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Background: This study aimed to investigate the food intake behavior of cancer survivors based on main sources of energy intake from
different food groups in comparison with healthy individuals.
Methods: Baseline survey data from the Health Examinee cohort, which recruited participants from 2014 to 2013 were applied. A total
of 5,269 cancer survivors and 5,219 healthy subjects without comorbidities who were matched by age, sex, and enrollment center were
included in the analysis. The proportion of energy intake for 17 food groups was devided into lower median and median or upper.
OR and 95% CIs were determined to measure the difference of energy intake proportion in cancer survivors, five major types of cancer
survivors versus healthy individuals.
Results: Generally, the proportion of calories intake from sugars and sweets, meat and poultry, oils and fats, and beverage was lower
in cancer survivors than in healthy individuals (OR = 0.83 [95% CI = 0.79-0.88], 0.75 [95% CI = 0.71-0.80], 0.84 [95% CI = 0.80-0.89],
and 0.93 [95% CI = 0.88-0.99], respectively) with more prominently shown in breast, colon, and thyroid cancer individuals. In contrast,
cancer survivors tended to intake calories from potatoes and starches, legume, seeds and nuts, vegetables, mushrooms, fruits, and
seasonings more than healthy individuals (OR = 1.09 [95% CI = 1.03-1.16], 1.13 [95% CI = 1.06-1.19], 1.15 [95% CI = 1.09-1.22],
1.07 [95% CI = 1.01-1.13], 1.07 [95% CI = 1.02-1.14], 1.15 [95% CI = 1.08-1.21], and 1.17 [95% CI = 1.10-1.23], respectively)
which were more prominent in gastric and breast cancer survivors.
Conclusions: The dietary behavior measured by main sources of energy intake in cancer survivors was different from healthy individuals
in terms of several food groups. Although there are nutrition guidelines for cancer survivors, because of the differences between Western
population and Asian people in terms of food culture, the guidelines for balanced nutritious behavior should be established among
Asian cancer survivors.
(J Cancer Prev 2019;24:208-216)
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INTRODUCTION

have higher risk of developing not only secondary cancers but
also several chronic diseases such as cardiovascular disease and
endocrine disease [6,7].
The association between diet and cancer is one of the
important interest because it is one of modifiable risk factors
which might be directed toward healthier choices for both cancer
incidence and survival [8]. In the aspect of incidence, in the
meta-analysis study targeting Korean population, soy foods,
fruits, and vegetables were associated with a decreased risk of

Over several decades, the number of both cancer incidence and
survivors has been increasing rapidly [1,2], with 14.1 million of
new cancer cases and 32.6 million of 5-year cancer survivors
worldwide [3]. In Korea, the 5-year cancer survival rate has been
improved from 41.2% to 70.3%, followed by rapidly increasing
number of cancer survivors and increased long-term cancer
related health burden in the society [4,5]. These cancer survivors
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cancer but high salt foods or meat intake increased the risk of
gastric or colorectal cancer [9]. In general, high-quality diet such as
fruit, vegetables, grains, poultry, and low-fat diary products is
observed to reduce overall mortality and recurrence among
cancer survivors, whereas Western dietary pattern including red
and processed meat, refined grains, sweets and desserts, and
high-fat dairy products is associated with an increase of overall
mortality and recurrence [10]. However, studies of diet and cancer
outcome in East Asian countries were limited.
From our previous analysis, we identified that the proportion
of total calories intake from carbohydrates was higher and that
from fat or protein was lower in cancer survivors compared with
healthy population, suggesting imbalanced nutrition intake with
extremely limited intake of cancer incidence-related nutrition
such as fat in an East Asian population [11]. These results were
opposite from the Western population in which cancer survivors
had higher intake of saturated fat than recommended level [12].
The nutrition imbalance in cancer survivors would result from
their eating behaviors. In cancer survivors from Western
population, their eating behaviors were found not to follow diet
guidelines with much empty calories and less fiber compared
with general population [12]. However, in cancer survivors in East
Asian population, despite of imbalanced nutrition which was
different from survivors in a Western country [11], their eating
habits have not been studied much. Identifying the food intake
behaviors in cancer survivors based on details of daily calories
from different types of food group would play an important role
in evaluating dietary patterns and educating better eating
behaviors for cancer survivors who are vulnerable to other
chronic diseases affected by food intake [13].
Therefore, we conducted this study to evaluate the food intake
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behavior in cancer survivors based on main sources of energy
intake from different food groups in comparison with healthy
individuals. Also, we investigated the food intake behavior by five
main types of cancer as well.

