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Abstract
Background Although peritoneal metastasis (PM) is associated with poor prognosis in gastric cancer (GC) patients, it is di�cult to discriminate
preoperatively. Our previous study has demonstrated visceral fat area (VFA) is a better obesity index than body mass index (BMI) in predicting
abdominal metastasis. Aim This study aimed to further explore the relationship between obesity and PM. Methods VFA was retrieved for 859
consecutive patients undergoing radical gastrectomy between January 1, 2009 and December 31, 2013. A receiver operating characteristic curve
analysis was used to determine the BMI-speci�c cutoff values for VFA. Univariate and multivariate analyses evaluating the risk factors for PM at
different BMI levels were performed. Results The optimal cutoff values for VFA were 67.28, 88.03, and 175.32 cm 2 for low, normal, and high BMI
patients, respectively, and 18 (15.52%), 220 (40.15%), and 61 (31.28%) patients were classi�ed as having high VFA in each group. Univariate logistic
regression revealed that the association between high VFA and PM was not dependent on BMI (odds ratio [OR]=9.048, P=0.007 for low BMI, OR=3.827,
P<0.001 for normal BMI, and OR=2.460, P=0.049 for high BMI). In multivariate logistic regression analysis, high VFA (OR=3.816, P<0.001) and vascular
invasion (OR=1.951, P=0.039) were independent risk factors for PM only in the normal BMI group. Conclusions VFA only effectively predicted PM for
GC patients with normal BMI, rather than those with low and high BMI. More attentions should be paid to those GC patients with high VFA and normal
BMI.

Introduction
Gastric cancer (GC) is the fourth most common cancer worldwide and the third leading cause of cancer-related deaths (723000 deaths) worldwide[1, 2].
Most GC patients do not succumb to their primary tumor but instead to peritoneal metastasis (PM), which is common in advanced gastric cancer[3],
but is even more apparent after the primary lesion has been removed[4]. Nearly 50% of the deaths due to GC could be ascribed to PM[5] and patients
with PM of GC experience poorer prognosis with a median survival of 4–7 months[6, 7]. However, PM in GC may remain asymptomatic for a long period
in most cases[6] and is detected in only 14% of GC patients at initial examination[8] and is often initially diagnosed intraoperatively, which is not ideal
for surgeons to determine the most appropriate therapeutic approach. Thus, it is essential to develop effective methods to discriminate patients at a
high risk of PM promptly.

Recently, obesity has also been recognized as an independent risk factor for several cancers[9]. It is reported that nearly 40% of all cancers can be
attributed to overweight and obesity[10]. In particular, over 60% of endometrial, post-menopausal breast and colorectal cancers have been attributed to
obesity[11, 12]. However, obesity characterized by body mass index (BMI) is only a measure of general adiposity and may not fully quantify the role of
visceral adiposity in cancer risk. Moreover, visceral adipose tissue is increasingly recognized as an endocrine organ that synthesizes obesity-mediated
hormones and cytokines which have been directly implicated in cancer risk[13]. Furthermore, visceral fat area (VFA) has been demonstrated to be more
strongly associated with postoperative complications such as incisional hernia[14] and postsurgical gastroparesis syndrome[15] after gastrointestinal
operation than elevated BMI.

Similarly, our previous study also found that VFA was a more useful indicator of PM risk than BMI[16]. In this study, we evaluated the predictive value of
the VFA for PM in gastric cancer patients with different BMI levels, and further explore the relationship between obesity and PM, via screening of
patients at high risk of PM preoperatively.

Materials And Methods

Study design and patient population
All patients who underwent radical gastrectomy at the Gastrointestinal Surgical Department, Second A�liated Hospital of Wenzhou Medical University
and the First A�liated Hospital of Wenzhou Medical University in China between January 1, 2009 and December 31, 2013 were identi�ed.
Demographic information and operative details were prospectively collected and patients were grouped according to their BMI into “low BMI (BMI < 
18.5 kg/m2),” “normal BMI (BMI 18.5–24 kg/m2),” and “high BMI (BMI ≥ 24 kg/m2)” groups. All participants provided written informed consent prior to
study participation. This project was approved by the Ethical Review Board of the Second A�liated Hospital of Wenzhou Medical University.

