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Abstract
Introduction. This study sought to evaluate the association between obesity factors (food consumption and physical activity)
and breast cancer incidence in Korean women. Material and methods. The study included breast cancer patients (250 women)
and normal participants undergoing medical checkups (250 women) who visited a specialized cancer research hospital between
August 1, 2016 and February 15, 2017. Nutrient intake was assessed using a validated food frequency questionnaire (FFQ) covering 112 dishes and foods that Koreans often eat. Physical activity was assessed according to the International Physical Activity
Questionnaire (IPAQ) guidelines and was quantified as metabolic equivalent (MET) scores. Results. The results for nutrient
intake obtained using the FFQ showed that the control group had a higher consumption of dietary fiber (p < 0.004) and a lower
intake of animal fat (p < 0.02) than the breast cancer group. Among breast cancer patients, pre-menopausal women consumed
more animal fat (18.6 g ± 11.9 vs. 14.7 g ± 8.5, p < 0.03) than post-menopausal ones. An analysis of the MET scores with logistic
regression revealed that lower physical activity among cancer patients was associated with an increased risk of breast cancer,
and this association was greater among post-menopausal (OR = 2.11, p < 0.001) than pre-menopausal women (OR = 0.85, p <
0.02). Conclusion. Having a high-fat diet and doing less exercise increases the risk of breast cancer, so it is important to prevent
the accumulation of fat and maintain proper weight through regular physical activity to lower the incidence of breast cancer.
Key words: breast cancer, diet, FFQ, MET, obesity

INTRODUCTION
Besides thyroid cancer, breast cancer is the leading cancer
type in Korea with the highest rate of growth in women. The
incidence of breast cancer has increased from 24.5 per 100,000
inhabitants in 1999 to 75.1 per 100,000 inhabitants in 2015 [1].
This contrasts with the incidence of other carcinomas in Korea
and developed countries that show a declining trend each year
[1, 2].
Cancer has been a principal cause of death in Korea since
1983, a change attributed to rapid economic development and
lifestyle changes similar to those observed in Western countries
[3]. The incidence of breast cancer in Korea remains lower than
that in developed countries; however, its incidence is steadily
increasing in most Asia-Pacific regions (e.g., Japan, China, and
Hong Kong), including in Korea [4].
According to the Korean National Health and Nutrition Survey (KNHANS) for the years 1998-2014, overweight and grade
1 obesity show decreased prevalence whereas grade 2 obesity
(BMI ≥ 30 kg/m2) show increased prevalence in women [5].
Numerous factors are associated with the incidence of
breast cancer, including increasing age, menarche at early age,
menopause at older age, null parity, and family history; however, the commonest modifiable risks factors for breast cancer
(60%) are factors related to obesity, such as exercise and eating habits [6, 7, 8]. According to several systematic reviews and
a World Health Organization (WHO) report, regular leisure activities or exercises (both leisure time and occupational) benefit

