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ORIGINAL ARTICLE
Identification of major dietary patterns in Korean adults

and their association with cancer risk in the Cancer
Screening Examination Cohort

G-A Wie', Y-A Cho', H-h Kang', KA Ryu', M-K Yoo', J Kim?, S Shin®, OK Chun** and H Joung®

BACKGROUND/OBJECTIVES: Cancer is the primary cause of disease-related death in Korea. The purposes of this study were to
confirm the major dietary patterns and to evaluate whether there were associations between these identified dietary patterns and
the risk of cancer based on data from the Cancer Screening Examination Cohort (CSEC) 2004-2008 of the National Cancer Center
(NCQ) of Korea.

SUBJECTS/METHODS: This study included 8 024 subjects who completed a written survey on demographics and lifestyles, as well
as a 3-day dietary record. Dietary patterns were identified by factor analysis using the principal component analysis method. The
associations between the identified dietary patterns and cancer risk were examined using Cox proportional hazards regression
models.

RESULTS: During a median follow-up period of 9.0 years, 425 cancer cases were newly diagnosed. We identified 4 major dietary
patterns (‘rice and kimchi’, ‘vegetables and fish’, ‘fruits and dairy’, and ‘meats and sweets’). There was a negative relation between
‘rice and kimchi’ pattern and the risk of non-gastrointestinal cancers only (highest vs. lowest tertile; multivariate-adjusted hazard
ratio =0.60, 95% confidence interval =0.41, 0.88). The ‘fruits and dairy’ pattern tended to decrease the risk of cancer, and the
preventive effect was noted only for gastrointestinal cancer risk. However, there was no association after adjusting for covariates.
CONCLUSIONS: The traditional dietary pattern with high consumption of rice, kimchi, soybean paste and vegetables may decrease

the cancer risk among Koreans, and strategies based on the dietary pattern may effectively reduce the cancer risk.
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INTRODUCTION

Since 1983, cancer has been the primary cause of death in Korea,
and the age-standardized incidence and mortality rates were
299.0 and 90.2 per 100000 persons, respectively, in 2012.'
Gastrointestinal (Gl) cancers, including gastric, colorectal and liver
cancers, are the most common cancers, and the age-standardized
incidence rates of these cancers were 39.9, 37.3 and 21.1 per
100 000 persons, respectively, in 2012."

Diet is thought to play a major cause in the incidence and
prognosis of cancer.>™ Diet-related cancer risk factors, such as
high sodium intake, red meat intake, low intake of vegetables and
fruit and obesity, may be responsible for around 30% of cancers in
Western countries.*”

In our previous study, the intake of sodium and red meat was
positively related with an increased cancer risk among Koreans.? In
addition, a previous meta-analysis reported that the consumption
of soy-based foods, vegetables and fruits might reduce the cancer
incidence, whereas the consumption of high salty foods might be
a risk factor for gastric cancer and the high intake of meat might
increase the risk of colorectal cancer among Koreans.” However,
because of the complexity of diets, these studies did not examine

in-depth the intricate relationships and synergistic effects of
nutrients and foods on cancer risk.

The dietary pattern approach has been presented as a new
nutritional epidemiology for examining associations between the
overall diet and chronic diseases.'®"?

Many clinical, experimental and epidemiological studies have
identified distinctive dietary patterns and have examined whether
certain patterns are related with the cancer incidence.'*'®
A healthy dietary pattern, characterized by high intake of whole
grains, vegetables, lean meat, poultry, fruits and low-fat dairy
products, is related with a reduced cancer incidence. On the
contrary, a Western dietary pattern that involves high consump-
tion of simple carbohydrates, fatty meat and animal fat and
alcohol increases the cancer risk.

However, the application of the results of these studies to
Koreans may be limited, as their dietary patterns differ from those
of Western populations owing to differences in geography,
socioeconomic status, food environments and behaviors."’

Korea has experienced a unique nutritional transition during the
past several decades because of fast economic growth and
the increased exposure to Western culture.'”>* Accordingly,
the dietary pattern has gradually changed from a traditional
rice-based Korean diet to a Western style diet, characterized by
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Table 1. Factor loading matrix for four dietary patterns identified in
the Korean population using factor analysis
Food items Dietary patterns
Vegetables ~ Rice and  Fruits Meats
and fish kimchi  and dairy and
sweets
Soy sauce and red 0.68 0.21
peppers
Oils 0.63 -0.26
Vegetables 0.63 0.30
Fish and shellfish 0.54
Eggs 0.39 -0.29
Seaweed 0.21
Mushrooms 0.20
Rice 0.62 -0.33
Soybean paste 0.47
Kimchi 0.45
Tofu and soymilks 0.24 0.21
Noodles and 0.22 —-045
dumplings
Breads and snacks -047
Fruits 0.61
Milk and dairy 0.49
products
Grains 0.44
Potatoes 0.39
Nuts 0.26
Alcohols -0.27 0.22
Red meats and its -0.21 0.69
products
White meats and 0.68
its products
Sweets 0.21 0.38
Hamburgers and -024 0.35
beverages
Variance of intake 9.1 7.9 6.7 5.3
explained (%)
For simplicity, factor loading scores of —0.20 and +0.20 are not shown.

