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Background: The association between sarcopenia and postoperative outcomes in patients who undergo
laparoscopic-assisted gastrectomy is unclear. We aimed to determine the predictive value of sarcopenia
for adverse postoperative outcomes after laparoscopic-assisted gastrectomy for gastric cancer.
Materials and methods: We prospectively collected the clinical data of patients who underwent elective
radical laparoscopic-assisted gastrectomy for gastric cancer in two large centers from August 2014 to
October 2017. The third lumbar vertebra skeletal muscle index, handgrip strength, and 6-m usual gait
speed were measured to diagnose sarcopenia. Subsequently, we aimed to identify the risk factors for
postoperative complications.
Results: The study included 313 patients and 37 (11.8%) patients were classified as sarcopenic. Compared
with non-sarcopenic patients, sarcopenic patients were significantly older (P< 0.001), had higher
nutritional risk screening 2002 scores (P¼ 0.013), Charlson comorbidity index (CCI) scores (P¼ 0.033),
and neutrophil to lymphocyte ratio (P¼ 0.004), and lower body mass index (P < 0.001), preoperative
serum albumin (P < 0.001), and hemoglobin (P< 0.001). Sarcopenic patients had higher postoperative
complication rate (P¼ 0.002), longer postoperative hospital stays (P¼ 0.020) and higher total cost of
hospitalization (P¼ 0.001). Multivariate analysis revealed that CCI score �1 (odds ratio [OR]: 2.424, 95%
confidence interval [CI]: 1.309e4.487; P¼ 0.005) and sarcopenia (OR: 2.752, 95% CI: 1.274e5.944;
P¼ 0.010) were independent risk factors for short-term postoperative complications.
Conclusion: Sarcopenia is an independent clinical predictor of short-term postoperative complications
after laparoscopic-assisted gastrectomy.
© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Introduction

Gastric cancer is the fifth most common cancer and the third
leading cause of cancer-related deaths in theworld [1]. Especially in
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China, the prevalence and mortality of gastric cancer are second
only to those of lung cancer, with approximately 679,100 new di-
agnoses and an estimated 498,000 deaths occurring in 2015 [2].
Despite advances in treatment modalities, radical gastrectomywith
lymphadenectomy remains the cornerstone therapy for gastric
cancer [3]. Curative gastrectomy is usually accompanied by high
morbidity and mortality rates because it is a complicated surgical
procedure [4]. As an emerging therapy for gastric cancer, laparo-
scopic gastrectomy has been increasingly proven to be better than
conventional open gastrectomy in many aspects, including lower
complication rates, less pain, less operative bleeding, earlier bowel
movement, and shorter hospitalization periods [5,6]. Because of
the abovementioned advantages, laparoscopic gastrectomy is
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becoming widely accepted as a viable treatment option for gastric
cancer. Moreover, according to the latest Japanese gastric cancer
treatment guidelines, laparoscopic distal gastrectomy has become
the routine treatment for stage I gastric cancer [7].

Sarcopenia is an age-related syndrome described as a progres-
sive and generalized decline in muscle mass (with or without a loss
of fat mass) and strength [8]. The postoperative morbidity and
mortality rates of elderly patients are higher than those of younger
persons despite advancements in surgical treatment [9]. Recent
reports have demonstrated that patients with sarcopenia are at risk
for postoperative complications [10]. However, to date, the subjects
of most previous studies predominantly underwent open surgery.
The impact of sarcopenia on postoperative outcomes after
laparoscopic-assisted gastrectomy for gastric cancer has not been
investigated. Therefore, it is necessary to identify the relationship
between sarcopenia and postoperative outcomes after
laparoscopic-assisted gastrectomy in the laparoscopic era.

This prospective study aimed to clarify whether sarcopenia is an
effective predictor of postoperative outcomes after laparoscopic-
assisted gastrectomy for gastric cancer.