health and reduce the incidence of breast cancer [9, 10, 11, 12,
13]. Furthermore, a recent review article showed that consistent
exercise positively affected most cancers, particularly by lowering breast cancer incidence and mortality [14]. Obesity and
weight gain are influenced the most by diet and exercise; they
are caused by energy imbalance due to daily energy expenditure
which is lower than the biological need of the body [15, 16]
This study aimed to evaluate the prevalence of modifiable
breast cancer-related obesity factors, including usual eating
habits and exercise, which may affect obesity in Korean women,
rather than internal factors.
Material and methods
Subjects
This study was a case-control study of patients who visited
a specialized cancer research hospital in a metropolitan area
between August 1, 2016 and February 15, 2017. Institutional
Review Board approval (IRB no. NCC 2014-0124) was obtained
from the same institution. Informed consent was confirmed (or
waived) by the IRB.
The control group consisted of 116 pre-menopausal women
and 134 post-menopausal women without a cancer diagnosis
who visited the institution for a medical checkup, while the
breast cancer group included 122 pre-menopausal women and
128 post-menopausal women who visited the research center
and were diagnosed with breast cancer. There was no statistical
difference in age distribution between the cases and controls.
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Survey
To avoid interpersonal bias, all surveys were conducted by
a single researcher who collected data on the subjects’ lifestyle
behaviors using a food frequency questionnaire (FFQ), as well as
gathering personal information related to breast cancer.
Variations in a woman’s reproductive history may indicate
the risk of developing breast cancer. To determine whether
menstruation affected the occurrence of breast cancer, the study
participants completed questionnaires on their menopausal status, age at menarche, parity, and breastfeeding. Information was
also obtained from electronic medical record (EMR) data, and
the body mass index (BMI) was calculated based on the nurse’s
information sheet that was completed during each admission
interview. The FFQ questionnaire was developed for cancer research at the specialized cancer research hospital and was validated in 2012. The questionnaire was based on 112 dishes and
foods that Koreans often eat and aimed to quantify the average
amount of food and number of meals consumed by one adult
per week. Each food and dish was based on the basic recipes in
the Computer-Aided Nutritional Analysis Program (CAN-Pro).
The questionnaire items concerned first-degree family,
the presence of disease in the last five years, parity, menarche,
breastfeeding, education, income, menopause status, occupation, exercise, smoking, alcohol, amount consumed at one time,
and meal regularity. The questionnaire used a five-point Likert
scale for responses.
The physical activity data from the questionnaire related to
physical activity and average metabolic equivalent (MET) scores
(a multiple of the resting metabolic equivalent rate) were summarized according to the physical activities recorded (occupation; the performance of regular exercise; exercise type, duration, and frequency per week). The physical activity data were
scored from estimates according to the International Physical
Activity Questionnaire (IPAQ) [17]. Each activity was assigned
a MET score with a standard resting metabolic rate of 1.0 (4.184
kJ)·kg−1·h−1 and a range from 0.9 (sleeping) to 19 METs (running at 10.9 mph). MET was regarded as a resting metabolic
rate obtained while sitting, based on the energy cost of actual
movement. The MET score was used to classify the MET intensity (light, < 3.3 METs; moderate, 4 METs; vigorous, > 8 METs),
frequency (estimated in days per week), and duration (time per
day) of physical activities. MET-minute scores are equivalent to
kilocalories for a 60-kilogram person. Kilocalories may be obtained from MET-minutes using the following formula: METmin × (weight in kilograms/60 kilograms).
Table 1 shows an example of the major types of activities
converted to MET scores (according to the IPAQ Research Committee) [17].
Analysis
We analyzed the data collected to evaluate the case and control groups. All means and distributions of demographics and
patient characteristics were examined using t- and chi-squared
tests. Multiple regression analysis was conducted to determine
which variables were associated with breast cancer after using
normal transformed variates. Among the relevant variates, odds
ratios (ORs) and 95% confidence intervals (CIs) were analyzed
by logistic regression. Statistical analysis was performed using
IBM SPSS Statistics for Windows, version 20.0 (IBM Corp., Armonk, NY, USA) and p-values < 0.05 were deemed to indicate
statistical significance.
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Table 1. MET energies of physical activities, as modified from those
described by Ainsworth [17]

Major activities

Activity type or intensity

MET estimate

Vigorous

8

Moderate

4

Walking (vigorous)

5

Walking (moderate)

3.3

Sitting

1

Walking

3.3

Occupational

Transport

Cycling (vigorous)

8

Cycling (moderate)

6

Vigorous

3

Vigorous (weight training)

8

Household
Leisure

Moderate (golf)

4

Walking

3.3

Table 2. Socio-demographic characteristics of patients with breast
cancer and non-cancer controls

