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Purpose: Unbalanced diets and decreased physical activity have
contributed to increased prevalence of obesity and metabolic
syndrome in adolescents. We have performed a systematic review and
data analysis to examine the association between dietary pattern and
metabolic syndrome risk factors in adolescents.

Methods: We searched the PubMed and BioMedLib databases for
appropriate articles published during the past 10 years and selected
6 articles. The studies reviewed applied factor analysis or cluster
analysis to extract dietary patterns. For data analysis, we examined the
association between dietary patterns and the prevalence of metabolic
syndrome risk factors using data of 3,168 adolescents (13 to 18 years)
obtained from 4 consecutive Korean Nutrition Health and Nutrition
Examination Surveys (1998, 2001, 2005, and 2007 to 2009).

Results: Our systematic review confirmed that western dietary patterns
are positively associated with metabolic syndrome risk factors such
as obesity and elevated triglycerides, while traditional dietary patterns
were negatively associated. Data analysis found that the number of
adolescents aged 16 to 18 years who had “Rice & Kimchi” dietary
pattern decreased, while the number having western dietary patterns
increased during the 1998 to 2009 time frame. There were no changes
in the dietary patterns in adolescents aged 13 to 15 years. The risk
of elevated serum triglycerides and reduced serum high density
lipoprotein cholesterol was high in the “Rice & Kimchi” dietary pattern
compared to the other dietary pattern groups.

Conclusion: Because adolescents’ dietary patterns are changing
continuously and have long-term effects, further studies on the dietary
patterns of adolescents and their health effects into adulthood are
necessary.

Key words: Dietary pattern, Adolescent, Metabolic syndrome,
KNHANES, Systematic review
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Introduction

Adolescence is a period of rapid body growth and cognitive
development, requiring balanced and sufficient nutrient intake”.
Since dietary habits are usually acquired in this period and could
affect dietary practice in later life”, it is crucial for adolescents to
acquire healthy dietary behaviors for long-term health. However, the
prevalence of dietrelated metabolic syndrome risks such as obesity,
glucose intolerance, elevated blood pressure, and dyslipidemia is
increasing worldwide due to unbalanced nutrient intake among
adolescents”.

"The prevalence of metabolic syndrome in United States adolescents
was estimated as 9.2% in 1988 to 1994 National Health and
Nutrition Examination Survey, and was almost 30% in overweight
or obese adolescents”. In Korea, the overall prevalence of metabolic
syndrome was 6.8% in the 1998 Korean National Health and
Nutrition Examination Survey (KNHANES) and increased t0 9.2%
in the 2001 KNHANES’.

Although dietary behaviors are known to be associated with
current and future health?, the compliance of adolescents to healthy
dietary guidelines is low. For example, adolescents consume less
fruits, vegetables, dairy products, and fish, but consume more sugar,
refined grain, meat, and fat compared with recommended dietary
guidelines™. According to the Korea Youth Risk Behavior Web-
based Survey, the percentages of adolescents who consume vegetables,
milk, carbonated drinks, or ramen more than 3 times per week are
17.6%, 13.7%, 52.9%, and 50.9%, respectively'”.

Previous studies associating dietary factors with metabolic
syndrome or its components have mainly focused on the intake level
of a single nutrient or food, making it difficult to assess interactions
among nutrients. Because a variety of foods are generally consumed
together, providing a range of interacting nutrients in a diet, the
assessment of dietary intakes based on a single nutrient or food is
not helpful in detecting associations between overall diet quality
and disease. Recently, dietary pattern analyses have been applied
to examine the complex nature of dietary intake and explore the
relationships with various health outcomes. Dietary pattern analyses
can evaluate overall features of diet composition and help identify
complex relationships, potential interactions, and antagonistic or
synergistic effects between nutrient intake and disease.

In this study, we have performed a systematic review and data
analysis to identify trends of dietary patterns and their association

with metabolic syndrome risk factors in Korean adolescents.

