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Background: Obesity is a risk factor for the development of breast cancer, which can be examined to assess
the association between abdominal fat distribution through computed tomography (CT) and risk of breast
cancer by hormone receptor (HR) status in women.

Methods: We examined 234 cases of newly diagnosed breast cancer patients and 211 controls consisting of
health examinees in the Republic of Korea. The abdominal body fat distribution was measured by CT scan.
The subjects’ medical information, obtained from electronic medical records (EMR), were analyzed to verify
the association between visceral fat and the type of breast cancer by HRs.

Results: While visceral obesity increased the risk of breast cancer in post-menopausal women by 1.50
(95% CI, 0.75-2.98), the effect was not observed in pre-menopausal women 0.86 (95% CI, 0.44-1.62).
Also, histological grade was associated with visceral fat, which higher histological grade score (>2) showed
a slightly increased mortality rate (r=0.15, P=0.07). Patients with negative progesterone receptors tended
to have a higher abdominal fat ratio than patients with positive progesterone receptors. Especially in pre-
menopausal women, higher distribution of abdominal fat ratio in breast cancer patients had somewhat more
of an effect on negative than positive HRs [estrogen receptor (ER), P=0.12; progesterone receptor (PR),
P=0.06; human epidermal growth factor receptor 2 (HER2), P=0.43].

Conclusions: Our results suggest that the clear association between breast cancer and distribution of
abdominal fat, and the abdominal fat ratio, are useful indicators for risk factors for breast cancer as well as

malignancy.
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Introduction cancer among women in Korea (except for thyroid cancer),

and the incidence rate is recently rapidly rising, increasing

Breast cancer has the highest incidence rate among all from 43.8 (per 100,000 women-years) in 2009 to 58.4 (per

cancers in women, and over 411,000 deaths result from
breast cancer annually (1). Although South Korea has
relatively low breast cancer incidence rates compared to

developed countries, breast cancer is the most common
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1,000,000 women-years) in 2016 (Korean National Cancer
Information Center 2019) (2). The incidence rate of breast
cancer has increased in South Korea due to the intake of a

high-fat Western diet, lack of physical activity, obesity, and
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rising stress levels, which are the main contributory factors (1).
Many epidemiological studies indicate that obesity
contributes to the increased incidence rates of cancer,
and have assessed that 15-20% of all cancer deaths in the
Unites States are from obesity (3). According to previous
studies, mortality is also higher in post-menopausal breast
cancer patients with a body mass index (BMI) >30.0
(obesity), two to six times higher than those with a BMI
<25 (normal) (4). However, in pre-menopausal women,
BMI and breast cancer mortality were negatively associated
(4,5). Previous studies have shown associations among body
fat distribution, hormone levels, and metabolic markers in
women depending on BMIs, and suggested that body fat
distribution may play a role in the risk of breast cancer (6).
Also, obesity in breast cancer patients is associated with
both reduced a survival rate and increased recurrence rate,
irrespective of menopausal status, even after adjustment for
clinical stages and therapy (7).

Unlike the general perception that abdominal obesity
is defined by waist circumference (WC) and BMI
measurement, these do not ideally reflect the amounts
and the sites of deposition of the adipose tissue compared
to measurements obtained from computed tomography
(CT), which is considered the gold-standard method for
determining the quantity of abdominal fat (8). In general,
components of abdominal adiposity are divided into the
subcutaneous adipose tissue (SAT) and visceral adipose
tissue (VAT) areas. The content of VAT has variations
among age, sex, and race (9), and is more metabolically
active than SAT since it has high lipolytic activity and
releases large amounts of free fatty acids (10,11). Thus,
optimal measurement of adipose tissue would be necessary
for both the amount and the site of deposition of the
adipose tissue (12).

Most previous studies on the relationship between
obesity and breast cancer were based on BMI or WC
measurements (4-6). This study, on the other hand,
demonstrates a more accurate relationship between breast
cancer incidence and obesity by measuring the amount
of quantitative adipose tissue, excluding subcutaneous fat
through CT. Thus, the purpose of this study was to conduct
a case-control study to assess the association between
abdominal fat distribution through CT images and the risk
of breast cancer in pre-menopausal and post-menopausal
women. Also, we investigated the relationship between
abdominal fat distribution and characteristics of breast
cancer according to hormone receptor (HR) status.
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Methods
Study design and subjects

The institutional review board approval for the study was
obtained from the local Research Ethics Committee on
July 30, 2014, and written informed consent was obtained
from all participants (NCC2014-0124). The selected
patient criteria were those who visited the Breast Cancer
Center in the National Cancer Center (NCC) in South
Korea during the study period and were newly diagnosed
with breast cancer; we additionally excluded patients who
received surgery, radiation therapy, and chemotherapy in
any other hospitals. The control group consisted of healthy
participants without a history of cancer who went through
a health examination from the National Health Insurance
Services and the private medical health check-up in the
NCC from July 30", 2014 to September 30", 2015.

