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Introduction

The metabolic syndrome is one of the greatest concerns 
in healthcare in Japan, as well as in Western countries. 
Abdominal obesity has been shown to be associated 
with an increased risk not only for cardiovascular disease 
[1–7], diabetes [8], and hypertension [9] but also for 
malignant disease [10–14]. Since Lew and Garfi nkel 
[15] fi rst reported that overweight status and obesity 
increased the risk of mortality from cancer, many epi-
demiologic studies have shown a positive association 
between obesity and cancers in various organs, such as 
the endometrium [16], kidney [17], breast (in postmeno-
pausal women) [18], colon [19], gallbladder [20], pros-
tate [21], thyroid [22, 23], gastric cardia [24–26], and 
esophagus [27].

The incidence of gastric cardia cancer has been 
increasing in Western countries, whereas the rate of 
distal stomach cancer has declined [28–33]. This diver-
gent trend in incidence suggests different etiologies of 
these gastric cancers (GCs). Obesity was associated 
with gastric cardia cancer in some case-control studies 
in Western countries [34, 35], but its association with 
distal stomach cancer has not been well examined [36]. 
Chow et al. [24] performed a multicenter population-
based case-control study in the United States in 1998, 
and reported that being in the highest quartile of body 
mass index (BMI) compared with being in the lowest 
quartile was associated with an increased risk of esopha-
geal adenocarcinoma and gastric cardia carcinoma. 
Lagergren et al. [27] reported similar results from a 
large study of the Swedish population. On the other 
hand, in 2003, Zhang et al. [37] reported that the BMI 
of patients with gastric cardia cancer was signifi cantly 
lower than that of patients with noncardia GC, indicat-
ing that being underweight was positively associated 
with gastric cardia carcinoma. Thus, the association 
between obesity and gastric cardia cancer remains con-
troversial. Kubo and Corley [38] performed a system-

Abstract
Background. Visceral obesity is known to be a risk factor for 
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atic review and metaanalysis of 14 studies and concluded 
that a high BMI was weakly associated with the risk of 
cancer in the gastric cardia.

Obesity is manifested as a markedly high volume of 
adipose tissue. Recent studies have demonstrated that 
adipocytes produce a variety of secretory peptides, 
named adipokines [39, 40]. More recently, some adipo-
kines, such as leptin and adiponectin, have been shown 
to critically regulate the biological behavior of malig-
nant cells [41–50], raising the possibility that adipocytes 
may have positive roles in the development of malig-
nant diseases through the secretion of adipokines in an 
endocrine or intracrine manner. In addition, it has been 
suggested that the biochemical characteristics of vis-
ceral and subcutaneous adipose tissues are somewhat 
different [51, 52].

Taking these fi ndings into account, we raised the 
hypothesis that the distribution as well as the volume 
of adipose tissue may have a specifi c association with 
human cancer. However, there are no reports describ-
ing adipose tissue volume or distribution in cancer 
patients. In this study, therefore, we measured visceral 
and subcutaneous fat areas separately on CT images of 
patients with early GC, and investigated the relation-
ship of these fi ndings with various clinical and patho-
logical parameters of GC.

Patients, materials, and methods

Patients and methods

In this study, we examined the volume of visceral and 
subcutaneous fat in one slice of a CT scan, using Fat 
Scan software (N2 System, Osaka, Japan). Several 
studies have revealed that the visceral fat area (VFA) 
shown from a single scan obtained at the level of the 
umbilicus (the level from L4 to L5) is highly correlated 
with the total visceral fat volume [53–55]. Hence, we 
used a slice of a CT image at the umbilical level to 
measure VFAs and subcutaneous fat areas (SFAs). We 
collected the data for SFA and VFA by a previously 
reported technique [55, 56]. We determined the total fat 
area (TFA) as the sum of the SFA and VFA, and the 
V/S ratio, as the VFA divided by the SFA.