MATERIALS AND METHODS
1. Study population
The Korean Genome Epidemiology Study (KoGES) is an
ongoing consortium project from 2001, which consists of six
prospective cohort studies [14]. The Institutional Review Board of
the National Cancer Center approved this study protocol, which
was in compliance with the Declaration of Helsinki (IRB No:
NCC2014-0098). This study used the baseline survey data from
the Health Examinee (HEXA) cohort, which is a part of KoGES, as
a cross-sectional approach [14]. In the HEXA cohort study, the
participants aged 40 to 69 were recruited from 38 centers [15].
The trained staffs collected information on socio-demographic
characteristics, history of disease, medication, and family,
lifestyle behaviors of alcohol and tobacco, and diet through
structured questionnaire including semi-food frequency
questionnaire (semi-FFQ) as well as biological specimens by using
a standardized protocol [15]. Participants who reported that they
had been diagnosed with any type of cancer from a physician
were defined as cancer survivors as the guideline of DeSantis et
al. [16], which identified as any person who had been diagnosed
with any type of cancer, either who are under treatment or who
had completely recovered as cancer survivors. As a result, a total
of 5,274 cancer survivors and 168,038 non-cancer individuals
were identified. To select healthy population as a reference
group, those who reported that they had diagnosed any of chronic

Figure 1. Flow chart of selecting
study subjects in the study.
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diseases from a physician were excluded, remaining 78,199
healthy people. After individual matching with 1 : 1 ratio by age
(± 2 years), sex (male and female), and enrollment center location

(38 centers) and excluding those with missing values in
semi-FFQ, 5,269 cancer survivors and 5,219 healthy subjects were
included in the final analysis (Fig. 1).

Table 1. Baseline sociodemographic characteristics of study population
Characteristic
Age (yr)
＜ 50
50-54
55-59
60-64
≥ 65
Sex
Male
Female
Marital status
Married, cohabitant
Others
Missing
Education
＜ High school
High school graduate
≥ College
Missing
Monthly household incomec
＜ $1,860
$1,860-3,720
≥ $3,720
Missing
Employment status
Employed
Unemployed
Missing
Smoking status
Never
Past
Current
Missing
Drinking status
Never
Past
Current
Missing
Regular exercise
No
＜ 150 min/wk
≥ 150 min/wk
Missing
Body mass index
2
＜ 23.0 kg/m
2
23.0-24.9 kg/m
2
≥ 25.0 kg/m
Missing

Healthy population (n = 5,219)

Cancer (n = 5,269)

P -valuea

± 8.07
(24.05)
(21.05)
(19.42)
(18.45)
(17.04)

0.45b
0.96

1,304 (24.99)
3,915 (75.01)

1,320 (25.05)
3,949 (74.95)

0.96

4,533 (86.86)
602 (11.53)
84 (1.61)

4,566 (86.66)
680 (12.91)
23 (0.44)

0.06

2,015
1,795
1,267
142

(38.60)
(34.39)
(24.28)
(2.72)

1,973
1,883
1,352
61

(37.45)
(35.74)
(25.66)
(1.16)

0.16

1,815
1,623
921
860

(34.78)
(31.10)
(17.65)
(16.48)

1,789
1,798
954
728

(33.95)
(34.12)
(18.11)
(13.82)

0.05

55.81
1,266
1,109
1,019
966
859

± 8.15
(24.26)
(21.25)
(19.53)
(18.51)
(16.46)

55.69
1,267
1,109
1,023
972
898

2,340 (44.84)
2,698 (51.70)
181 (3.47)

2,005 (38.05)
3,194 (59.76)
115 (2.18)

＜0.001

4,142
555
444
78

(79.36)
(10.63)
(8.51)
(1.49)

4,143
819
280
27

(78.63)
(15.54)
(5.31)
(0.51)

＜0.001

3,019 (57.85)
132 (2.53)
1,990 (38.13)
78 (1.49)

3,275
527
1,444
23

(61.56)
(10.00)
(27.41)
(0.44)

