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Abstract
Background  We aim to investigate the impact of visceral fat area (VFA) on the prognosis of patients following radical 
gastric resection and develop a nomogram prediction model to forecast the prognosis of gastric cancer patients.

Methods  We retrospectively analyzed 156 patients who underwent laparoscopic radical gastrectomy for distal 
gastric cancer in the 900th hospital of the Joint Logistics Support Force from April 2018 to April 2020. We collected 
the CT image data and clinicopathological data one week prior to the operation and then used software to calculate 
the VFA, dividing it into two groups: a low VFA group (n = 71) and a high VFA group (n = 85). We compared the 
clinicopathological characteristics and early postoperative complications of the two groups. The Pearson χ2 test 
was used to analyze the correlation between body mass index (BMI) and VFA. We used the Kaplan-Meier method 
to draw the survival curve, analyzed the independent risk factors affecting the prognosis of gastric cancer patients 
using univariate and multivariate Cox regression models, and established a nomogram model for patient prognosis 
prediction.

Results  The results of CT showed that VFA value was (95.89 ± 41.40) cm², and body mass index (BMI) was positively 
correlated with VFA value (r = 0.291, P < 0.001). The ROC curve shows that VFA can predict the prognosis of patients 
with gastric cancer significantly better than BMI (AUC = 0.826 vs. AUC = 0.707, P = 0.016). The incidence of incision fat 
liquefaction, pancreatic fistula, and abdominal infection in the high VFA group was higher than that in the low VFA 
group (P < 0.05). We followed up with all patients for 0.5–48.5 months, with a median follow-up time of 30 months. 
We used the Kaplan-Meier method to draw the survival curve. The results showed that the overall survival rate of 
patients in the high VFA group was significantly higher than that in the low VFA group (χ2 = 38.208, P < 0.001), and 
the high BMI group was significantly higher than that in the low BMI group (χ2 = 29.767, P < 0.001). Age, the degree of 
differentiation, complications after surgery, VFA, ASA grading, and TNM staging were all found to have independent 
effects on the prognosis of gastric cancer patients (Multivariate Cox regression analysis). Multivariate Cox regression 
analysis led to the construction of a nomogram prediction model for the total survival of gastric cancer patients. Its 
internal verification C-index was 0.881 (95% CI: 0.852–0.910), and the calibration chart showed good consistency.
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Introduction
In recent years, with the continuous improvement of 
people’s living standards, obesity has gradually become 
a global health problem [1]. Body mass index (BMI) is 
often used to assess obesity in patients due to its sim-
ple calculation, but it only considers weight and height 
and does not reflect fat distribution. In contrast to their 
European and American counterparts, Asian individuals 
tend to accumulate more fat in their abdomens. Foreign 
scholars first introduced the concept of visceral obesity, 
based on the distinct fat distribution of obese patients 
[2]. Visceral fat provides a more accurate assessment of 
the degree of obesity and the distribution of fat. Relevant 
research shows that it is more objective and accurate 
to evaluate the visceral fat area (VFA) measured by CT 
scanning the umbilical plane (L4 − L5 plane) [3]. Research 
clearly links the prognosis of patients with malignant 
tumors, including gastric cancer, to excessive adipose 
tissue [4, 5]. As one of the common malignant tumors, 
gastric cancer ranks fourth and third, respectively, in the 
incidence and mortality of malignant tumors in China [6, 
7]. Patients with gastric cancer still primarily receive sur-
gery, but due to the hidden early and clinical symptoms, 
most diagnoses occur at a late stage, leading to a poor 
5-year survival rate [8]. However, numerous factors influ-
ence the prognosis of patients with gastric cancer, leaving 
no definitive conclusion. Previous studies have suggested 
that high VFA is often associated with poor postopera-
tive outcomes of colorectal cancer [9, 10]. There are few 
studies on the relationship between VFA and long-term 
survival after radical gastrectomy. Furthermore, nomo-
grams, widely used in cancer prognosis [11], provide a 
visual representation of the probability of clinical events 
specific to each patient’s situation [12]. This study retro-
spectively analyzed the clinical data of patients undergo-
ing radical gastrectomy, measured the preoperative VFA 
of patients with gastric cancer based on CT, analyzed the 
relationship between VFA and the long-term prognosis 
of patients after radical gastrectomy, and constructed 
a prognostic nomogram of patients with gastric cancer, 
which provided a basis for prognosis judgment and indi-
vidualized treatment.