We retrospectively studied 550 patients whose disease 
was pathologically diagnosed as early GC who under-
went surgical gastrectomy or endoscopic resection 
between April 2001 and February 2007 at the Tokyo 
University Hospital. Early GC, according to the classi-
fi cation established by the Japanese Research Society 
for Gastric Cancer, is defi ned as a lesion confi ned to the 
mucosal or submucosal layer. We selected only patients 
with early GC, because advanced-stage cancer may 
affect the volume of adipose tissue through causing 

diminished appetite and altered metabolism. Therefore, 
we also excluded patients with any other malignant 
diseases.

Among the 550 patients, a CT scan image of the 
umbilical slice was unavailable in 332 patients, who 
were excluded from this study. Three patients had 
had a previous gastrectomy and 5 patients had other 
advanced malignant diseases; these 8 patients were also 
excluded, because gastrectomy or the presence of other 
malignancies may affect the fat area. Finally, 210 patients 
(174 men and 36 women) for whom a CT image of a 
slice at the umbilical level was available were enrolled 
in this study. We also examined, in a similar manner, 
147 patients (102 men and 45 women) with early colorec-
tal cancer (CRC) as a control group in this study.

In order to analyze the associations of SFA and VFA 
with various parameters in cardia cancer, we used the 
criteria for cardia cancer proposed by Siewert and Stein 
[57]. According to their criteria, adenocarcinomas 
whose center lay within 1 cm proximal to and 2 cm 
distal from the gastroesophageal junction (Siewert type 
II) were classifi ed as cardia cancer, and other adenocar-
cinomas were categorized as noncardia cancer.

This study was approved by the ethics committee of 
the University of Tokyo.

Statistical analysis

We performed statistical analyses of TFA, VFA, SFA, 
and the V/S ratio, as well as blood count data, blood 
chemical data, and pathological data. Spearman rank 
correlations were calculated to determine the relation-
ship between nominal data and continuous data, and 
Mann-Whitney’s U-test was used to determine the cor-
relation between two kinds of continuous data. Values 
of P < 0.05 were considered to be signifi cant.

Results

Total fat area (TFA), visceral fat area (VFA), 
and subcutaneous fat area (SFA) in gastric and 
colorectal cancers

The data for our entire patient cohort are shown in 
Table 1. BMI and TFA values showed no signifi cant 
difference between patients with GC and those with 
CRC. Both BMI and TFA were the same in male and 
female patients. In contrast, in both GC and CRC 
patients, VFA was signifi cantly larger in male patients, 
while SFA was larger in female patients (GC, P < 0.001; 
CRC, P < 0.01). This is consistent with the data of the 
general population without cancer [58]. However, when 
VFA and SFA were separately compared in each sex, 
both parameters mostly showed the same values. Inter-
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estingly, both parameters tended to be higher in patients 
with GC as compared with those with CRC, although 
the differences were not statistically signifi cant, except 
for SFA in female patients (P = 0.037).

Fat areas and age, cancer location, depth of 
cancer invasion, ulcer status, symptoms, 
and Helicobacter pylori infection status

Age. Because fat volumes may be associated with age, 
we separated the patients with early GC into two groups; 
a younger group (age 60 years or less) and an older 
group (age 61 years or more). There were no differences 
in TFA, VFA, or SFA values between the two groups 
in male patients (data not shown). However, in female 
patients, VFA in the older group (67.7 ± 40.1 cm2) was 
signifi cantly larger than that in the younger group (34.4 

± 12.5 cm2; P = 0.011). SFA also tended to be larger in 
the older group (data not shown), and the V/S ratio in 
the older group (0.45 ± 0.27) was signifi cantly higher 
than that in the younger group (0.39 ± 0.45, P = 0.025). 
This suggests that older female patients, but not male 
patients, tended to have more visceral fat, and this trend 
is consistent with the general population data [58].