＜0.001

2,530
238
2,205
246

(48.48)
(4.56)
(42.25)
(4.71)

2,203
281
2,645
140

(41.81)
(5.33)
(50.20)
(2.66)

＜0.001

2,245
1,466
1,483
25

(43.16)
(28.09)
(28.42)
(0.48)

2,280
1,392
1,578
19

(43.27)
(26.42)
(29.95)
(0.36)

0.09

a

b

Values are presented as mean ± SD or number (%). Perform chi-square test to compare the difference between two discrete variables. Perform
t -test to compare the mean difference between two groups. cIncome was converted from Korean Won (KRW) to US dollar (USD) with current
rate of 2017 (1,075 KRW is approximately 1 USD).
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2. Food intake behavior

3. Statistical analysis

The food intake behavior was assessed by using a validated
semi-FFQ with 106 food items [17]. In the semi-FFQ, the food
intake behaviors were measured by average frequency of servings
per week and average portion size during the last 1 year. Based on
age, Sex, height, weight, type of food intake, frequency of
servings, and portion sizes, the 106 food items were converted to
the daily energy intake of 663 food combinations and then again
converted to 17 food groups using the Computer-Aided
Nutritional Analysis Program (CAN-Pro) 4.0 (Korean Nutrition
Information Center, Seoul, Korea) [18]. These 17 food groups
included cereals and grain, potatoes and starches, sugars and
sweets, legume, seeds and nuts, vegetables, mushrooms, fruits,
meat and poultry, eggs, fishes and shellfishes, seaweeds, milks
and diary, olds and fats, beverage, seasonings, and others. Food
intake behavior was determined by calculating the proportion of
calories intake of each 17 food groups.

All statistical analyses were performed by using SAS ver. 9.4
(SAS Institute, Cary, NC, USA), and R ver. 3.2.2 (R foundation,
Vienna, Austria). To compare baseline characteristics between
cancer survivors and healthy population, we performed
chi-square test. The mean of proportion of energy intake from
each 17 food groups between all cancer survivors and matched
healthy population was compared by using t-test. Also, we
conducted subgroup analysis of food intake behavior for each
cancer type with 300 or more cases by using ANOVA with a post
hoc comparison (Tukey’s test). As the result, gastric cancer (n =
731), colon cancer (n = 378), breast cancer (n = 875), cervical
cancer (n = 609), and thyroid cancer (n = 888) survivors in
comparisons with healthy population were included in the
subgroup analysis.
The proportion of energy intake for 17 food groups were
divided into lower median and median or upper in the study
population. To compare the diet intake behavior which was

Table 2. The proportion of calories intake among cancer survivors and healthy population
Food group

Healthy
population
(n = 5,219)

Overall cancer
(n = 5,269)

Gastric cancer
(n = 731)

Colon cancer
(n = 378)

Breast cancer
(n = 875)

Cervical cancer Thyroid cancer
(n = 609)
(n = 888)