high consumption of meat and animal products.'92"2324

Although the vegetable and fruit intake of Koreans has increased,
the intake of salted vegetables, including kimchi which is a
traditional Korean food, remains high.?> Such dietary changes are
believed to influence the cancer risks among Koreans; however,
evidence for the association is limited. Most previous nutritional
epidemiological studies on cancer risk performed in Korea focused
on individual nutrients or foods and were case—control or cross-
sectional studies or were limited to specific cancers or certain
regional areas82¢%°

Therefore, this study aimed to determine the distinct dietary
patterns in Korean adults and to examine the associations
between these dietary patterns and the risk of cancer based on
data from the Cancer Screening Examination Cohort (CSEC) of the
National Cancer Center (NCC) in Korea. In addition, the study
aimed to examine whether the impact of diets on the risk of
cancer differed between Gl cancers and non-Gl cancers.

PATIENTS AND METHODS

Study population

The CSEC of the NCC is a prospective cohort study among Koreans. Of the
26 815 subjects aged 20 years and older (mean age, 48.6 years) who
participated in the CSEC between September 2004 and December 2008, 8
179 subjects who completed a questionnaire, health examination and
nutrition survey at the baseline interview were included in this study. We
excluded subjects who had previous cancer history (n=79) or who had
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very low or high daily energy intake (< 700 kcal or > 5000 kcal, n=29).
Thus, 8024 subjects (3622 women and 4402 men) were finally eligible for
analysis. Details regarding the rationale and methods of the CSEC have
been published elsewhere ®

The cancer incidence among all study subjects after the baseline survey
was confirmed using the Korean Central Cancer Registry or the electronic
medical record (EMR) of the NCC. According to the International
Classification of Diseases (ICD)-10 Codes C00-C99, 425 new cancer cases
were identified during the follow-up until 3 February 2016.3°

All subjects provided written informed consent, and this study was
approved by the Institutional Review Board of the NCC of Korea
(NCCNCS-09-274).

Data collection

All subjects completed a questionnaire about their sociodemographic (sex,
age, income, occupation, education, marital status, physical activity,
alcohol consumption habits and smoking habits) and medical history at
the baseline interview. Data on body mass index (BMI), cancer site
and cancer diagnosis time were obtained using the EMR of the NCC
in Korea.

Dietary information was obtained from a 3-day food record. Specially,
the study subjects were asked to record all foods and drinks consumed
over a 3-day period (1 weekend day and 2 weekdays) within a week. To
increase the accuracy of the records, registered dietitians (RD) confirmed
all food records written by study subjects during face-to-face interviews
using food models and supplemental instruments. For each subject, the
daily consumption of energy, macronutrients, micronutrients and foods
and food groups was assessed using CAN-Pro 3.0 (Korean Nutrition Society,
Seoul, Korea).

Dietary patterns

Principal component analysis was used to examine dietary patterns. All
food items consumed by study subjects were divided into 23 food groups,
based on nutrient profiles, culinary uses of foods or food groups
categorized in the Nutrient Database of Korea.*' Grains and grain products
were further classified into four subgroups (rice, grains, noodles and
dumplings, and bread and snacks) as the consumption of these foods is
considerably high in Korean adults.>? Kimchi, traditional Korean fermented
cabbage, was also categorized as a group because it is usually consumed.
Dietary patterns were derived using the PROC FACTOR procedure. The
orthogonal transformation by the ‘Varimax’ rotation function of SAS
(version 9.3; SAS Institute, Inc., Cary, NC, USA) was applied to rotate the
factor correlation matrix. The number of factors was decided by a scree
plot, eigenvalues (> 1.2) and the interpretability. The factor score for each
dietary pattern was calculated by summing the intake of each food group,
weighted by the factor loading. Dietary patterns were named as food
groups with high positive loading on the factor.

Statistical analysis

The general characteristics of the subjects are showed as the percentage or
number of study subjects in each tertile of the four dietary patterns, and
the distributions and mean differences of the subjects among the tertiles
of each dietary pattern group were compared using the chi-square test
and generalized linear regression analysis, respectively.