Materials and methods

Selection of patients

The study included patients who underwent laparoscopic-
assisted gastrectomy for curable gastric cancer, from August 2014
to October 2017, at the Gastrointestinal Surgical Department of the
First Affiliated Hospital of Wenzhou Medical University and Tenth
People's Hospital Affiliated to TongJi University. The primary in-
clusion criteria were as follows: (1) age� 18 years; (2) American
Society of Anesthesiology (ASA) grade� 3; (3) abdominal
computed tomography (CT) scans available within a month before
surgery; and (4) estimated tumor size� 5 cm, estimated T
stage� 4a, and estimated N stage� 1. Patients who (1) underwent
palliative gastrectomy or emergency surgery; (2) were converted to
open gastrectomy; (3) received neoadjuvant chemotherapy or
radiotherapy; and (4) were unable to complete the 6-m usual gait
speed test or handgrip strength test were excluded. All of the sur-
geries were performed by four experienced surgeons who had
performed more than 50 radical laparoscopic-assisted gastrec-
tomies for gastric cancer. In order to control for possible bias, the
Japanese gastric cancer treatment guidelines 2010 (version 3) were
strictly applied to all patients [11]. Each participant provided
written informed consent and the ethics committee of The First
Affiliated Hospital of Wenzhou Medical University and The Tenth
People's Hospital Affiliated to TongJi University approved the data
collection protocol for this study.

Data collection

For each patient, data on the following parameters were
collected: 1) clinicopathological features, including age, gender,
body mass index (BMI), ASA grade, hemoglobin concentration
(anemia was defined as hemoglobin concentration< 120 g/L for
men and <110 g/L for women), neutrophil to lymphocyte ratio
(NLR) (preoperative NLR represented the degree of systemic in-
flammatory response, high NLR: � 2.7 [12]), plasma albumin con-
centration (hypoalbuminemia was defined as plasma albumin
concentration< 35 g/L) (blood examination data was available
within 2 weeks before surgery), Charlson comorbidity index (CCI)
score [13], preoperative nutritional risk screening 2002 (NRS 2002)
score (NRS 2002 score was assessed within 24 h after admission
and NRS 2002 score� 3 was considered being at risk for malnu-
trition) [14], sarcopenia, tumor location, tumor node metastasis
(TNM) stage [15], history of abdominal surgery, and histologic type;
2) operative details, including resection type, digestive recon-
struction style, combined organ resection and duration of surgery;
and 3) postoperative short-term outcomes, including postoperative
complications within 30 days after surgery (complication was
defined as grade� II according to the Clavien-Dindo classification
[16,17], if a patient had more than one type of complication, the
complication with the highest grade was used for the analysis),
mortality within 30 days after surgery, postoperative length of
hospital stay, total cost of hospitalization, and readmission within
30 days after discharge from hospital. All patients were followed-
up within 30 days of discharge.

Quantification of skeletal muscle mass

Skeletal muscle mass was measured with INFINITT PACS soft-
ware version 3.0.11.3 (Seoul, Korea) using a cross-sectional CT image
at the third lumbar vertebra (L3) level [18] in the inferior direction
by a trained investigator who was blinded to the surgical outcomes
in order to minimize measurement bias. The total skeletal muscles
at the L3 level comprise the rectus abdominis, internal obliques,
external obliques, transversus abdominis, quadratus lumborum,
erector spinae, and psoas. Any tissue demonstrating �29 to þ150
Hounsfield units (HU) was identified as skeletal muscle [19] and the
boundary of the skeletal muscle was outlined for quantification.
Ultimately, skeletal muscle mass (cm2) was corrected by the square
of the stature (m2) to obtain the L3 skeletal muscle index (L3 SMI)
(cm2/m2).

Measurement of muscle strength and physical performance

The maximal handgrip strength of the patient's dominant hand
was measured by an electronic hand dynamometer (EH101; Camry,
Guangdong Province, China) and was considered to represent
muscle strength.

The 6-m usual gait speed was measured to represent physical
performance and was performed as follows. The patient started to
walk, following the examiner's instructions until he/she walked
6m, and the time was recorded. The first foot of patients went
completely over the starting and finishing lines as the beginning
and end of the timer, respectively. The 6-m usual gait speed was the
ratio of the 6m to the time.

