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Abstract
This study aimed to investigate the risk factors and clinical impact of newly developed sarcopenia after surgical resection on the
prognosis of patients undergoing curative gastrectomy for gastric cancer (GC).
The clinicopathological data of 573 consecutive patients with GC who underwent curative gastrectomy were reviewed. Their

skeletal muscle mass and abdominal fat volume were measured using abdominal computed tomography.
Forty six of them (8.0%) were diagnosed with preoperative sarcopenia. Among the 527 patients without sarcopenia, 57 (10.8%)

were diagnosed with postgastrectomy sarcopenia newly developed 1year after curative gastrectomy. Female sex, weight loss,
proximal location of the tumor and differentiated tumor were significant risk factors of postgastectomy sarcopenia newly developed
after curative gastrectomy. There was a significant difference in the 5-year overall survival among the preoperative sarcopenic,
nonsarcopenic, and postgastrectomy sarcopenic groups (P= .017). Especially, there was a significant difference between
nonsarcopenic and postgastrectomy sarcopenic groups (P= .009). However, there was no significant difference in the 5-year
disease-free survival among the groups (P= .49).
Since newly developed sarcopenia after surgical resection had an influence on the overall survival, patients with high sarcopenia

risks after curative gastrectomy may require early nutritional support.

Abbreviations: CT = computed tomography, DFS = disease-free survival, GC = gastric cancer, OS = overall survival, SFA =
subcutaneous fat area, VFA = visceral fat area.
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1. Introduction

Gastric cancer (GC) is the fifth most common cancer and third
leading cause of cancer-related death worldwide, with a high
incidence of recurrence and metastasis.[1,2] Its incidence and
mortality rates are even higher in Asian countries, especially
Japan and Korea.[3] In Korea and Japan, GC is now detected in
the early stage owing to National Health Screening System
expansion and advanced endoscopic techniques.[4] Despite great
multimodal treatment improvements, the prognosis of GC
remains poor.[5,6] The optimal treatment for GC is surgical
resection. Additional treatment with perioperative chemotherapy
and/or radiotherapy offers the best chance of long-term
survival.[7] However, curative gastrectomy is a complicated
surgical procedure and is always associated with high morbidity
and mortality rates.[8]

Sarcopenia is characterized by progressive and generalized loss
of skeletal muscle mass and strength.[9] GC is among the most
common causes of sarcopenia.[10] Sarcopenia is an independent
predictor of postsurgical outcomes, including various postoper-
ative complications, and shortened overall survival (OS) in many
gastrointestinal cancers, including GC.[11] This might arise, since
patients with sarcopenia generally have a poor nutritional status.
Therefore, nutritional status should be an important prognostic
factor in patients with GC postoperatively.[7] Sarcopenia
predicted the 1-year mortality in elderly patients undergoing
GC surgery.[12] Thus, knowing whether newly developed
sarcopenia after surgical resection increases the risk of poor
outcomes is meaningful for clinical practice because it may
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provide new nutritional intervention ideas to achieve better
prognosis among patients with GC. However, there is a lack of
research on newly developed sarcopenia postoperatively. There-
fore, this study aimed to investigate the risk factors and clinical
impact of postgastrectomy sarcopenia newly developed after
surgical resection on the prognosis of patients undergoing
curative gastrectomy for GC.
2. Materials and methods

2.1. Study population

We retrospectively analyzed the clinicopathological data of 576
consecutive patients with GC who underwent curative gastrec-
tomy at Chung-Ang University Hospital in Korea between
January 2011 and December 2015. This study included patients
who underwent radical gastrectomy with R0 resection, and
lymph nodes were dissected in accordance with the GC treatment
guidelines in Japan.[13] All patients had histologically confirmed
stage I–III gastric adenocarcinoma. The study protocol was
approved by the institutional review board of Chung-Ang
University Hospital [IRB No. 1807-004-16186].
2.2. Data collection

Data on height and body weight and other clinical variables,
including age, sex, drinking and smoking status, medical history
of hypertension and diabetes mellitus, laboratory findings (e.g.,
preoperative hemoglobin and serum albumin levels), and surgical
method of gastric resection, were obtained from the database.
Pathological variables, including tumor location, size, differenti-
ation and LN involvement, were analyzed. Tumor, node, and
metastasis staging was performed using the American Joint
Committee on Cancer staging system 7th edition.[14]