Total calories
1,739.1 ± 576.2 1,699.2 ± 559.4a 1,681.3 ± 552.8 1,704.1 ± 531.1 1,662.1 ± 55.85b 1,661.5 ± 541.4 2,734.4 ± 587.4
(kcal)
Cereals and
34.37 ± 16.43 33.51 ± 16.12a 34.80 ± 16.25 34.27 ± 16.94 31.60 ± 15.17b 34.07 ± 16.88 34.07 ± 15.32
grain (%)
Potatoes and
3.17 ± 2.49
3.50 ± 2.97a
3.70 ± 3.04b
3.47 ± 2.65
3.63 ± 3.00b
3.55 ± 3.22
3.55 ± 2.65
starches (%)
1.86 ± 2.06b
1.40 ± 1.44
1.18 ± 1.30b
1.47 ± 1.38
1.47 ± 1.34b
Sugars and
1.58 ± 1.46
1.43 ± 1.51a
sweets (%)
Legume (%)
4.18 ± 3.29
4.56 ± 3.52a
4.59 ± 3.41
4.71 ± 3.35
4.71 ± 3.76b
4.42 ± 3.42
4.42 ± 3.26
a
b
b
b
Seeds and nuts
0.85 ± 1.50
1.13 ± 1.91
1.16 ± 1.83
1.05 ± 1.56
1.30 ± 1.99
0.92 ± 1.57
0.92 ± 1.96
(%)
a
Vegetables (%)
6.79 ± 3.55
7.00 ± 3.54
7.11 ± 3.54
7.18 ± 3.55
7.11 ± 3.46
6.89 ± 3.48
6.89 ± 3.13
a
Mushrooms (%)
0.31 ± 0.33
0.32 ± 0.34
0.35 ± 0.41
0.30 ± 0.30
0.32 ± 0.33
0.30 ± 0.34
0.30 ± 0.30
Fruits (%)
18.50 ± 12.71 20.29 ± 12.94a 19.48 ± 12.76 19.82 ± 12.84 22.59 ± 12.81 19.66 ± 12.82 19.66 ± 12.98
a
b
b
b
b
b
Meat and
9.77 ± 7.58
7.82 ± 6.79
8.25 ± 7.44
7.75 ± 6.84
6.35 ± 6.28
7.66 ± 6.46
7.66 ± 6.56
poultry (%)
Eggs (%)
1.45 ± 1.57
1.48 ± 1.63
1.56 ± 1.70
1.41 ± 1.56
1.51 ± 1.72
1.45 ± 1.60
1.45 ± 1.62
Fishes and
4.98 ± 3.44
5.00 ± 3.39
4.93 ± 3.32
4.95 ± 3.15
4.99 ± 3.31
5.10 ± 3.51
5.10 ± 3.45
shellfishes (%)
Seaweeds (%)
0.15 ± 0.13
0.16 ± 0.14
0.16 ± 0.15
0.16 ± 0.13
0.16 ± 0.13
0.16 ± 0.17
0.16 ± 0.12
5.96 ± 6.31
6.79 ± 6.37
6.79 ± 6.20
6.79 ± 6.38
Milks and
6.41 ± 6.33
6.26 ± 6.33
4.59 ± 5.83b
dairy (%)
2.01 ± 1.68
1.78 ± 1.56
1.45 ± 1.30b
1.74 ± 1.44
1.74 ± 1.43b
Oils and fats (%)
1.95 ± 1.57
1.71 ± 1.48a
Beverage (%)
3.14 ± 4.28
3.20 ± 4.58
2.78 ± 3.86
2.95 ± 3.93
3.53 ± 5.32
3.22 ± 4.44
3.22 ± 4.23
a
b
b
b
Seasonings (%)
2.38 ± 1.38
2.61 ± 1.54
2.65 ± 1.54
2.82 ± 1.74
2.76 ± 1.63
2.57 ± 1.57
2.57 ± 1.32
0.01 ± 0.04
0.02 ± 0.06
0.02 ± 0.06
0.01 ± 0.05
0.01 ± 0.07b
Others (%)
0.01 ± 0.05
0.02 ± 0.06a
Values are presented as mean ± SD. aP ＜ 0.05 compared with healthy population in a two-independent samples t -test. bP ＜ 0.01 (Bonferroni
adjustment) compared with healthy population in a multiple comparison Tukey test.
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measured as the proportion of nutrition intake from 17 types of
food groups between all cancers and each cancer type of survivors
and matched healthy population, (OR and 95% CIs were
calculated by using logistic regression (all cancer survivors versus
healthy population) and polychotomous logistic regression (each
type of cancer survivors such as gastric, colon, breast, cervical,
and thyroid cancer survivors versus healthy population) adjusted
for baseline characteristic variables including age, sex, marital
status, education, income, employment, smoking, drinking,
regular exercise, body mass index, and total calorie intake.

RESULTS
Table 1 shows the baseline sociodemographic characteristics of
5,269 cancer survivors and 5,219 matched healthy people from
the HEXA cohort. Age and sex, which were considered in
matching process, were equally distributed in cancer survivors
and healthy population group. Employment status, smoking,
drinking, and physical activity were significantly different
between cancer survivors and matched healthy population (P ＜
0.001). Further, cancer survivors reported a greater likelihood of
unemployment, a former history of smoking and drinking, a