Materials and methods

1. Literature selection for review

To identify articles that evaluated dietary patterns with regard to
metabolic syndrome, we searched PubMed (http://www.ncbi.nlm.
nih.gov/pubmed/) and BioMedLib (http://bmlsearch.com/) using
combinations of the following terms: “factor analysis,” “principal

» <«

component analysis,” “cluster analysis,” “patterns,” “diet,” “food,”
“obesity,” “metabolic syndrome,” “adolescent,” and “children.”
Potentially relevant papers were selected by screening titles and
abstracts or entire articles (i.e., if abstracts were absent or provided
limited information), and then evaluated to determine whether they
met all the inclusion criteria, which were: 1) published in English
in the last 10 years; 2) included a sample of adolescents; 3) included
a dietary pattern analysis; and 4) analyzed the association between
dietary pattern and metabolic syndrome or its components. Reports
that addressed only overweight/obesity, metabolic disorders, or other
diseases were excluded. Out of 101 potentially relevant articles from

the search, 6 papers were selected for review.

2. Analysis of dietary pattern and metabolic syndrome risk

factors

Samples were extracted from 4 waves of KNHANESs. The first
survey was conducted in 1998, the second in 2001, the third in
2005, and the fourth in 2007 to 2009 by the Korean Ministry of
Health and Welfare. Samples were composed of adolescents aged
13 to 18 years with a 24-hour dietary recall, blood analysis, and
anthropometric data. The final analytic sample consisted of 3,168
respondents: 858 from the first survey, 842 from the second, 735
from the third, and 733 from the fourth.

Dietary patterns were identified by cluster analysis in which
dietary data from a 24-hour recall were combined for each subject.
Foods consumed by subjects were categorized into 23 groups
based on common food groups classified in the Korean Nutrient
Database. The percent of energy from each food group was used as
an independent variable to avoid clustering around foods with the
greatest volumes and to adjust for weight differences between solid
and liquid foods. For ease of discussion, each dietary pattern was
labeled with a descriptive name based on the predominant food
groups.

Metabolic syndrome was defined using the pediatric International
Diabetes Federation (IDF) criteria'”. Waist circumference (290th
percentile for waist reference data from the Korean Pediatric Growth
Chart"”) was a mandatory criterion. Two or more of the following
components were also required: fasting triglycerides>150 mg/dL
(1.7 mmol/L), fasting glucose=100 mg/dL (5.6 mmol/L), blood
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pressure2130 mmHg systolic or 285 mmHg diastolic, and/or high The chi-square test and logistic multiple regression models were
density lipoprotein (HDL) cholesterol<40 mg/dL (1.03 mmol/L) used to assess secular trends of dietary patterns and their association
for both sexes, except for HDL<50 mg/dL (1.29 mmol/L) for girls ~ with metabolic syndrome risks. All statistical analyses were conducted
age>16 years. Obesity was defined as a body mass index BMI)295th ~ using SAS ver. 9.1 (SAS Institute Inc., Cary, NC, USA).

percentile for age and sex. The reference values for BMI percentile

were adapted from the Korean Pediatric Growth Chart?.

Table 1. Previous Studies of Association between Dietary Patterns and Metabolic Syndrome Risk Factors in Children and Adolescents
Study population  Dietary and statistical