Breast cancer
No.
%

Control
No.
%

Age at diagnosis (years)
< 39
28
11.2
19
40–49
101
40.4
96
50–59
79
31.6
86
≥ 60
42
16.8
49
2
Body mass index (kg/m )
< 20
41
16.4
43
20–24.9
137
54.8
148
25–29.9
57
22.8
48
≥ 30
15
6.0
11
First-degree family history of breast cancer
No
227
90.8
236
Yes
23
9.2
14
Age at menarche (years)
12 or less
26
9.8
19
13
45
20.0
43
14
54
18.3
57
15 or older
125
52.1
131
Smoking
Never
226
90.4
221
Past
16
6.4
20
Current
8
3.2
9
Alcohol
Non-drinker
148
59.2
164
Past drinker
11
4.4
15
Current drinker
91
36.4
71
Total energy expenditure from recreational physical
activity (MET/week)
< 0–500
67
26.8
31
500–1000
46
18.4
84
1001–2000
113
45.2
95
> 2001
24
9.6
35
Estrogen receptor positivity
Pre-menopausal

93

76.2

Post-menopausal

66

51.5

p
0.35

7.6
38.4
34.4
19.6
0.04
17.2
59.2
19.2
4.4
94.4
5.6
7.6
17.2
22.8
52.4
88.4
8.0
3.6

0.03

0.01

0.82

0.72

65.6
6.0
28.4
0.03
12.4
33.6
38.0
14.0
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Figure 1. Comparisons of BMI categories according to menopausal status

Results
Table
4.from
Odds ratios
and
95% CIsdescribed
of breast
cancer
in relation to
Table 1.
Table
MET1.energies
MET
energies
of physical
of physical
activities,
activities,
as modified
as modified
those
from
described
those
by Ainsworth
byrisk
Ainsworth

obesity factor (intakes of animal fat and dietary fiber, BMI, and physical

The
[17]

characteristics
and distributions of the subjects are
activity) category according to menopausal status in all subjects
[17]
shown in Table 2. The t-test result for the age distribution of
PrePostthe breast cancer and control groups was p = 0.35, showing no
Major activities
Major activitiesActivityActivity
type or intensity
type or intensity
MET estimate
MET estimate
menopause
menopause
statistically significant difference. However, the BMI was higher
Factors
p-value
p-value
(p < 0.04) and the total energy expenditure was lower (p < 0.03)
Odds ratio
Odds ratio
in the breast cancer group than in the control
group.
Figure
1
VigorousVigorous
8
8 (95%CI)
(95%CI)
shows the comparison box plots for BMI and menopausal status
(Fig. 1(a) – BMI in the pre-menopausal group and Fig. 1(b) – BMI
Reference
in the post-menopausal group). While pre-menopausal
women
Moderate
Moderate
4
4
1.14
1.08
with breast cancer had a higher BMI than that control individust vs. 2nd
1
< 0.05
< 0.04
Occupational
Animal fat
(0.42–1.82)
(0.21–1.92)
als (23.7Occupational
± 14.6 vs.
21.9 ± 10.4 kg/m2), the difference was not
statistically significant (p < 0.07). However,
post-menopausal
WalkingWalking
(vigorous)
(vigorous)
5
5 1.28
1.17
1st vs. 3rd
< 0.01
< 0.04
women with breast cancer had a significantly higher BMI than
(0.39–1.71)
(0.22–1.85)
that control individuals (24.9 ± 13.6 vs. 23.6 ± 12.3, p < 0.04).
Therefore, increased BMI may affect
the incidence
of(moderate)
breast
Walking
Walking
(moderate)
3.3
3.3
Reference
cancer.
0.95
0.89
Dietary
1st vs. 2nd
< 0.02
< 0.05
(0.51–1.87)
(0.69–2.02)
Sitting Sitting
1
1
fiber
Table 3. General characteristics of breast cancer patients and normal
0.84
0.82
subjects: sums of the daily intake of nutrients
1st vs. 3rd
< 0.01
< 0.03
(0.48–1.98)
(0.71–1.98)
WalkingWalking
3.3
3.3
Breast cancer
Controls
Reference
Nutrients
^p
†p
Transport
Transport
(mean ± SD)
(mean ± SD)
1.68
Cycling Cycling
(vigorous)
(vigorous)
8
8 1.09
Total calories (kcal) 1711.1 ± 449.6 1726.4 ± 595.6 0.82
1st vs. 2nd
< 0.34
<0.001
BMI
(1.01–2.68)
(1.15–2.95)
Vegetable protein (g) 34.9 ± 10.1
37.8 ± 14.2
0.16
0.23
1.95
st vs. 3rd
Cycling Cycling
(moderate)
(moderate)
6 1.24
16
< 0.15
<0.001
(1.04–2.59)
(1.11–2.78)
Animal protein (g)
23.4 ± 13.7
22.9 ± 12.5
0.78
0.69
Vegetable Household
fat (g)
17.1 ± 11.3
Household