The two foregoing tests were performed three times when pa-
tients were hospitalized and the average value was recorded.

Definition and diagnosis of sarcopenia

Sarcopenia was defined as the presence of both low muscle
mass and low muscle function (physical performance or muscle
strength) in this study, conforming to the definition of sarcopenia of
the European Working Group on Sarcopenia in Older People
(EWGSOP) [8] and the AsianWorking Group for Sarcopenia (AWGS)
[20].

Considering the racial differences in muscle mass [21], L3
SMI� 40.8 cm2/m2 for men and �34.9 cm2/m2 for women was
defined as lowmuscle mass, according to our research group's large
sample study [10].

Following the AWGS recommendation, a maximum handgrip
strength <26 kg for men and <18 kg for womenwas defined as low
muscle strength and a 6-m usual gait speed <0.8m/swas defined as
low physical performance [20].

Statistical analysis

Continuous variables are expressed as the mean and standard
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deviation (SD) or as median and the interquartile range (IQR),
applying the Student t-test and Mann-Whitney U test respectively,
for comparison. Categorical variables are expressed as the number of
patients and proportions and were compared using Pearson's chi-
square test or Fisher's exact test. Univariate analysis of clinically
relevant parameters was performed to identify potential risk factors
for postoperative complications. Factors with P< 0.10 in the uni-
variate analysis were further analyzed in a subsequent multivariate
logistic regression analysis. Two-sided values of P< 0.05 were
considered statistically significant. All data were analyzed with SPSS
software for Windows (version 21.0 IBM, Armonk, NY, USA).
Table 1
Patient demographic and clinical characteristics.

Factors Total (n¼ 313) S

Age, median (IQR), years 62 (12) 7
<65 136 (43.5) 6
�65 177 (56.5) 3

Gender
Male 229 (73.2) 2
Female 84 (26.8) 1

BMI, mean (SD), kg/m2 22.83 (3.12) 2
<18.5 24 (7.7) 9
18.5e23.9 184 (58.8) 2
�24 105 (33.5) 3

Albumin, mean (SD), g/L 39.47 (4.31) 3
Hemoglobin, median (IQR), g/L 128 (31) 1
NLR, median (IQR) 2.17 (1.24) 2
SMI, mean (SD), cm2/m2 43.87 (8.12) 3
Handgrip strength, mean (SD), kg 29.83 (9.87) 2
Gait speed, mean (SD), m/s 1.01 (0.22) 0
ASA grade
I 83 (26.5) 7
II 207 (66.2) 2
III 23 (7.3) 6

Charlson comorbidity index score
0 224 (71.6) 2
�1 89 (28.4) 1

Previous abdominal surgery
Yes 35 (11.2) 7
No 278 (88.8) 3

NRS 2002 score
<3 216 (69.0) 1
�3 97 (31.0) 1

Histologic type
Undifferentiateda 111 (35.5) 2
Differentiateb 202 (64.5) 1

Tumor location
Upper 1/3 39 (12.5) 2
Middle 1/3 63 (20.1) 8
lower 1/3 198 (63.3) 2
2/3 or more 13 (4.2) 1

TNM stage
I 145 (46.3) 1
II 74 (23.6) 9
III 94 (30.1) 1

Type of resection
Subtotal gastrectomy 223 (71.2) 2
Total gastrectomy 90 (28.8) 1

Type of reconstruction
Billroth I 145 (46.4) 1
Billroth II 58 (18.5) 1
Roux-en-Y 110 (35.1) 1

Combined organ resection
Yes 12 (3.8) 3
No 301 (96.2) 3

Surgical duration, median (IQR), minutes 209 (66) 2

Values in parentheses are percentages unless indicated otherwise.
*Statistically significant (P< 0.05).
SD, Standard Deviation; IQR, Interquartile Range; BMI, Body Mass Index; ASA, American

a Undifferentiated carcinomas include poorly differentiated adenocarcinomas, signet r
b Differentiated carcinomas include well or moderately differentiated, tubular or papi
Results