Authors (yr) & country assessment Dietary patterns Main findings
Mikkila et al.? 1,768 Finnish 48-hrrecall; factor ~ Two dietary patterns: Longitudinal effects on the risk
(2007) children and analysis 1) Rye, potatoes, butter, sausage, milk and coffee factors.
adolescents at (traditional pattern). The traditional pattern: (+) total
baseline (aged 2) Vegetables, legumes/nuts, tea, rye, cheese/dairy cholesterol (W: 6* 0.07, M: b
310 18yr) and products and alcoholic beverages (health-conscious 0.07) and LDL cholesterol (W: b
1,037 adults at pattern). 0.08, M: b 0.07), systolic blood
the latest follow- pressure (W: £ 0.08) and insulin
up of 21 yr levels (W: £ 0.08).
The health-conscious pattern: (-)
total cholesterol (W: b -0.06) and
LDL cholesterol (W: b -0.07).
Ritchie et al.” 1,211 African 3-day food record Four dietary patterns for Caucasian girls: Longitudinal effects on the risk
(2007) American girls and (2 week days, 1 1) Pizza, fried fish/poultry, ramen, low intake of juice, plain  factors.
1,160 Caucasian  weekend day); cluster  milk and vegetable-rich foods (convenience pattern). No effects in African American
girls aged 9to 10 analysis 2) Sweetened and diet drinks, cheese, other desserts, girls.
yr; followed for 10 candy and low intake of flavored milk, processed meats  The Healthy pattern: (-) waist
yr (sweets and snack-type food pattern). circumstance (P=0.037 vs. the
3) Flavored milk, burger sandwiches, fried potatoes, eggs, sweet and snack type foods
red meat, processed meats and baked desserts (fast  pattern), (-) body fat (P=0.063
food pattern). vs. fast food patterns) among
4) Low intake of sweetened drinks, baked desserts, fied ~ Caucasian girls.
fish/poulltry, red meat, burgers, pizza and fried potatoes
(healthy pattern).
Kim et al."” 944 Korean A 24-hr recall; cluster  Three dietary patterns: The Western pattern: (+) abdo-
(2007) children aged 10 analysis 1) Rice/kimehi, fish/seaweed and legumes (Korean tra- minal obesity (OR, 1.81; 95% Cl,
to 19 yr ditional pattern). 1.09 10 2.98; Korean traditional
2) Flour/bread, pizza/hamburgers, snacks/cereals, sugar/  pattern vs. Western pattern).
sweets, meats and beverages (Western pattern).
3) Noodles/dumplings with some consumption of rice/
kimchi (modified pattern).
McNaughton et al?" 764 Australian 108-item-FFQ; factor Three dietary patterns: The fruit, salad, cereals and
(2008) adolescents aged  analysis 1) Fruit, salad, cereals and fish pattern. fish pattern: (-) diastolic
12t0 18 yr 2) High fat and sugar pattern. blood pressure across tertiles
3) Vegetable pattern. (P=0.0025).
McDonald etal”” 3,075 Colombian  38-item FFQ; factor ~ Four patterns: The snacking pattern: (+) over-
(2009) children aged 5to  analysis 1) Hamburgers/hotdogs, freshwater fish, cow tripe/liver/  weight (OR, 2.09; 95% Cl, 1.03
12yr spleen, cassava, chicken giblet (cheaper protein). t04.23, 1) vs. 4).
2) Candy, ice cream, packaged, fried snacks, soda, sugar-
sweetened fruit-flavored drinks (snacks).
3) Rice, potato, plantain (traditional/starch)
4) Milk, yogurt, red meat, cheese, poultry (animal protein).
Song Yetal." 4,347 Korean A 24-hr recall; cluster  Three dietary patterns: The Western dietary pattern:
(2010) adolescents aged  analysis 1) Rice, kimchi, vegetables and fish (traditional pattern) (+) elevated serum triglycerides
10t0 19 yr 2) Flour/bread, pizza/hamburgers, meat/meat products,  (OR, 1.33; 95% Cl, 0.97 to0 1.83;
dairy products and soft drinks (Western pattern) P=0.07 vs. Korean traditional
3) Noodles/dumplings (traditional dietary pattern) pattern) in boys.

