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Visceral Fat Area (VFA) Superior to BMI for Predicting Postoperative
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Abstract
Background Obesity may impact surgical outcomes of gastrectomy.Whether visceral fat area (VFA) is a better obesity parameter
than body mass index (BMI) is still controversial. The aim of this study is to compare the accuracy and effectiveness of VFA and
BMI in predicting the short-term surgical outcomes of gastrectomy.
Methods Patients who were diagnosed with gastric cancer were measured for BMI and VFA preoperatively and then divided into a
VFA-H (VFA-high) group and VFA-L (VFA-low) group, at the cutoff point of 100 cm2, and a BMI-H (BMI-high) group and BMI-
L (BMI-low) group, at the cutoff point of 25 kg/m2. The short-term surgical outcomes were compared between the different groups.
Results In total, 276 patients were enrolled in this study; 55 (19.9%) patients were classified into the BMI-H group, and 122
(44.2%) patients were classified into the VFA-H group. There was a significant correlation between BMI and VFA (r = 0.652,
p < 0.001). Compared with the VFA-L group, the VFA-H group had a higher incidence of postoperative complications (31.1%
vs. 13.0%; p < 0.001), longer operation duration (270.0 (235.0–305.0) vs. 255.0 (223.8–295.0), p = 0.046), and more blood loss
(100.0 (100.0–150.0) vs. 80.0 (80.0–100.0), p < 0.001), while the BMI-H group had more blood loss than the BMI-L group
(100.0 (100.0–120.0) vs. 100.0(80.0–100.0), p = 0.006). Logistic regression showed that VFAwas an independent risk factor for
postoperative complications (odds ratio 2.813, 95% CI 1.523–5.194; p = 0.001).
Conclusion For gastric cancer patients, VFA is superior to BMI in accurately and effectively illuminating the impact of obesity on
short-term surgical outcomes.
Trial Registration Clinicaltrials.gov: NCT02800005.

Keywords Gastric cancer . Gastrectomy . Surgical outcomes . Obesity . BMI . VFA

Introduction

Gastric cancer (GC) is one of the most common malignances
worldwide.1 Even through the overall incidence of gastric
cancer has been decreasing globally, it is still the second-
leading cause of cancer-related mortality in China.2,3 D2
lymphadenectomy is widely performed in East Asia, and it
is associated with a lower local-regional recurrence and better
survival benefits.4–6 The high incidence of adiposity world-
wide has become a severe problem.7,8 The obesity rate in
China has risen to 11.9%,9 and China already has the largest
obese population worldwide.10 Excessive adipose tissue
makes the process of lymphadenectomy and the exposure of
vital arteries more difficult and dangerous. Some previous
studies have indicated the influence of adiposity on the oper-
ation, but the impact of obesity on surgical short-term out-
comes is still contentious, as studies have reached different
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conclusions about obesity’s effect on such surgical outcomes
as the effect on blood loss, number of retrieved lymph nodes,
operative duration, and postoperative complications.11–13

Body mass index (BMI) is a commonly used parameter to
assess obesity. However, it cannot perfectly measure the dis-
tribution of fat tissue, which differs greatly between individ-
uals. Accordingly, visceral fat area (VFA) has been proposed
to assess obesity and fat distribution. The development of
computed tomography and data processing techniques has
made the value of VFAmore accurate and easier to determine.
VFA can better indicate the visceral fat level and has a stron-
ger correlation with surgical outcomes and postoperative
complications.12–14 However, those retrospective studies did
not reach a consensus about the impact of VFA on the surgical
outcomes or whether VFAwas a better obesity parameter than
BMI.11,13–16

Therefore, we designed this single-center prospective co-
hort study to investigate the impact of obesity on surgical
outcomes and to compare the accuracy and effectiveness of
VFA and BMI on evaluating the short-term outcomes of
gastrectomy.

