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Abstract

Purpose The present study examined the changes in and risk factors for body composition (BC) during the first postopera-
tive month when dynamic biological reactions occur.

Methods We retrospectively assessed 202 patients who underwent gastrectomy. The BC was assessed using a bioelectri-
cal impedance analysis and evaluated within 1 month preoperatively, 1 week postoperatively, and 1 month postoperatively.
Multiple regression analyses were performed to identify predictive factors for BC change.

Results The mean reduction rate in BC at 1 month postoperatively was —6.0, —10.5, —5.6, — 1.1, —10.1, and + 1.2% for
body weight, body fat, skeletal muscle, bone mineral, extracellular water/total body water, and the whole-body phase angle,
respectively. A multiple regression analysis revealed that independent risk factors for weight loss were complications, opera-
tive time, and type of gastrectomy (P=0.004, 0.011, 0.015, respectively), and those for skeletal muscle loss were complica-
tions and gastrectomy type (P=0.002, 0.010, respectively). A segmental lean mass analysis revealed that the lower limbs
were markedly reduced at 1 week postoperatively (— 8.0%), and these independent risk factors were the female sex and Stage
II/11I disease (P =0.008, 0.036, respectively).

Conclusion Detailed analyses of BC might help elucidate the mechanisms underlying postoperative physical changes, which
might be useful for perioperative management.
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Introduction

Gastric cancer is a major cancer and the third leading cause
of cancer-related death worldwide [1], and gastrectomy is
the most effective treatment for its radical cure [2]. However,
gastrectomy causes post-gastrectomy symptoms [3], includ-
ing changes in digestive juice, gastric acid, and ghrelin [4,
5], leading to various disabilities, such as weight loss and a
decreased quality of life.
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Body composition changes in patients with gastric cancer
frequently occur after gastrectomy and can be caused by
various mechanisms, including poor food intake, immobil-
ity due to decreased activity, adjuvant chemotherapy, and
hypermetabolism associated with the inflammatory response
to surgery and complications [6—8]. Especially in the first
month after gastrectomy, the body composition is dra-
matically altered by the rapid postoperative environmental
variation. Surgical stress causes immune cells to produce
cytokines, which act as mediators of both immune and sys-
temic responses [9], and cause muscle catabolism character-
ized by a rapid decrease in protein content and accelerated
release of amino acids [10]. Muscle tissue degradation is a
key systemic response to invasion, generating amino acids
related to glycogenesis, immune response, and tissue repair
[10, 11]. Adequate nutrition and exercise during the recov-
ery and anabolic phases are necessary to increase the total
muscle protein lost due to surgical invasion. Therefore, body
composition deterioration is closely related to deterioration
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in the nutritional status and postoperative quality of life [12,
13]. Furthermore, a previous study demonstrated that a loss
of lean body mass over 5% at 1 month after gastrectomy,
which is observed in approximately 30% of patients, was
a significant risk factor for compliance with S-1 adjuvant
chemotherapy, leading to a decreased survival [14, 15].

A bioelectrical impedance analysis (BIA) quantitatively
measures the components of the human body based on the
impedance generated when an electric current is applied to
the human body. Body components are roughly divided into
"fat," "muscle," "bone," and "water." However, past reports
on body composition have focused only on body weight
and lean body mass, with few reports examining other body
composition details. A detailed analysis of body composition
might help elucidate the mechanisms underlying postopera-
tive physical changes, which might be useful for periopera-
tive management, such as nutrition and rehabilitation.

The present study, therefore, examined the changes and
risk factors in each body composition factor during the first
postoperative month, when dynamic biological reactions
occur.

Methods
Study population

This retrospective observational cohort study was conducted
at Tottori Prefectural Central Hospital and Tottori University
Hospital.

The inclusion criteria were as follows: (1) histologi-
cally proven gastric cancer; (2) pathological Stage I/II/III
with RO resection; (3) having undergone distal gastrectomy
(DG), proximal gastrectomy (PG), or total gastrectomy
(TG) with lymph node dissection as the primary treatment
between January 2019 and April 2022; (4) no body weight
loss of > 15% before surgery; and (5) a body composition
analysis performed within 1 month preoperatively, 1 week
postoperatively, and 1 month postoperatively.