Participant information

Variations in a woman’s reproductive history may be
indicative of the risk for developing breast cancer. To
determine whether menstruation affects breast cancer
occurrence, study participants completed questionnaires
on menopausal status, age at menarche, parity, and
breastfeeding.

All patient information was obtained from electronic
medical records (EMR) at the NCC hospital, including
factors such as height, weight, histological grade of breast
cancer, lymph node involvement, the status of estrogen
receptor (ER), the progesterone receptor (PR), and the
human epidermal growth factor receptor 2 (HER2). Each
subject’s weight and height were gathered from the nurses’
information sheets registered at each admission interview
to calculate BMI. BMI (kg/m®) was calculated as body
weight in kilograms divided by height in meters squared.
In addition to the patients’ histologic grade and lymphatic
invasion, data was established post-operatively by the
surgeon and at the ER and PR levels obtained from the
pathology report in the EMR.

The specimens were evaluated according to the
following histopathologic features: histological type of
carcinoma, black nuclear grade (nuclear grade 1, poorly
differentiated; grade 2, moderately differentiated; and grade
3, well differentiated), and modified Bloom-Richardson
histological grade (histological grade 1, well differentiated;
grade 2, moderately differentiated; and grade 3, poorly
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Figure 1 Measurements of Abdominal Fat from a CT Image. (A) Visceral adipose tissue (shaded) within the intra-abdomen and total adipose

tissue outside the abdomen; (B) histogram of CT numbers obtained from an umbilicus level image. The maximum peak represents fat, and

the smaller peak represents lean tissue. The admissible range of CT numbers classified as fat was —50 to —250. CT, computed tomography.

differentiated). For dichotomous-dependent variables,
nuclear grade was classified as high (grade 1) versus low
(grades 2 and 3), and histologic grade as low (grades 1
and 2) versus high (grade 3). Expressions of ER, PR, and
HER?2 were evaluated using standard avidin-biotin complex
immune histochemical staining methods. The ER and
PR statuses were assessed using the Allred scoring, which
was expressed as the sum of the proportion score and the
intensity score of positively stained tumor cells. Tumors
with an Allred score of at least 3 were regarded as positive,
and the others were regarded as negative. The intensity of
HER?2 staining was scored as 0, 1+, 2+, or 3+. Tumors with
a 3+ score were classified as HER2 positive, and tumors
with a 0 or 1+ score were classified as negative. In tumors
with a 2+ score, gene amplification via fluorescence in situ
hybridization was used to determine HER? status.

Measurement of abdominal fat

All CT examinations were performed on the 64-Multi
detector row computed tomography system (Lightspeed
VCT and Discovery HD 750; GE Healthcare system,
Milwaukee, WI, USA). CT exposure parameters were
120 kVp, auto exposure control mA (mA range, 100-350),
and pitch 1:1. Imaging data were reconstructed every 10 mm.

We measured abdominal fat with a CT scan at the level
of umbilicus, or the fourth lumbar vertebra, which is a
valid method to measure abdominal fat in humans (13).
To quantify the subject’s adipose tissue, all CT data
were transferred to a commercially available workstation
computer (Advantage Windows Workstation, version 4.5,
GE Healthcare), and then we measured the total adipose
tissue (TAT) volume and VAT (Figure 1A4) with CT numbers
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from -50 and -250 Hounsfield Units (HU) (Figure 1B),
which correspond to the CT histogram of adipose tissue at
the umbilicus level.

All visceral fat measurements were taken by a single
radiology technician throughout the study. To minimize
measurements error by a single person, measurements of
abdominal fat were performed by another technician in
samples randomly assigned by using a double-blind random
allocation (blank participant information) with permuted
duplication data assignments.

