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Abstract. Fat accumulation in adipose tissues is a risk factor 
for the development of human cancers. However, there are no 
studies describing the fat accumulation in adipose tissue or its 
distribution in human endometrial cancer. We first examined fat 
accumulation in adipose tissues separately on CT images of 122 
patients with endometrial cancer, and investigated the correlation 
of these findings with various histological types of endometrial 
cancers. Fat accumulation in adipose tissues [subcutaneous 
fat area (SFA) and/or visceral fat areas (VFA)] was strongly 
correlated with the group of obesity-related biological para-
meters (weight, body mass index (BMI), waist and body surface 
area (BSA)) in endometrial cancer. The incidence of type I 
endometrial cancer was more closely correlated with an increase 
in obesity-related parameters such as weight (p=0.011), BMI 
(p=0.006), waist circumference (p=0.038), BSA (p=0.016), SFA 
(p=0.005), total fat area (TFA) (p=0.006) and total cholesterol 
(T.Cho) (P=0.010) than type II endometrial cancer. In particular, 
the SFA was most strongly correlated with obesity-related 
biological parameters of type I endometrial cancer. The present 
findings indicate that type I endometrial cancer has a statistically 
significant increase in obesity-related biological parameters than 
type II endometrial cancer. We propose that the subcutaneous 
fat accumulation in adipose tissue is a strong risk factor for 
developing type I endometrial cancer. 

Introduction

Endometrial cancer is the most common gynecologic 
malignancy in the world. The association between obesity 

and increased endometrial cancer risk has been consistently 
demonstrated in a number of epidemiological studies. Body 
mass index (BMI) ≥30 kg/m2, is associated with a 1.7- to 
4.5-fold increase endometrial cancer in risk in Europe and the 
United States (1,2). 

For all stages of endometrial cancer taken together, 
the overall 5-year survival rate is ~80%. However, there is a 
substantial prognostic difference between the histological types 
of endometrial cancers. Type I endometrial cancer represents 
the majority of endometrial cancer cases, is estrogen-related, 
usually arises under conditions of endometrial hyperplasia, and 
tends to be biologically less aggressive (3). Type II endometrial 
cancer, high-grade, predominantly serous papillary carcinoma, 
and clear cell carcinoma, are at high risk of relapse and 
metastatic disease (4). 

In Japan, endometrial cancer is currently the third most 
common gynecologic malignancy in women, with an estimated 
incidence of 5,398 new cases in 2008 (5). The incidence of 
endometrial cancer has increased markedly in recent years 
along with an increase in sedentary lifestyles. The percentage of 
the Japanese population with a BMI between 25 and 30 kg/m2 
exceeds 20%, and the percentage of people in Japan with a BMI 
>30 kg/m2 is ~3% (6). In contrast, 10-20% of the population of 
Europe and the United States has a BMI >30 kg/m2 (7). Thus, 
although the World Health Organization defines obesity as 
those people with a BMI >30 kg/m2, Japanese criteria define it 
as a BMI >25 kg/m2 (8). Recent epidemiological studies have 
revealed that the incidence of obesity-related diseases such as 
diabetes mellitus, hypertension, and hyperlipidemia is signifi-
cantly greater among Japanese with BMI >25 kg/m2 (9).

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. More recently, some adipokines, such as leptin 
and adiponectin, have been shown to critically regulate the 
biological behavior of malignant cells, raising the possibility 
that adipocytes may have positive roles in the development of 
malignant diseases through the secretion of adipokines in an 
endocrine or intracrine manner (10,11). It has been suggested 
that the biochemical characteristics of visceral and subcuta-
neous adipose tissues are somewhat different (12). Various 
epidemiological and experimental data suggest that the 
clinical significance of fat accumulation in visceral adipose 
tissues is a risk factor for developing colorectal cancer. 
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Giovannucci et al have shown the risk of colorectal cancer in 
males is related to not only BMI but also to waist-to-hip ratio, 
which is a surrogate measurement for the fat accumulation in 
visceral adipose tissue (13). Schoen et al reported that BMI 
was not statistically significantly associated with colorectal 
cancer incidence, but waist circumference was for the highest 
quartile when compared to the lowest quartile (14). Based 
on these studies, it is reasonable to assume that the degree 
of the fat accumulation in visceral adipose tissue as well as 
BMI might be an important factor determining the risk of 
colorectal cancer development. However, there are no studies 
describing adipose tissue or its distribution in endometrial 
cancer. 

In this study, we first measured the fat accumulation in 
visceral and subcutaneous adipose tissues separately on CT 
images of patients with endometrial cancer, and investigated 
the relationship of these findings with various histological 
types of endometrial cancers.