W, women; M, men; LDL, low-density lipoprotein; OR, odds ratio; Cl, confidence interval; FFQ, food frequency questionnaires.
*Coefficient b indicates the change in the predicted Z-score for the outcome variable.
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Results and discussion

1. The systematic review of the selected studies

The overall characteristics of the 6 studies reviewed in this study are
presented in Table 1. The “Healthy” or “Health conscious” or “Fruit,
salad, cereal, fish” patterns were negatively associated with risk of
overweight/abdominal obesity or dyslipidemia or high blood pressure,
whereas the subjects with “Western,” “Snacking,” or “Sweet” patterns
had an increased risk of metabolic disorders. The results are consistent
with previous studies for adult populations. The “Healthy pattern,”
rich in vegetables, grains, and dairy, characterized as a “balanced
diet,” was favorably associated with lowering risks for metabolic
syndrome or its components in Tehrani middle-aged women", in
an adult population in Greece?, in Japanese young women'”, and in
middle-aged Koreans'.

This review included 2 reports addressing dietary patterns among
Korean adolescents. Kim et al.” identified the “Korean traditional.”
the “Modified,” and the “Western” patterns among 1,271 adolescents
aged 10 to 19 years from the 2001 KNHANES. Song et al.”?
identified the “Modified,” “Western,” and “Traditional” patterns
from 4,347 adolescents (1,572 from 1998; 1,484 from 2001; and
1,291 from 2005 KNHANES). The “Traditional” dietary pattern
was characterized by a high intake of rice, kimchi, vegetables, and
fish. The “Western” dietary pattern included high consumption of
flour/bread, pizza/hamburgers, meat/meat products, dairy products,
and soft drinks. The adolescents with “Western” patterns had 1.81
times higher risk of abdominal obesity (95% confidence interval
[CI], 1.09 t0 2.98)"” and 1.33 times higher risk of elevated serum
triglycerides in boys (95% CI, 0.97 to 1.83; P=0.07)"® compared with
the Korean “Traditional” pattern. Both studies used cluster analyses
based on 24-hour recall data from KNHANES and identified
similar dietary patterns and the association with obesity.

Similar results were also reported among American adolescent gils
and Columbian children. Ritchie et al.” identified 4 dietary patterns
among American adolescent girls and termed “Convenience”; “Sweets
and snack-type foods”; “Fast food”; and “Healthy.” The “Healthy”
pattern exhibited smaller mean values for waist circumference after
a 10-year follow-up among African American girls. McDonald et
al.™” found “Cheaper protein,” “Snacking,” “Traditional/starch,” and
“Animal protein” patterns among Columbian children and reported
that the children with the highest “Snacking” pattern score had 2.09
times higher risk of being overweight (95% CI ,1.03 to 4.23), as
compared to those with the lowest pattern scores. Two other studies,
in Finland and Australia, reported that healthy dietary patterns
composed of a high consumption of vegetables, legumes, fruit,

and dairy products were associated with reduced risk of high blood

pressure’” and elevated total/low density lipoprotein cholesterol™?,
respectively.

The 6 studies included in our systematic review adopted different
statistical methods for identifying dietary patterns: 3 used factor
analyses and 3 used cluster analyses. Factor analysis is a method that
extracts factors from a set of variables, which is similar to principal
component analysis in terms of reducing dimensionality of muldi-
variables. Cluster analysis formulates clusters based on similarities
among the variables to increase data interpretability™. Thus,
selecting the appropriate analytical method depends on the purpose
of the study. The dietary information used in the selected studies
came from various methods such as 24-hour recall, diet records,
and food frequency questionnaires (FFQ). The dietary intake of
individuals usually has large daily variations, which can result in the
misclassification of subjects. To elucidate the association between
dietary factors and health outcomes, including metabolic syndrome
risks, dietary information should be representative of usual intake.
Most epidemiological studies adopt the FFQ method because of
ease and feasibility; however, results from FFQ have limited in use
due to the low accuracy of quantitative intake estimates. For accurate
quantitative analysis of dietary intake, it is necessary to employ
accurate and comprehensive open-ended survey methods such as
multiple days of 24-hour recall and dietary records.