SAT and fat ratio were calculated using the following
equations:

SAT = TAT - VAT
Fat ratio % = (VAT/TAT) x 100

To minimize measurement error by one person, we
randomly divided the case and control samples by 30
participants each (by SPSS random selection procedures).
Intrapersonal differences between Test 1 and Test 2 were
subsequently tested separately, measured by two trained
radiology technicians using only identifier numbers in the
measurement computer (AW4.5). To compare the intra-
personal difference in measurement of visceral fat, we
performed correlation and a Chi-square test. The value
of correlation (r) and Chi-square (P) between the two
measurements represented a similar pattern in each case
and control (VAT: r=0.98, P=0.24; fat ratio: r=0.96, P=0.23
in cases; VAT: r=0.98, P=0.23; fat ratio: r=0.99, P=0.23 in
controls).

Statistical analysis

We analyzed the collected data to evaluate the characteristics
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of cases and controls. All means and distributions of
demographic and characteristics were examined using the
t-tests and chi-square tests. Multiple regression analysis
was conducted to determine the relationships of the many
variables with breast cancer after using the normally
transformed variates. Among the correlated variates, odds
ratios and 95% ClIs were analyzed by entered logistic
regression. Statistical analysis was performed using SPSS
Statistics v. 20 (SPSS Inc., Chicago, IL, USA), and P values
<0.05 were considered statistically significant.

Results
General distribution of subjects

The total number of patients was 234, ranging from 32 to
82 years old, with a mean age of 52.6 years old, and the
211 control participants ranged from 27 to 62 years, with
a mean age of 52.3 years old. Cases and controls were
matched for age (2 years).

The randomly selected case participants had a mean
abdominal fat ratio of 36.9% with a mean age of 56.8 years
old, and the control participants had a mean abdominal
fat ratio of 32.4% with a mean age of 53.8 years old. The
comparison of the two duplicate samples, with an almost
perfectly matched scatter plot, demonstrates the validation
of the abdominal fat measurement.

Table 1 shows general distribution of all subjects’ socio-
demographic characteristics.

Table 2 shows the general distribution of abdominal fat
among the subjects. Anthropometric factors were divided
into the tertiles, and we performed logistic regression to
evaluate association between anthropometric measurements
and the risk of breast cancer. In all subjects (no distinction
between pre-and post-menopausal women for analysis), the
multivariable adjusted odds ratio of incidences of breast
cancer for the highest vs. the lowest tertiles of abdominal fat
ratio and visceral fat were 1.34 (P=0.25, 95% CI, 0.82-2.16)
and 1.51 (P=0.20, 95% CI, 0.91-2.51), respectively. Thus,
the association between visceral fat and incidence of breast
cancer in all subjects is not statistically significant.

Association between abdominal fatr and breast cancer
classified as menopausal status

Associations between measured abdominal fat and breast
cancer were different according to menopausal status,
but they were not statistically significant (Table 3). The
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multivariable-adjusted odds ratio of breast cancer for the
highest vs. the lowest tertiles of abdominal fat ratio were
0.88 (95% CI, 0.46-1.67; P=0.6) in pre-menopausal women
and 1.53 (95% CI, 0.73-2.88; P=0.04) in post-menopausal
women. Although statistically not significant, breast cancer
was positively associated with VAT in post-menopausal
women, but not in pre-menopausal women. Abdominal
SAT, the multivariable-adjusted odds ratio of breast cancer
for the highest vs. the lowest tertiles of pre-menopausal
women were 0.53 (95% CI, 0.22-1.04; P=0.29), the lowest
inverse associated with breast cancer incidence.

Association between HR and obesity for breast cancer

Figure 2 and Table 4 show the association between HR
status and body fat related anthropometric factors.
Generally, patients with negative receptors had higher
abdominal fat ratios than patients with positive receptors
(ER, P=0.12; PR, P=0.06; HER2, P=0.43). The HER?
score was associated with greater abdominal fat ratio
in pre-menopausal women (ER, P=0.41; PR, P=0.33;
HER2, P=0.02), but not in post-menopausal women.
Thus, abdominal fat was associated with HER2 negative
breast cancer in pre-menopausal women, but not in post-
menopausal women. However, BMI did not show such a
pattern as in hormonal receptors.