OS was estimated in months from the time of surgery to death
or last follow-up assessment date. Disease-free survival (DFS) was
estimated in months from the time of surgery to cancer-specific
death (related to GC) or last follow-up assessment date. Follow-
up assessments were performed every 3 to 6months for the first
Figure 1. Assessment of the skeletal muscle and abdominal fat volume. (A) The
transverse processes. The area and density of the skeletal muscle (olive-green) w
subcutaneous fat area were measured automatically on the selected axial image
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5years after surgery. Follow-up procedures included medical
history taking, physical examination, routine blood tests, chest
radiography, upper endoscopy, and abdominal and pelvic
computed tomography (CT). Local recurrence or distant
metastases were confirmed histologically or radiographically.
2.3. Skeletal muscle mass and abdominal fat area
quantification

Total body fat area, visceral fat area (VFA), and subcutaneous fat
area (SFA) were measured automatically on the selected axial
image at the umbilical level using the TeraRecon Aquarius
Workstation (TeraRecon, Foster City, CA, USA). The skeletal
muscle area was measured at the level of the third lumbar
vertebral body transverse processes using the same workstation.
The skin, visceral organs, and central spinal canal were excluded
manually in the selected axial image to identify specific
measurement areas. The abdominal wall and back muscle areas
(psoas, paraspinal, transversus abdominis, rectus abdominis,
internal oblique, and external oblique) were calculated using the
area of pixels with attenuation between�29 and 150 Hounsfield
units in demarcated areas. All measurements were performed by
an abdominal radiologist (L.E.S.; 10-year experience) (Fig. 1).
Thereafter, the differences in skeletal muscle mass and abdominal
fat before and 1year after surgery were calculated and compared.

2.4. Sarcopenia definition

Sarcopenia is classically defined as a muscle mass that is 2
standard deviations below that of healthy individuals. Data were
analyzed at the third lumbar vertebral level using CT; sarcopenia
is present if the total cross-sectional muscle tissue measured
transversely at the third lumbar level is <52.4cm2/m2 body
surface area for men and <38.5cm2/m2 body surface area for
women.[15] These definitions were applied to determine whether
the patients had sarcopenia. In this study, post-gastrectomy
sarcopenia was defined as a newly developed sarcopenic status
after curative gastrectomy.
skeletal muscle was assessed at the level of the third lumbar vertebral body
ere automatically calculated. (B) The total body fat area, visceral fat area, and
at the umbilical level (Green, visceral fat; Blue, subcutaneous fat area).
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2.5. Statistics

Statistical analyses were performed using SPSS 17.0 (SPSS Inc.,
Chicago, IL). The patients were categorized into 2 or 3 groups
according to sarcopenic status. Clinicopathological data were
presented as means ± standard deviations. Categorical data were
compared using the Chi-Squared test with Yates correction or
Fisher exact test, as appropriate. Independent risk factors were
determined using multivariate logistic regression analysis. DFS
and OS were analyzed using the Kaplan–Meier method and
compared using the log-rank test.
To assess the influence of BMI, abdominal fat, and skeletal

muscle mass on the OS, these variables were divided into 4
groups. BMI was categorized as follows: underweight (<18.0kg/
m2), normal (18.0–22.9kg/m2), overweight (23.0–24.9kg/m2),
and obese (≥25.0kg/m2). We categorized the subjects into
Table 1

Demographic and clinical characteristics of the gastric cancer patie

Factors All (n=573) Nonsar

Age mean, (SD) 62.0 (54.0–70.0) 62.0 (5
Sex
Female 165 (28.8) 127 (24
Male 408 (71.2) 400 (75
BMI, mean (SD) 23.80 ± 3.17 24.02 ±
Weight loss (>10%) 239 (42.0) 219 (41

Tumor location
Proximal (HB) 85 (14.9) 81 (15.
Distal (MB, LB) 485 (85.1) 443 (84
Tumor size 3.00 (1.90–4.30) 3.00 (1

Differentiation of tumor
Differentiated 368 (64.2) 338 (64
Undifferentiated 205 (35.8) 189 (35

TNM stage
I 386 (67.4) 356 (67
II 95 (16.6) 89 (16.
III 92 (16.1) 82 (15.