Patients and Methods

Study Design and Ethics

This is a prospective cohort study with the aim to explore the
impact of obesity on surgical outcomes and compare the ac-
curacy and effectiveness of VFA and BMI on evaluating the
short-term surgical outcomes of gastrectomy. The primary
endpoint was postoperative complications. This trial was reg-
is tered on cl inical t r ia ls .gov with the ident i f ier,
NCT02800005.17 The study protocol was approved by the
Biomedical Ethical Committee of West China Hospital,
Sichuan University (2015, no.123). The participants were
fully informed and gave written informed consent.

Patients and Cohort Development

The inclusion criteria of this study were (1) age ≥ 18 years
and ≤ 75 years; (2) preoperative endoscopy and biopsy con-
firmed gastric adenocarcinoma, and predicted feasible total
gastrectomy or subtotal gastrectomy; (3) predicted resect-
able diseases of preoperative staging T1N0M0-T4aN+M0,
Ia-IIIc stage; (4) no other primary malignancy; and (5)
agreement to participate in the trial and written informed
consent. The exclusion criteria of this study were patients
who (1) were treated with neoadjuvant chemotherapy or
radiation therapy, which might affect the efficacy observa-
tion; (2) were not eligible for gastrectomy due to severe
dysfunction of other organs; or (3) decided not to participate
in the trial after signing the informed consent.

From April 2015 to December 2017, a total of 300 patients
were included. VFA and BMI were calculated preoperatively.
Nine patients were excluded because they did not accept the
operation, 10 patients were excluded because they underwent
laparoscopic exploration only, and 5 patients were excluded
because they had palliative surgery. Ultimately, 276 patients
were enrolled for statistical analysis (Fig. 1).

Fat Measurement

All included patients underwent abdominal computed tomog-
raphy (CT) as a preoperative evaluation. VFA and subcutane-
ous fat area (SFA) were measured using a cross-sectional image
fromCT imaging of the abdomen at the umbilicus level. On CT
scans, adipose tissue was determined by setting the attenuation
level within the range of − 190 to − 30 Hounsfield units (HU).18

By tracing the outline of the visceral fat tissue and the
contour of the subcutaneous fat tissue, the Fat Scan software
calculated the VFA and SFA, respectively (Fig. 2). The pa-
tients were classified into two groups: the VFA-L group, with
VFA < 100 cm2, and the VFA-H, with VFA ≥ 100 cm2, ac-
cording to the recommended VFA cutoff from the Japan
Society for the Study of Obesity.19 According to the World
Health Organization (WHO), people with a BMI higher than
30 kg/m2 are treated as obese. However, considering different
body shapes and fat distributions between different ethnic
populations, we adopted the Asian-Pacific standard, and all
the patients were classified into a BMI-H (BMI ≥ 25 kg/m2)
group and a BMI-L (BMI < 25 kg/m2) group.20

Surgical Procedure and Short-term Surgical Outcomes

The operations of all enrolled patients were performed by an
experienced surgeon with rich experience in performing both
laparoscopic-assisted gastrectomy (LAG) and open gastrecto-
my (OG). The resection pattern of distal or total gastrectomy
depended on the site of the stomach tumor. For the enrolled
people, standard D2 lymphadenectomy was performed ac-
cording to the treatment guidelines of the Japanese Gastric
Cancer Association (JGCA).21 Intraoperative frozen sections
of resection margins were examined to ensure R0 resection.
Billroth-1 and Billroth-2 anastomoses were commonly used
for distal gastrectomy, while Roux-en-Y anastomosis was se-
lectively performed. Esophago-jejunal Roux-en-Y anastomo-
sis was performed after total gastrectomy.