regularity of physical exercise, and being obese, but less likely to
be a current drinker.
The mean proportion of calories intake from 17 food groups in
cancer survivors and matched healthy population was compared
in Table 2. Overall, the proportion of calories intake from
potatoes and starches, legume, seeds and nuts, vegetables,
mushrooms, fruits, and seasonings in cancer survivors were
higher than healthy people (P ＜ 0.05). In contrast, cereals and
grain, sugars and sweets, meat and poultry, and oils and fats
accounted for the lower proportion in cancer survivors’ calories
intake than in those of healthy population (P ＜ 0.05). In the
subgroup analysis by types of cancer, most of the results appeared
to be similar with overall cancer. For examples, the proportion of
calories from seeds and nuts tended to be higher in gastric cancer,
breast cancer, and thyroid cancer survivors than healthy
population (P ＜ 0.01). Calories from seasonings were observed to
much more intake in gastric cancer, colon cancer, and breast
cancer patients (P ＜ 0.01). Also, there was a significant lower
consume of meat and poultry in all five types of cancer (P ＜ 0.01).
The differences of calories intake proportion from each 17
food groups which was divided by median level of the proportion
of each good group between cancer survivors and healthy

Table 3. OR and 95% CIs for calories intake proportion above the median value in cancer survivors compared with healthy population

Cereals and
grain
Potatoes and
starches
Sugars and
sweets
Legume
Seeds and nuts
Vegetables
Mushrooms
Fruits
Meat and
poultry
Eggs
Fishes and
shellfishes
Seaweeds
Milks and dairy
Oils and fats
Beverage
Seasonings
Others
a

Overall cancera,c
(n = 5,269)

Gastric cancera,d
(n = 731)

1.01 (0.95-1.07)

1.03 (0.92-1.16)

1.09 (1.03-1.16)

b

1.27 (1.13-1.43)

0.83 (0.79-0.88)

b

1.04 (0.92-1.17)

1.13
1.15
1.07
1.07
1.15
0.75

b

1.18
1.29
1.14
1.09
1.15
0.73

(1.06-1.19)
(1.09-1.22)b
b
(1.01-1.13)
b
(1.02-1.14)
(1.08-1.21)b
b
(0.71-0.80)

b

b

(1.05-1.32)
(1.15-1.45)b
b
(1.02-1.28)
(0.97-1.23)
(1.02-1.29)b
b
(0.65-0.83)

Colon cancera,d
(n = 378)
0.97 (0.84-1.13)

Breast cancera,d
(n = 875)

Cervical cancera,d
(n = 609)

Thyroid cancera,d
(n = 888)

0.95 (0.86-1.06)

0.97 (0.86-1.09)

1.02 (0.92-1.13)

b

1.08 (0.97-1.20)

1.02 (0.91-1.16)

1.05 (0.94-1.16)

b

0.74 (0.66-0.82)

b

0.90 (0.80-1.02)

0.81 (0.73-0.90)

1.2 (1.03-1.39)
1.08 (0.93-1.26)
b
1.18 (1.01-1.37)
0.99 (0.85-1.15)
1.25 (1.07-1.46)b
b
0.71 (0.61-0.83)

1.14
1.31
1.11
1.13
1.31
0.59

b

1.17
1.01
1.03
1.02
1.04
0.79

1.17 (1.00-1.36)

0.75 (0.65-0.88)
b

(1.03-1.27)
(1.18-1.46)b
b
(1.00-1.23)
b
(1.01-1.25)
(1.18-1.46)b
b
(0.53-0.66)

b

(1.03-1.32)
(0.90-1.15)
(0.91-1.16)
(0.91-1.16)
(0.92-1.18)
b
(0.69-0.89)

b

1.02
1.16
0.95
1.13
1.19
0.86

(0.92-1.13)
(1.05-1.29)b
(0.86-1.06)
b
(1.02-1.25)
(1.07-1.32)b
b
(0.77-0.95)

1.02 (0.96-1.08)
0.99 (0.93-1.04)

1.11 (0.99-1.25)
0.96 (0.86-1.08)

1.04 (0.89-1.21)
0.98 (0.84-1.14)

1.01 (0.91-1.12)
1.02 (0.92-1.14)

0.96 (0.85-1.09)
1.03 (0.92-1.17)

1.03 (0.93-1.14)
0.95 (0.86-1.05)