The hazards ratios (HRs) and 95% confidence intervals (Cls) for cancer
risk by the tertiles of dietary pattern scores were calculated using the Cox
proportional hazards regression model with adjustments for covariates.
A trend test was conducted to examine the association between each
dietary pattern score and cancer risk. Information on the potential
confounding variables was identified using a self-reported questionnaire.
Continuous variables considered as confounders included age (years), sex
(women, men), energy intake (kcal) and BMI (kg/mz), whereas categorical
variables considered as confounders included physical activity (yes/ no),
alcohol consumption (yes/no), smoking (yes/no), income ( < 4 million won
(##)/month, 4-7 million won (¥#)/month, >7 million won (¥)/month),
education (middle school or less, high school and college or more) and
marital status (unmarried, married and divorced or widowed). If subjects
answered that they regularly engaged in physical activity, physical activity
was classified as ‘yes’; otherwise, it was classified as ‘no’. Similarly, if
subjects answered that they drank alcohol in the past or currently drink
alcohol, alcohol consumption was classified as ‘yes’, and if they answered
that they smoked in the past or currently smoke, smoking was classified as

x ’

yes'.
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Table 2. General characteristics of the study participants according to dietary pattern scores
Vegetables and fish Rice and kimchi Fruits and dairy Meats and sweets
T1 T2 T3 P-value T1 T2 T3 P-value T1 2 T3 P-value T1 2 T3 P-value
Demographic factors
Female (%)® 56.2 454 339 <0.0001 62.1 470 263 <0.0001 28.0 493 58.0 <0.0001 548 39.0 341 <0.0001
Age (%)*
< 50 years 523 57.2 59.0 <0.0001 653 56.1 47.1 <0.0001 626 57.6 483 <0.0001 460 57.0 654 <0.0001
> 50 years 477 428 41.0 34.7 439 529 374 424 51.7 540 430 346
BMI (%) ®
< 25.0 kg/m? 634 613 552 <0.0001 659 595 544 <0.0001 533 61.7 648 <0.0001 614 622 56.2 <0.0001
>25.0 kg/m2 36.6 38.7 4438 34.1 405 456 46.7 383 35.2 386 378 438
Income (%)°
< 4 million® 382 356 334 <0.0001 30.2 363 405 <0.0001 364 353 354 0.0552 40.2 34.7 323 <0.0001
4-7 million® 35.1 376 396 39.3 38.1 349 380 373 369 333 38.7 402
> 7 million® 148 183 204 214 168 154 173 19.0 173 164 174 19.7
Missing 119 85 6.6 9.1 88 9.2 83 84 104 10.1 92 78
Education (%)
< Middle school 179 111 9.1 < 0.0001 72 135 175 <0.0001 13.1 121 129 05919 175 111 9.5 < 0.0001
High school 356 34.1 309 32.1 348 338 332 343 331 378 342 308
> College 43,0 524 578 58.0 49.2 459 50.8 51.3 51.1 436 525 57.0
Missing 35 24 22 27 25 28 29 23 29 31 22 27
Marital status (%)°
Unmarried 27 28 24 0.0012 43 24 13 <0.0001 3.1 23 26 <0.0001 1.8 28 33 <0.0001
Married 88.1 90.2 91.6 87.8 90.0 92.1 90.7 91.3 879 88,5 91.2 90.2
Divorced/ widowed 6.3 48 4.2 56 54 42 35 47 7.0 72 42 39
Missing 29 22 1.8 23 22 24 27 1.7 25 25 1.8 26
Behavioral factors®
Smoking (%)
No 52.7 470 399 <0.0001 56.7 46.7 36.1 <0.0001 31.7 56.7 <0.0001 53.6 476 383 <0.0001
Current or former 36.1 459 54.1 345 447 57.0 62.4 32.7 36.1 44.1 559
Missing 1.2 7.1 6.0 88 86 6.9 5.9 10.6 103 83 58
Alcohol use (%)
No 298 266 20.1 <0.0001 31.1 259 195 <0.0001 159 273 333 <0.0001 31.7 254 194 <0.0001
Current or former 63.1 683 752 629 69.0 74.38 79.1 682 593 61.3 69.0 76.3
Missing 7.1 5.1 4.7 6.0 5.1 5.7 50 45 74 70 56 43
Regular physical activity (%)
Yes 37.0 421 46.1 <0.0001 399 41.7 435 0.0018 40.8 39.5 448 <0.0001 37.2 42.0 459 <0.0001
No 53.7 522 487 541 51.7 4838 538 54.1 46.7 544 515 488
Missing 93 57 52 60 65 77 54 64 85 84 65 53
%; P-value from y*-test. Missing included no response or unwilling to respond. 2Generalized linear model. ®Generalized linear model adjusted by sex and age.
“Unit is won (¥)/month.

All statistical analyses were conducted using the SAS program version
9.3 (SAS Institute, Inc.).

RESULTS

The median follow-up was 9.0 years (total 72 009 person-years),
and 425 incident cancer cases occurred (246 men and 179
women), including 145 (34.1%) cases of Gl cancer during this
period.