Patient characteristics

From August 2014 to October 2017, a total of 313 consecutive
patients were recruited in this study. The demographic and clinical
characteristics of patients are summarized in Table 1. The median
age of the study population was 62 years. The recruited patients
were composed of 229 (73.2%) male and 84 (26.8%) female patients.
The mean BMI of the total population was 22.83 kg/m2. There were
145 (46.3%) patients in TNM stage I, 74 (23.6%) patients in TNM
stage II, and 94 (30.1%) patients in TNM stage III. According to the
arcopenic (n¼ 37) Non-sarcopenic (n¼ 276) P

4 (14) 61 (12) <0.001*

(16.2) 130 (47.1) <0.001*

1 (83.8) 146 (52.9)
0.108

3 (62.2) 206 (74.6)
4 (37.8) 70 (25.4)
0.28 (2.55) 23.17 (3.03) <0.001*

(24.3) 15 (5.4) <0.001*

5 (67.6) 159 (57.6)
(8.1) 102 (37.0)
6.52 (4.73) 39.87 (4.10) <0.001*

10 (27) 130.5 (29) <0.001*

.54 (1.18) 2.10 (1.17) 0.004*

2.78 (4.41) 45.39 (7.31) <0.001*

0.00 (5.63) 31.15 (9.57) <0.001*

.81 (0.23) 1.04 (0.20) <0.001*

0.067
(18.9) 76 (27.5)
4 (64.9) 183 (66.3)
(16.2) 17 (6.2)

0.033*

1 (56.8) 203 (73.6)
6 (43.2) 73 (26.4)

0.158
(18.9) 28 (10.1)
0 (81.1) 248 (89.9)

0.013*

9 (51.4) 197 (71.4)
8 (48.6) 79 (28.6)

0.438
6 (70.3) 176 (63.8)
1 (29.7) 100 (36.2)

0.520
(5.4) 37 (13.5)
(21.6) 55 (19.9)
6 (70.3) 172 (62.3)
(2.7) 12 (4.3)

0.916
6 (43.3) 129 (46.7)
(24.3) 65 (23.6)
2 (32.4) 82 (29.7)

0.889
6 (70.3) 197 (71.4)
1 (29.7) 79 (28.6)

0.319
4 (37.8) 131 (47.5)
0 (27.0) 48 (17.4)
3 (35.2) 97 (35.1)

0.158
(8.1) 9 (3.3)
4 (91.9) 267 (96.7)
02 (55) 210 (62) 0.362

Society of Anesthesiologists; TNM, Tumor Node Metastasis.
ing cell carcinomas, and mucinous carcinomas.
llary adenocarcinomas.
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predefined diagnostic criteria, the prevalence of sarcopenia was
11.8% (37/317).

Postoperative outcomes

As shown in Table 2, 17.3% (54/313) of patients experienced
postoperative complications. The most common complications
were anastomotic leakage (3.5%, n¼ 11), bleeding (2.9%, n¼ 9), and
intra-abdominal abscess (2.9%, n¼ 9). The postoperative major
complication rate was significantly higher in the sarcopenic pa-
tients than in the non-sarcopenic patients (35.1% versus 14.8%,
P¼ 0.002). However, the postoperative severe complication rate
shown no significant differences between both groups (P¼ 0.626).
We found that sarcopenia is associated with medical complications
(18.9% versus 4.7%, P¼ 0.005) but not with surgical complications
(16.2% versus 10.1%, P¼ 0.263) in the subsequent analysis. There
were no significant differences between both groups in terms of
mortality (P¼ 0.223) and readmission (P¼ 0.181). According to the
Clavien-Dindo complication classification, there were 2.9%, 13.7%,
2.2%, and 0.6% of patients classified as Grade I, II, III, and IV,
respectively. Only 3 patients (1.0%) underwent re-operation after
laparoscopic-assisted gastrectomy, because of intra-abdominal
bleeding. The median postoperative length of hospital stay was 11
days. Compared with non-sarcopenic patients, sarcopenic patients
had a significantly longer postoperative hospital stay (P¼ 0.020)
and higher total cost of hospitalization (P¼ 0.001).