LN involvement
Yes 174 (30.6) 153 (29
No 394 (69.4) 370 (70

Type of resection
Subtotal gastrectomy 458 (79.9) 417 (79
Total gastrectomy 115 (20.1) 110 (20

Adjuvant chemotherapy
Yes 175 (30.5) 159 (30
No 398 (69.5) 368 (69
Albumin 4.00 (3.60–4.30) 4.00 (3
Hemoglobin 13.40 (12.00–14.60) 13.50 (

Alcohol
Yes 245 (42.8) 243 (46
No 328 (57.2) 284 (53

Smoking
Yes 197 (34.4) 195 (37
No 376 (65.6) 332 (63

Hypertension
Yes 227 (39.6) 213 (40
No 346 (60.4) 314 (59

Diabetes mellitus
Yes 98 (17.1) 94 (17.
No 475 (82.9) 433 (82

Total fat area 238.20 (170.45–304.00) 238.85
Visceral fat area 107.00 (69.60–147.00) 108.00
Subcutaneous fat area 122.00 (87.70–159.00) 122.00
VFA/SFA ratio 0.88 (0.66–1.20) 0.89 (0

BMI = body mass index, LM = lymph node, SFA = subcutaneous fat area, VFA = visceral fat area.
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quartiles according to the distribution of the VFA, VFA/SFA
ratio, skeletal muscle mass, and skeletal muscle density to
determine the cutoff point for each variable. Two-tailed P values
of .05 were considered statistically significant.
3. Results

3.1. Patients’ clinical characteristics

A total of 576 patients were diagnosed with stage I–III GC and
underwent curative gastrectomy. Of them, 573 with preoperative
and 1-year postoperative CT findings were enrolled. Their mean
age was 62years, and 408 (71.2%) were men. Three hundred
eighty six patients (67.4%) had stage I GC; 95 (16.6%), stage II
GC; and 92 (16.1%), stage III GC (Table 1).
nts who underwent curative gastrectomy.

copenic (n=527) Sarcopenic (n=46) P value

5.0–70.0) 58.0 (44.5–72.0) .298
<.001

.1) 38 (82.6)

.9) 8 (17.4)
3.08 21.25 ± 3.04 <.001

.8) 20 (44.4) .730
.217

5) 4 (8.7)
.5) 42 (91.3)
.90–5.00) 3.15 (2.15–4.20) .297

.883
.1) 30 (65.2)
.9) 16 (34.8)

.492
.6) 30 (65.2)
9) 6 (13.0)
6) 10 (21.7)

.015
.3) 21 (46.7)
.7) 24 (53.3)

.104
.1) 41 (89.1)
.9) 5 (10.9)

.515
.2) 16 (34.8)
.8) 30 (65.2)
.60–4.30) 4.00 (3.60–4.30) .635
12.00–14.70) 12.90 (11.80–13.50) .001

<.001
.1) 2 (4.3)
.9) 44 (95.7)

<.001
.0) 2 (4.3)
.0) 44 (95.7)

.184
.4) 14 (30.4)
.6) 32 (69.6)

.114
8) 4 (8.7)
.2) 42 (91.3)
(171.55–306.00) 222.80 (144.50–277.00) .163
(72.00–150.00) 78.10 (39.95–123.00) .001
(85.90–159.00) 133.00 (94.70–164.25) .476
.68–1.21) 0.70 (0.33–0.92) .004

http://www.md-journal.com


Figure 2. Five-year overall survival and disease-free survival between the sarcopenic and nonsarcopenic groups. (A) There was no significant difference in the 5-
year overall survival between the nonsarcopenic and sarcopenic groups (P= .396). (B) There was no significant difference in the 5-year disease-free survival
between the non-sarcopenic and sarcopenic groups (P= .619).
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Forty six patients (8.0%) were diagnosed with preoperative
sarcopenia. We compared the clinical and radiological variables
by dividing them into 2 groups: preoperative nonsarcopenic and
sarcopenic groups. The preoperative sarcopenic group showed a
higher proportion of women, lower BMI, more lymph node
involvement, lower proportion of alcoholics and smokers and
more visceral fat area than the nonsarcopenic group. There was
no significant difference in the 5-year OS and DFS between them
(P = .396, P= .619, respectively) (Fig. 2).