We identified 4 distinct dietary patterns in factor analysis and
named according to food groups that had high positive loading.
Table 1 shows the factor-loading matrix. The first pattern was
characterized by a high intake of oils, vegetables, fish and shellfish,
eggs, seaweed and mushrooms and was named the ‘vegetables
and fish’ pattern. The second pattern loaded positively for rice,
soybean paste, and kimchi, but negatively for noodles, dumplings,
bread and snacks, and was named the ‘rice and kimchi’ pattern.
The third dietary pattern reflected high positive loading for fruits,
milk, and dairy products, other grains, potatoes and nuts, but
showed negative loading for rice, alcohol and red meat and was
named the ‘fruits and dairy’ pattern. The fourth pattern was
characterized by a high consumption of alcohol, red and white
meat and animal products and sweets, and was named the ‘meats
and sweets’ pattern. These 4 dietary patterns accounted for 29.0%

© 2017 Macmillan Publishers Limited, part of Springer Nature.

of total variation in the consumption of 23 food groups (9.1% by
the ‘vegetables and fish’ pattern, 7.9% by the ‘rice and kimchi’
pattern, 6.7% by the ‘fruits and milk’ pattern and 5.3% by the
‘meats and sweets’ pattern).

Detailed characteristics of the subjects are presented in Table 2.
The distributions of the study subjects by sex, age and the tertile
of each dietary pattern score were significantly different
(P < 0.0001); therefore, sex and age were adjusted in the later
analyses as potential confounding variables. Subjects with higher
score in the ‘vegetables and fish’ pattern had higher BMI, were
younger, had higher levels of education, were more physically
active and were more likely to be smokers and alcohol drinkers
(P < 0.0001). Subjects with higher score in the ‘rice and kimchi’
pattern had higher BMI, had lower level of education, were more
likely to be smokers and alcohol drinkers (P < 0.0001), and were
more physically active (P=0.0018). Subjects with higher score in
the ‘fruits and dairy’ pattern were less likely to be smoker and
alcohol drinker, had lower BMI, were older and were more
physically active (P < 0.0001). Individuals with higher score in the
‘meats and sweets’ pattern were younger, had increased physical
activity and were more likely to be smokers and alcohol drinkers
(P < 0.0001).

Table 3 presents the relations between nutrient consumption
and dietary factor scores. The ‘vegetables and fish’ pattern was
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Table 3. Correlation coefficients® between the scores of the four
dietary pattern and the intake of various nutrients
Vegetables  Rice and  Fruits and ~ Meats and
and fish kimchi dairy sweets
Energy (kcal) 0.48* 0.16* 0.14* 0.37%
Carbohydrate (g) -0.23* 0.21* 0.17* —0.25%
Protein (g) 0.36* 0.08* 0.05* 0.08*
Fat (9) 0.24* -0.33* 0.08* 0.27*
Calcium (mg) 0.24* 0.14* 0.38*% —0.14*
Iron (mg) 0.19* 0.18* 0.16* —0.06*
Fiber (mg) 0.23* 0.28* 0.46* -0.17*
Phosphorus (mg) 0.39% 0.15*% 0.37* —-0.01
Sodium (mg) 0.37* 0.25* —0.09* —0.04**
Zinc (mg) 0.09* 0.08* 0.04** 0.03#***
Vitamin A (LgRE) 0.34* 0.12* 0.19% —0.03**
Thiamin (mg) -0.02 —-0.00 0.03*** 0.02
Riboflavin (mg) 0.18* —0.05* 0.21* 0.04**
Vitamin Bg (Mg) 0.12* 0.02 0.09* 0.02
Niacin (mg) 0.15* 0.15* 0.07* 0.22*
Vitamin C (mg) 0.13* 0.11* 0.41* —0.05*
Folic acid (mg) 0.32* 0.16* 0.35* -0.12*
*P < 0.0001, **P < 0.001, **P < 0.05. ®Partial Pearson’s correlation, includ-
ing age, sex and energy as covariates.

significantly positively related with consumption of the majority of
the nutrients, including energy, protein and minerals or vitamins,
but excluding carbohydrates. The ‘rice and kimchi’ pattern was
positively related with consumption of the majority of nutrients,
except fat and riboflavin. The ‘fruits and dairy’ pattern was
positively associated with consumption of the majority of the
nutrients, except sodium. The ‘meats and sweets’ pattern was
positively related with consumption of energy, fat, protein, niacin
and riboflavin, whereas it was negatively related with carbohy-
drate, calcium, iron, fiber, sodium, vitamin A, vitamin C and
folic acid.