Operation duration, intraoperative blood loss, number of
retrieved lymph nodes, postoperative hospital stays, and
postoperativecomplicationswere recordedasshort-termsur-
gical outcomes. In addition, complicationswere further clas-
sified according to the Clavien-Dindo surgical complication
grading system.22
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Statistical Analysis

All statistical analyses were performed with the statistical soft-
ware SPSS 20.0 (SPSS®, Chicago, IL, USA). Two-sided p-
values less than 0.05 were considered significant. Variables
are expressed as median with interquartile range. In analyzing
baseline characteristics and comparing the surgical outcomes
of different groups, the chi-square test was used to analyze
unordered categorical variables. Ranked data were analyzed
by the rank sum test (Mann-Whitney U test). Student’s t test
was used to analyze continuous data if homogeneity of vari-
ance and normal distribution were satisfied. Spearman’s rank
correlation was used to evaluate relationships between indi-
vidual fat parameters. A logistic regression model was used to
evaluate the risk factors for postoperative complications.

Results

Patients’ Characteristics

A total of 276 patients were enrolled for statistical analysis.
The comparison of characteristics between different cohorts
are shown in Table 1, and the characteristics of all the patients
are shown in Supplemental Table 1.The median of BMI was
22.5 kg/m2 (interquartile range, 20.2–24.5). Fifty-five
(19.9%) patients were classified into the BMI-H group, and
221 (80.1%) were classified into the BMI-L group. The me-
dian of VFA was 88.4 cm2 (interquartile range, 50.6–131.6).

One hundred twenty-two (44.2%) patients were classified into
the VFA-H group, and 154 (55.8%) were classified into the
VFA-L group. There was no significant difference in age,
gender, tumor size, tumor location, or tumor stage between
the VFA-H and VFA-L groups or BMI-H and BMI-L groups.

Distribution and Correlations of Fat Parameters

The distribution of fat tissue differs between individuals.23 As
indicated in Fig. 2, two patients with almost the same BMI had
a dramatically different VFA and SFA. The female patients
had more subcutaneous fat than male patients (159.3 (99.2–
200.3) vs. 99.1 (55.2–145.6), p < 0.001), while no significant
difference was seen in visceral fat. In the male subgroup, the
BMI-H group had a lower SFA/VFA ratio than the BMI-L
group (0.9 (0.8–1.3) vs. 1.1 (0.9–1.6), p = 0.038), which indi-
cated that BMI-Hmale patients were more likely to have more
visceral fat tissue than subcutaneous fat tissue, which aligns
with a previous study.24 Correlation analysis showed signifi-
cant correlations between BMI and VFA (r = 0.652;
p < 0.001), BMI and SFA (r = 0.565; p < 0.001), and SFA
and VFA (r = 0.684; p < 0.001).

Short-term Surgical Outcomes

Compared with the VFA-L group, the VFA-H group had a
significantly higher incidence of postoperative complications
(31.1% vs. 13.0%; p < 0.001), longer operation duration
(270.0 (235.0–305.0) vs. 255.0 (223.8–295.0), p = 0.046)

Fig. 1 Flow chart of patient
selection
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and more blood loss (100.0 (100.0–150.0) vs. 80.0 (80.0–
100.0), p < 0.001), and longer postoperative hospital stays
(9.0 (8.0–11.0) vs. 8.0 (8.0–9.0), p = 0.045), while BMI-H
group had more blood loss than the BMI-L group (100.0
(100.0–120.0) vs. 100.0 (80.0–100.0), p < 0.001) (Table 2).
With standard D2 lymphadenectomy, the number of retrieved
lymph nodes showed no significant difference between the
VFA-H and VFA-L groups (p = 0.154) or the BMI-H and
BMI-L groups (p = 0.652).

Complications were described according to the internation-
al consensus on complications after gastrectomy25 (Table 3).
Then, the postoperative complications were classified with the
Clavien-Dindo classification criteria. VFA-H group had a
higher incidence of Clavien-Dindo class I and class II compli-
cations than the VFA-L group (30.3% vs. 11.7%; p = 0.001)
(Table 2).