The exclusion criteria included an omitted BIA examina-
tion, incomplete data, implanted cardiac pacemaker, ascites
effusion, conspicuous edema, and other active primary
malignancies. Patients with pathological tage IV disease,
palliative gastrectomy, neoadjuvant chemotherapy, and an
inability to receive oral nutrition at 1 month postoperatively
were also excluded. Of the 280 patients who underwent gas-
trectomy during the study period, we included 202, while
78 patients were excluded. Cancer staging was based on the
Japanese Classification of Gastric Carcinoma, 15th edition
[16].

This study was approved by the ethics board of the
Tottori Prefectural Central Hospital (approval number:
2020-23) and Tottori University Hospital (approval

number: 22A036). The requirement for informed consent
was waived due to the retrospective nature of this study.

Perioperative management

Perioperative management is generally performed accord-
ing to the clinical pathway of our institutions based on
enhanced recovery after surgery (ERAS). Postoperative
patients were rehabilitated from the day after surgery, and
nutritional guidance was provided twice until discharge.
In 202 curative patients, standard radical gastrectomy and
D1+ or D2 lymph node dissection were performed accord-
ing to the Japanese Gastric Cancer Treatment Guidelines

[2].

Body composition analyses

Body composition was assessed using a direct segmental
multifrequency BIA with InBody S10® (InBody Co., Ltd.,
Seoul, Korea). The InBody S10® uses multifrequency body
segmental measurements and an 8-point tactile electrode.
The multifrequency measurement uses 1-, 5-, 50-, 250-,
500-, and 1,000-kHz frequencies for each body segment
(trunk, upper, and lower limbs). InBody® automatically pro-
vides relative information regarding the amount of lean body
mass in the trunk area and each limb and the overall body
composition, such as the body weight, skeletal muscle mass,
lean body mass, body fat mass, bone mineral content, extra-
cellular water/total body water (ECW/TBW), and whole-
body phase angle (WPA). Body composition was evaluated
within 1 month preoperatively, 1 week postoperatively, and
1 month postoperatively (first, second, and third measure-
ments, respectively). The rate of change in body composition
was defined as each postoperative weight minus preopera-
tive weight divided by preoperative weight and multiplied
by 100. This analyzer is not based on statistical data from
a specific population and can accurately assess people with
varying physiques, such as the obese, elderly, and athletic
[17,18].

Modified frailty index

The modified frailty index (mFI) is based on 11 physiologi-
cal deficits derived from the original 70-item Canadian
Study of the Health and Aging Frailty Index [19]. Patients
were assigned 1 point for each of the 11 physiological
deficits, and the total points assigned to each patient were
divided by 11. A higher score indicated increased frailty
[20]. Patients were subsequently divided into the mFIieh
(>0.272) and mFI**" (< 0.272) groups.
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Statistical analyses

Continuous and categorical variables are expressed as the
mean and standard deviation (SD) and numbers (percent-
ages), respectively. The Dunn—Bonferroni multiple com-
parisons, Mann—Whitney U tests, Kruskal-Wallis test, and
Dunn's multiple were performed for statistical analyses.
Multiple regression analyses were performed to identify
predictive factors for significant variations in the change
in body composition. The significance threshold was set at
P <0.05. The GraphPad Prism (GraphPad Software, Inc.,
La Jolla, CA, USA) and SPSS Statistics, version 24 (IBM
Corp., Armonk, NY, USA) software programs were used for
the statistical analyses.

Results
Study population

Table 1 presents the clinicopathologic characteristics
of the participants in this study. The number of elderly
patients > 75 years old was 75 (37.1%). DG, PG, and TG
were performed in 137 (67.9%), 23 (11.4%), and 42 patients
(20.8%), respectively. Laparoscopic surgery was performed
in 187 patients (92.6%), of whom 116 underwent conven-
tional laparoscopic surgery and 71 underwent robotic sur-
gery. The pathological stages were Stage I in 116 (57.4%),
Stage IT in 40 (19.8%), and Stage III in 46 (22.8%) patients.
Using the first quartile of the operative time and blood loss
distribution as the cutoff points, the operative time and blood
loss were 371 min and 70 mL, respectively, and the patients
were classified into two groups.

Table 2 presents the details of complications. Grade > 11
complications, according to the Clavien—Dindo classifica-
tion, occurred in 37 patients (18.3%), including Grade II
in 27, Grade Illa in 8, Grade IVa in 1, and Grade IVb in 1.

Table 3 shows the comorbidities that might affect the
results of postoperative body composition evaluations.