Inclusion/exclusion Criteria
All adult patients who met the following criteria were included for analysis: (a) histopathologically con�rmed gastric adenocarcinoma and planned to
receive radical gastrectomy; (b) adult patients (18 years of age or older); (c) had abdominal computed tomography (CT) image within 1 month before
surgery; (d) signed informed consent and agreed to participate in this study. The exclusion criteria included patients who: (a) lacked preoperative
abdominal computed tomography (CT) image (performed CT in other hospital); (b) lacked the data on weight or height needed to calculate BMI; (c)
had cancer metastasis which could not be cured during surgery; (d) patients who had undergone partial gastrectomy with remnant GC. Operation were
performed routinely following the Japanese Gastric Cancer Treatment Guidelines 2010 (version 3).

Diagnosis Of Pm
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PM was diagnosed according to the criteria of the Japanese Gastric Cancer Treatment Guidelines (15th edition): metastases were limited to the
greater omentum, lesser omentum, anterior lobe of the transverse mesocolon, pancreatic capsule, and spleen and metastasis in the upper abdominal
peritoneum (visceral peritoneum above the transverse position and parietal peritoneum above the umbilicus). PM was diagnosed from intraoperative
frozen sections and postoperative diagnostic pathology.

Vfa Measurement
As mentioned above, all patients received abdominal CT scan preoperatively. The umbilicus level imaging was selected for measurement from the
Picture Archiving and Communication System (PACS). The Houns�eld scale was used to distinguish adipose tissue from other tissues; here, adipose
tissue was de�ned as within the range of − 140 to − 50 Houns�eld units (HU). The total fat area was calculated using a dedicated processing system
(version 3.0.11.3, BN17 32-bit; INFINITT Healthcare Co., Ltd., Seoul, South Korea).

Cutoff Point For Vfa
We determined the cutoff point for VFA as the maximal Youden index value on a receiver operating characteristic (ROC) curve. Patients in each
subgroup were then divided into two groups based on this cutoff point—the “high VFA group” and the “low VFA group.”

Statistical analysis
The Kolmogorov–Smirnov test was performed to assess the distribution equality of continuous parameters. Normally distributed data are presented
as mean ± standard deviation (SD), whereas non-normally distributed data are presented as medians and interquartile ranges (IQRs). Continuous
normally distributed data were compared using t-test while Mann–Whitney U test was used for continuous, non-normally distributed data. Categorical
data were compared using the chi-squared test or Fisher’s exact test. Univariate logistic regression analysis of all potential baseline predictors was
performed to compute the odds ratios (ORs) with their 95% con�dence intervals (CIs). Variables with a trend (P < 0.05) in the univariate analysis were
selected as potential parameters, and then, a forward stepwise variable selection was used to establish a multivariable logistic regression model. All P-
values were two-sided, and P < 0.05 was considered statistically signi�cant. All statistical analyses were performed using SPSS software (version 22.0;
SPSS Inc., Chicago, IL, USA) and R software (version 3.0.1; http://www.Rproject.org).

Results
An overview of the patient population is provided in Table 1. A total of 859 patients met the inclusion criteria and were enrolled in the analysis and 87
(10.13%) patients were diagnosed with PM as per the criteria mentioned above. The mean age of the patients was 63.63 ± 11.28 years and majority of
them were men (672, 78.2%). The mean VFA and tumor size of the patients were 89.60 ± 60.91 cm2 and 3.88 ± 2.23 cm, respectively. Other Clinical and
demographic characteristics of the cohort have been reported in our previous study.
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Characteristic Overall Level of BMI (kg/m2) P
Low BMI ( 18.5) Normal BMI (18.5-24) High BMI (≥24)