Risk factors for postoperative complications

Table 3 shows the results of the univariate and multivariate
analysis of preoperative characteristics for postoperative
Table 2
Postoperative outcomes.

Factors Total (n¼ 313)

Total major complicationsa 54 (17.3)
Severe complications 11 (3.5)
Detail of complications
Surgical complications 34 (10.9)
Delayed gastric emptying 1 (0.3)
Wound infection 1 (0.3)
Bleeding 9 (2.9)
Intra-abdominal abscess 9 (2.9)
Anastomotic leakage 11 (3.5)
Bowel obstruction or ileus 1 (0.3)
Others 2 (0.6)

Medical complications 20 (6.4)
Pneumonia 4 (1.3)
Pleural effusion 5 (1.6)
Persistent hypoalbuminemia 2 (0.6)
Cardiac complications 2 (0.6)
Cerebral infarction 1 (0.3)
Deep venous thrombosis 2 (0.6)
Urinary infection 2 (0.6)
Others 2 (0.6)

Postoperative Clavien-Dindo Grading
Grade I 9 (2.9)
Grade II 43 (13.7)
Grade III 7 (2.2)
Grade IV 2 (0.6)

30-day mortality 2 (0.6)
Re-operation 3 (1.0)
Postoperative hospital stays, median (IQR), days 11 (4)
Costs, median (IQR), yuan 59864.96 (16993.32)
Readmissions within 30 days of discharge 24 (7.7)

Values in parentheses are percentages unless indicated otherwise.
* Statistically significant (P < 0.05).

a Postoperative complications in this study were defined as any adverse event correspo
surgery. If a patient had more than one type of complication, the complication with the
complications after laparoscopic-assisted gastrectomy for gastric
cancer. In the univariate analyses, age �65 years (P¼ 0.024), hypo-
albuminemia (P¼ 0.022), CCI (P¼ 0.001), and sarcopenia (P¼ 0.002)
were associated with postoperative complications. In the subse-
quent multivariate logistic regression analysis, CCI score �1 (odds
ratio [OR]: 2.424, 95% confidence interval [CI]: 1.309e4.487;
P¼ 0.005) and sarcopenia (OR: 2.752, 95% CI: 1.274e5.944;
P¼ 0.010) remained independent risk factors for postoperative
complications after laparoscopic-assisted gastrectomy.
Discussion

Over the past several years, the effect of sarcopenia on the
prediction of adverse postoperative outcomes has been well
investigated. Previous studies have indicated that sarcopenia is
associated with adverse postoperative short-term and long-term
outcomes [10,22], and the increasing toxicity of chemotherapy-
related drugs [23]. Sarcopenia has been described as a negative
prognostic factor in patients with various malignancies, including
colorectal cancer [24], hepatocellular carcinoma [22], pancreatic
cancer [25], endometrial cancer [26] and gastric cancer.

In the present study, we demonstrated that the prevalence of
sarcopeniawas 11.8% and sarcopeniawas an independent risk factor
for short-term postoperative complications after laparoscopic-
assisted gastrectomy. More precisely, there was a threefold
increased risk of having postoperative complications in the sarco-
penic patients than in the non-sarcopenic patients. The results
demonstrated an evident negative impact of sarcopenia resulting in
a longer length of stay but not in mortality and hospital read-
missions. These findings were consistent with previous researches
[27,28], but inconsistent with the study by Tegels et al. [29]. The
Sarcopenic (n¼ 37) Non- Sarcopenic (n¼ 276) P