Body composition

The change in the body composition at 1 week and 1 month
postoperatively were —2.93% +3.0% and —6.00% +3.5%
for body weight, —1.78%+13.8% and — 10.53% + 14.7% for
body fat, —3.49% +4.8% and —5.57% +5.2% for skeletal
muscle, 1.03% +7.4% and —1.07% +7.2% for bone min-
eral, —0.25% +1.7% and 1.27% + 1.6% for ECW/TBW, and
0.88%+11.6% and — 10.09% =+ 11.9% for WPA, respectively
(Fig. 1). Figure 1 illustrates the changes in body composi-
tion according to the Dunn—Bonferroni multiple comparison
test for the preoperative, 1-week postoperative, and 1-month
postoperative time points. Regarding the proportions of
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Table 1 Clinical features of the patients included in this study
(n=202)

N=202 (%)

Preoperative body weight

Mean +SD 59.0+10.8
Age (years)

<75 127 62.9

>75 75 37.1
Sex

Female 62 30.7

Male 140 69.3
Gastrectomy®

DG 137 67.8

PG 23 114

TG 42 20.8
Surgical approach

Laparoscopy 187 92.6

Open 15 7.4
Stage of disease

I 116 574

/111 86 42.6
Lymphadenectomy®

D1/D1+ 126 62.4

D2 76 37.6
Operative time (min)

<371 150 74.3

>371 52 25.7
Bleeding (ml)

<70 150 74.3

>70 52 257
Complication®

Absent 165 81.7

Present 37 18.3
mF[¢

Low 142 70.3

High 60 29.7

*DG; distal partial gastrectomy, PG; proximal partial gastrectomy,
TG; total gastrectomy

®The extent of lymphadenectomy is defined according to the gastrec-
tomy type

“Present; Grade > II according to Clavien—-Dindo classification

4YmFI; modified frailty index

changes, the body weight and skeletal muscle decreased
immediately postoperatively and continued to decrease
1 month postoperatively, whereas body fat did not decrease
markedly immediately postoperatively but then decreased
rapidly 1 month postoperatively. Bone mineral remained
almost unchanged from preoperative to 1 month postopera-
tive, and ECW/TBW decreased immediately postoperatively
but increased at 1 month postoperatively. WPA decreased
sharply between 1 week and 1 month postoperatively.
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Table 2 Details of the complications in this study

Grade N=37 Complications Cases
IVb 1 Mendelson's syndrome 1
IVa 1 Acute heart failure 1
1Ia 8 Anastomotic leakage 4
Pancreatic fistula 3
Ileus 1
Acute cholangitis 1
1II 27 Pneumonia 12
Ileus 5
Wound infection 3
Pancreatic fistula 2
Pulmonary thromboembolism 2
Anastomotic leakage 1
Abdominal abscess 1
Bile leakage 1
Chylorrhea 1
Roux stasis syndrome 1
Acute cholecystitis 1
Ischuria 1
There were duplicate cases
Table 3 Details of the comorbidities in this study
Comorbidities Cases
Hypertension 101
Diabetes 48
Cerebral infarction 12
Chronic obstructive pulmonary disease 11
Acute coronary syndrome 4

Congestive heart failure

There were duplicate cases

Fig. 1 Changes in the body 2
composition from preopera-

tive to 1-month postoperative

timepoints 0

Segmental lean mass

Segmental lean mass was also analyzed. The percentage
change in lean body mass at 1 week and 1 month postop-
eratively was —3.09% +4.8% and —4.31% +4.9% for the
whole body, — 1.52% +8.0% and —7.22% +7.0% for upper
limbs, —0.99% +4.7% and —5.18% +4.4% for the truncus,
and —7.98% +8.5% and — 5.72% + 8.7% for the lower limbs,
respectively (Fig. 2). All segmental lean mass components
and all time periods revealed significant differences concern-
ing changes. The most specific changes were in the lower
limbs, which were markedly reduced at 1 week postopera-
tively and improved moderately at 1 month postoperatively.