No. patients 859 116 548 195  
Age (y)  63.63±11.28 67.10±10.97 63.55±11.25 61.77±11.14 <0.001*
VFA (cm2) 89.60±60.91 38.67±31.94 79.43±49.74 148.45±59.20 <0.001*
Gender [n, (%)]         0.273
  Male 672 (78.23%) 88 (75.86%) 438 (79.93%) 146 (74.87%)  
  Female 187 (21.77%) 28 (24.14%) 110 (20.07%) 49 (25.13%)  
ASA score [n, (%)]         0.162

3 759 (88.36%) 97 (83.62%) 485 (88.50%) 177 (90.77%)  
≥3 100 (11.64%) 19 (16.38%) 63 (11.50%) 18 (9.23%)  

Charlson score [n, (%)]         0.010*
0 504 (58.67%) 72 (62.07%) 331 (60.40%) 101 (51.79%)  
1-3 333 (38.77%) 39 (33.62%) 210 (38.32%) 84 (43.08%)  
4-6 22 (2.56%) 5 (4.31%) 7 (1.28%) 10 (5.13%)  

Preoperative hypoproteinemia [n, (%)]         <0.001*
No 725 (84.40%) 84 (72.41%) 466 (85.04%) 175 (89.74%)  
Yes 134 (15.60%) 32 (27.59%) 82 (14.96%) 20 (10.26%)  

Preoperative anemia [n, (%)]         <0.001*
No 424 (49.36%) 40 (34.48%) 255 (46.53%) 129 (66.15%)  
Yes 435 (50.64%) 76 (65.52%) 293 (53.47%) 66 (33.85%)  

Tumor size (cm) 3.88±2.23 4.29±2.38 3.91±2.25 3.53±2.04 0.012*
Tumor location [n, (%)]         0.585

Cardia 150 (17.46%) 16 (13.79%) 98 (17.88%) 36 (18.46%)  
Antrum 579 (67.41%) 82 (70.69%) 362 (66.06%) 135 (69.23%)  
Other 130 (15.13%) 18 (15.52%) 88 (16.06%) 24 (12.31%)  

Histopathological differentiation [n, (%)]         0.616
Differentiated 671 (78.11%) 87 (75.00%) 433 (79.01%) 151 (77.44%)  
Undifferentiated 188 (21.89%) 29 (25.00%) 115 (20.99%) 44 (22.56%)  

Vascular invasion [n, (%)]         0.166
No 522 (60.77%) 63 (54.31%) 332 (60.58%) 127 (65.13%)  
Yes 337 (39.23%) 53 (45.69%) 216 (39.42%) 68 (34.87%)  

Lymphatic invasion [n, (%)]         0.06
No 351 (40.86%) 45 (38.79%) 212 (38.69%) 94 (48.21%)  
Yes 508 (59.14%) 71 (61.21%) 336 (61.31%) 101 (51.79%)  

Invasion depth [n, (%)]         0.004*
T1 196 (22.82%) 17 (14.66%) 118 (21.53%) 61 (31.28%)  
T2 93 (10.83%) 12 (10.34%) 58 (10.58%) 23 (11.79%)  
T3 218 (25.38%) 42 (36.21%) 135 (24.64%) 41 (21.03%)  
T4 352 (40.98%) 45 (38.79%) 237 (43.25%) 70 (35.90%)  

Ulcer type         0.518
No 300 (34.92%) 36 (31.03%) 191 (34.85%) 73 (37.44%)  
Yes 559 (65.08%) 80 (68.97%) 357 (65.15%) 122 (62.56%)  

Abdominal surgery history [n, (%)]         0.144
No 768 (89.41%) 99 (85.34%) 498 (90.88%) 171 (87.69%)  
Yes 91 (10.59%) 17 (14.66%) 50 (9.12%) 24 (12.31%)  

Peritoneal metastasis [n, (%)]         <0.001*
No 772 (89.87%) 109 (93.97%) 490 (89.42%) 134 (68.72%)  
Yes 87 (10.13%) 7 (6.02%) 58 (10.58%) 61 (31.28%)  

Table.1 Characteristics of the Patients 

Data presented as mean ± SD and as % demographic parameters in the entire study population by level of BMI.

