Female
BMI, median 22.5[20.3-24.7] 24.0 [21.5-27.0] 22.3 [20.0-24.0] 20.8 [18.8-23.3] <0.001 0.001 <0.001 0.293
[IQR], kg/m”
Current smoker, 99 (36.1) 28 (40.0) 57 (34.3) 14 (36.8) 0.707 - - -
n (%)
FEV 1.0%, median 76.4 [70.5-80.6] 77.7[74.6-81.2] 76.5[70.8-81.1] 70.3 [67.8-77.2] 0.002  0.788  0.002 0.010
[IQR]
CRP, median 0.08 [0.03-0.26] 0.07 [0.03-0.18] 0.08 [0.03-0.24] 0.23 [0.06-0.88] 0.009  1.000  0.008 0.024
[IQR], mg/dl
Hemoglobin, 12.7 [11.5-13.7] 12.9[11.7-14.3] 12.7 [11.6-13.7] 12.2 [10.6-13.2] 0.010 0414 0.007 0.077
median [IQR],
g/dl
GLIM criteria, n 219 (79.9) 65 (92.9) 127 (76.5) 27 (71.1) 0.008 - - -
(%) 27(9.9)28(10.2) 3(4.3)2(2.8) 21 (12.7) 3(7.9)
Well nourished 18 (10.8) 8 (21.1)
Moderate malnutri-
tion
Severe malnutrition
Physical activity, 179 (65.3) 55 (78.6) 105 (63.3) 19 (50.0) 0.008 - - -
n (%) 95 (34.7) 15 (21.4) 61 (36.7) 19 (50.0)
High
Low
Handgrip strength, 33.1 [26.5-38.4] 34.9 [24.3-40.4] 33.8 [29.5-38.0] 26.2 [23.2-30.4] <0.001 1.000 <0.001 <0.001
median [IQR],
kef
Gait speed, median 1.24 [1.09-1.39] 1.27 [1.16-1.41] 1.24 [1.11-1.39] 1.00 [0.92-1.13] <0.001 0.199 <0.001 <0.001
[IQR], m/sec
SMI, median 47.0 [41.4-51.8] 55.1 [47.4-58.0] 46.0 [41.2-49.3] 42.7[40.2-47.0] <0.001 <0.001 <0.001 0.294
[IQR], cm?*/m?>
Comorbidities, n 5(1.8) 2(2.9) 3(1.8) 0(0.0) 0.570
(%) 27 (9.9) 6 (8.6) 17 (10.2) 4 (10.5) 0.915
Hepatobiliary 23 (8.4) 6 (8.6) 14 (8.4) 3(7.9) 0.992
disease 6(2.2) 1(1.4) 3(1.8) 2(5.3) 0.372
Diabetes mellitus 14 (5.1) 34.3) 8 (4.8) 3(7.9) 0.693
Cardiovascular
disease
Chronic kidney
disease
Chronic pulmonary
disease
Histology, n (%) 224 (81.8) 54 (77.1) 136 (81.9) 34 (89.5) 0.500 - - -
Squamous cell 12 (4.4) 5(7.1) 6 (3.6) 1(2.6)
carcinoma 38 (13.8) 11 (15.7) 24 (14.5) 3(7.9)
Adenocarcinoma
Others
Location, n (%) 54 (19.7) 17 (24.3) 30 (18.1) 7(18.4) 0.343 - - -
Upper third 127 (46.4) 25 (35.7) 82 (49.4) 20 (52.6)
Middle third 93 (33.9) 28 (40.0) 54 (32.5) 11 (28.9)
Lower third
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Table 1 (continued)