Individual body composition factors

The results of the first postoperative week are described first.
Body weight loss was more significant in Stage II/III than
in Stage [ (—3.4 and —2.6%, respectively, P=0.038) and in
D2 lymphadenectomy than in D1/D1 4+ lymphadenectomy
and (—3.6 and —2.5%, respectively, P=0.005). The WPA
was significantly lower in the group that underwent D1/
D1 +lymphadenectomy than in the group that underwent D2
lymphadenectomy (— 0.8 and 3.7%, respectively, P =0.006).
ECW/TBW was significantly lower in the bleeding <70 mL
group than in the bleeding > 70 mL (- 0.4 and 0.3%, respec-
tively, P=0.009). The other factors were not significantly
different and changed uniformly, indicating that each factor
had a minimal effect on body composition 1 week after sur-
gery (data not shown).

Table 4 shows the results of simple and multiple regres-
sion analyses for each body composition factor at 1 month
postoperatively. Multiple regression analyses revealed that
independent risk factors for weight loss were Grade > I1

Pre vs.

Pre vs. Post-1

Post-1 week month
=& Body weight <0.001 <0.001
=% =Body fat 0.034 <0.001
== Skeletal muscle <0.001 <0.001
== Bone mineral >0.999 0.124
=@=ECW/TBW 0.048 <0.001
--de- WPA >0.999 <0.001

Post- 1 week Post- 1 month
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Fig.2 Changes in segmental 0
lean mass from preopera-
tive to 1-month postoperative
timepoints

Pre Post- 1 week

complications, operative time, and type of gastrectomy
(P=0.004, 0.011, 0.015, respectively), and for skeletal
muscle loss, these factors were Grade > II complications and
type of gastrectomy (P =0.002, 0.010, respectively). Other
risk factors were the type of gastrectomy for bone mineral,
female sex for ECW/TBW, and operative time <371 min
for WPA (P =0.005, 0.013, 0.011, respectively). In the sub-
group analysis of laparoscopic surgery, there was no signifi-
cant difference between conventional laparoscopic surgery
and robotic surgery for each body composition factor at
1 month postoperatively (data not shown). In contrast, in the
subgroup analysis of complications, there was a significant
difference between Grade > III and Grade II complications in
body weight at 1 month postoperatively (— 9.3 and — 6.8%,
respectively, P=0.044) (Table 5).

Lean body mass of the lower limbs at 1 week
postoperatively

Table 6 presents the results of simple and multiple regression
analyses for lean body mass of the lower limbs at 1 week
postoperatively. A multiple regression analysis revealed that
the female sex and Stage II/III disease were independent
risk factors for lean body mass of the lower limbs at 1 week
postoperatively (P =0.009, 0.036, respectively).

Body composition according to each type
of gastrectomy

Figure 3 illustrates the change in body composition
according to each type of gastrectomy according to the
Kruskal-Wallis test and Dunn's multiple comparisons test
for the preoperative, 1-week postoperative, and 1-month
postoperative timepoints. One week postoperatively, there
were no significant differences among body composition
factors. However, 1 month postoperatively, there were

@ Springer

Pre vs. Pre vs.
Post-1 week  Post-1 month

—@— LBM-Whole body <0.001 <0.001
«+3+ LBM-Upper limbs 0.013 <0.001
=M= LBM-Truncus 0.001 <0.001
—&—LBM-Lower limbs <0.001 <0.001

Post- 1 month

significant differences in the body weight, skeletal muscle,
and bone mineral between DG and TG (P =0.006, 0.033,
0.027, respectively), and in WPA, there was a significant
difference between DG and PG (P =0.040).

Discussion

This study demonstrated the body composition details dur-
ing the first postoperative month when dynamic biologi-
cal reactions occur. First, body weight and skeletal mus-
cle decreased immediately postoperatively and continued
to decrease 1 month postoperatively. In contrast, body fat
did not decrease significantly immediately after surgery
and decreased rapidly 1 month postoperatively. Second,
gastrectomy type and complications were significant risk
factors for body weight and skeletal muscle loss at 1 month
postoperatively. Third, lean body mass of the lower limbs
was markedly reduced in the first postoperative week, and
the risk factors for this reduction were female sex and Stage
II/III disease. These findings allow us to explore different
approaches to postoperative management, including nutri-
tion and rehabilitation.