Cancer location. As previously reported in Western 
countries, obesity is a risk factor for cancer of the gastric 
cardia. Therefore, we examined the fat volumes in 
patients with gastric cardia and noncardia cancer. 
Eleven male and 2 female patients had Siewert type II 
cardia cancer; the remainder had noncardia cancers. In 
both the male and female patients, there were no sig-
nifi cant differences in TFA, VFA, or SFA between 
those with cardia and noncardia cancers (Table 2).

Table 1. BMI and fat areas in patients with early gastric and colorectal cancers

Male (n = 276)
Gastric cancer (n = 174) Colorectal cancer (n = 102) P value

BMI (kg/m2) 22.8 ± 2.9 22.9 ± 3.1 0.979
TFA (cm2) 199.6 ± 89.2 185.2 ± 85.4 0.175
VFA (cm2) 101.2 ± 52.7 91.9 ± 51.9 0.144
SFA (cm2)  98.4 ± 45.0 93.2 ± 43.9 0.240
V/S  1.07 ± 0.41 1.05 ± 0.53 0.434

Female (n = 81)
Gastric cancer (n = 36) Colorectal cancer (n = 45) P value

BMI (kg/m2) 21.9 ± 3.3 21.4 ± 3.2 0.372
TFA (cm2) 208.7 ± 93.2 175.6 ± 82.6 0.081
VFA (cm2) 56.6 ± 36.8 50.2 ± 29.5 0.608
SFA (cm2) 152.1 ± 64.6 125.4 ± 60.2 0.037*
V/S 0.43 ± 0.34 0.47 ± 0.42 0.464

* P < 0.05
Data values are means ± SD
BMI, body mass index; TFA, total fat area; VFA, visceral fat area; SFA, subcutaneous fat area; V/S, VFA/SFA; GC, gastric cancer; CRC, 
colorectal cancer

Table 2. Fat areas in patients with cardia and noncardia cancers

Male Cardia (n = 11) Noncardia (n = 161) P value

TFA (cm2) 191.5 ± 60.8 201.0 ± 91.0 0.781
VFA (cm2)  99.6 ± 37.9 101.8 ± 53.7 0.963
SFA (cm2)  91.9 ± 29.9  99.1 ± 46.0 0.781

Female Cardia (n = 2) Noncardia (n = 33) P value

TFA (cm2) 307.0 ± 136.1 207.9 ± 86.1 0.256
VFA (cm2) 88.5 ± 85.8  56.0 ± 33.5 0.670
SFA (cm2) 218.5 ± 50.3 151.8 ± 61.0 0.136

Data values are means ± SD
Cancer locations were unclear in 2 male patients and 1 female patient; these patients were 
excluded from this analysis
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Depth of cancer invasion. We compared mucosal and 
submucosal cancers in relation to TFA, VFA, and 
SFA; these parameters were not signifi cantly different 
between mucosal and submucosal cancers in either sex 
(Table 3).

Ulcer status. Among the 210 patients, gastric ulcer status 
was confi rmed in 204; 128 of these patients (62.7%) did 
not have a gastric ulcer. However, 10 patients (4.9%) 
had an active gastric ulcer and 21 patients (10%) had an 
old ulcer scar. Moreover, ulceration was detected within 
the early GC lesion in 46 patients (22.5%). We found no 
association between ulcer status and the differentiation 
of early GC (P = 0.283) or between H. pylori infection 

status and the differentiation of early GC (P = 0.643). 
We also found no association between ulcer status and 
TFA, VFA, or SFA (Table 3).

Symptoms. For 2 of the 210 patients with early GC 
there was no record of symptoms; 166 of the remaining 
208 patients (79.8%) were asymptomatic, while 16 
patients (7.6%) had epigastralgia, 9 patients (4.3%) 
had epigastric discomfort, and the other patients had 
equivocal symptoms. However, we could not detect 
signifi cant differences between symptomatic and 
asymptomatic patients in the differentiation of early 
GC (P = 0.176), H. pylori infection status (P = 0.604), 
or in TFA, VFA, or SFA (Table 3).