In the laparoscopic-assisted gastrectomy subgroup, the
VFA-H group (n = 35) had a higher incidence of postoperative
complications than the VFA-L group (n = 72) (34.3% vs.
9.7%; p = 0.003) and longer operation duration (300.0
(275.0–335.0) vs. 278.5 (235.0–305.0), p = 0.004). No

significant difference was seen in blood loss (p = 0.192) or
the number of harvested lymph nodes (p = 0.865).

Among the BMI-L group, 33.9% (n = 75) of patients had
high VFA (VFA ≥ 100 cm2), and 66.1% (n = 146) of patients
had low VFA (VFA < 100 cm2). The VFA-H subgroup had a
longer operation duration (275.0 (245.0–310.0) vs. 252.5
(223.8–295.0), p = 0.011), a higher rate of postoperative com-
plications (32.0% vs. 12.3%; p = 0.001) and more blood loss
(80.0 (80.0–150.0) vs. 80.0(80–100.0), p < 0.001), but the
number of retrieved lymph nodes did not show a significant
difference (p = 0.213) (Supplemental Table 2).

Risk Factors for Postoperative Complications

Table 4 shows the results of univariate and multivariate anal-
ysis to identify risk factors for postoperative complications.
On the basis of univariate analysis, VFA and operation dura-
tion were the factors associated with the development of post-
operative complications. Multivariate analysis revealed that
VFA (p = 0.001) and operation duration (p = 0.028) were

Fig. 2 The measurement of the
visceral fat area. a and b show the
cross-section at the umbilicus
cross-sectional layer. c and d
show the different distributions of
fat tissue; the blue area shows the
visceral fat tissue, and the green
area shows the subcutaneous fat
tissue
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independent risk factors, with ORs (95% confidence intervals)
of 2.813 (1.523–5.194) and 1.006 (1.001–1.011), respectively.

Discussion

Some previous retrospective studies have explored the rela-
tionship between VFA and BMI and the impact of excessive
abdominal fat tissue on surgical outcomes. However, whether
VFA is a better parameter than BMI is still controversial. We
designed this prospective cohort study with the aim of provid-
ing a relatively high level of evidence to investigate the impact
of obesity on surgical outcomes and to compare the accuracy
and effectiveness of VFA and BMI on evaluating the short-
term outcomes of gastrectomy. As far as we know, this is the
first prospective cohort study focusing on this contentious
question.

We found significant positive correlations between differ-
ent pairs of fat parameters, such as VFA and BMI, SFA and
BMI, and VFA and SFA, in line with previous studies.11,12

Approximately 14.5% of high-BMI (BMI ≥ 25 kg/m2) pa-
tients had low VFA (VFA < 100 cm2), and 33.9% of low-

BMI (BMI < 25 kg/m2) patients had high VFA (VFA ≥
100 cm2), which aligns with the report from Yoshikawa that
33.3% of low-BMI (< 25 kg/m2) patients had high VFA (≥
100 cm2).14 In the BMI-L group, the VFA-H subgroup had a
higher incidence of postoperative complications, longer oper-
ation duration, and more blood loss than the VFA-L subgroup.
The BMI-L group accounted for 80.1% of the enrolled pa-
tients. Therefore, for low-BMI (< 25 kg/m2) patients, VFA
can better predict surgical outcomes, and calculating VFA
preoperatively is of great significance, especially for low-
BMI patients.

Gastrectomy with D2 lymphadenectomy is widely per-
formed in East Asia, as it has been associated with a lower
local-regional recurrence and better survival benefit. The
National Comprehensive Cancer Network (NCCN) guidelines
for gastric cancer suggest that the removal of at least 15 lymph
nodes is recommended.26 In this study, among all the enrolled
cases, the median of retrieved lymph nodes was 36.0 (inter-
quartile range, 27.0–46.0). We found that there was no signif-
icant difference between the number of retrieved lymph nodes
in the VFA-H and VFA-L groups or the BMI-H and BMI-L
groups. The dissection of lymph nodes is a difficult part of