3.2. Clinical outcomes of the patients with post-
gastectomy sarcopenia newly developed after curative
gastrectomy

Among the 527 patients without sarcopenia, 57 (10.8%) were
diagnosed with post-gastrectomy sarcopenia newly developed 1
year after curative gastrectomy. To evaluate the clinical
significance of postgastrectomy sarcopenia newly developed
after curative gastrectomy, we divided the preoperative non-
sarcopenic patients into 2 groups (nonsarcopenic and postgas-
trectomy sarcopenic groups) and compared their clinical and
radiological variables. The postgastrectomy sarcopenic group
showed a higher proportion of old age, women, weight loss,
proximal location of the tumors, differentiated tumors, lymph
node involvement, and alcoholics compared with the non-
sarcopenic group (Table 2). We performed multivariate analyses
to determine the risk factors of sarcopenia newly developed after
curative gastrectomy. As a result, female sex, weight loss,
proximal location of tumor, differentiated tumor were significant
risk factors of postgastrectomy sarcopenia newly developed after
curative gastrectomy (Table 2).
To evaluate the prognosis of the patients with postgastrectomy

sarcopenia newly developed after surgical resection, we com-
pared the 5-year survival rates among the preoperative
sarcopenic, nonsarcopenic, and postgastrectomy sarcopenic
groups. There was a significant difference in the OS among
the 3 groups (P= .017), especially, there was a significant
difference between nonsarcopenic and postgastrectomy sarco-
4

penic groups (P= .009). However, there was no difference in the
DFS among them (P= .49) (Fig. 3).

3.3. Correlation between body composition and OS

The relationship between preoperative body fat and postopera-
tive muscle mass was investigated; there was a significant
correlation between the VFA and skeletal muscle mass (rho=
0.296, P< .001). However, there was no significant correlation
between the SFA and skeletal muscle mass (rho=�0.068,
P= .185) (Fig. 4).
The effect of BMI, body fat, and muscle mass on the long-term

prognosis was evaluated; there was a significance only for BMI.
There was no significant association between the OS and VFA,
skeletal muscle mass, and skeletal muscle density (Table 3).

4. Discussion

The present study evaluated the clinical significance of newly
developed postgastrectomy sarcopenia, a surrogate of postoper-
ative nutritional status after surgical resection, based on the
assumption that nutritional parameters, such as muscle mass and
visceral fat, are important prognostic factors after curative
gastrectomy. We found several clinical values of sarcopenia in
patients with GC undergoing curative gastrectomy. First, the
preoperative sarcopenic group showed a higher proportion of
women, lower BMI, and lower proportion of alcoholics and
smokers; however, there was no significant difference in the 5-
year survival rate. Second, the risk factors for postgastrectomy
sarcopenia newly developed after curative gastrectomy were
female sex, proximal location of the tumors, differentiated
tumors; there was significant difference in the 5-year overall
survival among the preoperative sarcopenic, non-sarcopenic, and
postgastrectomy sarcopenic groups. Especially, there was
significant difference between nonsarcopenic and postgastrec-
tomy sarcopenic groups. Last, there was a significant correlation
between the preoperative fat volume and postoperative sarco-
penia; however, only BMI was significantly associated with long-
term survival.



Table 2

Univariate and multivariate analyses of risk factors in postgastrectomy sarcopenic and nonsarcopenic patients with gastric cancer.