Table 3. Fat areas and depth of cancer invasion, ulcer status, presence of symptoms, 
and Helicobacter pylori infection status

Fat areas and depth of cancer invasion
Male m (n = 105) sm (n = 69) P value

TFA (cm2) 203.2 ± 89.1 194.0 ± 89.6 0.561
VFA (cm2) 103.3 ± 53.4  98.0 ± 51.8 0.672
SFA (cm2)  99.9 ± 44.8  96.0 ± 45.7 0.568

Female m (n = 18) sm (n = 18) P value

TFA (cm2) 233.7 ± 96.8 183.7 ± 84.7 0.121
VFA (cm2)  62.8 ± 43.1  50.4 ± 29.1 0.457
SFA (cm2) 170.9 ± 60.6 133.3 ± 64.5 0.071

Fat areas and ulcer status
Ulcer positive (n = 55) Ulcer negative (n = 149) P value

TFA (cm2) 190.0 ± 82.6 205.1 ± 92.8 0.594
VFA (cm2)  88.6 ± 48.2  95.5 ± 54.8 0.610
SFA (cm2) 101.5 ± 50.7 109.6 ± 54.3 0.492

Fat areas and presence of symptoms
Symptomatic (n = 42) Asymptomatic (n = 166) P value

TFA (cm2) 188.6 ± 76.2 205.4 ± 92.7 0.270
VFA (cm2)  78.8 ± 41.5  97.9 ± 55.0 0.056
SFA (cm2) 109.9 ± 54.9 107.4 ± 52.5 0.887

Fat areas and H. pylori infection status
H. pylori positive (n = 71) H. pylori negative (n = 13) P value

TFA (cm2) 217.6 ± 91.5 188.1 ± 79.3 0.425
VFA (cm2)  98.9 ± 54.1  98.5 ± 47.6 0.762
SFA (cm2) 118.6 ± 53.7  89.6 ± 48.3 0.072

Data values are means ± SD
m, mucosal cancer; sm, submucosal cancer
The ulcer status of 204 of the 210 patients was confi rmed; ulcer-positive, patients with active 
gastric ulcer (n = 10) or ulcer within GC lesion (n = 46; 1 patient had active ulcer and ulcer within 
GC lesion); ulcer-negative, patients with an old ulcer scar (n = 21) or without ulcer (n = 128)
Two of the 210 patients had no records about symptoms; 166 patients were asymptomatic, and 
42 patients had symptoms (epigastralgia, n = 16; epigastric discomfort, n = 9; equivocal symptoms, 
n = 17)
Eighty-four patients were checked for H. pylori infection status
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Helicobacter pylori infection status. Helicobacter pylori 
infection is important when considering the carcinogen-
esis of GC. In our series, 84 patients were checked for 
H. pylori infection status, by the rapid urease test 
(RUT), serum H. pylori antibody, or microscopic exam-
ination. Among them, 71 patients (84.5%) were positive 
for H. pylori, and 13 patients (15.5%) were negative. In 
these patients, we analyzed the relationship of H. pylori 
infection status and other factors, and found that H. 
pylori infection did not have a signifi cant association 
with the differentiation of early GC (P = 0.610), or with 
TFA, VFA, or SFA (Table 3).