Table 1 Comparison of the baseline characteristics of patients

BMI p‡ VFA p‡

BMI < 25 BMI ≥ 25 VFA < 100 VFA ≥ 100
N = 221 N = 55 N = 154 N = 122

Age(year) 0.226 0.145

< 60 126 (57.0) 26 (47.3) 91 (59.1) 61 (50.0)

≥ 60 95 (43.0) 29 (52.7) 63 (40.9) 61 (50.0)

Gender 0.869 1.000

Male 156 (70.6) 38 (69.1) 108 (70.1) 86 (70.5)

Female 65 (29.4) 17 (30.9) 46 (29.9) 36 (29.5)

BMI (kg/m2)* 21.5 (19.6–23.3) 26.5 (25.7–27.7) < 0.001¶ 20.8 (19.1–22.7) 24.2 (22.6–26.0) < 0.001¶

VFA (cm2) * 73.2 (40.9–109.2) 148.9 (111.5–187.0) < 0.001¶ 53.8 (30.5–74.7) 135.2 (111.0–181.1) < 0.001¶

SFA (cm2) * 100.8 (54.9–145.6) 175.4 (131.9–209.7) < 0.001¶ 71.7 (38.8–117.5) 157.0 (114.1–192.6) < 0.001¶

Tumor diameter(cm)* 4.0 (2.0–5.5) 4.0 (3.0–5.0) 0.790¶ 4.0 (2.0–5.6) 4.0 (2.4–5.0) 0.625¶

Longitudinal location 0.389 0.116

Upper 68 (30.8) 12 (21.8) 49 (31.8) 31 (25.4)

Middle 32 (14.5) 6 (10.9) 26 (16.9) 12 (9.8)

Lower 119 (53.8) 36 (65.5) 77 (50.0) 78 (63.9)

Whole 2 (0.9) 1 (1.8) 2 (1.3) 1 (0.8)

Pathologic stage 0.369 0.853

I 74 (33.5) 15 (27.3) 50 (32.5) 39 (32.0)

II 59 (26.7) 18 (32.7) 40 (26.0) 37 (30.3)

III 81 (36.7) 18 (32.7) 58 (37.7) 41 (33.6)

IV 7 (3.2) 4 (7.3) 6 (3.9) 5 (4.1)

Values in parentheses are percentages unless indicated otherwise; values are *median (interquartile range)

BMI body-mass index, SFA subcutaneous fat area, VFA visceral fat area, TFA total fat area

p < 0.05 was considered statistically significant; ‡χ2 test, except ¶Mann-Whitney U test
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gastrectomy, and excessive visceral fat can increase the diffi-
culty, maybe causing insufficient lymphadenectomy. The
standard D2 lymphadenectomy can improve the survival out-
comes of gastric cancer patients.27 In our medical center, we
follow a series of strict quality control strategies, strictly de-
fining the standard of D2 lymphadenectomy, and the surgical
outcome indicates that by using these quality control strate-
gies, we can avoid the impact of excessive visceral fat and
achieve a standard D2 lymphadenectomy.

Due to the complexity and difficulty of radical surgery of
gastric cancer (D2 lymph node dissection), postoperative
complications have a high incidence, according to the re-
sults of some high quality RCTs from Japan and Korea,28–32

the incidence of postoperative complications after gastrec-
tomy ranged from 10 to 30%, and respiratory infections was
a common postoperative complication. In this study, the
postoperative general complications of VFA-H group were
higher than the VFA-L group (20.5% vs. 5.8%). The post-
operative surgical complications of VFA-H group were also
higher than the VFA-L group (10.7% vs. 7.1%). 10.5% of all
patients had respiratory infections; the VFA-H group had a

significant higher proportion than the VFA-L group (16.4%
vs. 5.8%). Thus, for high VFA patients, we need to take
effective measures to avoid respiratory infections during
the perioperative time.