Table 4 presents the crude and multivariate-adjusted HRs for
the cancer risk across the 4 dietary patterns. The ‘fruits and dairy’
pattern tended to decrease the cancer risk (highest vs. lowest
tertile; crude HR=0.81, 95% Cl=0.64, 1.03, P for trend =0.0589);
however, this relation was not statistically significant (multivariate-
adjusted HR=0.95, 95% Cl=0.72, 1.25, P for trend =0.0626). When
new cancer cases were divided into Gl and non-Gl cancers, the
‘fruits and dairy’ pattern showed a significant inverse relation with
the incidence of Gl cancers (highest vs. lowest tertile; crude
HR=0.61, 95% Cl=0.41, 0.91, P for trend = 0.0109). However, there
was no relation after adjusting for covariates. Additionally, no
association was found for non-Gl cancers. The ‘rice and kimchi’
pattern did not show any significant relation with the risk of
cancer. However, when cancer cases were further divided
according to cancer site, the ‘rice and kimchi’ pattern showed a
significant inverse relation with the incidence of non-Gl cancers
after adjusting for confounding variables (highest vs. lowest tertile;
HR=10.60, 95% Cl=0.41, 0.88, P for trend =0.0027). There was no
relation between ‘rice and kimchi’ pattern and Gl cancers. The
other dietary patterns (‘vegetables and fish’ and ‘meats and
sweets’) were not significantly related with cancer risk.

DISCUSSION

This study identified four distinct dietary patterns (‘rice and
kimchi’, ‘vegetables and fish’, ‘fruits and dairy’ and ‘meats and
sweets’) among Koreans, and found that the ‘fruits and dairy’
pattern showed a marginally inverse relation with the cancer risk
and that the ‘rice and kimchi’ pattern showed a significantly
inverse relation with non-Gl cancer risk. To our knowledge, this is
the first large prospective cohort study using a 3-day food records

European Journal of Clinical Nutrition (2017) 1223-1229

to examine the relations between the cancer incidence and
dietary patterns in the Korean populations.

In our study, the four dietary patterns explained 29.0% of the
total variation in food consumption. Several previous studies used
an eigenvalue of 1.5 to identify 3—4 dietary patterns representing
16.7-31.1% of the total variation.'®'”3273% Although the results of
our study are not directly comparable with those of previous
studies owing to differences in the study protocol, dietary patterns
identified in our study are similar to those presented in previous
studies.32’33'35’36

The ‘fruits and dairy’ pattern in our study is similar to the ‘high
dairy, high fruit and vegetable, low alcohol’ pattern in the Ohsaki
Cohort Study®” and the ‘Healthy’ dietary patterns in a previous
study,*® which was characterized by high consumption of other
grains, fruits, milk and nuts, and showed a negative relation to
cancer risk at several sites.>'®'7377%0 The ‘fruits and dairy’ pattern
in this study showed a positive association with calcium, zinc,
riboflavin, vitamin C and folic acid, which has received significant
attention for cancer prevention.®> Previous studies found that
calcium and several nutrients found in fruit and dairy products
were negatively correlated with the incidence of colorectal and
prostate cancers.*’**? Furthermore, a meta-analysis indicated that
folate consumption was inversely related with the incidence of
esophageal, gastric and pancreatic cancers.*> We identified a
positive relation between the ‘fruits and dairy’ pattern and
absence of smoking or alcohol consumption, high level of physical
activity and lower BMI, which are factors indicative of a healthy
lifestyle and are consistent with those identified in previous
studies.**™® Thus, our results indicate that ‘fruits and dairy’
pattern may reduce the cancer risk through synergistic effects or
interactions of the nutrients of foods within the dietary pattern
and a healthy lifestyle. In addition, the ‘fruits and dairy’ dietary
pattern showed an inverse association with Gl cancers only;
however, there was no relation after adjusting for covariates. The
reason for this cannot be explained by our study, and further
studies on the effects of covariates on the cancer incidence,
especially in a multivariate-adjusted model, are warranted.

The ‘rice and kimchi’ pattern in our study was similar to
‘traditional’ Korean dietary pattern in previous Korean studies>>3*
and was characterized by low energy density and fat consump-
tion. Additionally, this pattern involved intake of a large amount of
soybean paste and vegetables, which was known to be
significantly inversely related to the cancer incidence>*394047
Therefore, a significant relationship between the ‘rice and kimchi’
pattern and a reduced overall cancer risk was expected in our
study. However, we found that only the non-Gl cancers showed a
significant inverse relation with the ‘rice and kimchi’ pattern
(highest vs. lowest tertile; multivariate-adjusted HR=0.60, 95%
Cl=0.41, 0.88). The ‘rice and kimchi’ pattern in this study and
‘traditional Korean’ dietary pattern in several previous studies
were characterized by high consumption of kimchi that is
associated with high sodium intake. High sodium consumption
has been showed to be a risk factor for gastric cancer,>®?> so no
significant association between the ‘rice and kimchi’ pattern and
the Gl cancer incidence might be expected in this study.
Accordingly, additional studies are needed to explain the relation
between a traditional dietary pattern and cancer risk among
Koreans.