Materials and methods

Patients. The patient population consisted of 122 patients 
presenting with International Federation of Gynecology 
and Obstetrics (FIGO) stage IA-IVB endometrial cancers, 
including Diabetic status of 12 patients. Each of these patients 
underwent a total abdominal hysterectomy, bilateral salpingo-
oophorectomy, omentectomy with or without pelvic and/or 
para-aortic lymphadenectomy at the Department of Obstetrics 
and Gynecology of Okayama University Hospital. The 
histological cell types were classified according to the WHO 
classification as follows: 61 endometrioid adenocarcinomas 
grade 1, 25 endometrioid adenocarcinomas grade 2, 20 
endometrioid adenocarcinomas grade 3, 8 carcinosarcomas, 6 
serous adenocarcinomas and 2 clear cell carcinomas. Clinical 
stagings were assessed based on the FIGO staging system as 
follows: 21 stage IA cancers, 44 stage IB cancers, 14 stage 
IC cancers, 3 stage IIA cancers, 9 stage IIB cancers, 14 stage 
IIIA cancers, 10 stage IIIC cancers, and 7 stage IVB cancers. 
The median age at the time of surgery was 56.98 years (range: 
32-78 years) (Table I). 

Anthropometric measurements. Each participant was also 
measured for her weight, standing height, and waist circum-
ference at admission time. Body weight was measured with 
electronic scales to the nearest 0.1 kg. Height was measured 
to nearest 0.1 cm using a stadiometer. Girth measurements, 
recorded to the nearest 0.1 cm, were taken with a cloth tape. 
Waist circumference was measured at a level 2.5 cm above 
the umbilicus. Adiposity was estimated using body weight, 
BMI, and body surface area (BSA). BMI was computed as 
weight in kilograms divided by height in meters squared 
(kg/m2). We calculated BSA by using the Fujimoto formulae 
(BSA=0.008883 x H0.663 x W0.444). In compliance with the 
Helsinki Declaration, the study protocol, purpose, and 
methodology were explained to subject, and they were 
informed of their right to withdraw at any time. Written 
informed consent for participation was obtained from all 
subjects. The study was performed under the supervision of 
an occupational health physician. The ethics committees of 
Okayama University approved the study protocol.

Measurement of visceral and subcutaneous fat areas. We 
examined the volume of visceral fat areas (VFA) and subcuta-
neous fat areas (SFA) in one slice of a CT scan, using Fat Scan 
software (O-Gauge System, Tokyo, Japan). Several studies 
have revealed that the 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 (15). Hence, we 
used a slice of a CT image at the umbilical level to measure 
VFA and SFA. Also, the total fat area (TFA) was determined 
as the sum of the SFA and VFA (Fig. 1).

Measurement of serum total cholesterol. The assay for 
serum total cholesterol (T.Cho) was carried out at the clinical 
chemistry laboratory at Okayama University Hospital. The 
upper limit of normal according to the manufacturer was 
220 mg/ml for total cholesterol (T.Cho).

Statistical analysis. Statistical analyses were performed using 
the Mann-Whitney U test for comparisons with controls 
and one-factor ANOVA followed by Fisher's protected least 
significance difference test for all pairwise comparisons. The 
analyses were performed using the software package StatView 
version 5.0 (Abacus Concepts, Berkeley, CA). Differences 
were considered significant at p<0.05.

Results

The most significant risk factors for endometrial cancer 
include unopposed estrogen, a sedentary lifestyle, and obesity 
(16). Endometrial cancer was the first cancer to be recognized 
as being related to obesity. We determined whether there was 

Table I. Patient and tumor characteristics (No. 1).

Baseline characteristics	 All patients

Age at diagnosis, years	 Mean: 56.98; range: 32-78
			N   os.	 (%)
Stage
	 IA	 21	 17.2
	 IB	 44	 36.1
	 IC	 14	 11.5
	 IIA	 3	 2.5
	 IIB	 9	 7.4
	 IIIA	 14	 11.5
	 IIIC	 10	 8.1
	 IVB	 7	 5.7

Histology
	E ndometrioid adenocarcinoma
		G  rade 1	 61	 50
		G  rade 2	 25	 20.5
		G  rade 3	 20	 16.4
	C arcinosarcoma	 8	 6.6
	S erous adenocarinoma	 6	 4.9
	C lear cell carcinoma	 2	 1.6
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an association between the distribution of fat accumulation 
in adipose tissue and obesity-related biological parameters 
in endometrial cancer. The height, weight, BMI, waist, BSA, 
VFA, SFA, TFA, and T.Cho are listed in Table II. The median 
of height, weight, BMI, waist, BSA, VFA, SFA, TFA, and 
T.Cho were 154.16 cm, 58.74 kg, 24.70 kg/m2, 83.47 cm, 
1.52 m2, 88.27 cm2, 206.91 cm2, 294.43 cm2, and 202.70 mg/dl, 
respectively. 