16.4 ± Vigorous
9.5
0.40
0.46
Vigorous

Animal fat (g)

15.9 ± 9.5

*0.04

*0.02

302.1 ± 105.5

0.62

0.81

Glucose (g)

17.1 ± 11.3

294.9 ± 83.3
Leisure Leisure

Dietary fiber (g)

17.7 ± 6.2

VigorousVigorous

(weight (weight
training)training)

20.1 ± 8.1

**0.009 **0.004

Reference

3

Physical
activity

1st vs. 2nd

8

1st vs. 3rd

3

0.94
(0.87–1.86)

< 0.09

1.58
(1.14–2.01)

<0.01

0.85
(0.65–1.66)

< 0.02

2.11
(1.08–2.75)

<0.001

8

The results were analyzed statistically using t-tests (^p: crude t-test; †p: adjusted for total

Odds ratios and 95% confidence intervals were estimated using ordinal logistic

calories).

regression models based on the median of each factor (animal fat, dietary fiber, BMI, and

* p < 0.05 compared to the control.

physical activity). The calculated odds ratio was adjusted for age, parity,
1 family history,
1

** p < 0.005 compared to the control.

breastfeeding, and alcohol consumption.
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The results of the nutritional analysis based on the FFQ
(Tab. 3) showed that although the total amount of calories consumed by control individuals was slightly higher than that consumed by patients with breast cancer, the breast cancer group
had a significantly lower intake of dietary fiber (p < 0.009) and
a higher intake of animal fat (p < 0.02) than the control group
after adjusting for total calories.
In order to investigate obesity factors (nutrient intake, BMI,
and physical activity) associated with breast cancer according to
menopausal status, we divided these factors into tertiles (Tab.
4). We performed logistic regression to evaluate the association between obesity factors and the risk of breast cancer. For
all factors, the multivariable-adjusted (age, parity, family history, breastfeeding, and alcohol consumption) odds ratios of
incidences of breast cancer for the highest vs. the lowest tertiles
of obesity factors were statistically significant in all of the subjects. However, post-menopausal women had more association
between the highest tertiles of obesity factors (OR = 1.17, p <
0.04 for animal fat; OR = 0.82, p < 0.03 for dietary fiber; OR =
1.95, p < 0.001 for BMI; OR = 2.11, p < 0.001 for physical activity)
and incidences of breast cancer than pre-menopausal ones, and
the association was statistically significant for the BMI factor in
the latter group.
Discussion
The results of the present study support the hypothesis that
specific nutrient intakes and physical activity differentially affect the development of breast cancer. We found that breast
cancer patients had a lower vegetable and fruit intake and a 30%
lower physical activity level than control individuals and that
the breast cancer group also consumed more animal fat. In the
case of BMI, the results were different since in the highest tertiles, post-menopausal women had a statistically significantly
higher risk for breast cancer (OR = 1.95, CI = 1.12–2.78), but this
risk was not statistically significant in pre-menopausal women.
Therefore, our findings indicate an association between higher
BMI and an increased incidence of breast cancer in post-menopausal women, with an increased incidence of breast cancer
among pre-menopausal women with high-fat diets [18, 19, 20,
21]. In an additional analysis of the intake of animal fat and dietary fiber in pre-menopausal and post-menopausal women, a
comparison of the intake of animal fat (p < 0.01) and dietary
fiber (p < 0.03) between breast cancer patients (animal fat (g)
= 18.9 ± 8.6 and dietary fat (g) 15.6 ± 6.2) and the control group
(animal fat (g) = 17.2 ± 9.0 and 18.1 ± 7.8) showed a significant
difference in the pre-menopausal group. However, in post-menopausal women, the breast cancer (dietary fat (g) = 18.5 ± 5.9)
and control groups (21.0 ± 8.7) only showed a significant difference in the intake of dietary fiber (p < 0.04).
As shown in Table 4, our results demonstrate different
mechanisms in the associations of obesity with the prevalence