Materials and methods
Data collection
The clinical and pathological information of 156 patients 
who had a laparoscopic radical gastrectomy for distal 
gastric cancer in the 900th hospital of the Joint Logistics 

Support Force from April 2018 to April 2020 was looked 
at in the past. This included their age, gender, smoking or 
drinking habits, complications before the surgery (affect-
ing the respiratory system, circulatory system, digestive 
system, etc.), the size of the tumor, albumin levels, com-
plications after the surgery, differentiation degree, lymph 
node metastasis, BMI, VFA, ASA grading, and TNM 
staging. We define overweight as having a BMI of more 
than 25 kg/m2. We followed up patients every six months 
for the first three years after the operation, including tele-
phone follow-up and outpatient review, and then once a 
year until April 20, 2024. We set the overall survival time 
(OS) from the date of operation to the time of death, the 
last follow-up, or the end of observation.

Inclusion and exclusion criteria
The inclusion criteria are as follows: (1) Patients must 
have gastric adenocarcinoma confirmed by preoperative 
pathological examination and laparoscopic distal gastrec-
tomy; (2) No other malignant tumor or distant metasta-
sis occurred; and (3) Patients’ general data and follow-up 
results must be complete.

The exclusion criteria include: (1) Coagulation dysfunc-
tion and endocrine diseases prior to the operation; (2) 
Patients with gastric cancer who underwent a laparotomy 
during the operation; and (3) Receiving neoadjuvant che-
motherapy prior to the operation.

VFA measurement method
All patients underwent a 64-slice spiral CT scan in a 
supine position on an empty stomach, with a pitch of 
0.625, a scanning time of 0.35s, a matrix of 512 × 512, a 
tube voltage of 120 kV, a current of 100-200 mA, and a 
reconstruction thickness of 5 mm. After the scan, upload 
the scanned image to the PACS system, read the DICOM 
file of the CT image, select the axial CT image at the L4-5 
level, and adjust the fat density threshold to be between 
190 and 30 Hu [13]. We used ImageJ, a program cre-
ated by the American College of Public Health, to draw 
and measure the outline of the fat area. The CT value of 
all tissues in the cross section is the sum of pixel areas 
between − 190 and − 30 Hu. We then chose the region 
of interest (ROI) to calculate VFA (VFA = total area of 
regional fat - subcutaneous fat area (SFA)), which can be 
seen in Fig. 1. According to the Japanese Obesity Asso-
ciation Standard [14], VFA ≥ 100  cm [2] was defined as 
visceral obesity, and patients were divided into high VFA 
group and low VFA group according to this standard.

Conclusions  Age, differentiation degree, postoperative complications, VFA, ASA grading, and TNM staging are 
independent influencing factors for the prognosis of patients with gastric cancer. The constructed nomogram has 
excellent prediction accuracy and is helpful to evaluate the prognosis of patients.
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Statistical analysis
We used SPSS 26.0 software and R (version 4.4.0) soft-
ware for statistical analysis. The count data was expressed 
in the form of a percentage n (%) and the comparison 
between groups was made by the χ [2] test or Fisher test 
(n < 5). The Pearson χ [2] test was used to analyze the cor-
relation between BMI and VFA. We used the Kaplan-
Meier method to calculate OS and draw the survival 
curve. A log-rank test was used to test the differences 
between groups. We used univariate and multivariate 
Cox regression models to analyze the independent risk 
factors affecting the prognosis of gastric cancer patients 
and calculated the hazard ratio (HR) and corresponding 
95% CI. We constructed and drew a nomogram predic-
tion model using R software (version 4.4.0). We internally 
verify the model and evaluate its performance using the 

index of concordance (C-index) and calibration chart. 
P < 0.05 is statistically significant.