In the present study, the mean reduction amount and
rate in body composition at 1 month postoperatively was
—3.6 kg (—6.0%) for body weight, — 1.7 kg (— 10.5%)
for body fat, — 1.3 kg (- 5.6%) for skeletal muscle, and
—0.03 kg (— 1.1%) for bone mineral. Body weight loss
was largely attributable to skeletal muscle (or lean body
mass) at 1 week postoperatively and body fat at 1 month
postoperatively. This phenomenon has been shown in
previous studies [21] and can be explained by biologi-
cal responses in recovery from surgical invasion. When
tissue damage occurs due to surgical invasion, various
hormones and cytokines are mobilized, and systemic
responses are triggered to maintain homeostasis. Muscle
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Table 4 Regression analysis for body composition at 1 month postoperatively

(N=202) Body weight Body fat Skeletal muscle
Mean+SD  Simple Multiple Mean +SD Simple Mean+SD Simple Multiple
Pvalue p P value P value Pvalue p P value
Age (years)
<75 127 -6.0+3.7 0912 —-104+14.8 0.858 -5.6+52 0.865
>75 75 -6.0+3.0 -10.8+14.7 -55+5.1
Sex
Female 62 -5.7+3.0 0.387 -92+135 0.386 —-55+£55 0.965
Male 140 -6.1+3.6 —11.1+£153 —-5.6+5.1
Gastrectomy?®
DG 137 -54+3.1 0.00I* -0.17 0.015%* -9.7+147  0.301 -5.0+49 0.008 -0.18 0.010*
PG 23 -6.7+29 —-123+15.8 -6.0+4.0
TG 42 —74+43 —-12.1+14.2 -73+6.3
Surgical approach
Laparoscopy 187 -59+34 0.155 —-10.5+14.8 0.945 -54+51 0.121
Open 15 -72+38 —-103+144 —-7.6+58
Stage of disease
I 116 -55+32 0.01I* —-10.6+14.3 —-4.8+48 0014
/11 86 -6.7+3.6 —-104+154 —-6.6+5.6
Lymphadenectomy®
D1/D1+ 126 -55+33 0.0I* -95+146 0934 —-54+50 0448
D2 76 —-6.8+3.6 —-123+149 -59+55
Operative time (min)
<371 150 -55+32 <0.001* -0.18 0.011* -9.6+146 0.184 —-5.1+£49 0.047
>371 52 —-74+3.7 —-133+149 -6.8+59
Bleeding (ml)
<70: 150 —-58+34 0.168 —-10.1+156 0.111 -54+51 0353
>70 52 —-6.6+3.7 -11.7+£12.0 —-6.1+54
Complication®
Absent 165 -57+33 0.003* -0.19 0.004* —10.7+14.8 0.802 -5.0x+48 0.002% =021 0.002%
Present 37 -75+3.6 —-10.0+14.7 -79+64
mF[
Low 142 -6.0+33 0.777 —-10.6+149 0.957 -54+48 044
High 60 -59+39 —-10.4+14.5 -6.0+6.1
(N=202) Bone mineral ECW/TBW WPA
Mean+SD Simple Multiple Mean+SD Simple Multiple Mean+SD  Simple Multiple
P value p P value P value p P value P value p P value
Age (years)
<75 127 -12+7.6 0.697 1.2+14  0.168 —-11.0+124 0.677
>75 75 -08+6.4 1.3+2.0 -8.6+109
Sex
Female 62 0.0+59  0.143 1.0+14  0.013 017 0.013* -132+15.5 0.188
Male 140 -1.6+7.6 1.4+1.7 —-8.7+9.6
Gastrectomy®
DG 137 -02+7.1 0.005% -0.20 0.005* 12+1.5 0.929 -9.7+123 0.290
PG 23 -19+6.6 1.5+1.8 —-144+124
TG 42 -3.6+72 1.5+2.1 -9.0+9.6
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Table 4 (continued)

(N=202) Bone mineral ECW/TBW WPA
Mean+SD Simple Multiple Mean+SD Simple Multiple Mean+SD  Simple Multiple
P value p P value P value p P value P value p P value

Surgical approach

Laparos- 187 -09+72 0.143 1.3+1.6  0.100 —-10.5+12.0 0.532

copy

Open 15 -2.7+6.1 1.0£1.7 -52+92
Stage of disease

I 116 -0.6+7.7 0311 1.3+1.7  0.826 -99+11.1 0.966

/11 86 -1.7+6.3 1.3+1.6 —-10.3+12.9
Lymphadenectomy®

D1/D1+ 126 -1.1+64 0.930 1.3+19  0.873 —10.0+11.2 0.992

D2 76 -1.0+8.3 13+1.2 —-103+13.1
Operative time (min)

<371 150 -0.8+£6.2 0.460 1.1+1.6  0.221 -9.5+103 0011 -0.18 0.011*

>371 52 -1.7+9.5 1.8+1.6 —-11.8+15.6
Bleeding (ml)