BMI indicates body mass index; VFA, visceral fat area; ASA, American Society of Anesthesiologists.

*Statistically significant.

Clinical And Demographic Characteristics In Different Bmi Group
Patients were subdivided into low BMI group (BMI < 18.5 kg/m2), normal BMI group (BMI 18.5–24 kg/m2) and high BMI group (BMI ≥ 24 kg/m2), and
each group contained 116, 548, and 195 patients, respectively. As shown in Table 1, patients in the low BMI group were older (P < 0.001) and more
likely to have lower VFA (P < 0.001) and larger tumor size (P = 0.012) compared to those in the normal and high BMI groups. Univariate associations
were found between BMI level and some clinical and demographic characteristics. The rates for preoperative hypoproteinemia (P < 0.001) and
preoperative anemia (P < 0.001) increased with an increasing level of BMI. Higher Charlson score (P = 0.010) and deeper invasion depth (P = 0.004)
were found with increasing BMI. The frequency of PM was signi�cantly higher among patients with high BMI compared to those with low and high
(31.28% vs 6.02% vs 10.58%, respectively, P < 0.001).

Vfa Characteristics
The overview of the VFA level in different BMI group is shown in Fig. 1. Patients with PM of GC had a signi�cantly higher VFA in the normal BMI group
(P < 0.001) and in high BMI group (P = 0.030) compared to those without PM. Although no statistical signi�cance was found, patients with PM were
more likely to have higher VFA than those without in the low BMI group.

Cutoff Values For Vfa In Different Bmi Groups
According to the study including criteria, 116 of low BMI patients, 548 of normal BMI patients and 195 of high BMI patients were subdivided (Table 1).
ROC curves of VFA were used to identify PM in each of the three groups, and the AUC were 0.658, 0.616, and 0. 685 (Fig. 2), respectively. The optimal
cutoff values for VFA were 67.28, 88.03, and 175.32 cm2 for patients with low, normal and high BMI, respectively. Using these cutoff values, 18
(15.52%), 220 (40.15%), and 61 (31.28%) patients were classi�ed as high VFA in each group.
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Association between clinical and demographic characteristics and PM in different BMI group

As shown in Table 2, PM was associated with high VFA (P = 0.007), histopathological differentiation (P = 0.012), and abdominal surgery history (P = 
0.046) in the low BMI cohort in univariate analysis. However, in multivariate logistic regression analysis, none of the three characteristics achieved
statistical signi�cance. In contrast, the univariate analysis identi�ed VFA (P < 0.001), tumor size (P = 0.016), vascular invasion (P < 0.001), lymphatic
invasion (P = 0.001), and invasion depth (P = 0.376 for T2, P = 0.011 for T3, and P = 0.002 for T4) as factors that correlated signi�cantly with PM in
normal BMI patients. Subsequent multivariate logistic regression analysis identi�ed VFA (OR = 3.816, P < 0.001) and vascular invasion (OR = 1.951, P = 
0.039) as independent risk factors for PM. For the high BMI group, VFA (P = 0.049), Charlson score (P = 0.030), tumor size (P = 0.001), vascular
invasion (P < 0.001), lymphatic invasion (P = 0.043), invasion depth (P = 0.163 for T2, P = 0.021 for T3, and P = 0.017 for T4), and abdominal surgery
history (P = 0.030) were statistically signi�cant in the univariate analysis, and only vascular invasion (OR = 4.460, P = 0.028) and abdominal surgery
history (OR = 5.321, P = 0.023) were independent predictors of PM in multivariate logistic regression analysis.
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Table 2
Univariate and Multivariate Analysis to Evaluate Potential Predictive Factors for Peritoneal Metastasis in patients with different BMI.