Results
Comparison of clinical and pathological data of BMI and 
VFA in different groups
There were 156 patients in total, 33 of whom were female 
and 123 of whom were male. The age ranged from 31 
to 77 years with an average of (57.28 ± 8.85) years. The 
results of CT showed that VFA was (95.89 ± 41.40) cm², 
and BMI was positively correlated with VFA (r = 0.291, 
P < 0.001, Fig.  2). Figure  3 shows that the ROC curve 
shows that VFA is a much better predictor of the progno-
sis of people with gastric cancer than BMI (AUC = 0.826 
vs. AUC = 0.707, P = 0.016). According to the VFA value 
(100  cm [2]), 85 cases were divided into the visceral 

Fig. 3  Comparison of VFA and BMI in predicting the prognosis of patients 
with gastric cancer

 

Fig. 2  Correlation analysis between visceral fat area (VFA) and body mass 
index (BMI)

 

Fig. 1  CT umbilical plane axial position. X: transverse diameter of abdomen, Y: anteroposterior diameter, VFA is red area
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obesity group (high VFA group) (VFA ≥ 100 cm [2]), and 
71 cases were divided into the non-visceral obesity group 
(low VFA group) (VFA < 100  cm [2]). According to the 
BMI value (25 kg/m2), 83 cases were divided into hyper-
recombination (high BMI group) (BMI ≥ 25  kg/m2) and 
73 cases were non-hyperrecombination (low BMI group) 
(BMI < 25  kg/m2). There were significant differences in 
age, gender, preoperative complications, tumor size, albu-
min, postoperative complications, lymph node metas-
tasis, ASA grading, and TNM staging between the high 
VFA group and the low VFA group (P < 0.05). There were 
significant differences in age, preoperative complications, 

tumor size, albumin, differentiation degree, lymph node 
metastasis, ASA grading, and TNM staging between 
the high BMI group and the low BMI group (P < 0.05, 
Table 1).

Comparison of early postoperative complications between 
high VFA group and low VFA group
There was a clear link between VFA level and the early 
postoperative complications that happened more often in 
people with gastric cancer. We discovered that the high 
VFA group had more incision fat liquefaction, pancreatic 
fistula, and abdominal infections than the low VFA group 

Table 1  Comparison of Clinicopathological Features between Two Groups [n (%)]
Variables Low VFA 

group 
(n = 71)

High VFA 
group 
(n = 85)

χ2 P Low BMI 
group 
(n = 73)

High BMI 
group 
(n = 83)