13 (35.1) 41 (14.8) 0.002*

2 (5.4) 9 (3.3) 0.626

6 (16.2) 28 (10.1) 0.263
0 1 (0.4) 1.000
0 1 (0.4) 1.000
1 (2.7) 8 (2.9) 1.000
2 (5.4) 7 (2.5) 0.288
2 (5.4) 9 (3.3) 0.626
1 (2.7) 0 0.118
0 2 (0.7) 1.000
7 (18.9) 13 (4.7) 0.005*

2 (5.4) 2 (0.7) 0.070
2 (5.4) 3 (1.1) 0.108
1 (2.7) 1 (0.4) 0.223
0 2 (0.7) 1.000
0 1 (0.4) 1.000
0 2 (0.7) 1.000
1 (2.7) 1 (0.4) 0.223
1 (2.7) 1 (0.4) 0.223

1 (2.7) 8 (2.9) 1.000
11 (29.7) 32 (11.6) 0.003*

1 (2.7) 6 (2.2) 0.589
0 2 (0.7) 1.000
1 (2.7) 1 (0.4) 0.223
0 3 (1.1) 1.000
12 (9) 10 (5) 0.020*

69055.83 (26851.92) 59102.01 (15931.66) 0.001*

5 (13.5) 19 (6.9) 0.181

nding to ClavieneDindo classification grade II or greater, occurring within 30 days of
highest grade was used for the analysis.



Table 3
Univariate and multivariate logistic regression analysis of risk factors for total complications.

Factors Univariate analysis Multivariate analysis

Case with complication (%) P OR (95% CI) P

Age 0.024*
�65/<65 38 (21.5)/16 (11.8)

Gender 0.238
Male/Female 43 (18.8)/11 (13.1)

BMI 0.751
<18.5 5 (20.8)
18.5e23.9 33 (17.9)
�24 16 (15.2)

Hypoalbuminemia 0.022*
Yes/No 14 (28.6)/40 (15.2)

Anemia 0.051
Yes/No 22 (23.7)/32 (14.5)

NLR 0.653
�2.7/<2.7 16 (18.8)/38 (16.7)

NRS 2002 score 0.168
�3/<3 21 (21.6)/33 (15.3)

ASA grade 0.777
Ⅲ/Ⅱ,Ⅰ 3 (13.0)/51 (17.6)

Charlson comorbidity index score 0.001* 0.005*
�1/0 29 (12.9)/25(28.1) 2.424 (1.309e4.487)

Sarcopenia 0.002*
Yes/No 13 (35.1)/41 (14.9) 2.752 (1.274e5.944) 0.010*

Previous abdominal surgery 0.160
Yes/No 10 (27.0)/45 (16.2)

Histologic type 0.563
Undifferentiated/Differentiated 33 (16.3)/21 (18.9)

Tumor location 0.508
Upper 1/3/Not upper 1/3 8 (21.1)/46 (16.7)

TNM stage 0.370
Ⅰ 27 (18.6)
Ⅱ 15 (20.3)
Ⅲ 12 (12.8)

Type of reconstruction 0.344
Roux-en-Y/Not Roux-en-Y 22 (20.0)/32 (15.8)

Type of resection 0.414
Total/Subtotal 18 (20.0)/36 (16.1)

Combined organ resection 0.134
Yes/No 4 (33.3)/50 (16.6)

Surgical durations� 210min 0.631
Yes/No 28 (18.3)/26 (16.3)

*Statistically significant (P< 0.05). a OR, Odds Ratio; CI, Confidence Interval.
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difference in the results may be due to the different diagnostic
methods and criteria for sarcopenia and demographic and clinical
characteristics of the patients. The definition of sarcopenia
comprised low skeletal muscle mass and low muscle function was
used in our study and two former researches [27,28] rather than low
skeletal muscle mass alone [29]. In the study of Tegels et al., the
diagnostic criteria of sarcopeniawere based on the characteristics of
theWestern population, which were different from the cutoff values
we used in this study. Therefore, it is highly desirable to determine
the CT cutoff values of sarcopenia for different populations. In
addition, there were 30.9% patients with TNM stage IV included in
the study by Tegels et al., while patients with TNM stage IV were not
included in our study, whichmay partially explain the inconsistency
of the study by Tegels et al. and our study.