Factors Low BMI ( 18.5 kg/cm2) Normal BMI (18.5–24 kg/cm2) High BMI (≥ 24 kg/cm2)

Univariate
analysis

Multivariate
analysis

Univariate
analysis

Multivariate
analysis

Univariate analysis Multivariate
analysis

OR
(95%
CI)

P OR
(95%
CI)

P OR
(95%
CI)

P OR
(95%
CI)

P OR (95%
CI)

P OR
(95%
CI)

P

Age                        

65 1       1       1      

≥ 65 1.692
(0.314–
9.115)

0.540     0.993
(0.575–
1.713)

0.979     2.095
(0.857–
5.125)

0.105    

Gender                        

Female 1       1       1      

Male 1.976
(0.228–
17.152)

0.537     2.335
(0.976–
5.587)

0.057     1.582
(0.508–
4.924)

0.428    

VFA                        

Low 1   1   1   1   1   1  

High 9.048
(1.829–
44.753)

0.007* 5.694
(0.993–
32.654)

0.051 3.827
(2.130–
6.875)

< 
0.001*

3.816
(2.091–
6.962)

< 
0.001*

2.460
(1.002–
6.039)

0.049* 1.883
(0.631–
5.624))

0.257

ASA score                        

3 1       1       1      

≥ 3 0.843
(0.096–
7.428)

0.877     1.265
(0.570–
2.809)

0.563     0.981
(0.210–
4.586)

0.981    

Charlson score                        

0 1       1       1   1  

1–3 1.917
(0.368–
9.983)

0.440     1.544
(0.893–
2.667)

0.120     2.899
(1.051-
8.000)

0.040* 2.547
(0.785–
8.265)

0.112

4–6 5.750
(0.483–
68.491)

0.166     - 0.999     6.786
(1.392–
33.086)

0.018* 2.575
(0.295–
22.512)

0.393

Preoperative
hypoproteinemia

                       

No 1       1       1      

Yes - 0.998     1.381
(0.684–
3.095)

0.368     1.449
(0.388–
5.405)

0.581    

Preoperative
anemia

                       

No 1       1       1      

Notes: * Statistically signi�cant (P < 0.05).

Figure 1. Distribution of VFA between PM and Non-PM in different BMI groups.

Figure 2. ROC curves to identify PM in different BMI groups. The area under the ROC curve (AUC) values for VFA were shown.

Figure.1:
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Factors Low BMI ( 18.5 kg/cm2) Normal BMI (18.5–24 kg/cm2) High BMI (≥ 24 kg/cm2)

Univariate
analysis

Multivariate
analysis

Univariate
analysis

Multivariate
analysis

Univariate analysis Multivariate
analysis

OR
(95%
CI)

P OR
(95%
CI)

P OR
(95%
CI)

P OR
(95%
CI)

P OR (95%
CI)

P OR
(95%
CI)

P

Yes 0.685
(0.146–
3.224)

0.632     1.751
(0.991–
3.095)

0.054     1.741
(0.710–
4.272)

0.226    

Tumor size                        

3.5 1       1   1   1   1  

                         

≥ 3.5 0.938
(0.200-
4.394)

0.935     2.048
(1.142–
3.672)

0.016* 1.155
(0.592–
2.250)

0.673 8.473
(2.417–
29.702)

0.001* 3.955
(0.842–
18.580)

0.082

Histopathological
differentiation

                       

Differentiated 1   1   1       1      

Undifferentiated 8.854
(1.615–
48.528)

0.012* 5.425
(0.809–
36.384)

0.082 1.151
(0.577–
2.298)

0.690     1.011
(0.350–
2.914)

0.984    

Vascular
invasion

                       

No 1       1   1   1   1  

Yes 1.633
(0.349–
7.645)

0.534     3.330
(1.880–
3.095)

< 
0.001*

1.951
(1.035–
3.680)