Univariate analysis Multivariate analysis

Factors
Postgastrectomy
sarcopenic patients

Nonsarcopenic
patients Odd ratio 95% CI P value Odd ratio 95% CI P value

Age
Age <65 24 (42.1) 276 (58.7) 1 1
Age≥65 33 (57.9) 194 (41.3) 1.956 1.121–3.414 .018 1.599 0.851–3.004 .144

Sex
Female 21 (36.8) 106 (22.6) 1 1
Male 36 (63.2) 364 (77.4) 0.499 0.280–0.892 .019 0.464 0.233–0.925 .029

BMI, mean (SD)
23< 27 (47.4) 180 (38.3) 1
≥23 30 (52.6) 290 (61.7) 0.690 0.397–1.198 .187

Weight loss (>10%)
No 17 (29.8) 288 (61.7) 1 1
Yes 40 (70.2) 179 (38.3) 3.786 2.083–6.880 <.001 3.204 1.716–5.981 <.001

Tumor location
Proximal 16 (28.1) 65 (13.9) 1 1
Distal 41 (71.9) 402 (86.1) 0.414 0.220–0.781 .004 0.490 0.248–0.968 .040

Tumor size
�3.1 25 (43.9) 258 (54.9) 1
>3.1 32 (56.1) 212 (45.1) 1.558 0.895–2.710 .117

Differentiation of tumor
Differentiated 45 (78.9) 293 (62.3) 1 1
Undifferentiated 12 (21.1) 177 (37.7) 0.441 0.227–0.857 .003 0.409 0.200–0.837 .014

TNM stage .128
I 33 (57.9) 323 (68.7) 1
II 10 (17.5) 79 (16.8) 1.239 0.586–2.620 .575
III 14 (24.6) 68 (14.5) 2.015 1.023–3.968 .043

LN involvement
No 33 (57.9) 337 (72.3) 1 1
Yes 24 (42.1) 129 (27.7) 1.900 1.081–3.338 .026 1.785 0.971–3.284 .062

Type of resection
Total gastrectomy 11 (19.3) 99 (21.1) 1
Subtotal gastrectomy 46 (80.7) 371 (78.9) 1.116 0.557–2.234 .757

Adjuvant chemotherapy
No 34 (59.6) 334 (71.1) 1
Yes 23 (40.4) 136 (28.9) 1.661 0.944–2.924 .078

Hypoalbuminemia (<3.0)
No 54 (94.7) 441 (93.8) 1
Yes 3 (5.3) 29 (6.2) 0.845 0.249–2.867 .921

Anemia (Hb <8.0)
No 54 (94.7) 460 (97.9) 1
Yes 3 (5.3) 10 (2.1) 2.556 0.682–9.573 .164

Alcohol
No 42 (73.7) 242 (51.5) 1 1
Yes 15 (26.3) 228 (48.5) 0.379 0.205–0.702 <.001 0.596 0.290–1.226 .160

Smoking
No 41 (71.9) 291 (61.9) 1
Yes 16 (28.1) 179 (38.1) 0.634 0.346–1.164 .142

Hypertension
No 30 (52.6) 284 (60.4) 1
Yes 27 (47.4) 186 (39.6) 1.374 0.791–2.386 .259

Diabetes mellitus
No 44 (77.2) 389 (82.8) 1
Yes 13 (22.8) 81 (17.2) 1.419 0.731–2.755 .301

Total fat area
<238.2 11 (61.1) 186 (48.9) 1
≥238.2 7 (38.9) 194 (51.1) 0.610 0.232–1.607 .317

Visceral fat area
<107.0 26 (45.6) 228 (48.5) 1
≥107.0 31 (54.4) 242 (51.5) 1.123 0.647–1.950 .679

Subcutaneous fat area
<123.0 28 (49.1) 239 (50.9) 1 1

(continued )
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Table 2

(continued).