A number of investigators have explored the role of 
obesity in the development of endometrial cancer, primarily 
using measurement of body weight and indices of relative 
weight as an indicator of overall adiposity. However, there 

are no studies that describe the fat accumulation in adipose 
tissue in endometrial cancer. We examined the association 
between the fat accumulation in adipose tissues (TFA, VFA, 
SFA) and obesity-related biological parameters (weight, BMI, 
waist, and BSA). As shown in Fig. 2, the fat accumulation 
in adipose tissues (TFA, VFA, SFA) was plotted in relation 
to weight. TFA was most strongly correlated with weight 
(r=0.873, p<0.001), while VFA and SFA were less closely 
correlated with weight (r=0.750, p<0.001; r=0.857, p<0.001). 
BMI, waist, and BSA were also closely associated with 
the fat accumulation in adipose tissues (TFA, VFA, SFA) 
(r=0.907, p<0.001; r=0.743, p<0.001; r=0.895, p<0.001; 

Figure 1. Measurement of the degree of the fat accumulation in adipose tissues in endometrial cancer. (A) Forty-five year-old with endometrial cancer stage 
IIIast, serous adenocarcinoma (T3aN0M0). Height 158.5 cm, weight 48.5 kg, body mass index (BMI) 19.31 kg/m2, waist circumference 67 cm, body surface 
area (BSA) 1.43 m2, subcutaneous and visceral fat area (TFA) 56.5 cm2, visceral fat area (VFA) 17.8 cm2, subcutaneous fat area (SFA) 38.7 cm2, and 
total cholesterol (T.Cho) 199 mg/dl. (B) Sixty-five year-old with endometrial cancer stage Iast, endometrioid adenocarcinoma grade I (TIaN0M0). Height 
156.5 cm, weight 97.1 kg, BMI 39.65 kg/m2, waist circumference 120.0 cm, BSA 1.93 m2, TFA 785.4 cm2, VFA 334.6 cm2, SFA 450.8 cm2, and T.Cho 
225 mg/dl. (C) Fifty-seven year-old with endometrial cancer stage IIIast, endometrioid adenocarcinoma grade 1 (T3aN0M0). Height 160.0 cm, weight 
56.5 kg, BMI 22.07 kg/m2, waist circumference 71.5 cm, BSA1.54 m2, TFA 228.4 cm2, VFA 75.8 cm2, SFA 152.6 cm2, and T.Cho 218 mg/dl. (D) Sixty-eight 
year-old with endometrial cancer stage IIbst, serous adenocarcinoma (T2bN0M0). Height 145.0 cm, weight 61.9 kg, BMI 29.44 kg/m2, waist circumference 
101.5 cm, BSA 1.50 m2, TFA 508.6 cm2, VFA 166.6 cm2, SFA 342.5 cm2, and T.Cho 158 mg/dl.
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r=0.912, p<0.001; r=0.761, p<0.001; r=0.893, p<0.001; 
r=0.804, p<0.001; r=0.710, p<0.001; and r=0.772, p<0.001). 
Interestingly, the fat accumulation in adipose tissue was 
related to the biological parameters, such as weight, BMI, 
waist, and BSA in endometrial cancer. Furthermore, the TFA 
in the adipose tissue was most closely associated with the 
development of endometrial cancer than SFA or VFA.

Most epidemiologic studies have considered all types of 
endometrial cancers as a single entity, rather than analyzing 
them as different histological types. Instead, we chose to 
explore the associations between the distribution of obesity-
related factors and various histological types of endometrial 
cancer. Patients with type I endometrial cancer showed an 
increase in obesity-related biological parameters such as 
weight (p=0.011), BMI (p=0.006), waist circumference 
(p=0.038), BSA (p=0.016), SFA (p=0.005), TFA (p=0.006), 
and T.Cho (P=0.010) than the patients with type II endometrial 

cancer where no associations were detected for age, height, 
or VFA. In particular, the SFA was most strongly correlated 
with obesity-related biological parameters of type I endo-
metrial cancer (Mann-Whitney U test, p<0.05) (Table III). 
Furthermore, we also examined whether there was any 
correlation with the various stages of endometrial cancer in 
relation to the biological parameters. However, we observed 
no association between the various stages and obesity-related 
parameters in type I endometrial cancer (Table IV). 