Fat areas and histological differentiation

GC is histologically classifi ed into two types based on 
the predominant morphological features: differentiated 
type (well and moderately differentiated adenocarcino-
mas) and undifferentiated type (poorly differentiated 
adenocarcinoma and signet ring cell carcinoma), and 
the biological features have been shown to be consider-
ably different in these two types [59–63]. We focused on 
the histological type in relation to fat areas (Fig. 1). 
Interestingly, in male patients, VFA was signifi cantly 
smaller in those with the undifferentiated type than in 
those with the differentiated type (P = 0.016). SFA also 
tended to be smaller in those with the undifferentiated 
type (P = 0.07). The trend was more prominent in female 
patients. VFA (P = 0.004) and SFA (P < 0.001) were 
markedly smaller in patients with undifferentiated GC 
than in those with differentiated histology. However, 
the V/S ratio, which is an index of body fat distribution, 

was not different between the differentiated and undif-
ferentiated types in either male (P = 0.185) or female 
(P = 0.814) patients.

Fat areas and differentiation in mucosal and 
submucosal cancers

Next, we compared the fat areas in patients with mucosal 
and submucosal cancers in those with differentiated and 
undifferentiated GCs separately (Fig. 2). In differenti-
ated GCs, TFA, VFA, and SFA did not differ according 
to the depth of invasion in either sex. In contrast, in 
undifferentiated GCs (see double-asterisks in Fig. 2), 
SFA was signifi cantly smaller in submucosal cancer as 
compared with mucosal cancer in both male (P = 0.024) 
and female (P = 0.025) patients. Also, in undifferenti-
ated GCs, the difference in TFA according to depth of 
invasion was also statistically signifi cant in male patients 
(P = 0.039) and marginally signifi cant in female patients 
(P = 0.055).

From another aspect, in male patients with mucosal 
cancer, TFA, VFA, and SFA did not differ between 
cancers with differentiated and undifferentiated type 
histology (Fig. 2). However, when fat volumes were 
examined in patients with submucosal cancer (see aster-
isks in Fig. 2), TFA, VFA, and SFA were signifi cantly 
smaller in patients with undifferentiated cancer than in 
those with differentiated cancer (P = 0.007, P = 0.010, 
and P = 0.022, respectively). In female patients, a similar 
trend was observed; in mucosal cancer also, TFA and 
SFA were signifi cantly smaller in patients with undif-
ferentiated cancer (P = 0.039, P = 0.015).

*p=0.016 *p=0.004 
*p<0.001

Fig. 1. Fat areas in patients with differentiated- and undifferentiated-type cancers. Male (differentiated-type cancer, n = 151; 
undifferentiated-type cancer, n = 23); female (differentiated-type cancer, n = 24; undifferentiated-type cancer, n = 12) 
*P < 0.05
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Fat areas and histological differentiation at 
different ages

In the present study, patients with undifferentiated-type 
GC were signifi cantly younger than patients with dif-
ferentiated-type cancer (56.3 ± 12.1 and 67.6 ± 9.1 years; 
P < 0.001). We divided the patients into two groups; 
those aged 60 years or less and those aged 61 years or 
more, and reevaluated the data. As shown in Table 4, 
TFA, VFA, SFA were not different between differenti-
ated and undifferentiated type cancers in the older 
group in male patients. However, when these fat areas 
were compared in the younger group in male patients, 
all the values were signifi cantly smaller in the undiffer-
entiated type. In female patients, the difference between 
the younger and older groups was not so evident.

Discussion

In this study, we used a slice of a CT image at the umbi-
licus and separately quantifi ed the subcutaneous fat 
area (SFA) and visceral fat area (VFA) in patients with 
early gastric cancer (GC) and patients with colorectal 
cancer (CRC). The values were mostly consistent with 
those of the Japanese general population [58]. Male 
patients had larger VFAs, while female patients had 
larger SFAs. In female patients, TFA and VFA in the 
older group were signifi cantly larger than those in the 
younger group. The same trend was reported for BMI 
in the general Japanese population [64]. These data 
indicate that adipose tissue volume and distribution are 
not markedly changed by the presence of early cancer 
lesions in the stomach.