Univariate analysis Multivariate analysis

Factors
Postgastrectomy
sarcopenic patients

Nonsarcopenic
patients Odd ratio 95% CI P value Odd ratio 95% CI P value

≥123.0 29 (50.9) 231 (49.1) 1.072 0.618–1.857 .805 1.173 0.542-2.536 .685
VFA/SFA
<0.88 11 (61.1) 183 (48.2) 1
≥0.88 7 (38.9) 197 (51.8) 0.591 0.224–1.757 .288

BMI = body mass index, LM, lymph node, SFA = subcutaneous fat area, VFA = visceral fat area.
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Skeletal muscle mass is a new nutritional assessment index.[15]

Sarcopenia is characterized by decreased muscle strength, subse-
quent fatigue, and metabolic disorders caused by skeletal muscle
mass reduction (atrophy andmuscle tissue quality reduction).[10] CT
Figure 3. Five-year overall survival and disease-free survival among the sarcopen
significant difference in the 5-year overall survival among the non-sarcopenic, postg
a significant difference between nonsarcopenic and postgastrectomy sarcopenic g
free survival among the nonsarcopenic, post-gastrectomy sarcopenic, and sarco

Figure 4. Correlation between preoperative abdominal fat distribution and postope
preoperative visceral fat area and postoperative skeletal muscle mass (rho=0.296
subcutaneous fat area and postoperative skeletal muscle mass (rho=0.068, P=

6

assessment of body composition is considered a precise method and
has become the reference standard for detecting obesity and
sarcopenia.[16,17] Indeed, sarcopenia can be defined by a precise
quantification of skeletal muscle mass using abdominal CT.[18]
ic, post-gastrectomy sarcopenic, and non-sarcopenic groups. (A) There was a
astrectomy sarcopenic, and sarcopenic groups (P= .017), especially, there was
roups (P= .009). (B) There was no significant difference in the 5-year disease-
penic groups (P= .49).

rative skeletal muscle mass. (A) There was a significant correlation between the
, P< .001). (B) There was no significant correlation between the preoperative
.185).



Table 3

Influence of BMI, abdominal fat, and skeletal muscle mass on overall survival.

Characteristics No. 5 year survival rate K–M P value HR (95% CI) P value

BMI .358 .393
Underweight (<18.5) 17 0.865 (0.690–1.040) 1
Normal (18.5–22.9) 190 0.945 (0.910–0.980) 0.382 (0.084–1.748) .215
Overweight (23–24.9) 127 0.948 (0.907–0.989) 0.444 (0.094–2.096) .305
Obese (≥25) 193 0.956 (0.923–0.988) 0.263 (0.055–1.270) .096
VFA quartile .845 .847
First (<72.24) 134 0.949 (0.909–0.989) 1
Second (72.25–106.99) 120 0.953 (0.913–0.993) 1.204 (0.404–3.583) .739
Third (107.00–150.49) 142 0.962 (0.930–0.995) 0.885 (0.285–2.745) .832
Fourth (≥150.50) 131 0.921 (0.867–0.974) 1.387 (0.481–3.999) .545
VFA/SFA ratio .086 .164
First (<0.673) 98 0.989 (0.967–1.011) 1
Second (0.674–0.884) 100 0.955 (0.913–0.998) 4.052 (0.453–36.274) .211
Third (0.885–1.219) 103 0.919 (0.860–0.977) 8.688 (1.086–69.512) .042
Fourth (≥1.220) 97 0.939 (0.887–0.992) 7.192 (0.884–58.503) .065
Skeletal muscle mass .290 .509
First (<124.49) 131 0.950 (0.911–0.989) 1
Second (124.50-146.99) 126 0.919 (0.868–0.970) 1.590 (0.566–4.469) .379
Third (147.00-165.99) 137 0.946 (0.903–0.989) 1.221 (0.424–3.520) .711
Fourth (≥166.0) 133 0.972 (0.941–1.003) 0.660 (0.186–2.339) .520
Skeletal muscle density .049 .069
First (<34.09) 129 0.904 (0.850–0.958) 1
Second (34.10–38.49) 122 0.943 (0.898–0.987) 0.595 (0.234–1.511) .275
Third (38.50–42.09) 132 0.972 (0.940–1.003) 0.312 (0.101–0.969) .044
Fourth (≥42.10) 144 0.965 (0.930–1.000) 0.282 (0.091–0.875) .035