χ2 P

Age (years) 12.839 < 0.001 8.823 0.003
≤ 60 29(40.85) 59(69.41) 32(43.84) 56(67.47)
> 60 42(59.15) 26(30.5) 41(56.16) 27(32.53)
Gender 0.048 0.827
Male 61(85.92) 62(72.94) 3.904 0.048 57(78.08) 66(79.52)
Female 10(14.08) 23(27.06) 16(21.92) 17(20.48)
Smoking 2.834 0.092 0.834 0.361
Yes 43(60.56) 40(47.06) 37(50.68) 36(43.37)
None 28(39.44) 45(52.94) 36(49.32) 47(56.63)
Drinking 1.436 0.231 0.901 0.343
Yes 30(42.25) 28(32.94) 43(58.90) 55(66.27)
None 41(57.75) 57(67.06) 30(41.10) 28(33.73)
Preoperative complications 8.766 0.003 5.733 0.017
Yes 22(30.99) 10(11.76) 21(28.77) 11(13.25)
None 49(69.01) 75(88.24) 52(71.23) 72(86.75)
Tumor size (cm) 20.512 < 0.001 21.292 < 0.001
≤ 5 32(45.07) 68(80.00) 33(45.21) 67(80.72)
> 5 39(54.93) 17(20.00) 40(54.79) 16(18.82)
Albumin (g/L) 8.527 0.003 8.011 0.005
≤ 30 9(12.68) 1(1.18) 9(12.33) 1(1.20)
> 30 62(87.32) 84(98.82) 64(87.67) 82(98.80)
Postoperative complications 5.623 0.018 0.105 0.746
Yes 21(29.58) 41(48.24) 30(41.10) 32(38.55)
None 50(70.42) 44(51.76) 43(58.90) 51(61.15)
Differentiation degree 2.184 0.139 5.149 0.023
Low differentiation, undifferentiated 28(39.44) 24(28.24) 31(42.47) 21(25.30)
Moderate and high differentiation 43(60.56) 61(71.76) 42(57.53) 62(74.70)
Lymph node metastasis 23.586 < 0.001 18.134 < 0.001
Yes 43(60.56) 19(24.66) 42(57.53) 20(24.10)
None 28(39.44) 66(75.34) 31(42.47) 63(75.90)
ASA grading 15.250 < 0.001 15.647 < 0.001
I 13(18.31) 17(20.00) 9(12.33) 21(25.30)
II 39(54.93) 64(75.29) 45(61.64) 58(69.88)
III 19(26.76) 4(4.71) 19(26.03) 4(4.82)
TNM staging 34.015 < 0.001 23.644 < 0.001
I 29(40.84) 56(65.88) 34(46.58) 51(61.45)
II 16(22.54) 28(32.94) 15(20.55) 29(34.94)
III 26(36.62) 1(1.18) 24(32.87) 3(3.61)
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(P < 0.05). However, the low VFA group did not have sig-
nificantly more anastomotic fistula, anastomotic bleed-
ing, lung infections, urinary tract infections, or deep vein 
thrombosis of the lower limbs (P > 0.05). See Table 2.

Postoperative survival
All patients were followed up for 0.5–48.5 months, with 
a median follow-up time of 30 months. Among them, 
51 cases died (32.69%) and 105 cases survived (67.31%). 
The 1-year and 3-year survival rates were 87.2% and 
66.7%, respectively. The 1-year and 3-year survival rates 
of patients with the high VFA group were 97.6% and 
85.9%, respectively, while those of patients with the low 
VFA group were 74.6% and 43.4%, respectively. The over-
all survival rate of patients with the high VFA group was 
significantly higher than that of patients with the low 
VFA group, and the difference was statistically significant 
(χ2 = 38.208, P < 0.001, Fig. 4a). The 1-year and 3-year sur-
vival rates of patients in the high BMI group were 97.6% 

and 84.7%, respectively, while those of patients in the 
low BMI group were 75.3% and 47.1%, respectively. The 
overall survival rate of patients in the high BMI group 
was significantly higher than that of patients in the low 
BMI group, and the difference was statistically significant 
(χ2 = 29.767, P < 0.001, Fig. 4b).

Cox regression analysis of prognostic factors in patients 
with gastric cancer
In a one-variable Cox regression analysis, the out-
comes for gastric cancer patients were affected by their 
age, tumor size, lymph node metastases, differentiation 
degree, postoperative complications, albumin, VFA, BMI, 
ASA grading, and TNM staging (P < 0.05). The univariate 
significant indexes were analyzed in a multivariate Cox 
regression model. The results showed that age, differen-
tiation degree, postoperative complications, VFA, ASA 
grading, and TNM staging were independent factors 
affecting the prognosis of patients with gastric cancer 
(P < 0.05), as shown in Table 3.