Nevertheless, previous studies have shown that patients with
sarcopenia did not demonstrate increased postoperative compli-
cations in laparoscopic colorectal resection [30,31]. The following
may explain this inconsistent conclusion. First, laparoscopic gas-
trectomy is more complex than laparoscopic colorectal resection
and leads to a distinctly longer surgical duration. Second, malnu-
trition might be one of the most important contributors to this
difference. Because of the high incidence of dysphagia, nausea or
mechanical obstruction, gastric cancer patients are at a higher risk
for malnutrition [32]. Third, none of the two studies incorporated
muscle function in their definition of sarcopenia. Skeletal muscle
strength does not depend on skeletal muscle mass alone; hence,
the relationship between skeletal muscle strength andmusclemass
is not linear. Thus, it is insufficient and of limited clinical value to
define sarcopenia only in terms of skeletal muscle mass. Combining
low skeletal muscle mass with reduced muscle function might
optimize the diagnosis of sarcopenia and should predict post-
operative clinical outcomes more accurately [8]. In the present
study, we identified that a low skeletal muscle mass was not
associated with higher postoperative complication rates
(Supplementary Table 1). Fourth, the enhanced recovery after sur-
gery (ERAS) protocol was implemented in the colorectal cancer
patients [30] but was not implemented in our study, which might
have improved the patients’ postoperative situation and counter-
balanced the negative postoperative effects of sarcopenia.

Although the specific mechanisms behind the higher risk for
postoperative complications in sarcopenic patients are ambiguous,
the following reasons can be proffered. First, lower BMI, lower
serum albumin level, and higher NRS 2002 scores were associated
with sarcopenia in the present study, and all of these parameters
reflected a poor nutritional status. It is well known that malnutri-
tion leads to a higher postoperative complication rate [33]. Second,
the low respiratory muscle strength caused by sarcopenia may lead
to a high rate of pulmonary complications [34]. Finally, sarcopenia
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has been reported to be closely connected with host immunity.
Sarcopenic patients might have a lower natural killer cell activity
due to the decreased expression of myokines [35], which would
lead to an increased risk for infectious complications.

There are many different preoperative strategies that could be
employed to modify sarcopenia. Physical exercise, adequate nutri-
tional protein intake [36], and certain nutritional supplements
(such as leucine and omega-3 polyunsaturated fatty acids) [37] are
all effective interventions to counteract sarcopenia. Yamamoto et al.
reported that preoperative exercise and nutritional support pro-
gram can reduce sarcopenia and improve postoperative outcomes
in elderly sarcopenic patients with gastric cancer [38].

The present study demonstrated that age and hypoalbuminemia
were significantly associated with postoperative complications in
the univariate analysis but these two factors did not remain sig-
nificant in the multivariate analysis. Sarcopenia is strongly related
to advanced age and lower plasma albumin concentration. There-
fore, unsurprising, these two confounding factors did not retain
their significance in the multivariate analysis. Consistent with
previous report [39], we found the CCI score is another indepen-
dent risk factor for postoperative complications in the current
study.

There are several limitations in this study that should be noted.
First, this is a nonrandomized controlled study from two centers.
However, the data in our study conducted in two large centers of
gastric cancer in China remains representative. Second, the data in
this study only included outcomes within the first 30 days post-
operatively, which may have limited our conclusions regarding the
correlation between laparoscopic-assisted gastrectomy and early
morbidity. Long-term follow-up data are needed in future studies
to investigate whether sarcopenia has an effect on survival and
quality of life in patients who undergo laparoscopic-assisted
gastrectomy.

Conclusions

This prospective study showed that sarcopenia is an effective
clinical indicator of adverse postoperative complications in patients
undergoing laparoscopic-assisted gastrectomy for gastric cancer.
The evaluation for sarcopenia should be integrated into the pre-
operative risk assessments for gastric cancer treated with
laparoscopic-assisted gastrectomy.
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