<70 150 -09+6.8 0.676 1.1+1.6  0.068 —11.0+12.3 0.054

>170 52 -1.4+8.0 1.6+1.7 -7.5+103
Complication®

Absent 165 -0.6+72 0.077 12+1.7  0.254 —-10.5+12.5 0.430

Present 37 -29+69 1.5+15 —-8.1+8.7
mFI

Low 142 -0.8+7.1 0.367 12+14  0.614 -9.8+12.0 0.836

High 60 -1.8+7.3 1.3+2.1 -10.7+11.6

See Table 1 for the detail

ECW/TBW extracellular water/total body water, WPA whole-body phase angle

*Statistically significant

Table 5 Subgroup analysis of complications for body composition at
1 month postoperatively

CD2(N=27) CD>3 (N=10) P value

Mean+SD Mean+SD
Body weight -6.8+3.7 -93+2.7 0.044
Body fat -9.7+16.0 -10.6+114 0.960
Skeletal muscle —-6.8+5.9 —-11.0+6.9 0.114
Bone mineral —-1.8+7.1 —-59+54 0.091
ECW/TBW 12+1.4 2.1+1.7 0.071
WPA —-7.8+8.2 —-8.7+10.2 0.644

ECW/TBW extracellular water/total body water, WPA whole-body
phase angle, CD Clavien—-Dindo classification

tissue degradation is a key systemic response to the inva-
sion, which provides amino acids related to glycogenesis,
immune response, and tissue repair. As energy deficiency
persists, the energy source shifts from glucose to fat, and
fatty acids and ketone bodies become the energy sources
through lipolysis. The metabolic rate decreases as lipolysis

@ Springer

proceeds, conserving energy sources, inhibiting muscle
collapse, and preserving body proteins [22].

Recent reports have revealed that advances in ERAS
have reduced weight loss in the early postoperative period
[23], with an approximate —6% body weight loss rate at
1 month after gastrectomy in patients with gastric cancer,
which was very similar to the present study [21]. Regard-
ing body composition at 1 month postoperatively, Segami
et al. reported that the risk factors for weight loss of > 10%
were total gastrectomy and postoperative complications [24],
while Aoyama et al. reported that the risk factors for lean
body mass loss of > 5% were total gastrectomy, postopera-
tive complications, and male sex [3]. Similar results were
observed in our study, which revealed that independent risk
factors for weight loss and skeletal muscle were the type
of gastrectomy and Grade >1II complications. In our study,
changes in body composition according to each type of gas-
trectomy at 1 month postoperatively were as expected, with
DG showing the least amount of change, TG the greatest,
and PG in between. However, only WPA was significantly
reduced in the PG group. WPA is widely used as an indicator
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Table6 The regression analysis N=202 Mean +SD Univariable Multivariable
for lean body mass of lower
limbs at 1 week postoperatively p P value p P value
Age
<75 127 —-7.7+8.8 —0.045 0.527
>75 75 -85+78
Sex
Female 62 —-104+7.5 0.189 0.007 0.181 0.009*
Male 140 -69+8.6
Gastrectomy®
DG 137 —-7.7+8.0 —0.056 0.431
PG 23 —-8.1+£5.1
TG 42 -89+11.0
Surgical approach
Laparoscopy 187 —-7.7+83 —0.131 0.062
Open 15 -11.9+10.1
Stage of disease
1 116 -6.8+8.1 —0.156 0.027 —0.145 0.036*
1/ 86 -95+87
Lymphadenectomy®
D1/D1+ 126 -7.6+79 —0.064 0.362
D2 76 —-87+£9.3
Operative time (min)
<371 150 -79+8.1 —-0.011 0.874
>371 52 -81+95
Bleeding (ml)
<70 150 —-73+82 -0.128 0.069
>70 52 -9.8+£8.9
Complication®
Absent 165 —-7.6+8.0 —0.082 0.247
Present 37 -9.4+103
mFI*
Low 142 -79+7.1 -0.011 0.873
High 60 —-8.1+11.1

See Table 1 for the detail
*Statistically significant

of cellular nutritional status and aging, and is affected by
muscle mass, cellular aging, and body water content. There-
fore, female patients, the elderly, and those with edema show
a reduced WPA. However, PG showed no sex differences;
no significant decrease in body weight, muscle mass, or
ECW/TBW at 1 month postoperatively; and no significant
differences in complications when compared to DG or TG.
Why only WPA was significantly reduced in the PG group
is unclear, but it may be due to variance in the small number
of PG cases. Further studies with a larger sample size are,
therefore, needed.