Establishment and verification of nomogram
Six independent prognostic factors (age, differentiation 
degree, postoperative complications, VFA, ASA grading, 
and TNM staging) obtained by Cox multivariate analy-
sis were included in the nomogram, and the nomogram 
model for predicting the 1- and 3-year survival rate after 
radical gastrectomy was constructed (Fig. 5). The nomo-
gram allows us to obtain the integral of each prognostic 
factor, and we can draw one down on the total score scale 
of each integral to determine the 1- and 3-year survival 
rates of patients. The higher the total score, the worse 
the prognosis. Its consistency C index is 0.881 (95% CI: 
0.852–0.910), which indicates that the model has good 

Table 2  Early postoperative complications of two groups of 
patients
Postoperative complications Low VFA 

group 
(n = 71)

High VFA 
group 
(n = 85)

χ2 P

Incision fat liquefaction 1 8 4.558 0.033
Pancreatic fistula 3 12 4.356 0.037
Anastomotic fistula 2 2 0.033 0.855
Anastomotic bleeding 2 1 0.552 0.458
Lung infection 2 1 0.552 0.458
Urinary tract infection 2 0 2.425 0.119
Abdominal infection 6 17 4.105 0.043
deep venous thrombosis of 
the legs

3 0 3.662 0.056

Total 21 41 5.623 0.018

Fig. 4  Survival curve of prognosis of patients with gastric cancer. a: VFA, b: BMI
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Table 3  Univariate and multivariate Cox regression models affecting the survival of patients with gastric cancer
Characteristics Univariate analysis Multivariate analysis

HR(95%CI) P HR(95%CI) P
Age (≤ 60 vs. >60) 2.192(1.251 ~ 3.841) 0.006 2.069(1.015 ~ 4.216) 0.045
Gender (male vs. female) 1.436(0.775 ~ 2.658) 0.250
Smoking (none vs. yes) 1.432(0.825 ~ 2.487) 0.202
Drinking (none vs. yes) 1.231(0.701 ~ 2.163) 0.469
Preoperative complications (none vs. yes) 1.794(1.000 ~ 3.219) 0.050
Tumor size (≤ 5 vs. >5) 1.098(1.013 ~ 1.190) 0.022 1.065(0.910 ~ 1.245) 0.432
Lymph node metastasis (none vs. yes) 8.079(4.131 ~ 15.799) < 0.001 1.781(0.752 ~ 4.221) 0.190
Differentiation degree (low differentiation, undiffer-
entiated vs. moderate and high differentiation)

0.267(0.152 ~ 0.471) < 0.001 0.480(0.251 ~ 0.918) 0.027

Postoperative complications (none vs. yes) 2.160(1.219 ~ 3.828) < 0.001 2.785(1.402 ~ 5.530) 0.003
Albumin (≤ 30 vs. >30) 0.118(0.055 ~ 0.255) < 0.001 0.528(0.209 ~ 1.335) 0.177
VFA (≤ 100 vs. >100) 0.153(0.078 ~ 0.303) < 0.001 0.323(0.129 ~ 0.810) 0.016
BMI (≤ 25 vs. >25) 0.190(0.097 ~ 0.371) < 0.001 0.452(0.200 ~ 1.017) 0.055
ASA grading < 0.001 < 0.001
I 1 1
II 1.318(0.560 ~ 3.103) 0.886(0.334 ~ 2.345)
III 17.677(6.820 ~ 45.813) 5.939(1.650 ~ 21.374)
TNM staging < 0.001 0.012
I 1 1
II 2.557(1.055 ~ 6.201) 1.566(0.555 ~ 4.421)
III 38.838(17.673 ~ 85.347) 5.724(1.765 ~ 18.562)

Fig. 5  A nomogram prediction model for prognosis of gastric cancer patients
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prediction accuracy. It shows that the calibration curve 
(blue line) predicted by the nomogram for one year and 
three years is close to the gray line of the ideal situation, 
showing excellent consistency, indicating that the pre-
dicted value is in excellent agreement with the actual 
value (Fig. 6).