Dietary pattern analysis is useful in examining the diet-disease
associations because dietary patterns reflect actual dietary practices.
In addition, dietary patterns are easy to interpret and helpful in
explaining diet-disease associations, and can provide information for
dietary guidelines. However, interpretation of dietary patterns should
proceed with caution because subjective judgments by a researcher
can influence identification of the dietary pattern and the association
with health outcomes. In order to extract dietary patterns, various
factors, including the number of clusters, the grouping methods
of food, and the selection of variables being analyzed (such as
consumption frequency, intake amount, and % energy contribution)
should be determined by researchers. Statistical analyses do most of
the work, but researchers make the final choice. These decisions can
impose bias and cause low reproducibility of the results. Nevertheless,
recent dietary pattern studies have produced similar dietary patterns

. o . 52
from study populations with similar periods, ages and regions1**”.

2. Trends in dietary patterns and their association with
metabolic syndrome in Korean adolescents

We derived 3 dietary patterns using the dietary intake data from

3,168 Korean adolescents described in 4 waves of KNHANESs. The

“Rice & Kimchi” pattern, which is similar to a traditional dietary

pattern and accounting for 64.6% of study participants (n=2,047),
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was featured high consumption of white rice, kimchi, beans,
vegetables, and fish. The “Bread & Meat & Fruit & Milk” pattern,
which is similar to western dietary pattern and accounting for 18.1%
of participants (n=574), was characterized by high intake of grain,
flour, bread, pizza, hamburgers, snacks, sugar, candy, meat and meat
products, fruit, milk, and dairy products. Lastly, the “Noodle &
Mushroom” pattern, accounting for 17.3% (n=547), had intermediate
diet features that ranged between the “Rice & Kimchi” and “Bread
& Meat & Fruit & Milk” patterns and is similar to a modified
dietary pattern (Table 2).

The percentages of males in the “Rice & Kimchi,” “Noodle
& Mushroom,” and “Bread & Meat & Fruit & Milk” dietary
patterns were 53.5%, 53.1%, and 44.7%, respectively. The number
of metropolitan residents in the “Noodle & Mushroom” pattern

(43.7%) tended to be high, but there were no significant differences

across the dietary patterns. The subjects with the “Bread & Meat &
Fruit & Milk” pattern had higher mean HDL cholesterol (50.95 mg/
dL, P=0.001) and total cholesterol (160.5 mg/dL, P=0.004) levels
compared to the subjects with “Rice & Kimchi” and “Noodle &
Mushroom” dietary patterns (Table 3).

Secular changes in dietary patterns by age and gender are displayed
in Fig. 1. There were differences in trend between age groups (13 to
15 years vs. 16 to 18 years). Among males aged 13 to 15 years, there
were no changes in the proportion of the “Rice & Kimchi” pattern;
however, the proportion of the “Bread & Meat & Fruit & Milk”
group dropped from 19.4% in 1998 to 14.4% in 2007 to 2009
(P=0.007). Among females aged 13 to 15 years, the proportion of the
“Rice & Kimchi” pattern increased and that of the “Bread & Meat &
Fruit & Milk” pattern decreased. As for the 16 to 18 years old group,

the proportion of the “Rice & Kimchi” pattern decreased among

Table 2. Percent Energy Intakes from Each Food Group and Nutrient Intakes by Dietary Patterns among Korean Adolescents

Rice & kimchi Noodle & mushroom Bread & meat & fruit & milk
Percent of energy (%) (n=2,047) (n=547) (n=574) P value
Mean SD Mean SD Mean SD