Laparoscopic distal gastrectomy has been recommended as
an optimal treatment for cStage-I gastric cancer by the
JGCA.21 Several ongoing trials are assessing the safety and
feasibility of laparoscopic total gastrectomy and laparoscopic
gastrectomy for advanced GC.33–35 We also investigated the
impact of obesity on surgical outcomes in the laparoscopic
gastrectomy subgroup, revealing that the VFA-H group had
longer operation duration and a higher incidence of postoper-
ative complications, but no difference was seen in blood loss
or the number of harvested lymph nodes. Excessive visceral
fat tissue increased the difficulty of laparoscopic-assisted gas-
trectomy, maybe because the excessive visceral fat tissue
made the narrow cavity more crowded, resulting in longer
operation duration. However, magnified laparoscopic images
helped the surgeons perform operations more accurately, and
excessive visceral fat tissue did not result in more blood loss in
laparoscopic-assisted gastrectomy.

Table 2 Comparison of outcomes and complications after gastrectomy

BMI (kg/m2) p‡ VFA(Cm2) p‡

BMI < 25 BMI ≥ 25 VFA < 100 VFA ≥ 100
n = 221 n = 55 n = 154 n = 122

Surgical approach < 0.001 0.003

Open 122 (55.2) 47 (85.5) 82 (53.2) 87 (71.3)

Laparoscopic 99 (44.8) 8 (14.5) 72 (46.8) 35 (28.7)

Type of resection 0.273 0.315

DG 137 (62.0) 39 (70.9) 94 (61.0) 82 (67.2)

TG 84 (38.0) 16 (29.1) 60 (39.0) 40 (32.8)

Type of reconstruction 0.640 0.261

Billroth-1 37 (16.7) 11 (20.0) 22 (14) 26 (21.3)

Billroth-2 97 (43.9) 26 (47.3) 69 (43.9) 54 (44.3)

Roux-en-Y 87 (39.4) 18 (32.7) 63 (42.1) 42 (34.4)

Blood loss* 100.0 (80.0–100.0) 100.0 (100.0–120.0) 0.006¶ 80.0 (80.0–100.0) 100.0 (100.0–150.0) < 0.001¶

Operation duration (min)* 265.0 (230.0–299.5) 265.0 (230.0–300.0) 0.861¶ 255.0 (223.8–295.0) 270.0 (235.0–305.0) 0.046¶

Number of harvested lymph nodes* 36.0 (27.0–46.0) 35.0 (28.0–49.0) 0.652¶ 37.0 (28.8–47.0) 34.0 (26.0–46.0) 0.154¶

Postoperative hospital stays (day) * 9.0 (8.0–10.0) 9.0 (8.0–11.0) 0.078¶ 8.0 (8.0–9.0) 9.0 (8.0–11.0) 0.045¶

Postoperative complications 0.138 < 0.001

No 179 (81.0) 39 (70.9) 134 (87.0) 84 (68.9)

Yes 42 (19.0) 16 (29.1) 20 (13.0) 38 (31.1)

Clavien-Dindo classification 0.122 0.001

None 179 (81.0) 39 (70.9) 134 (87.0) 84 (68.9)

Grade I–II 39 (17.6) 16 (29.1) 18 (11.7) 37 (30.3)

Grade III–V 3 (1.4) 0 (0.0) 2 (1.3%) 1 (0.8)

Values in parentheses are percentages unless indicated otherwise; values are *median (interquartile range);

BMI body-mass index, SFA subcutaneous fat area, VFA visceral fat area, DG distal gastrectomy, TG total gastrectomy

p < .05 was considered statistically significant. ‡χ2 test, except ¶Mann-Whitney U test
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BMI is widely used to evaluate the degree of obesity, and it
is a simple and easy index to use, but it cannot evaluate the
distribution of fat tissue. VFA can directly reveal visceral fat
tissue, which may have a larger effect on gastrectomy and
lymphadenectomy outcomes than subcutaneous fat tissue. In

the present study, VFA had a stronger correlation with short-
term surgical outcomes than BMI, and the volume of blood
loss of the VFA-H group was larger, the operation duration
was longer, and the postoperative complication rate was
higher.