Similar to Table 4, crude odds ratios of breast cancer
with receptor according to abdominal fat distribution show
that increased VAT was positively associated with negative
hormone status in breast cancer patients. The odds ratio
values of ER, PR, and HER? statuses for the highest vs.
the lowest median of abdominal fat ratios and VAT were
as follows. For ER status, 1.31 (95% CI, 0.74-2.29) and
1.42 (95% CI, 0.81-2.48); for PR status, 2.03 (95% CI,
1.19-3.47) and 1.93 (95% CI, 1.12-3.33); and for HER2
status, 1.46 (95% CI, 0.83-2.58) and 1.59 (95% CI, 0.90—
2.80), respectively. Thus, generally higher distributions of
abdominal fat ratio or VAT were associated with negative
receptors, but not with positive receptors in breast cancer.

Figure 3 shows the effect of VAT and BMI on histologic
grade of breast cancer. Higher VAT was positively related
with histologic grade (B=1.97, P=0.001 for regression;
r=0.15, P=0.07 for Pearson correlation), but with weak
statistical power. Unlike the results of correlation with VAT
for histologic grade, BMI showed low correlation with
histologic grade (B=1.20, P=0.07 for regression; r=0.01,
P=0.79 for Pearson correlation).
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Table 1 Distribution of all subjects’ socio-demographic characteristics
Case Control
Characteristic P
No. % No. %
Age (year) 0.15
<39 26 11.1 14 6.6
40-49 93 39.7 62 29.4
50-59 68 29.1 113 53.6
>60 47 20.1 22 10.4
Body mass index (kg/m?) 0.04
<20 30 12.8 38 18.0
20-24.9 132 56.4 133 63.0
25-29.9 58 24.8 38 18.0
>30 14 6.0 2 0.9
First-degree family history of breast cancer 0.03
No 208 88.9 197 93.4
Yes 26 11.1 14 6.6
Age at menarche 0.01
12 or less 23 9.8 13 6.2
13 47 20.1 34 16.1
14 43 18.4 56 26.5
15 or older 121 51.7 108 51.2
Smoking 0.82
Never smoked 213 91.0 189 89.6
Past smoker 14 5.9 15 7.1
Current smoker 7 2.9 7 3.3
Alcohol 0.72
Non-drinker 133 56.8 136 64.5
Past drinker 10 4.2 8 3.8
Current drinker 91 38.8 67 31.8

Results were statistically analyzed with a Chi-square test.

Discussion

This study provides new insight into the association
between breast cancer risk and the distribution of abdominal
fat (VAT) using a CT technique. Obesity has been indicated
as a risk factor for breast cancer in post-menopausal women
(12-14). While obesity may increase the risk of breast
cancer in post-menopausal women, previous studies have
shown the protective effects of obesity in pre-menopausal

© Translational Cancer Research. All rights reserved.

women, but the mechanisms for the negative association
are poorly understood (13,14). Different from the previous
study related with obesity’s effect on breast cancer, BMI
showed a positive association with breast cancer in both
pre- and post-menopausal women (6,15). The underlying
mechanisms are an unclear incidence of breast cancer
according to menopause status, but may be attributed to

the menstruation cycle by sex hormone concentrations
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Table 2 Distribution of abdominal fat in all subjects
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Subjects Control mean + SD Case mean = SD P
Age (y) 52.11 (+6.49) 51.02 (10.11) 0.10
Abdominal total fat (mm?

Total 23,403.0 (+8,704.3) 23,279.1 (+10,068.2) 0.96

Pre-menopause 21,143.3 (£7,716.2) 19,476.5 (£9,324.0) 0.17

Post-menopause 25,362.7 (+9,063.7) 28,125.7 (+8,858.4) 0.27
Abdominal visceral fat (mm?)

Total 7,992.6 (+4,549.6) 8,186.7 (£5,424.8) 0.64

Pre-menopause 6,725.8 (+3,862.5) 6,151.1 (x4,604.1) 0.34

Post-menopause 9,091.3 (x4,823.7) 1,0781.1 (x5,301.1) 0.60
Abdominal subcutaneous fat (mm?)