Characteristics Overall n=274 Non-sarcopenia Moderate-sarco- Severe-sarcopenia P value
n="70 penia n=38
n=166 Overall Pl P2 P3
Clinical stage, n 133 (48.5) 38 (54.3) 82 (49.4) 13 (34.2) 0.129 - - -
(%) 141 (51.5) 32(45.7) 84 (50.6) 25 (65.8)
TIA-1IB
IIA-IV
Neoadjuvant treat- 74 (27.0) 23 (32.9) 43 (25.9) 8 (21.1) 0371 - - -
ment, n (%) 198 (72.3) 47 (67.1) 122 (73.5) 29 (76.3)
None 2(0.7) 0(0.0) 1(0.6) 1(2.6)
Chemotherapy
Chemoradiotherapy
Operative time, 335.0 [298.8- 339.0 [306.8— 331.5 [288.5- 350.0 [308.5— 0176 - -
median [IQR], 378.3] 381.3] 366.3] 386.0]
min
Blood loss, median  79.0 [50.0 -141.5] 82.0 [46.5-146.0]  73.0 [49.0-131.0] 94.0 [59.0-166.5] 0.154 - - -
[IQR], min
Postoperative 70 (25.5) 21 (30.0) 42 (25.3) 7(18.4) 0417 - -
recurrent laryn-
geal nerve palsy,
n (%)
Postoperative pneu- 55 (20.1) 10 (14.3) 27 (16.3) 18 (47.4) <0.001 - - -

monia, n (%)

BMI body mass index, CRP C-reactive protein, FEV forced expiratory volume, GLIM global leadership initiative in malnutrition, /QR interquar-

tile range, SM1 skeletal muscle index

P1, Non-sarcopenia versus Moderate-sarcopenia; P2, Non-sarcopenia versus Severe-sarcopenia; P3, Moderate-sarcopenia versus Severe-sarcope-

nia

Factors associated with sarcopenia

In the univariate logistic regression analysis, age, sex, hemo-
globin level, nutritional status, and physical activity were
identified as potentially significant factors (P <0.05). We
included these variables in the multivariate logistic regres-
sion analysis, which revealed that age, sex, nutritional sta-
tus, and physical activity were significantly associated with
sarcopenia (Table 3).

Relationship between physical activity
and the nutritional status

A Spearman’s correlation analysis revealed a significant
correlation between physical activity and nutritional status
(r=0.245, P<0.001). The levels of physical activity were
significantly different among the three groups classified
by nutritional status using the GLIM criteria (P <0.001).
Among well-nourished patients, 156 (71.2%) and 63 (28.8%)
had high and low physical activity, respectively. In contrast,
among patients with moderate malnutrition, 11 (40.7%)
and 16 (59.3%) had high and low levels of physical activity,
respectively. Among patients with severe malnutrition, 12
(42.9%) and 16 (57.1%) had high and low physical activity
levels, respectively (Fig. 1).
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Discussion

Preoperative sarcopenia in esophageal cancer is a well-
known predictor of postoperative pneumonia [9, 10]. How-
ever, few reports have involved MIE, and fewer still have
employed the AWGS 2019 criteria [11], which are recom-
mended for the assessment of sarcopenia. Furthermore,
which factors lead to preoperative sarcopenia in patients
with esophageal cancer is unclear. To our knowledge, this
is the first study to evaluate the factors associated with pre-
operative sarcopenia in patients with esophageal cancer.
We found that physical activity and nutritional status were
independent factors significantly associated with preopera-
tive sarcopenia.