Laparoscopic and robotic surgeries reduced surgical inva-
siveness [25-27]; however, there was no significant differ-
ence between laparoscopic and open surgery in body compo-
sition at 1 month postoperatively, nor was there a significant

difference between conventional laparoscopic surgery and
robotic surgery. Minimally invasive surgery minimizes
abdominal wall destruction, reduces pain, and contributes
to an early postoperative recovery; nonetheless, tissue dam-
age from intraperitoneal manipulation, such as gastrectomy
and lymph node dissection, remains largely unchanged, and
the proportion of abdominal wall tissue damage regarding
the overall tissue damage is low. Therefore, minimally inva-
sive surgery might not have resulted in a biological response
leading to a significant reduction in body weight or muscle
mass. In contrast, Grade > III complications significantly
reduced body weight compared with Grade II complica-
tions. Furthermore, although not significantly different,
Grade > III complications tended to have higher reduction
rates in skeletal muscle and bone mineral loss than Grade II
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complications, thus suggesting that the intensity of invasion
and inflammation due to complications might be destruc-
tive to the body. Therefore, efforts to avoid complications,
regardless of the approach, are essential.

Despite various surgical approaches, such as avoiding
TG [28, 29] and performing minimally invasive surgery
[30], body weight loss remains a major complication of
gastrectomy and is yet unsolved. Several studies have
reported that body weight loss is associated with a sig-
nificant deterioration in the quality of life [12, 31] and a
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decreased survival of patients with gastric cancer from
intolerance to adjuvant chemotherapy [14]. A large-scale
randomized controlled trial demonstrated that BWL at 1,
3, and 6 months was significantly lower in the oral nutri-
tion supplements group than in the control group. How-
ever, the difference in percentage weight loss between both
groups at 1 month postoperatively was < 1% [32]. From
this evidence, approaches to prevent further body weight
loss have reached their limits. Therefore, postoperative
management, including nutrition and rehabilitation, should
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be conducted with these limitations and be understood by
the patients.

To our knowledge, this is the first report of promi-
nent lean body mass wasting of lower limbs in patients
with gastric cancer 1 week after gastrectomy. Zudin et al.
demonstrated that the rectus femoris cross-sectional area
using ultrasonography decreased significantly from days
1-7 (= 12.5%; P=0.002) in intensive care unit patients
[33]. It is essential to note that disuse atrophy and other
factors associated with surgical invasion, like immobil-
ity, increased catabolism, nutritional and metabolic dis-
orders, and inflammation, are involved. In our study, one
risk factor for lean body mass wasting of lower limbs was
female sex. One reason for this is that anabolic steroids,
which enhance muscle anabolism, are secreted more fre-
quently by males than by females. Therefore, it is vital to
strengthen anabolism while maintaining adequate nutri-
tional intake to prevent muscle wasting after gastrectomy.
Furthermore, administering beta-hydroxy-beta-methylbu-
tyrate, a leucine metabolite with strong anabolic and cata-
bolic inhibitory effects, and rehabilitation may strengthen
anabolism [34]. Further studies are needed to confirm
methods for improving postoperative skeletal muscle.

Several limitations associated with the present study
warrant mention. First, this was a retrospective study
conducted at two hospitals. Different perioperative man-
agement approaches in ERAS may yield different results.
However, our institutions have performed standard and
aggressive ERAS, which is by no means markedly infe-
rior to approaches in other institutions. Second, the sample
size was small; accordingly, further large-scale trials are
required to confirm the results. Third, body composition
values measured via a BIA are affected by the measur-
ing instrument type, edema, and dehydration. However,
InBody® uses multifrequency, body segmental meas-
urement method, and an 8-point tactile electrode. This
analyzer is not based on statistical data from a specific
population and can accurately assess people with different
physiques.

In conclusion, body weight and skeletal muscle con-
tinued to decrease during the first postoperative month,
and the risk factor was the type of gastrectomy and com-
plication. Lean body mass of the lower limbs decreased
markedly during the first postoperative week. Therefore,
surgeons should apply these findings to postoperative man-
agement, including nutrition and rehabilitation.
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