Discussion

The effect of obesity on endometrial cancer risk has been of 
interest for decades. Several studies have explored the role of 
obesity in the development of endometrial cancer, primarily 
using measurements of body weight and indices of relative 
weight as assessments of overall adiposity. These investigators 

Figure 2. (A) Correlations between subcutaneous and visceral fat area (TFA) and weight in the subjects investigated. (B) Correlations between subcutaneous fat 
area (SFA) and weight in the subjects investigated. (C) Correlations between visceral fat area (VFA) and weight in the subjects investigated. (D) Correlations 
between TFA and body mass index (BMI) in the subjects investigated. (E) Correlations between SFA and BMI in the subjects investigated. (F) Correlations 
between VFA and BMI in the subjects investigated. (G) Correlations between TFA and waist circumference in the subjects investigated. (H) Correlations 
between SFA and waist circumference in the subjects investigated. (I) Correlations between VFA and waist circumference in the subjects investigated. (J) 
Correlations between TFA and body surface area (BSA) in the subjects investigated. (K) Correlations between SFA and BSA in the subjects investigated. (L) 
Correlations between VFA and BSA in the subjects investigated.
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have reported that overall adiposity is a strong risk factor 
for endometrial cancer, with risk estimates ranging from 10 
(17). 

In particular, many obese Japanese subjects have a mild 
degree of adiposity compared with the problem in Europe and 
the United States. However, Japanese with even mild obesity 
tend to have obesity-related complications, thus establishing 
criteria that are appropriate for use in diagnosing obesity 
disease in Japanese subjects is a priority. The WHO and 
National Institute of Health in the US (NIH) have defined 
obesity as BMI ≥30 kg/m2, but in Japan, the percentage of 
the population with such a BMI is no more than 3.0, so it 
is not practical to apply these Western criteria without any 
modifications to the Japanese. In this study, the percentage 
of patients with a BMI ≥30 kg/m2 was 16.3%. Furthermore, 
the percentage of patients with a BMI ≥25kg/m2 was 36.8%. 
Interestingly, patients with endometrial cancer were found to 

Table II. Patient and tumor characteristics (No. 2).

		N  os.	 (%)

Height (cm)
	 <145.0	 8	 6.6
	 145.0-149.9	 18	 14.8
	 150.0-154.9	 36	 29.5
	 155.0-159.9	 38	 31.1
	 >160.0	 22	 18
Weight (kg)
	 <50.0	 36	 29.5
	 50.0-59.9	 39	 32
	 60.0-69.9	 24	 19.7
	 70.0-79.9	 15	 12.3
	 >80.0	 8	 6.5
BMI (kg/m2)
	 <18.5	 12	 9.8
	 18.5-24.9	 65	 53.4
	 25.0-29.9	 25	 20.5
	 30.0-34.9	 14	 11.5
	 >35.0	 6	 4.8
Waist (cm)
	 <70.0	 19	 15.6
	 70.0-79.9	 33	 27
	 80.0-89.9	 27	 22.1
	 90.0-99.9	 27	 22.1
	 >100.0	 16	 13.2
BSA (cm2)
	 <1.40	 33	 27
	 1.40-1.49	 30	 24.6
	 1.50-1.59	 29	 23.7
	 1.60-1.69	 16	 13.2
	 >1.7	 14	 11.5
VFA (cm2)
	 <50.0	 24	 19.7
	 50.0-99.9	 58	 47.6
	 100.0-149.9	 31	 25.4
	 150.0-199.9	 5	 4.1
	 > 200.0	 4	 3.2
SFA (cm2)
	 <100.0	 22	 18
	 100.0-199.9	 42	 34.5
	 200.0-299.9	 36	 29.5
	 300.0-399.9	 15	 12.3
	 >400.0	 7	 5.7
TFA (VFA+SFA) (cm2)
	 <150.0	 21	 17.2
	 150.0-249.9	 29	 23.7
	 250.0-349.9	 34	 27.9
	 350.0-449.9	 23	 18.9
	 >450.0	 15	 12.3
T.Cho (mg/dl)
	 <160.0	 17	 14
	 160.0-189.9	 27	 22.1
	 190.0-219.9	 44	 36.1
	 220.0-249.9	 22	 18
	 >250.0	 12	 9.8

BMI, body mass index; BSA, body surface area; VFA, visceral fat 
area; SFA, subcutaneous fat area; TFA, total fat area; T.Cho, total 
cholesterol.