0.99
0.97
0.84
0.93
1.17
1.07

1.04
0.67
0.98
0.86
1.34
0.88

1.08
0.99
0.86
0.94
1.27
1.01

1.01
0.97
0.75
0.96
1.20
1.20

1.00
1.09
0.91
0.98
1.11
1.07

0.86
1.06
0.79
0.98
1.10
1.18

(0.94-1.05)
(0.91-1.02)
b
(0.80-0.89)
b
(0.88-0.99)
(1.10-1.23)b
b
(1.01-1.15)

(0.93-1.17)
(0.59-0.75)b
(0.87-1.10)
b
(0.76-0.96)
(1.19-1.50)b
(0.76-1.01)

(0.92-1.25)
(0.85-1.15)
b
(0.73-1.00)
(0.81-1.09)
(1.09-1.48)b
(0.85-1.20)

(0.91-1.13)
(0.87-1.08)
b
(0.67-0.83)
(0.86-1.06)
(1.08-1.34)b
b
(1.07-1.35)

(0.88-1.13)
(0.97-1.23)
(0.80-1.03)
(0.87-1.11)
(0.98-1.25)
(0.94-1.23)

b

(0.78-0.96)
(0.96-1.18)
b
(0.71-0.88)
(0.88-1.08)
(0.99-1.22)
b
(1.05-1.32)

Adjusted for total calories intake, marital status, education, income, employment, smoking, drinking, regular exercise, body mass index, and
total calorie intake. bP ＜ 0.05 for significant level of overall cancer survivors compared with healthy population. cResult from logistic regression.
d
Result from polychotomous logistic regression.
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population after adjusted for other possible covariates and total
calorie intake were provided in Table 3 as ORs an 95% CIs.
Compared with healthy population, cancer survivors’ intake of
each food group above median value was higher in the aspect of
the proportion of calories intake from potatoes and starches,
legume and their products, seeds and nuts, vegetables,
mushrooms, fruits, and seasonings with OR (95% CI) of 1.09
(1.03-1.16), 1.13 (1.06-1.19), 1.15 (1.09-1.22), 1.07 (1.01-1.13), 1.07
(1.02-1.14), 1.15 (1.08-1.21), and 1.17 (1.10-1.23), respectively.
However, the more cancer survivors showed intake of less than
median value of calories intakes from sugars and sweets, meat
and poultry, oils and fats, and beverage were obtained in cancer
survivors with OR (95% CI) of 0.83 (0.79-0.88), 0.75 (0.71-0.80),
0.84 (0.80-0.89), and 0.93 (0.88-0.99). When we conducted the
subgroup analysis for five main types of cancer individuals, the
higher intake patterns above the median value were more
prominently observed in breast, colon, and thyroid cancer
survivors compared to healthy people and lower intake patterns
below the median value were consistently observed in gastric and
breast cancer survivors.