The ‘meats and sweets’ pattern in our study is similar to the
‘meat and alcohol’ or ‘Western’ dietary patterns presented in
previous studies,>*7>'317 which is characterized by high intake of
meat, sweets and alcohol. Most previous studies have reported
that consumption of meat, sweets and alcohol is related with an
increased cancer incidence>*>''383% However, the ‘meats and
sweets’ dietary pattern in the present study showed no
association with cancer risk. This result was most likely obtained
because the highest tertile of the ‘meats and sweets’ pattern
showed high intake of vegetables and fruits, similar to the
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individuals in the other tertiles (data not shown), which is relevant
to cancer prevention.>***° In addition, the absence of an
association could be attributed to the fact that the consumption
of meat is much lower in Koreans than in Western countries and
that many Koreans have a rice-based dietary pattern.?>*®
However, this association requires more attention because of
the ongoing rapid change in the Western style diet among the
younger individuals.*® Therefore, further studies are required to
clarify the role of meat consumption or related dietary patterns in
cancer risk.

This is the first prospective cohort study with a large number of
subjects, and therefore, we could appropriately explain the
association between cancer risk and dietary patterns among
Koreans. The evaluation of diet prior to cancer diagnosis could
minimize reverse causation and recall bias. The other strength of
this study is the use of 3-day food records that could accurately
assess the usual dietary intake of the study subjects. Factor
analysis of usual intake could provide high-quality separation of
the dietary patterns.*” On the other hand, the study had some
limitations. First, the median follow-up period of our study was 9.0
years, which might not be enough to obtain many cancer cases for
high statistical power. A small number of cancer cases might result
in insufficient statistical power to elucidate the associations and
might cause potential problems with regard to multiple compar-
isons. Second, the dietary pattern approach could be subjective to
a certain extent, although it is a powerful tool to measure the
overall diet. When performing factor analysis to derive dietary
patterns, researchers arbitrarily decide on matters regarding
number of factors, number of food groups and statistical
method.*® To minimize subjectivity, we defined the dietary
patterns according to the approach used in previous
studies'*>1733735 and confirmed that dietary patterns identified
in our study were similar to those noted in many previous studies
of Korean, Japanese and Western populations.'*>172732734 Thjrq,
this study included individuals who voluntarily participated in a
hospital setting and who were financially capable of joining a
cancer screening program; therefore, there might have been
selection bias. Fourth, we assessed a 3-day food record at a single
time point. Despite these limitations, our study is the first to
identify the relation between cancer risk and dietary patterns
among Koreans.

In conclusion, this study indicates that high consumption of rice
and kimchi that characterizes the traditional Korean diet decreases
the non-Gl cancer risk, and a dietary pattern characterized by high
consumption of fruits, milk, dairy products, potatoes and other
grains merely suggests a decrease of the cancer risk, specifically Gl
cancer risk. These results can be used to develop the cancer
prevention programs for the Korean populations, although further
nutritional epidemiological studies are required to explain the
associations between specific cancer types and dietary risk factors
among Koreans.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGEMENTS

This work was supported by the National Research Foundation of Korea (NRF) grant
funded by the Korea government (MSIP) (NRF-2014R1A2A2A01003138).

REFERENCES

Jung KW, Won YJ, Kong HJ, Oh CM, Lee DH, Lee KH. Cancer statistics in Korea:
incidence, mortality, survival, and prevalence in 2012. Cancer Res Treat 2015; 47:
127-141.

Willett WC. Diet and cancer. Oncologist 2000; 5: 393-404.

N

European Journal of Clinical Nutrition (2017) 1223-1229

w

wv

(o)}

~N

2

=

22

23

24

25

26

27

28

29

30

3

=

World Cancer Research Fund and American Institute for Cancer Research. Food,
Nutrition, Physical Activity, and the Prevention of Cancer: a Global Perspective. AICR:
Washington, DC, USA, 2007.

Key TJ, Schatzkin A, Willett WC, Allen NE, Spencer EA, Travis RC. Diet, nutrition and
the prevention of cancer. Public Health Nutr 2004; 7: 187-200.

Divisi D, Di Tommaso S, Salvemini S, Garramone M, Crisci R. Diet and cancer. Acta
Biomed 2006; 77: 118-123.

Percik R, Stumvoll M. Obesity and cancer. Exp Clin Endocrinol Diabetes 2009; 117:
563-566.

Doll R, Peto R. The causes of cancer: quantitative estimates of avoidable risks of
cancer in the United States today. J Natl Cancer Inst 1981; 66: 1191-1308.

Wie GA, Cho YA, Kang HH, Ryu KA, Yoo MK, Kim YA et al. Red meat consumption is
associated with an increased overall cancer risk: a prospective cohort study
in Korea. Br J Nutr 2014; 112: 238-247.