Food group
White rice 45,12 13.55 20.8 11.4 16.01 8.32 <0.001
Other grain 2.58 534 1.93 494 424 9.69 <0.001
Noodles and dumplings 2.75 5.64 30.91 12.97 2.23 4,04 <0.001
Flour and bread 2.88 6.73 3.81 8.3 7.57 12.45 <0.001
Pizza and hamburgers 0.79 3.89 0.68 3.46 2.41 8.53 <0.001
Cereals and snacks 1.8 5.11 2.16 5.54 6.71 11.48 <0.001
Potatoes 1.56 3.92 1.66 432 2.33 6.14 0.001
Sugars and sweets 1.07 212 1.15 2.44 117 2.42 0.600
Legumes 1.61 2.54 1.22 2.55 1.28 247 0.001
Nuts 0.36 0.99 0.36 1.4 0.34 1.27 0.946
Vegetables 2.05 1.65 1.77 1.67 1.73 1.57 <0.001
Kimchi 1.13 1.07 0.93 1.05 0.76 0.99 <0.001
Mushrooms 0.09 0.37 0.1 0.34 0.06 0.18 <0.001
Fruits 33 5.87 3.32 59 3.93 6.44 0.074
Meat and meat products 8.45 9.12 6.71 8.56 11.85 13.25 <0.001
Eggs 2.42 3.7 2.79 3.65 2.58 3.74 0.088
Fish 3.89 5.46 2.57 4.1 2.81 473 <0.001
Seaweed 0.35 0.82 0.2 0.51 0.18 0.69 <0.001
Milk and dairy products 374 5.88 39 6.2 4.83 7 0.001
QOils 3.18 2.94 2.92 3.11 37 3.84 <0.001
Beverages 0.92 2.64 1.44 3.64 2.12 479 <0.001
Seasonings 1.94 2.33 1.72 2.36 2.3 3.39 0.001

Nutrients
Energy (kcal/day) 2,016.8 762.4 2,075.2 198.6 2,233.4 851.7 <0.001
From carbohydrate 65.6 9.1 62.0 5.7 56.5 10.8 <0.001
From fat 19.5 7.3 25.0 7.4 28.5 8.6 0.001
From protein 14.4 41 13.5 53 14.4 45 <0.001

SD, standard deviation.
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Table 3. General Characteristics of the Korean Adolescents by Dietary Patterns
Rice & kimchi Noodle & mushroom Bread & meat & fruit & milk
Characteristics (n=2,047) (n=547) (n=574) Pvalue
Mean SD Mean SD Mean SD
Age (yn) 15.2 1.7 15.3 1.7 15.5 1.7 0.010
Male sex (%) 53.5 53.1 447 0.002
Metropolitan residents* (%) 40.2 43.7 3r.2 0.255
Energy intake (kcal) 2,016.8 762.4 2,075.2 198.6 2,233.4 851.7 <0.001
BMI (kg/m?) 21.0 3.4 20.9 3.2 20.9 3.4 0.825
TG (mg/dL) 91.7 49.4 87.9 42.6 86.9 48.2 0.068
HDL-C (mg/dL) 48.8 10.5 491 10.3 50.9 11.8 0.001
Cholesterol (mg/dL) 155.8 271 156.4 274 160.5 284 0.004
Glucose (mg/dL) 90.8 114 90.4 10.8 90.7 10.8 0.797
*Metropolitan areas include Seoul, Busan, Daegu, Gwangju, and Daejeon.
SD, standard deviation; BMI, body mass index; TG, serum triglyceride; HDL-C, high density lipoproteins-cholesterol.
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Fig. 1. Secular trends of dietary patterns among Korean adolescents by age and gender.

males (70.1% in 1998 to 65.4% in 2007 to 2009), and the proportion
of the “Bread & Meat & Fruit & Milk” pattern increased among
females (17.7% in 1998 to 30.8% in 2007 to 2009).