0.039* 8.133
(2.848–
23.226)

< 
0.001*

4.460
(1.174–
16.942)

0.028*

Lymphatic
invasion

                       

No 1       1   1   1   1  

Yes 0.232
(0.043–
1.251)

0.089     3.367
(1.664–
6.811)

0.001* 1.773
(0.786–
3.997)

0.168 2.761
(1.032–
29.702)

0.043* 1.321
(0.363–
4.810)

0.673

Invasion depth                        

T1 1       1   1   1   1  

T2 - 1.000     2.091
(0.409–
10.696)

0.376 1.268
(0.235–
6.844)

0.782 5.714
(0.492–
66.309)

0.163 1.774
(0.105–
29.962)

0.691

T3 - 0.998     5.154
(1.463–
18.161)

0.011 2.616
(0.638–
10.730)

0.182 12.353
(1.458–
104.690)

0.021 3.502
(0.282–
43.514)

0.330

T4 - 0.998     6.866
(2.068–
22.792)

0.002 2.839
(0.703–
11.470)

0.143 12.414
(1.564–
98.542)

0.017 1.511
(0.106–
21.601)

0.761

Ulcer type                        

No 1       1       1      

Notes: * Statistically signi�cant (P < 0.05).

Figure 1. Distribution of VFA between PM and Non-PM in different BMI groups.

Figure 2. ROC curves to identify PM in different BMI groups. The area under the ROC curve (AUC) values for VFA were shown.

Figure.1:
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Factors Low BMI ( 18.5 kg/cm2) Normal BMI (18.5–24 kg/cm2) High BMI (≥ 24 kg/cm2)

Univariate
analysis

Multivariate
analysis

Univariate
analysis

Multivariate
analysis

Univariate analysis Multivariate
analysis

OR
(95%
CI)

P OR
(95%
CI)

P OR
(95%
CI)

P OR
(95%
CI)

P OR (95%
CI)

P OR
(95%
CI)

P

Yes 2.838
(1.615–
48.528)

0.343     1.055
(0.257–
4.336)

0.941     1.053
(1.419–
2.647)

0.912    

Abdominal
surgery history

                       

No 1   1   1       1   1  

Yes 5.089
(1.029–
25.173)

0.046 1.823
(0.259–
12.825)

0.546 0.715
(0.248–
2.064)

0.535     3.229
(1.121–
9.298)

0.030 5.321
(1.258–
22.510)

0.023*

Notes: * Statistically signi�cant (P < 0.05).

Figure 1. Distribution of VFA between PM and Non-PM in different BMI groups.

Figure 2. ROC curves to identify PM in different BMI groups. The area under the ROC curve (AUC) values for VFA were shown.

Figure.1:

Discussion
Overweight and obesity are important lifestyle-related public health problems in the world[17], and the number of overweight or obese people has
already surpassed the number of underweight people for the �rst time according to recent studies[18]. In the literature, overweight and obesity is usually
determined using the easily calculated BMI. BMI is classi�ed as normal (BMI < 25 kg/m2 ), overweight (BMI 25–30 kg/m2 ), and obese (BMI ≥ 
30 kg/m2) according to the WHO standard[19]. In this study, the Chinese standard[20, 21] was used and BMI was classi�ed as low (BMI < 18.5 kg/m2),
normal (BMI 18.5–24 kg/m2), high (BMI ≥ 24 kg/m2), as all the patients enrolled were Chinese.

Recently, increasing attention has been paid to VFA and BMI as obesity indexes. Previous studies found VFA to be superior to BMI in accurately and
effectively predicting the effect of obesity on adverse postoperative outcomes[22–24] after radical colectomy as well as radical gastrectomy. However,
all the studies focused on the comparison of two indications and whether VFA is a better parameter than BMI remains controversial. Similarly, our
previous study also only demonstrated that VFA was superior to BMI in predicting PM based on the direct comparison of two variables, thus, we
designed this prospective cohort study with the aim of investigating the role of VFA for PM after eliminating BMI differences. To the best of our
knowledge, this is the �rst prospective cohort study focusing on this contentious question.