Woo HD, Park S, Oh K, Kim HJ, Shin HR, Moon HK et al. Diet and cancer risk in the
Korean population: a meta- analysis. Asian Pac J Cancer Prev 2014; 15: 8509-8519.
Hu FB. Dietary pattern analysis: a new direction in nutritional epidemiology. Curr
Opin Lipidol 2002; 13: 3-9.

De Stefani E, Deneo-Pellegrini H, Boffetta P, Ronco AL, Aune D, Acosta G et al.
Dietary patterns and risk of cancer: a factor analysis in Uruguay. Int J Cancer 2009;
124: 1391-1397.

Kant AK. Dietary patterns and health outcomes. J Am Diet Assoc 2004; 104:
615-635.

Campbell PT, Sloan M, Kreiger N. Dietary patterns and risk of incident gastric
adenocarcinoma. Am J Epidemiol 2008; 167: 295-304.

Kim MK, Sasaki S, Sasazuki S, Tsugane S. Prospective study of three major dietary
patterns and risk of gastric cancer in Japan. Int J Cancer 2004; 110: 435-442.
Kim MK, Sasaki S, Otani T, Tsugane S. Dietary patterns and subsequent colorectal
cancer risk by subsite: a prospective cohort study. Int J Cancer 2005; 115:
790-798.

Mizoue T, Yamaji T, Tabata S, Yamaguchi K, Shimizu E, Mineshita M et al. Dietary
patterns and colorectal adenomas in Japanese men: the Self-Defense Forces
Health Study. Am J Epidemiol 2005; 161: 338-345.

Nkondjock A, Krewski D, Johnson KC, Ghadirian P. Dietary patterns and risk of
pancreatic cancer. Int J Cancer 2005; 114: 817-823.

Markaki |, Linos D, Linos A. The influence of dietary patterns on the development
of thyroid cancer. Eur J Cancer 2003; 39: 1912-1919.

Kim S, Moon S, Popkin BM. The nutrition transition in South Korea. Am J Clin Nutr
2000; 71: 44-53.

Lee MJ, Popkin BM, Kim S. The unique aspects of the nutrition transition in South
Korea: the retention of healthful elements in their traditional diet. Public Health
Nutr 2002; 5: 197-203.

Lee SK, Sobal J. Socio-economic, dietary, activity, nutrition and body weight
transitions in South Korea. Public Health Nutr 2003; 6: 665-674.

Zhang J, Dhakal IB, Zhao Z, Li L. Trends in mortality from cancers of the breast,
colon, prostate, esophagus, and stomach in East Asia: role of nutrition transition.
Eur J Cancer Prev 2012; 21: 480-489.

Kang M, Joung H, Lim JH, Lee YS, Song Y. Secular Trend in dietary Patterns in a
Korean Adult Population, Using the 1998, 2001, and 2005 Korean National Health
and Nutrition Examination Survey. Korean J Nutr 2011; 44: 152-161.

Lim H, Kim SY, Wang Y, Lee SJ, Oh K, Sohn CY et al. Preservation of a traditional
Korean dietary pattern and emergence of a fruit and dairy dietary pattern among
adults in South Korea: secular transitions in dietary patterns of a prospective study
from 1998 to 2010. Nutr Res 2014; 34: 760-770.

Kwon JH, Shim JE, Park MK, Paik HY. Evaluation of fruits and vegetables intake for
prevention of chronic disease in Korean adults aged 30 years and over: using the
third Korea National Health and Nutrition Examination Survey (KNHANES lll), 2005.
Korean J Nutr 2009; 42: 146—157.

Suh SW, Koo BK, Jeon SH, Lee HS. Anaysis of Dietary risk Factors of the Colorectal
Cancer Patients in Daegu * Gyungbuk Area, Korea. Korean J Nutr 2005; 38:
125-143.

Oh SY, Lee JH, Kim HJ. Analyses on the Associations of Dietary Patients with Colon
Cancer Risk. Korean J Nutr 2004; 37: 550-556.

Kim J, Kim DH, Lee BH, Kang SH, Lee HJ, Lim SY et al. Folate intake and the risk of
colorectal cancer in a Korean population. Eur J Clin Nutr 2009; 63: 1057—1064.
Cho YA, Kim J, Shin A, Park KS, Ro J. Dietary patterns and breast cancer risk in
Korean women. Nutr Cancer 2010; 62: 1161-1169.

World Health Organization. International Classification of Diseases and Related
Health Problems 10th revision ed. WHO: Geneva, Switzerland, 1994.

Dietary Reference intake for Korean. The Korean Nutrition Society. Hanareum Press:
Seoul: Republic of Korea, 2010, pp 524-547.