Table 3 Implications after gastrectomy

BMI (kg/m2) VFA(Cm2)

BMI < 25 BMI ≥ 25 VFA < 100 VFA ≥ 100
n = 221 n = 55 n = 154 n = 122

Postoperative general complications 21 (9.5) 13 (23.6) 9 (5.8) 25 (20.5)

Respiratory infections 18 (8.1) 11 (20.0) 9 (5.8) 20 (16.4)

Gastrointestinal infections 2 (0.9) 2 (3.6) 0 (0.0) 4 (3.3)

Urinary infections 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.8)

Postoperative surgical complications 21 (9.5) 3 (5.5) 11 (7.1) 13 (10.7)

Surgical site infection 3 (1.4) 0 (0.0) 1 (0.6) 2 (1.6)

Postoperative bleeding 1 (0.5) 0 (0.0) 1 (0.6) 0 (0.0)

Bowel obstruction 4 (1.8) 0 (0.0) 2 (0.0) 2 (1.6)

Bowel perforation or necrosis 1 (0.5) 0 (0.0) 1 (0.6) 0 (0.0)

Anastomotic leak 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.8)

Pancreatic fistula 2 (0.9) 0 (0.0) 1 (0.6) 1 (0.8)

Delayed gastric emptying 7 (3.2) 3 (5.5) 4 (2.6) 6 (4.9)

Abnormal fluid from drainage* 1 (0.5) 0 (0.0) 1 (0.6) 0 (0.0)

Other major complications& 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.8)

BMI body-mass index, VFA visceral fat area

*Postoperative chylous ascites; & acute cholecystitis

Table 4 Univariate and multivariate analyses of factors associated with postoperative complications

Univariate analyses Multivariate analyses

p value OR 95% CI p value OR 95% CI

Age 0.079 0.593 0.331–1.063

Gender 0.298 1.425 0.732–2.774

BMI (modeling without VFA) 0.103 0.572 0.292–1.120

VFA (modeling without BMI) < 0.001 3.031 1.653–5.557 0.001 2.813 1.523–5.194

Tumor diameter 0.128 1.094 0.975–1.228

Pathologic stage

II vs. I 0.987 0.986 0.194–5.008

III vs. I 0.919 1.089 0.213–5.571

IV vs. I 0.607 1.520 0.308–7.514

Surgical approach 0.292 0.720 0.390–1.326

Type of resection 0.068 1.730 0.961–3.114

Type of reconstruction

Billroth-2 vs. Billroth-1 0.237 1.786 0.683–4.671

Roux-en-Yvs. Billroth-1 0.071 2.423 0.972–6.334

Operation duration 0.009 1.007 1.002–1.012 0.028 1.006 1.001–1.011

Blood loss 0.565 0.801 0.376–1.706

BMI body-mass index, VFA visceral fat area

p < 0.05 was considered statistically significant
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Compared with BMI, the calculation of VFA is more com-
plex. While an abdominal CTscan is taken as common test for
preoperative evaluation, the development of software technol-
ogy will make VFA measurements easier. Thus, VFA can be
recommended as a routine test for gastric cancer patients, es-
pecially for low-BMI patients.

This study had some limitations. It was a single-center
study, and most of the patients came from Southwest China,
so the data may not represent patients from other areas well,
and body shape is inherently different between locations and
races, so our results need to be validated by further studies
from other medical centers.

Conclusion

VFA had more sensitive correlations with short-term surgical
outcomes than BMI. For gastrectomy, high VFA caused more
blood loss, longer operation duration, and higher incidence of
postoperative complications. By following strict quality con-
trol strategies, VFA does not affect the number of harvested
lymph nodes. VFA is recommended to predict perioperative
risk for gastric cancer patients, especially low-BMI patients.
More attention needs to be paid to high-VFA patients during
the perioperative period.
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