Given the lack of studies focusing on MIE and the preva-
lent use of single assessments of muscle mass for diagnosing
sarcopenia, in this study, we evaluated sarcopenia in patients
who were scheduled for TLE using the cut-off specified by
AWGS 2019 [9]. Our results showed that preoperative sar-
copenia is an independent predictor of postoperative pneu-
monia. A previous study demonstrated that sarcopenia, as
defined by the AWGS 2019, is an independent risk factor for
pneumonia after MIE [13], which supports our results. It is
clear that sarcopenia is a useful predictor of pneumonia after
MIE, even when a systematic approach to sarcopenia assess-
ment is used. These findings emphasize the importance of
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Table 2 Univariate and multivariate logistic regression analyses of the factors associated with postoperative pneumonia
Univariate analysis Multivariate analysis
Parameters [reference] OR (95% CI) P value OR (95% CI) P value
Age 1.06 (1.02-1.10) 0.001 1.05 (1.01-1.09) 0.014
Sex, (male, no. %) 7.24 (1.70-30.82) 0.002 6.16 (1.40-27.19) 0.016
Current smoker (yes, no. %) 1.35 (0.74-2.47) 0.327
FEV 1.0% 0.97 (0.94-1.00) 0.083
CRP 1.21 (0.96-1.54) 0.113
Hemoglobin 0.89 (0.75-1.07) 0.206
GLIM criteria, (malnutrition, no. %) 1.89 (0.96-3.73) 0.065
Physical activity, Low 1.77 (0.97-3.24) 0.062
Sarcopenia definition [Non-sarcopenia] 1.17 (0.53-2.56) <0.001 1.08 (0.46-2.54) 0.004
Moderate sarcopenia 5.40 (2.14-13.60) 0.703 4.26 (1.48-12.27) 0.864
Severe sarcopenia <0.001 0.007
Comorbidities (yes, no. %) 1.00 (0.11-9.09) 0.997
Hepatobiliary disease 1.45 (0.58-3.63) 0.426
Diabetes mellitus 1.85 (0.72-4.75) 0.201
Cardiovascular disease 4.15 (0.82-21.17) 0.087
Chronic kidney disease 1.64 (0.49-5.44) 0.419
Chronic pulmonary disease
Location, (upper third, no. %) 1.02 (0.49-2.15) 0.951
Clinical stage, (IITA-IV, no. %) 1.40 (0.77-2.55) 0.266
Neoadjuvant treatment, (yes, no. %) 1.14 (0.59-2.19) 0.697
Operative time, median, min 1.00 (1.00-1.01) 0.396
Blood loss, median, min 1.00 (1.00-1.00) 0.548
Postoperative recurrent laryngeal nerve palsy, n (%) 2.98 (1.59-5.57) 0.001 3.96 (1.95-8.05) <0.001
CRP C-reactive protein, FEV forced expiratory volume, GLIM global leadership initiative in malnutrition, OR odds ratio
Tablg 3 .Univari.atg and . Univariate analysis Multivariate analysis
multivariate logistic regression
analyses of the factors Parameters OR (95% CI) P value OR (95% CI) P value
associated with preoperative
sarcopenia Age 1.04 (1.01-1.07) 0.008 1.04 (1.01-1.07)  0.021
Sex, (male, no. %) 2.69 (1.41-5.15) 0.003 3.02 (1.50-6.05)  0.002
CRP 1.16 (0.89-1.51) 0.269
Hemoglobin 0.82 (0.69-0.97) 0.021 0.86 (0.71-1.04)  0.122
GLIM criteria, (malnutrition, no. %) 3.38 (0.98-11.61) 0.014 2.91 (1.06-8.02) 0.039
Physical activity, Low 2.37 (1.25-4.47) 0.008 2.02 (1.02-4.00)  0.043
Comorbidities (yes, no. %) 0.51 (0.08-3.10) 0.463
Hepatobiliary disease 1.22 (0.47-3.17) 0.677
Diabetes mellitus 0.97 (0.37-2.57) 0.951
Cardiovascular disease 1.73 (0.20-15.10) 0.618
Chronic kidney disease 1.27 (0.35-4.70) 0.717
Chronic pulmonary disease
Location, (upper third, no. %) 0.69 (0.36-1.33) 0.266
Clinical stage, (IITA-IV, no. %) 1.36 (0.79-2.35) 0.266
Neoadjuvant treatment, (yes, no. %) 1.47 (0.81-2.65) 0.203

CRP C-reactive protein, GLIM global leadership initiative in malnutrition, OR odds ratio

perioperative management of sarcopenia, even in patients
undergoing minimally invasive procedures.

The factors that contribute to sarcopenia are gener-
ally related to age, malnutrition, inactivity, disease, and

iatrogenic factors [8]. Patients with cancer are exposed to
various cancer- and noncancer-specific degenerative fac-
tors that cause sarcopenia characterized by muscle dys-
function [20]. In particular, in patients with preoperative
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Fig. 1 The relationship between n =156
physical activity and the nutri- 160 (71.2%)

tional status
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Fig.1 Relationship between physical activity and nutritional status

esophageal cancer, several possible factors, such as cancer
and its symptoms, malnutrition, and preoperative treat-
ment, may cause sarcopenia. Among these factors, we
found that age, sex, nutritional status, and physical activity
were independently associated with preoperative sarcope-
nia. Sarcopenia is common in older patients with cancer
given their susceptibility to the effects of cancer progres-
sion and treatment [21]. Previous studies on patients with
cancer have also reported that the male sex influences the
development of sarcopenia [22]. Although the reasons for
this association are unclear, these previous results support
our findings.