mucosal
submucosal

Male

*p=0.007

*p=0.010
*p=0.022

**
**

**
**

Female

mucosal
submucosal

*p=0.003

*p=0.025

*p=0.005

*p=0.015

*p=0.039

**

**

Fig. 2. Fat areas in patients with differen-
tiated and undifferentiated cancers with 
invasion of different layers. Male (differ-
entiated type of mucosal cancer, n = 90, 
undifferentiated type of mucosal cancer, 
n = 15; differentiated type of submucosal 
cancer, n = 61; undifferentiated type of 
submucosal cancer, n = 8); female (differ-
entiated type of mucosal cancer, n = 12; 
undifferentiated type of mucosal cancer, 
n = 6; differentiated type of submucosal 
cancer, n = 12; undifferentiated type of 
submucosal cancer, n = 6) *P < 0.05 (com-
parison of differentiated and undifferenti-
ated cancers in each depth of cancer 
invasion) **P < 0.05 (comparison of 
mucosal and submucosal cancers in undif-
ferentiated-type cancer) Male total fat 
area (TFA), P = 0.039; subcutaneous fat 
area (SFA) P = 0.024; female SFA, P = 
0.025
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In our data, VFA and SFA, as well as BMI, were not 
different between the patients with GC and those with 
CRC. Previous reports in Western countries have shown 
that the BMI of patients with gastric cancer was lower 
than that of patients with CRC [65, 66]. The patients in 
those studies, however, included many with advanced 
cancer, whereas our patients were restricted to those 
with early-stage cancer. Therefore, this discrepancy is 
not surprising, but rather suggests that the patients with 
GC possess the same amount of adipose tissue as those 
with CRC, as long as the malignant lesions are limited 
to an early stage.

Demographic trends in GC differ by cancer loca-
tion and histology. While there has been a marked 
decline in distal, differentiated-type gastric cancers, 
undifferentiated-type cancers of the gastric cardia are 
increasing, particularly in Western countries [28, 67]. 
Japan and Korea have the highest rates of gastric cancer 
in the world [68, 69], and in contrast to the increasing 
incidence of proximal gastric cancers in the West, distal 
cancers continue to predominate in Japan. However, 
even in Japan, the proportion of proximal gastric cancers 
has increased among men [70].

From these data, we raised the hypothesis that there 
is different association between fat volume and gastric 
cancers at different locations. However, in both male 
and female patients, TFA, VFA, and SFA, as well as 
BMI, did not show a signifi cant difference between 
cardia and noncardia cancers. This is in contrast to pre-
vious reports in Western countries showing a strong 
association between obesity and cardia cancer [24, 27, 
34–36]. The reason for this discrepancy is not clear. 
However, in the present study, the number of patients 
with cardia cancer was small and very obese patients 
were relatively rare (only 2 men out of a total of 210 

patients had a BMI of more than 30). Hence, in Japan, 
other factors, such as salt intake or H. pylori infection, 
may have a strong contribution to the pathogenesis of 
gastric cardia cancer, which may mask the possible cor-
relation with adipose tissue volume. In fact, the associa-
tion between chronic H. pylori infection and the 
development of gastric cancer is well established [71–
74]. In Japan, the prevalence of H. pylori infection is 
less than 20% at age 20 years, but increases to 80% in 
those over the age of 40 years [75]. In the present study, 
84 patients were checked for H. pylori infection status, 
by the rapid urease test (RUT), serum H. pylori anti-
body, or microscopic examination. Among them, 71 
patients (84.5%) were positive, and 13 patients (15.5%) 
were negative. We analyzed the results in relation to 
BMI, TFA, VFA, and SFA, and in relation to the dif-
ferentiation of early GC and found that, H. pylori infec-
tion had no association with any of these parameters.