Total 15,410.3 (+5,242.8) 15,092.4 (+5,614.9) 0.61

Pre-menopause 14,417.5 (+4,794.5) 13,325.4 (+5,432.5) 0.13

Post-menopause 16,271.3 (£5,479.0) 17,344.6 (5,027.1) 0.89
Abdominal fat ratio (%)

Total 32.6 (+8.80) 32.6 (+10.55) 0.91

Pre-menopause 30.92 (+8.0) 29.3 (+9.65) 0.22

Post-menopause 34.19 (£9.24) 36.8 (x10.1) 0.19

Results were statistically analyzed with a t-test (2 tailed).

and abnormality at a particular time within the patterns of
the follicular phase of the cycle (6,15,16). Characteristics
of breast cancer are different in post-menopausal and pre-
menopausal women due to a whole spectrum of biological
differences. Breast cancer in pre-menopausal women
presented a higher prevalence of hormone independent,
more aggressive tumors and poorer prognosis compared to
breast cancer in post-menopausal women (17,18).

Generally adipose tissue is composed of subcutaneous and
visceral tissue; SAT is defined as the layer of subcutaneous
tissue, whereas VAT is within the main cavities of the
abdomen, known as organ fat or intra-abdominal fat. VAT
is more metabolically active and susceptible to hormonal
changes than SAT. It is correlated with insulin action
(hyperinsulinemia and insulin resistance), increased levels
of free fatty acids, decreased level of sex hormone binding
globulin levels, and elevated bioavailability of estradiol (19),
which may play a role related to increased breast cancer risk,
although SAT may play a similar role (10,16). Generally,
similar age, gender, and BMI have the same percentage of
body fat distribution. However, despite a similar BMI or

© Translational Cancer Research. All rights reserved.

WC, VAT content shows variations in age, sex, and race (9).
The assessment of fat distribution is an important issue
in obesity research because this VAT seems to be most
strongly associated with not only metabolic disorders but
also cancer (11,19). However, using CT is an accurate
method for measuring body fat distribution due to the
offered insight into cross-sectional body images, including
the quantification of body fat (20). Ideally, measurement of
the abdominal fat compartment on breast cancer risk should
rely on techniques such as CT, which provides the best
overall predictor of breast cancer (20,21).

VAT is linked to the development of breast cancer
resulting from higher levels of estrogen derived from
aromatization of androstenedione within the larger fat
stores (15). Thus, VAT is usually positively correlated with
the levels of free steroid hormones (22).

On the other hand, identifying HR status of invasive
breast cancer is known to be useful as a prognostic and
metabolic factor, and it has become standard practice in
the treatment of breast cancer (23). Also, in this study, ER-
negative, PR-negative, and HER2-negative breast cancers
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Table 3 Odds ratios and 95% CI on breast cancer risk regarding distribution of abdominal fat, pre- and post-menopausal status in all subjects

No. (%) of participants Crude Multivariate*

Factors Tertile (range)
Case

Control QOdds ratio (95% CI) P Odds ratio (95% CI) P

Abdominal fat ratio
Pre-menopause Reference (<26.87) 66 (50.8)
1st vs. 2nd (26.88-33.43) 24 (18.5)
1st vs. 3rd (>33.44) 40 (30.8)
Post-menopause  Reference (<29.88) 27 (26.0)
1st vs. 2nd (29.89-37.19) 25 (24.0)
1st vs. 3rd (=37.20) 52 (50.0)

Abdominal total fat (mm?

Pre-menopause Reference (<16,803) 54 (41.5)
1st vs. 2nd (16,804-24,329) 46 (35.4)
1st vs. 3rd (=24,330) 30 (28.1)
Post-menopause Reference (<19,875) 16 (15.4)

1stvs. 2nd (19,876-30,013) 47 (45.2)
1st vs. 3rd (=30,014) 41 (39.4)
Abdominal visceral fat (mm?)
Pre-menopause Reference (<4,198) 51(39.2)
1st vs. 2nd (4,199-6,998) 40 (30.8)
1st vs. 3rd (=6,999) 39 (30.0)
Post-menopause Reference (<6,016) 17 (16.3)
1st vs. 2nd (6,017-10,615) 43 (41.3)
1st vs. 3rd (=10,616) 44 (42.3)
Abdominal subcutaneous fat (mm?)
Pre-menopause Reference (<11,951) 60 (46.2)
1st vs. 2nd (11,952-16,630) 40 (30.8)
1st vs. 3rd (=16,632) 30 (23.1)
Post-menopause Reference (<13,507) 26 (25.0)
1st vs. 2nd (13,508-18,089) 37 (35.6)
1st vs. 3rd (=18,090) 41 (39.4)

33 (33.7)
33 (33.7) 0.41(0.21-0.80)  0.05  0.47(0.23-0.96)  0.06
32 (32.7) 0.60 (0.32-1.12)  0.31 0.88 (0.46-1.67) 0.6
38 (33.6)