Discussion
With the development of the economy and the improve-
ment of people’s living standards, the proportion of 
obese people has obviously increased, which has gradu-
ally become a common health problem in the world. 
Obesity is not only closely related to the occurrence of 
cardiovascular and cerebrovascular diseases but also 
to the occurrence and development of tumors, and 
its epidemiological relationship with many cancers, 
has been confirmed [15]. A study on the correlation 
between abdominal fat and prognosis of pancreatic can-
cer patients [16] showed that patients with more Intra-
abdominal fat had poor overall survival rate (OS); It is 
considered that visceral fat can induce the increase of 
serum insulin, inflammatory cytokines, angiogenesis fac-
tors and oxidative stress markers, and these factors may 
promote the growth and metastasis of tumors [17]. A ret-
rospective cohort study in 2015 analyzed the relationship 
between body composition measurement indexes and 
the prognosis of HCC. By analyzing the body composi-
tion indexes such as visceral fat content, subcutaneous 
fat content, skeletal muscle content and muscle attenua-
tion measured by CT in 1257 HCC patients, it was found 
that skeletal muscle loss, intramuscular fat deposition 

and visceral fat can independently predict the prognosis 
of HCC patients [18]. Another study analyzed the clinical 
data of 606 HCC patients, and found that the high preop-
erative visceral fat content was closely related to the poor 
prognosis after hepatectomy for hepatocellular carci-
noma [19]. As for the correlation between colorectal can-
cer and visceral fat, Moon et al. [20] analyzed the clinical 
data of 161 patients who underwent radical colorectal 
cancer resection, and found that the disease-free survival 
rate of visceral obese patients was significantly reduced. 
Contrary to these findings, Harada et al. [21] believe that 
low visceral fat leads to a significant increase in the total 
mortality of patients with upper digestive tract cancer.

Radical gastrectomy is the main clinical treatment for 
gastric cancer at present. However, because the early 
symptoms of patients with gastric cancer are hidden, the 
detection rate is low, and gastric cancer has the charac-
teristics of high malignancy and easy recurrence and 
metastasis, its surgical effect is often poor, resulting in 
a low 5-year survival rate of patients with gastric cancer 
after operation [22]. Related research also pointed out 
that obesity is related to the prognosis of patients with 
gastric cancer. Lee et al. [23] through a large cohort study, 
the results show that overweight or obese patients with 
gastric cancer tend to have better prognosis. Similarly, 
Kim et al. [24] also pointed out that BMI level is obvi-
ously related to the prognosis of gastric cancer patients, 
and the 5-year survival rate of patients with high BMI 
after gastrectomy is significantly higher than that of 
patients with normal BMI. However, there is no definite 
study on the relationship between VFA and long-term 