Despite the controversy of which is better, both VFA and BMI are obesity parameters. There was a positive correlation between BMI and VFA in general
in the study although patients with a high BMI may not have a high VFA. Considering that patients were subdivided according to the BMI, the cutoff
value for VFA in the previous study was inappropriate for the overall patients. We thus performed ROC curve analysis in all the three BMI groups and
cutoff values of 67.28 cm2, 88.03 cm2 and 175.32 cm2, respectively, were de�ned for high VFA, which was quite different from our previous work[16].
However, there is still a lack of consensus on the VFA cutoff for Chinese and VFA cutoff varies from study to study[25, 26]. Using these cutoffs, 15.52%,
40.15%, 31.28% of patients in our cohort met this de�nition of high VFA, and these high VFA patients were more likely to develop PM than low VFA
patients.

We further con�rmed that high VFA was an independent risk factor for PM in the normal BMI group. This may be partly because of the state of low
grade chronic in�ammation of adipose tissue in obesity. By generating reactive oxygen species (ROS), which have mitogenic properties at low
concentrations, tumor further progressed[27,28]. On the other hand, insulin resistance in obese patients may promotes secretion of IGF-1 and thus
promote mitogenic and proangiogenic pathways and inhibit apoptosis, consequently cause a majority of the proliferative effects and promote tumor
development and metastasis[29]. However, no such results were found in the low and high BMI groups. For patients with low BMI, only 15.52% of the
patients were determined as high VFA. Combined with the low incidence of PM (6.02%, 7 in 116) in this group, even no factor was found to be
independently associated with PM in the multivariate analysis, which may be attributed to statistical bias to some extent. For high VFA patients, the
incidence of the PM in the study was the highest (31.28%, 61 in 195), which was also apparently higher than that reported in other studies[30, 31].
However, the prediction of VFA for PM may be severely weakened by the high BMI of the population.
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Many studies have focused on evaluating the PM status in gastric cancers[31–33]. Despite the poor overall sensitivity[34], CT is still the most common
tool for detecting PM before operation. Although a previous study[16] already demonstrated the relationship between VFA and PM, this study also
found VFA was relevant only in normal BMI patients. As an abdominal CT scan is routinely performed as a common test for preoperative evaluation,
the development of software technology also makes VFA measurements easier. Thus, more attentions should be paid to high VFA patients, especially
for high VFA and normal BMI patients.

This study has some limitations. First, our study sample size was small, 87 patients were diagnosed with PM and only 7 PM patients were found in the
low BMI group, which may seriously affect the accuracy of the analysis. Second, this was a single-center study, and most of the patients came from
Southeast China, thus, the �ndings may not be generalizable to other settings. As body shape is inherently different between locations and races, our
results need to be validated by further studies from other medical centers. Third, although ROC curves are appropriate for establishing VFA cutoff
values in each group, a standardized cutoff value is urgently needed. Finally, a randomized clinical trial was urgently need to verify the results of this
study that reduce VFA may decrease the risk of peritoneal metastasis in GC patients with normal BMI.

In conclusion, our previous study demonstrated VFA is a better obesity index than BMI in predicting abdominal metastasis. This study further
determined the relationship between VFA and PM of GC across patients with different BMI. We found that GC patients with high VFA in and normal
BMI were at higher risk of PM compared to those with low or high BMI. Thus, more attention should also be paid to GC patients with high VFA and
normal BMI. Additionally, for GC patients with normal BMI, intervention measures should be taken to reduce visceral fat area, so as to reduce the risk
of peritoneal metastasis.
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Figures

Figure 1

Distribution of VFA between PM and Non-PM in different BMI groups.
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Figure 2

ROC curves to identify PM in different BMI groups. The area under the ROC curve (AUC) values for VFA were shown.