Table III. Association between type I/II and clinicopathological 
factors in endometrial cancer.

Variables	 Mean ± SE 	 p-valuea

Age (years) 		  0.331
	 Type I	 56.33±11.90
	 Type II	 58.14±8.03
Height (cm)		  0.45
	 Type I	 153.93±6.68
	 Type II	 154.72±4.53
Weight (kg)		  0.011a

	 Type I	 60.57±16.54
	 Type II	 54.35±9.71
BMI (kg/m2)		  0.006a

	 Type I	 25.52±6.37
	 Type II	 22.74±4.17
Waist (cm)		  0.038a

	 Type I	 85.03±15.15
	 Type II	 79.75±11.48
BSA (m2)		  0.016a

	 Type I	 1.54±0.19
	 Type II	 1.47±0.12
VFA (cm2)		  0.309
	 Type I	 92.37±52.36
	 Type II	 78.47±73.78
SFA (cm2)		  0.005a

	 Type I	 221.85±126.92
	 Type II	 171.21±73.78
TFA (VFA+SFA) (cm2)		  0.006a

	 Type I	 314.05±168.46
	 Type II	 247.56±97.92
T.Cho (mg/dl)		  0.010a

	 Type I	 208.27±38.37
	 Type II	 189.42±31.62

aMann-Whitney U test; BMI, body mass index; BSA, body surface 
area; VFA, visceral fat area; SFA, subcutaneous fat area; TFA, total 
fat area; T.Cho, total cholesterol. Type I (n=86), Type II (n=36).
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have a statistically significant association with obesity than 
the general population in Japan. 

In this study, we used a slice of a CT image at the 
umbilicus and separately quantified the visceral fat area 
(VFA), subcutaneous fat area (SFA), and total fat area 
(TFA) in endometrial cancer patients. Visceral fat is defined 
as intra-abdominal fat found by parietal peritoneum or 
transversalis fascia, excluding the vertebral column and 
paraspinal muscles. The subcutaneous fat is fat superficial 
to the abdominal and back muscles. SFA is calculated by 
subtracting the intra-abdominal fat area from the total fat 
area. The TFA and VFA in the older group were significantly 
larger than those in the younger group. The same trend was 
reported for BMI in the general Japanese population. Several 
experimental studies suggest that the visceral adiposity, the fat 
accumulation in visceral adipose tissue, is a strong risk factor 
for obesity-related metabolic syndrome, and is also important 
in understanding metabolic derangement, such as insulin 
resistance and dyslipidemia in the normal-weight population. 
Increased VFA is associated with the development of colon 
adenoma in Japanese patients (18). The visceral adipocytes 
increased the obesity-related factors such as adiponectin, 

interleukin-6, and angiotensinogen more than the subcuta-
neous fat. On the other hand, the subcutaneous adipocytes 
provide more leptin than the visceral adipocytes (19). The 
subcutaneous fat depot has the highest secretion rate due to 
enlarged cell size and increased expression of the leptin gene 
(11). However, SFA has not been reported to be associated 
with the development of several carcinomas. In the current 
study, we found that the fat accumulation in adipose tissues 
was associated with obesity-related biological parameters 
such as weight, BMI, waist circumference, and BSA. Taken 
together, these findings indicate that the fat accumulation 
in adipose tissues could be an important factor for the 
development of endometrial cancer.

Cholesterol is involved in several metabolic pathways 
leading to estrogen and is the major substrate leading to 
steroid hormone synthesis including estrogens (20). The 
endogenous hormone metabolism including sex steroids, 
insulin and insulin-like growth factors associated with 
unopposed estrogenic stimulation, such as obesity, are also 
believed to be primarily related to the development of type I 
endometrial cancer (16). In the present study, we explore the 
associations between the fat accumulation in adipose tissue 
distribution and various histological types of endometrial 
cancer. Patients with type I endometrial cancer were found 
to have a statistically significant increase in biological para-
meters such as weight, BMI, waist circumference, BSA, SFA, 
TFA, and T.Cho than the patients with type II endometrial 
cancer, whereas no associations were detected for age, height, 
or VFA. Therefore, subcutaneous adipose tissue is the primary 
obesity-related factor associated with the development of 
type I endometrial cancer. Furthermore, subcutaneous fat 
accumulation in adipose tissue is a strong risk factor for the 
development of type I endometrial cancer. The large number 
of patients analyzed supports the strength of our data and 
further confirmation by an additional study should reinforce 
our findings.

In summary, we demonstrated that patients with type I 
endometrial cancer have a statistically significant association 
with obesity-related biological parameters than those with 
type II endometrial cancer. 
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