Fig. 6  Calibration curve of nomogram prediction model
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survival after radical gastrectomy. Wang et al. [25] ana-
lyzed the clinical data of 859 patients who underwent 
radical gastrectomy in the First Affiliated Hospital of 
Wenzhou Medical University from 2009 to 2017. To 
explore the correlation between VFA and the prognosis 
of patients with gastric cancer (including OS and DFS). 
The results showed that compared with patients with 
low VFA, patients with high VFA had longer operation 
time, higher incidence of postoperative complications 
and longer hospital stay (P < 0.05). while patients with 
high level VFA had no obvious correlation with the prog-
nosis of gastric cancer patients, and could not be used 
as a prognostic biomarker of OS or DFS in gastric can-
cer patients. However, Uchida et al. [26] pointed out that 
VFA may be a risk factor for poor postoperative progno-
sis of patients with gastric cancer, and low preoperative 
skeletal muscle mass index (SMI) combined with visceral 
obesity is an independent risk factor for postoperative 
complications, while low VFA combined with low SMI 
is an important risk factor for OS (HR = 3.033; P < 0.001) 
and RFS (HR = 2.144; P = 0.008) of patients after gastrec-
tomy. In addition, interestingly, a long-term prognosis 
study of gastrectomy for patients with advanced gastric 
cancer [27] found that the postoperative complications of 
patients with gastric cancer with more visceral fat before 
operation increased significantly, and the patients per-
formed better in overall survival and disease-free sur-
vival. This result suggests that there is a phenomenon 
called “obesity paradox” in patients with advanced gas-
tric cancer, which has also been reported in cardiovas-
cular diseases, respiratory diseases, diabetes and some 
malignant tumors (lung cancer, gastric cancer, etc.) [28, 
29]. The long-term prognosis (survival status) of patients 
with gastric cancer after operation is not only affected by 
oncology and nutrition-related factors, but also the base-
line status of patients, such as age, complications, TNM 
staging and tumor differentiation, which is also consid-
ered as an important factor affecting the long-term prog-
nosis after operation. In addition, the definition of high 
VFA is not standardized, and different thresholds of vis-
ceral fat area (VFA) (traditional ways to set critical values 
include searching relevant references, guideline consen-
sus or ROC curve, as well as X-Tile and time ROC consid-
ering time factors, etc.) can also lead to different research 
results. The results of this study showed that the overall 
survival time of gastric cancer patients in the low VFA 
group is significantly shortened, the 3-year survival rate 
was significantly lower than that in high level VFA group 
(43.4% vs. 85.9%, P < 0.001), suggesting that excessive vis-
ceral fat is beneficial to overall survival after operation. 
The author mainly considers that a malignant tumor can 
promote the body to be in a state of high metabolism and 
accelerate the decomposition of fat, which leads to the 
malnutrition of patients, and the clinical manifestations 

are extreme emaciation and low immunity, which leads 
to a bad prognosis. Excessive visceral fat can reflect a bet-
ter nutritional level to a certain extent. Visceral obese 
patients have better nutritional status and greater energy 
storage in clinic. It can provide energy for the body when 
the body is in a negative energy balance, and can resist 
certain adverse risks and is beneficial to cancer patients. 
Visceral fat volume of patients with advanced tumor is 
often lower than that of patients with early tumor, which 
is related to tumor staging to some extent. This is also 
confirmed by analyzing VFA and TNM staging. In the 
high VFA group, 84 cases were patients with stage I and 
II gastric cancer (98.82%), while in the low VFA group, 
45 cases were patients with stage I and II gastric cancer 
(63.38%). Finally, through univariate and multivariate 
Cox regression analysis, we also confirmed that low VFA 
level is an independent risk factor for poor prognosis of 
gastric cancer patients (P < 0.05). In view of the limited 
research on the relationship between VFA and long-term 
survival rate, these results need to be further confirmed 
by larger-scale research.

For abdominal surgery, the operation difficulty of obese 
patients, especially those with high VFA, is significantly 
increased, the operation time is significantly prolonged, 
and the postoperative complications may increase. In this 
study, the risk of incision fat liquefaction and pancreatic 
fistula in patients with high VFA was higher than that in 
patients with low VFA (P < 0.05). Studies have shown that 
[30] patients with visceral fat increase have a blurred sur-
gical field, decreased differentiation between pancreatic 
tissue and adipose tissue, and unclear tissue boundary, 
which makes it difficult for operators to judge and may 
accidentally injure the pancreas and cause pancreatic 
fistula; in addition, because visceral obesity often exists 
with subcutaneous fat hypertrophy, it is easy to cause 
incision fat liquefaction. Fu Guanghua et al. [31] showed 
that the incidence of pancreatic leakage in patients with 
visceral obesity gastric cancer increased significantly 
after operation. Considering the increase of visceral fat 
can increase the difficulty of anastomosis during opera-
tion, affect the blood supply near the anastomosis and 
the quality of anastomosis, and then increase the risk of 
postoperative pancreatic leakage. It is consistent with the 
results of this study. In addition, in this study, the risk of 
abdominal infection in patients with high VFA is higher 
than that in patients with low VFA (P < 0.05), which 
is consistent with previous research results [32]. Cur-
rently, the mechanism of infection remains unclear. The 
main considerations are as follows: in patients with an 
increase in visceral fat, it can be difficult to distinguish 
the boundary between the lesion and adjacent organs and 
tissues. This uncertainty also affects the surgical anatomi-
cal results, making the operation more difficult. Besides, 
excessive fat can lead to a decrease in adiponectin levels 
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and hematopoietic function through the TNF-SOCS3-
STAT3 axis, and insufficient neutrophil production leads 
to the aggravation of infection. At the same time, exces-
sive fat accumulation can lead to abnormal production 
of adipocytokines and infiltration of inflammatory mac-
rophages and other immune cells, which can result in a 
long-term low-level inflammatory reaction in the body. 
This, in turn, increases the risk of postoperative infection 
[33, 34].