38 (33.6) 0.89 (0.43-1.80) 0.2  0.89(0.38-1.70)  0.25

37 (32.7) 1.94(1.01-3.71)  0.03 1.53(0.73-2.88)  0.04
33 (33.7)
33 (33.7) 0.87 (0.46-1.62)  0.49 0.84 (0.43-1.61)  0.42
32 (32.7) 0.55(0.28-1.07)  0.07 0.60(0.32-1.23)  0.05
38 (33.6)

38 (33.6) 2.87 (1.39-5.93)  0.01 254 (1.18-5.34)  0.01
37 (32.7) 2.56 (1.23-5.35)  0.02 1.88(0.83-3.98)  0.02

33(33.7)
33 (33.7) 0.78 (0.41-1.48)  0.36 0.83 (0.42-1.63)  0.32
32 (32.7) 0.78 (0.41-1.49)  0.38 0.98 (0.49-1.93)  0.36
38 (33.6)
38 (33.6) 2.47 (1.20-5.08)  0.01 2.19 (1.00-4.34)  0.04
37 (32.7) 259 (1.26-5.34)  0.01 1.84(0.81-3.76)  0.03

33 (33.7)
33 (33.7) 0.66 (0.35-1.24)  0.43 0.63(0.34-1.21)  0.39
32 (32.7) 0.51 (0.26-0.99)  0.32 0.53 (0.22-1.04)  0.29

38 (33.6)
38 (33.6) 1.38(0.70-2.72)  0.09 1.32(0.65-2.72) 0.1
37 (32.7) 1.56 (0.80-3.08)  0.07 1.33(0.69-2.70)  0.13

*, odds ratio adjusted for age (year), menstruation (post-menopausal; pre-menopausal), family history (positive family history; negative
family history), and age at menarche (12 year or less; 13 year; 14 year; 15 year or older).

showed markers of rapid growth, a reflection of their poor
biological character (18,24). We used a classification system
and logistic regression approach to analyze the association
between abdominal distribution fat and hormone status.
Our findings show that higher abdominal distribution

of fat (VAT) was correlated with elevated odds ratio for
ER-negative, PR-negative, and HER2-negative breast
cancers with negative status in breast cancer patients. Also,
abdominal visceral fat was more associated with the risk
of ER-negative, PR-negative, and HER2-negative breast
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Figure 2 Abdominal fat ratio and hormone status diagram in breast cancer patients. Generally negative hormone patients had a higher

abdominal fat ratio than positive hormone patients in only breast cancer patients. (A) Diagram of abdominal fat ratio and classified estrogen

receptor score according to menopause status; (B) diagram of abdominal fat ratio and classified progesterone receptor score according to

menopause status; (C) diagram of abdominal fat ratio and classified Herceptin score according to menopause status. Dots represent outliers.

cancer than with the risk of ER-positive, PR-positive, and
HER?2-positive breast cancer, which suggests that visceral
fat may influence the risk of breast cancer, especially in
pre-menopausal women. In general, breast cancer patients
with ER-positive, PR-positive, and HER2-positive breast
cancer are at lower risks of mortality after their diagnosis
compared to each of ER-negative, PR-negative, HER2-
negative breast cancer (25,26). Further, hormonal therapy
is suitable for patients diagnosed ER-positive, PR-positive,
and HER2-positive breast cancer, but patients with HR-
negative breast cancer are not suitable for hormone
therapy (6). Specifically, HER2 negative cancers are more
likely to be poorly differentiated, of higher histological
grade, associated with a higher recurrence rate, and lack the
benefit of specific target therapy, such as trastuzumab (26).
Higher VAT is related with a worse prognosis and poor
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treatment outcome in breast cancer, while hormone
positivity in breast cancer is related to a good prognosis (17).
Therefore, treatments options for these triple-negative
breast cancer patients, classified as ductal carcinoma, are
more limited. Furthermore, the mortality rate of women
with negative hormone tumors reaches a peak level 2 to
4 years after diagnosis, while women with HR-positive
breast cancers show a consistent long-term survival rate (27).