The most striking fi nding in our data is the difference 
in adipose tissue volumes between patients with differ-
entiated and undifferentiated GCs. In both male and 
female patients, TFA, VFA, and SFA were signifi cantly 
smaller in patients with undifferentiated-type cancer 
than in those with differentiated-type cancer, except for 
SFA in male patients. As compared with the general 
Japanese population, fat areas are considered to be 
reduced in patients with undifferentiated gastric cancer. 
These fi ndings suggest that reduced fat volume may be 
mechanically related to the development of undifferen-
tiated GC. Furthermore, the TFA, VFA and SFA values 
did not show a signifi cant difference between mucosal 
and submucosal cancers in patients with differentiated 
cancer, whereas in patients with undifferentiated GC, 
these values tended to be lower in submucosal cancer 
than in mucosal cancer. With these results, we raise the 

Table 4. Fat areas in patients with differentiated and undifferentiated cancers in the two age groups

Male

Age 60 years or less (n = 49) Age 61 years or more (n = 125)

Diff (n = 36) Undiff (n = 13) P value Diff (n = 115) Undiff (n = 10) P value

TFA (cm2) 216.4 138.3 *0.002 202.1 189.6 0.689
VFA (cm2) 109.4 64.9 *0.006 103.3 95.3 0.620
SFA (cm2) 107.0 73.4 *0.007 98.8 94.2 0.920
V/S 1.04 0.90 0.365 1.10 1.04 0.604

Female

Age 60 years or less (n = 12) Age 61 years or more (n = 24)

Diff (n = 5) Undiff (n = 7) P value Diff (n = 19) Undiff (n = 5) P value

TFA (cm2) 223.5 128.0 *0.005 250.0 149.8 0.082
VFA (cm2) 41.7 29.2 0.088 73.7 44.7 0.082
SFA (cm2) 181.8 98.8 *0.005 176.3 105.2 *0.043
V/S 0.23 0.50 0.223 0.42 0.58 0.915

* P < 0.05
Data values are averages
Diff, differentiated-type cancer; Undiff, undifferentiated cancer
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possibility that a reduced fat volume may be favorable 
for the submucosal invasion of undifferentiated GC. 
Another speculation is that undifferentiated, but not 
differentiated, GC may already have systemic effects 
inducing a reduction of subcutaneous fat volumes when 
invasion into the submucosal layer is present.

In our data, the difference in SFA appeared to be 
more prominent than that in VFA. In submucosal 
cancers, the differences in both SFA and VFA between 
differentiated and undifferentiated cancers were signifi -
cant in both sexes. However, in mucosal cancers, only 
SFA in female patients showed a signifi cant difference 
between differentiated and undifferentiated cancers. 
These fi ndings suggest that SFA may be more closely 
related to the development and progression of undif-
ferentiated rather than differentiated GC; this would 
explain the signifi cant difference in SFA between dif-
ferentiated and undifferentiated cancers in mucosal 
cancers only in female patients, who have, basically, 
larger SFAs.

In our study, in male patients, a signifi cant difference 
in fat volumes between patients with differentiated and 
undifferentiated GCs was detected only in the younger 
group (60 years or less), but not in the older group (61 
years or more). Thus, in male patients, the specifi c asso-
ciation between undifferentiated GC and reduced fat 
volume was applicable only for the younger group. This 
trend was not observed in female patients. The mecha-
nisms of carcinogenesis of undifferentiated GC are 
markedly different according to age and sex. Many 
studies have suggested that GCs show considerable dif-
ferences in their clinical characteristics as well as genetic 
background according to their histological classifi cation 
[63, 76]. Our result is an additional fi nding on the bio-
logical difference between the two histological types of 
GC.

In summary, we demonstrated that the differenti-
ated- and undifferentiated-type GCs showed different 
associations with adipose tissue volume. The mecha-
nisms are not clear yet and require further investigation. 
However, recent studies have provided evidence that 
adipose tissue can produce many cytokines (adipo-
kines), such as leptin and adiponectin, which can 
potently affect the biological behavior of malignant 
cells [41–50]. Our data support the hypothesis that these 
adipose tissue-derived factors are differently associated 
with the caricinogenesis or progression of GC of each 
histological type.
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