Kim J, Jo |. Grains, vegetables, and fish dietary pattern is inversely associated with
the risk of metabolic syndrome in South korean adults. J Am Diet Assoc 2011; 111:
1141-1149.

© 2017 Macmillan Publishers Limited, part of Springer Nature.



33

34

35

36

37

38

39

40

4

=

Shin S, Joung H. A dairy and fruit dietary pattern is associated with a reduced
likelihood of osteoporosis in Korean postmenopausal women. Br J Nutr 2013; 110:
1926-1933.

Kim J, Jo I, Joung H. A rice-based traditional dietary pattern is associated with
obesity in Korean adults. J Acad Nutr Diet 2012; 112: 246-253.

Hong S, Song Y, Lee KH, Lee HS, Lee M, Jee SH et al. A fruit and dairy dietary
pattern is associated with a reduced risk of metabolic syndrome. Metabolism
2012; 61: 883-890.

Shin S, Song J, Joung H. A fruit, milk and whole grain dietary pattern is positively
associated with bone mineral density in Korean healthy adults. Eur J Clin Nutr
2015; 69: 442-448.

Kumagai Y, Chou WT, Tomata Y, Sugawara Y, Kakizaki M, Nishino Y et al. Dietary
patterns and colorectal cancer risk in Japan: the Ohsaki Cohort Study. Cancer
Causes Control 2014; 25: 727-736.

Chen H, Ward MH, Graubard BI, Heineman EF, Markin RM, Potischman NA et al.
Dietary patterns and adenocarcinoma of the esophagus and distal stomach. Am J
Clin Nutr 2002; 75: 137-144.

World Health Organization. WHO Techical Reports Series 916. Diet, Nutrition and
the Prevention of Chronic Disease Report of a Joint WHO/FAO Expert Consultation.
WHO: Geneva, Switzerland, 2003.

Williams MT, Hord NG. The role of dietary factors in cancer prevention: beyond
fruits and vegetables. Nutr Clin Pract 2005; 20: 451-459.

Park SY, Murphy SP, Wilkens LR, Nomura AM, Henderson BE, Kolonel LN. Calcium
and vitamin D intake and risk of colorectal cancer: the Multiethnic Cohort Study.
Am J Epidemiol 2007; 165: 784—793.

© 2017 Macmillan Publishers Limited, part of Springer Nature.

Korean dietary patterns and cancer risk
G-A Wie et al

42

43

a4

45

46

47

48

49

50

Park SY, Murphy SP, Wilkens LR, Stram DO, Henderson BE, Kolonel LN. Calcium,
vitamin D, and dairy product intake and prostate cancer risk: the Multiethnic
Cohort Study. Am J Epidemiol 2007; 166: 1259-1269.

Larsson SC, Giovannucci E, Wolk A. Folate intake, MTHFR polymorphisms, and risk
of esophageal, gastric, and pancreatic cancer: a meta-analysis. Gastroenterology
2006; 131: 1271-1283.

Kesse-Guyot E, Bertrais S, Peneau S, Estaquio C, Dauchet L, Vergnaud AC et al.
Dietary patterns and their sociodemographic and behavioural correlates in
French middle-aged adults from the SU.VLMAX cohort. Eur J Clin Nutr 2009; 63:
521-528.

Engeset D, Alsaker E, Ciampi A, Lund E. Dietary patterns and lifestyle factors in the
Norwegian EPIC cohort: the Norwegian Women and Cancer (NOWAC) study. Eur J
Clin Nutr 2005; 59: 675-684.

Perrin AE, Dallongeville J, Ducimetiere P, Ruidavets JB, Schlienger JL, Arveiler D
et al. Interactions between traditional regional determinants and socio-economic
status on dietary patterns in a sample of French men. Br J Nutr 2005; 93: 109-114.
Butler LM, Wu AH, Wang R, Koh WP, Yuan JM, Yu MC. A vegetable-fruit-soy dietary
pattern protects against breast cancer among postmenopausal Singapore
Chinese women. Am J Clin Nutr 2010; 91: 1013-1019.

Jun S, Ha K, Chung S, Joung H. Meat and milk intake in the rice-based Korean diet:
impact on cancer and metabolic syndrome. Proc Nutr Soc 2016; 15: 1-11.
Hearty AP, Gibney MJ. Comparison of cluster and principal component analysis
techniques to derive dietary patterns in Irish adults. Br J Nutr 2009; 101: 598-608.
Martinez ME, Marshall JR, Sechrest L. Invited commentary: Factor analysis and the
search for objectivity. Am J Epidemiol 1998; 148: 17-19.

European Journal of Clinical Nutrition (2017) 1223-1229



	Identification of major dietary patterns in Korean adults and their association with cancer risk in the Cancer Screening Examination Cohort
	Introduction
	Patients and methods
	Study population
	Data collection
	Dietary patterns
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References