DISCUSSION
With the growing number of cancer incidences as well as the
development of diagnostic and therapeutic techniques, increased
number of cancer survivors in worldwide would be inevitable
[19]. Modifiable lifestyle factors, especially nutritional status
plays as an important predictor of quality of life in cancer
survivors [20]. This study aimed to investigate and compare the
food intake behavior between cancer survivors and healthy
population in an East Asian country. The results from both
ANOVA and logistic regression suggested the higher proportion of
calories intake above the median value from potatoes and
starches, legume, seeds and nuts, vegetables, mushrooms, fruits,
and seasonings and the less proportion of calories intake below
the median value of sugars and sweets, meat and poultry, oils and
fats, and beverage in cancer survivors, in comparison with
healthy subjects. These significantly higher proportion above the
median value were mostly observed in breast, colon, and thyroid
cancer survivors and less proportion of calories intake below the
median value were observed in gastric and breast cancer survivors.
In general, fruits and vegetables, which are high in the amount
of antioxidants, dietary fiber, as well as phytoestrogens, have the
protective effect on different types of cancer [21-25]. On the other
hand, salty food and red meat, which contain pro-inflammatory
fatty acids or nitrate and nitrite, are associated with an increased
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risk of chronic disease and cancer [21,25,26]. Dietary factors in
terms of food item and cancer risk have been mentioned in the
cancer prevention recommendations of World Cancer Research
Fund/American Institute for Cancer Research (WCRF/AICR) and
the American Cancer Society (ACS) [21,25]. Adherence to
WCRF/AICR guideline was also associated with an improvement
of health-related quality of life and lower mortality among cancer
survivors [27,28]. Cancer survivors who follow ACS recommendation of fruit and vegetable consumption also showed a better
health-related quality of life [29]. The result from the current
study indicated that the cancer survivors in an East Asian country
performed the high level of adherence to these guidelines. It can
be explained that cancer survivors much more focused on healthy
lifestyle behaviors after diagnosis with cancer, especially on diet
patterns [30,31]. Despite the adherence to the guidelines, several
studies conducting on Asian population showed the low level of
calories or fatty acid intake in both cancer survivors and general
population, compared with population from Western countries
[32,33]. Although high fat diet is not recommended for cancer
survivors, cancer survivors are suggested to consume much more
specific types of oil, such as olive oil and fish oil as well as the
higher amount of total calories from these fat because they are
the enriched diet of polyunsaturated omega-3 fatty acids and
monounsaturated fatty acids which have been reported to have
beneficial effects of reducing chronic disease and cancer risk
[34-36]. However, in this study, differences in fish intake was not
observed between cancer survivors and healthy population.
Inconsistent results were found in previous studies regarding
whether cancer survivors performed the inadequate adherence
of healthy diet in Western population [12]. General population in
Western countries originally follows the Western diet, which
characterized by high intake of saturated fats, animal-protein and
low intake of plant-based meal [37]. The differences of food
intake behaviors in cancer survivors may result from both the
background food intake behaviors in general population and the
changes in eating behaviors after cancer diagnosis and treatment.
Although cancer survivors would be more aware of dietary role in
cancer risk, it was found that they had not received enough
professional dietary advice as well as were unsure about other
sources of information that they got advice about their diet intake
[38]. Cancer survivors should be well-received such kinds of
dietary guidance from health professionals as well as clear
recommendations on behavior eating, which emphasize the
benefits and importance of healthy diet [38].
To the best of the authors’ knowledge, this is one of the few
studies which investigated the difference in food intake behavior
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between cancer survivors and healthy population, especially in
East Asian countries. Based on a baseline data from a large,
representative cohort study in Korea, survivors of five major
cancers including gastric, colon, breast, cervical, and thyroid
cancer [39] were compared with non-cancer subjects.
Additionally, the daily calories intake was calculated by a specific
nutrition software and update version CAN-Pro 4.0, which is
developed for Korean population based on food culture of Korea.
In addition, to increase comparability between cancer survivors
and healthy population, we matched age and sex, in addition to
adjustment for other baseline socio-demographic variables in the
analysis. Some limitations of this study should be mentioned.
First, the identification of cancer survivors and healthy
population was based on self-reported questionnaire, which
might lead to misclassification. However, a recent report regarding
validity of self-reported cancer history in the HEXA cohort showed
good accuracy [4], proposing limited misclassification. Second,
although FFQ have been commonly used to access dietary intake,
the measurement errors such as variations in the portion size or
limited correlation with other dietary measurement tools,
especially in Asian countries, should be considered when the
results are interpreted. However, it would be a nondifferential
misclassification, thus the impact to the results would be
minimal. We did not consider years since cancer diagnosis in
cancer survivors when the dietary pattern assessed due to
multiple comparison issues, followed by limited sample size for
cancer type. Considering that health behaviors are affected by
time since diagnosis, our assessment would not reflect diet
pattern affected by time. Finally, this is a health examinationbased study, which has the lower power of generalization than
population-based study. Patients enrolled in this study might be
healthier than general cancer patients and healthy population
tended to concern more about their dietary lifestyle. However, the
comparability between cancer survivors and controls would be a
strength because the study population came from the same
cohort.
The dietary behavior measured by main sources of energy
intake in overall cancer survivors as well as main types of cancer
is different from healthy individuals in terms of several food
groups. We observed the positive behavior of dietary intake
among cancer survivors, with the higher intake of potatoes and
starches, legume, seeds and nuts, vegetables, mushrooms, fruits,
and seasonings and the less intake of sugars and sweets, meat and
poultry, oils and fats, and beverage in cancer survivors, in
comparison with healthy subjects. These patterns indicated the
high adherence of East Asian population to healthy guidelines for

cancer survivors. However, due to the differences of food culture
between Western population and Asian people, such the
nutritional guidelines for cancer survivors in Asia need to be
more considered. Therefore, the guideline of balanced nutritious
behavior should be established among Asian cancer survivors.
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