We further examined the association between the dietary
pattern and metabolic syndrome and its components. The risk of
elevated serum triglyceride was low in adolescents in the “Noodle &
Mushroom” (odds ratio [OR], 0.457; 95% CI, 0.267 to 0.781) dietary
pattern groups, and the risk of low HDL-cholesterol levels was low
in adolescents in the “Bread & Meat & Fruit & Milk” pattern group
(OR, 0.684; 95% CI, 0.511 to 0.916) compared to the “Rice &
Kimchi” pattern group (Table 4). The “Rice & Kimchi” pattern was
characterized by heavy consumption of white grain, as compared to
the “Bread & Meat & Fruit & Milk” pattern. A positive relationship
between metabolic syndrome and refined grain consumption and a
negative relationship between metabolic syndrome and whole grain

consumption were also confirmed by a Mexican study based on 5,240

adults™. Contrary to previous studies by Kim et al.” and Song et
al."®, there were no significant differences of obesity risks among the
dietary pattern groups.

These results indicated that the “Rice & Kimchi” dietary pattern
is highly correlated with serum triglyceride; therefore, dietary
patterns having more fruits, vegetables and whole grains and fewer
refined grains should be recommended for prevention of metabolic
syndrome.

This study has a number of strengths. To our knowledge, this is
the first study that analyzed secular trends of dietary pattern over
more than 10 years among Korean adolescents. However, several
limitations also need to be considered in the interpretation of our
findings. First, we used cluster analysis to identify dietary patterns
using one day 24-hour recall data, which may not be representative
of usual dietary intake. Second, the cross-sectional study limited the

interpretation of the findings for causal association. Therefore, further
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Table 4. 0dds Ratios (OR) of Metabolic Syndrome Risk Factors for
Dietary Patterns among Korean Adolescents

i Noodle & Bread & meat
Factor E'r%ig‘ mushroom & fruit & milk
imchi
OR (95% Cl) OR 95% Cl

Abdominal obesity
Elevated serum TG

Low HDL-C

Impaired fasting glucose

1 0.787(0.530-1.454) 1.230(0.760-1.918)
1 0.457(0.267-0.781) 0.771(0.494-1.201)
1 0.946(0.714-1.252) 0.684 (0.511-0.916)

1 0.956(0.684-1.335) 1.035(0.748-1.433)
Elevated blood pressure 1 0.639 (0.369-1.031) 0.776 (0.491-1.226)
Metabolic syndrome* 1 0.271(0.064-1.147) 0.412(0.412-2.244)

Logistic analysis was performed and age and sex was a covariate in each
model.

Cl, confidence interval; TG, serum triglyceride; HDL-C, high density
lipoproteins-cholesterol.

*Metabolic syndrome was defined using the adolescent International
Diabetes Federation criteria (IDF). Components of metabolic syndrome were
defined as abdominal obesity (>90th percentile for Korean waist reference
data) was mandatory criteria. Two or more of the following components were
also required: fasting triglycerides 2150 mg/dL (1.7 mmol/L), fasting glucose
>100 mg/dL (5.6 mmol/L), blood pressure >130 mmHg systolic or >85
mmHg diastolic, and/or HDL cholesterol <40 mg/dL (1.08 mmol/L) for both
sexes except for HDL <50 mg/dL (1.29 mmol/L) for girls age >16 years.

research is required for longitudinal studies with large populations
and measurement of usual dietary intakes.

In conclusion, based on our systematic review, that Western
dietary patterns are positively associated with metabolic syndrome
risk factors such as obesity and elevated triglycerides, while traditional
dietary patterns were negatively associated. Data analysis found
that the “Rice & Kimchi” pattern has decreased and the “Bread &
Meat & Fruit & Milk” pattern has increased over the last 10 years
among Korean adolescents. In contrast to the positive association of
"Western" dietary pattern with metabolic risk factors, our data on
Korean adolescents showed that the “Rice & kimchi” dietary pattern
was related with increased risk of elevated serum triglycerides and
reduced HDL cholesterol levels compared with other dietary pattern
groups. Furthers studies on the effects of carbohydrate-oriented “Rice
& Kimchi” dietary pattern of young people on dyslipidemia or long-

term metabolic risks are needed.
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