BMI = body mass index, SFA = subcutaneous fat area, VFA = visceral fat area.
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Sarcopenia is a multifactorial clinical condition leading to
prolonged hospitalization, higher degrees of treatment-related
toxicity and postsurgical complications, reduced cancer treat-
ment response, impaired quality of life, and worse prognosis
among patients with GC.[19] Even in early-stage GC, weight loss
and associated quality of life often decline following surgery as it
may reduce the stomach’s capacity and consequently decrease
food intake.[20] For these reasons, GC may be more directly
correlated with sarcopenia compared with other cancers. Patients
with GC and sarcopenia at the time of surgery experienced worse
long-term outcomes than did those without sarcopenia.[21,22] In
the present study, the prevalence of preoperative sarcopenia
(8.0%) was comparable to previous reports (6.8%–

57.7%).[16,23] Sarcopenia is associated with many causes, such
as malnutrition, aging, inactivity, inflammatory disease, and
cancer.[9] In our study, the preoperative sarcopenic group had a
higher proportion of women, lower BMI, more lymph node
involvement, and lower proportion of alcoholics and smokers.
We speculate that more women were included in the sarcopenic
group. The present study provided female sex, proximal location
of the tumors, and differentiated tumors as the risk factors for
postgastrectomy sarcopenia newly developed after curative
gastrectomy. Interestingly, postgastrectomy sarcopenia was not
associated with type of resection.
Preoperative sarcopenia might be used as a new indicator of

poor pathological staging, impaired OS, and increased postop-
erative complications.[13] Gastrointestinal cancers, especially
stomach and esophageal cancers, are known to yield great
nutritional loss postoperatively. In this study, we revealed that
postgastrectomy sarcopenia newly developed after curative
gastrectomy had a significant impact on overall survival in terms
of the long-term prognosis.
7

Recently, there is an increasing interest in the relationship
between surgical outcomes and body composition, as determined
by body fat and muscle mass.[16] Obesity and sarcopenia may
potentiate each other and act synergistically, causing physical
impairment and metabolic disorders and worsening progno-
sis.[24] Muscle mass loss may be associated with preserved or even
increased body fat content. Moreover, increased visceral fat
content may promote proinflammatory cytokine secretion,
leading to catabolic effects on the muscles and insulin resistance.
There was a significant association between visceral fat and

postoperative complications and long-term prognosis.[25,26] Simi-
lar with previous reports, the present study showed a significant
correlation between the preoperative VFA and postoperative
skeletal muscle mass. However, these were not significantly
associatedwith long-term prognosis. The VFA andVFA/SFA ratio
significantly predicted cancer-related survival.[27,28] However,
they were not significantly associated with long-term prognosis in
this study.Thismaybebecause a relatively large portionofpatients
with early-stage GC (66.8%) were included.
In our study, only BMI was significantly correlated with the 5-

year survival rate, suggesting that it affects long-term prognosis.
BMI is generally recognized as a primary indicator used to define
malnutrition.[23] Malnutrition can lead to various postoperative
complications, reduced drug therapeutic efficacy, and systemic
inflammatory response activation.[29] BMI affected the long-term
outcomes after GC surgery.[7] Further, there was a negative
prognostic impact of a low BMI.[30] Preoperative BMI also
predicted survival among patients with GC and was superior to a
postoperative staging system.[31] Since the prevalence of
nutritional risks in these patients is 36% to 43%,[23] preoperative
nutritional assessment is important in preventing possible
complications.[10]

http://www.md-journal.com
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This study was the first to identify the risk factors and clinical
significance of sarcopenia newly developed after curative
gastrectomy; skeletal muscle mass and abdominal fat were
objectively quantified using abdominal CT performed by an
experienced abdominal radiology specialist.
There were several limitations in this study. First, sarcopenia

was diagnosed only by radiological evaluation using CT.
Muscle function could not be measured in this study. Second,
the number of patients with advanced GC was small. Thus,
more accurate sarcopenia diagnoses and sufficient number of
patients with advanced GC are needed in future studies. Last,
this study had relatively small number of female patients.
Therefore, a large number of female patients should be included
in the future studies. In conclusion, women with proximal
location of the differentiated GC are at a high postgastrectomy
sarcopenia risk. Since postgastrectomy sarcopenia newly
developed after curative gastrectomy did affect the overall
survival rate, patients at risk of developing sarcopenia after
surgical resection may require early nutritional status evalua-
tion and nutritional support.
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