According to our results, regardless of menopausal status,
obese breast cancer patients are more likely to have a poor
prognosis than those who are not obese (28-30). That is,
the effects (VAT has a poor outcome) are similar in both
pre- and post-menopausal women (28-30). Also, our data
on the association between histologic grade and distribution
of abdominal fat support the hypothesis that the effects of
VAT on breast cancer risk are different according to HR
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Table 4 Comparison of average anthropometric factors (distribution of abdominal fat and BMI) and classified by hormone in only breast cancer

patients
No. (%) of Total abdonzflinal Viscera2| fat Subcutanezous Abdominal fat BMI
Hormone  Subject Score pa(:t}éi;z)ar(:'ts fat (mm’) (mm’) fat (mm’) ratio (%)
Average P Average P Average P Average P Average P
ER Total Negative 72(30.8) 24,5966 0.21 9,0286 011 15567.9 047 339 012 236 098
patients o ditive 162 (69.2) 22,775.1 7.778.9 14,996.1 31.9 236
Pre- Negative 30 (23.3) 19,049.7 0.63 59368 067 13128 063 290 041 224 064
menopausal o ive 99 (76.7) 19,939.3 6,305.1 13,634.1 19.1 207
Post- Negative 42 (40.0) 28,384.6 0.81 11,1400 0.60 17,2446 087 373 072 245 025
menopausal o ive 63 (60.0) 27,951.6 10,539.8 17,411.8 36.5 252
PR Total Negative 98 (41.9) 24,822.8 0.06 9,153.9 002 15668.8 027 344 006 237 078
patients o citive 136 (58.1) 22,362.2 7,515.1 14,8471 313 23.6
Pre- Negative 42 (32.3) 19,948.8 0.86 64145 074 135343 098 298 033 223 049
menopausal o iive 88 (67.7) 19,652.2 6,142.0 13,510.2 28.8 228
Post- Negative 56 (53.8) 28,2909 0.83 11,1031 051 17,1877 074 376 041 247 044
menopausal o ciive 48 (46.2) 27,953.9 10,446.1 17,507.8 36.0 252
HER2  Total Negative 156 (68.7) 24,1015 0.14 85977 027 155038 012 334 043 240 028
patients o ciive  71(31.3) 22,204.1 7,553.6 14,651.1 30.9 231
Pre- Negative 89 (71.2) 21,0634 0.00 69050 000 14,1583 003 303 002 230 0.06
menopausal o ive 36 (28.8) 16,468.4 4,535.6 1,193.7 26.0 21.9
Post- Negative 67 (65.7) 28,137.2 0.82 10,8461 0.84 17,201.0 053 373 058 253 0.5
menopausal o iive  35(34.3) 28,103.8 10,656.6 17,447 1 35.9 24.3

ER and PR were classified as Allred score: =3= positive, 0-2= negative; HER2 was classified: =3= positive, 0-1= negative; P: t-test (2-tailed).
BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.
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Figure 3 A simple scatter-regression graph, abdominal visceral fat or BMI effect on histological grade of breast cancer in all breast cancer

patients. (A) Correlation between abdominal visceral fat and histological grade. A positive relation shows with histological grade; (B)

correlation between BMI and histological grade. No relation shows with BMI. BMI, body mass index.
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status. And previous studies have found a strong correlation
between the histologic grade and hormonal receptor
status according to distinct gene expression profiles (28).
However, BMI showed no association with histologic grade
in any HR. Though ER status itself is known as a risk factor
for breast cancer, our analysis was restricted to breast cancer
patients because regular participants were not included
in the health examination service by the national health
insurance.

There are many contributory factors on the risk of breast
cancer, but this study has a limitation because the factors
for incidence of breast cancer were assessed by association
with only the amount of abdominal fat. In order to obtain
reliable related to breast cancer and obesity studies, more
institutes and more subjects are needed.

Korea achieved high economic development in the past
30 years, and the lifestyle and dietary habits of the Korean
people have shown a clear shift to the westernized style
compared to previous generations. In addition, related
previous studies have indicated that obesity contributes
to an increased incidence of breast cancer. Most previous
studies related to obesity and cancer used BMI and WC
as biomarkers. However, in this paper, it is significant
that we investigated the association between breast cancer
and obesity by measuring the amount of VAT, which
adversely affects health. In addition, further studies are to
be conducted; we believe that visceral fat can be used as a
biomarker for breast cancer.

Conclusions

In conclusion, incidence of breast cancer has a positive
correlation with the amount of VAT, especially in post-
menopausal women. Also, greater VAT is associated with
the negative hormone, which makes the hormone treatment
of breast cancer difficult.
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