Physical inactivity accelerates the loss of muscle mass
and strength through disuse-induced muscle fiber loss and
decreased activation of the motor units [23]. Physical activ-
ity is often reduced in patients with cancer. Kong et al.
showed that sarcopenia was associated with low physical
activity in patients with preoperative lung cancer [24].
Although the importance of physical activity for sarcopenia
has already been demonstrated, the effect of physical activ-
ity on sarcopenia in patients with preoperative esophageal
cancer has not been elucidated. One study on esophageal
cancer reported that systemic inflammatory markers were
significantly associated with sarcopenia in patients under-
going definitive radiotherapy [15]. However, no studies
have focused on patients scheduled for surgery, which is the
standard treatment for esophageal cancer. Furthermore, there
are no multifaceted studies that include physical activity.
Therefore, our finding that physical activity is a significant
factor associated with preoperative sarcopenia is novel.

@ Springer

Malnutrition is common in patients with cancer [25].
Esophageal cancer is a malignancy with one of the highest
risks of malnutrition [26]. Before their diagnosis, 80% of
patients with esophageal cancer experience unintentional
weight loss of over 10%—15% caused by reduced food intake
resulting from dysphagia [27]. In addition, increased energy
consumption caused by tumor-induced systemic inflamma-
tion enhances weight loss [28]. This is a potential cause of
malnutrition in patients with esophageal cancer, and mal-
nutrition and sarcopenia are closely related [29]. The nutri-
tional status has been reported to be an independent factor
for muscle strength [30], muscle mass [31], and gait speed
[32]. These studies support our finding that malnutrition is
a significant factor in preoperative sarcopenia.

Establishing an effective intervention strategy for sarco-
penia, a predictor of postoperative pneumonia, is crucial.
Based on our results, a low physical activity and poor nutri-
tional status are important factors to take into account when
considering intervention, as they are reversible. Further-
more, it is worth noting that a significant correlation was
found between physical activity and nutritional status, and
low physical activity was prevalent in patients with malnutri-
tion. Previous studies have not shown an association between
physical activity and the nutritional status in patients with
esophageal cancer before surgery, so we believe that the
present results will prove useful for planning preoperative
intervention and provide a basis for intervention. Physical
activity and nutrition being separately extracted as risk fac-
tors suggest the need for interventions that consider both
factors. Although the level of evidence is low, preoperative
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nutritional assessment/intervention and rehabilitation for
esophageal cancer are moderate to strongly recommend [33].
Regarding nutrition, nutritional assessments should be per-
formed on all patients to detect and optimize nutritional sta-
tus before surgery. Nutritional intervention should be based
on the level of risk. Those perceived to be at low risk should
be given dietary advice. Moderate-risk patients should be
given protein and energy supplements, and enteral support
should be considered for those at high risk, commonly with
tube feeding. These measures have been shown to improve
patient outcomes [34]. Regarding rehabilitation, exercise
therapy combining aerobic and resistance exercises has been
shown to have an impact on physical function [35]. Further-
more, it is suggested that an approach that includes instruc-
tions and patient education that directly improves physical
activity is also important. We were unable to establish a
causal relationship between physical activity and nutritional
status in this study. However, it is important to adopt a mul-
tidisciplinary approach to address preoperative sarcopenia
[36], considering both nutrition and exercise, as this will
improve the perioperative outcomes.

Several limitations associated with the present study war-
rant mention. First, this was a retrospective, observational
study involving patients from a single institution, which
might have caused patient selection bias. Second, physical
activity was not evaluated using objective devices, such as
pedometers. Therefore, details regarding the duration and
type of physical activity were not available. Third, we meas-
ured the L3 CT-based SMI to estimate the skeletal muscle
mass, even though the AWGS criteria advocate performing
such measurements using a bioelectrical impedance analysis.

Conclusion

Preoperative sarcopenia in esophageal cancer was confirmed
to be a predictor of postoperative pneumonia in this study.
Furthermore, age, sex, physical activity level, and nutritional
status were demonstrated to be significantly associated with
sarcopenia. Malnutrition and physical inactivity are closely
associated with each other in patients with esophageal can-
cer. A multidisciplinary approach to preoperative sarcopenia,
taking nutrition and exercise into account, was suggested.
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