of breast cancer in pre- and post-menopausal women. That is,
pre-menopausal women had a higher incidence of breast cancer than post-menopausal women due to their higher intake of
animal fat.
Our findings were that in the case of post-menopausal
women, higher levels of BMI and physical activity were more
associated with breast cancer than was food consumption style.
High BMI is known to increase the prevalence of breast cancer
and its recurrence [20]. Among lifestyle factors related to the
development of breast cancer, low-quality, hyper-caloric diets
with hyper-caloric and sedentary habits are the greatest risk
factors for breast cancer occurrence [18]. In developed coun-
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tries, the incidence of breast cancer increases with age; thus, the
age-specific incidence rates of breast cancer rise steeply from
approximately 70 years of age, with the highest rates occurring
at approximately 75 to 80 years of age [19, 20, 21, 22, 23, 24].
Breast cancer patients who walked for 30 minutes or more for
more than six days per week and those who consumed five or
more fruits and vegetables daily had higher survival rates than
those who did not [25]. Therefore, it is important to maintain
appropriate body weight to increase survival rates after the diagnosis of breast and other cancers. In addition, it is important
to promote metabolism through regular exercise and balanced
meals. The WHO recommends over 600 MET/week of exercise
for health [26] and a systematic review of breast cancer also suggested that exercise reduced the onset of breast cancer as well as
other diseases such as heart disease and diabetes. Thus, a minimum of 3,000-4,000 MET/week of exercise is recommended
[27]. According to the Korean National Health and Nutrition
Survey (KNHANS) conducted between 1975 and 2001, the Korean dietary intake has gradually changed from a traditional diet
to a largely Western diet. Although the total caloric intake has
declined by 17.3%, there has been a great increase in the intake
of animal products, from 14.3 to 91.7 g, during this time [28]. In
a similar period (1975 to 2001), obesity began to increase rapidly. The KNHANS survey found that the mean BMI in Korea
changed from 22.1 kg/m2 in 1995 to 23.0 kg/m2 in 1998 and 23.4
kg/m2 in 2001 [29]. The increase in obesity in Korea is attributed
to lifestyle changes in the form of a shift from the consumption
of traditional rice- and vegetable-based meals to the consumption of high-fat, energy-rich foods and reduced physical activity
[29]. Adult women have shown increased rates of obesity since
the 1990s and the number of breast cancer patients per 100,000
women has also increased sharply (16.7, 20.3, 23.0, 31.9, 40.5,
46.8, 57.5, and 67.2 people every second year from 1996 to 2010)
[1].
A potential limitation in the present study was that participation in recreational activities may not be comparable to
participation in occupational activity, where physical activity
is not standardized. In addition, the questionnaire study depended on the memory of the subjects. Thus, the exact age of
menarche may be unclear. Despite these limitations, the results
of the study can be useful in understanding the epidemiology of
breast cancer in Korea.
Although women with genetic factors have an unavoidably
increased incidence of breast cancer compared to that in women without these genetic factors, exercise and dietary habits may
help to decrease the incidence of breast cancer in this population due to modifiable factors, such as obesity, that are also associated with breast cancer.
Conclusion
In conclusion, diet and exercise, which are the main determinants of obesity, have different effects on the incidence of
breast cancer. Thus, performing regular exercise, eating lowenergy foods, and maintaining a healthy weight are required to
lower the incidence of breast cancer.
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