Multivariate Cox regression analysis showed that age, 
differentiation degree, postoperative complications, ASA 
grading, and TNM staging were all independent factors 
that affected the prognosis of gastric cancer patients. 
The literature highlights the clear correlation between 
age and the mortality rate of gastric cancer. Among the 
deceased, the proportion of 80-year-olds is twice and 
four times higher than that of 70-year-olds and 60-year-
olds, respectively [35]. Postoperative complications, to a 
certain extent, reflect the prognosis of patients; that is, 
the corresponding complications after surgery indicate 
a poor prognosis, and pancreatic fistula and abdomi-
nal hemorrhage can lead to the postoperative death of 
patients with gastric cancer. Therefore, clinical medi-
cal staff should enhance perioperative management and 
reduce the incidence of postoperative complications, 
aiming to enhance the prognosis of patients with gastric 
cancer and boost the overall survival rate [36]. Further-
more, the prognosis of tumor patients closely correlates 
with the differentiation degree of a tumor. Roshanaei et 
al. [37] also pointed out that the degree of tumor differ-
entiation is an independent risk factor for the prognosis 
of gastric cancer patients. The related literature [38] has 
confirmed that ASA grading is an independent risk fac-
tor for the prognosis of patients with gastric cancer. The 
higher the ASA grading, the greater the risk of death. 
TNM staging significantly influences the prognosis of 
gastric cancer patients as a comprehensive index [39]. 
Finally, we constructed a nomogram model according to 
the prognostic factors of gastric cancer patients deter-
mined by the Cox regression model, and its C-index was 
0.881, which indicated that the model had good predic-
tion accuracy. The calibration chart showed that the pre-
dicted survival rate was in high agreement with the actual 
survival rate, showing good consistency, and it could be 
applied to the medical system to evaluate the prognosis 
of patients in the future.

There are some limitations in this study. On the one 
hand, this study is a single-center, retrospective analysis 
that requires further verification by a larger sample. On 
the other hand, the sample size of this study is relatively 
small. Finally, there is no test set available to externally 
verify the survival model and nomogram. Therefore, 
in the future, it will be necessary to further expand 
the sample size, pass multiple centers, and conduct 

forward-looking research verification so as to further 
improve the prediction accuracy and popularity of the 
model.

In a word, high-level VFA can increase the difficulty 
of operation and increase the risk of fat liquefaction, 
abdominal infection, and pancreatic fistula after opera-
tion. The worse the prognosis, the higher the overall 
mortality in elderly patients with gastric cancer who have 
low differentiation, high postoperative complications, 
low VFA, and high ASA and TNM staging. In addition, 
the nomogram has high clinical application value, which 
can directly predict the prognosis of patients with gas-
tric cancer and is conducive to individualized analysis of 
the prognosis of patients in clinic, providing reference 
and help for clinical decision-making. By improving risk 
stratification, the nomogram can help clinicians identify 
high-risk patients earlier, enabling more tailored treat-
ment plans, closer follow-up, and better-informed deci-
sions regarding interventions.
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